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Ship Crowding and Slave Mortality: 
Missing Observations or Incorrect 

Measurement?
PETER M. SOLAR AND NICOLAS J. DUQUETTE

Inconsistent measurement of ship tonnage, the denominator in the usual measures 
of crowded conditions on slave vessels, may confound estimated associations 
between crowding and slave mortality on the Middle Passage. The tonnages 
reported in Lloyd’s Registers are shown to be consistent over time and are used 
to demonstrate that both the unstandardized and standardized tonnages in the 
Transatlantic Slave Trade Database are deeply awed. Using corrected tonnages, 
we nd that crowding increased mortality only on British slave ships and only 
before the passage of Dolben’s Act in 1788. 

In a recent article in this JOURNAL Nicolas Duquette (2014) detected, 
for the rst time, a “strong and robust association between crowded 

voyages and slave mortality.” He arrived at this result by using econo-
metric methods to incorporate into the analysis voyages for which loss 
rates on the middle passage were observed, but information on the dura-
tion of the voyage was missing in the Transatlantic Slave Trade Database 
(TSTD). This article does not take issue with Duquette’s methods. 
Instead it argues that the crowding variable, crucial to his and others’ 
research on the determinants of middle passage loss rates, is deeply 

awed. Its denominator, ship tonnage, has been grossly mismeasured 
over part of the period when changes in crowding were most likely to 
have in uenced slave mortality. This article argues that both the unstan-
dardized and standardized tonnage variables in the TSTD are traps for 
the unwary. Recalculation of Duquette’s estimation using corrected ship 
tonnages reveals a more limited relationship between crowding and slave 
mortality, a relationship observed only in the British slave trade before 
the late 1780s.
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Correctly quantifying the relationship between crowding and mortality 
is important not only for understanding the scale of a great crime against 
humanity, but for understanding the underlying business practices and 
shipping technologies that were used. Previously, the inability of scholars 
to nd a conditional correlation between crowding and mortality was 
taken as evidence that the slave trade was for the most part expected-
pro t-maximizing; ship captains packed their vessels to the point where 
they expected the risks of further crowding to offset the value of poten-
tially greater cargo, and thereafter any differences in observed mortality 
were driven mostly by infectious disease or bad weather hitting unlucky 
voyages more than others—a factor not observable while loading on the 
African coast. Duquette (2014) summarizes this literature.

Contradicting this model, a new literature on the slave system casts 
doubt on slave captains as ef cient, rational, well-informed actors. John 
Dalton and Tin Leung (2015, 2016), for example, nd large dispersions 
in the productivity of slavers within and across national carriers, and that 
captains themselves explain a great deal of the productivity differences 
across voyages. Furthermore, Dalton and Leung (2016) document that 
more than 60 percent of slave captains sailed just one voyage. Therefore, 
it is likely that, even if captains’ incentives were well-aligned with the 
voyage’s owners, there could be suboptimal crowding of ships due to 
the captains’ inexperience and misjudgement of the pro t-maximizing 
packing—pro t-maximization will only drive the observed relationship 
between crowding and mortality to zero if these mostly inexperienced 
captains were informed enough to make good decisions. Alternatively, 
ship captains might have been uninformed about the pro t-maximizing 
crowding level, not because of their own inexperience, but because of 
imperfect information about the health of their human cargo. Ann Carlos 
(1992) argues, for example, that the African factors of the Royal African 
Company stand out among British joint-stock companies’ foreign agents 
for their incompetence, because the company’s short-term contracts on the 
unhealthy West African coast limited opportunities to lter on ability ex ante.

This article, however, suggests that the lack of an association between 
crowding and mortality is not due to pro t-maximizing behavior nor to 
data observation problems, but to the way ship tonnage was measured. 
Problems with tonnage measurement concern almost all ships voyaging 
before the mid-1780s. The basic, but not the only problem, is well known 
through the work of Christopher French (1973) and John McCusker 
(1967, 1981), and arises because the way in which British and American 
shipowners declared the tonnage of their ships before the British Ship 
Registration Act of 1786 and similar legislation by the United States in 
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1789. The British act established comprehensive registration of British 
ships and made it compulsory to calculate tonnage by a formula initially 
laid down in 1695 and revised in 1773. Before the 1786 Act, many ship-
owners seem to have ignored this formula and systematically understated 
tonnages, probably to reduce their liabilities for port charges and other 
taxes. In 1792 William Irving, a prominent customs of cial, declared 
that the tonnage of North American vessels had been consistently under-
stated by a third (McCusker 1967, p. 82). Modern work (French 1973) 
has argued that understatement was less consistent than Irving suggested 
and might vary according to the size of the ship and the port in which it 
was registered. British ship tonnages before and after the late 1780s are 
thus not strictly comparable, which led the editors of the TSTD to adjust 
most of the earlier tonnages in order to create a standardized tonnage 
variable denominated in post-1786 tons, which are commonly referred to 
as “measured tons” (Eltis 2010).1 Here it will be shown that these adjust-
ments are inconsistent and often inappropriate. 

Before going into the details it is important to point out that in the 
eighteenth century there was no perfect formula for calculating a ship’s 
cargo-carrying capacity. Of cial formulae were calculations of volume 
and only very approximate. The British formula, for example, was based 
only on the ship’s length and breadth, with the depth being approximated 
by half the breadth. Of course, the weight of cargo that a ship could carry 
depended not only on the space available, but also on the speci c gravity 
of the cargo and on how tightly it was packed and loaded into the ship. In 
the particular case of slave ships what mattered was not so much volume 
as deck area, which Charles Garland and Herbert Klein (1985) show to 
be related to measured tonnage in a nonlinear way. Contemporaries knew 
that measures were only approximations. Advertisements of ships for 
sale in the late 1770s generally state tonnages with the quali ers “more or 
less” or “thereabouts” (Public Ledger 1775–1779). In pre-1786 sources 
tonnages are usually quoted to the nearest number ending in zero and there 
is signi cant heaping at numbers ending in 00 and 50. Contemporaries 
were also aware that cargo capacity could differ from measured tonnage. 
For example, in 1777 the Adventure was described as “about 160 tons 
measurement, but will carry 240” (Public Ledger 12 December 1777).

