SedBudgetindan Ocearfield data collection protogdersion 1Jan2023)

Suggested citatioerrnyCT, LangéD,StuhiM and de Bakkdvi20225edBudget: Indian Ocean field data
collection protocol (Versidar202).

Development of the SedBudget methodology has been supporéedetedugme Trust Research
Fellowship to CP {R5152)a Natural Environment Research Council award (NE/K0O03143/H) to CP, ar
Bertarelli Programme in Marine Science award to CP and IL.



1.Contexiand approach

Themethodologyescribeth this document is aimed at supporting estilnagesnafalyeneratedeef
sedimergroductioon Incan Oceacoral reef@lthough many of these metrediscappropriafer Pacific
reefassessmentdjhe mthodoldgs described relate tisétaxa and processes tiate been reported to

be thedominargedimentontributots reef, beach and island systemslimdian Oceargion. Whilst the
relative abundance of specific sedimentary constituents inevitably varies between locations and habitat:
2006),1te major sediment constituents {isla@efl sediments in this regionldare shown to be coral,
Halimedapp, crustose coralline algae (CCA), mdiivabgeé and gastropods), and benthic foraminifers,
with echinotdsts andpinessavariably importagcondargomponent (Perry et al. 2015; East et al. 2016;
Jorry et al. 2016). It is this suite of regionally releviaichtaxaly or indectly contribute to the production

of these sediment constituentsréhtitdocuswithin this approach

SedBudgétasthusbeen set ujp provide a framework famatihgates of sediment generétmnthese
majortaxathat facilitate theleaseof biogenic sedimentaonstituestwithin coral reef habit#tss also
designed to provide estimatesadritréutions to diffessalimergrainsize classasithin thpebble grade

and below size classes (i.e., <64 mm based on tii¢edtidenh grain size classificatt@approach is
broadhgimilar to that used in the ReefBudget @Bastamet al. 2QRerry et al. 2018 that it is census
basedand the underpinning metricasa@daptabldn the case of SedBudgenthigproducedatais

collected froreplicatenE10)0.5x 0.5 nguadrats placed at 1 m intereglsvith a 0.5 m spacing between
eachalbngl0 m longansect@hesecanbe conducted along the same transects as ReefBudgetasigveys
those are also being undertakbenthic daentry spreadsheetéeded for each transirefe.g., Site X,
transect 1Jish censutata should be collected from belt transects positioned in close proximity to the be
survey les, withdata for relevant fisbordeth a separate spreadsli@aionespreadshet is needed for
eachstudysitg. Site locatioiransect numb&PS coordinates and any other relevant site notes (depth etc
should be entered in the first tab of the data entry spreatisheet Aftersuevayitg) argpreadsheet

data entrylata from thummargatatals fromthe sheets footh the bentl{imultiple sheets per site)

fish survegsingle sheet per sttegnneed tde copied to a habitatisel master summspyeadheet

(e.g., Site Wastesummary shegiyhichs set to accommodate data tip to six transect lines

For each study site, the follolwegspreadsheesse thus required
T 61 ndi d BedBudgétentnicl at a entrydéd sheet
T 61 ndi d BedBudgetdi data entigheet
T 6l ndi d&Ma®tenannsummary sheet b

It is strongly recommended tl@amaster copy of the benthic data entry sheet is stthp start of
each projecand populated witthetailsof as many of theelevant taxgand any necessary underpinning
metrics)known to be present in a study area. Copies for each site can then be made ashieeded.
speeds up thepostfieldvork data entry process considerably, with any additigaet) species
encounteredonly needing tbe added on an dwc basis for any given transect.

Although 10 quadrats are recommended per transect line the data entry tabs are set up to accommodz
<10 quadrats where transects could not be comptetiegjistical/time reasons

Notes:

1. At present the method only provides estimatiismeifiit generation associated with either the release of
carbonate as a-psoduct of bioerosiothatassociated with the posttem direct input of skeletal
shelly)material. Inputs associated with physical frameworkrolanvegees or stor(osral rubble
generation etc) cannot yet be accoundsdésic parameter data is absdthiough these physical
processegrimarilgeneratenateriabf>64mm in size



2. Efforts to developtimodologies to account for inputaréaa presenthallenging tmnstrainue to a
paucity of underpinning,datg, from branching crustose coralline algae, articulated red coralline alc
echinoid tests and spiee orgoing and will be added to future resisexhs

3. This initial iteration of

SedBudget should thusdsadi@sn step to developing this important field of

enquiry, and at the end of this handbook we highlight those taxa and processes for which we «
methodological developments/refinémieatsost urgently needeghuts andieas foadaptation from

the usecommunity are
4. Potentially useful taxa

most wel@mdeve encourage you to get in toechailiac.perry@exeter.ac.uk
and species tgusdeport in situ suneaaygslisted ippendes2-7.

5. Aligned methodologies for the Caribbdzacdiocdregions are currently under development.

EquipmentThe following items are needed to complete the surveys as recommended.

10 m transect line
0.5x0.5m quadrat

15 cm ruler
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EQUIPMENT:

« Master transect tape (10 m)
+0.5x 0.5 m quadrat

1 m flexible tape + 15 cm ruler

« Dive slate and survey sheet

« 25 ml falcon tubes (n=3/transect)
« Small sieve (2 mm mesh)

« Plastic sample beaker
- Camera

Master

transect
line quadrat

Short (~fn) flexible measuring tape

Underwater camera

Dive slate amencil

Small handeld sieve (2 mm mesh szdplasticampling beaker

3x25ml falcon tubesr transéfor sediment sampi@sforaminifera analysis
Any necessary species ID sheetsvfatemidentification.

Benthic quadrat surveys (10 replicate 0.5 x 0.5 m quadrats at 1 m intervals along each master transect)
Bioeroding fish census (replicate 30 x 5 m belt surveys in vicinity of transects)

0.5x0.5m STEP-BY-STEP

1. Photograph quadrat
2. Take profile measures across quadrats (n=3 equidistant lines) and record
3. Estimate substrate % cover
4. Record key metrics/collect samples for each producer group present in each quadrat
« Urchins (# each species and individual test sizes)
- Calcareous green algae (for each species relevant plant height, width dimensions)
- Bivalves (maximum size of each specimen)
« Gastropods (maximum size of each specimen)
- Benthic foraminifera (% abundance of foraminifera within collected sediment samples)
- Seagrass epiphytes (# blades each species)
For fish census
- Parrotfish (# by species, life phase and size class (11-20cm, 21-30cm etc)
- Triggerfish (# by species and size class (5-10cm, 11-120 cm, 21-30 cm etc)
- Pufferfish (# by species and size class (5-10cm, 11-120 cm, 21-30 cm etc)

Figure1l.Cartoon illustrating approaches used in data collection and the main equipment items neede
(inset shows quadrat sppaking of profile survey li@egdrats can pkced at intervals either along the
same transect si@s shown in figuoe)n a checkerboard stydleemed more appropriate to the site.



2. Field approach and data collection

The following section provideg@anation of the recommensldtioiata collecti@and spreadsheet data
entryNotethat it is recommended that fish surveys within the study area are conducted prior to benthic
work being started in order to minimise disturbance WBelogwighthus describe the fish data collection
approacfhirstand thethat fothe lenthic data collection.

