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Getting to the heart of a good
fossil
The discovery of perfectly preserved 113-119 million year old fossilised

hearts in a Brazilian fish Rhacolepis has significant implications for

palaeontology and comparative anatomy.

JOHN A LONG

L
ike the famed Tin Man in TheWizard of Oz,

if we palaeontologists ‘only had a heart’

we could do a lot more good science inter-

preting the significance of fossilised remains. For

centuries, the fossil remains of ancient back-

boned animals have been studied primarily from

bones (skeletons) or traces (fossilised footprints).

The possibility of finding preserved fossilised soft

tissues was widely thought to be impossible as

organic soft materials routinely decay in the pro-

cess of burial and fossilisation.

However, certain fossil deposits, called Kon-

servat Lagerstätten, are the result of rapid burial

and special chemical conditions involving low-

oxygen environments. These deposits can pre-

serve or mineralogically “ghost” a range of soft

tissues, even complete organs, in the fossilised

organism.

Scientists have long known about the famous

Burgess Shale fossils of soft-bodied worms and

other invertebrate creatures buried by rapid

mud slides around 508 million years ago. How-

ever, well-preserved fishes from the 113–119

million year old Santana Formation of Brazil

were amongst the first vertebrate fossils to show

evidence of preserved soft tissues. These

include parts of the glandular stomachs and

bands of muscles, with the original tissue having

been mostly replaced by chemical processes

(Martill, 1988; Wilby and Martill, 1992).

Finding whole preserved internal organs was a

bit of a Holy Grail for palaeontology. Such discov-

eries can contribute a wealth of new anatomical

information that is essential for understanding

evolutionary patterns. Therefore the finding of a

complete, well-preserved fossilised heart in an

almost 120 million year old fish – now reported in

eLife – is a major breakthrough for José Xavier-

Neto of the Brazilian Biosciences National Labo-

ratory, Vincent Fernandez of the European Syn-

chotron Radiation Facility and colleagues from

across Brazil and Sweden, including Lara Malda-

nis and Murilo Carvalho as joint first authors

(Maldanis et al., 2016).

The new discovery was made by using syn-

chrotron X-ray tomography to image fossils of

the extinct fish Rhacolepis that were still

entombed within limestone concretions. This

technique images the fossil in thin sections;

these images can then be processed to render

the heart slice by slice and digitally restore the

features of the organ. This method has been

widely applied in palaeontology for the past

decade or so to reveal many intricate soft tissue

Copyright Long. This article is

distributed under the terms of the

Creative Commons Attribution

License, which permits unrestricted

use and redistribution provided that

the original author and source are

credited.

Related research articleMaldanis L, Carvalho

M, Almeida MR, Freitas FI, Andrade JAFG,

Nunes RS, Rochitte CE, Poppi RJ, Freitas RO,

Rodrigues F, Siljeström S, Lima FA, Galante D,

Carvalho IS, Perez CA, de Carvalho MR, Bettini

J, Fernandez V, Xavier-Neto J. 2016. Heart

fossilization is possible and informs the

evolution of cardiac outflow tract in vertebrates.

eLife 5:e14698. doi: 10.7554/eLife.14698

Image A fossilised fish heart with the cardiac

chambers highlighted in blue

Long. eLife 2016;5:e16207. DOI: 10.7554/eLife.16207 1 of 3

INSIGHT

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Flinders Academic Commons

https://core.ac.uk/display/43335602?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.7554/eLife.14698
http://dx.doi.org/10.7554/eLife.16207
https://creativecommons.org/
https://creativecommons.org/
http://elife.elifesciences.org/
http://elife.elifesciences.org/
http://en.wikipedia.org/wiki/Open_access
http://en.wikipedia.org/wiki/Open_access


structures in fossils. These include the preserved

brain of a 300 million year old fish from North

America (Pradel et al., 2010) and a collection of

superbly preserved soft tissues in 380 million

year old fishes in Western Australia, such as an

embryo with a mineralised umbilical cord

(Long et al., 2008), nerve axial plate cells and

muscle bundles (Trinajstic et al., 2007; 2013).

The Rhacolepis heart is the first example of a

complete fossilised soft organ in an extinct fish,

and the first fossilised heart in any fossil verte-

brate (news reports from 2000 describing a

dinosaur with a heart preserved have been

recently disproven; Cleland et al., 2011). The

heart shows excellent detail of the conus arterio-

sus, the conical extension of the ventricle that in

certain fishes helps regulate blood outflow via

the valves in the conus. It also shows the pattern

of five rows of valves inside it. The anatomical

interpretation of Maldanis, Carvalho et al. is fur-

ther reinforced by detailed comparisons with

dissected hearts from closely-related living fishes

called tarpons, which show similar structures in

the same relative positions.

The discovery of the fossilised Rhacolepis

heart is significant because the range of valve

patterns in early ray-finned fish hearts is strik-

ingly diverse. Some, like the very primitive

(“basal”) ray-finned fish Polypterus (the African

reedfish), have nine rows of valves, whereas

most of the modern group of ray-fins, the tele-

osts, have just a single outflow valve in the

heart.

