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Photosymbiosis and the Evolution
of Modern Coral Reefs

The algae in coral reefs do not leave behind
fossils, so deciphering their coevolution with
corals is difficult. Isotope measurements can
help reveal these ancient relationships.

George D. Stanley Jr.
ymbiosis is the most relevant and enduring
biological theme in the history of our
planet. Photosymbiosis—whereby photosynthetic microorganisms (symbionts) live inside an animal (host), deriving benefits, sometimes mutual—is found today among calcifying
foraminifers and giant clams but is best exemplified in corals, the master builders of reefs.
Photosymbiosis fosters diversity and novel
adaptations. Recent studies on global change,
coral degradation, and the future of coral reefs
highlight the relevance of photosymbiosis to reef
evolution (1–3).
Living corals called scleractinians, along
with algae and other calcifying organisms on
reefs, extract CaCO3 from seawater, secreting it
in massive skeletons collectively known as reefs.
Reefs initiate voluminous carbonate deposition,
affect ocean chemistry, and even mediate climate. Behind rapid reef growth are photosynthetic algae, especially the dinoflagellate genus
Symbiodinium or zooxanthellae.
These symbionts enhance calcification rates orders of magnitude
faster than in most nonzooxanthellate species, allowing their
hosts to dominate choice places
on the reef. Living safely encysted
within coral tissue, zooxanthellae
use the host’s CO2 and nitrogenous wastes. Zooxanthellae photosynthesize carbon and transport it intracellularly to the coral, supplementing 90% of the
coral’s nutrition, thus resolving the paradox of
why so much life flourishes on nutrient-deficient
reefs (4). The obligate relationship restricts
corals to shallow-water tropics where they modify their shapes to maximize sunlight. Protecting
corals from damaging ultraviolet radiation, their
symbionts even manufacture “sunscreen.”
A majority of living corals are zooxanthellate and build reefs. Deciphering fossil zooxanthellate corals is problematic because symbionts aren’t preserved. Symbiosis is inferred
from colony size and shapes indicating light
adaptation, corallite size and integration, and
skeletal characteristics. Such indirect assessments relegate zooxanthellate presence to a
working hypothesis. Carbon and oxygen isotopes fractionated within modern and Mesozoic
coral skeletons provide quantitative methods

CREDITS: J. E. N. VERON/AUSTRALIAN INSTITUTE OF MARINE SCIENCE

S

The author is at the University of Montana Paleontology
Center, Missoula, MT 59812, USA. E-mail: george.stanley@
umontana.edu

Reef building. Colorful life teems on a Pacific coral reef where diverse ecosystems flourish in otherwise nutrient-deficient waters. This reef and others like it owe their existence
to symbiosis between algae and corals.

Mutual benefits. Artist’s view of a living reef coral
cut to reveal a polyp and massive white skeleton.
Soft polyps cover the entire surface of the colony and
contain a profusion of microscopic symbiotic algae
(zooxanthellae). (Upper left) A photomicrograph of
zooxanthellae cells. They live encysted in the coral’s
tissues, enhancing metabolism and calcification.
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for detecting zooxanthellae, thus serving as a
proxy for photosymbiosis (5).
End-Permian mass extinctions decimated
reefs and Paleozoic corals. Scleractinians
appeared in the Middle Triassic some 8 to 10
million years later, evolving from anemone-like
ancestors (6). Small and non–reef-building, these
early corals were surprisingly diverse and integrated. Succeeding middle and early Late Triassic
species remained non–reef-building. Vigorous
Late Triassic (Carnian-Norian) biotic turnover
and adaptive radiation culminated in the evolution
of coral-framework reefs (7). The hypothesis
that the coevolution of coral-zooxanthellate
symbiosis occurred at this time is supported
by skeletal stable isotopes and organic matrix
analyses (5, 8). Both techniques yielded positive
signals for Carnian-Norian photosymbiosis.
The Triassic-Jurassic dinoflagellate-cyst family
Suessiacea is closely related to zooxanthellae.
Triassic occurrence and increasing diversity of
these dinoflagellates coincide in space and
time with those of reef-building scleractinians,
suggesting their coevolution (9). End-Triassic
mass extinctions witnessed sudden reef collapse and an 8- to 10-million-year reef eclipse.
Coral species suffered 98% losses followed by
Jurassic coral reorganization (7), a trend reflected
also among Suessiacea.
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Auxin Transport, but
in Which Direction?
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