2.1 Fish data collection

21.1ParrotfishEstimates of sediment generation by parrotfishes are based on the same undeslying appr
usedor bioerosion rateshe ReefBudget methoddRegyy(et al. 2012), thigonale for this being that there

is no evidence of intestinal dissolution of ingested reef substrates in the guts of parrotfishes, and so &
rate can be taken as a proxy for sediment generation (Perry et al. 2020). These erosionnfand thus
generation) rateésKg CaCeOm? yrl) are based on empirical data that has been collected for a wide range
parrotfish species asdmeasures of bite rates, proportions of bites leaving scars, and scar volumes by sp
and body size (see Laagal. 202@nd ReefBudget homepgagea summarnfor sediment production
estimatest is alsmecessaryo factointhe proportions of sediment producedentdsieiment graine

classes. For this, use is made of existing published alage foir lael®acific fish species (Hoey & Bellwood
2008), which resecently (Yarlett et al. 2021) also factor for different size classes of fisturidrgbe data
exist for sever@taruspp. andChloruruspp. in the IndRacificegionalthougteither sisteor closely
functionalielatedspecies (see Choat et al. 2012) or meanl@eziatata are necessarily applied in many
cases. Further data collection for aamigerf species would be a useful future area of research.

An additionakpect of the release of sedimentary carbonate from parrotfishes is that the composition
excreted faecal material also reflects the substrates on which the parrotfishes feed. T$ubsratestly coral
but not entirely so. Account thus alde toebe made for this to support estimates of the types of carbone
sedimentary particles being generated. In thjsisertaxtbe made of data based sed¢timor electron
microscopy analysis of the composition of the material excretgs dfyspe@es and size classes of
parrotfishes-or exampl¥arlett et al. (2021) skdwhathis excreted carbonate avers@fe®% corand
~5%CCA(other constituents are minimal

21.2Triggerfishes and pufferfishéis.addition to the wielkumented processes of sediment generation by
parrotfiskts some pecies of both puffedsséind triggerfishcan generate coarse sand to pebble grade
sedimentary material through physical breakage of reef {@Gumevaorkand Lopez 1991, Glynn and
Marzello 2015)This occurstieer whildtish ardeeding on coral (pufferfishes) or whilst flaragiggtic
invertebratéiggerfishes) (Perry et al.)2B28mates of sediment generation by tréggediglifferfishes

can thus be madlased orimilar conceptual approaches that inform estimates for pagrpbastess on

data on annual sediment generation rates for fish of a given species and size class, and the size clas:s
of sediment generafduls,n the field, data be hurbers of figsand their sigean alsbe collected from

belt transesurveys or usistationarinderwater Visual Cen&dCmethods (see field data collection
descriptiobeloy Resultant estimates of sediment generation are therspasedpecific erosioate

data and on the sizes of material genérat@portant to note that estimates of sediment pabeldogtion
pufferfish and triggerdishbased on what limited data currentlgreik@stshis is not extensive etation

can yet be made between sediment production andfisliaslye sedimgnairsizegeneration dadae

only sergquantitative (Glynn 1972; Alvarado et al. 2017), but what data does exist is used here.

Field data collectiorData on th@umbers of each parrqgtimiferfish and triggeréiphciegand for
parrotfish their life phase) size class (currently collected in size-Xinsinl 280 cm, 340 cmetc)are
collected from a survey area closebenthétransectin a iyen study locatiorither along belt transects
(e.g., 30 x 5 m) or using a statidv&wyethodology



Data entryDataon the numbersezfch species presént size class gratiditionalfpr parrotfish by life
phasepret h e n e nt BEshdahfsea Fitd) ob thesddBudepfish data enfry s. The spteadsheet

is set up to accommodate data from up to 6 survey lirborsezti®n on the number of transects and the
transect survey afed) should first be enteteul left of sheskee Fig) with data then entered below on the
numbers of each species, life phase and size class recorded.
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Figure 2. Censuslataentry sectidor parrotfish in thishodataentry talPufferfish and triggerfish data are
entered in the satables beneath the parrotfish for each transect.

These data will then generate an egtmiattd | e s et of itseelid3pobtotab gedinbehte 6
generation l@ach specider a given transeutgthen in the righand setftables (see Fig. 4) estimates of
theamount of sediment genenaithirdifferent sediment geaae classe3he metriasnderpinning these
calculations are provided irothel s h me t r i c-chéngeabé wheee odal datasetsTdoast.e r
oBnmarydala t ab t totalmanspct levedtesdf sesliment producforeach fish grolygygrain

size fractioriass (highlighted theorange rasy Fig5). These data can then be copied across nraoually
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Figureb. Gummargatatab with production rates autocompleted froansactThese dataighlighted
in orangeghould then be manually copied across teltheegite | O liMad s far Os emmar y
Fig.6 below)For the fish data the estiramary data above can be copied across as one block.
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2.2 Benthic data collection

221 Benthiccompositiorand rugosityln order to providenthic data foontextualisation of the sediment
generation data, and to provide metrics that feed into some of the sediment gengbasonestimates
covernd substrate rugosity data shoube fiestordefidr each quadrktis recommended that a gregph

of each quadriat taken initialigr any subsequent data verification/chEakimgjuadrat shothldnbe
examined to quantify the relative % cover of the followingstraprcategoriége coral, dead coral
w/corallinegdl(CCAgrustdead coral w/ turfacroalgacoral rubblsandand seagrasshis can either be
done visualig the fieldiith the aid of a visual % cover estimat(@eehAgipendix Dy possurveying by
point caotingbenthic categoriesguedrat imagés.g., using the Freeware software JMicrOR<@n
CoralNétIn additigran estimate ofearsubstrate rugossiyould benadefor each quadiag measuring
over thesurface profitd the quadréising a flexible ~1 m long tape measure and ensthengapet
conformito the surface of gubstradeat threeequidistamiointgsee Fig. 1, insedRigositysthen calculate
asthe profile measure divided by the width of th¢5fuertnat

