Ancient coastal forests reborn as modern marine blue carbon ecosystems
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Supplementary materials

Figure S1. Calibrated radiocarbon age distributions of peat reef samples (examples). Each panel shows the calibration of a radiocarbon determination using the IntCal curve (one interpretation, and five examples). Red curves represent the measured radiocarbon age probability; blue lines with shaded envelopes indicate the calibration curve and its 68.3% uncertainty. Grey histograms show the resulting calendar age probability distributions. Horizontal brackets mark the 68.3% and 95.4% calibrated ranges. Calibrations were performed in OxCal v4.4.
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Figure S2. Multivariate differentiation of coral and peat reef communities. Principal Coordinates Analysis (PCoA) based on Bray-Curtis dissimilarity (%) to show community separation between coral and peat reefs across habitat quadrats, invertebrates, small fish, and megafauna. Points represent quadrats/sites, color-coded by reef type. ANOSIM and PERMANOVA results summarizing the strength and significance of differences. Significant values (p < 0.05) are in bold.
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Figure S3. Habitat and taxa drivers of dissimilarity between coral and peat reef systems.
SIMPER analysis showing the top 10 contributors to Bray-Curtis dissimilarity (%) between coral and peat reef habitats across four datasets: habitat quadrats, invertebrate, small fish counts, and megafauna counts. Bars indicate each habitat or taxon feature's percentage contribution to overall dissimilarity. 
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Table S1. Raw datasets corresponding to the work conducted in the peat reef systems. Snapshot tables of the full database used to understand the peat reef systems (sensor time-series, non-ecological data details, benthic quadrats, benthic invertebrates counts, small fish and megafauna surveys). All datasets are at the BCSS Ocean Observatory repository (https://bcssmz.org/) with DOI links https://doi.org/10.82174/bcssmz.ocean.observatory.data.access/ and https://doi.org/10.82174/bcssmz.ocean.observatory.data.repository/.
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Table S2. Raw datasets corresponding to the work conducted in the coral reef system. Snapshot tables of the full database used to understand the coral reef system (sensor time-series, non-ecological data details, benthic quadrats, benthic invertebrates counts, small fish and megafauna surveys). All datasets are available at the BCSS Ocean Observatory repository (https://bcssmz.org/) with DOI links https://doi.org/10.82174/bcssmz.ocean.observatory.data.access/ and https://doi.org/10.82174/bcssmz.ocean.observatory.data.repository/.
[image: Imagen de la pantalla de un celular de un mensaje en letras negras

El contenido generado por IA puede ser incorrecto.]




























image3.jpeg
Exposed peat (substrate)
Macroalgae (various)
Seagrass (various)

sand (sediment)

Shells bed (dead)

Live coral (Merulinidae)

Habitat

Live coral (Poritidae) (quadrats)

Live coral (Nephtheidae)
Live coral (Acropidae)

Live coral (Euphylliidae)

Unidentified oyster + clam shells
Unidentified barnacle

Biemna humillis

Clavelina spp.

Diadema setosum

Ostorhynchus apogonides
Pempheris schwenkil
Chromis fieldi
Thatassoma lunare

Coris caudimacula

Unidentified bryozoan Invertebrates
Pseudaxinelia coccinea (count)
Panulirus omatus
Phiocoma spp.
Diadema spp.
o b g EQ [

Lutjanus kasmira
Scaridae spp.
Plectorhinchus spp.

Epinephelus coioides

Caranx sexfasciatus

Small fish Megafauna
Thalassoma amblicephalum Etagatis bipinnutata
. (count) (count)
Coris formosa Caranx metampygus
Monodactylus argenteus Aprion virescens
Chaetodon spp. Rhabdosargus sarba
Abudefduf vaigiensis Eretmochelys imbricata
o o 7o 36 £ Ed G i % E a0

Contribution to Bray-Curtis dissimilarity (%)

Contribution to Bray-Curtis dissimilarity (%)




