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Abstract

Nutrient subsidies are essential fioe functioning oimany ecosystems# long-standing
conundrum_in coral reef ecology is how these systems can be among the most productive
globally, but'persist imutrient poor conditions. Hereve investigate thenportance ofarvae of
fishesandceralk and gametes of corals astrient subgliesfor coral reefsWe provide evidence
that fishlarvaemay be an ecologically importasburceof exogenous nutrients. We found tlaat
the high end omeanestimate®f fish larval supplyrates larvaecan replace the nutriein the
entire fishcommunity éstimated from Caribbean coral reefsp8and 84 days for nitrogen
(N) and phosphorus, respectiveGoral larvaeon the other han@ppear to represeanly a
fraction of the'nutrients supplied ldye larval fish communityin contrast, cal gametegrovide
substantiapulses of recycled nutrientsidng synchronous spawning evendéithin a single

night, gametes fronecoral spawning events can produce nutrikntes that represen3 and 64
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times the amount of N and carbon, respectiv@ly,ed incoral reefiish communitiesOur

analysis suggests that larvae and/or gametBshesand coralsnayrepresent an important, but
previously underappreciateshurce of nutrient coral reef¢hatwarrant inclusion in to models
of nutrient dynamics and ecosystem function.

Key words..Caribbeangcosystem ecologylorida Keys, French Polynesia, Great Barrier Reef,
Moorea, nitrogen, phosphorus, subsidy, vector.

I ntroduction

Nutrient subsidiesftenhave important repercussions for the function and structure of
ecological.communities (Polis et al. 1997). Subsidies prasodecef energy and material that
ultimatelyaugment endogenous production in the recipient ecosystem. Subsidies can be highly
variablein quality and across space and timvéh this variability often impactingpow
efficiently they are integrated into a food web (Polis et al. 1997). HigbBmMailablesubsidies,
such as animal wastean readily be taken up by primary producetsereas subsididsound in
the tissuegraflive or ddaanimal or plant tissue, have to first be integrated into the food web
through trophie’processeshdse subsidies can represent a consistent press or be highly pulsed
(Yang etal.,2008). For example, aheind where birds roost in significant numbers, nutrient
subsidiesfrom guano represent a consistent daily flux of mdeneed material thatan
substantidy increaseprimary production relative to islands without roosting populations
(Anderson.and Polis 1999). In contrasigratory fishesuch as salmonids, represeiseasonal
subsidythatean,be so extensive thatan enhance&eeproduction throughowtntirewatersheds
(Naiman etal«2002).

Coral reefs are among the most productive ecosystems on the planet (Odum and Odum
1955). This high level of productivity is enigmatic because coral reefsmdtsist in nutrient
poortropical oceanghattypically receive relatively little exogenous riaht inputs from
physical processes such as riverine transport of nutrients omaggepupwellingMuscatine
and Porter, 2977, Szmant 2002). As such, the high rates of productiigefshave been
largely attributed to efficient internal recycling amgothe biotic constituents, such as corals,

seaweeds, fishes and invertebrdtémstcher 1988)But coral reefs are not closed systems

(Hughes et al. 2000, Pineda et al. 2007) and should, to some extent, be subsidized by exogenous

biotic material, e.g., cat or fish lavae—although the extent to which this occurs is unknown.
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Coral reef nutrient dynamics are being altered worldwide from anthropogenicallgdier
nutrient enrichment (D’Angelo and Wiedenmann 2044 overfishingAllgeier et al. 2016)
Improving our understanding of nutrient subsidascoral ree$ (and thus improving
understanding oforal reef ecosystemutrient dynamicas a wholejs essentiaif we are to
effectively mitigatethe negative effects tfiese widespread stressors.

