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Project Goals and Objectives 

• Goal 1: Rescue data
• Compile presence and absence data from surveys

• Goal 2: Improve predictive models and maps
• Develop and produce predictive spatial models to 

improve region-wide maps of the distribution of 
deepwater coral and chemosynthetic communities

From Etnoyer et al. 2017 report to BOEM

Introduction Methods Results Discussion
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Spatial predictive modeling

Environmental predictors

Presence/absence observations

Functional
relationships

Predicted probability
of occurrence
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Depth
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Bathymetry

Introduction Methods Results Discussion

Survey effort
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Surveys (n=18, 30 years: 1988‐2017)
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Survey effort
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Survey effort
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Surveys (n=18, 30 years: 1988‐2017)
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Survey effort
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Statistical framework

Within-site variation
- “replicate” samples

“space-for-time substitution”

Between-site variation
- Habitat suitability

“Occupancy Probability”

“Detection Probability”
(“Availability Probability”)

Introduction Methods Results Discussion
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Detection probability
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𝑧𝑧1 = 1 = 𝑧𝑧2
𝑦𝑦1 = 0 = 𝑦𝑦2

Availability
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Detection probability
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Availability

Detection probability

Availability

Occupancy probabilityOccupancy probability
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Assumptions of occupancy analysis

1. No false positives: species identified with 
confidence to lowest taxonomic level possible

2. Closure: sampling time window short relative to 
the system dynamics (static)

3. Independence of occurrence and detection 
probability across replicated visits

4. Homogeneity of detection probability: eliminate 
heterogeneity using observation-level covariate 
on detectability: effort offset

Introduction Methods Results Discussion
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Conservative approach

“If we do not have a balanced design with the same number 
of replicates at each site, it is best if the number of surveys 
per site is randomly allocated to a site. If it depends instead 
on some site characteristics, biased estimates may result. 
For instance, if multiple surveys are only undertaken at the 
“better” sites, where density and therefore detection 
probability (p) may be higher on average, the resulting 
estimate of p will be biased high with respect to all sites and 
therefore the occupancy estimator will be biased low”. 

In a conventional model, occurrence will be biased high.

(Kery and Royle 2016, Applied Hierarchical Models in Ecology)

Introduction Methods Results Discussion
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Why Occupancy analysis?

• Conservative approach (“false negative” analysis)
• Ability to estimate true distribution (standardized)
• Ability to estimate community species richness 

(multiple species/genera combined into single map)

Introduction Methods Results Discussion
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Bayesian hierarchical approach

• Ch. 10 Modeling static 
occurrence and 
species distributions 
using site-occupancy 
models

• Ch. 11 Hierarchical 
models for 
communities

Introduction Methods Results Discussion
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• Observation process (detection)
𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖 ~ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑧𝑧𝑖𝑖𝑖𝑖𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖

𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑎𝑎𝐵𝐵𝑝𝑝𝑎𝑎𝑎0,𝑖𝑖 + 𝐵𝐵𝑜𝑜𝑜𝑜𝑜𝑜𝐵𝐵𝑜𝑜𝑖𝑖𝑖𝑖

• State process (occurrence)
𝑧𝑧𝑖𝑖𝑖𝑖 ~ 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 (Ψ𝑖𝑖𝑖𝑖)

𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐𝐵𝐵𝐵𝐵𝑐𝑐 Ψ𝑖𝑖𝑖𝑖 = 𝑏𝑏𝐵𝐵𝑜𝑜𝑎𝑎0,𝑖𝑖 + 𝑏𝑏𝐵𝐵𝑜𝑜𝑎𝑎1,𝑖𝑖 ∗ 𝑏𝑏𝑎𝑎𝑜𝑜𝑎𝑦𝑦𝑖𝑖 + …
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i = site
j = occasion

k = species
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𝑏𝑏𝐵𝐵𝑜𝑜𝑎𝑎0,𝑖𝑖 ~ 𝑁𝑁𝐵𝐵𝐵𝐵𝑁𝑁𝑎𝑎𝐵𝐵(𝐵𝐵𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏0,𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏02 )occupancy

intercept

Introduction Methods Results Discussion
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𝑏𝑏𝐵𝐵𝑜𝑜𝑎𝑎0,𝑖𝑖 ~ 𝑁𝑁𝐵𝐵𝐵𝐵𝑁𝑁𝑎𝑎𝐵𝐵(𝐵𝐵𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏0,𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏02 )
𝑏𝑏𝐵𝐵𝑜𝑜𝑎𝑎1,𝑖𝑖 ~ 𝑁𝑁𝐵𝐵𝐵𝐵𝑁𝑁𝑎𝑎𝐵𝐵(𝐵𝐵𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏1,𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏12 )
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Example community

Branching stony corals: 
framework-forming 
Scleractinia

• Madracis
• Lophelia
• Madrepora
• Solenosmilia
• Enallopsammia

Lophelia marinespecies.org

Introduction Methods Results Discussion
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n = 12 sites; 24 obs

n = 33 sites; 99 obs

Occupancy & Detection Probability

n = 84 sites;   347 obs

N = 968 sites; 23,724 obs

n = 14 sites; 27 obs

n = 118 sites; 426 obs

Introduction Methods Results Discussion
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Covariate
effects: 
genus-

level

24

De
pt

h
O

xy
ge

n
Te

m
p.

Ch
lo

r.
G

ra
in

Sl
op

e
Cu

rv
.

Madracis Lophelia Madrepora Solenosmilia Enallopsammia
Depth

Oxygen

Temp.

Chlor.

Grain

Slope

Curv.

Pr
ob

ab
ili

ty
 o

f O
cc

ur
re

nc
e

Attachment 10: SSC October 2019 Meeting



Introduction Methods Results Discussion

25

De
pt

h
O

xy
ge

n
Te

m
p.

Ch
lo

r.
G

ra
in

Sl
op

e
Cu

rv
.

Madracis Lophelia Madrepora Solenosmilia Enallopsammia

Attachment 10: SSC October 2019 Meeting



Introduction Methods Results Discussion

Solenosmilia

Lophelia

Enallopsammia

Madrepora

Framework-forming 
genus richness

26*Draft results for demonstration only

Madracis
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Uncertainty

Introduction Methods Results Discussion

27

Attachment 10: SSC October 2019 Meeting



https://www.st.nmfs.noaa.gov/ecosystems/ebfm/ebfm-levels

Management applications

Introduction Methods Results Discussion
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Other management applications

Introduction Methods Results Discussion
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Ecological
Applications
2016
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Next steps

• Further model diagnostics
• Model selection/averaging

30
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Lophelia coastalscience.noaa.gov/news/kinlan-tribute/
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Questions?
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