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done in the past to change the biosphere.”
“What’s interesting,” says Muscente’s 

postdoctoral adviser and collaborator on 
the paper, Andrew Knoll, Fisher professor 
of natural history and professor of earth 
and planetary sciences, is that the size of 
a mass extinction doesn’t reveal whether 
it will change the ecosystem. There’s “no 
necessary correlation between the taxo-
nomic import of a mass extinction and the 
ecology,” Knoll explains. For example, even 
though the first great extinction, at the end 
of the Ordovician period, eliminated half 
the then-existing genera and some 80 per-
cent of all species, an ocean reef in the wake 
of that event still looked “tolerably like” 
it did before the die-off—and the existing 
localized marine ecologies of trilobites, bra-
chiopods, and corals largely persisted. In 
other instances—such as during the Perm-
ian extinction of 252 million years ago—the 
communities of fauna that eventually arose, 
millions of years later, were substantially 
different.

The findings support a long-standing 
observation by paleontologists “that mass 
extinctions tend to be selective,” says Mus-
cente. “If you have an ocean anoxic event 
versus a glaciation, or an asteroid impact, 
you are going to affect different things. The 
research supports the idea that even when a 
lot of species disappear, the changes to eco-
systems can be minor, but that sometimes 
whole ecosystems disappear even when 
relatively few species are affected. Ecologi-
cal and taxonomic impacts, in other words, 
may be decoupled during such episodes. In 
the Permian extinction, Knoll explains, two 
million years of volcanism in Russia’s Sibe-
rian Traps region occurred “at a rate a million 
times greater than anything ever witnessed 
by humans or their close relatives.” The mag-
ma “plumbed through thick limestones,” re-
leasing massive quantities of carbon dioxide. 
The greenhouse gas warmed the planet—
and because CO

2
 dissolves in seawater, it 

also caused ocean acidification, harming 
reefs and shellfish alike. At the same time, 
“because warm waters can carry less oxygen 

than cold waters,” anoxia spread through the 
sea. Fish can swim away from oxygen-poor 
water, but an anoxic body of water settling 
over an immobile reef can cause permanent 
damage. “The effects of these changes are 
synergistic physiologically,” he says, and be-
cause a reef’s physical structure also hosts a 
diverse ecosystem, “the result was the big-
gest extinction we know of.”

Ironically, by far the most ecologically dis-
ruptive marine event, Muscente and Knoll’s 
study found, was the Ordovician Biodiver-
sification itself. Massive increases in biodiver-
sity completely changed the ecology of the 
seas. “It isn’t only loss of diversity that can 
and does have an effect on ecosystem struc-
ture,” Knoll continues. “Major diversifica-
tion events” (this one driven by causes un-
known, perhaps a cooling and simultaneous 
oxygenation of the oceans) drive profound 
change as well.

Earlier efforts by Knoll and his colleague 
Richard Bambach, an associate in the Har-
vard Herbarium, to predict which organ-

isms should be physi-
ologically vulnerable to 
rapid buildup of CO

2
, 

and which more tolerant 
of it, “turned out to give 
a very good first-order 
prediction of what went 
extinct in the Permian. 
That’s relevant,” Knoll 

says, because what happened then—a rap-
id rise of CO

2
, ocean acidification, warmth, 

and loss of oxygen in the oceans—is simi-
lar to the pressures building in the twenty-
first century.

The data don’t reveal whether a sixth ex-
tinction is now under way. Even so, Knoll 
notes that there have been significant de-
creases in population sizes among both land 
and sea animals “and the first step toward 
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Violent Innovations

I
nnovation drives  American busi-
ness—but not always for the common 
good. In Accounting for Slavery, historian 
Caitlin C. Rosenthal, Ph.D. ’12, finds in-

novation paired with racialized violence in 
the antebellum slave economy. 

When Rosenthal started her doctoral stud-

ies, she didn’t expect to write about slavery. 
Three years as a consultant at McKinsey & 
Company had attuned her to “the ways scale 
changes how CEOs relate to workers, how 
managers think about labor.” This interest 
first led her to research “iron forges and tex-
tile mills” in the North’s industrial cities.

During major extinctions,  
sometimes whole ecosystems  
disappear even when relatively 
few species are affected.
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extinction is a reduction in population size.” 
“I don’t want to overplay the predictions of 
this work for the future,” he adds, “but at 
least it gives us an ecological framework for 
thinking about what comes next. In many of 
these major extinction events, reef-building 
organisms are particularly at risk.” This has 
some real relevance to this century and the 
next “because if you look at statistics, such 
as the loss of half the reef cover in the Great 
Barrier Reef during the last 30 years, it’s re-
ally sobering.” vjonathan shaw

andrew knoll lab website:
https://sites.fas.harvard.
edu/~knollgrp/index.htm
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Her focus moved southward when vis-
iting professor Stanley L. Engerman of the 
University of Rochester, a quantitative 
economic historian and pioneer in study-
ing the economics of slavery, gave her a 
copy of Thomas Affleck’s Cotton Plantation 
Record and Account Book, published annually 
between 1848 and 1860. A standardized jour-
nal kept by plantation owners, the Account 
Book tracked metrics like slave productivity. 
From this interaction was born Accounting for 
Slavery, just published by Harvard University 
Press, in which Rosenthal examines such 
records to understand slaveholders’ man-
agement and accounting techniques. “The 
goal of the project,” which began with her 
dissertation, she says, “was to write slavery 
back into the history of American business.”

