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Supplementary Text S1: M3 initiation times

Radiographic stages. M3 development is the most variable of all tooth types. The
time of initiation of M3 mineralisation can be determined either radiographically or from
histology. Radiographically, a large empty crypt appears first, followed by the
mineralising cusp tips. True initiation lies somewhere between these two radiographic
stages but can never be determined precisely from radiographs. Radiographically, mean
age of crypt appearance in modern humans ranges from 7.33 to 9.26 years®? and mean
age of M3 initiation between 7.92 to 9.69 years, but the range of ages is huge and may
be from 5 to 12 years.

For the purposes of this study, 14 great apes, 11 of which were wild-shot
museum specimens, with either a large empty lower M3 crypt or a crypt containing one
or more mineralising cusp tips, were scored for radiographic formation stages of the
premolars and first and second permanent molars in the same jaw quadrant (all
radiographs are published in ). Where an empty M3 crypt was visible, or mineralising
M3 cusps were already present, premolars and second permanent molars were between
radiographic stages Crown complete and Root ¥ formed. The M1 was consistently
between radiographic stages Root % formed and Apex % closed (Supplementary Table S1,
Supplementary Figs S1-S3).

In great apes of known age, the observed range of M3 initiation is tighter than in
modern humans, likely in part because this occurs earlier in the growth period. For 5
captive chimpanzees of known age, the range was 2.99 to 4.61 years (mean: 3.5 years,
SD: 0.64)%, and for a further 12 chimpanzees the mean was 3.64 years (SD: 0.33)’.

M3 cusp initiation was well underway in a free-living mountain gorilla at 5.31
years®. Reid and Guatelli Steinberg® have noted that histological examination usually
reveals earlier evidence of tooth initiation and estimated more advanced M3 initiation in 3
modern humans (range: 5.46-6.6 years). In comparing their data with early fossil hominins,
they noted that it seemed likely early hominins more closely resembled modern humans
in their range of initiation times than living great apes, "perhaps suggesting a grade shift
in initiation times, at least for posterior teeth, early in human evolution"®.

Not much direct information is available from the early hominin fossil record. Only
a small incipient M3 crypt is visible in a ~4-year-old early hominin (SK 63) from
Swartkrans'® and a large empty crypt is present in a 4.62-4.70-year-old early hominin
(Stw 151) from Sterkfontein'13, The same is true in a slightly chronologically older
early Homo mandible (KNM-ER 820) from Koobi Fora, Kenya*. No ages for M3
initiation in early hominins have ever been published. Many early hominins, however,
do exist with M3s at later stages of development. On the basis of the evidence reviewed
here, it seems clear there is insufficient evidence to determine a mean M3 initiation age for
early hominins, or to improve on the broad estimate of Beynon and Dean®® of ~5 years of
age. However, a near-identical pattern, or sequence of premolar, M1 and M2 formation
stages is observed in great apes and the few early hominins close to the stage of M3
initiation. Importantly, alongside this, new information is now available about the timing
of events in premolar, M1 and M2 development, both earlier and later than M3 initiation
in great apes and early hominins®'>!3 and suggests M3 initiation occurred sometime
between 4 and 7 years of age in early hominins.

Supplementary Text S2: Specimen description

The crown of SK 835, a maxillary left M3, consists of three separate fragments that can

be fitted together with reasonable accuracy (Supplementary Fig. S5). Two mesial fragments

comprise the paracone and protocone, and a third fragment comprises the distal metacone

and hypocone. Each of the three roots are also separate from each other and the crown, but

can be joined together at the base of the crown, although there is considerable damage

around the cervix and root trunk. The palatal root consists of a coronal segment that extends
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up within the enamel cap, with a small portion of the last-formed cervical enamel attached
to it. This is the only true continuity between the crown and root. The palatal root is,
however, incomplete and fractured obliquely across its apical third. The mesiobuccal root
is incomplete at the buccal cervix and cannot be joined to the crown, but it does preserve
the root apex on both its mesial and lingual surfaces. The distobuccal root is made up
of three small cervical fragments, two palatal and one buccal, previously glued together.
The buccal fragment includes a small portion of cervical enamel marking the crown-root
junction. This root is almost complete to the apex buccally, but is damaged lingually
(Supplementary Figs S5-S7).

