
DOI: 10.1126/science.1089289 
, 1049a (2003); 301Science

  et al.Robert M. S. Schofield,
Jaws"
Sparse Mineralization: Copper Biomineral in Worm 
Comment on "High Abrasion Resistance with

 www.sciencemag.org (this information is current as of January 2, 2007 ):
The following resources related to this article are available online at

 http://www.sciencemag.org/cgi/content/full/301/5636/1049a
version of this article at: 

 including high-resolution figures, can be found in the onlineUpdated information and services,

found at: 
 can berelated to this articleA list of selected additional articles on the Science Web sites 

 http://www.sciencemag.org/cgi/content/full/301/5636/1049a#related-content

 http://www.sciencemag.org/cgi/content/full/301/5636/1049a#otherarticles
, 1 of which can be accessed for free: cites 2 articlesThis article 

 http://www.sciencemag.org/cgi/collection/tech_comment
Technical Comments 

 http://www.sciencemag.org/cgi/collection/mat_sci
Materials Science 

: subject collectionsThis article appears in the following 

 http://www.sciencemag.org/help/about/permissions.dtl
 in whole or in part can be found at: this article

permission to reproduce of this article or about obtaining reprintsInformation about obtaining 

registered trademark of AAAS. 
c 2006 by the American Association for the Advancement of Science; all rights reserved. The title SCIENCE is a 

CopyrightAmerican Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. 
Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the

 o
n 

Ja
nu

ar
y 

2,
 2

00
7 

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fr

om
 

http://www.sciencemag.org/cgi/content/full/301/5636/1049a
http://www.sciencemag.org/cgi/content/full/301/5636/1049a#related-content
http://www.sciencemag.org/cgi/content/full/301/5636/1049a#otherarticles
http://www.sciencemag.org/cgi/collection/mat_sci
http://www.sciencemag.org/cgi/collection/tech_comment
http://www.sciencemag.org/misc/reprints.shtml
http://www.sciencemag.org


Comment on “High Abrasion
Resistance with Sparse Mineralization:
Copper Biomineral in Worm Jaws”

Lichtenegger et al. (1) demonstrated the
fascinating occurrence of a copper biomin-
eral in a worm jaw, but did not show, as they
claimed, that this mineral has a structural
role. Lichtenegger et al. based that conclu-
sion on an apparent correlation between
slight variations in mechanical properties and
the measured chlorine content of the tested
regions (the identified mineral, atacamite,
contains copper and chlorine). The unjusti-
fied assumption is that all of the chlorine in
the regions tested for the correlation in
figure 5, E and F, of (1) is bound in the
mineral and so serves as an indicator of the
mineral content.

The problem with that assumption is
that the very different copper, chlorine, and
electron density maps [figure 1B, C, and D
in (1)] indicate that significant portions of
both chlorine and copper are not bound in
the identified mineral. For example, the
chlorine content appears to be as high in
the upper-left-hand area of the section in
figure 1C of (1), where the copper and
electron densities are low, as it is in the
more central (and presumably mineralized)
regions, where the copper and electron den-
sities are high.

It is important to distinguish which copper
and chlorine compounds are correlated with
mechanical properties, because it may be the
unidentified nondiffracting copper and/or
chlorine compounds that are predominantly
responsible for mechanical properties, in a
manner similar to the nondiffracting zinc
and/or chlorine compounds that are associat-

ed with hardening in nereid worm jaws and
the mandibles, claws, and other cuticular
“tools” of many arthropods (2, 3).

Unfortunately, the study by Lichtenegger
et al. (1) does not even establish a correlation
between unspecified copper and chlorine
compounds and the sample’s mechanical
properties. First, the Oliver and Pharr method
(4) used in (1) for measuring mechanical
properties is designed for homogeneous spec-
imens on noncompliant supports. Since the
indent depth is not measured directly but is
determined from the extension of the indent-
ing probe, the resulting hardness value will
be artificially low if the probe overextends
because the specimen deforms due to poor
support or because of softer subsurface tissue
or voids such as pore and poison canals. If a
well-supported specimen deforms less near
the tip because there are no subsurface voids,
the tip may appear harder. On ant mandibles,
hardness values from the Oliver and Pharr
method were inconsistent (and clearly inac-
curate) for similar specimens, while hardness
values from indent depths measured using
atomic force microscopy were consistent (3).
The results for the single specimen in the
Lichtenegger et al. study (1) are suspect un-
less the authors show that the Oliver and
Pharr method is applicable to their nonstand-
ard specimen and unless they also demon-
strate repeatability.

Second, both absolute and relative me-
chanical properties change as specimens dry:
We have found that two regions of an ant
mandible that are about equal in hardness in

fresh specimens may differ by about a factor
of two in dried specimens. For example, the
hardness of tooth and off-tooth regions of a
fresh ant (Atta sexdens) mandible from an
enclosing adult measured 0.23 and 0.20 GPa,
respectively; after air drying, these hardness
values for the same mandible were 0.61 and
0.35 GPa (3). The conclusions of Lichteneg-
ger et al. (1) are based on small (�35%)
variations in hardness and modulus of elas-
ticity on a dried specimen of a jaw that is, in
nature, wet.

Third, Lichtenegger et al. (1) have not dem-
onstrated the accuracy of the approximation
used to compare the abrasion resistance of non-
uniform biological composites. Without such a
demonstration, the claim that the tested glycerid
jaw is more resistant to abrasion than vertebrate
dentin is only speculation.

Finally, Lichtenegger et al. (1) did not
report finding the copper mineral at the sur-
face of the jaw, where abrasion resistance
would have biological relevance.
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