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Network Models for Ecosystems
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Levels of Analysis

How was the whole system
organization impacted by an
external perturbation?

Network Metrics
(Indicators?)

-~

Neighborbood Are their relevant subgroups?
"% Node

Fig. 1. Diagram of hierarchical levels of analysis using a five node hypothetical net-

work model. Dotted shapes highlight levels of analysis; green square encompasses

network level, blue curved triangle surrounds neighborhood level, and red circle T
shows node level. (For interpretation of the references to color in this figure legend. Node characteristics
the reader is referred to the web version of the article.) Hines & Borrett 2014 Roles

(-(:g)r:i:?gess levels Importance (centralities)
(b) across systems

Infroduction to [sE

Tool for Science & Innovation




enaR Software Design Objectives

Tools for Science & Innovation

Algorithms from both
Ulanowicz and Patten ENA Schools

lllustrate some enaR
functionality

Available

Emphasize how it facilitates
system comparisons

Additional network tools Existing R tools

ial K e Network (8utts 2008)
- Social network analysis SR (i 2
- ERGM - Statnet (Handcock, 2008)

Node Names

F: Flows from 7to j

z: Inputs

e Exports

r: Respirations

y: Outputs (e + 1)

X: storage or biomass

Living: logical (T or F)

Data stored as a

network object ...
pack() and unpack()

Environment
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Data Input: read.x

NETWRK 4.2 - SCOR WAND
read.scor() read.wand()
i i i

LMY 8

AT Plain text file
Borrett, 2013 read.enam(), read.nea(), read.EcoNet()

Main ENA functions

Table 2. Network Analysis functions in enaR

Function Description Example Reference

enaStructure  ENA Structural analysis returns the adj nuuhnnd tipl ipti istics  Borrett, Fath&
(e.g- number of nodes, pathway jon rate) Patten (2007)

enaFlow Cakulates node throughflow and input- and ou(pux-onenwd direct and integral flow intensity Finn (1976)
matrices. It als Itiple whole-network i| istics including total system
throughfiow, Finn Qv:hng lnrkx and average path length

enaa d Yy Perfi the model flows and returns whole-network statistics including ~ Ulanowicz (197)
lhcavuaymulual mformauon ascendency, capacity and overhead

enaStorage ENAS how the fluxes generate the node storage (e.g. biomass)in -~ Matis & Patten (1981)
the system. This function returns the input- and output-oriented direct and integral storage
matrices

enaUtility ENA Utility analysis i i the direct relationships among the network nodes as well Patten (1991)
as the integral i ips when all of the indirect i i s i

enaMTI Mixed trophic impacts assesses the net relationships among species in a food web Ulanowicz &

Puccia (1990)

enaControl Control analysi ines the relati 1 d another through the Dame & Patten (1981)
transaction network

enaEnviron Returns the 7 unit and » realized input and output environs of the model Patten (1978)

Methods in Ecology and Evolution Functions require model input as

e r—T———rry—— 1412250 202 )

e network data object (e.g., created

enaR:An K for E y with pack())

Snart R Borree' ™ and Matthew K. Lau’t
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Selected Other Functions

Table 3, Selected enaR auxiliary functions and analyses

Function Description Example Reference

Specialty Analyses

enaAll Runsall of the primary ENA algorithms None
get.ns Returns the whol vork statistics from enaFlow, None
enaAscendency, enaStorage and enaUtility
eigenCentrality Calculates the average cigenvalue centrality for any input matrix Fann & Borrett (2012)
environCentrality Returns the input, output and average eaviron centralities for a matrix Fann & Borrett (2012)
TET Retumns the total environ throughflows Whippleer al. (2007)
TES Retumns the total environ storages Matis & Patten (1981)
Auxiliary Functions

get.orient Determine the of the results lumn vs. School) None
set.orient Set the ori jon of the results ( b vs. School) None

mExp ‘This function kets users calculate matrix exponents None

Currently more than 45 functions in the package

11

Connect Visualization

Simple Plot Fancier Plot

> data(oyster)
> plot(oyster)

Energy Flux in an Oyster Reef Ecosystem

Predators

Deposit Feeders

Filter Feeders

Deposited Detritus

Microbiota

Internal Fluxes

Borrett, 2013

12



sna: Centrality

Which species are most important in the

eCOSVStem?(throughrow perspective)
Core Sound, NC Ecosystem Model (Deheer, 2012)
Closed to Shrimp Trawling

