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Consultancy from BOREA Laboratory, Biology of Aquatic
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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.
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Introduction
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Table 1. SIOFA VME indicator taxa!

I"#$%8&'%()*45%)-) |

Cnidaria! Gorgonacea (Order)!
Anthoathecatae (Order)!
Stylasteridae (Family)!
Scleractinia (Order)!
Antipatharia (Order)!
Zoantharia (Order)!
Actiniaria (Order)!
Alcyonacea (Order)!

! Pennatulacea (Order)!

Poriferal 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 48%*  503+16*%d+& 7+6,(0!
Maximum, Minimum Degree
temperature at seafloor! Celsius!
Maximum, Minimum salinity
at seafloor! pss!
Maximum, Minimum
dissolved oxygen at seafloor! mol.m-3!
Maximum, Minimum nitrate )
at seafloor! mol.m-3! 5 aremin (0.083
) . degree;! Bio-Oracle!
Maximum, Minimum
ca. 9.2 km)!
phosphate at seafloor! mol.m-3!
Maximum, Minimum silicate
at seafloor! mol.m-3!
Maximum, Minimum primary  g.m-3.day-
productivity at surface! 1!
Maximum, Minimum
currents speed at seafloor! m-1!
Particle Organic Carbon 2.5 arcmin (0.0417
(POC)! mg.m-3! degree; ca. 4.6 km)!
Distance to land! km! 5 arcmin (0.083 GMED!
degree;!
Calcite! mol.m-3! ca. 9.2 km)!
0.004 degree (ca.
Depth! m! 0.4km)! GEBCO 2020!
Total alkalinity! pumol.m-3!
. 1 degree!
Omega Aragonite! omegaAR! (ca. 111km)! NOAA's Ocean Carbon and
Omega Calcite! omegaCA! Acidification Data Portal!
0'/'(")'$12"2

Indicators of data quality!
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Table 3. Proportion of records per database below 100 m water depth kept for analysis.!

Database! Number of records!

JIYO BV(QLQ);vdcC

PIYD BB(bBSA?SdC
DYPOK SAB);B?ScC
IPKK! @AL);A?dcC
D6$23-/4$&4)Y4-2327 BBS);A?ScC
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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!

T+) 0$") 6/*+") 23+) #/2+42%&") *$-2.$:72%$/4) 19) $4*$%&2/.) 2&M&) 9/.) 03$%3) 0+) 3&5+) +4/713)
1%%7..+4%+) .+%/.*-) ;&2) '+&-2) bA) -#&2$&"") $4*+#+4*+42) +%/.*-C?) T+) 0$") 74*+.2&N+) &
+4-+6:'+) 6/*+"$41) #./%+*7.+) 03%$%3) %/4-$-2-) $4) #./*7%$41) 67'2%$#'+) .+&'$=&2%/4-) /9)
#.+*3%2$/4-) ;%/6:$4$41) *$99+.+42)92882&. 2) 6/*+") %'&--+-) 0$23) 6 7'2$#'+) - +2-) /23R4S
%/4*$2%$/4-()#&.&6+2+.$=&2%/4-C()9./6)03$%3)&)%0/4-+4-7-)%&4):+)*+.$5+*);+?1?()&5+.&1+) 2. +4
&4*)74%+.2&$42%+-) 7&42$9%+*);K.&gX/)e)I+0()@AAaC?)G4-+6:'+)6/*+"$41)&"/0-)2/)&% %/ 742)9
H#8&2$&") +M# $%$2) 74%+.28$42$+-) $4) 6&#-) ") &##"$41) 6$23/6 LB ) 1&#) *+%$-$/4)
23+/.")2/)97"")$49/.6)6&4&1+6+42)*+%$-$/4-?)13+)4&27 .+)[9)*&2&)$- ) h#+i)8P-2)0$23)

4)) +'$&:'+) $49/.6&2%/4) 14) 2&M&) &:-+4%+8) 23+.+9/.+() 0+) 0$") &*&#2) [7.) *&2&) #.+#&.&2%/4)
-+'+%23/4) [9) #-+T7*&:-+4%+-C() 6/*+"$41) #./12/Ya%4*) 6/*+") +5&'7&2%$/4) 2+%34%$ 7+-)
&%%/.*$41");J7$"H&./$28&)+2)&'?() @ABV8)>+./")+2)&'?() @ AB"8)D%3$%N+'+)+2) &? ) @A@AC?