Data entryThese %cover estimegandprofileneasuremen@rofileneasuré, Profileneasur et¢should

be entered into (FihweoftieSlumdita @¢@B8enagdy et c dabd ateabdn t
automaticalbulled across inkesediment production shaetvhere relevant to production estimagtes

for endolithic spongEse mearugosity and Benthicover data are also automatically pulled across into the
finalGummangtab (Fig8) andthesecan then be copied across manuatlyeis¢paraténdian Ocean
Master sughry sheeto
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1 SUBSTRATE Enter data into pale blue boxes only
2
3 Transect number [ 1 ]
4 Number of quadrats [ 1 ]
5 Quadratsize ) 026 |soxsDem
6
7 1.DATAENTRY - Percent cover per quadrat ENTER 0 IF CATGORY IS NOT PRESENT Proportional cover
8 Live coral Pead coral w/ CCADead coral witurf|  Macroalgae Rubble Sand Seagrass Other Total Live coral Dead coral w/ CC: Macroalgae Rubble
o Quadral ) 0z 04 02 00 [
10 Quadral? 100 o 08 02 00 01
11 Quacral 3 100 04 02 02 00 02
12 Quadrat4 0 04 02 02 00 02
13 Quadral 100 03 03 03 00 01
14 Quadral§ 100 2 04 03 00 02
15 Quadral7 0 04 03 0 00 02
16 Quadral8 100 I 02 [ 00 03
17 Cuadral§ 100 0 03 01 00 03
18 Quadral 10 100 01 02 0z 00 08
- Wean 280 30 180 7] 15 1] 00 [ 100 Mean 03 03 02 00 02
20
21 2. DATAENTRY - Rugosity
2 Width of quadrat (crProfile measure {Profile measure 3Profile measure] Rugosity! | Rugosity2 | Rugosityd | Mean rugosity
23 Quadral | 50 | [1] 50 17 K] g 18
24 Quatral2 50 02 78 20 17 8 18
25 Quadat3 5 % 108 18 18 22 20
26 Quadral4 50 ] 18 14 7 15
Quadral§ 50 ] e 20 7 18
50 5¢ 12 14 ] 15
50 12 12 2 12
50 7 16 18 o 7
5 15 124 20 23 25 23
50 [ 81 % 17 16 9 18
Mean [
' Overview | Substrate [ Urchins | Endolithic sponges | Halimeda | Halimeda metrics | Penicillus | Penicillus metrics | Udotea | Udotea metrics | Bivalv ... (3
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Figure7. Bubstrate metiitab for estimatibgnthic cover and substrate rugosity
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1 | Transect level mean benthic cover and rugosity data - to copy to relevant transect line (T1, T2 etc) in site level master summary sheet

2

3 Live coral coral w/ CCDead coral wi tuf coral w/ Rubble | Sand | Seagrass | Other | Total | Rugosity |

4 280 20 19.0 00 235 05 00 0.0 100 17

5

6 Transect level mean sediment production (kg m* yr") data for each sediment producer group - to copy to relevant transect line (T1, T2 etc) in site level master summary sheet

7

8 Transect number |I|

9
10 >4mm | 24mm | 12mm | 051mm | 02505mm |0.125-0.25mm | 63to 125um [31-63 um 16-31 um 5-16 um 4-8 um <4 um
1 Pebble | Gravel | Vcsand | C.sand | Medsand Finesand | Vfinesand |Coarsesit  |Med silt Fine silt V fine silt Clay
12 Urchins 0.000 0.008 0.142 0194 0.230 0.143 0.055 0.030 0.000 0.000 0.000 0.000
13 Endolithic sponges 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.064 0.008 0.000 0.000 0.000
14 Halimeda 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
15 Penicillus 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.002 0.006 0.008 0.000 0.000
16 Udotea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.000
17 Bivalves 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
18 Gastropods 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
19 Benthic foraminifera 0.002 0.002 0.007 0.008 0.005 0.002 0.000 0.000 0.000 0.000 0.000 0.000
20 Seagrass epiphytes 0.000 0.000 0.000 0.000 0.001 0.002 0.002 0.004 0.002 0.000 0.000 0.000
21
22| 1
23
24
25
26
27
i .| Penicillus metrics | Udotea | Udotea metrics | Bivalves | Gastropods | Benthic foraminifera | Seagrass epiphytes | Seagrass metrics | Summary data ® f v
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Figure8. Gummargatatab with benthic metrics abgne
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1 PRODUCER SPECIFIC AND OVERALL TOTAL AMOUNTS OF SEDIMENT PRODUCTION/SIZE FRACTION CLASS
z
3 COPY DATA FROM TRANSECTS SHEETS INTO RELEVANT BLUE BOXES
4
5 Location and site [Testsite 1
6 #benthic transects atsite 4
7 #fish transects at site
&
BENTHIC COVER (%) AND RUGOSITY DATA
Live coral |ead coral wl CQead coral Rubble Sand Seagrass Other Total Rugosity
%0 200 180 00 235 05 00 00 1000 17
165 435 300 00 0 10 00 00 1000 20
230 405 265 00 I 10 00 00 1000 17
85 345 275 00 128 00 00 00 1013 20
18 MEAN ns %5 23 00 136 [ 00 00 18
512 645 473 0.00 686 0.48 000 0.00 016
256 32 237 0.00 343 024 000 0.00 0.08
2
23 FISH-DERIVED SEDIMENT
24
25 Transect 1
26 Sediment 1) [ émm | 24mm | 12mm | 0Simm [ 02505mm [0125:025mm] 63to125um | 31-63um | feum | &d6um | dBum | <dum
27 C.sand Med
28 Parroffish
29 Pufferfish 0000 0.000 0000 0000 0000 0000 0.000 0000 0.000 0000 0000 0.000
30 Triggerfish 0000 0000 0000 0000 0000 0000 0.000 0000 0000 0000 0000 0000
n TOTAL
52 Transect2
33 Sedimant production (kg m-2yr-1) >dmm Z4mm T2Zmm | 05imm | 02505mm |0425-025mm] E3to125um | 31-63um | f6-31um | &-i6um &8um <dum
34 Pebble Gravel Ve sand C sand Med sand Fnesand | Vénesand | Coarsesil Med sitt Fine sit Vine it
35 Parrotfish 0000 0.007 0084 0144 015 0082 0.046 0024 0011 0004 0002 0.000
36 Pufferfish 0000 0.000 0000 0000 0000 0000 0.000 0000 0000 0000 0000 0.000 I
37, Triggerfish 0000 0.000 0,000 0.000 0000 0000 0000 0000 0000 0000 0000 0000 -
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22.2Urchins Estimates of sediment generation by urchins are also based on the saprmcipteslying
used in the ReefBudget methodotdggerosidRerry et al. 28)1that being the collection of data on urchin
species and test siz& number of studies hgwantifiedubstrate erosion rdtaslifferentirchirspecies
andtestsizeclassege.g.,Bak 199@Griffin et @003 Alvarado et al. 2)Taseckither on thepllection of
faecal pellets produced per individual per unarafriigngt content analyildie esultantiberosion rate
which is calculated as a function of established relationships basedammthest Biaken aan estimat



of thetotal sediment generation rate (kgs@&#G@). There is again a further need to also consider the
proportion of sediment produced in different sedinstrg fnastionSuch data for urclsediment
production ot extensivin the Indian Ocegegiondata fospecimens different test si&zenly existor

the specidschinometra math@hazottes et al. 200hus additionalatafromacrossa wide range of test

size classes tife specieBiadema antillaramd for smdlichinometra lucurdeliected frothe Bahamas
(Haleet alin prepare currentipplied to the most relevalh Ocearounterpart speciegprovide current

best estimates of the proportsadishergenerated in different egia classes.

As for parrotfishes additional aspect of the release of sedimentary carbonate in excreted faecal mz:
relates to the sulast's on which the urchins féelya couple of known studies &aamined this issue
Hunter (1973howedhatDiadema antillarteecal pets comprigeon averagel7% coral and 53% CCA
grainswhg work by Chazottes et al. (200&¢lmnometra mathsi@owed th&tecapellets comprised on
average6-1 % cor al , 3 5 % gieynpstlydanadhiniferd &d abl dsttkteomalddata for
different species and size classestinglild a useful futuarea of researfdr urchins as wélltfor now
theexisting sediment size percentageseatavithintiiel n di @ Ma ©t e a n s utmesdmate
the proportal contributions to coral and CCA particle g&yanatiun erosion.