The two mesial crown fragments (paracone and protocone), along with the palatal
root, were located together in the best fit possible using cyanoacrylate cement. The dentine
horns within both mesial cusps were identified on uXCT scans and the points above them
marked on the enamel surface overlying these (Supplementary Fig. S4). A plane of
section was identified that passed through both paracone and protocone dentine horns
and through the long axis of the palatal root (Supplementary Fig. S5). A decision was
made to section the mesiobuccal and distobuccal roots separately. Buccolingual
longitudinal planes of section through the mesiobuccal and distobuccal roots were
defined with the intention of maximising the root width, root canal and root length captured
within each section (Supplementary Figs S6, S7). The enamel and dentine surfaces along
the planes of section were coated with cyanoacrylate cement and allowed to dry for 48
hours to prevent any brittle tissue flaking off during the cutting and polishing process.
This is also easily dissolved off post-sectioning enabling easy reconstruction of the cleaned
blocks whereas embedding the whole tooth in, for example, methyl methacrylate, risks
greater damage when de-embedding is required.

Supplementary Text S3: Enamel histology

Cuspal enamel formation time and rate. Digital photo-montages were constructed of
the SK 835 enamel cap. Four prism paths were identified in cuspal enamel where good
daily prism cross striations could be tracked from the EDJ to the enamel surface. These
are indicated in sequence from left (palatal) to right (buccal) in Supplementary Figure S7
by the four red arrows ‘a’-‘d’. These were: (a) palatal to the protocone dentine horn,
1200 pm along the EDJ avoiding poorly preserved enamel; (b) directly over the protocone
dentine horn, alongside a crack in this position; (c) directly over the paracone dentine horn;
and (d) immediately buccal to the axial paracone dentine horn.

Decussation in the enamel was minimal in outer enamel but still apparent, especially
in inner enamel. Each straight-line prism path was divided into 100-pm segments or zones
and direct counts of daily enamel cross striations that weave from side to side within and
between zones were made and cumulated. The total cumulative counts along each prism
path between zero days at the EDJ and the last-formed occlusal enamel at the surface were
respectively 580, 533, 555 and 575 days, with the greatest counts on the palatal aspect
of the protocone (580 days) and buccal of the paracone (575 days). However, only the
first prism track (580 days) emerges at an unworn enamel surface. For all four prism path
trajectories combined, a second order polynomial regression plot describes the cumulative
days of enamel formation (Supplementary Fig. S8). Note that in Supplementary Figure S8
the distance from the EDJ is plotted on the Y axis, but in the equations that follow, Y
corresponds to the formation time in days.

For all four trajectories combined, the time () taken to form a given thickness
of occlusal enamel (X) equals:

Eqg. 1:Y = 12.651 + .284X - 3.459¢°X? (R? = .979).

Lower 95% confidence interval:

=-.197 + .265X - 4.063e°X2.
Upper 95% confidence interval:



Y =25.498 +.303X - 2.856e°X>,

When the slower palatal protocone trajectory is excluded, the following second
order polynomial regression plot describes the average cumulative days of enamel
formation across the remaining three trajectories:

Y =18.029 + .276X - 2.866e°X? (R? = .987)

To provide a better sequential profile of variation in daily enamel formation rates
through the cuspal enamel, 60-day zones were then defined between the EDJ and the
enamel surface along each of the four prism paths. Within each 60-day zone, groups of 6
cross striations were marked that define 5 days enamel growth. The average linear daily
rate of enamel formation was calculated by dividing the distance along a prism from the
first to the sixth cross striations by 5. This was repeated as many times as possible within
each 60-day zone, where a minimum 8 times and a maximum 23 times were possible. While
it would have been desirable to divide the cuspal enamel into smaller 30-day (monthly)
zones, in some places too few measurements were possible to generate meaningful box
plots.

The profile of changing enamel rates through these 60-day zones is shown in
Supplementary Fig. S9; that of rate changes in a modern human M1, M2 and M3 from the
same individual, but divided into 30-day zones, appears for comparison in Supplementary
Fig. S10 and illustrates the typical M1-M3 declining gradient in modern humans but
with similar rates at the EDJ. In SK 835, the protocone and paracone cusp tips are
both slightly worn, so, apart from the most palatally positioned prism path in the
protocone, no true outer enamel remains. Average rates close to the EDJ were 3.28 um/day
and, in the protocone, rose to 8.28 um (SD: 0.406, range: 7.5-9.0 um) in outer enamel
before reducing again to ~7.3 £ 0.5 um in the last 120 days of enamel formation at the
surface, which became aprismatic here.