Most previous researan coral, fish and invertebrate larvae dynamicsanal reefs has
focusedargelyon population dynamics and connectivity tha dispersa(Roberts 1997, Sale
2004, Andrello'et al. 2015Here we explore the importance of fish and cdaavaeas
ecologically relevantutrient sbsidesto coral reef ecosystemSor corals, we also consider
nutrient inputsand recycling frogametegspawning materialhataresynchronouslyeleasd in
mass spaningreventsSpecifically, we draw on case studies of fish and coral lasualply and
mass spawning.everft®m thewider Caribbean, French Polynesia, ahd Great Barrier Reéf
Australig to provide estimates of net nutrient supply rafésdrawcomparisons othese
estimatesvith other known nutrient supply ratesreefsand otheecosystem# show their
potential importance facoral rees.

M ethods

We-estimatedhutrient supply rateger unit area per unit timengm 2 day ) to coral
reefsfromdish andcoral larvalas well coral spawning materidVe define coral larvae as the
freeeswimming planulae that have the potential to settle, and coral spawningaireteroral
gametes and or remnants of decomposing unfertilized coral gametes $fmawning event. &/
reviewed thevliterature to findl) estimates of supply rates of fitrvae, coral larvae, @oral
spawning materialsupply of individuals or biomass per dé&y)eefs and(2) estimates of
nutrient cantent of these grouf@&udieswere found bysearchingSl Web of Knowledge and
Google Scholawith various combinations of the terms: fish larvae, coral larvae, coral spawning,
mass spawning, nutrients, nitrogen, phosphorous, dispersal, supply and input.

While. our searches revealedrelativelyrich literature on larval supply to coral reefs, we
found a relative paucity afirectestimates o$upplyrates offish and coralarvae- presumably
dueto the extremely difficult anthborintensivenature of quantifyinguch processesittle
data was available for nutrient content of f{ftieiler et al. 1998, Coombs et al. 1988oral

larvae(Wild et al. 2004PadillaGamifo et al. 2013)or these reasons, Vigcus ourstudy on
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three regions in whicthe mostdatawereavailable:The Florida Keys and the Caribbe&nench
Polynesia, and The Great Barrier REEdble 1).
Estimating fish larvae supply rates and nutrient content

Estimates of supply rategere taken from studies that include two methods of collection:
light traps and.crest netSable 1) Light traps, the only method used in The Florida Keys and
the Caribbean,/use a light to attract fish larvae to a floating trap near the surface of the water.
Traps araleployedat night and larvae are collected from the tbggamorning (Doherty 1987).
Crest netsusedexclusivelyin studies fromFrench Polynesiare passive nets that trap larvae
passing over the reef cregg§iufour et al. 1996).

Datafrom published studiesas reported asumber of individualper trap(maximum,
minimum, @andsmean), which we subseqlieacbnverted to biomass (Tabl¢ Zhe body size of
each larva was'not available, so we generatemtig-size distribution for the reportéatvd
communities through iteratively sampling from a published bsdg-distributions of larvae
supply (Pepin 1995)These e distributionsvere then converted to mass using a published
lengthweightregression for larvgeveight =a * lengtt’; where-3.25 was used for the scaling
coefficienta and 3.085 was for the shape coefficienPepin 1995)Total larval community
biomasswas then generated by summing acrosddodig within a given samplé@otal nutrient
supply rateper fish larval community was generated by multiplying community biomdss by t
percent nutrient contents to generate grams of nutrients per total lamvalunity biomass.

Larval nutrient contentvas estimatedly taking the avexge from 5 different studies that
quantified earbon (C), nitrogen (N), and phosphorus (P) per unit body mass for various species
of fish larvaes-only two of which were marine (Appen8i®.

Estimatesof C, N and P supplynig m *day %) from fish larvae were calculated
differently_for the twdarvae colleabn methodsIn the Caribbean, we assumed that the light
trapsattractedish within a 50 m radius of the devigae{s coms S. Sponaugle), providing the
estimated, areaf ~3.14*5¢ = 78% nt that was used toonvert supply per unit trapng C, N, P
trap * day “)t0"Supply ratesnig C, N, P m? day %). In comparison to light traps, crest nets are a
more quantitative and accurate measure of larvae supply (Nolan and Danilowicz 2668). C
nets,used in French Polynesidter a specific area of the water column, typically extending
from the top of the reef crest to the top of the watdnmn (Dufour et al. 1996, Nolan and
Danilowicz 2008) As suchthe raw trap data was scakedhe linear distance of the reef crest
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122 around a given island, e.g., ~48,710 m for Moorea, and then convertéatoaaf by dividing
123 by the total riof the backreef complexproviding an estimate of C, N, P supply?ay ™.