[+06&7-+)0+)3&5+) A& &--76#2$5/4)/4)23+)-3&#+-)/9)-#+%$+-). +-#/4-+-)2/)+45$./46 +428&)
5&.$&:'+-()0+) 0$") &##")-+5+.&") %'&--¥6[19"$41) 2+%34$ 7+-) &5&$'&:'+) $4) 23+) :$/6/*@) <)
#&%N&1+) ;137$"+.) +2) &'?() @AAQCZ) ;BC) 1+4+.&'$=+%) '$4+&.) 6/*+"-) :F%R7"&13() BQ"SC
1+4+.&'$=+%)&**$2$5+)6/*+"-);W&-2$+)e)!$:-3$.&4$() @AASC8);bC)67'2$5& . $&2+) &*&#2$5+) .+1.
-#'$4+-);0.$+*6&4() BQQBCBY; 2$9%$%%$8&") 4+7.&") 4+20/.N-) ;<$#'+"() @AAACS) ;VC) .&4*/6) 9/.+-2-
[ +$6&4)@AABCS8);LC)://-2+*).+1.+--$/4)2.++-); 1+4+.&'$=+%):/[-2+*)6/*+'-() G'$23)+2) &'?) @AAC8
:aC)9'+M$:'+)*$-%.$64&42)&A&"-$-);W&-2$+()1$:-3$.8&4$()e)[7X&()BQQSC?)T+)0$ME)5+-2$1&2+)
6+23/*-) 2/) &%%/742) 9/.) -&6#'$41) :$&-() -7%3) &-) 1+/1.&#33%&") 9$'2+.$41) &4*) +453./46+428&
9%$'2+.$41)6+23/%-);&-)*+-%.$:+%)$4) >/ 7##+)+2) &'?() @ABQ() D%3$%N+'+)+2)&'2() QA@AC?)\/)-7
23+-+)6+23/*-)&$6)&2).+*7%%$41)-&6#'$41):$&-):") . +*7%$41) 23+) 055132 *) & .+&-)
&4*)&*&H#2$41)23+)#-+T*/&:-+4%+)-&6# 'S4 1)H.[%+*T .+ ) &*+ 7 &2+")&--+--)23+)#+.9/.6&4%+)
19)/7.)6/*+'-()0+) 0$") $6#'+6+42) &) :'/%N) %./;5&'$*&2$/4) #./%+*7 .+) ;</:+.2-)+2) &'?() @ABaC)
03$%3)0$") 6$4$6$=+) 23+) *+1.++)/9) &72/%/..+'&2$/4) :220¥%&)'$:.&2$/4) &4*) +5&'7&2$/4)



*828&-+2-?)13+)476:+.)/9)9/'*-)9/.) 23+) +5&'7&2$/4) #./%+*T7 .+) 0$") 1 +) &*&#2+*) 2/) 23+)  7&42$2")
&4*)-#&2$&')*$-2.$:72$/4)/9)*&28&)9/.)+&%3)2&M/4()0$23)&)6$4$676)/9)20/)9/*-?) T+)0$")+5&'7&2
17.)6/*+'-)0$23)20/)6+23/*-Z);BC)23+)[1%+)$4*+M)*+-$14+%)9/ . +-+4%+)/4")*&2&):[/"Yo+)+2)
&'?()@AA@C)&4*); @C)0$23)&)%. $SRBIEY)HVHEHL2)/9) . +-#/4-+)%7 .5+-);+212()D%3$%N+'+)
+2)&'?() QA@AC?)P4)23+):&-$-)/9)23+)-+'+%2+*) 6/*+'-()0+) 0$") #./*7%+) 20/) +4-+6:'+) 6/*+"$41)
6&#-Z) 23+) &5+.8145%$./46+428&") -7$2&:$'$2") 68#() &4*) &4) T4%+.28$42") 6&#) :&-+*) [4) 23+)
-284*8 %) *+5$&2%$/4)/9)+45$./46+428&")-7$28:$'$2"?

O1.)23+)#7 #/-+-)/9)23$-)#&H#+.()0+)H./5$*+%) &) %&-+)-27*")/4)23+)P *+.)K'%"14&%+&):R4$*& . $&2)
K423/=18&Z)P%2/%].&"$&C)2/)*+6/4-2.82+) 2343&../

Results and discussion
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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.!
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Figure 2. (Continued). Occurrence records of indicator taxa in the Indian Ocean.!
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Table 4. Completeness and species richness of each phylum of the database. Completeness is the ratio
between observed and estimated species richness (Soberdn et al., 2007). For each phylum, the
completeness is based on three estimators (Chao2, ICE and Jack1) and is averaged across all sites. !
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2500 1

2000
2000 1
1500 -
1500 4
€ €
=2 >
[e] ]
O 1000+ (&)
1000
500 1 500 4
0- 0-
0 5 10 15 20 25 0 10 20 30
BO min temp BO max temp
5000 -
4000
4000 -
3000 -
€ €
=2 =2
o o
(&) (&)
_—t 2000 1
1000 1
0+ 0-
335 34.0 345 35.0 355 34.0 34.5 35.0 35.5 36.0
BO min salinity BO max salinity
2000 2000
1500 4 1500 -
5 5
o 10001 o 1000
(&) (&)
500 500 -
0- 0-
0 100 200 300 100 200
BO min dissolved oxygen

300
BO max dissolved oxygen
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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
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