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Supplementary Figure 1. Relationship between absolute and relative abundance of parrotfish teeth.
Number samples = 154.
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Supplementary Figure 2. Millennial-scale trends in abundance of common coral taxa. Abundance
measured as weight of coral fragments of each taxon in > 2 mm sediment fraction divided by weight of
all coral fragments in same fraction. (a) Acropora cervicornis. (b) Agaricia spp. (c) branching Porites spp.
(d) Madracis mirabilis. Number samples = 154.
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Supplementary Figure 3. Analysis of causality between reef accretion and abundance of herbivore
taxa. (a) total parrotfish abundance and reef accretion rate. (b) Echinometra urchin abundance and reef
accretion rate. (c) parrotfish relative abundance and Echinometra urchin abundance. (d) parrotfish
relative abundance and Diadema urchin abundance. (e) Diadema urchin abundance and reef accretion
rate. (f) ) Lytechinus / Tripneustes urchin abundance and reef accretion rate. (g) parrotfish relative
abundance and Lytechinus / Tripneustes urchin abundance. Lines and shaded regions show mean + SD
from 100 bootstrapped iterations. Significant causal forcing (*) determined from bootstrap test with 100
iterations, and indicated when the Pearson correlation coefficient is significantly greater than zero for
larger sample sizes (number of core samples, including all spatial replicates in the composite time series)
and when correlation coefficient increases significantly with increasing number of core samples.
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Supplementary Figure 4. Diagnostic plots for causality analyses shown in Figure 3. For each variable
pairing, embedding dimension value that corresponded to highest Pearson correlation coefficient value
was selected for analysis (left panel) and Pearson correlation coefficient was sufficiently high at short
number of prediction steps and declined with increasing prediction time (right panel), confirming
assumptions of nonlinearity and nonrandomness. (a) parrotfish relative abundance and reef accretion
rate. (b) urchin abundance and reef accretion rate. (c) urchin abundance and parrotfish relative
abundance. (d) branching Porites coral relative abundance and reef accretion rate.
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Supplementary Figure 5. Diagnostic plots for causality analyses shown in Supplementary Figure 3. For

each variable pairing, embedding dimension value that corresponded to highest Pearson correlation

coefficient value was selected for analysis (left panel) and Pearson correlation coefficient was

sufficiently high at short number of prediction steps and declined with increasing prediction time (right
panel), confirming assumptions of nonlinearity and nonrandomness. (a) parrotfish total abundance and

reef accretion rate. (b) Diadema urchin abundance and reef accretion rate. (c) Echinometra urchin

abundance and reef accretion rate. (d) Lytechinus/Tripneustes urchin abundance and reef accretion rate.

(e) parrotfish relative abundance and Echinometra urchin abundance. (f) parrotfish relative abundance

and Lytechinus/Tripneustes urchin abundance. (g) parrotfish relative abundance and Diadema urchin

abundance.
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Supplementary Figure 6. Relationship between reef accretion rate and proportion of sample weight
composed of smaller grains < 2mm. Number samples = 154.



Supplementary Table 1. MC-ICP-MS 201h ages of coral fragments obtained from reef matrix cores collected in the Caribbean. Two

cores were obtained per site: one core was “well-dated” (with 6-8 ages per core) while the second “replicate” core was constrained

by only a top and bottom age.