124  Both the lineadistance of th reefcrest and area of back reef were quantified using Google
125 Earth.

126 We aecknowledge that these estimates have several potential sowroes ahd a few
127 caveats are.important kaghlight. First, for the Caribbean data, a&sumehat supply rates ar
128 uniform"and-that the light traps represent a truly random location on the reefhuans t

129 representative'of anywhere along the reef continduigit traps are not traditionally considered
130 quantitative measures, but repressorne of the onlavailable datdo quantify fish larval supply
131 to reefs(pers coms S. Sponaugle). Second, Rangiroa, in French Polynssia,atol] unlike the
132 mountainoussland of Mooreawith minimal back reef complermakingit difficult to calculate
133  areal input rategsupply m? day ). To maximize use dimited dataand make generalizable
134 comparisonsweapplied thecrest net dattom Rangiroa tahe areal extent of the back reef
135 complex in.Moorea, providing a rough estimate of the how larvae supply rates fromaRangir
136 would distribute nutrients across a reef complex the size of Moorean @e paucity of data on
137 fish larval densitiethese data are useful for helpingotace into contexthe potentialmagnitude
138 of nutrientssubsidies by larval fishes.

139 Coral larvae'supply rates and nutrient content

140 Coral larvae supply rates have not been quantified empirically, presumably because thei
141 small size'and relative infrequency make them extremely difficult to separate from other
142  organismsaptured in traditionatooplankton sampling methodsstead, we used data from
143 coral recruitment studies to estimate a minimum coral larvae supply rate. Coral restistm
144 measured by deploying artificial settlement tiles on the reef, which are theciedland

145 examinedwith a microscope tquantify recruitmentThese data refle¢arval supply, settlement,
146 and post-settlement survival, and underestimate the true supply rate of s@@kéaa given

147 reefmaking.our estimates (likely considerabtpnservativeWe selectedtudies that used

148 terracotta orunglazed ceransettlemenplates(the most common methods) to quantify coral
149 recruitment'Studies were restricted kdoorea (the most webtudied island in French Polynesia
150 Gleason 1996, Edmunds et al. 2010), the Fldfielgs (van Woesik et al. 2014)nd the Great
151 Barrier Reef(Hughes et al. 1999%ecause¢hese studies eagmovided the best replication over
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the geographic range of the region (TableAll)recruitment estimates weme converted to
individuals m? day* (Table 1).

Coral recruitment can deghly pulsed, e.gannual spawning evenitsthe GBR, or
more consistent throughout the reproductive seasois, more typicah the Caribbean
(Humanes_and Bastidas 2015). Tile deployment duration can vary diddstérom short time
scales fortdiesestimating recruitment everasound the time of spawning (Hughes et al. 1999,
van Woesik'etal. 20149 longerscalesused to estimate recruitmeantependent of spawning
(Adjeroudetal'2007, Edmunds et al. 20B9causeikes deployed for longer periods of time
have a larger window faecruitmortality we estimated the original number of settled corals
from each.study usingpublished relationship between recruit age (a proxy for tile deployment
time) andpercent survival (y =0.449%+57.561) followingHumanes and Bastid§2015.