When summarised as inner, middle and outer regions of equally thick cuspal enamel,
the overall mean values for all cross striation spacings within the palatal aspect of the
protocone are 3.99, 5.68 and 7.95 pum, respectively. On the occlusal aspect of the
protocone, they are slightly less (3.55, 4.94, 6.62 um). Equivalent values in the paracone
for inner, middle and outer thirds of occlusal enamel of equal thickness are slightly less
than those for the protocone. The overall mean value of all cross striation spacings
measured in the protocone is 5.56 um (SD: 1.63 um) and of all cross striation spacings in
the paracone is 4.89 um (SD: 1.24 um). The overall mean value of cross striation spacings
measured in the fastest trajectory of the protocone (palatal aspect) is 6.02 um (SD: 1.75
pum) and in the fastest trajectory of the paracone (occlusal aspect) is 4.97 um (SD: 1.51

pm).

Enamel formation rates at the EDJ. Measurements of daily enamel cross striation
spacings in SK 835 were made in the same way at different positions along the EDJ
between the dentine horn and the enamel cervix. At four positions spaced equally between
the dentine horn and enamel cervix, measurements were made within the first 200 um from
the EDJ. The grand mean of 54 repeated 5-day averages within enamel 200 um from the
EDJ was 3.28 um/day (SD: 0.310, range: 2.6-3.9 um/day). This was rounded to 3.3 um/day,
which equals 61 days to form a 200-pum thickness of enamel close to the EDJ.

Total enamel formation time. It was not possible to image regular long-period striae of
Retzius through the whole of the lateral enamel in either the protocone or the paracone.
Moreover, counts of daily cross striations between regular long-period striae associated
with perikymata at the enamel surface were inconsistent between the protocone and
paracone. Direct counts between adjacent long-period striae in the protocone numbered 6
or 7 days (Supplementary Fig. S11). The average of five long-period stria widths was 31.9
pum and the average of ten 5-day groups of cross striations within these striae was 4.91 um,
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giving an average periodicity of 6.496 (6.5) days. It was not then possible to say if the
periodicity is 6 or 7 days, since periodicities are by definition always expressed in whole
days. Regions of the paracone cervix complicate this picture further. Here again, there
are clear daily cross striations as well as alternating varicosities and constrictions with
apparently well-expressed regular long-period increments, some of which can be
associated with what might be construed as surface perikymata (Supplementary Fig. S11).
However, the periodicity is twice, if not more than twice, that observed in the protocone
cervix. Accordingly, in this study stria counts and long-period stria periodicity were not
used in any calculations of crown formation time.

The methods used here for calculating total enamel formation time have been
described in previous studies’®*® and are derived from those originally described by
Boyde?®?!, Risnes?? and Antoine and co-workers®. These were used here to calculate
cusp-specific enamel formation times for both the protocone and the incompletely
preserved paracone. A 200-pum long prism path representing 61 days enamel formation
was first measured from the tip of the dentine horn. From this point, a line was extended
back to intersect with the EDJ either along or parallel with an accentuated incremental
marking. The length of enamel along the EDJ from the dentine horn to this point of
intersection formed in 61 days. This length along the EDJ, divided by 61 days, defines
the extension rate between the dentine horn and the point of intersection at the EDJ.
Again, from this point of intersection at the EDJ a second 200-um prism path was
extended out into enamel, and the same procedure repeated. Successive 61-day units of time
defined in this way between the dentine horn and the enamel cervix were then cumulated
to give a total cuspal enamel formation time. In the protocone there were 15 x 61 day
200-um increments from cusp to cervix, plus a 30-day half increment which equals
15 x 61 + 30 = 945 days, or 2.59 years, of enamel formation. In the paracone, there were
9 x 61 day 200-um increments = 549 days, or 1.50 years, of enamel formation to the
incomplete enamel cervix.

Enamel extension rates. The extension rate is a measure of the rate at which new
ameloblasts differentiated along the EDJ?. In the protocone, initial cuspal extension
rates were 30 um/day, dropping to 14 um/day in the first 61 days of crown formation, and
then to 7 um/day by ~240 days. Thereafter, extension rates in this cusp remained constant
at ~7 um/day for the remainder of crown formation. In the paracone, extension rates
were initially less at 21 um/day, dropping immediately to 9 um/day within 61 days, and
then 6-7 um/day as in the protocone. This slower extension rate in the paracone cusp tip
than in the protocone may be an indication of slight section obliquity here clipping off
the peak of the paracone dentine horn. This has implications for estimating paracone
initiation time relative to the protocone.

