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Introduction:  The catastrophe that befell life on 

Earth at the end of the Permian Period, some 252.5 

million years ago, represents the most severe disrup-

tion of the biosphere since the rise of animals.  Over 

90% of marine species perished, and while very few 

taxa escaped unscathed, some groups suffered dispro-

portionate losses.   

In one particularly striking example, articulate 

(rhynchonelliform) brachiopods are the most abundant 

fossils found in Paleozoic rocks and represent the 

dominant suspension-feeding constituent of the Paleo-

zoic Fauna.  They proved to be among the groups most 

susceptible to the mass extinction; of the 135 genera 

present in the uppermost Permian stage, 122 (or 

90.4%) did not survive into the Triassic [1].  By con-

trast, their ecological counterparts, bivalve molluscs, 

suffered more moderate losses (26 of 58 genera, 

44.8%) and found themselves in an Early Triassic 

world nearly devoid of competition.  This point in time 

thus marks the transition to the Modern Evolutionary 

Fauna dominated by bivalves and gastropods, a seem-

ingly permanent change in the composition of the ben-

thos [2]. 

There is widespread evidence of oceanic anoxia 

preceding the P/T boundary by millions of years [3].  

Further, biomarker evidence for anoxygenic photosyn-

thesis indicates at least transient photic zone euxinia 

[4], implying the presence of a huge amount of sulfide 

in the oceans.  Models suggest that not only is this 

likely, but that great quantities may have been periodi-

cally vented into the atmosphere, providing a compel-

ling way to link marine and terrestrial extinctions [5]. 

 

Experiments in H2S lethality:  Hydrogen sulfide 

(H2S) is an odorous, highly reactive toxin, well known 

as an inhibitor of the terminal enzyme in the mito-

chondrial electron transport chain [6].  In oxygen-

depleted waters, sulfide accumulates as a function of 

microbial sulfate reduction.  Thus, high sulfide concen-

trations are found in areas like hydrothermal vents, 

cold seeps, marshes, or muds rich in organic material 

[7].  H2S also accumulates below the oxic layer in 

stratified bodies of water, as is the case in the modern 

Black Sea and during ancient Oceanic Anoxic Events. 

While H2S is a lethal toxin to animals, species vary 

in their ability to survive and even thrive in the pres-

ence of this gas.  Because of widespread oceanic eux-

inia in the late Permian, differences in susceptibility to 

sulfide might explain the disparity in survival and sub-

sequent evolutionary success that resulted from the P/T 

event (and other major mass extinctions). 

Thus, we investigated the hypothesis that a greater 

susceptibility to H2S may have contributed to the com-

parative decimation of the articulate brachiopods, 

while greater resistance enabled bivalve molluscs to 

persist and emerge on the other side of the mass ex-

tinction in a world rich in evolutionary opportunity. 

Our initial results suggest that indeed, bivalves are 

more resistant on the whole than are articulate brachio-

pods.  24 hour immersions failed to produce a single 

fatality in any of a taxonomically-diverse assemblage 

of bivalve species, even at improbably extreme 

concentrations.  Conversely, Terebratalia transversa 

shows a marked sensitivity that increases with 

concentration (Fig. 1). 

 

 
  

 

 

 

LT50 experiments were also consistent with these 

results, showing the bivalves tested to survive signifi-

cantly longer in all cases, their relative advantage ex-

panding as the concentration of sulfide rises.  Fig. 2 

shows how exposure to a high concentration (50 mM 

sulfide) can radically restructure a benthic community; 

in this example, every member of the brachiopod 

population is killed before a single member of the bi-

valve population is removed.  This illustrates the po-

tentially dramatic ecological effects resulting from 

even transient inundations of euxinic water. 

 

FIGURE 1.  Survival of serial exposure to 

varying H2S in a closed system. 
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Sulfur respiration.  I will also discuss ongoing in-

vestigations into the possibility of these groups using 

sulfane (S
0
) sulfur as an electron acceptor in the ab-

sence of oxygen in order to enhance survival under 

anoxia.  If our preliminary data is confirmed, this 

would be the first ever demonstration of sulfur reduc-

tion in an animal, and would strongly suggest the pos-

sibility that other heretofore unrecognized metabolic 

pathways may be important for metazoan survival un-

der adverse conditions. 
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FIGURE 2.  Survival of M. trossulus and 

T. transversa over time at a fixed concen-

tration of 50 mM sulfide.   
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