The mean dry mass of a single coral lgpuadry mass) was estimated as the average of
four species of coral eggs and larvae (ug dry mass) from the literature (Harii et al.2007). Egg
dry mass values were included in the estimate of larval dry mass bétptisre is little
available datawon the dry mass of coral larVde acknowledge that it is possible for coral larvae
to change ‘'mass during the planktonic phase. For exarophe, larvae lack symbion(se., are
lecithotrophic)and therefore loose mass as energy reserves are dépigtegiredo et al. 2012)
whereas.oether species contain symbionts and may receive nutritional input from their
photosynthesizing symbionts, however evidence suggests this input is minimal (Kopp et al.
2016).Thepercent nutrient content (C and N) per dry n@soral eggs and larvae was
determinedbyraveraging three spe¢d et al. 2004) Only one estimate was available for
percent nutrient content of phospho(BadillaGamifio et al. 2013; Append8?). The mean
nutrient cofitent of a single coral larva (ug dry mass larva %) was then estimated as the product of
percent nutrient.content and mean dry mass. Finally, the supply rat&iehts via coral
larvae(pg dry.mass m 2 day*) for each location was calculated as the product of the supply rate
of coral larvaglarvae m? day') and nutrient content of a single coral lafug dry mass
larva ™).
Results

Our study provides compelling suppfot the importance dish larvaeand coral
gametes aan ecologically relevant source of nutrientsdoal reefecosystemd-or example,
fish larvae import ~0.02-55r8g N m? day * and ~0.01-5.4éhg P m? day *across the
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Caribbean and French Polynesiaspectively(Table 3. The differenceamong systemare
substantiabnd are likely a product of factors such as reef type (patch vs. crest, respectively),
sampling methodology (light traps \@est nets, respectively), and conversion factors used to
estimate the dispersal of these nutrients across the reef compléie(beds).

In contrast to fish larvae, coral larvae inputs are substantially lower per unibtiiia
some regions are highpulsed due to reefcalebroadcast spawningyvents that occusnce or
twice péer yearOnadaily basis, coral larvae input is only a small fraction of the fish larvae
derived nuatrientsbut input also varies substantially across syst@wosal larvae irport an
estimated=0.0004—0.16ng N m? day * and~ 000002—0.009Ing P m? day * across the
Florida Keys and the Great Barrier reef, respectigéable 3. Synchronous mass spawning can
stimulategreatempulses ohitrogenand carbon. Wild et al. (2004) estimate that corals in the
genusAcropora telease 11.7 g C and 0.7 g N°rof coral surface in the form of eggs Heron
Island in the Great Barrier Reafhich is equivalent to 7.1 g C and 0.4 g N of reefwhen
correctel for coral cover (Wild et al. 2004).

Discussion

Animals‘are now recognized as a primdriver ofthe storage and recycling of nutrients
on coral reefgAllgeier et al. 2017)and for their roles translocating nutrients from adjacent
ecosystems; e.gseagrass beds, to coral re@ieyer et al. 1983, Shantz et al. 2013¢re we
provide support for the idea thatmigrating fish and coral larvaas well as coral gametesge
likely an importantbut underappreciatedpmponent to coral reefutrientbudgets. Both fish
and coral larvaeepresent nutrientsoundin animal materigland thus have distinctly different
implicationssfer coral reef ecosystems when compared to the more tradijticoasidered
bioavailable forms of nutrients that are supplied by upweltegestrial runoff or animal
excretion. Labile forms of nutrients are readily taken up by primary producers and either
retained, remineralized, or enter the faeeb through trophic interactions. Nutrients entering via
the tissue of fish or coral larvae have tramaryfates:(1) they enter the foodeb first via
trophic interactiong,e., direct consumptioar detrital pathwaysor (2) they settle and
themselvedegin to incorporate foodeb-derived nutrients.

