I*I Fisheries and Oceans Péches et Océans
! Canada Canada

e ——

Using species distribution modeling to predict
deep-sea coral and sponge communities,
hotspots, diversity and indicators

CN Rooper (DFO)
ICES WKPHM
MF Sigler (NOAA)
P Thompson (DFO)
O Gemmell (SFU)

PICES Workshop W1
Sept. 24, 2022

Canad



@ ICES

WORKSHOP ON THE USE OF PREDICTIVE
HABITAT MODELS IN ICES ADVICE (WKPHM)

February 1-5, 2021
~30 participants

Objectives of the workshop:

Identify the methods for modelling the distribution of VMEs
that would be most appropriate for use within ICES advice

Detail ‘required’ and ‘desirable’ criteria in data, model
techniques, display of results, validation and performance

Develop clear standards for recording the caveats and
assumptions inherent in the modelling method

Review and recommend a set of criteria, similar to the existing
ICES benchmarking system for regional fish stock assessments,
under which new and existing predictive habitat models can be
used for ICES scientific advice related to the distribution of
VMEs
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Annex 2: Required and Desired Criteria
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=ssumption number listed in the Asssmptions list.
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Annex 3: Data Reporting Template

WME Modelling template

Aufhors

Date model developed

1. VME tamonomic groupis] modelled

-
3. Fegional Extent
4

5. Provide Aﬂtm!ﬂmar}"set af de—scﬁp!\un i1-2 P.:r.:.g:::.pl'l:] that describes at a hJ.gh lagral tha
model gua]:-_. method and k.ev resulis and l.u'l.n:e-rhu.nt:: m 1;_|.:t=m\5.
E.

A. Smudy resolution

Al Location of the study area (or management region)

a. Spatial extent of the modelled area

b. Spatial resolution of the model and independent variables

[ SPaﬁalezzci::im[ufabsaTaﬁms and i:nd!]:-ﬂﬂ.d!rlt vrariables)

d. 'D!pﬂ'u :!:u}uﬁ.un.-h:ug!."exb:n! {of the observations and m.dePn'l.dEnt variables)
A2 Temporal extent of the data

a.  Dafes of data extent

b. Prec=sion of date/HGme

c. Databme resohabon

d. lmPacb over Hme fo consder in the data ==t [e.g. hastorical E:.I'L'n'l.g affort)

B, Dependent data

B.1 Drata t}.-_pe (Pnseme, absence, abunidance)

B.L Data source (e.g. type of survey(s) combined)
B.3. Measure of ::.mp]ing effort (if kmown)

B4 Ca.!dubﬂ:.h m.'detcn:ta.bci.li.t}-' (Enown or assumed)
B.5. Taronomic level

B.6. Funciional atiributes (its ecolopy)

B.7. Taxonomic mcnﬁ.dcmeaf?eci.cs;:ssem'bhgzs
B.5. Eabomale for tum.u:rﬁ:."uamblag\e l=vel modelled
B.o. Source of absence data

B.10. Odher potential errors or biases in the data

B.11. Data filtering steps

B.12. Tawonomic aggregation skeps

B.13. Method for combining dependent data sources (if done outside the modelling)

C. Independent data

(e IndePe:nde-:nt data {snvironmmiental variables wesd)
C.2 Indep:rudc-nt data source {source of raw or derived data)

C.3.  Mative spabial and temporal resclufion of the independent data
C.4  Data processing and scaling (methed for downscaling or aggrezation)
a. Goodness of fit for downscaled agpresated data
b. Measurement errors and bias
C.5 Dervation methods and calculations for derived variables
C.b. Rationale for inclusion of independent variables dearly stated and ecologically rele-
wramk

. Modelling approach.

D1 Model steps are clearly described with emough detail to be independently reproduced
a. Code for model provided
b. Fackagesused are referenced
c.  Dafais made available as supplementary material
D2 Biases (spatizl, temporal and other) acknowledged and described
0.3, Methods and approaches to collinearity in independent variablas are given
a. Collinearity m independent variables tested
b. Criteria for variable/dimension reduction provided
D2 Choice of modelling method s explained and justifed
2. Modelling axsomphions are clearly stated
b. Fotential violations of model assumplions are explored
0.5 Model application is dearly detailed
2. Model settings ave comprehensively reported
b. Model complexity is assessed
D6, Model response curves are penerated (where appropriate) and comparad to expecta-
Hons
a I\-Iva-de].'li:ng m.n:“ﬂ':nd—@eci.ﬁn: term estimafes or coeffcents are r\c-Port:d. {where
relevant)
b. Independent wariable importance is reported

E. Model uncertainty

El  Model spacific poodness of &t stabistics have been chacked and reported
2.  Multipls measures of goodness of fit have been examined
EZ  Spahal aubocorrelation in the residuals has been assessed and reported
E3  PResiduzls have been tesfed against asmumed distribution (where appropriate)
F. Model validation

F1 Training and testing data spliting method dearly described
a. Fotential spatial biases were accounted for in splifting the data
b. A standard method weed for cross-validabion

F2 Truly independent data used for model validation if axailable

G. Model outputs

Gl Mapsof model predichons, model residuals and predichion error have been produced
G2, Areac of model extrapolation are dearly dafined
G.3.  The predichion unit iz dearly defined (and explained if nacessary)
G2 Thresholding methods (for dichobomizing probability inte presence or absence) are
claarly described and appropriate
2. The sensitivity of model cubcomes to threshold walue chosen has been exgloed

U\



WEKPHM Advice Temp
WKPHM

Mas

VME Taxonomic Group(s) modelled: The OrderAntipatharia
(Black Corals) including its Families (Table 1)

Regional Extent: North Atlantic Ocean (ICES management subar-
eas 6, 7, 8, 9, 10, 12)
Summary

wan

of the p

i It chusen simply becax
[n = 421). This is not meant to be

A. Study resolution

A.l. Locat of the study area (or management reg

This modelling was carried out for the North Atlantic Ooean.

