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Comment on Trophic strategy and bleaching resistance
in reef-building corals
Martin Thibault1*, Anne Lorrain2, Fanny Houlbrèque1*
In an era of major environmental changes, understanding corals’ resistance to bleaching is as crucial as it is challenging. A promising framework for inferring corals’ trophic strategies from Stable Isotope Bayesian Ellipses has
been recently proposed to this end. As a contribution to this framework, we quantify a risk of bias inherent in its
application and propose three alternative adjustments.
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mesocosm experiment conducted at one of these locations. SIBER
Corrected Standard Ellipses (SEAcs), as applied to the first dataset,
were designed specifically for isotopic niche comparisons and to
deal with small sample sizes by including 40% of observations
around the mean (5). This application of the maximum likelihood
hypothesis to multivariate normal distributions is helpful for removing extreme values and to bring broad ecological patterns to
light. However, extreme values may also represent ecologically relevant processes (5), particularly in datasets covering large spatiotemporal extents.
In corals, the consumer (host) and the producer (symbiont)
belong to the same holobiont. This infra-individual scale implies a
maximum difference in mean 15N values of the two fractions
around 3.4 ± 1.1‰, i.e., an average trophic step (11, 12). Technically,
this limit reinforces the risk of missing ecologically relevant patterns
when using SIBER’s SEAc (40%) for coral metapopulations. This
risk can be illustrated using the summary statistics of stable isotope
analyses for the genus Platygyra presented by Conti-Jerpe et al. (4).
For the 40 individuals of this genus, sampled at 12 stations, located along
a steep environmental gradient (13), 13C values of host and symbionts
were nearly identical, but 15N means [∆Mean 15N(Host-Symb)] differed
by +2.5‰ with cumulated SDs of 2‰. In such a situation, the overlap between SEAc would be lower than 10% in 95% of cases (Fig. 1),
and the Hotelling test would be significant in 100% of cases (2000
simulations). As a consequence, Conti-Jerpe et al. (4) defined this
genus as heterotrophic. However, simulations suggest an 85%
chance that one or more subgroups do not present distinct niches in
the isotope biplot according to the Hotelling T2 test and may thus be
considered autotrophic (Fig. 2). This risk of masking groups that do
not have distinct niches is obviously reduced with higher ∆mean
and ΣSD (Fig. 2). Our example highlights a risk from spatial variations in one dimension of the isotopic biplot, the 15N values.
Spatiotemporal variations in 13C values of corals are also plausible
(14–16) and would likely affect the bidimensional segregation of
trophic niches in the same way. Note that this risk may be considered while applying SIBER to the isotope niche differentiation in
other symbiotic organisms such as sponges (17).
From a theoretical perspective, the distribution of corals across a
wide range of environmental conditions is certainly the result of
adaptive trophic strategies (18). Many studies showed that shifts
from autotrophy to heterotrophy can occur within species at varying depth (19) or turbidity (20) or depending on resource availability (21). We are thus convinced that accounting for the adaptive
potential of species/genera toward a range of environmental conditions will be determinant in predicting the fate of symbiotic corals.
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It is generally accepted that the symbiotic association between corals and their endosymbiotic algae (Symbiodiniaceae) is fundamental to the development of coral reefs as they transfer the major part
of their photosynthates to the coral host (autotrophic nutrition) (1).
However, corals are considered as mixotrophs, also acquiring energy
through host consumption of exogenous organic resources (heterotrophy). Over the past decades, rising seawater temperatures have
destabilized the symbiosis between corals and their algal endosymbionts, inducing massive bleaching events. Understanding the
mechanisms underlying coral species’ resistance to environmental
changes or resilience to bleaching is therefore a major research and
conservation challenge (2). Previous works have suggested that heterotrophy was one determinant of corals’ mortality levels during
and following bleaching events [e.g., (3)]. Conti-Jerpe et al. (4)
recently provided a groundbreaking contribution to this field,
showing that resistance to temperature rise is correlated with trophic strategy in symbiotic corals. Their mesocosm experiment
demonstrated that heterotrophic corals were more tolerant to increasing temperatures. To evaluate the trophic strategy in a panel of
coral genera, they proposed an innovative method relying on Stable
Isotope Bayesian Ellipses [SIBER; (5)]. From both a theoretical and
technical point of view, we think that some adjustments would increase the confidence associated with further applications of this
promising method to the original mixotrophic nature of corals.