1 This article refers to several measures of ship capacity. In general, we follow the usage in 
the TSTD (Eltis 2010). “Measured tonnage” refers to the volume of the ship’s cargo space as 
approximated by any of the slightly different formulae given in the 1696, 1773, and 1786 British 
acts. “Registered tonnage” refers to the generally lower values for cargo space declared by British 
shippers before 1786. “Unstandardized tonnage” and “standardized tonnage” refer to the Tonnage 
and Standardized Tonnage variables in the TSTD. “Register tonnage” refers to values drawn from 
volumes of Lloyd’s Registers.
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The issue is thus not the absolute accuracy with which ship capacity 
was measured, but the consistency of capacity measures across time and 
space. There is already considerable measurement error in eighteenth-
century tonnages. It will be argued here that the adjustments made in the 
TSTD introduced more error, some of it systematic. In trying to correct 
for the understatement of some pre-1786 tonnages, the editors have 
overstated: (1) the size of most slave ships in this period; (2) the size of 
French, Portuguese, and Dutch ships relative to British and American 
ships; and (3) the size of smaller ships relative to larger ones. 

These conclusions follow for the most part from the demonstration that 
Lloyd’s Register, a contemporary rm that regularly surveyed ships as 
a service to insurers, did measure tonnages consistently from the 1760s 
onward. Most late eighteenth-century British slave ships in the TSTD can 
be found in Lloyd’s Registers. Of the 1,383 distinct ships departing Britain 
between 1776 and 1807 a Register tonnage can be attached to 91 percent 
of them. Since most of the ships not identi ed made only one voyage, 
those with Register tonnages accounted for 96 percent of all voyages. 
Before 1776 it is more dif cult to attach Register tonnages to slave ships. 
The 1776 volume remains useful for earlier years, but before that only 
the 1764 and 1768 volumes survive, and both have gaps. Nonetheless, 
of the 1,280 ships departing between 1760 and 1775 a Register tonnage 
can be attached to 38 percent and these ships accounted for 51 percent of 
all voyages. Hence the coverage from the mid-1770s is quite complete; 
those in the 1760s and early 1770s somewhat less so.

Other problems with the TSTD’s standardized tonnages arise from 
inappropriate and inconsistent application of the British adjustments 
to French and Portuguese ships and from some errors in data entry and 
manipulation concerning British and Dutch ships. The extent of the 
various problems is not trivial. The TSTD contains 16,655 observations 
for its standardized tonnage variable, of which 10,501 are for the period 
up to 1786. These early standardized tonnages are the result of 9,012 
adjustments, almost all of which are awed in one way or another. In the 
case of Duquette’s work inappropriate adjustments affect 65–73 percent 
of the observations in his samples. 

The errors in the TSTD standardized tonnage variable have implica-
tions for research on the effects of crowding on slave mortality. In the 
case of Duquette’s work the use of corrected, but still imperfect, tonnages 
turns out, strangely, to weaken his results. A closer look shows that the 
use of corrected tonnages still implies a strong link between crowding 
and mortality in the British slave trade, but not for French or other 
nations’ slave voyages. This con rms recent research by Peter Solar and  
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Klas Rönnback (2015) on the British slave trade, in which the substitu-
tion of tonnages from Lloyd’s Registers for the TSTD tonnages produced 
a clear connection between crowding and loss rates. But here it is shown 
that this relationship held only for the period before the passage in 1788 
of Dolben’s Act, a measure designed to reduce crowding on British slave 
ships.

THE BRITISH PROBLEM

The tonnages in the TSTD come from a variety of sources, including 
ship registers in British ports, lists of ships arriving at Caribbean ports, 
newspaper advertisements, Admiralty Court proceedings, and Lloyd’s 
Registers. Sometimes the tonnage of the same ship varied from voyage 
to voyage. The ship could have been lengthened or rebuilt in the interim, 
but some of these variations probably resulted from changes in the source 
of the tonnage gures. In the database ve to ten sources are often cited 
collectively for a single voyage, so it is generally not possible to isolate 
the source from which any given tonnage is taken. 

The editors of the TSTD, drawing on the work of French (1973), 
adjusted upward almost all pre-1786 tonnages, from whatever source, 
according to the size of the ship. This was done for three size classes 
(1–150 tons; 151–250 tons; >250 tons) in the manner shown in Figure 1. 
Small ships were adjusted upward by about 80 percent; medium size ships 
by about 50 percent; and large ships by about 13 percent. It is apparent in 
Figure 1 that these adjustments are discontinuous, which leads to changes 
in the ordering of ships by size. The major problem arises for ships in the 
range from 200 to 300 tons. For example, the standardized tonnage of a 
ship whose unstandardized tonnage is 200 tons turns out to be larger than 
that of a ship whose unstandardized tonnage is 260 tons and the standard-
ized tonnage of a ship of 250 tons is larger than that of one whose initial 
tonnage is 300 tons. Similar, but smaller, inversions occur around 150 
tons. The standardized tonnage of a ship whose unstandardized tonnage 
is 150 tons is larger than that of ships with unstandardized tonnages up 
to 170 tons. These discontinuities introduced unnecessary errors and 
spurious variability into the standardized tonnages in the TSTD. The 
impact of these discontinuities was magni ed by fairly severe heaping 
of unstandardized tonnages at numbers ending in 50 and 00 (Solar 2016).

The editors also adjusted tonnages that should not have been adjusted, 
notably those drawn from Lloyd’s Register.2 In order to see this, it is 

2 For a detailed discussion of this source, see Behrendt and Solar (2014).
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necessary, rst, to show that the tonnages reported in the Registers were 
consistent both across the 1773 and 1786 acts and with the of cial tonnages 
from the late 1780s onward. This will establish the Registers as an alter-
native source for pre-1786 tonnages such that they are directly compa-
rable with the post-1786 tonnages. Figure 2 shows the kernel densities for 
three comparisons: (1) the tonnages of all ships (mostly non-slavers) in 
the 1791 Register whose names began with the letters A and B and whose 
recorded date of construction was 1780 or earlier with the tonnages of 
the same ships in the 1781 Register; (2) the tonnages of all ships (again 
mostly non-slavers) in the 1776 Register whose names began with P and 
whose recorded date of construction was before 1769 with the tonnages 
of the same ships in the 1768 Register; and (3) the tonnages of slave ships 
that made voyages in the years 1782, 1783, or 1784 with the same ships 
that made voyages in 1788 or 1789.3 All three kernel densities, in which 
the variable is the ratio of tonnage in the later year to that in the earlier 
year, show a strong peak at one, indicating that the tonnages of many of 
the ships were the same in both years. The distributions have tails both 
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FIGURE 1
TONNAGE ADJUSTMENTS IN THE TSTD

Sources: Eltis (2010), after French (1973).

