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How do sharks and rays reproduce?
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Shark species responsible for
most unprovoked attacks on humans
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Uterus and embryos of the smooth hammerhead
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Embryo dry weight (g)
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Uterus in late gestation (left) and a term embryo (right: 70cm-TL)
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What is the other source of nutrition?
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Where is the nourishment source supplied from?
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Victims’ Activity During Unprovoked Shark Attacks Worldwide
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(Ampullae of Lorenzini: AoL)
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Fig. 1. The AoL. (A and B) Skates and sharks locate their prey by detect-
ing the weak electric fields naturally generated by biomechanical activity.
(C) A network of electrosensory organs called the AoL is responsible for this
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Fig. 2. Feeding responses of the shark Scyliorhinus canicula to (a) plaice under sand, (5) plaics
In agar chamber, (c) pieces of whiting in agar chamber, (d) plaice in agar chamber covered with
plastic film, (¢) electrodes producing electric dipole field, and (f) piece of whiting and electrodes
(only one shown). Agar chamber not to scale; compare with Fig. 1. Solid arrows: responses of
shark; dashed arrows: flow of sea water through agar chamber. For discussion, see text.
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Proton conductivity in ampullae of Lorenzini jelly o dancemenofsdence diiures

under a Creative Commons Attribution
NonCommercial License 4.0 (CC BY-NC).

Erik E. Josberger,"? Pegah Hassanzadeh,?® Yingxin Deng,” Joel Sohn,** 10.1126/sciadv.1600112

Michael J. Rego,® Chris T. Amemiya,®® Marco Rolandi*>*

In 1678, Stefano Lorenzini first described a network of organs of unknown function in the torpedo ray—the
ampullae of Lorenzini (AoL). An individual ampulla consists of a pore on the skin that is open to the environment,
a canal containing a jelly and leading to an alveolus with a series of electrosensing cells. The role of the AoL
remained a mystery for almost 300 years until research demonstrated that skates, sharks, and rays detect very
weak electric fields produced by a potential prey. The Aol jelly likely contributes to this electrosensing function,
yet the exact details of this contribution remain unclear. We measure the proton conductivity of the AoL jelly
extracted from skates and sharks. The room-temperature proton conductivity of the AoL jelly is very high at 2 +
1 mS/cm. This conductivity is only 40-fold lower than the current state-of-the-art proton-conducting polymer
Nafion, and it is the highest reported for a biological material so far. We suggest that keratan sulfate, identified
previously in the AoL jelly and confirmed here, may contribute to the high proton conductivity of the AoL jelly
with its sulfate groups—acid groups and proton donors. We hope that the observed high proton conductivity of
the Aol jelly may contribute to future studies of the AoL function.
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