Fossil calibration within
the Annonaceae family
Influence of fossil node calibration and
taxon sampling on age estimations
Abstract
To study rainforest ecology, the Annonaceae family is often used as an example. It is present in tropical rainforests in South
America, Africa and Asia. The phylogenetic history of the family is broadly studied, the two big subfamilies Annonoideae
and Malmeoideae in specific, because of their differences in crown age estimations and diversification rates. The goal of
this study is to test the influence of fossil dating methods, specific fossils and taxon sampling on age estimations in the
Annonaceae phylogenetic tree. In order to do so, multiple Bayesian analyses were performed, varying in presence of fossils
and taxa. The Duguetia fossil appears to increase age estimates not only in the Annonoideae, but throughout the entire
Annonaceae family. The Mosannona/Oxandra fossil does not influence age estimations when Annonoideae species are
present in the dataset, but increase age estimations when this subfamily is excluded. Old, but realistic age estimations
based on these settings, show that the effects of fossil calibration and taxon sampling interact and should be taken into
consideration in fossil calibration dating analyses. Future phylogenetic analyses should incorporate tests to investigate the
interaction between these priors to correctly interpret the age estimations.
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Introduction
Tropical rain forests have been the subject of interest for many ecologists throughout the past
centuries. Remarkable about these ecosystems is the large plant species diversity. To explain this
diversity, precise understanding of the evolutionary history of the rain forest is necessary. The plant
family Annonaceae is often used as an example to represent the tropical rain forest, because of the
positive correlation between occurrence and species richness with temperature and rainfall
(Punyasena, Eshel, & McElwain, 2008), high levels of which are typical for tropical rain forests. The
Annonaceae, which has an estimated crown age of 89-98 Mya (Pirie & Doyle, 2012), is divided into
four subfamilies: the small subfamilies Anaxagoreoideae and Ambavioideae and the two large
subfamilies, Annonoideae (also known as Long Branch Clade or LBC) and Malmeoideae (also known
as Short Branch Clade or SBC) (Chatrou et al., 2012; Richardson et al., 2004). Especially the
evolutionary history of the latter two subfamilies is an interesting topic for research, because of their
branch length differences in phylogenetic reconstructions. The Annonoideae contain twice the
number of species and their chloroplast sequences diverged twice as much compared to the
Malmeoideae (Couvreur et al., 2011). Accordingly, there is a clear difference in crown node age
estimates for Annonoideae (65-80 Mya) and Malmeoideae (34-54 Mya) (Pirie & Doyle, 2012).
Sequence differences are influenced by both the age of the most recent common ancestor and the
evolutionary diversification rate since the split. In other words, the contrasting patterns between the
Annonoideae and Malmeoideae may be interpreted as differences in crown ages of the subfamilies
or as distinct evolutionary rates. To better understand the origin of these branch length differences,
it is important to truly understand and investigate the methods used to create phylogenetic trees in
molecular dating analyses.
The goal of molecular dating analyses is dating the nodes in the trees, to find the ages of clades. In
order to find these ages, a phylogenetic tree must be calibrated with another source of information.
Sauquet (2013) identified four sources of calibration. The most simple option would be to know the
molecular rate of change for the studied group, but this is uncommon, because of substitution rate
heterogeneity. Rates of substitution changes are influenced by many different factors, such as the
type of DNA, the function of genes or changes in environmental factors and are therefore not
constant. Another option is to use information on biogeography and geological events, but these
methods rely on strong assumptions and are therefore not preferred. Secondary calibrations (dates
from previous studies), can also be used, but are only used when no other calibration sources can be
found, because they increase uncertainty due to multiple analyses. The last and broadly used
calibration source is data from the fossil record. Fossils can be used to give minimum ages to certain
nodes or tips in the phylogenetic tree. Struggles with fossil calibration, which are especially
problematic in node-calibration, include the abundance and quality of fossils and the lack of
maximum age constraints (O’Reilly, dos Reis, & Donoghue, 2015). Until recently, fossils were often
used in node-calibration, but in the last few years, alternative methods for the use of fossils as
calibration tools have been developed, including tip-calibration or total-evidence dating (TED)
(Donoghue & Yang, 2016), which I will explore in more detail.

Node-calibration
The most common way of using fossils as a calibration method for phylogenetic trees is nodecalibration. In this method, a fossil is analysed and it is linked to a specific node in a phylogenetic
tree, based on its absence and presence of certain synapomorphies of species in the tree. The age of
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the fossil can then be used as a minimum age for this node in the tree. Fossil placement is done on
the stem node of a clade sharing one or multiple synapomorphies. This means that the age of the
fossil is used to calibrate the node separating the clade with the synapomorphy from the nearest
species or group lacking this characteristic. In Annonaceae this method is used for example by Pirie &
Doyle (2012) to calibrate the phylogenetic tree. However, it has been posed that node-calibration has
multiple disadvantages. The assignment of fossils to nodes is a priori, only the oldest fossils assigned
to a certain node are used in the analysis to calibrate the tree and the probability distribution
assigned to the ages of fossils is often arbitrary, because of the uncertainty of fossil placement
(Ronquist et al., 2012). The latter is especially problematic in the search for maximum age
constraints. Maximum ages of clades may be defined based on older fossils (Sauquet, 2013) or a lack
of fossils (O’Reilly et al., 2015). An alternative that has been posed is the use of soft bounds for
minimum and maximum age constraints, but this is undesirable, because it results in unsuitably large
confidence intervals (Pirie & Doyle, 2012). The confidence intervals are very large, because of the
long tails of the soft bound distributions. The use of hard bounds avoids this problem, because of
their lack of long tails.