3 Ships with names beginning with the letter P were used for the 1768–1776 comparison 
because the surviving 1768 volume lacks the pages for ships with names beginning with the 
letters A through L.
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below and above one and show no evidence of any general upward or 
downward adjustments of tonnages corresponding to either the 1773 Act 
or the 1786 Act. The distributions show that there were indeed some 
large upward changes in tonnage between 1768 and 1773 and between 
1781 and 1791, but many of these upward changes can be seen from 
annotations in the Registers to have resulted from structural changes in 
the ships concerned. For 9 of the 15 upward revisions of 25 percent or 
more between 1781 and 1791 the vessels had been either lengthened or 
rebuilt in the interim. The same is true of the largest upward changes in 
the tonnages of the slave ships.

There seem to be no sources that show how the Register’s surveyors 
measured ships and calculated their tonnages. The supposition must be 
that they used methods comprehensible to contemporaries, most likely 
something like the formula speci ed in the 1773 Act. Ship measurement 
in three other contexts may provide some guidance. First, the British 
government consistently employed the 1773 Act formula when hiring 
transports in wartime. Government inspectors surveyed candidates 
and calculated their tonnages, on the basis of which their owners were 
subsequently paid (Syrett 1970, 2008; Condon 1972). Second, shipowners 
applying to the High Court of Admiralty for licenses to privateer had to 
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KERNEL DENSITIES OF SHIP TONNAGE COMPARISONS ACROSS SOURCES

Sources: Lloyd’s Registers, 1763–1807.
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declare tonnages. The declared tonnages of 576 privateers granted letters 
of marque between 1776 and 1782 were just 5 percent lower than their 
tonnages as shown in Lloyd’s Registers. The median difference was 
zero.4 Third, the tonnages of ships put up for sale or hire were quoted in 
newspaper advertisements. The 16 Bristol slave ships advertised between 
1770 and 1785 averaged 212 tons (Richardson 1996) as compared with 
200 tons in Lloyd’s Registers (and only 144 unstandardized tons in the 
TSTD). Similar results hold for 156 non-slave ships advertised in the 
Public Register from 1775 to 1778.

A more direct test of the hypothesis that the Register’s surveyors used 
tonnage measured by a consistent formula is to compare the tonnages in 
the Registers with those in post-1786 of cial shipping registers. Robert 
Craig and Rupert Jarvis (1967) have published an edition of the early 
Liverpool registers. Of the 96 ships registered there in 1788, 75 can be 
matched to entries in the 1789 and 1790 volumes of Lloyd’s Register. 
Tonnages in the two sources are identical in 16 cases, with another 11 
cases involving differences of no more than 5 percent. The differences 
range from the Mary, for which the Lloyd’s tonnage is 31 percent lower, 
to the Jane, for which the Lloyd’s tonnage was 67 percent higher. On 
average the tonnages in the Registers were about 10 percent larger than 
those in the Liverpool registers. In principle, the Liverpool port of -
cials should have been using the of cial formula from the 1786 Act, 
but applying that formula to ship dimensions in the Liverpool regis-
ters yields tonnages that are on average almost 8 percent larger than the 
tonnages reported, and hence close to those in Lloyd’s Registers. In the 
years following 1790, the tonnages in Lloyd’s Registers and those in the 
Liverpool registers are increasingly aligned. By 1793, 37 of 50 tonnages 
were identical. Most of the remaining differences involved larger values 
in Lloyd’s than in the Liverpool registers, suggesting that the Register’s 
Liverpool surveyor did not take the of cial tonnages as writ. That said, 
this comparison of the two sources indicates that the methods used by 
Lloyd’s surveyors produced gures that were quite consistent with of -
cial tonnages as recorded after 1786. 

Now that it has been established that from the 1760s Lloyd’s Registers 
measured tonnages consistently and in a manner similar to that used to 
arrive at of cial tonnages after 1786, the way in which the editors of the 
TSTD adjusted pre-1786 tonnages can be assessed by comparison to the 

4 These results come from matching the Hillmann and Gathmann’s (2011) data on letters of 
marque to the information in the Registers. We thank Henning Hillmann for kindly making 
available to us this part of their sample from the High Court of Admiralty records.
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Register tonnages. For the period from 1760 to 1786 it was possible to 
match observations in these two sources for 1,848 voyages made by 790 
ships. For a ship making several voyages the tonnages were usually the 
same across all its voyages, probably because they came from the same 
source. But for some ships tonnages in one or the other source differed 
across voyages. When the TSTD voyages have been cleaned of what 
are effectively duplicate observations for the same ship, there remain 
1,002 observations on the 790 ships. The majority of the variant observa-
tions for the same ship were due to tonnages varying from one voyage 
to another within the TSTD, probably because they were drawn from 
different sources.

The rst result of this analysis is that the editors of TSTD relied very 
little on tonnages from Lloyd’s Registers. For only 552 of the 1,002 
observations were the Registers listed as a source, and for only 196 of 
these was the unstandardized tonnage equal to that in the Registers. For 
ships where the Registers were not listed as a source, it is possible that 
some of the secondary sources cited may have drawn on them, but in 
only 81 of the 446 cases was the unstandardized tonnage the same as 
that in the Registers. The editors clearly took no more than 30 percent of 
unstandardized tonnages from the Registers. Unfortunately, in more than 
90 percent of the cases in which unstandardized and Register tonnages 
were the same these tonnages were then adjusted upward, which, on the 
argument here, should not have been done.

Lloyd’s Register and unstandardized TSTD tonnages are compared 
in Table 1. The distribution of the ratio of Register to unstandardized 
tonnage is clearly bimodal, with peaks at 1 and somewhere between 1.2 
and 1.29, though there is a long tail at higher values. Tonnages from the 
two sources are identical for more than a quarter of the observations and 
identical or within 10 percent of being identical for more than a third of 
the observations. The sources listed in the TSTD make it likely that many 
of these identical or near-identical observations were drawn from Lloyd’s 
Registers. 