Degree

Centrality Calculations
- degree()
- betweenness()

gplot.target()

&

Macroalgae.benthic

5 ‘Phytoplankton

Macroalgae. ™
benthic

Betweenness

vo.. Meiofauna

Centrality — relative importance of node, many types
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Visudlization of Da
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Fig. 1. Example of analysis and visualizations
created with enaR: (a) network digraph of
the internal flows of an oyster reef ccosystem
model (Dame & Patten 1981), (b) network
homogenization statistic for 56 trophic ecosys-
tem models (rank-ordered), () scatter plot
showing the relationship between the ascen-
dency-to-capacity ratio and the indirect flow
index for the 56 trophic ccosystem models
included in the package and (d) target plot of
the betweenness centrality from social net-
work analysis calculated for the 36 nodes of
the Chesapeake Bay ecosystem model (Baird
& Ulanowicz 1989).
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Model Library

104 Empirically-based ecosystem models (previously published)
A 59 Trophic networks (food-web core, carbon or energy)

w
M 2 urban, socio-economic

reom T Chesapeake Bay
AMEMICA >
i W > e !
‘ Cape Fear Estuary A N » <
Marion Lake Yoy A
% ARRICA | QA
Lake Lanier )

< N
SOuTH : ~ sundarban Mangroves

7 A AMERICA

Peruvian Upwelling

A

/ /' i
¥ N. Benguela Upwelling \
Swartkops Estuary

Spsnes Farl Oulorme HERE, TomTom, inlermep, ingwment B Corp GERCO, USGS, FA, NP5,

IWECAN, Caclimre, ION, Maceriw ML, Ordnance Sunvey. € Jasen, METL Cari Ching Mosg Mengh
Thanks to many contributors Yo by D0, 909 the B3\ Communty

Library enables new, comparative, and meta-analyses.
Testing data for new theoretical developments

{ AUSTRALIA

Where to get help

Introduction: MEE Vignette
Methods in Ecology and Evolution Ecosystem Network Analysis with R: A guide for using enaRt

Mevhodh in Eoniogy amd Erehion 14,8, E30- 1313

Matthew K. Lat™, Stuart R. Boerett™, asd Pawandeep Singh®

APPLICATION
g 4 P A : “Marvard Foowe. Marvard Usiversty, Persham, SIA, 9366, USA
enaR:Anr for Ecosy y g f By & Mo T, Uiy of ot o Wiaiagion, Wikingin, NC, 25420
> o s
ot R Bowati™™ snd Maliiv <. Law'y Db Netwaek Atmiyss Center, Socil Schmen Resenrch. I, Duke Usiversty, Dourbam, NC. DSA
K Wimrghn, NG 2403 USA *Ouke Cumegeanting Asiber: maltiesbineios barvasd ade
otk Ay Conter St Scucce Research s, Dok Untearsy, Dt NG 27708, USA. e "Degechmart of
78 Buvr August 4, 2015
S Fagutet AZ 86011, USA
Summary Abstract
[ ek g Eeomymers Network Analysin (ENA) providen o frammework for isvestigating the sirutiuse, Sutetion assl
Aok ekl ant cvivteary b dymasicn of ccokogral vyvesea, peismarly scomytems ey y conmerve e, Thin japer
2 How. ¢t G iy > docummnta the enat H package that coliects the core ENA functioms inchading thome dewrioped by the
Ulatwowicn ased Puticn schuosin, We detadl brrw 1 e \be feissary fusctioem for (e analyvi of ssghe
o b dels an wdl an secaitasecen, eyt et analyse of amblple eooryetem Tdia
2. shdtion 4 cocrivng he peimary functiomsbty of the puckage, we Mghight swra Geatarm g 3 Keyworde: ewuogy. ENA, srvmpsiens, setwoeh vy, el welh, network eovinon anaiys, spevies
Wewy o e P onernctionn, setworks.
e 1 aber o s anaan v
Kay-words: scrwork sy, oo software, sctwork esvino assdyés, s 1 Introduction

vy, oenscunce wltware,
dency, put-cupes mnalysis, food web, Ecoputh, NETWRK, WAND