image4.jpeg
Seawater time-series data
Seawater sensor meta-data Peat (dark) reef 1 Peat (dark) reef 2 Peat (light) reef 3
Area name Substrate Water Latitude Longitude Year| Date Time Seabed Se_a Date Time Sos Se.abed Date Time . Se_abed
depth temperature light temperature light temperature light
nla nla m nia nla nia nia GMT +02:00 ' lu nia GMT +02:00 'c lux nla GMT +02:00 'C I
Bazaruto ArchipelaqoiSan Sebastian  Peat (dark) reef 1 2 -22,343360 3554236 2023|021112023 15:00:00 27,567 9300,1 (08112023 14:00:00 30,356 4477,3 | 051112023 16:00:00 27,665 21528
Bazaruto ArchipelagolSan Sebastian  Peat (dark) reef 2 S -22,378470 3554213 2023|021112023 15:01.00 27,567 TS77.8 | 08112023  14:01:.00 30,255 11022,3 | 051112023 16:01.00 27,665 1894.5
Bazaruto ArchipelagolSan Sebastian  Peat (light) reef 3 6  -22,393520 35,54037 2023)0211112023 15:02:00 27,567 3616,7 |08M112023 14:02:00 30,154 14466,8 | 05/1112023  16:02:00 27,665 1894.5
021112023 15:03:00 27,567 29278 | 081112023  14:03:00 30,054 12400,1 | 051112023 16:03:00 27,665 21528
0211112023 15:04:00 27,567 29278 | 081112023  14:04:00 30,054 14466,8 | 0S/1112023  16:04:00 27,665 1550
021112023 15:05:00 27,567 27556 | 081112023  14:05:00 29,953 9644,5 | 051112023 16:05:00 27,665 21528
Peat samples meta-data Seawater meta-data 4C dating Stable isotopes
Seabed
sample Sample Wet Dry  Core Water | . Seabed Seabed Seabed | ,, i = Sample 15, -,
label Date type weight  weight depth Area Substrate depth Latitude Longitude temperature| salinity d:::yt;l::d phtotal 'Cage * ©&"“CAMS Probability weight N 5%Nar C 5" Cypor
nla g a om nia nia m nla 'C psu miL? nla | wBP nla % 68% 5% ma % % % %
C1 2001012023 Subsuface 5666 2892 1 Bazaruto 2 22343360 3554236 24.21 3412 571 7.37 [409100 2300 -2570 BC2836-2577 BC2851-2501| 9.95 036 146 1364 -26.43
C2 201012023 Subswface 5293 2,924 1 Archipelago  Peat(daklreef1 2 -22,343360 3554236 24,13 35,65 577 802 |338600 2100 -2660 BC2562-2470 BC2571-2464| 1083 032 184 1000 -2585
C3 201012023 Subsuface 7025 4526 1 San Sebastian 2 -22,343360 3554236 24,23 33,22 551 503 [429100 2100 -2640 BC291-2892 BC2912-2883| 1017 031 144 1436  -2606
C4 03112023 Subswface 6535 1966 1 Bazanito S -22378470 3554213 26,71 36,23 553 734 |d567,00 2100 -1100 BC3369-3197 BC3486-3110| 966 101 043 4253 206
CS 03142023 Subsuwface 8038 4312 1 Archipelago  Peat(darklieef2 5 -22.378470 3554213 26,83 3624 533 807 (429300 2100 -16.,70 BC2911-2893 BC2923-2883| 1062 035 21 1217 -2533
C6 03102023 Subswface 7469 3830 1 SanSebastian 5 -22378470 3554213 27,01 3625 535 81 [4329,00 2300 -2420 BC3008-2838 BC301-2896| 104 034 208 1343 -2578
Peat reef quadrats survey data
Date Location Substrate  Water depth  Latitude Longitude Coverage %
- Live coral Livecoral  Livecoral  Live coral Live coral Live coral Livecoral  Live coral Live coral Rubble Coral Sand Rock  Shellsbed Exposedpeat Macroalgae Seagrass
i il i il il ol Cloasiticstion (Porllopordac) (Aoyoridse) (Poritac) (Nephherise) (Reromidoe) (Eumhyiicae) (Merdiidae) (Hleached) (Denchaphlidae) (dead cors s ock) (desd) (sedment) (subauste) _(dead  (bsuaie)  fomioce) lomnr]
271012023 Bazaruto ArchipelagolSan Sebastian  Peat (dark) reef 1 2 -22,343360 35,54236 | Classification ID (library) A B c o E F G H | J K L M N P a R
28M012023 Bazaruto ArchipelagolSan Sebastian  Peat (dark) reef 2 5 -22,378470  35,54213 Quadrat n®
231012023 Bazaruto Archipelago!San Sebastian  Peat (light) reef 3 6 -22,333520 3554097 Peat (dark) reef 1
1 1] o 1] 0 0 0 1] 1] [] 0 1] 8 1] 1 ] i3 1]
2 o o o 0 o 0 o ] 0 o o 3 ] 3 s 0 o
3 o o o o o o o o o o 0 n o 7 6 B o
4 0 o o 0 0 0 o o 0 0 o 13 o 3 57 27 o
Scuba dive invertebrates survey data Scuba dive fish survey data
Date nla 031112023 2112023 051112023 e i = e aee o
i i Time End (v survey) w 00n 030 D3
e j::y‘,""’e nia 1530k 1530k 1530k - g g e
Time End (dive survey) nla 16.30h 16.15h 16.30h Wter depih = Fradegen Frage Pt
Bazaro Bazanuo Bazano e - o . 2z
Area nia Archipelago Archipelaqo Archipelago Semes e 3 o o o
Substrate nla Peat(darklreef1  Peat(darklreef2  Peat(light)reef 3 ey b =z R e
Water depth m 2 5 [ Seabed pitotal i o e s
Latitude nla -22,343360 -22,378470 22333520 [Pwum  cuss  ramyy species Common name ot
Longtude nia 355429 3554213 BN | e T s S 5 e e e
Seabed temperature ) 26.71 28,01 7734 Chodus Cushiges  Aeonide  Aosrbunurrn Sapworkn © o o o o oo s ®w o o olo o o o o o
Seabed salinity psu 36.23 3627 3619 ot Dons T hombates | Tommmsmegants | Posmpisansemir | 01010+ T 0o oo oo T {oT oI+ T oot
Seabed dissolved miL 553 577 5,84 e T S T
Seabed pHtotal nla 7.34 792 818 Chortas Cuicimer  Aoogoriie oo v Suduiendnati |0 0o 0 o olo o n o 0 oo o o o o 0
Phylum Class Species Count Chadu Onttoes  SuoterUndrtedoisiind i |9 0 o o o oo o o o o olo T s 1 o o
Anthiopoda Crustaces Cilopagiis SuGaws, q 5 0 e om0 [0 |0 |0 [0 |0 | oo o [T o e e e [ a0
Arthopoda Crustacea Cuolodives obsosres 0 0 0
Arthopoda Crustacea Dardanus magistos 0 s 0
Arthopoda Crustacea Elamenas sindensis 0 3 0
Arthopoda Crustacea Metograpsies s, 0 0 4
Arthropoda Crustacea Fanedivs omates 4 23 7