The majority of the unstandardized tonnages in the TSTD are different 
from those in the Registers. Strangely, some are considerably larger than 
Register tonnages, though it is not clear why shipowners would have 
declared such high tonnages. Even so, three-quarters of these tonnages 
were adjusted further upward by the editors of the TSTD. But most 
unstandardized tonnages in the TSTD were, as would be expected, less 
than the Register tonnages and 95 percent of these were adjusted upward. 
The small number which were not adjusted came mainly from the mid-
1780s and were 10–20 percent lower than the Register tonnages. 
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Comparisons to the Register tonnages indicate that the size of the ship 
was not systematically related to its understatement. As noted earlier, the 
editors of the TSTD made different adjustments for three class sizes: up 
to 150 tons; 151–250 tons; and 251 tons or more. If only observations for 
which the Register tonnage is at least a quarter larger than the unstan-
dardized tonnage are taken into consideration, that is, the ones that prob-
ably should have been adjusted, then the Register tonnages are greater 
than the unstandardized tonnages for these three class sizes by averages 
of 57, 43, and 48 percent. The editors of the TSTD would thus seem 
to have overadjusted the tonnages for smaller vessels and underadjusted 
them for larger ones. 

The similarity of these differences across tonnage classes suggests, at 
rst sight, that in cases in which upward adjustment is appropriate, it 

would have been more straightforward and less inducive of error to have 
applied a constant adjustment factor to ships of all sizes. For ships of 
which the Register tonnage was a quarter or more larger, the average 
margin was 54 percent. This gure is not much more than the 50 percent 

TABLE 1
REGISTER VS TSTD TONNAGES 

1760–1786

Ratio of Register  
to Unstandardized 
TSTD Tonnage

All  
Observations

Share 
Observations

Adjusted  
in TSTD

Share  
Adjusted

<0.50     2   0.2   1  50.0
0.50–0.74    18   1.8  14  77.8
0.75–0.89    57   5.7  43  75.4
0.90–0.99    49   4.9  23  46.9
1.00   277  27.6 256  92.4
1.01–1.09    49   4.9  31  63.3
1.10–1.19    94   9.4  77  81.9
1.20–1.29   110  11.0 105  96.5
1.30–1.39    74   7.4  72  97.3
1.40–1.49    57   5.7  57 100.0
1.50–1.59    62   6.2  60  96.8
1.60–1.69    56   5.6  55  98.2
1.70–1.79    26   2.6  26 100.0
1.80–1.89    13   1.3  13 100.0
1.90–1.99     6   0.6   6 100.0
2.00+    52   5.2  51 84.9
Total 1,002 100.1 851
Sources: TSTD; Lloyd’s Registers.
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adjustment suggested by William Irving in 1792 and the 46 percent that 
McCusker (1967) found many years ago from his sample of ve ships. 

But while a constant adjustment factor is probably better than the sort 
of adjustments made in the TSTD, the large variance in the ratios of 
Register to unstandardized tonnages shown in Table 1 indicates that this 
may still be only a very approximate solution. There seem to be no clear 
determinants of these ratios. They do not seem to vary in a systematic 
way across ship size, place of construction, place of registration, year of 
voyage, or data source. 

One further error concerns more than 200 British ships making 
voyages between 1676 and 1731. For these ships tonnages have been 
adjusted downward in the TSTD, but the discussion in David Eltis and 
David Richardson (1995, pp. 481–82) indicates that the adjustment being 
made is from measured to registered tonnage. Since standardization was 
to measured tonnage, either the columns should be reversed or no adjust-
ment should have been made to the original gures.

ADJUSTMENTS TO NON-BRITISH TONNAGES

The adjustments made by the TSTD editors to British tonnages before 
1786 were also applied to French and Portuguese ships, but in a rather 
inconsistent fashion. For French ships upward adjustments were made to 
almost all ships up through 1773, then to only a few ships between 1774 
and 1783. For Portuguese ships upward adjustments were made to ships 
sailing between 1686 and 1773, but not to ships sailing before 1686 or 
between 1774 and 1783. No justi cation drawing on legislation or prac-
tice in these countries was given for these variations in adjustment. 

The main reference given by the editors concerning the equivalence 
of capacity measurements was Frederic Lane (1964, p. 229), who, 
drawing on eighteenth-century evidence, offered the following rough  
conversions:

1 metric ton burden = 1 English deadweight ton 
= 1 French tonneaux de mer 
= 0.5 Dutch lasts
= 1 Spanish and Portuguese tonelade of Seville  
   of 1520 

If Lane was referring to the British registered ton before 1786, then  
this would argue for upward revisions of all French and Portuguese 
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gures, not just in selected periods. Moreover, since there is no evidence 
that the French or Portuguese changed their methods of ship measure-
ment at the same time as the British did, this would suggest that tonnages 
from these countries should also be adjusted upward after 1786. 

But it seems more likely that these conversions should be interpreted 
to refer to the British measured ton, in which case none of the French and 
Portuguese tonnages should have been adjusted upward. Decadal aver-
ages of the unstandardized tonnages for several countries are shown in 
Table 2. There do seem to have been persistent differences in the size 
of slave ships across countries. The Americans consistently employed 
small vessels and the Portuguese, particularly early on, seem to have used 
larger vessels. The gures also seem to suggest that until the third quarter 
of the eighteenth century the British used much smaller ships that did the 
French, Dutch, and Portuguese. But by the 1790s and 1800s the British 
were using ships of a size comparable to those used by the slave traders 
of the other nations. 

Was this convergence a real phenomenon? Evidence from Lloyd’s 
Registers shows that there was indeed some increase in the average size 
of British slavers in the 1780s (Figure 3). But this change could only have 
accounted for about half of the increase shown in Table 3. An obvious 
explanation of the rest is obligatory adoption of the measured ton by 
British shipowners. If so, then this would indicate that none of the French 
and Portuguese gures should have been adjusted upward in the period 
before 1786. 

The unstandardized tonnages also argue against the editors’ choice 
of 1774 as a break in the practice of capacity measurement in France 
and Portugal. The average tonnage of French slave ships in 1770–
1773 was 180 tons; in 1774–1779 it was 183 tons. In the Portuguese 
case the average tonnage over the same periods increased from 212 to 
253, but the latter gure was still lower than the average tonnage in the  
1760s. 

