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The rising threat of 
peyssonnelioid algal 
crusts on coral reefs
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For more than a century, coral reefs 
have been exposed to increasing 
anthropogenic disturbances that have 
profoundly altered their community 
structure. These perturbations continue 
to challenge coral reefs in new ways 
as ecological paradigms are recast in 
the Anthropocene Epoch1. In recent 
decades, macroalgal blooms have 
blighted Caribbean reefs2, but the 
appearance of aggressive peyssonnelioid 
algal crusts (PAC) that are rapidly 
increasing in abundance to become 
dominant members of the benthos on 
Caribbean and Indo-Pacifi c reefs is a 
novel phenomenon in tropical seas3. By 
pre-empting vacant space, overgrowing 
corals, deterring the settlement of coral 
larvae, and favouring a phase transition 
from coral to algae4, PAC are likely to 
accelerate the decline in dominance of 
corals on global reefs (Figure 1).

Macroalgae are ubiquitous throughout 
the world’s oceans, and on coral reefs 
multiple taxa are increasingly playing 
negative ecological roles, with fl eshy 
macroalgae outcompeting scleractinian 
corals through overgrowth, abrasion, 
allelopathy, and shading5. PAC, however, 
are becoming a newly dominant group of 
crustose algae on coral reefs, and while 
formerly restricted to trivial abundances3, 
they are increasing in range and local 
abundance on shallow reefs where they 
have the potential to create a resilient 
benthic algal community3,4. In the 
Caribbean, PAC became conspicuous on 
the reefs of St. John, US Virgin Islands, 
around 2012, and by 2019 they covered 
47–64% of benthic space at three-meters 
depth. In the tropical Pacifi c at Guam, the 
signifi cant prevalence of PAC prompted 
a diversity investigation that revealed 48 
peyssonnelioid species, yet could not 
validate the only Peyssonnelia species 
that was previously reported for the 
island6.

PAC within the red algal family 
Peyssonneliaceae are composed of 
multiple genera containing a high 
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diversity of species of non-calcifi ed or 
aragonite-calcifying organisms, but their 
identifi cation and taxonomy has remained 
diffi cult because of their morphologically-
simple crusts, variable colouration, and 
commonly sterile thalli (i.e., an absence of 
data on possibly diagnostic reproductive 
features). Consequently, PAC may be 
confused for similar looking seaweeds, 
including crustose coralline algae, 
fl eshy macroalgal crusts, and turf algal 
communities. Most functional groups to 
which PAC have been assigned during 
surveys are prone to being biologically 
incorrect, thereby decreasing the 
accuracy with which the cover of PAC 
and other macroalgae on tropical and 
subtropical reefs is estimated. 

PAC are native inhabitants of tropical 
reefs, but their recent rise to spatial 
prominence in this ecosystem is novel3,4. 
In the Caribbean, they can overgrow 
live corals3,4 and pre-empt vacant 
space created by disturbances such 
as frequently-occurring hurricanes4. 
As PAC may be unaffected by ocean 
acidifi cation7, they may function as 
winners on future reefs exposed to more 
acidic seawater. While PAC appear to 
be avoided by grazing fi shes, they are 
consumed by the sea urchin Diadema 
antillarum to create PAC-free halos in 
which coral recruitment is elevated8, 
although these halos may disappear 
with the recent population collapse of 
Diadema. Of great relevance in a global 
context characterized by declines in 
coral recruitment and fl attening of reef 
structures is the paucity of coral recruits 
on top of PAC4, possibly because the 
microbiome of PAC repels invertebrate 
larvae9. Rapidly spreading crusts of PAC 
have also been appearing throughout the 
tropical Indo-Pacifi c, as in the Caribbean. 
PAC have also become prominent 
components of reefs in Hawai’i, the 
Mariana Islands, the Marshall Islands, 
the South China Sea and Vanuatu, 
where they overgrow dead corals on 
reefs affected by coastal runoff and have 
increased after coral mortality events10.

PAC outbreaks appear to be a 
rapidly developing crisis on coral reefs 
worldwide, where they are exploiting the 
ecological legacies of decades of reef 
degradation. Critically, PAC appear to be 
less negatively affected than scleractinian 
corals by prevailing climatic conditions6. 
While the proliferation of other 
functional groups (e.g., macroalgae2) 
on tropical reefs provides well-known 
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Figure 1. Examples of peyssonnelioid algal crust outbreaks in the Caribbean and Pacifi c. 
(A) Peyssonnelioid algal crusts (PAC) overgrowing igneous rocks, stony corals, soft corals (~20 cm high for scale), and sponge at ~5 m depth in St. 
John (2017). (B) PAC overgrowing Porites astreoides (~3 cm diameter) at ~5 m depth in St. John (2017). (C) Ramicrusta asanitensis covering micro-
atolls at Asanite Cove, Guam (hammer for scale). (D) Close up of R. asanitensis in Guam after removing a fi ne layer of sediment. (E) Peyssonnelia sp. 
carpeting vast expanses of reef tract on Majuro Atoll, Marshall Islands. (F) Close up of the Peyssonnelia sp. from Majuro Atoll.
examples of the consequences of 
anthropogenic disturbances, the 
ecological consequences of PAC 
outbreaks may be more severe than their
high coverage alone portends. Through 
increased ecological resilience, restricted
herbivory, and active deterrence of 
sessile invertebrate recruitment, PAC 
may represent an ecological process 
intensifying the hysteresis preventing 
a reversal of the ecological transition 
favouring macroalgal dominance over 
reef corals. 

The recent increases in cover and 
distribution of PAC on tropical reefs 
demonstrate their capacity to accelerate
the restructuring of tropical benthic 
habitats. PAC are an ecological surprise 
arriving late to the scene of widespread 
ecosystem degradation of coral reefs 
in the Anthropocene Epoch. Within 
this seascape, PAC may serve as an 
opportunistic ‘ecological catalyst’ 
that could hasten the global demise 
of corals on reefs under accelerating 
climate change. To understand this 
rapidly emerging threat, timely answers 
must urgently be sought in response 
to crucial issues regarding: the ability 
for early detection of PAC outbreaks at 
local-to-regional scales; the description 
of species-specifi c impacts of PAC in 
mediating phase transitions of benthic 
communities; and the capacity of 
tropical reefs to maintain resilience to 
PAC outbreaks. Suitable progress in 
these areas will only be obtained by 
a well-funded synergy of ecological, 
phylogenetic, and multi-omic studies that 
must start with the ability to quickly and 
accurately identify the taxa driving the 
global advance of PAC.
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