Initiation of the paracone and protocone. The SXRF overview scans reveal a series
of clear Sr bands both in the enamel and dentine of this specimen (Fig. 5). Alternating
regions of Sr enrichment and depletion can be identified with more intense Sr bands
superimposed upon this underlying pattern. Within the enamel and the root dentine, Sr
bands allow cusps and roots forming at the same time to be cross-matched. In the crown,
many of the Sr bands were associated with accentuated markings visible with
transmitted light microscopy (TLM). Because the accentuated lines in enamel were more
clearly defined and less diffuse than the Sr bands, they were used to align protocone and
paracone formation. A number of accentuated lines, each of about equal intensity, run
through the enamel. Most of these lines can be tracked back to the EDJ and matched to a
time corresponding to the closest 61 day increment as defined above (Supplementary Fig.
S7, white arrows). Almost all the accentuated lines appear bright in polarised light except a
few strong lines that are dark. Lines that form within the cuspal enamel run between cusps,
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but those that form after ~600 days are contained only within the lateral enamel and emerge
at the protocone or paracone surface (Supplementary Fig. S7). In general, the mid-cuspal
enamel and lateral enamel contain the most accentuated markings. Enamel formed between
~400 days and ~500 days and between ~670 days and ~850 days appeared worst affected by
these, what are assumed to be, stress-related markings.

Four accentuated markings within enamel were identified in SK 835 that could be
clearly seen running through the protocone, occlusal enamel and paracone
(Supplementary Fig. S7, white arrows). These were used as common temporal registration
markings. Daily cross striation counts from the EDJ to the first marking, and then between
subsequent accentuated markings, were used to cross match enamel growth in the
protocone with that in the paracone. Direct counts of daily incremental markings in the
protocone to the first-formed bright accentuated line lying closest to the EDJ (Supplementary Fig.
S7)were 210 days. Direct counts to the same corresponding line in the paracone were 190
days. This suggests the protocone began to mineralise ~20 days before the paracone. A
second matching pair of accentuated lines occurs at 287 in the protocone and 260 days
in the paracone, suggesting a greater 27-day difference. It is unusual, but not unknown,
for the protocone to initiate before the paracone and, on the face of it, that is what appears
to have been the case in SK 835. But the difference observed of 20-30 days between the
two cusps in this section is relatively small, and the error of making direct counts in
decussating cuspal enamel, and with the possibility of some section obliquity at the
paracone dentine horn, inclines to the safer assumption that both cusps initiated very close
together in time. It follows that in the plots of EDJ length against tooth formation time
both cusps were assumed to initiate at the same time (Figs 4, 7).

Supplementary Text S4: Dentine histology

Regions of interest. Digital photo-montages were first constructed of each root at low
power between the most cervical and apically preserved root dentine of SK 835. Eight
regions of interest were chosen that expressed good daily dentine increments between the
root surface and to a depth of at least 200 um into dentine (Supplementary Fig. S7, yellow
boxes). These were in the mid- root and cervical third of the palatal root, the buccal and
lingual mid-root, and the buccal apical region of the mesiobuccal root, and the mid-root and
apical third of the distobuccal root. Higher power digital photomontages were constructed
of these regions of interest.

Daily rates of root dentine formation. Daily dentine rates were measured in the same
way as those in enamel. Six successive daily dentine increments were marked and the
distance across them divided by 5. The mean of 340 such 5-day averages measured in 7 of
the 8 regions of interest all within a 200-um zone from the cement dentine junction (CDJ)
was 2.49 um (SD: 0.499, range: 1.62-4.0 um). The average time to form a 200-um thickness
of root dentine from the CDJ was, therefore, estimated to be 200 / 2.49 = 80.32 days, which
was rounded to 80 days (Supplementary Fig. S12). Additional measurements of daily
dentine rates were possible between the CDJ and the lateral margin of the apical canal of
the mesiobuccal root (Supplementary Fig. S7). Here, across 1040 um of apical dentine,
rates rose gradually away from the CDJ, and then reduced again towards the apical canal.
The average rate was 2.87 um/day (SD: 0.469, range: 1.78-3.65 um/day). On this basis,
apical closure from a stage of root formation equivalent to radiographic Root length
complete (RC) could be estimated in this root.