S h e

NB. For urchins therapsessingeed to develop a methodology to additionally support estimates of sedin
inputs from urchin tests and spmasthey can sometimes be acommeef sedimeniedlly this needs to

factor for all urclsipeciesn a habitat and not just the bioerbi¢nsedologies basedlassessments of

urchin test size as a functiagafrowth rates and test and spinesCa@t@nt arthuscurrently being
explored.

Field data collectiof€ounts should be made of every urchin within each quadrat along.ehesdransect
data should be recorded for each sp#oeeselevasizeclass bin¥0 mm, 240 mm, 460 mmetc)

Dataentry:Data are thesummed over all quadrats along the transgttesedlinto the relevanotéie
sediment production templdtechind ( s &0e Thertiargect numptre number of quadrats counted

andthe quadraurvey area frshould be enteraapleftof sheefseeHg. 10) with data then entelogd
species and test sizass bin.
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A
BIOERODING URCHINS

Transect number
Number of quadrats

]
Enter data into pale blue

1
10

0.25 50 x 50

1
2

3

a

5 Q (m’)
[

7 Transect area (m’)
8

9

L2 ]

1. DATA ENTRY - Numbers of indivi

boxes anly

em

Amounts and size fractions of sediment generated by urchins are calculated as a function of speciesitest size class abundance (im") " size-

specific erosion rates (g CaCO, ind”d "), then converted to yearly rate in Kg, and then weighted based on proportions of sediment
produced in different sediment grain size fractions by species.

SUM # SEA URCHINS OVER ALL QUADRATS

10
" Species

Test diameter (mm)

020 |

21-40

41-60

101-120 121-140 >140

12 [Diadama savignyi
13 Disdema sefosum
14 Diadema

4

61-80 81-100
1

15 Echinometra mathael
16 _Echinastrephus molaris

17| calamaris
18 Echinothrix diadema

19 Eucidaris spp.

20 Heferocenirolus spp.

21 variolaris

24 2. Size class-specific erosiol

rates (g ind” d")

25
26 Species

Test diameter (mm)

0-20 |

21-40

41-80

61-80 81-100 | 101-120 121-140 >140 Rales used from

27 Diadema savignyl
28 Diadema sefosum
29 Diadema paucispinum
30 Echinometra mathaei
31 Echinostrephus molaris

Overview Substrate
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1.16

351 802 1551 26 87 4302 Uses rates Diadematidae from ReefBudget

0.01

022

118

351 802 1551 26 87 43.02 Uses rales Diadematidae from ReefBudget

001
0.03

022
024

116
0.66

351
128

802
210

2687
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4302
572

1551

in

Uses rates 0N jae from ReefBudget

Uses rates Echin thaei from ReefBudgel

002

028

106

253 488 822 1269 1842

Average Indo-Paci

s from ReefBudgel

Urchins | Endolithic sponges Halimeda

Halimeda metrics Penicillus Penicillus metrics Udotea Udoctea metrics Bivalv ... (¥

B @ B - 3

Figure10. Census data entry sectitinedf richis data entry tab.
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These data will then generate an estimate (at bottomi (febEidall) of total sediment generation by
urchins for the relevant transect and the mean proportional contributions to differesizeediassetsgrain
The summary data are tng@ompleted e final summary takghlighted theorange rovidr each
transecfsee Figd). These datzn then bmanuallgopied acrossto the benthic producer sectibe of
6l ndi dMa®tennsu(Fglddr y sheet 6
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185
186 Other species
187 |0-20 mm 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000) 0.000] 0.000] 0.000 0.000]Use overall average data
188 21-40 mm 0.000] 0.000] 0.000) 0.000) 0.000] 0.000] 0.000) 0.000) 0.000 0.000] 0.000) 0.000]Use overal average dala
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180 61-80mm 0.000 0.000) 0.000] 0.000) 0.000 0.000] 0.000) 0.000) 0.000 0.000] 0.000) 0.000]Use overall average dala
19181100 mm 0.000] 0.000) 0.000) 0.000] 0.000 0.000] 0.000] 0,000 0.000 0.000] 0.000] 0.000Use overall average dala
192 101-120 mm 0.000] 0.000) 0.000] 0.000) 0.000 0.000] 0.000) 0.000) 0.000 0.000] 0.000) 0.000]Use overal average dala
193 121-140 mm 0,000 5000] 0.000) 0.000) 0000] 0.000] 0.000) 0.000) 0.000] 0.000] 0.000) 0.000]Use overal average data
194 >140 mm 0.000) 0.000] 0.000| 0.000) 0.000] 0.000] 0.000) 0.000) 0.000] 0.000] 0.000) 0.000|Use overal average data
195 0.000] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000) 0.000] 0.000] 0.000] 0.000) 0.000]
196
197 SUMMARY Sediment >4nm [ 24mm [ 12mm 0.5-1 mm 025-05mm | 0125025mm | 63to125um | 3163um | 1631um &16um | 48um [  <dum
198 production rates fkg m-2 yr- Pebble |  Gravel | Vcsand C_sand Med sand Fine sand V fine sand Coarse sl Med sit Frasit | Vfnesit | Clay
199 Disdema savigny 0.000| 0.006] 0113 0,139 0.182 0.101 0,038 0.020) 0.000 0.000] 0.000] 0.000
200 Diadema selosum 0.000 0.000) 0.000) 0.000) 0.000] 0.000] 0.000) 0.000) 0.000] 0.000] 0.000) 0.000]
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207 sop 0.000 0.000) 0.000) 0.00) 0.000 0.000] 0.000) 0,000 0.000 0.000] 0.000) 0.000
208 Stomopneustes variolaris 0 ﬁ 0.000 0.000 o.ﬁ' 0.000) 0.000 o.zﬁ' 0 m 0.000) 0.000 o.oﬁ' 0.000]
209 Other species. 0.000] 0 ooﬂ 0.000 0.000] 0 oﬁ‘ 0.000] 0.000] 0.000] 0 oﬂ 0.000] 0.000] 0.000)
210 TOTAL
: TOTAL (kg m? yr') ‘ 0.000 | 0.008 | 0142 ‘ 0.194 | 0230 | 0143 ‘ 0055 | 0.030 | 0.000 | 0.000 ‘ 0,000 | 0.000 0802
11
212 -
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Figure11. Summary sediment production sectiot &f treédata emtry tab.
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65 Triggerfish
) TOTAL
&7 BENTHIC SEDIMENT PRODUCERS
68
69 Transect1
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72 Urchin 0000 0.008 iz 3] 0230 0143 0.058 0030 0000 0000 0000 0000
73 Endolithic sponges 0.000 0.000 0.000 0.000 0.000 0.000 0.014 0.084 0.008 0.000 0.000 0.000
74 Halimeda 0000 0001 0000 0000 0000 0000 0.000 0000 0000 0001 0000 0000
75 Penicilus 0000 0000 oot 0000 0000 0000 0001 o002 0006 0008 0000 0000
76 Udotea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0001 0.003 0,000 0.000
77 Bivalves 0002 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
78 Gastropods 0001 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
75 Benthic foraminifera 0002 0002 0007 0008 0006 0002 0000 0000 0000 0000 0000 0000
50 Seagrass epiphytes 0000 0.000 000 0000 000t 0002 0002 0004 0002 0000 0000 0000
5 TOTAL
52 Transect2
c3 Sediment production (kg m-2yr-1} [ sémm [ 24mm | tZmm | 0&imm | 02605mm (025028 mm| 63t0126um | 3183um | f63ium | Bf6um | &fum | chum
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&5 Urchin 0000 0,002 [T [ 0088 0055 0022 0013 0000 0000 02000 0000
86 Endolithic sponges 0000 0,000 0000 0000 0000 0000 0,008 0041 0005 0000 0000 0000
&7 Haiimeda 0000 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
58 Penicilus 0000 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
85 Udotea 0000 0,000 0000 0000 0000 0000 0,000 0000 0000 0000 0000 0000
<0 Bivalves 0000 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
o1 Gastropods 0001 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
92 Benthic foraminifera 0.002 0.002 0.007 0.008 0,005 0.002 0.000 0.000 0.000 0.000 0.000 0.000
<3 Seagrass cpiphytes 0000 0000 000 0000 0000 0000 0000 0000 0000 0000 0000 0000
ot TOTAL
95 Transect3
o Sediment 1) [ dmm [ 24mm | t2mm | 05imm | 02508mm [0125028mm| 630125 um | 3163um | 1631um | Bd6um | 4Sum | <dum =
o Pebbe Gravel Vesand | Csand | Medsand | Finesand | Vénesand | Coasesit | Medsit | Finesd | Vinesit
98 Urchins 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003
cs Endolithic sponges 0000 0.000 000 0000 0000 0000 0007 0032 0004 0000 0000 0000 0042
100 Halimeda 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0.001 -
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22.3Endolithic spongeg€ndolithic sponggeneratéinegr ai ne d ¢ c llurigghé pracéss of e d |
chamber excavati@amd these are subsequexihedd into the surrounding wateugh their exhalent
osculesThis bioesion process thpsovidsa source of figeained (mostlY.& mm in sigearbonate
sedimen(Fttterer 197dhd arious studies using experimental substrates have provided estimations of r
of endolithic sponge ero&an,Tribdet& Golubic 200%)sorno et al. 2012; Cax®iika& McClanahan