Finally, there is a clear error in the construction of the standardized 
tonnage variable for almost all of the 400 or so Dutch ships. The TSTD 
relied predominantly on information collected by Johannes Postma 
(2008) and reported by him in lasts, the Dutch unit of capacity. The last, 
as noted previously, was roughly equivalent to two English tons and 
the gures reported as unstandardized tonnages in the TSTD have been 
converted accordingly. Unfortunately, the editors doubled these tonnages 
again to arrive at standardized tonnages, which means that the size of 
Dutch slave ships was systematically overstated. Dutch ships would thus 
rarely appear to be crowded.
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IMPLICATIONS OF INAPPROPRIATE ADJUSTMENTS

Figure 3, drawing on the evidence from Lloyd’s Registers, offers a 
corrected view of how the average tonnage of British slave ships changed 
from 1760 to 1807. Over the period as a whole, the average British slaver 
became a good deal larger, from something under 150 tons in the early 
1760s to about 250 tons on the eve of abolition. This increase, of some-
what more than two-thirds, is larger than the 50 percent suggested by 
D. P. Lamb (1976, p. 99). The average unstandardized and standardized 
tonnages from the TSTD are also shown in Figure 3. From the late 1780s 
the TSTD series are very similar to the series based on Lloyd’s Registers, a 
broader con rmation that the Registers were recording something similar 
to of cial tonnages after 1786. Before the late 1780s there are marked 
differences. The unstandardized tonnages are well below those in the 
Registers, much as one would expect since many of these were tonnages 
that had been understated. The TSTD standardized tonnages are well 
above the Register tonnages in the 1760s and 1770s, again as expected 
given the problematic adjustments in the TSTD. Both the unstandardized 
and standardized tonnages converge to the Register tonnages from the 
early 1780s since during this period the editors of the TSTD often drew 
values for ship tonnages from sources dated after the 1786 Act.

This gure suggests, again broadly, why researchers may have found 
it dif cult to detect a relationship between crowding and slave mortality 
on British ships when the crowding variable was based on the standard-
ized tonnages in the TSTD. These tonnages overstate ship size and hence 
understate crowding in the period up to the mid-1780s. In 1788 Parliament 

TABLE 2
MEAN UNSTANDARDIZED TSTD TONNAGES 

1750–1819

Britain France Netherlands Portugal USA

1750–1759  99  170 131  65
1760–1769 111  172 152 271  74
1770–1779 111  182 172 242  60
1780–1789 171 *320 194  60
1790–1799 194 *341 221  97
1800–1809 247 *297 200 120
1810–1819  148 171
Note: * from 1784 until 1792 the French government subsidized the slave trade based on tonnage, 
which led shipowners to overstate tonnages (Eltis 2010). The mean value for 1780–1783 was 
182 tons.
Source: TSTD.
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passed Dolben’s Act, which set limits on the number of slaves per ton 
that British ships could carry. Use of the standardized tonnages will thus 
tend to understate any reduction in crowding that resulted from this act 
and hence any effect that the Act may have had on slave mortality. 

We explore the implications further by presenting revised estimates 
of Duquette’s (2014) regressions using corrected ship tonnages (and 
hence crowding). The presence of inaccurate tonnages in Duquette’s 
sample could have affected his estimates in three ways, with ambiguous 
overall implications for his analysis. First, because most of the TSTD 
tonnages are understated, calculated crowding (which is inversely related 
to tonnage) would have been mostly overstated. Second, the adjust-
ments introduce measurement error in independent variables. We would 
expect both the scaling error and attenuation to bias Duquette’s estimated 
coef cient on crowding toward zero. Third, if the errors in the TSTD’s 
adjustments were correlated with other variables of interest, then in a 
multivariate regression the overall effect of the error is ambiguous—the 
estimated coef cient on crowding might capture not crowding itself, but 
other in uences on mortality correlated with the measurement error.

Correlation coef cients in the data con rm that this third factor is a 
matter of concern. Table 3 reports pairwise correlation coef cients for 
the (revised) tonnage and crowding, voyage duration (where observed), 
and the measurement errors in the tonnage and crowding variables. The 
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FIGURE 3
AVERAGE TONNAGES OF BRITISH SLAVE SHIPS 1760–1807

Sources: TSTD; Lloyd’s Registers, 1763–1807.
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correlations between tonnage, crowding, and mortality are statistically 
signi cant, but not large. The signs of the errors suggest that mismea-
surement of tonnages should have overstated the relationship between 
tonnage and mortality, while understating the relationship between 
crowding and mortality. More intriguingly, the correlations between 
errors in tonnage and crowding measurement and (observed) Middle 
Passage duration are large and statistically signi cant. Duration is posi-
tively associated with error in tonnage, and negatively with the error in 
crowding. This nding suggests all coef cients measured in Duquette’s 
study may be estimated with errors driven by multivariate correlations 
with the erroneous tonnage adjustments.

Reestimation of Duquette’s regression using corrected tonnages indi-
cates that adjustment errors caused his estimated crowding effect to be 
overstated. Duquette estimated a regression of the form

Mortality Crowdingrr DurationiCrowdingri iDuration1 2 3iβ β β βT2 onnagei=β0 +β TonnageTT2TonnageTT i (1)

,routrr e decade i( )i ( )iψ φroutrr e )i ε+ψ t ( )i +

where Mortality is the percentage death rate of embarked slaves, Crowding 
is the ratio of embarked slaves to corrected shipping tons, Tonnage is the 

TABLE 3
CORRELATION COEFFICIENT BETWEEN REVISED VARIABLES AND 

MEASUREMENT ERRORS

 
Mortality 

Corrected 
Tonnage

Tonnage  
Error

Corrected 
Crowding

 
Crowding

Tonnage error 0.0732*
(0.0007)

Corrected tonnage 0.0019 –0.1545*
(0.9301) (0.0000)

Crowding error –0.0682 –0.7586* 0.3161*
(0.0015) (0.0000) (0.0000)

Corrected crowding 0.0863* 0.1631* –0.3375* –0.4885*
(0.0001) (0.0000) (0.0000) (0.0000)

Voyage duration 0.3579* 0.2821* –0.0813 –0.3048* 0.1077
(0.0000) (0.0000) (0.0247) (0.0000) (0.0029)

* = Signi cant at the 0.1 percent level.
Notes: Labeled cells report pairwise correlation coef cients between labeled column and row 
variables; p-values for test of statistical difference from zero are reported below in parentheses. 
“Tonnage error” and “Crowding error” are computed as the values from TSTD adjusted tonnages, 
less values from the corrected values described in this article.
Sources: TSTD, Lloyd’s Registers.
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corrected volumetric capacity of the ship, and Duration is the number 
of days on the Middle Passage between the last port in West Africa and 
the rst port in the Americas. Additionally, the speci cation adds xed 
effects by trade route ( route(i)) and by decade ( decade(i)) to isolate correla-
tions of the variables of interest with mortality from unobserved in u-
ences of captains’ route-based expectations and from changes in shipping 
practices and technology over time. 