Tip-calibration
A completely different approach to node-calibration, as used by Ronquist et al. (2012) is called tipcalibration (also known as tip-dating, total-evidence dating or TED for short). In this approach,
morphological data of fossils are collected and analysed together with morphological and molecular
data from extant species. Fossils are therefore placed on extinct tips in the phylogenetic tree based
on their morphological characters in the same analysis in which time estimations are generated.
Because of this co-estimation of tree topology and time, the position of fossils in the phylogenetic
tree can be influenced by its age (Donoghue & Yang, 2016). A large difference between nodecalibration and tip-calibration lies in the fact that in a tip-calibration, fossil placement is performed
directly, rather than indirectly. This lack of a potentially biased and uncertain fossil placement makes
tip-calibration seem favourable. Ronquist et al. (2012) found that indeed, tip-calibration performs
better than node-dating on the same data set, as shown by improved precision in the estimated ages
and decreased sensitivity to prior settings. However, in a review on tip-calibration, O’Reilly et al.
(2015) pointed out that Ronquist et al. (2012) did not take uncertainty in the fossil age into account
when performing their analyses. When the data were reanalysed, it was found that tip-calibration
performed worse than node-calibration, due to the impact the fossil age uncertainty has on the
topology estimation (O’Reilly et al., 2015). Donoghue & Yang (2016) point out that estimated ages in
tip-calibration are ‘pushed up’ because of the lack of node ages to push them down. Donoghue &
Yang (2016) and O’Reilly et al. (2015) suggest that these described methods may also be integrated
with each other. Both suggested the use of node-calibration for some of the older fossils and tipcalibration for the younger fossils.

Fossil dating analyses and Annonaceae
As mentioned earlier, node-calibration practises have been employed in Annonaceae by Pirie &
Doyle (2012). In this analysis, two fossils have been used to calibrate the tree, of which one
represents a node in a closely related lineage in the Magnoliales and one represents the stem node
of the Annonaceae, but neither represent a node within the Annonaceae. According to my current
information, no tip-calibration analyses have been performed on the Annonaceae family yet.
Multiple fossils, that represent nodes within the Annonaceae family, have been found by Dr. Lars
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Chatrou, which have also not been used in phylogenetic analyses yet. In this study I have investigated
the possibilities of the different methods and performed a line of analyses using these new fossils
and one previously published fossil. The use of these new approaches and fossils serves two goals for
this study. The first goal is to study the effects of the new fossils on age estimates throughout the
Annonaceae phylogenetic tree and on the convergence of the analyses. I expect fossils that lead to
changes in the estimated ages to possibly cause problems in completing a converged analysis. Also,
since the new fossils represent nodes within the Annonaceae family, the relative differences
between the estimates of clade ages may change. Furthermore, in the search for the best fitting tree,
I expect conflict between the influences of different fossils and the influences of Malmeoideae and
Annonoideae substitution rates, as it has been shown before that the Annonoideae substitution rate
overrules the Malmeoideae substitution rate (Drukker, 2017) and fossil age estimates may become a
third party in this conflict. The second goal is to investige the feasability of tip-calibration in the plant
family Annonaceae with these new fossils. It is expected that the use of these new fossils within the
Annonaceae family will clearify the pros and cons of the different methods and will help to evaluate
fossil dating techniques. These results will help to evaluate if tip-calibration is viable for Annonaceae
and whether it can live up to its expectations.

Material and methods
Dataset (species and markers)
In order to test the hypotheses, a dataset of 350 species troughout the Annonaceae (173
Annonoideae species and 161 Malmeoideae species) and 7 outgroup species was constructed. The
dataset used was the result of a selection of species from the dataset of Drukker (2017), who
constructed a supermatrix of previously published data (Chatrou et al., 2009; Guo et al., 2017; OrtizRodriguez et al., 2016; Pirie et al., 2005; Stull et al., 2017; Thomas et al., 2015). This resulted in a new
supermatrix of DNA sequences for a total of 3376 basepairs from the plastid markers MatK, PsbA,
RbcL and trnLF, containing data of respectively 72%, 74%, 86% and 99% of the species. Species
names were checked, using the Annonaceae Database
(http://herbarium.botanik.univie.ac.at/annonaceae/listTax.php), Xue, Su, Thomas, & Saunders (2012)
and Zhou et al. (2017). An overview of these revisions can be found in Appendix A.