From an ecosystem ecology perspecgtwiere a primary goal is to understand these
processes in the context of an ecosystem nutrient budget, the manner in which thesgs acgr
sequestered by the ecosystem is less impdieAngelis 1992)In this context, the net effect
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these nutrient sources have on the nutrient budget is determined by the manner ihayhich t
alter the nutrient capacity of the ecosystémother words, how do tee nutrientsontribute to,

or detract fromthe total nutrient pool including water column nutrients and the nutrients stored
in living and deadissue (DeAngelis 1992, Allgeier et al. 2026)

Givensthat coratjametesppear tdargely represent recycled forms of memts from the
same reef.complex, theyayhave little effect orcoral reefnutrient capacityn terms of gains or
lossesln contrast, ish larvaemay have substantial implicati®for nutrient capacityThe
majority of'coral reef fish larvae have significant pelagic larval duratafmsving them to be
dispersedver substantial distancesnging from 10s ta00s of km(Roberts 1997, Sale 2004).
Coral larvae also have a dispersive pelagic ptregéastsfrom hours to over 100 days
(Connolly andmBaird 2010) and have the potential to travel 100s of kilometers (Wilson and
Harrison 1998): Thus, while someral and fisHarvae are retainedear their natal reefiller
and Mundy 2003, Sale 20Q4hany are exported from one reef as a loss of nutrients and
imported to_another as gain of nutrients. Conceptually speakinfistinend coralarvae
conveyor belteould possibhgpresent a zersumgameif the number oflarvae entering the
system ar@quivalent to the larvae produced in the system. However, it is noteworthy that a
substantialportion of larval growth occurs in the pelagic stage and thus a sabgtation of
the nutrients within larvae entering a coral reef system is transferredHeopelagic region.
Further,in the case of fish larvae, if some of the larval spesmsing the coral reef complex
have origins in other ecosystenesg., pelagic ocean, seagrass or mangrove ecosysbems
nutrients beund in fish larvae would represent a net positive gain.

An important finding in our study was thasignificant proportion of the larval fish
community were of non-coral reef origin. For example, Sponaugle et al. (2003) found 29% of the
larval community consisted of non coral-associated families (e.g., Atherinidgeide,
Engraulidae),.Grorud-Colvert and Sponaugle (2009) found they accounted for 47% in the Florida
Keys, and Valles et al. (2001) found that clupeids alone accounted for 96.6% o&tbleés in
St. Lucia. lasFrench Polynesia, the proportion of the catch from non-reef origin waansialipt
lower but still represented ~15% of the total abundance of fish |@rea¥at et al. 2006)It is
possible thathe difference between the Caribbean and French Polynesia represents differential

selectivity in the different methods (light traps vs. crest nets) for clupeasethelesshese
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244  estimates suggest that a substantial proportion of the annual supply of nutnienfistirlarvae
245 may comerom other ecosystems entirely, representing important allocthonous ssbsidie

246 Across relatively unimpacted coral reef ecosystems in the Caribbean, the mean standing
247 biomass of the entire fish communitgin store- 2,800 mg N and 950 mg P7¢Allgeier et al.

248 2014; Fig. l)=—unfortunately neimilar data exist for InddRacific reefsin comparison, the

249 mean estimatedutrients imported intthese systems from fish larvae on a yearly basis ranges
250 from ~17883t6"36,281mg N m? year™, and ~40 to 79¢ng P m?year . Using the higher end
251 of meanlarval'supplyrates across studiésr comparison purposethese data suggest thiis

252 subsidy can replace the nutrients stored by the entire coral reef fish commut8 and 434

253 days (0.3 and=1.3 years) for N and P, respectively. Importantly, fish larval abundariagsscil
254  relative to lunar cycles more than longer seasonal cySfesnaugle and Cowen 1996),

255 suggesting fishilarvae may represent a relatively continuous nutrient influx throtigheumtire
256 year.Further inthese same Caribbean fish communjtidiyeier et al. (2014) report théishes

257 recyclenutrients via excretion at rates of ~28-mg N m? day *and ~ 0.32.2 mg P ¥ day*

258 (Figure 1)&#Farfurther comparisqgratmospheric deposition of N in the form of rainwater has
259 been found tosbe ~0.308 mg Nalay * (Barile and Lapointe 2005)epresenting only a small
260 fraction of«either the inputs of N from the fish community. Though theeeestimates represent
261 nutrientsinform that are immediately available for biological uptake, it is still notable that fish
262 larvae provide very similar amounts of nutrients to the system as comrtewgtyfish excretion
263 on a daily'basis.