8, 0, 10, and

b. Spatial resolution of the model and independent variables

The tial resolution of the model and independent variak ] id grid |~ 1 kmn

https://github.com/ices-eg/WKPHM

298>



Recommendations

Transparency in data and methods
Clearly state the objective of the PHM

Include all available data that meets criteria and
standards

Collect independent data to validate model
predictions

Include existing and new models in developing
ICES management advice

Facilitate communication between science and
WEREEE

Develop a systematic approach to PHM in ICES

N

000“%



What to model (x & y variables)?

Region Transects Transects
with rocky  with coral
habitat

Gulf of 35% 30%
Alaska

Aleutian 63% 60%
Islands

Bowers 42% 47%
Bank
. ering Sea
« Model reduction

« Often forced to use
proxies for
|m po rta nt Va rla bIeS | Eastern Bering Sea - | Aleutian Islands (eastern and central)

outer shelf and
slope

® High bedrock

= Low bedrock
Boulder
Cobble

® Mixed coarse

M Gravel

Percentage of observations

Sand
Mud




Latitude (° N)

How to model (method)? :

Prabiability of presence Cosfficient of Variatian

an a7 o< 08 oon o1

T T
154 -150 B 138 RESREST 158 - 138

Longitude (* W)

Latitude (¢ N)

mTrEining

i z
Tesding

GAM BRT

&
06
L
L
GLA

L
RF Enz=mibde

W Trairang

I1

Ensemibde

i
:
:
g
i

Pratiabilty of presence \ Coefficient of Variation

40 0z 0% 08 0B i0 05 w18 J
T T T T T T
- N N\

134 -162 -158
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Problems with spatial patterns in the data

British British
Columbia \ : Columbia

[($)]
N
L

)
©
)
-+
=
©
-l

Proposed NSB
bottom LL closure

| Probability of presence
1.0

I 0.5
1 0.0

1325 -130.0 1275 -125.0 1325 -130.0 1275 -125.0
Longitude Longitude




Accounting for unknown variables using spatial
random fields (sdmTMB) — Pacific Halibut

Modeled RZ (no spatial RZ (W/ spatial @ smallhalibul b small hal‘ibui ¢ small halibut

group term) term) ol §
Large halibut 0.07 0.53
Small halibut 0.13 0.33
d alibu 5 . Ficed spatial
effects effect
1e+02
48°N 1e+01 48°N 0.0 48°N ?
1e+00
]
1601 25 4
46N 1e-02 A6°N 46*N 2
1 Sma" hahbut b Sma" hahbut 132°W 1307 12B"W 128°W 1247w 132°W 130°W 12BMW 126"W 12470 1327 130°W 128°W 128°W 1247W)
T T
I d e f
' large halibut large halibut large halibut
D non-spatial : 0.4+ ]
!
spatial \ G
0.4+ D P , @@ } j
' 0.3 54°N 54°N 547N 4 .
; 3 y
k7 ! B
c ! c
7} ! @ 02
© 0.24 : © S2°N 52°N 52°N
'
| 0.14
: 1 S0°N 50°N 50N
! ' Fixed Spatial
0.04 n 0.04 ! effects effect
20 15 0 5 0 0 2 4 6 as 2
. ° . 4B'N 48°N 30 48'N f
Temperature margin (° C) Observed oxygen - breakpoint (ml/L) as
o
: d 20 A
Large halibut Large halibut o o) s -,
132%Y 130°W 128°W 128"W 124°W 132°W 130°W 128°W 128°W 1240w 132°W 1300w 128°W 128w 1240w
0.3 -Inf
>
=024
[=4
[}
©
0.1+
0.0

20 15 10 5 0 0.0 25 50
Temperature margin (° C) Observed oxygen - breakpoint (ml/L) () )S() - - - -
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Model
Fits to Presence/Absence models
Independent 100 -
Data 0.90

0.80 -

M Trainingdata MTestdata ™ Groundtruth data

0.70 -

0.60 -

AUC

0.50 -

0.40 -

0.30 -

0.20 -

0.10 -

0.00
Eastern Bering Sea Aleutian Islands Gulf of Alaska

Abundance models (Al only)

Taxa R* p-value
Sponge 0.057 0.001
Coral 0.172 < 0.001
Stylasteridae 0.003 0.483




Topics for discussion/lessons learned?

 The data is the only thing that matters

 Model predictions generally robust to method

e Validation is key to transmitting to management




Conclusions/Suggestions |

—

i @

e Most seamounts in the N Pacific have not been
systematically surveyed

— Mostly presence data from bycatch or targeted visual surveys
— Shelf and slope relationships may not be applicable

* Both presence and absence data are needed from well
designed surveys

e Substrate or proxies are the most important variables to
know for coral and sponge SDM

 There are well thought out and reproducible guidelines for
building SDM from the literature (beyond this ICES repor&ag
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