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Funded by 
the European Union	

SIOFA Conservation and Management Measures (CMM) 2019/01 directs the Scientific Committee 
(SC) to provide maps of where vulnerable marine ecosystems (VMEs) are known to occur, or 
likely to occur, in the Agreement Area. The Meeting of the Parties shall act on the advice of the 
SC in regards with the VME habitat mapping and update its interim bottom fisheries measures. 
Here we present the first steps towards completing the task of predicting the distribution of VME 
indicator taxa in the SIOFA.  

Recommendations (proposals and working papers only) 
This document is to be discussed within the PAEWG-03 meeting. 
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Methods 
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Table 1. SIOFA VME indicator taxa!

!"#$%&'%()*+,$*)-) !
Cnidaria! Gorgonacea (Order)!
 Anthoathecatae (Order)!
 Stylasteridae (Family)!
 Scleractinia (Order)!
 Antipatharia (Order)!
 Zoantharia (Order)!
 Actiniaria (Order)!
 Alcyonacea (Order)!
 ! Pennatulacea (Order)!
Porifera! Hexactinellida (Class)!
 ! Demospongiae (Class)!
Ascidiacea (Class)!
Bryozoa (Phylum)!
Brachiopoda (Phylum)!
Pterobranchia!
Serpulidae (Family)!
Xenophyophora (Phylum)!
Bathylasmatidae (Family)!
Stalked crinoids (Class)!
Euryalida (Order)!
Cidaroida (Order)!

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2. List of environmental variables collated for the prediction of VME indicator taxa.!

#&.%,+&/0&*)1$.),%)2103! 4&%*! 503+16*%+&! 7+6,(0!
Maximum, Minimum 
temperature at seafloor!

Degree 
Celsius!

5 arcmin (0.083 
degree;!

ca. 9.2 km)!
Bio-Oracle!

Maximum, Minimum salinity 
at seafloor! pss!
Maximum, Minimum 
dissolved oxygen at seafloor!  mol.m-3!
Maximum, Minimum nitrate 
at seafloor!  mol.m-3!
Maximum, Minimum 
phosphate at seafloor!  mol.m-3!
Maximum, Minimum silicate 
at seafloor!  mol.m-3!
Maximum, Minimum primary 
productivity at surface!

 g.m-3.day-
1!

Maximum, Minimum 
currents speed at seafloor! m-1!
Particle Organic Carbon 
(POC)! mg.m-3!

2.5 arcmin (0.0417 
degree; ca. 4.6 km)!

GMED!Distance to land! km! 5 arcmin (0.083 
degree;!

ca. 9.2 km)!Calcite!  mol.m-3!

Depth! m!
0.004 degree (ca. 

0.4km)! GEBCO 2020!
Total alkalinity!  µmol.m-3!

1 degree!
(ca. 111km)! NOAA's Ocean Carbon and 

Acidification Data Portal!
Omega Aragonite! omegaAR!
Omega Calcite! omegaCA!
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Table 3. Proportion of records per database below 100 m water depth kept for analysis.!

Database! Number of records!
J[YO! BV(QLQ);VacC!
P[YD! BB(bBS);SA?ScC!
DYPOK! SAB);B?ScC!
IPKK ! @AL);A?acC!

D6$23-/4$&4)Y4-2$272$/4! BBS);A?ScC!
 

 

!

Figure 1. Distribution of records at depths below 100 m water depth coloured by their source of 
data. 

 

 

!
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Species Distribution Modelling!
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Results and discussion 
0'/'(*"2/-"34/"#)(')*(54'$"/1  
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Figure 2. Occurrence records of indicator taxa in the Indian Ocean.!
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Figure 2. (Continued). Occurrence records of indicator taxa in the Indian Ocean.!

 



Figure 2. (Continued). Occurrence records of indicator taxa in the Indian Ocean.!
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Figure 3. Observed richness per taxonomic level of all occurrence records.!



Figure 
4. Sampling intensity in the study area as the number of sampling events per grid cell at 1 x 1 degree 
spatial resolution. !

 

Table 4. Completeness and species richness of each phylum of the database. Completeness is the ratio 
between observed and estimated species richness (Soberón et al., 2007). For each phylum, the 
completeness is based on three estimators (Chao2, ICE and Jack1) and is averaged across all sites. !

 !
780(%03$,%(9&033! :.0,);0$03*%/)*0'$,%(9&033! <+/810*0&033$%&'0-!

=)*)2)30 ! 1409! 2251! 0.63!
<&%'),%)! 634! 988! 0.64!
#(9%&+'0,/)*) ! 86! 115! 0.75!
<9+,')*) ! 144! 250! 0.58!
>,)(9%+8+')! 41! 58! 0.71!
>,?+@+)! 238! 330! 0.72!
A+,%B0,)! 221! 791! 0.28!
:&&01%')! 30! 88! 0.34!
C+,)/%&%B0,)! 13! 17! 0.76!

 
 



Figure 5. Completeness index. The ratio between the estimated richness by three estimators (ICE, 
Jackknife and Chao) and the observed richness. A higher index indicates less sampling bias.!
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Figure 6. Environmental gradients of occurrence records at the native resolution of the environmental 
variables. The variables explored included the maximum (max) and minimum (min) of temperature, 
salinity, dissolved oxygen. ‘BO’ indicates ‘Bio-Oracle dataset’.!
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Figure 6. Environmental gradients of occurrence records at the native resolution of the environmental 
variables. The variables explored included the maximum (max) and minimum (min) of silicate, 
phosphate, nitrate concentrations. ‘BO’ indicates ‘Bio-Oracle dataset’.!
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Figure 6. (Continued). Environmental gradients of occurrence records at the native resolution of the 
environmental variables. The variables explored included bathymetry, the maximum max) and 
minimum (min) of currents speed, and primary productivity at surface. ‘BO’ indicates ‘Bio-Oracle 
dataset’.!



 
Figure 7. Environmental variables gathered for this study at their native resolutions.!
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Figure 8. Response curves for all calibrated models. The graphs show the predicted probability of 
presence of the indicator taxa for each of the environmental variables selected. The thick blue line 
represents the average of all models. The response curve is the dependence of the probability of the 
presence on one predictor variable after averaging out the effects of the other predictor variables in 
the model.!
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Figure 9. Ensemble models for the probability of presence of Alcyonacea. A. Continuous ensemble 
model. Higher suitability is represented by red colors. B. Standard deviation of the continuous model 
(A), with higher uncertainty in red colors.!
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