Table 4 reports multivariate regression results for equation (1). Columns 
(1), (2), and (3) report Duquette’s earlier estimates for the reader’s conve-
nience; columns (4), (5), and (6) report equivalent results, respectively, 
using the corrected tonnages. Columns (1) and (4) estimate a simple linear 
regression for 763 observations with voyage duration observed. The main 
focus of Duquette’s article was the argument that the sample of perfectly 
observed voyages was imperfectly representative of the slave trade as a 
whole, and he used different missing data methods to expand the sample. 
Following the same methodology, columns (2) and (5) extend the sample 
to voyages missing observed Middle Passage duration using multiple 
random imputation; columns (3) and (6) add an interaction between 
Crowding and Duration to capture nonlinear and perhaps increasingly 
severe mortality effects of crowding on unexpectedly long voyages.

Though most of the regression coef cients are qualitatively unchanged, 
the estimated relationship between crowding and mortality is much 
closer to zero and statistically insigni cant using the corrected sample. 
In all three speci cations, the point estimate on the relationship between 
crowding and mortality is reduced by about one-third in absolute value. 
As in Duquette’s article, the estimated coef cient for voyages with 
observed Middle Passage duration is small, negative, and statistically 
insigni cant, but even so column (4) reports a value closer to zero—that 
is, even without creating imputed values to expand the data set, the asso-
ciations between corrected crowding and mortality imply a smaller rela-
tionship in absolute magnitude. When the sample is expanded to include 
otherwise complete voyage records without duration (including most 
British voyages), the point estimates, while positive, are smaller and no 
longer statistically different from zero. Surprisingly, then, more accurate 
tonnage measurement makes the effect of crowding on Middle Passage 
mortality disappear in the full sample.

Because the errors in the TSTD’s tonnage measurement are highly 
national, we investigate further by ag of the carrier. In Table 5 we 
subdivide the sample into three groups: French voyages (N=772), British 
voyages (N=1,016), and those of all other countries (N=377). Because 
of the reduced number of observations, xed effects for time-period 
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TABLE 4

MULTIVARIATE REGRESSION OF SLAVES’ MIDDLE PASSAGE MORTALITY RATE ON VOYAGE CHARACTERISTICS

Uncorrected Tonnages Corrected Tonnages

Imputed Duration Method Imputed Duration Method
(1) (2) (3) (4) (5) (6)

Duration Observed All Voyages All Voyages Duration Observed All Voyages All Voyages

Crowding –0.617 1.489** 3.206** –0.416 0.884 1.968
(Slaves per shipping ton) (1.103) (0.612) (1.362) (1.072) (0.564) (1.301)

Tonnage 0.0144** 0.00546 0.00551 0.0119* 0.00471 0.00477
(Capacity in shipping tons) (0.00589) (0.00337) (0.00338) (0.00611) (0.00358) (0.00358)

Duration 0.164*** 0.0559*** 0.0935*** 0.166*** 0.0568*** 0.0822**
(Days on middle passage) (0.0255) (0.0145) (0.0293) (0.0256) (0.0145) (0.0325)

Crowding × Duration –0.0254 –0.0139
(0.0177) (0.0152)

Constant 2.616 30.34*** 27.00*** –0.221 31.79*** 30.29***
(6.767) (5.190) (6.701) (6.180) (5.396) (6.471)

Observations 763 2,167 2,167 763 2,165 2,165
R-squared 0.290 0.203 0.206 0.287 0.205 0.206
Route and decade effects
*** p<0.01 
** p<0.05
* p<0.1
Notes: Standard errors in parentheses corrected for an arbitrary covariance structure by ship. In columns 2, 3, 5, and 6, estimates and errors are corrected for 
imputation bias using multiple random imputation (50 iterations). The R-squared presented in columns 2, 3, 5, and 6 is for an ordinary regression using the 50th 
imputation of Duration.
Sources: TSTD, Lloyd’s Registers.
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MULTIVARIATE REGRESSION OF SLAVES’ MIDDLE PASSAGE MORTALITY RATE ON VOYAGE CHARACTERISTICS

(1) (2) (3) (4) (5) (6) (7) (8)

Excluding French and British Voyages

British Voyages Only

French Voyages Only All Years Pre-1788 Post-1788

Corrected Crowding –0.00668 1.776 1.158 1.476 3.181*** 4.549** 4.664** 2.656
(Slaves per shipping ton) (0.803) (2.077) (1.022) (2.216) (0.868) (1.873) (2.109) (4.674)

Corrected Tonnage 0.0119 0.0121 0.0142** 0.0142** 0.0110** 0.0108** 0.0203*** –0.0123**
(Capacity in shipping tons) (0.00920) (0.00928) (0.00577) (0.00578) (0.00465) (0.00465) (0.00678) (0.00478)

Duration 0.0323 0.0738 0.119*** 0.126** –0.00103 0.0340 0.0616 –0.00476
(Days on middle passage) (0.0423) (0.0648) (0.0241) (0.0564) (0.0197) (0.0447) (0.0564) (0.106)

Corrected Crowding × Duration –0.0239 –0.00362 –0.0194 –0.0262 –0.00117
(0.0245) (0.0250) (0.0242) (0.0270) (0.0705)

Constant 46.80*** 43.69*** 7.516 6.843 10.15 7.548 4.250 0.104
(5.008) (6.716) (8.404) (9.774) (9.650) (9.808) (9.845) (6.611)

Observations 377 377 772 772 1,016 1,016 629 387
R-squared 0.312 0.312 0.207 0.208 0.276 0.276 0.213 0.261
Route and 25-year effects
*** p<0.01 
** p<0.05
* p<0.1
Notes: Standard errors in parentheses corrected for an arbitrary covariance structure by ship. In columns 6 and 7, estimates and errors are corrected for 
imputation bias using multiple random imputation (50 iterations). All columns use imputed duration and present R-squared for an ordinary regression using the 
50th imputation of Duration.
Sources: TSTD, Lloyd’s Registers.
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unobserved factors are implemented in 25-year instead of 10-year indi-
cator variables. Otherwise, odd-numbered columns (1) through (5) report 
identical regressions to Table 3, column (5) and even-numbered columns 
(2) through (6) equivalent to Table 3, column (6).