Accentuated lines in the root dentine. A prominent Sr line visible in the SXRF scans
was chosen as a marker of root formation common to all roots (Fig. 5 and Supplementary
Fig. S7, orange arrows). A separate group of closely spaced accentuated lines visible in
TLM can also be identified in the apical third of all three roots in TLM (Supplementary
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Fig. S7, blue arrows). At higher power, these appear alternately either bright or dark in
TLM, and are either more closely spaced or more widely separated from each other as if
irregular periods of slowing are followed by catch- up periods of dentine formation
(Supplementary Fig. S13). Together, they form a distinct pattern that can be accurately
cross-matched between all three roots. In practice, the prominent Sr line visible in the
SXRF images proved the most practical way to match root formation occurring at the same
time.

Root formation in the palatal root from the protocone cervix (the last formed
enamel) was calculated up to the Sr marker line. Root formation both before and beyond
the Sr marker line, could also be calculated in the distobuccal root. The cervical enamel
in the distobuccalroot is poorly preserved and cannot be reliably linked to enamel in
the rest of the crown. Moreover, the distobuccal root apex is incomplete, such that dentine
in this root still falls short of the last formed apical root dentine (Fig. 5 and Supplementary
Fig. S7). However, the distobuccal root contains the longest record of root growth and can
be aligned with the other two forming roots using the Sr marker line. Only the mesiobuccal
root has a clear well-formed closed apex, but this root does not preserve an enamel cervix
and is a slightly shorter root. Root formation in the mesiobuccal root can, however, also
be cross-matched with root formation in the other two roots using the Sr marker band.
Distobuccal root formation from the accentuated Sr marker line (Fig. 5 and Supplementary
Fig. S7, orange arrows) to the radiographic stage of Root length complete (RC) was
estimated using 80-day time segments along the CDJ (see below). However, the final
period of dentine formation (Apex closure) was estimated from direct counts of daily
increments across the thickness of the apical primary dentine in the mesiobuccal root. In
this way, an estimate of total root formation time from the protocone enamel cervix to the
accentuated Sr marker line (Supplementary Fig. S7, orange arrows), and then onwards in
the distobuccal root and finally through mesiobuccal root to apical closure, could be
represented as a composite plot of increasing tooth height along the EDJ against tooth
formation time (Fig. 4).

Total root formation time. In the palatal root, from the junction of the last formed
enamel and first formed root dentine at the cervix, a line was drawn along the direction
of dentine tubules 200 um deep into dentine. From this point, accentuated growth
lines in dentine, marking the former position of the forming dentine front, were used to
track a second line back to intersect the CDJ at the root surface. The length along the CDJ,
between the start point at the cervix and this intersection at the CDJ, took 80 days to form.
Starting again from this point of intersection at the CDJ, the process was repeated as far
as possible towards the root apex. The sum of the consecutive 80-day time segments
equals the total root formation time when both the enamel cervix and the apical root margin
are preserved. This procedure is illustrated in Supplementary Fig. S14 and was repeated
along the outer CDJ in each of the three roots of SK 835, but was only possible within the
limitations of root preservation.

There were 9 consecutive 80-day segments in the palatal protocone root to the
fractured root end (9 x 80 = 720 days, or 1.97 years). However, beyond protocone enamel
completion at 945 days, there were only 6 x 80-day segments prior to the Sr marker line
(7 x 80 =560 days, or 1.53 years). The Sr line in the palatal and distobuccal roots can
therefore be cross-matched at 945 + 560 = 1505 days, or 4.123 years (Supplementary Fig.
S7, orange arrows). In the distobuccal root, there were a total of 19 x 80-day segments from
areconstructed but poorly defined enamel cervix to the fractured root apex (19 x 80 = 1520
days, or 4.16 years). However, there were only 12 x 80-day segments (12 x 9 = 960 days,
or 2.63 years) beyond the Sr line in the distobuccal root, excluding apex closure. Total
tooth formation time prior to apex closure in the distobuccal root then equals
1505 + 960 = 2465 days, or 6.75 years. If average rates of root dentine formation were
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slightly lower or higher (75 or 85 days to form 200 um rather than 80 days) root
completion would have been 6.75 years = 95 days. It was not possible to estimate
apex closure time in the distobuccal root. However, in the mesiobuccal root, dentine
thickness between the CDJ and the lateral aspect of the completed apical canal measured
1040 pum. At an average daily formation rate of 2.87 um/day measured within this region,
this is equivalent to 362 days, or about a year. What this might have been in the likely slightly
longer and usually last-completed palatal root remains unknown. It may also have taken less
time than this for the distobuccal root apex to close completely. Nonetheless, it suggests
that total tooth formation time would almost certainly have been greater than 7 years, and
even as much as 7.75 years in SK 835.