In between these two groups of fishes we can

now enter Rhacolepis, a fish belonging to an

extinct group that has a basal position amongst

the teleosts (Arratia, 2010; Figure 1). Thus the

five rows of valves shown by the fossil seems to

represent a good intermediate condition

between the most primitive pattern and the

most advanced type. However, as we well know,

in biology simple patterns often hold more com-

plex underlying meanings. For example, the

valve pattern within the conus arteriosus has sim-

plified independently in sturgeons and bowfins.

There is also evidence for an independent

increase in the numbers of valves in some basal

ray-finned fishes (Lepisosteiformes, Polypteri-

formes), so interpreting evolutionary patterns

from one data point is always risky business.

Maldanis, Carvalho et al. claim that the Rhacole-

pis heart supports a possible case of gradual

Figure 1. The fossil heart data from Rhacolepis shows an intermediate condition between the many-valved types

seen in basal ray-finned fishes (actinopterygians) like Polypteriformes (the order that includes the African reedfish)

and the single-valved hearts in modern teleosts. Images of the hearts showing valves (red) are oriented with the

top of the image pointing towards the head of the fish (taken from Maldanis et al., 2016).
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speciation (as opposed to drastic anatomical

changes from one generation to the next). With

only one data point, this hypothesis cannot be

tested further.

Nonetheless, for the first time we actually do

have a data point to study the detailed anatomy

of a fossilised heart in an extinct group of fishes.

The find demonstrates the immense potential

for more discoveries of this nature, enabling

more discussion of the comparative anatomy of

soft organs in extinct animals. With more highly

detailed discoveries like this one, I confidently

predict we will one day be able to really get to

the heart of resolving the mysteries of early ver-

tebrate evolution. That day is not far away.

John A Long is in the School of Biological Sciences,

Flinders University, Adelaide, Australia

john.long@flinders.edu.au

Competing interests: The author declares that no

competing interests exist.

Published 19 April 2016

References

Arratia G. 2010. The Clupeocephala re-visited:
Analysis of characters and homologies. Revista De
Biologı́a Marina Y Oceanografı́a 45:635–657. doi: 10.
4067/S0718-19572010000400009
Cleland TP, Stoskopf MK, Schweitzer MH. 2011.
Histological, chemical, and morphological
reexamination of the "heart" of a small Late

Cretaceous Thescelosaurus. Die Naturwissenschaften
98. doi: 10.1007/s00114-010-0760-1
Long JA, Trinajstic K, Young GC, Senden T. 2008. Live
birth in the Devonian period. Nature 453:650–653.
doi: 10.1038/nature06966
Maldanis L, Carvalho M, Almeida MR, Freitas FI,
Andrade JAFG, Nunes RS, Rochitte CE, Poppi RJ,
Freitas RO, Rodrigues F, Siljeström S, Lima FA,
Galante D, Carvalha IS, Perez CA, Carvalha MR, Perez
CA, Bettini J, Xavier-Neto J. 2016. Heart fossilization is
possible and informs the evolution of cardiac outflow
tract in vertebrates. eLife 5:e14698. doi: 10.7554/eLife.
14698
Martill DM. 1988. Preservation of fish in the
Cretaceous Santana Formation of Brazil. Palaeontology
31:1–18.
Pradel A, Langer M, Maisey JG, Geffard-Kuriyama D,
Cloetens P, Janvier P, Tafforeau P. 2009. Skull and
brain of a 300-million-year-old chimaeroid fish revealed
by synchrotron holotomography. Proceedings of the
National Academy of Sciences of the United States of
America 106:5224–5228. doi: 10.1073/pnas.
0807047106
Trinajstic K, Marshall C, Long J, Bifield K. 2007.
Exceptional preservation of nerve and muscle tissues
in Late Devonian placoderm fish and their evolutionary
implications. Biology Letters 3:197–200. doi: 10.1098/
rsbl.2006.0604
Trinajstic K, Sanchez S, Dupret V, Tafforeau P, Long J,
Young G, Senden T, Boisvert C, Power N, Ahlberg PE.
2013. Fossil musculature of the most primitive jawed
vertebrates. Science 341:160–164. doi: 10.1126/
science.1237275
Wilby PR, Martill DM. 1992. Fossil fish stomachs: A
microenvironment for exceptional preservation.
Historical Biology 6:25–36. doi: 10.1080/
10292389209380416

Long. eLife 2016;5:e16207. DOI: 10.7554/eLife.16207 3 of 3

Insight Cardiac development Getting to the heart of a good fossil

http://dx.doi.org/10.4067/S0718-19572010000400009
http://dx.doi.org/10.4067/S0718-19572010000400009
http://dx.doi.org/10.1007/s00114-010-0760-1
http://dx.doi.org/10.1038/nature06966
http://dx.doi.org/10.7554/eLife.14698
http://dx.doi.org/10.7554/eLife.14698
http://dx.doi.org/10.1073/pnas.0807047106
http://dx.doi.org/10.1073/pnas.0807047106
http://dx.doi.org/10.1098/rsbl.2006.0604
http://dx.doi.org/10.1098/rsbl.2006.0604
http://dx.doi.org/10.1126/science.1237275
http://dx.doi.org/10.1126/science.1237275
http://dx.doi.org/10.1080/10292389209380416
http://dx.doi.org/10.1080/10292389209380416
http://dx.doi.org/10.7554/eLife.16207