image5.jpeg
Seawater sensor meta-data S SO S -~
Coral reef 1
Area name Substrate Water Latitude Longitude Year| Date Time e Se.abed
depth temperature light
nla nla m nia nila nia nla GMT +02:00 'C lux
Bazaruto Archipelago/San Sebastian  Coralreef1 Mto14  -22,13811 3556446 2023 [ 11012023 0:00 26,342 0,000
1o1z2023 0:15 26,262 0,000
oz2023 0:30 26,462 0,000
1012023 0:45 26,162 0,000
o2023 100 26,342 0,000
Seawater meta-data
N Seabed N
Measurement Date Area Substrate Wainy Latitude Longitude Saehod Se’. 2 dissolved sy
depth temperature  salinity R pHtotal
nla nla nla m nla C psu miL"! nla
CR1 211012023 Tta 16 -22,138M1 3556446 26,93 35.13 S.77 7.95
CR2z 211012023 Tt 16 -22,1381 35,56446 27,03 35,63 5.45 8.0
CR3 211012023 o016 -22,13811 3556446 27,34 35,76 5,52 8,05
CR4 261012023 Tt 16 -22,13581 3556446 2r.21 35,34 567 79
CRS 261012023 Bazato 016 -22,1381 3556446 26,76 35,28 5.34 8.08
Archipelago Coralreef1
CRE 271012023 5,p, Sebastion Mols  -22,1381 3556446 2645 35,65 533 813
CRY 271012023 Tt 16 -22,1381 35,56446 26,43 35.32 5.54 §.04
Coral reef quadrats survey data
e Toaton Subsiraie Viater depin Cavude Longiude o
B ] e o] i B O B Ml el e
T B S e T e [ ], TR s 5 i i o e R ? el
7 7 5 5 7 7 5 5 5 5 5 C S —— 5 Ca—
2 s o H o 5 B o o o o R o ]
B : o o o 5 o 0 0 o o ® e ¢ 0 o oo
: s o w o o o s o o o @ w1 o o o
s : o @ o o o o o o o @ s on s o oo
Scuba dive invertebrates survey data Scuba dive fish survey data
e e B R R i - =
T En (e sureen) - oo oo o Tsh e Time S ve sunves) e Bk
e - Area -
Water depin m Substrate e
Latiude e 2o 220 22 2o 2o Water depth s e
Longitude e Sces sssis Ssots sceus sssouts Latitude w -2z
Seabed temperature < B3 St A % s iDeginds E 555005
= e sz o £ s1 e = —
o S R N R e
BT 5 3 3 5 3 Seabed pitots e 508
Guolodus obsounus 0 1 o 0 0 Count
e : : ) : : Phyium  Class species Common neme Snaiiin
it o 0 o o o Son e B0 om 2030 om0 om0 ]
Pl o o o o o Chodan Oreimes Ao Vel [0 5 0 0 05 0
R n n n " n Chordata Oeichimes oot so0 waeortn o o o o o &
Chodata Oscchies  Acaniaidee  Avaritants anane? Ueunamsugeorish | 0 0 2 s o o
Chodata Osechies  Acaninaidee  Avsnhussanaprss | Powdethiesugeenih | 0 0 1 o o o
e p e T S S s R edbimest: T o o 15t 5 1%





image1.jpeg
Radiocarbon determination (BP)