264 In contrast to the amount of nutrients supplied by fish larvae, nutrient input from cora
265 larveeis relatively small and likely has little effect on the nutrient capacity of the system.

266 However, synchronous coral spawning evetitsrepresent massive putsef (primarily)

267 recycled nutrientghat have important ecological consequenCesal gametes and spawning

268 material make their way into the food web nearly immediately through consumption bgdish a
269 other reef organism@®ratchett et al. 200Bnd through rapid degradation in the water column
270 and sediment(Wild et al. 2004, 2008pral spawning can cause elevations in particulate

271 organic matter.in thevater column andedimenfor weeks following the spawning event,

272 highlighting the strength dheir effect on nutrient dynamics in these syst@gyse et al. 2008,
273 Wild et al. 2008).
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The magnitude of the nutrient pulse generated by coral spaewamgswill likely
depend onthenumber of species that spawn at a given time and their abundance on the benthos.
For exampleWild et al. (2004) demonstrated thata relatively small spawning event on the
Great Barrier Reef one speciesiofopora alone released11600mg C m? and 700 mg N nf
coral surface.in the form of coral eggssuming that theoralcommunity is mostly composed
of variousAcropora specieshatrelease a similar number of eggsy further estimated that
communityevel spawning event resulted in a pulse of 7000 mg C and 408 m 2 reef in the
form of coral'egggWild et al. 204). These numbers represé&@4t% and 13% of the takC and
N, respectivelystored in fishwhich areconsidered to be one of, if not the, primary pools of
nutrients,on ansaverag€aribbean reefl0,988mg C mZand 3,122ng N m? Allgeier et al.
2014, 2015). Further, applied to the whole reef area (26} krspawning event at Heron
Island may result in a pulse of 310t C and 18 t N as coral eggs (Wild et al. P0ig4).
tremendous pulse of nutrients is substantial compared to examplasatadre tbught to be
extreme animatlerived nutrient pulses in othecosystemd~or example, wildebeest mass
drowning events input an estimated 107 £ 51t C, 25+ 12t N, and 13 + Ghd°Ntara River in
Kenya nearlysannually (Subalusky et al. 2017). Although coral spawn represents recycling of
nutrients'within the same ecosystem, unlikewtildebeesexample, the extreme quantity of
nutrientsproduced by these events warrants recognition as a critically important nutrient
pathway in coral reef ecosystems.

Our study representsianitial foray to investigate thpotentialimportance of exogenous
sources subsidizing the nutrient budgets of coral reefspifrobvious limitations in data and
potential issues associated with types of methodologigdindings reveal that fish larvaeay
represenainimportantnutrient subsidyo these systenandthatcoral spawning providea
significant.pulse of locally recycletutrients. The relevance of quantifying nutrient inputs from
coralandfish larvaehas direct implications for conservation of these imperiled ecosystems.
Human activities are altering the nutrient budgets of coral veafslwide, through myriad
ways butthegmechanisms that underlie these interactiemsinpoorly understood (Szmant
2001). Recent research is improving understanding of ootaknt interactions at the organism
level (e.g.Wiedenmann et al. 2013; Ferreages et al. 2016put we still know relatively little

about how these processes transcend to the ecosystdenl o improve understanding of these
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process at larger scales of organization, exhaustive knowledge of all the compmatents

underpin a coral reef nutrient budget is needed.
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Table 1. Literature and locations used in our study.