2012) Meaningful contributions tegfiamed sediment budgets can thus be agsemanmentshere
endolithic sponges are comhmnevebecause the erosion process incblescaubstratdissolutign
bioerosion ratestimated based on techniques such as buoyant wieigittimestlyequate to a measure

of sediment generatiestimates of spordgrived sediment generation thus require some understanding «
the proportisof erodedubstratthat is lost to dissolution during chamber eXthealifarence then being
theremaining solid material that is expelled as sediment).

Only limitedata on threlationship exasbutpublished studies Pacific specigsggesthat on average

~35% of sponge eroded material is lost to dissolution (Nava & Carballo 2008; Zundelelidh et al. 20
provides a basis for estimating sgeriged sediment generationgxperimentallierived erosioate

data whicltanbe gopliedas a function of available erodible substrate pe(caiit@etad here on the basis

of proportional covede#ad issitu coral and coral rubliteplished data on the grain sizes of sediment
generated Bndolithic sponges are equally spatBéiterer (1974) prodida overview of thigeclass
contributions framne Pacificsite and unpublished data provided by Didier de Bakker fdsotlggianti
proportional contributimasieo differergrainsize classes fawide range of Caribbgaonge species

mean of all dasgpresentlgpplied to Irmh Oceaastimates.

Field data collectiofEstimate of endolithic spongerived sedimeageneratioratesforindan Oceasites

are based ohdproportionf available (emdolithisponge xploitatignsulstrate in each quadi@teady
entered i n t he)ad$Suwhishtperimentally deeyrdlishedatés oftemsion for the
regiorare applied. Thibgyond the substrate categorisation puodéise selection of an appropriate annual
erosion raf@omnlocally collected experimental data exigtnyg literatuned additional field dageds to

be collected

Dataentry: Estimates of endolithic sponge erosioradeecby entering data th&relevansediment
productiotabi &ndolithic sponges ( s Edas féllowing:

1. Record transect number and # of quadratytopleftetitali see Figl3.

2.1f possiblenger docal or regiorerlosiomate(kg CaC@m?2 yrl) (ColumiB, Row 4) i this should ideally
be an erosion rate for spongégnot other endoliths such as worms or gastropods thandmtsot g
sediment)it is likely that such rates will need to be drawn from ei@isimehtal bioerosion block
deployments.
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1_ENDOLITHIC SPONGES Enter data into pale blue boxes only Sponge bioerosion rates per m’ of substrate (determined either on the basis of the actual cover of bioeroding sponges (see
2 Caribbean ReefBudget method), or using a rate applied to the specific reef habltat), are weighted to account for sediment
3 Transect number [+ 1] dissolution during blogrosion to derive an estimate of sediment generation, and then scaled based on the sediment size
4 Number of quadrats [0 fractions produced
5 Quadratsize (m) [ o025 Jsoxs0em
3
7 1. Proportion of substrate svailable to boring sponges
[] at a3 as as ] ar as ) at
9 Quadrat level rugosity values| 179 | [Ni] | 167 | 154 | 184 | 146 | 121 | 174 | F¥3 | 176 |
10 i availabl{_ 0.80 | 075 | 060 | 060 | 070 | 085 | 060 | 050 | 070 | 085 | i 8, proportion that is dead in-situ caral and rubble
1
12 2. Measured rate of endolithic ion/m’ - either derived using the ReefBudget m
‘Sponge speciea where 2| Proportion substrate dissolved
. known Blosrosion rats (kg CaCOym W) | during chamber excavation otes
14 Mean of published rate/jnit 0112 038 Erosion rats for sponges only from Newman-Lioyd etal in prep
15] 1 Proporion dissolved (ie.. not expelled as sedimen) is average of data for IP species in Nava 8 Carballo (2008) and Zundelevich etal_(2007)
16 2. Resultant sediment deneration rate (kg CaCO; m” yr')
17 Indo-Pacific o @ ) [ [ 3 ar [ [ a1 Mean
a sodime
1 7 110 1
1 renerson et | 0.100 I 0,092 J 0082 ‘ 0.084 l 0.089 I 0.088 | 0.05 I 0072 J 0.110 ‘ 0115 l 0.088 I
19

20 3. Proportions of sediment grain size fractions produced

21 UddenWentworth >4mm 24mm |  12mm_ | 0&imm 0250.5mm | 0125025 mm | 63to125um | 31-63um | 163lum | G6um | 4Bum | <4um
22 Pebble | Gravel | Vesand | Cosand W fine sand Coarse sit Medsit | Finest | Vinesit |