Core Core positon Sample U (ppm) B21h (ppb) (mTh/ 237’Th) (mTh/mU) ] Time of Uncorr. Z°Th ®Corr. ®°Th ‘Corr. ®°Th
(mm from top) | weight (g) chemistry (AD) | age (BC/AD) age (BC/AD) age (BP)
Airport Point 0 0.15459 2(')?07511; 2(.)3.,’055761- 30.26£0.74 00080738:; 1416."2 * 2014.83 1260.4+4.7 1280+ 6 669.7 £6.2
225 0.15552 36?83321. 06?3;71— 88.8+3.1 Ooogggg?; 14]?'2 * 2014.83 1277.8+6.9 1287 +7 662.5+7.2
425 0.15160 26?331521. 2.93+0.31 32.7+3.4 000010185291 1417.'5 * 2014.83 957.8+4.8 982+7 967.6+7.3
675 015133 Z(ﬁ?(?f; 06(?;;51 142.6 +5.5 0000183351; 143'5 * 2014.83 968.3+5.4 978+6 972.3+5.8
1755 0.15369 2(';0731131. 2.18+0.11 80.4+4.0 00058517; 1417.'1 * 2014.83 24+10 44 £11 1906 + 11
2960 0.17689 25078]?21’ 4.04 £0.25 52.9+3.3 Oooozgggg; 14](-5.'35 * 2014.83 -3459+8.5 -314+11 2264 +11
4085 0.16048 2(')?0101?31. 0(':08??; 352+18 000301315; 1416.';1 * 2014.83 -1007 £13 -997+13 2947 +13
(ArZZICi)gtPe(;im 0 0.19340 2(')?053541 2(')?07:61 4376+ 1.41 Oéégggggf 1419_'3 * 2014.83 981.4£6.4 1001 +8 949.2+7.5
3200 015195 Zdéggf; 4.11+0.14 65.44 +£2.25 Ooogggfli 143': * 2014.83 -877+11 -846 + 12 2796 + 12
Cayo Adriana 0 0.30314 2(')6.3308]?01 1(')?306;; 4(')?:7551— Ooog§§§Z7i 143': £ 2013.89 1907.7+1.6 1925.9+4.0 24.1+4.0
+ + + + +
200 015626 300(?;;960_ 0018073529_ 7878.':26 B Oooggolggg_ 145.';1 B 2014.83 1146.7 £ 6.5 1152 +7 798.1+6.6
a0o | ERE [ Lmser [ TR s s | g | grigg | oasase | W0BSE
+ + + + +
2410 0.22407 2055(?3:91 46?01(?3171 27.54+0.12 Ooogggg;l; 14;? * 2013.89 348.3+7.2 390.4+11.1 1560 + 11
3010 0.15027 20'(.5(?313; 2(:;,130339; 61.18 £0.31 00035359921 1417.'26 * 2013.88 240.8+9.1 263.6 £10.2 1686 + 10
(crae‘;’i cAadtrei;‘”a 0 015520 3&‘535; 1;:;2; 76.92 +0.44 Oééggggj’; 143'5 * 2014.83 1135.2£4.8 1146 +5 803.7+5.3




Core Core positon Sample U (ppm) Th (ppb) | (P°Th/*’Th) (Z°Th/*?*U) 257y Time of Uncorr. *°Th Pcorr. Z°Th ‘Corr. ®°Th
(mm from top) | weight (g) chemistry (AD) age (BC/AD) age (BC/AD) age (BP)

Punta Donato1l | O 0.23014 2055358831 O(f(?(?f?,i 36?;;; Oooggggfli 14]?.3 * 2013.89 1971.5+1.0 1984.1+2.8 -34.1+238
535 0.18008 26?;5’::.51- 1(.)?:6721— 14.77 +0.57 Oooooozgszgsi 14]?']? * 2014.83 17446 2.2 1761 +4 189.3+4.0
1135 0.12697 209383;71 Ooggggsoi 45.45 +0.46 Oooggggfsi 14;:: * 2013.89 1593.9+43 1604.3+4.8 345.7+4.8
2185 0.19065 Zosgggggi 0060906(‘)1:21— 67.56 £ 0.55 0000006(?529i 14(;.62 * 2013.89 1435.7 £ 4.7 1446.4 +5.2 503.6+5.2
3140 0.16530 207(:33;91 0098063933i 85.65+0.67 00083537211 14;..85 * 2013.89 1133.9+6.9 1145.2+7.2 804.8+7.2
3235 0.15000 2(.)?0902::.61- 3('):-[(?07680i 28.65+0.19 0000009(?8:3i 14](-5:](-5 * 2013.88 1076.1+6.1 1100.7+7.9 849.3+79

Punta Donato2 | O 016196 26?(?3](_)61. 16?807](-)41 4;-02:9i 0008000708531 14]?-3 * 2014.83 1940.2+1.3 19563 -6.3+35

Ratios in parentheses are activity ratios calculated from atomic ratios using decay constants of ref. 1. All values have been corrected for laboratory procedural blanks. All errors reported as 2-sigma
(20). Uncorrected *Th ages (BC/AD) were calculated using Isoplot/EX 3.0 program’, where BC = Before Christ and AD = Anno Domini.
ag24y = [(234U/238U)_1] x 1000.

b230. 232.

Th ages were corrected using a modelled two-component correction value based on the equation in ref 3. where the **Thyeaq value used was the measured **>Th value (ppb) in the non-living coral
232.

sample of this study. ***Thy,e was assumed to approximate the mean measured ***Th value (ppb) of living coral specimens (0.95 ppb) found on the GBR (Great Barrier Reef) as no local values have been

obtained for the Caribbean. Similarly, the 2°Th/***Thy,. value represents or approximates the isotopic composition of the hydrogenous component in the dead coral skeleton with an activity value of

1.08 + 20% determined from live corals of the GBR. Z*Th/***Th,.q is the detrital component represented by a by a mean activity value of 0.61 + 20% from isochron derived initial >**Th/>**Th values
obtained from dead Porites coral skeletons of the GBR.
‘Corrected **°Th age in years before present (BP; where ‘present’ is 1950 AD).
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