o . ] Organismal Method of o
Citation Region L ocation . . Purpose of study Collection timing
grouping collection
total ) ) ) 10 days (new
Lo-Yat etal. . ) ) quartify larvae input in )
Pacific Rangiroa  community crest net ) moon-peak period
2011 El vs La Nina years )
>5mm of sampling)
total ] ] ] ]
N ) guantify ambient larval replicatedl0 minute
Dufour 1993 % Pacific Moorea community crest net ]
Input sets
>5mm
Grorud
total
Colvert.& ) ) ) compare MPAvs non  monthly for ~ 1
Caribbean FL Keys community light trap
Sponaugle MPA year
>5mm
2009
total ]
Valles et al. ] ) ) ] compare MPA vs non 3 month sampling
Caribbean St. Lucia community light trap )
2001 MPA period
>5mm
total ] ] .
Sponaugle & ] ) ] qguantify ambient larval ~ multiple months
Caribbean Barbados community light trap _
Cowen 1996 . input 19911992
>omm
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443
444
445

446
447
448

449
450

Edmunds et

Pacific
al. 2010
Adjeroud et B
Pacific
al. 2007

Gleason'1996  Pacific

Van Weesik )
Caribbean
etal. 2014
Hughes etal. N
Pacific
1999

Moorea

Moorea

Moorea

Florida

Keys

GBR

all coral
recruits
all coral
recruits
all coral

recruits

all coral

recruits

all coral

recruits

coral settlement quantifyrecruitmentat biannual scoring

platest 10 sites around Moorea over 2 year period

coral settlement quantify recruitment at scored 4 times per,

platest 9 sites around Moorea year for two years

coral settlement quantify recruitment or scored 3 times per,

platest forereef and backreef year
) ] deployed around

quantify recruitment- )
coral settlement coral spawning
upper and lower FL

platest
Keys @ 3 depths

period (mean of 137
days)

deployed 10 days

coral settlement

compareecruitment before spawning,

plateg across regics retrieved 56 days

later

4

t unglazed terracottdles

+ unglazed ceramic tiles

t unglazed tiles'(unspecified)

Table 2-Estimates for number of individuals, biomass and nutrient supply of fishes and corals

(mg m?day?).

Category | Location Estimate No. ind. Biomass C N P Units
Fish Moorea min 10 1.17 0.58 0.13 0.01 | mgm?day”
max 1200 507.30 249.09 55.30 5.48 | mg mZday"
mean 240 101.20 49.69 11.03 1.09 | mgm?day*
Rangiroa | min 129 56.23 27.61 6.13 0.61 | mgm?day*
max 1080 455.71 223.75 49.67 492 | mgm?day*
mean 470 202.41 99.38 22.06 219 | mgm?day*
FLKeys | min 2 0.17 0.08 0.02 0.00 | mg m?day*
max 400 170.59 83.76 18.59 1.84 | mgm?day*
mean 28 13.15 6.46 1.43 0.14 | mgm?day*
St. Lucia | min 3 3.10 1.52 0.34 0.03 mg m?day*’
max 196 88.62 43.51 9.66 0.96 | mg m?day*
mean 22 10.51 5.16 1.15 0.11 | mg m?day*
Barbados | min 6 6.53 3.21 0.71 0.07 | mg m?day*
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451
452
453
454
455
456
457
458
459
460
461

max 250 101.25 49.71 11.04 1.09 | mgm?day*
mean 66.3 29.97 14.71 3.27 0.32 | mg m?day*
Coral Moorea min 0.006 0.010 0.001 0.000 | mg m“day"’
FL Keys | min 0.011 0.006 0.000 0.000 | mgm?day*
GBR min 4.555 2.788 0.161 0.009 | mgm?day*
Coral
Spawn GBR
coral
surface
ared 19+15t 11.6t 0.7t gm?
reef.aea 7.1t 0.4t gm?
whole
island 310t 18f t

Notes: For fish, estimates are reported in minimum, maximum and mean values as

determined from the literature (Table 1). Coral land@tived nutrient estimates from these
recruitment data represent a minimum estimate because coral recruitment data do not represent
the proportien-of the larval community that enters a given reef ecosystem but doesuiiot re

t Coral spawnidata (released as eggs) from Wild et al. (2004)

Figure 1. Corceptual figure illustrating nutrient supply from fish and coral larvae (top ig)age
and recycled"by the fish communityottom left)and recycled via synchronous coral spawning
eventg(bottemsright)
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