Figure 4 shows the cumulative growth curve for increasing distance along the
EDJ/CDJ (um) against formation time (years) expressed here as a 5™ order polynomial
that allows formation time (Y) to be predicted from a known value of EDJ/CDJ length (X)
as follows:

EQ. 2: Y =.018 + 8.875e°X + 4.414e8X? - 3.009e12X3 + 4.581e 17 X* + 6.494e22X°
(R?=.993)

Supplementary Fig. S15 represents the incremental growth of SK 835 expressed
differently, with successive ages given from the time of M3 initiation shown for ¥ fractions
of time for crown and root formation, and ¥ fractions of height for crown and root
formation.

Root extension rates. As in enamel, the root extension rate (in this case, the rate at
which new odontoblasts differentiate along the CDJ) can be estimated by dividing a
defined length of the CDJ by the time taken to form it. The length of the CDJ formed in
each 80-day segment varies considerably in SK 835. Close to the cervix, root dentine
extension rate calculations in all three roots were close to the rates calculated at the end of
enamel formation (~9 um/day). Thereafter there was a swift rise to a peak rate of 15
pm/day, in the mesiobuccal root, and to 19 um/day, in both the palatal and distobuccal roots
between 3.5 and 4 years after protocone initiation. Following this, rates slowed again
towards the root apex. The last of the 80-day segments of the mesiobuccal root, just prior
to apex formation, extended at 3-5 um/day. Thereafter, the strongly curving contour of
the rounded root apex, combined with poor expression of accentuated forming-front
markings, makes extension rate estimates beyond the stage of root length complete (RC)
less reliable by this method. The time taken for apical closure of the mesiobuccal and
distobuccal roots was therefore estimated on the basis of direct counts of daily dentine
increments and an observed average daily rate in apical dentine of 2.87 um/day.

Supplementary Text S5: Enamel thickness

assessment

By using puXCT records, the 2D relative enamel thickness (RET) and absolute crown
strength (ACS) indices were comparatively assessed in SK 835 and in other P. robustus
and extant hominid M3s (Supplementary Table S3). 2D RET provides an estimation of
crown enamel proportions®, while ACS gives an estimation of tooth strength, i.e., of
resistance to fracture®®. The biplot of 2D RET vs. ACS is shown in Supplementary Fig.
S16. The extant apes have thin to moderately thin enamel (as attested by their 2D RET
values), associated with low ACS values. Modern humans, located below the regression
line, also have low ACS values, suggesting that their thick enamel (comparable to the 2D
RET values of P. robustus) are less adapted to resist fractures than the thick enamelled
condition of P. robustus (including SK 835), the latter taxon exhibiting markedly higher
ACS values.



Supplementary Tables

Supplementary Table S1. Radiographic scores for lower teeth represented in
Supplementary Figs S1-S3.

Taxon | Number Pm3 Pm4 M1 M2 M3
Gorilla | 18911 Ri R1/4 RC Ri Crypt small
Gorilla | 1939-937 CC Ri Al/2 CC Ci

Gorilla | 29112 CC CcC RC CC Ci

Gorilla | Os Hill RCS | C3/4 CC R3/4 CC Ci

Gorilla | 1268/650 C3/4 C3/4 R3/4 C3/4 Crypt small
Pongo | 1948-831 CC CC RC CC Ci

Pongo | 1852-3212 CC CC RC CC Ci

Pongo | 1976-1410 Ri R1/4 Al/2 Ri Ci

Pongo | A65-13 CcC CcC R3/4 CC Crypt large
Pan M675 R1/4 R1/4 Al/2 Ri Ci

Pan 1939-1002 CC CC Al/2 CC Ci

Pan M855 CcC Ri RC CC Crypt large
Pan M507 R1/4 R1/4 Al/2 Ri Ci

Pan M847 Ri Ri Al/2 Ri Ci

Supplementary Table S2. Predicted formation times for successive cumulative 1 mm

lengths along the EDJ and CDJ in SK 835 M3.

EDJ/CDJ length | Predicted time | Predicted time

(um) (years) (days)
1000 0.044 16
2000 0.310 113
3000 0.602 220
4000 0.914 334
5000 1.239 452
6000 1.570 573
7000 1.900 693
8000 2.223 811
9000 2.532 924
10000 2.825 1031
11000 3.095 1130
12000 3.343 1220
13000 3.565 1301
14000 3.764 1374
15000 3.943 1439
16000 4.106 1499
17000 4.260 1555
18000 4.417 1612




EDJ/CDJ length | Predicted time Predicted time
(um) (years) (days)
19000 4.588 1675
20000 4.790 1748
21000 5.042 1840
23000 5.790 2113
24000 6.343 2315
25000 7.060 2577
26000 7.979 2912

Supplementary Table S3. Relative enamel thickness (2D RET) and absolute crown strength
(ACS) indices assessed in P. robustus and extant hominid M3s.

