A metrological approach to a coral reef bleaching alert system
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Introduction to Coral Bleaching

Uncertainty Within the Biology of Coral Bleaching
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Corals rely on an endosymbiotic relationship with unicellular algae. These dinoflagellate algae LA(Sats) +{0——u(0) g tormet The lower part of the uncertainty tree describes uncertainty with regards to coral biology which
(genus Symbiodinium), collect light and via photosynthesis, transfer energy to the coral. Coral . A(OSTIA) A(PCBlend S T— is used to calibrate the DHW product for use as a coral bleaching predictor. Biological uncertaint
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skeleton visible. This occurs when the symbiosis breaks down under any stressful condition SDIHW — SST(x, month) = MergeLeveldSST|SSTost14,|8STrcpiend)|SSTpe pienan rr) €, month) *[ u(0) «F deoendent on the sbecies combposition of that reef and different coral cenera have varvin
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recent phenomenon that first started in the early 1980s. It is caused by large scale sea Saty = SSThuries (L1(Saty)) +{0 u(0) J— ; " coral only a few meters away could remain tolerant to stress up to a DHW of 6 or more. This is
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temperature anomalies where the temperature becomes too warm. In the face of increased 1 Regre‘ssion1\10(161([957({(;17.m(mtll), 1988.2857) +{(] u(0) |— because varying coral physiology among genera provide different phenotypic and genetic
mass coral bleaching due to climate Change (Eakin’ et al.’ 2005; Heron, et al.’ 2016; Skirving’ et u(Sat,) - characteristics that can make them more or less well-suited to handllng heat stress. The
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al., 2019), tools that allow coral reef managers, scientists and stakeholders to monitor the 1 , ODHW | «(Climatology(a. month)) ||~ (catter from fiy morphological structure of a coral colony can also have significant implications for how likely it is
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extent and severity of coral bleaching are becoming more and more important. Some aSat | — u(0) tmatology(z, month) iy to bleach under elevated heat stress conditions. Genera such as Acropora, which have very high
information comes from in situ bleaching surveys, which are important in understanding the surface area to volume ratios, are more likely to suffer high levels of bleaching compared to
biological details, but they only cover a limited area. The use of freely available satellite SST(t,x) = L4(Sat,(t){Sat(t), ..., ) E MMM (z) = MAX (Climatology(z, month)) + [0} u(0) — those with lower surface area to volume ratios, such as in Porites spp. Further, the horizontal
products (which can cover all reefs) to monitor heat stress now enables one of the most | area that a colony covers can also affect stress levels and recovery, as the amount of sunlight
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important global coral bleaching monitoring tools that exist today. For the past two decades, Interpolation— u(SST(t,x)) ODHW dDWH u(’ll'lll‘ll('w)) corals are exposed to is important in both bleaching and recovery. Different coral species also
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the most widely used satellite heat stress monitoring tools have been developed and served by daa” ] | u(SST(t, 2)) [ [T | panii) have variable levels of plasticity in relation to environmental change. Short-term SST conditions
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the National Oceanic and Atmospheric Administration’s (NOAA) Coral Reef Watch (CRW) correction | HS(t. o) —[S5T(t. 2] [ araraza] + [ 9 can influence the acclimation potential within the lifespan of that coral, and long-term SST
program. CRW relies heavily on satellite-based sea surface temperature (SST) products to — tox) =|55T L, o) | MMMz} +{0 u(0) .. . . ) . L
, _ , s conditions can provide corals with the capacity for transgenerational acclimation, and therefore
provide a wide range of coral stress metrics for use by coral reef managers, scientists, and other 1 : : : : :
: : L : an increased potential for genetic adaptation. The other aspect of coral biology that leads to
stakeholders. Its Degree Heating Week (DHW) flagship product, which is based on satellite SST WHS(.2) S N , - :
: . : . ODHW i uncertainty is the symbiosis with their zooxanthellae, Symbiodinium. The various clades of
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2016; Skirving, et al., 2019). The climatology used is based on the Maximum Monthly Mean I Z S where HS(t.0) ~ [T Symbiodinium present, a coral host is capable of shuffling the available clades into different
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(MMM) which is the maximum of the 12 monthly means calculated over 1985 to 2012 _[ . roles, changing the dominant symbiont type to a more heat resistant one. These examples
(Skirving, et al., 2000). Although the DHW product has been slowly developed over the past l highlight the myriad of uncertainties in quantifying coral bleaching assuming an accurate,
two decades, one thing that is missing is a thorough description of the myriad of uncertainties _ u(Thresh)— objective bleaching measurement of every coral on a reef. However, in situ coral bleaching data
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both on the SST side and on the biology side (which determines the thresholds used for Bleach u..(i) — | PHW(i) > 0<DHW(i) <4 Warning coml bleaching datn = fuc {location of resf, location on reef] relies on subjective visual assessments of the level of bleaching which includes bleaching from all
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bleaching detection). This poster represents the first attempt at a complete description of ggmz; 2o anE) <8 Lt forms of stress, even those that only cause individual colonies or individual reefs to bleach (i.e.