Radiocarbon determination (BP)

measured “C Age

Calibration Curve

(1500 years BP) I
gt} 2 o, o ¢ o o0 o o o o
AZ00) R_Date(1500,25) 68.3% probability 683%
559 (68.3%) 600calAD @~ probabilily range
95.4% probability
95.4%
o+ te0of 541(00.5%) 610caliD g1 |\ pability ranges
o 618 (6.9%) 640calAD
2 68.3% analytical
E I uncertainty
i (25 years)
E 1anof probability
b1 distribution
4
1300 -
L L L I i L ; 1 L !
400 450 500 550 0 50 700
Calibrated date (calAD)
95.4% probability ranges
68.3% probability range
49499 R_Date(853,19)
68.3% probability
1000 1176 (68.3%) 1222calAD
95.4% probability
1161 (92.8%) 1229calAD
1245 (2.7%) 1256calAD
b | I I , L
1000 108 1100 1150 1200 1250 1300
49501 R_Date(4992,23)
200 68.3% probability
S200F 3791 (68.3%) 3711calBC
95.4% probability
3933 (11.9%) 3877calBC
5100 3804 (77.5%) 3702calBC
3677 (6.0%) 3657calBC
5000
4900
4800 -
4700
L |
1000 m Sélﬂﬂ 3700 ?I&TL

Calbrated date (calBC)

aCatve 42 i

Anosrers e o Revere 020

4200

4000

55823 R_Date(4091 .ZSL
68.3% probability

2836 (10.7%) 2818calBC
2667 (12.9%) 2646calBC
2637 (44.7%) 2577calBC

95.4% probability

2851 (17.7%) 2809calBC

2748 (4.6%) 2726calBC

2699 (70.5%) 2571calBC

2516 (2.6%) 2501calBC

3800
3600
3400
u [a—
[l — ]
3200 L ! L I !
000 2800 500 2300 2200 200
49500 R_Date(413,20)
68.3% probability
_— 1447 (68.3%) 1473calAD
F 95.4% probability
1438 (82.9%) 1495calAD
1601 (2.6%) 1611calAD
500
400
300f
—
[—
— —
200F
L L I I
1200 1250 500 550

55826 R_Date| 4567,2127
8.3% probabilty
3369 (59.5%) 3330calBC
3207 (8.8%) 3197calBC
95.4% probabilty
3486 (1.9%) 3473calBC
3374 (64.7%) 3328calBC

4600 3220 (18.8%) 3183calBC
3155 (10.1%) 3110calBC
4400
4200 o o
i — —
! ! ! 1 ! !
3500 3200 3300 7200 3100 3000

Calibrated date (calBC)




image2.jpeg
Habitat (quadrats)

Invertebrates (count)

0af o e x oal reet e x
- X o o e
* s x
L3 x
02 . " & “
5 « x o -
oo xhe % | o 0
A * x
“gx" xx i
. a2
x * x -02|
~o2] b
g 04 x
% x 0.4}
” e
i M ey x
Ed ¥ x
Tk x ~0.6] x
En 2 o a2 o e o =3 0 o7 o En =5 o 5z 0
PCoA axis 1
Small fish (count)
k e Tee .
o
o x e X re Habitat Invertebrates Smallfish Megafauna
. (quadrats) (count) (count) (count)
ANOSIM
02 02 Rui=0.581  Ropecies=0:124  |Roprcrs=0.500 | Ruprcus = 1.
p=0.001 p=0.013 p=0.262
R =0.144
sol o caiy
» L PERMANOVA
-02 —02 R =0.306  Rlspecies =0.526 | Risperies = 0.126 | Ripeoies = 0.472
0.001 .023 £=0.507 p=0251
Ry = 0,450 | R0, = 0,470
o * - x p=0267
Soa EH o oz o EH T o o oz
Megafauna (count)
025 X[ 025 T
X o x
0.20 e b X Pear
015 o3|
010 o10)
005 00
000 000
-0.05} X x -00s| X LS
“o10) “o10
o3 " N
i% o 52 oo o7 o5 o o7 5o 52

PCoA axis 1




