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Network Models for Ecosystems
Graph Matrix
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ENA Skeleton

Yuxuan Wang @ Flickr

aka Biomass
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Levels of Analysis

Hines & Borrett 2014

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

Are their relevant subgroups?

• Node characteristics
• Roles
• Importance (centralities)

Network Metrics
(Indicators?)

Compare
(a) across levels
(b) across systems
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Introduction to

Tool for Science & Innovation
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Connect

Extensible

enaR Software Design Objectives

Collect

Available

Tools for Science & Innovation

Algorithms from both 
Ulanowicz and Patten ENA Schools

Increase availability
- Low cost software
- Run on multiple OS (PC, Mac, Unix)

Users can 
- access original code
- add new functionality

Additional network tools
- Social network analysis
- ERGM

Existing R tools
- Network (Butts 2008)

- sna (Butts 2008)

- Statnet (Handcock, 2008)

Illustrate some enaR
functionality

Emphasize how it facilitates 
system comparisons
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Data Input: Model Data

Node Names
F:  Flows from i to j
z: Inputs
e: Exports
r: Respirations
y: Outputs (e + r)
X: storage or biomass
Living: logical (T or F) 

Data stored as a 
network object

pack() and  unpack()
(Butts 2008)
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Data Input:  read.x

read.scor() read.wand()

Plain text file

NETWRK 4.2 - SCOR WAND

Collect

Borrett, 2013 read.enam(), read.nea(), read.EcoNet()
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Main ENA functions

Functions require model input as 
network data object (e.g., created 
with pack())
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Selected Other Functions

Currently more than 45 functions in the package
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Visualization

> data(oyster)
> plot(oyster)

Simple Plot Fancier Plot

Internal Fluxes

Connect

Borrett, 2013
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sna: CentralityConnect

Centrality – relative importance of node, many types
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Closed to Shrimp Trawling

Open to Shrimp Trawling

Core Sound, NC Ecosystem Model (Deheer, 2012)

Centrality Calculations
- degree()
- betweenness()

gplot.target()

Which species are most important in the 
ecosystem?(throughflow perspective) 
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Visualization of Data
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Model Library Collect Extend

104 Empirically-based ecosystem models (previously published)

59 Trophic networks (food-web core, carbon or energy)
43 Biogeochemical cycling networks (i.e., nitrogen, phosphorus)

Chesapeake Bay

Cape Fear Estuary

Swartkops Estuary

Sundarban Mangroves

N. Benguela Upwelling

Marion Lake

Lake Lanier

Peruvian Upwelling

…and Growing

Thanks to many contributors

2 urban, socio-economic
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Where to get help

VignetteIntroduction: MEE

http://onlinelibrary.wiley.com/doi/10.1111/20
41-210X.12282/abstract https://github.com/SEELab/enaR/blob/devel

op/vignettes/enaR-vignette.pdf
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GitHub – enaR Development

https://github.com/SEELab/enaR Develop branch = next release
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ENA Exercises
5
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https://github.com/SEELab/enaR
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Exercise #1 – Getting Started with enaR

1. Open R
2. Load enaR library
3. Load model from model 

data(oyster)
4. Examine model properties
5. Plot model
6. Apply selected analyses

Download script from tutorial website SC Oyster Reef Model

Dame and Patten 1981

Filter
Feeders

Predators

Deposited
Detritus

Deposit
Feeders

MeiofaunaMicrobiota

1
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41.4697

0.5135

15.7915

8.1721
7.2745

4.2403
1.2060 0.6609

0.1721

0.3262

1.9076

0.6431

1.2060

25.1646

6.1759

5.7600

0.3594

0.4303

3.5974

Challenge Problems  -- Test Your Understanding

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

3. Find the A/C and FCI of the Florida Bay (wet) 
model

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

Lau 2016

Activity

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

Lau 2016

Activity

21

Exercise #3 – Comparing Models & Batch Processing Activity

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

Download script from tutorial website

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 

FCI vs. A/C, IFI, synergism.F
4. Compare the TST and FCI of the two Crystal River Models
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