Inferring metabolic processes from statistics unavoidably smooths
the path to approximations, whether purposeful or unintended.
One risk in comparing trophic status from nitrogen and carbon
isotopic niches is the missing of a potential nonhomogeneous distribution of the resource base in lower trophic levels (6, 7). Spatiotemporal variability in the stable isotope values of primary producers,
i.e., nitrogen isoscapes, propagates up the food web and is reflected
in the isotope values of consumers (8). In other words, different
isotopic niches among consumers sampled at different places or
times may not reflect differences in diet if their food sources had
different isotope values (9). Similarly, divergent symbiont communities between closely located colonies of the same species could
result in variable isotope values (10). The study of Conti-Jerpe et al.
(4) relies on two distinct datasets: the isotope niche of corals sampled at 23 sites up to 45 km apart and a “temperature-resistance”
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Fig. 2. Chances that a pooled dataset contains at least one subgroup with overlapping isotopic niches as a function of the difference between the mean isotopic
values of the two considered groups (Host and Symbionts). The curves correspond to different levels of SD associated with the means of the pooled fractions. Niche
segregation is deduced from the P value of Hotelling tests (P > 0.05) for 182,000 simulated data per SD. Dotted line represents the values obtained for Platygyra sp. [Mean
15N(Host-Symb) = 2.5‰ and ΣSD(Host-Symb) = 2].

To better reflect this potential at a fine spatiotemporal scale, we
propose three adjustments to the analytical tools proposed by
Conti-Jerpe et al. (4).
1) Hotelling tests should be conducted at the highest spatiotemporal resolution when possible. This would allow for applying SEAc
to remove the least frequent behaviors while controlling for a potential plasticity in the study taxon. This approach may also be used
to identify contrasting subgroups and help to consider the best
scale for pooling data and designing SEAc. Note that Hotelling tests
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may be used to compare two groups of data from n = 2 but would be
more reliable as much as the sample size increases, hence our choice
of n ≥ 3 in the presented simulations (Fig. 2).
2) Subgrouping repeated measures demonstrated that SEAcs
substantially help to deal with small sample sizes, while both standard ellipses (40% and 95% of observations) produce fair estimates
of isotopic niche width for sample sizes >30 (5, 22). Thereby, for
spatiotemporally heterogeneous datasets with n > 30, drawing ellipses
including 95% of observations may be a reasonable compromise to
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Fig. 1. Probability of the three cutoff values [suggested by (1)] resulting from the use of SIBER’s SEAc as a function of the difference between the mean 15N isotopic values
of the two considered groups (Host and Symbionts) [N = 40; ΣSD(Host-Symb) = 2‰]. Dotted line represents the values obtained for Platygyra sp. [∆Mean 15N(Host-Symb) = 2.5‰;
ΣSD(Host-Symb) = 2‰]. Results were obtained from 3500 simulations.
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lower the risk of mischaracterization due to spatiotemporal variability in isotope values.
3) Conti-Jerpe et al. (4) calculated the overlap between SEAc as a
proportion of the host SEAc. Considering this overlap as the proportion of the nonoverlapping area may produce a metric more independent from variations of the host isotope niche width (5).
While this third adjustment alone would tend to lower the overlap
metric between host and symbiont fractions, combination of adjustment two along with this adjustment three will likely produce
larger overlap metrics. The cutoff (10% and 70%) values proposed by
Conti-Jerpe et al. (4) to this overlap metric would thereby make mixotrophic profiles more common. This sounds like a fair adjustment
considering the established mixotrophic nature of most symbiotic
coral genera, with species/colonies more autotrophic than others.
It is worth mentioning that these SIBER-derived metrics are insensitive to the sign of the ∆Mean 15N(Host-Symb). This difference is
found to be positive in most studies, including that of Conti-Jerpe et al.
(4). However, some reported that host tissues can be 15N-depleted
relative to the symbionts, with varying interpretations depending
on the context (23, 24). Investigations beyond SIBER-derived inferences may thus be needed in such particular cases.
These “refinements” of the method would undoubtedly account
for the ability of symbiotic corals to complement or temporarily replace autotrophic nutrition with heterotrophy, depending on fluctuations of their environment. Conti-Jerpe et al.’s (4) approach
likely prioritized the characterization of broad trends that matched
their observations at the mesocosm study site. We are confident
that these comments could contribute to further developments of
their promising analytical framework toward comprehensive predictions regarding the fate of coral reefs and a facilitated response to
management stakes.
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