Taxon Specimen 2D RET ACS Ref.

P. robustus SK 13-14 36.53 4.54 original data
P. robustus SK 31 22.71 3.91 original data
P. robustus SK 48 29.64 4.32 original data
P. robustus SK 49 29.57 4.23 original data
P. robustus SK 105 25.32 3.94 original data
P. robustus SK 831a 22.36 3.81 original data
P. robustus SK 835 28.95 3.99 original data
P. robustus SK 836 24.27 4.17 original data
P. robustus SKW 11 25.96 4.27 original data
P. robustus TM 1517C 30.57 4,12 original data
H. sapiens ind1 25.77 2.50 original data
H. sapiens ind2 28.69 2.80 original data
H. sapiens ind3 26.17 2.94 original data
H. sapiens ind4 23.17 2.33 original data
Pan IPS5698 11.36 1.62 original data
Pan MCZ-9493 13.62 1.60 2

Pan MCZ-23167 13.87 1.98 27

Pan MCZ-38018 12.06 1.74 27

Gorilla MCZ-14750 14.01 2.80 2

Gorilla MCZ-37264 12.81 2.48 2

Gorilla MCZ-37266 15.88 2.43 27

Gorilla MCZ-38326 10.65 2.40 2t

Pongo Sbg_903 14.16 2.24 original data
Pongo MZS-2632 13.78 2.47 original data
Pongo MNSNT Pongol 14.29 2.25 original data
Pongo IPS9031 16.86 2.42 original data
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Supplementary Table S4. Plio-Pleistocene hominins in which M3 development is
incomplete ordered here by M3 stage that best approximates the proportion of crown or root
height/length formed. Stages were estimated from the literature and/or from casts/images. A
minimum and a maximum relative dental age (RDA) based on M3 initiation at 4 years and at
7 years respectively, likely bracket the true age at death.

Specimen accession Taxon Provenance M3 Min M3 Max
number stage RDA M3
Stw 151 A. africanus South Africa | Crypt 4.0 7.0
KNM-ER 820*+22° | early Homo Kenya Crypt 4.0 7.0
Sts 8% A. africanus South Africa | CC | 2.59+4=6.59 | 2.59+7=9.59
MH131-33 A. sediba South Africa CcC 2.59+4=6.59 2.59+7=9.59
SK 8432 P. robustus South Africa | CC | 2.59+4=6.59 | 2.59+7=9.59
KNM-WT 17400% P. boisei Kenya CC 2.59+4=6.59 2.59+7=9.59
KNM-ER 62000% H. rudolfensis | Kenya CC | 2.59+4=6.59 | 2.59+7=9.59
KNM-WT 15000% H. erectus s.1. Kenya CC 2.59+4=6.59 2.59+7=9.59
A.L. 486-1% A. afarensis Ethiopia R1/2 | 4.26+4=8.26 | 4.26+7=11.26
TM 1511% A. africanus South Africa | R1/2 | 4.26+4=8.26 | 4.26+7=11.26
SK 13/14% P. robustus South Africa | R1/2 | 4.26+4=8.26 | 4.26+7=11.26
DNH 10% P. robustus South Africa | R1/2 | 4.26+4=8.26 | 4.26+7=11.26
OH 13303 H. habilis Tanzania R1/2 | 4.26+4=8.26 | 4.26+7=11.26
OH 16% H. habilis Tanzania R1/2 | 4.26+4=8.26 4.26+7=11.26
D2700/ D2735%* | H. erectus s.I. | Georgia R1/2 | 4.26+4=8.26 |4.26+7=11.26
Sts 52/53%° A. africanus South Africa | R3/4 | 5.04+4=9.09 |5.04+7=12.04
TM 15174 P. robustus South Africa | R3/4 | 5.04+4=9.04 |5.04+7=12.04
OH 53943 P. boisei Tanzania R3/4 | 5.04+4=9.04 5.04+7=12.04
KNM-CH1% P. boiseli Kenya R3/4 | 5.04+4=9.04 5.04+7=12.04
KNM-ER 99222 H. erectus s.l. Kenya Al/2 | 6.67+4=10.67 | 6.67+7=13.67
Sangiran 4446 H. erectus s.I. | Indonesia Al/2 | 6.67+4=10.67 | 6.67+7=13.67
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Supplementary Figures