Slavery is often understood as an impedi-
ment to the development of American cap-
italism—a failure of both morals and busi-
ness. From this mindset, Rosenthal explains, 
“it is possible to craft a really triumphant 
narrative of American business,” in which 
economic freedom and human rights ad-
vance together. 

Plantation account books, she argues, un-
dermine this narrative of mutual progress. 
Instead, they demonstrate that plantation 
owners employed innovative management 
techniques, from multidivisional organiza-
tional structures and standardization (like 
the use of identical records that “could be 
compared across multiple plantations and 
over time”) to depreciation and nascent forms 
of scientific management, whereby workers 
are thought of as “inputs of production” and 
tracked meticulously to increase productivity. 
The control and consistency of an enslaved 
workforce facilitated these innovations, al-
lowing managers to keep careful records and 
experiment freely—even as hints of escape 
or resistance in the account books demon-
strate enslaved people’s efforts to subvert that 
control. As Rosenthal writes, “Systematic ac-
counting practices,” like maintaining records 
of individual productivity, “thrived on ante-
bellum plantations—not despite the chattel 
principle, but because of it.”

Drawing on Rosenthal’s interdisciplinary 
background in labor and business history as 
well as economics, Accounting for Slavery has 
what the author calls an “eclectic setup.” 
Rather than delving into a single geography 
and moment in time, as an historian might, 
Rosenthal organizes chapters by specific 
“innovations of business history, like the 
development of organizational hierarchies.” 
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She tracks these innovations on plantations 
throughout the nineteenth-century West 
Indies and the American South, drawing 
parallels to the nineteenth-century North 
and modern economy. She finds her sourc-
es in archives from Britain and Barbados to 
Harvard’s Baker Library (and even Enger-
man’s basement, where he keeps original 

records acquired through decades of re-
search). In a choice reminiscent of business 
journals, she focuses on “exceptional cases:” 
the largest and most productive plantations, 
or those that kept the most diligent records.

This choice also reflects broader dilem-
mas in archival research. Often (though not 
always), a source’s survival indicates the 
wealth, power, or foresight of someone who 
owned it. In England, for example, Rosenthal 
found decades’ worth of pristine, preserved 
annual reports sent from Caribbean manag-
ers to absentee plantation owners across the 
Atlantic. In the West Indies, by contrast, she 

often located mere “scraps” of corresponding 
day-to-day records lost to humidity and the 
relative lack of resources for preservation. 

Despite this survivor bias, she suggests that 
the obsession with record-keeping and pro-
ductivity-tracking extended down the man-
agement hierarchies on plantations through-
out the slave economy. Discussing the work 

of using records that survived in England to 
study plantations in the West Indies, for ex-
ample, Rosenthal reflects, “You look back 
from the available records that survived in 
England to ascertain what system they lay 
on top of.” 

In doing so, she hopes to bridge current 
debates in the history of slavery. Historians 
and economists, for example, have long dis-
puted the cause of a mid-nineteenth-cen-
tury spike in Southern productivity. Econ-
omists argue for agricultural innovations, 
such as new cotton seeds, while historians 
contend that greater levels of violence drove 

heightened production. Planta-
tion account books point to both 
answers: slaveholders, Rosenthal 
writes, “pursued multiple strat-
egies in combination, weaving 
agricultural innovation and co-
ercion together in strategies to 
grow more cotton.”

These innovations, she insists, 
should not be celebrated. On the 
contrary, “the tone of the project 
is one of critique.” According to 
its author, Accounting for Slavery 
is “a cautionary tale about what 
capitalism can look like, and has 
looked like, when the rules allow 
capital almost unlimited control 
over labor.” Nor is this critique 
limited to the South: “We have 
grown used to separate conversa-
tions about the slave South and 
the North,” Rosenthal explains, 
“when really they were two set-
tings in one connected economy, 
evolving together.” Slaveholders’ 
“business innovations were as 
central to the emerging capitalist 

system as those in free factories.”
Given this insight, a reader might ask 

how Americans should grapple with an 
economic system that thrived in the ab-
sence of human freedom. For Rosenthal, 
history suggests that regulation can help 
rein in the excesses of capitalism. The aboli-
tion of slavery, in her framing, was not just a 
moral triumph, but also a regulatory victory 
that limited planters’ economic freedoms 
in order to protect the rights of enslaved 
people. As Rosenthal, now an assistant pro-
fessor of history at the University of Cali-
fornia, Berkeley, reflects, “I hope that busi-
nesspeople will pick up my book and find 
inspiration for developing ethical practices, 
but that will never be enough. Protecting 
people from the extremes of profit-seeking 
will always require regulation.”

Rosenthal is optimistic that by heeding 
the history of slavery and innovation, Amer-
icans can “rethink the kinds of data we re-
cord and how we use it” in labor settings. 
In antebellum America, when sophisticated 
accounting practices upheld an economy 
dependent on racialized slavery, she finds 
innovation and violence behind the dry fig-
ures. vjohn a. griffin

caitlin rosenthal eMail:
crosenthal@berkeley.edu

The obsession with record-keeping and  
productivity-tracking extended down the  
management hierarchies on plantations 
throughout the slave economy.
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