uncertainties associated with the calculation and calibration of the DHW coral bleaching  Ares] Servev-E0 — not mass b|eaching)_ These stressors include: anomalous temperature (both hot and C0|d),
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. . | ine Intercept +0— in water quality (e.g. heavy metals), diseases and more (Skirving, et al. 2017). Additionally,
CO ral Bleach ’ ng Alert U ncertai nty Tree: Cu rrent — [u(composition) I partial loss of coral pigmentation can occur during acclimation to high-light conditions or low
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Following on from the application of metrology to satellite data for both historic and modern S /'S . confused on a visual assessment, but this should be avoided as they do not result in a
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sensors (for a current overview see, for example, the poster “QA4EO framework and a . | dysfunctional effect on the symbiotic relationship. Since coral reefs are large complex structures,
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metrological approach to FRMs, FDRs and TDPs”, Woolliams et al. this conference) we have = Storme in situ surveys use sampling techniques (often a single transect in a single location and depth on
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constructed a preliminary uncertainty tree for the coral bleaching alert system (see Figure 1). It Zooxantiola Symblosis i  cord water each reef), which are then assumed to be representative of the entire reef which is almost
can be split into two main sections. The top half corresponds to the current operational system u(symbiont environmental tolerance) s . Luteoralenvironmenta tolerance) | | ulgeclimation) | | certainly never the case. Also, since the global data set from in situ surveys used by CRW is
based on Skm satellite SST data derived from Level 4 analyses from a range of satellite sensors (acalimation) 0 Stress Tolerance[zlal} Adaptability sourced from hundreds of providers, the variation of sampling techniques is huge (e.g. ranging
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(br?t|h p;)lar ar?dhgeodsta;lonary)r.] TII;e left-hand ;lde (t;)p Ealf)|ls rellated tc|> the re;l;lme SST da]:ca | from in situ observations of a single coral colony through to aerial surveys). The uncertainties
while the right-hand side (top half) corresponds to the baseline climatology and derivation o 0 L :
ST .( P half) =oP . o8y Adsptability+0) Stress Tolerancelt] o akeG0h  [Genetic Makeuphid Environmental within the “ground truth” data used in the development of CRW’s DHW product may then have
the MMM per pixel/location. The two sides are then combined to provide the HotSpot and | ‘ History 0] u(0) . . :
. : . : , larger total uncertainties than the satellite products. Nevertheless, understanding and
DHW estimate used for the bleaching alert system. In terms of the underlying error effects for Enf‘f/{r(tmm!%al O][ cau |conetic makeup|+0[—u(0) ali 0 uantifying the uncertainty in the in situ coral bleaching data will contribute greatly to our
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relatively well understood in broad terms, though the exact details for different sensors and SST B UnelEisEeling endne nssnEing s due ieleg el Procssses o GalEl o.EaEliE;
retrieval methodologies are less well known as only a few instruments have had any detailed — _
metrological analyses performed. Also, in terms of the Level 4 (analysis) data, where multiple Startiom| | Long-orm UMY | | goonet oo | Mapholoiea| [ Lietistoy || Gonete Long:Term Short. verm Recommendations
instrulments Ere CombL”Ed ?cnlcll data gadps filc:ed, Lhe a.;siociated uncler(;cainties and error - | T JR— — | ‘ We have shown a first attempt to understand uncertainties present in coral bleaching alert

' ve n n : ible i in ncertainties in regions (0 (0 (0) (0 : : : : : : :
cqrre SIS [ e. .Ot een Tully scqpe D 1S, [FORElolE [SSUES IERLE Mnn: . & u(0) u(0) u(0) u0 “I( ) systems using an uncertainty tree which for the first time includes both observational and
with a ot of gap filling (due to persistent cloud) and there may also be temporal correlations as I—[ biological processes. As can be seen, the range of different uncertainties is large and often not
many Leve| 4 analyses use background data derived from previous days as part of their K well fnderstood a.rticularl for the’biolo ical processes. Work on some aspects of the problem
processing. Finally, there is also the issue of the DHW value which uses a threshold-based B bl 4 /P - y 4 tg P ' P P
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methodology, so the associated uncertainties may not be strictly Gaussian in nature. In WITThEIp and some starting recommendations are
conclusion, there are still many effects and uncertainties to be understood from the current Continued improvement in understanding SST uncertainties including on climatologies.
Ioperatlon‘::al Ilfltehachmg a:e.rttsy:tem even betforet’Fhe addition of effects due to coral biology (the Water temperaturo Since heat stress on corals is a continuous phenomenon, it is important to quantify
ower part of the uncertainty tree, see next section). history 4] uncertainties related to gap filling in satellite-based L4 SST products
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