The point estimate on crowding is economically and statistically signif-
icant only for British slave ships, where a one standard deviation increase 
in the revised crowding variable (0.75) is associated with an increase of 
4.9 to 6.2 percentage points in slave mortality. French voyages report 
a point estimate about half the size of the British association, and one 
not statistically different from zero. The duration of the Middle Passage, 
on the other hand, is statistically and economically signi cant only for 
French voyages. The French data is the best and most consistent source 
of voyage durations in the TSTD and has fewer imputed values than the 
British data, so it has the lowest noise-to-signal ratio for this contributor 
to mortality.

That the effect of crowding on mortality is found primarily for the 
British voyages is striking, particularly since British voyages are the focus 
of our revised tonnage estimates. We now extend the analysis further 
to two questions related to the timing and conduct of the British trade: 
Did the regulatory restrictions imposed by Dolben’s Act (1788) reduce 
slave mortality? And how did the introduction of copper-sheathed ships 
change slave mortality? Our understanding of both questions is improved 
by the use of corrected tonnages.

Dolben’s Act placed restrictions on how tightly packed slaves could 
be on the Middle Passage. However, because the measurement and 
recording of ship tonnages changed at around the same time as the Act 
(from the adjusted and overstated tonnages in the TSTD to more or less 
correct values), attempts to measure the effect of Dolben’s Act will be 
confounded by the simultaneous change in crowding measurement error. 
We can look for an effect of the Act by splitting the British sample into 
the period before and after 1788. As shown in Table 6 the post-Dolben 
sample has no statistically signi cant relationship between crowding and 
mortality, while prior to Dolben, British voyages present a strong, statis-
tically signi cant effect of crowding. It appears that Dolben’s Act did 
successfully rein in the worst excesses of British slavers. 

The British ships are the focus of Solar and Rönnb ck’s (2015) study 
of copper sheathing. They nd that coppered slave ships made the Middle 
Passage more quickly and with lower mortality than uncoppered ships. 
This fact invites a study of the mortality effects of a particular technolog-
ical innovation added to the stock of ships over time instead of control-
ling for unobserved technology using xed effects period(i). We repeat the 
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speci cation of equation (1) for British voyages while adding a new vari-
able to measure coppered vessels.

Mortality Crowdingrr DurationiCrowdingri iDuration1 2 3iβ β β βT2 onnagei=β0 +β TonnageTT2TonnageTT i (2)

CoppeCC r CoppeCC r CroCC wding*CoppeC r CoppeC ri ir Cr oppeC rr i4 5i iβ βD ti d*C di g4 Durationi iCroCC wding β+ β Duration CroCC wdingCroC wding4 Duration CroCC wdingCroCC wding

,routrr e period i( )i ( )iψ φroutr e )i ε+ ψ t ( )i +

where Copper is equal to 1 if the vessel was copper-sheathed at the 
time of voyage i and equal to 0 if it was not. For a small number of 

TABLE 6
REGRESSION OF BRITISH SLAVE MORTALITY ON CROWDING  

WITH COPPER SHEATHING

(1) (2) (3) (4)

British Voyages Corrected Tonnages

Corrected crowding 4.568** 3.262 3.709** 2.988
(1.845) (2.012) (1.862) (2.011)

Corrected tonnage 0.00946** 0.00947** 0.00766 0.00802*
(0.00464) (0.00461) (0.00468) (0.00469)

Duration 0.0372 0.0239 0.0341 0.0257
(0.0437) (0.0442) (0.0427) (0.0438)

Corrected Crowding × Duration –0.0214 –0.0133 –0.0178 –0.0131
(0.0240) (0.0248) (0.0239) (0.0247)

Coppered –3.874*** –10.05*** –2.349 –7.581**
(1.089) (3.145) (1.838) (3.694)

Coppered × Corrected Crowding 3.765* 2.664
(2.010) (2.056)

Dolben –2.588 –2.839
(1.889) (1.881)

Coppered × Dolben –0.954 0.357
(2.172) (2.081)

Constant 7.399 9.350 9.286 9.642
(9.793) (9.704) (9.657) (9.711)

Observations 1,016 1,016 1,016 1,016
R-squared 0.289 0.290 0.288 0.292
Route and 25-year effects

*** p<0.01 
** p<0.05
* p<0.1
Notes: See Table 4.
Sources: TSTD, Lloyd’s Registers, Solar and Rönnb ck (2015).
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observations where sheathing status was unknown, Copper is also set 
equal to zero. Other variables are as previously described. Other technol-
ogies are captured with 25-year effects period(i), and time-invariant proper-
ties of trading routes captured with route effects route(i).

Table 6 reports the results of this estimation. Consistent with Solar and 
Rönnb ck’s ndings, coppered British voyages exhibit lower mortality 
than uncoppered, a difference of about 3 percentage points (although 
lower than Solar and Rönnb ck’s 5 to 7 percent). However, the point 
estimate of crowding’s relation to slave mortality on British ships is little 
changed. 

This may be surprising, since coppering appears to have been an 
important variable omitted from the previous regressions, and one likely 
to be correlated with crowding. However, this correlation has two offset-
ting effects: because coppered ships had shorter crossings, captains were 
likely to pack coppered vessels more tightly, all else equal.5 Coppering 
therefore both increased crowding and reduced travel time, with ambig-
uous effects on the mortality associations of either.

As a nal check, we may wonder whether the rise of coppered vessels 
and the passage of Dolben’s Act are picking up the same effect, since 
both came in the latter period of the British slave trade. The addition 
of a Dolben indicator variable and an interaction variable reduces the 
precision of the estimates while leaving the sign and order of magni-
tude unchanged; absent new evidence, there is no reason to conclude that 
the effects of the Dolben Act or copper sheathing on slave mortality are 
confounding one another. 

CONCLUSIONS

The Transatlantic Slave Trade Database is a magni cent achievement 
of collective scholarship and a rich resource for historians of slavery. This 
makes it all the more painful to point out such severe problems with just 
two of the many variables in the database. That said, researchers doing 
quantitative work on the slave trade would be well advised to avoid the 
current standardized tonnages. Even the unstandardized tonnages may be 
misleading. They certainly are when comparisons involving British and 
American ships span the 1786 Ship Registration Act, and may even be so 

5 Appendix Table 1 investigates the connection between copper sheathing and crowding 
among British voyages; all else equal, copper sheathing was associated with tighter packing by an 
economically and statistically signi cant difference of about 0.2 slaves/ton (roughly 10 percent 
greater).
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for the pre-1786 period since the tonnages in the TSTD were drawn from 
a variety of not necessarily comparable sources. 