ONao 3-8 ongo 18 Pongo 1976-1410
Supplemfntary Figure S1. Gorilla and Pongo at the stage of upper and/or lower M3
initiation®.
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Supplementary Figure S2. Pan and Pongo at the étage of upper and/or lower M3
initiation®.
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3y 3m

Stw 151

KNM ER 820

Supplementary Figure S3. Two Gorilla specimens as well as early Homo KNM-ER 82042°
and A. africanus drawing of specimen Stw 151 (adapted from 1) at stages close to M3
initiation.

Supplementary Figure S4. uXCT-based 3D image of SK 835 with both the mesial dentine
horns (arrows) in the plane of the histological section (line).
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Supplementary Figure S6. SK 835: the polished block faces of the crown and roots aligned
together.
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Supplementary Figure S7. SK 835: three ground sections aligned together. Mesial section
showing the palatal root to the very left beneath the protocone, and the mesio-buccal root to
the right positioned beneath the paracone on the buccal aspect of the tooth. The disto-buccal
root appears separately to the far right (See Supplementary Fig. S6). Matching accentuated
lines in enamel (white arrows). Occlusal enamel trajectories (‘a’-‘d’ red arrows). Regions
where daily dentine rates were identified and measured (yellow boxes). Position of
prominent strontium lines in roots (orange arrows; see Sr map in Fig. 5). Matching
accentuated lines in roots (blue arrows and red circles and at higher power in these regions
in Supplementary Fig. S13). Buc: buccal; DB root: distobuccal root; Ling: lingual; MB root:
mesiobuccal root; Pal root: palatal root.
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Supplementary Figure S8. SK 835: four occlusal trajectories (indicated by red arrows in
Supplementary Fig. S7) with best fit line. Eq. 1: Y = 12.651 + .284X - 3.459¢°X2 where Y is
time in days.
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60 day intervals of cuspal enamel formation in SK 835

Supplementary Figure S9. SK 835: gradients of increasing enamel formation rates at
successive 60-day intervals along four occlusal tracks in the protocone and paracone as
indicated in Supplementary Fig. S7 (red arrows ‘a’, ‘b’, ‘c’, ‘d’). ‘8§’ represents all
measurements made within 200 um of the EDJ. The EDJ is to the left and the outer enamel
surface to the right in all four cuspal plots.
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Supplementary Figure S10.Gradients of increasing occlusal enamel formation rates in
three modern human molars from the same individual (30-day intervals). The EDJ is to the
left and the outer enamel surface to the right in all three cuspal plots.
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Supplementary Figure S11.SK 835: daily cross striations and long-period incremental
markings towards the cervical aspect of the lateral enamel (buccal paracone and palatal
protocone). Apparently inconsistent periodicities, as well as indistinct regions where they
were difficult to identify and count, excluded their use for any estimates of enamel formation
times.
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Supplementary Figure S12.SK 835: daily root dentine increment spacing (um) close to the CDJ
with means for 100 pum, 200 um and both zones averaged, as well as spacings measured in the
apical root dentine (see Supplementary Fig. S7 for key).
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Supplementary Figure S13. SK 835: transmitted light micrographs of matching patterns of
accentuated markings in root dentine. The red circles in Supplementary Fig. S7 indicate the
locations of these examples.
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™

Supplementary Figure S14. SK 835. (left) The yellow
cementum along the granular layer of Tomes (GLT) at the cementum dentine junction (CDJ), yellow
arrow in both images, towards the root apex. The red arrow in both images runs in the direction of
dentine tubules and the green arrow in both images runs in the direction of accentuated markings. The
red line a-c is 200 um long. The time taken to form a-c (200 um; average: 80 daily increments) also
equals the time taken to extend between a-b (extension rate). (right) The annotated higher power
image also shows each of these features but alongside daily root dentine increments and accentuated

markings at higher resolution.
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Supplementary Figure S15.Reconstructed M3 based on SK 835 showing incremental
markings at ¥ fractions of crown and root formation time and ¥% fractions of crown and root
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height. Times of attainment (years) are arrowed along the EDJ and then along the CDJ.
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Supplementary Figure S16. Bivariate plot of ACS against 2D RET in P. robustus (including
SK 835) and extant hominid M3s with the regression line computed between the values for
the two indices (Y = 0.795 + 0.106X where X is 2D RET; R?=0.67).
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