25 Sponge growth formispecies

24 Cilona aprica 0.00 0.00 0.00 0.00 0.00 000 003 085 012 0.00 000 Based on de Bakker (chip measurements) Unpubl d

25 |C caribbaea 0.00 000 0.00 0.00 000 000 008 088 0.06 0.00 000 Based on de Bakker (chip measurements) Unpubl d

26 C tenuis 0.00 000 0.00 0.00 000 000 008 078 014 0.00 000 Based on Fuerer at present

27 . varians 0.00 0.00 0.00 0.00 000 000 008 078 014 0.00 000 Based on Fulterer at present

28 (. diitrix 0.00 0.00 0.00 0.00 000 000 040 058 002 0.00 000 Based on de Bakker (chip measurements) Unpubl d

29 C ampicavata 000 0.00 0.00 000 000 000 030 0865 0.05 0.00 000 Based on de Bakker (chip measurements) Unpubl d

30 |Siphonodictyon spp. 0.0 0.00 0.00 0.00 0.00 000 022 07 0.07 0.00 000 Based on de Bakker (chip measurements) Unpubl d

31 8 flaunlivescens. non oo nnn .00 000 non n 078 n13 non non Rased nn de Rakker (chin measimements) | inouhl o
» Overview | Substrate | Urchins | Endelithic sponges Halimeda | Halimeda metrics | Penicillus | Penicillus metrics | Udotea | Udotea metrics | Bivalw . »
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Figure13.Census data entry seatidhed riglolithic sporgydata entriab.

The &b will then generate an estimate (at bottom af $beRah14) ofthetotal sediment generation by
endolithic spondes the relevant transect and theprmgaortional contributions to different sediment grain
size classeThe summary data (highlightedarange row) are tleen@ompleted the final summary tab

for each trans€Eig8), and can then be copied acrossddthed i 4 Mastergwenaanr v (FgghZe et 6
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16 2. Resultant sediment generation rate (kg CaCOy m™ yr')
17 Indo-Pacific at @ a3 o a5 o] ar a8 [":] a1 Mean
Guackal level aeclinssel | 0100 I 0082 } 002 ‘ 0084 { 0089 I 0086 | 0051 I 0072 } 010 ‘ 0416 { 0.086 }
18 fieneration rate
19
20 3. Proportions of sediment grain size fractions produced
21 [4mm [ 24mm | t2mm 05imm | 02505mm [ 0425025mm | 63toi25um | 3-63um | 163um &6um | 4Bum | <dum
22 |__Pebble | Gravel | Vcsand | Csand | Medsand | Finesand | Vfnesand | Coasesit | Medsit | Finest | Vfnesitt | Clay I
23 Sponge growth formispecies
24 Cliona aprica 000 Based on de Bakker (chip measurements) Unpubl d
25 C carlsbaea 000 Based on de Bakker (chip measurements) Unpubl d
26 C. tenuis 0.00 T Based on Futlsrer at present
27 C. varians 0.00 7 Based on Futtsrer at present
28 C. deiirix 0.00 E Based on de Bakker (chip measurements) Unpubl d
29 C amplicavata 0.00 6 Based on de Bakker (chip measurements) Unpubl d
30 Siphonodictyon spp 0.00 0.00 0.00 .00 0.00 000 022 071 007 0.00 0.00 0.00 Based on de Bakker (chip measurements) Unpubl d
31 5 favolvesosns 0.00 0.00 0.00 .00 0.00 000 011 078 013 .00 0.00 0.00 Based on de Bakker (chip measurements) Unpubl d
32 Mean of above 0.00 0.00 0.00 0.00 0.00 0.00 016 [ 0.08 0.00 0.00 0.00 Mean of above
33 NB These are Caribbean species used at present 1o denve a mean grain-size conlribution range
34
35 4. Sediment production rates (kg m * yr”) by grain size fractions
36 >4mm 24 mm 1-2 mm 0.5-1 mm 0.2505mm | 0.125-025mm | 63to 125um 3163 um 16-31 um 816 um 4Bum <4 um
37 Pabble Gravel Ve sand C sand Wed sand Fine sand Ve sand Coarse s Wed silt Fine sit Vfne sill Clay
o TOTALEa miyr')y 0.000 0.000 0.000 0.000 0.000 0.000 0014 0.054 0.008 0.000 0.000 0.000 0.086
39
40 Table 1 - spange erosion rate dats from Indian Ocean region
41 Rate (kg m”yr') Deployment pericd Source
42 Chagos -5 mforeseefsefings 0053 3 year (Porfes blocks) Lioye-Newnan et al. in prep
43 Kenya - mean across vanous ¢ 0.171 Mean of 4 and 6 year (Porites blocks) Carmerc-Silva & McClanahan (2012) Mar. Ecol. Prog. Ser. 458. 103122
44 AVERAGE 01412
45
46
47 -
» Overview | Substrate | Urchins | Endolithic sponges  Halimeda | Halimeda metrics | Penicillus | Penicillus metrics | Udotea | Udotea metrics | Bivalv ... (& « »
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Figure14.Summary sediment production sectiot ddlithic spongabata entry tab.
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22.4Sediment generation bgecies otalcareous green alga/arious approaches hareviouslgea

used to estimatarbonate productiordiffierentalcifying green a@gepecies includifitplimedapp.,
Penicilluspp.,Rhipocehalusspp.andUdoteaspp..Ths hastypically involved eitb@mpling plants from
known unit areas of resfaining andounts oplant segment productemgér assessments ofapt
abundance and carbonate cqetgntNeumann & Land 1B7&y 1983Mdilter 198®ayri 1988These
approachdsavanostlynvolvd some form of plant remdVveaimforSedBudgétas been tonitdestructive
sampling where possible, whildb@ldng on aspects ofapproachessed intheseprevious studida
essenceestimates of green algae carbonate (and thus)gadiduetiorequire data on the abundance of
plants per unit area of habitat, data on the carbonate content of each of those plants, and data on tf
plant turnover rate (number of crops pé&eeealso Freile et aOf0Theapproachsed hersthushased

on thensitumeasurement of plant dimension raatistgportety either publisheeta or limited local
datacollectioto parametrise the calculaficarbonate production tatkeisspecific methedsfirstapplied

to Halimedapp. (Perry et ak019 in the Maldivemdthen expanded to include spetiesncillus
RhipocephalamdUdotedPerry et ak019in the Caribbedfor each grougpeciespecific relationships
between plant biovolumes and carbonate contenti@restisete the amount of carbonate per plant per
guadat This isomparable to approaches used to quantify biovolumes of corals (Naumafreeies. 2009)
speciti crop-peryear data arthenused to estimate annual production Ina@dditigndata on the
proportional contributions of the carbonate derived from eaahqgutem postifferent sedimentsizain
classes is needed.

Note that in contrast to taxa considered up to this point in the methodology, for the calcareous greel
algaethere is a need for users to select what they deenthe bwsappropriate underpinning metrics

to usee.g.,on plant volume carbonate content relationships, turnover rates etc. Data known to us are
listed in the supporting metrics tab for epdduer group (see Fig. 15 for an examplélédimedy

but users will need to select what they feel is the most appropriate data (or to collect new data at the
sites ofinterestusingrelevanexperimental approlaese.g., those iRerry et al. 2018019.