From the early 1760s Lloyd’s Registers are a more reliable source of 
tonnages for British ships. For earlier British and American voyages 
tonnages drawn from certain sources, such as newspaper advertisements, 
can be used without adjustment. But those from other sources, such as 
the plantation registers or the naval shipping lists, should be adjusted 
upward. A constant adjustment of about 50 percent would seem the most 
appropriate. 

The results of this exercise also have broader implications for the 
history of the British shipping industry in the late eighteenth century. The 
consistency of the tonnages from Lloyd’s Registers with the measured 
tonnages after the 1786 Ship Registration Act suggest that Lloyd’s 
Registers should be the preferred source of data on ship capacity from 
the 1760s onward. 

Beyond the issue of shipping tonnage itself, this analysis demonstrates 
the importance of continually improving the accuracy, breadth, and 
coverage of historical data for accurate quantitative history. The simplest 
explanation for the lack of an association found in the literature between 
crowding and mortality is neither expected pro t maximization by ship 
captains, nor the patterns of data observation suggested by Duquette, 
but simple nonclassical measurement error in the standardization of ship 
tonnages. It is hoped this article builds upon the extensive and excel-
lent work invested in the TSTD, and illuminates the value of continuing 
to question and improve upon this remarkable resource. Though it is 
clear that slave mortality was affected not simply by crowding but also 
by national carrier, crowding regulation, and shipping technology, the 
economic and business considerations underpinning these patterns merit 
further study.
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APPENDIX TABLE 1

REGRESSION OF SLAVES EMBARKED ON TONNAGE AND OTHER FACTORS

(1) (2) (3) (4) (5) (6) (7) (8)

All Voyages British Voyages

Corrected tonnage 1.075*** 1.666*** 1.046*** 1.918*** 1.917*** 1.845*** 1.901*** 1.906***
(0.0351) (0.0862) (0.0439) (0.136) (0.136) (0.134) (0.136) (0.135)

Corrected tonnage^2 –0.00122*** –0.00184*** –0.00184*** –0.00183*** –0.00192*** –0.00194***
(0.000187) (0.000306) (0.000307) (0.000301) (0.000313) (0.000313)

Copper –1.640 –36.65** –20.55 –26.01
(11.83) (15.99) (21.96) (27.35)

Copper * Tonnage 0.166** 0.247** 0.279**
(0.0676) (0.116) (0.142)

Dolben –67.98*** –81.38*
(21.42) (41.52)

Corrected Tonnage * Dolben –0.142 –0.0778
(0.119) (0.219)

Copper * Dolben 20.05
(47.48)

Copper * Dolben * Corrected Tonnage –0.101
(0.256)

Constant –526.3*** –592.3*** 29.25 –62.67 –62.73 –55.09 –65.57 –65.92
(15.05) (16.32) (40.05) (44.87) (44.87) (41.69) (42.59) (42.38)

Observations 2,165 2,165 1,016 1,016 1,016 1,016 1,016 1,016
R-squared 0.642 0.657 0.658 0.682 0.682 0.685 0.727 0.727
Route and 25-year effects Yes Yes Yes Yes Yes Yes Yes Yes

*** p<0.01 
** p<0.05
* p<0.1 
Sources: TSTD, Lloyd’s Registers, Solar and Rönnb ck (2015).
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APPENDIX TABLE 2
VARIABLE DEFINITIONS

Variable Sources and Construction

Slaves embarked Measured with variable tslavesd, “Total slaves on board at departure from last 
slaving port.” 

Mortality Equal to slaves who died in the middle passage, sladvoy, divided by slaves shipped, 
measured using tslavesd, “Total slaves on board at departure from last slaving 
port.” For 1,322 of 2,167 observations where sladvoy is unobserved, instead used 
the difference between slaves embarked and slaarriv, “total slaves on board at the 

rst port of disembarkation,” to measure number of deaths in the numerator.

Tonnage The TSTD variable is tonmod, “Tonnage standardized on British measured tons, 
1773–1835.” The tonmod variables have been replaced with corrected values as 
needed.

Corrected tonnage For British ships making voyages between 1760 and 1807 the corrected tonnage is 
simply the tonnage from Lloyd’s Registers. For other ships the TSTD unstandardized 
tonnages have been: (1) corrected to a Lloyd’s Register tonnage if one is available; 
(2) left unchanged in the case of other French, Dutch, and Portuguese ships; (3) left 
unchanged in the case of more than 200 British vessels, 1676–1731, the tonnages of 
which were adjusted downward; (4) adjusted upward by a factor of 1.31 in the case 
of other British and American ships voyaging before 1786.

Crowding Slaves embarked / Tonnage

Corrected crowding Slaves embarked / Corrected Tonnage

Duration Variable voyage, “Length of middle passage in days.”

Copper Indicator variable equal to one if vessel is coded as coppered by Solar and 
Rönnb ck (2015), and 0 if coded as not coppered or not observed. Observations on 
coppering come from Lloyd’s Registers, 1763–1807.

Decade indicators Set of binary variables equal to one if the variable for decade of departure from 
place of origin, year10, takes a particular value.

Dolben Equal to one if year of departure yeardep is greater than or equal to 1789, zero 
otherwise.

Route indicators Set of binary variables equal to one if voyage’s last port of embarkation in Africa 
and rst port of disembarkation in the New World both correspond to particular 
regions. Variables containing ports data are regem1, regem2, and regem3 in Africa 
and regdis1 in the New World. There are seven embarkment regions: Senegambia, 
Sierra Leone, Windward Coast, Gold Coast, Benin, and Biafra/Guinea. There are 
seven destination regions: Europe; North, Central and South Atlantic Coasts of 
North America; SE and NW Caribbean; Guyana; and Brazil. This means up to 49 
route dummies, although in fact many combinations are rarely observed in the data; 
about 40 have enough observations with other regressors observed to be included 
in the regression analysis. Voyages that embarked slaves at regions other than West 
Africa or disembarked anywhere other than the Americas are dropped.

Nation indicators Taken from variable national, a categorical variable for “country in which ship 
registered ( ag).” A binary variable is created for each value, including one for 
missing observations.

Vessel identi cation  
(for error clustering)

Voyages are assigned a unique number using the name of the vessel, shipname, and 
the tonnage of the ship (to avoid pooling ships with common names). 

Notes: Variable names in the left column denote regression variables used in Tables 4–6. Variable names 
in italics denote variables are from the Trans-Atlantic Slave Trade Database (TSTD), provided for public 
access and use at http://www.slavevoyages.org. Corrected and additional variables are available from Solar 
and Duquette (2017). 
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