s Network wodels have provhéed an ia-rowd 6o & variety of complex syviesss (Harabdel, 2013; Newrsan

of o, 2008, Newsman, 2001, Wassertns arsd Fosss, 1954 Watla asel Strvgats, 1995), aod althenagh (e

ot o roots (Newsman of al, 006), 1 s b bovs, exprscing raguelly i & variety

http://onlinelibrary.wiley.com/doi/10.1111/20 i e Sy Dbttt f o T s &k o S0 td it e ety

g & siemoe of wetworks ( eh Comseil, Commitior o Netwes

41-210X.12282/abstract https://github.com/SEELab/enaR/blob/devel
op/vignettes/enaR-vignette.pdf

16

5/2/23



GitHub — enaR Development

1ol * P y—

Sove 80 My et News = 1Y oAt e At 3 NSF Ahscsny Googie Dok

L SEELab [ enaR Oumatch~ 0 WStr 58 Vrerk o

©Code tses 29 Pl wauests © Projects © Wi O Semings  insights ~

©naR = Ecological Network Analysis in R

201 100s

D 424 commas V22 branches © 2 releases 135 contributors

Beancn manter s Now pull request

e ot e T

MILaw comemitied on GItMU Merge Al recuest #730 from S1EL st deveiop Latast commit 4abiabc on Mar 10

- Mierge branch oy to Gevelog 7 months ag0
- rocnder wods 3 monthe sg0
- an
- vigretzes 409 compresad vgpathy

08 Store
nee e 10 iGnore Pashed fies from emacs
CUNGILOo ot maok
OESCRIPTION woaates date 7 months g0
NAMESPACE 7 months ago
your project by adding 8 README. [ Ast s nusoie |
httos://github.com/SEELab/enal.

Develop branch = next release
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ENA Exercises

18
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https://github.com/SEELab/enaR
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Exercise #1 — Geftting Started with enaR Activity

Download script from tutorial website SC Oyster Reef Model

1. OpenR / \

2. Load enaR library : i """"" )

3. Load model from model 251600 Fier > dason
data(oyster) . , Feudurs Predators _|>

4. Examine model properties ' A

5. Plot model A :

6. Apply selected analyses !
6.1759 Deposited Deposit ~ |0:4303
Detritus Feeders [

Challenge Problems -- Test Your Understanding A

1. Find the number of nodes in the Swartkops
Estuary model \

2. Create a barplot of the effective trophic levels '
of the Bothnian Sea model 5.7600| Microbiota Meiofauna |3 5974
3. Find the A/C and FCI of the Florida Bay (wet) > >

model b e e - - .
K Dame and Patten 1y
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Exercise #2 — Loading a model intfo R Activity

Method 1: Manual using pack()

Micro-modeling
M = {F, z, e, 1, X, Living}

. Draw a network model as a flow diagram with 3 nodes
. Create objects for each of your model components

. “Pack” your model into a network object

. “Unpack” your network and look at the parts

Plot

. Investigate some network metric you're interested in

(< RS I NI AR N

20
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Exercise #2 — Loading a model into R Activity
Method 1: Manual using pack()

Micro-modeling

M ={F z, e, r, X, Livin~1

1. orawanew Micro-modeling (Solution 1)
2. Create objex

3. “Pack” your = library(enaR)

4, “Unpack”y¢ F <= C(g.z.tl),

5. Plot _ 0:0:0;

6. Investigate s 5 . paerix (P, nrow=3, byrow=TRUE)

z <- ¢(10,0,0)

e <- ¢(3,3,3)

r <-c(1,1,1)

X <- ¢(10,3,1)

liv <- c(TRUE,TRUE,FALSE)
toy <- pack(F,z,e,r,X,1liv)
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Exercise #3 — Comparing Models & Batch Processing Aty

Download script from tutorial website

1. Load enaR library

2. Load model from model library (troModels)

3. Use lapply( function to apply selected analyses
to a list of models

4. Plot results

Challenge Problems -- Test Your Understanding

1. Plot ID.F for troModels with n > 10
2. Find min, max, mean, and standard deviation of the troModels FCI
3. Look for correlations among selected indices by plotting
FCl vs. A/C, IFI, synergism.F
4. Compare the TST and FCI of the two Crystal River Models

23
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