Halimedaspp.. PlantbiovolumeCarbonate content relationdhtphas now been collected for several
common specietHalimedéndthis and other aghié underpinning metdospr ovi ded i n t h
me t r i;seesF@l9tSachdata cann full or in paatso be locally collected foifspeciesorforthose
speciedor which no data curyeetistsusing the approach describ&erity et al. (201%here this
approach is needed/prefetied;olumetric space ordlion@fHalimedapp.can be broadly defined by the
volume of an inverted elliptical deteemined as:

V=M abh

Where, a = thengthof the minor axis (i.e., of the minimum plant widttgngthofitee major axis (i.e., of
the maximum plant width), and h = the height of the plant.

The arbonate conteneathHalimedplant can then be determined Jasgdn counts loétotal number

of segments in each phagksecongdby establishinige mean segmearbonate conte@n this basian

average relationship between plant volume and carbonate content can be dgtplisdnieddatah

plant dimensions collected in field surveys. This avoids the need Halaedsiaallsn each quadrat.
Published or locally collectyu-peryear data cahen be used to make estimates of annual carbonate
production ratéas described in Perry et al. 2016).
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Figure 15.4alimeda meti@tabwith siteand speciespecifitnetrics used for the sediment generation rate
estimates.

Field data collectio®ased on the above appratath should be colledtethe fieldnthe primaryplant
dimensions (mthpat are needed to calculate plant ythese beirffigr eachHalimedalant present in a
guadratheplant height)(andheminimum andaximurplanwidthsgandb, respectivglyhis informatipn
including the speamrsneshould be recordedefeery plantithin each 0.5 x 0.§uadrat along a transect
line.Where plants intersect the edges of a thuwedrabuld be recorded and measured as being within the
quadrat only if their holdfast is location inside theapgawsat m

Data entryThe transect number and number of quadrats examined should first be entered ionthe blue b
thetop left dhetab (Figl6. A list of all species present within the study area should the(Roeverttered

to B; Fig 16 dong withfor each specipsesentthebasic metrics timeplant biovolumplant segment
relationshiolumm), numbers of crops per GedniG) and average segment carbonate coolgmin(

J) (see Fig. 16Jhe &ailablaunderpinningetriccan be drawinomt hHalinadla metriésabor can be

determineldcallyvhere needed.

Rows23-30 should also contain datapetiespecifiproportial contributi@of plantgo different grain
size fractiofsavai | abl e i sorideailycah lbe eollectizalyi me d a
NB. It ignost efficiento populate #ocationspecificmasterdata entry sheet with the above information
for all species present withintady aredefore starting the field data entry.
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1 HALIMEDA Erfer species and relevanl melncs ino grey boxes
2 Enfer data into pale blue boxes only
3
4 Transect number ]
5 Number of quadrats
6 Quadrat size fm’) Loz Jsoxsoem
7
& Plant volume and carbonate metrics ‘COPY IN RELEVANT PROPORTIONAL BREAKDOWN DATA FROM "HALIMEDA METRICS" SHEET
9 Volume: segment relationahip
uet caco,
. ) ;3 per
Species Species code | enter numeric Sourceinates Crops per year
relationship
10 value)
1 1 15158 Pery etal. 2016 570 Perry et al. 2016 Waldives 0,008 Tocally measured
12 H_ macroloba 15005 Lizard fald (unpub] 570 Use H. macrophyss 0088 locally measured
13 |H_minima 13277 Lizard ald (unpub) 980 Use average of H. incrassata tot1 locally measured
14 H incrassata 98358 Perry et al. 2019 980 Use average of H. incrassata 029 ocally measured
15 [H_opunila 61029 Lizard ald (unpub] 190 Muter and Clavijo (2004) 04 H_opunii sverage
16
17
18 8
1
20 Propor arain size fractions produced COPY IN RELEVANT PROPORTIONAL BREAKDOWN DATA FROM "HALIMEDA METRICS" SHEET
21 »4mm 24mm 2mm 05Tmm | 02505mm | 0.126025mm | 63t0125um | 3183um 1831 um &1 um +8um <Gum
2 Species Species code Pebble Gravel Ve aand C.sand Ned sand Finesand | Vfinesand | Goarseailt ed silt Fine silt V fine silt Clay | Notes on source
23 H. macrophysa ] 08 001 002 008 014 018 [ Locally measured
24 H. macroloba 06 008 004 008 001 001 008 Locally measured
25 H. minima o 002 001 001 000 000 [ Locally measured
26 H. Incrassata %6 003 003 05 000 000 021 Locally measured
27 He_opuntia ] 008 004 [0 003 002 018 Lizard sland (Pemry & Salter, unp
2%
2
30
3
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Ready % Accessitiity vesiigate ) Faye

Figure 16.Section of thielalimedalata entry tdbr entering underpinning spspesfic metrics

Once the data entry spreadsheet has been populated with the underptheingeamiried dimension of
each plant per quadrat can be enisnegl the species codmbe(Columi,Rows 1-18, and then tie

a, bdimensions (in mm) in Col@xtrespectivelgee Figl7). The sheet is set up with 10 quirdatan

be populated with datal sediment production rates and proportions of sediment in different size class fra
will be automatically catedlbased on the principles describedTdigosemmaofproduction and grain

size contributidata (highlighted in orange rowi8F@yethenaut@ompleted ihe final summary tab for

each transe(fig.8), and can be copied acrosstbtheé di d Ma ©®©t eans u(Fgl®r v shee
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25 H. minima E] 053 0.13 0 0.02 001 001 0.00 000 0z Locally measured
26 H. incrassata 4 0.20 045 006 003 003 00 000 000 021 Locally measured
27 H. opuntia 5 015 032 013 008 004 007 008 002 018 Lizard Island (Pemry & Satter, unpl
28 6
29 7
30 8
3
32 1. DATA ENTRY - Measurements of individusl plants per quadrat
3 Species | HEAD/PLANT | Volume of plants - no basal stem (Halimeda spp.) For Halimeda PRODUCTION/PLANT
morphology Avorage diam | Average radius | Total plant Calculated # €aC03 €aCO3 prod (g)
34 Quadrat # code fselect from| height h (mm) |max width a {mm)|min width b (mm) (mm) (mm) volume (cm3) | Crops peryear |  seqments | contentiseqment | /plantyr | O CooCom2T | kg CaCOI/m2yr Species 1
35 1 1 50 50 40 45 25 %17 57 4228 0.008 1628 7712 0.008 0.008
36 1 1 [ ] 3% 375 1875 1465 57 2368 0.008 1080 4319 0004 0.004
37 1 3 75 40 40 ) 0 3140 98 41690 0.001 4484 17 677 0018 FALSE
38 1 [ o .00 [ FALSE FALSE 0,000 0,000 0000 FALSE
39 1 [ 0 0.00 [ FALSE FALSE 0,000 0,000 0000 FALSE
40 1 0 0 0.00 0 FALSE FALSE 0.000 0,000 0000 FALSE
4 1 [ [ 0.00 [ FALSE FALSE 0.000 0,000 0.000 FALSE
42 1 [ [ 0.00 0 FALSE FALSE 0.000 0.000 0.000 FALSE
43 1 [ [ 0.00 [ FALSE FALSE 0.000 0.000 0.000 FALSE
4 1 [ ] 0.00 [ FALSE FALSE 0.000 0.000 0.000 FALSE
a5 1 [ ] 0.00 [ FALSE FALSE 0.000 000 000 FALSE
46 FALSE FALSE 000 000 000 FALSE
a7 FALSE FALSE 000 000 000 FALSE
48 FALSE ALSE 000 000 000 FALSE
29 ALSE FALSE 000 000 000 FALSE
50 ALSE FALSE 000 000 000 FALSE
51 ALSE ALSE 000 000 000 FALSE
52 1 [ [ 0.00 [ FALSE FALSE 0.000 0,000 0.000 FALSE
53 1 [ 0 0.00 0 FALSE FALSE 0.000 0.000 0.000 FALSE
54 1 [ [ 0.00 [ FALSE FALSE 0.000 0.000 0.000 FALSE
55 # per quadrat 3 TOTAL 30,007 0030 0012
56
sT Spocies] | HEAD/PLANT |~ Volume of plants - no basal stem (Halimeda 3pp.) For Halimeda PRODUCTION/PLANT
mersholoay [ | Avarans diam | Avarans radins | Tetal nlant ~ | Caleulated# | racod CaC0A nrod () | hd
5 Overview | Substrate | Urchins | Endolithic sponges | Halimeda | Halimeda metrics | Penicillus | Penicillus metrics | Udotea | Udotea metrics | Bivalv .. () : |« v
ey BT At = m - " + s

Figure 17. Census data entry section df#iened@lata entry tab
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268 10 | — I I | 0 | 0 L ) | FALSE FALSE 0.000 0.000 0000 FALSE
269 10 [ I I | | 0 | 0 00| 0 | FASE FALSE 0.000 0,000 0000 FALSE
270 10 [ I I [ | 0 | 0 00| 0 | FAsE FALSE 0.000 0,000 0000 FALSE
27 # per quadrat 0 TOTAL 0000 0000 0.000
272
273 2. Mean sediment production per species
74
z Mean production
2
215 Species Species rate (kg m*yr')
276 1 H. macrophysa 0.001
277 2 H. macroloba 0.000
278 3 . minima 0.002
2719 4 H. incrassata 0.000
280 5 H. opuntia 0.000
281 B 0.000
282 T | 0.000
283 B 0.000
284
285 3. Sediment production rates (kg m” yr') by gri
286 >amm 24mm | 12mm 0.51 mm 02505 mm | 0126025 mm | 63to 125 um 3Eum | 1631um Bi6um “um | <caum
287 Species Species Pebble Gravel Vfine sand Coarsesit | Medsit Fine sit Vinesit |  Cly
288 1 H_macrophysa 0000 0000 0000 0000 0001 0.000 0,000 0000
289 2 H_macroloba 0000 0000 0000 0000 0000 0.000 0000 0000
290 3 H. minima 0001 0000 0000 0000 0.000 0.000 0000 0.000
29 4 H. incrassata 0000 0000 0000 0000 0.000 0.000 0000 0.000
292 5 H. opuntia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
293 s 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
294 T 0000 0.000 0000 0.000 0000 0.000 0.000 0000
295 O 0000 0.000 0000 0,000 0000 0.000 0.000 0000
296
297 TOTAL
! 2
TOTAL produstion rates (kg m™ yv") by grain 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.003
298 size fractions
299 -
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Ready T Accessibilty: Ivestigate B @ oD - - + 8

Figure18. Summary sediment production sefctieiHalimedalataentry tab.

Penicillusspp.. Data on plant biovolucagébonate content relationgxiss for a couplecofnmon species

of Penicillughis and other available underpinning avefxic o v i d Redicillusne ttrhi eelasdévert a b )
where such relationship data is n@ededsite or species not presently analggadar apprcato thia

used foHalimedapp. (above) can be uden Penicilluspp. thegrowth morphology adneresultant
volumetric spaaemebest defined by the sum of the volume (V) of an inverted elliptical cone (for the head)
cylinder (for the stem) (see Peaty26€119), which can be determined as:

V= abh)+(r2s)

Where, a = thengtlof the minor axis (i.e., of the minimum head widtlgntkothibe major axis (i.e., of
the maximum head width), h = the height of the head, s = height of the stem, and r = the radius of
(calculated in the spreadsheets ffiadnmeaswgs of the pladtameted).

The carbonatertenig) of each plant can then be detefmaised on weightdad whole planister
treatment in adqisee Perry et al. 2010 this basian average relationship between plant volume and
carbonate content can be determined and appdiech folaiat dimensions collected in field surveys. Publishec
or locally collected srperyear data can then be used to make estimates of anmtlprachanion rate

(as described in Perry et al. 2016).

Field data collectio®ased on the above appratath should be collected in the field on the primary plant
dimensions (mm) that are needed to calculate plant volume, thesehfeemcibuplant present in a
guadraboththestem dimensgme.,stemheightg) andstemwidthd), and the lael dimensiofise.,height

(h), andminimunwidth(@) andmaximunwidth(b) dimensi@a Thisinformation, including the species, should
be recorded for every plant within each 0.2 quadran along a transect Wieere plants intersect the
edges of a quadrat they would be recorded and measured as being within the quadrdashlg if their h
locagdinside the quadrat margins.

Data entryThe transect number and number of quadrats examined should first be entered in the blue bc

left of tab (FitR). The data entry tab should then be populatéidtwitheienicilluspecies present within
the study area (Rowvistd Y4; Fig 19) and accompanying thisr each speciggesentthe following
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underpinningetricshould be addedthig relevant plant biovolume: carbonate content relationship (Colur
D), and iijhenumber of crops per y€alymrG) (see Figl9). Theseunderpinning metrics can be drawn
wher e avaiPencibumet fr omdt habéor can be | ocally d

Rowsl 922 should also contain data on the sppei@Bc proportional contributipfantdo different grain
sizefraciins ( avai | aRehicdlusxea trd cis®® dmbt,heordo can be | oce

NB. It is most efficient to populate@atin-specificmaster data entry sheet with the above information
for all species present within a study area before starting the field data entry.

Once the data entry spreadsheet has been populateddeitbitinengmmetrittse measured dimension of
each plantgp quadrat can be entered, using the species cod€(Eajurh@and then the relevant plant
stem and head dimensions (in mm) in ColbmespEctivel(gee Fidl9). The sheet is setta@nter data

forup tol0 quadratand from these sediment production rates and proportions of sediment in different
class fractions will be automatically calculated based on the principles deRueiisadatapyeduction

and graisize contributidata (highlighted in orange Fig2z0 are theaut@ompleted the final summary

tab for each trans€ig.8) andcan then beanuallgopied across to the n d i a Mastercsenanary

s h e(Rig1d.

Figure19. Census data entry sectitined®enicilli&lata entriab.
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