Nucleotide substitution models and clock model
In order to find the most suitable substitution model for each of the four markers, jModeltest and
PartitionFinder2 were used (Appendix B). Based on these results, I decided to use the Generalised
Time Reversible (GTR) model for all four markers. The GTR+G model was applied for the markers
MatK and RbcL and the GTR+G+I for the markers psbA-trnH and trnLF. For all markers, a relaxed
uncorrelated clock model was used.

Phylogenetic reconstruction using BEAST v1.8.4
To reconstruct phylogenetic trees, the BEAST v1.8.4 package was used, including BEAUti v1.8.4,
LogCombiner v1.8.4 and TreeAnnotater v1.8.4 (Drummond, Suchard, Xie, & Rambaut, 2012). The
BEAST analyses were run on the Cipres Science Gateway, using the BEAST on XSEDE tool (Miller,
Pfeiffer, & Schwartz, 2010). To check whether the important parameters in the analyses converged, I
investigated the ESS values in their logfiles using Tracer v1.6. For all analyses presented here, at least
three runs with a chain length of 100 million were run (Appendix C). For one analysis, of which the
combined file of three runs did not converge, two more runs were performed. This resulted in at
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least two, mostly three, successful runs for each analyses, of which the combined files all converged.
The treefiles were combined using LogCombiner v1.8.4, after which a maximum clade credibility tree
was constructed using TreeAnnotater v1.8.4.

Uniform priors
In this study, I chose to use a uniform distribution for the age priors. The minimum age bounds are
formed by either the estimated fossil age for the four fossil calibrated nodes or by the youngest
published age estimate for the Annonaceae, Annonoideae and Malmeoideae crown node. These last
three priors are used to prevent unrealistic underestimations of clade ages. To reduce unrealistic
overestimation of node ages, a problem in node-calibration described by Ronquist et al. (2012),
minimum and maximum bounds were included in a conservative way, with hard bounds and a
uniform prior, because this leads to more recent age estimates and smaller confidence intervals
(Warnock et al., 2015). The maximum age bounds are formed by either the oldest published estimate
of the node basal to the calibrated node for the Duguetia, Mosannona/Oxandra and Annickia fossils
or the oldest published estimate of the node itself for the fossil which has lamelliform ruminations
and a collar-like raphe around the hilum, the Annonaceae, Annonoideae and Malmeoideae crown
nodes. This is done to prevent unrealistic overestimation of clade ages.

Figure 1. Phylogenetic tree constructed using BEAST v1.8.4. Nodes indicated are used to include age priors. A=Annonaceae,
An=Annonoideae, M=Malmeoideae, F=fossil. F1=Dugutia fossil, F2=Mosannona/Oxandra fossil, F3=Annickia fossil,
F4=lamelliform ruminations and collar-like raphe around the hilum fossil.
5

Fossils
Throughout the analyses, different combinations of age estimates based on four fossils were
included. The fossils contain characteristics unique for a clade within the family. The age of the fossils
is used in a conservative manner: the fossils estimated age is used as a minimum age for the stem
node of the clade it represents. The maximum age estimate is the oldest published age for the node
basal to the node of interest. The fossils include the earlier published Duguetia fossil (Roth, 1981)
and three new, unpublished fossils. Table 1 shows a summary of the age priors and their bounds.

F1. Duguetia (Duguetieae)
This fossil was first described as Magnolia leei (Berry, 1916), but was later identified to be Duguetia
leei (Roth, 1981), because of a synapomorphic trichome type for Duguetia, which is present in the
fossil. The fossil is used to calibrate the stem node of the Duguetia genus (F1 in Figure 1). The age of
the fossil, which is from the middle-late Eocene (Dr. James A. Doyle, Personal Communication, April
12, 2018, Appendix D) has been described to be 38 Mya by Pirie & Doyle (2012), whereas Herendeen
& Dilcher (1990) have used an age estimate of 45 Mya for the Diplotropis claibornensis fossil they
found from the middle Eocene. The estimated fossil age used in this analyses was 45 Mya, which is
used as a minimum age constraint. There has been uncertainty about the placement of this fossil,
because it could be used to calibrate the stem node or the crown node of the Duguetia clade. In this
study, I chose the conservative approach and used the fossil to calibrate the stem node of the
Duguetia genus. The maximum age constraint is 63 Mya, which is the upper bound of the 95%
highest posterior density of the age estimate of the previous node, the crown node of the
Duguetieae, in the BEAST analysis of Pirie & Doyle (2012).

F2. Mosannona and Oxandra (Malmeeae)
This fossil, which has not been published, is a preserved seed. Its surface is striate near the raphe and
more pitted away from the raphe. This characteristic is only found in extant species in the genera
Mosannona and Oxandra (Chatrou, 1998). The age of the fossil is estimated at 21 Mya, which is the
minimum age constraint in the analyses. Since the fossils synapomorphy is found in the Mosannona
genus and the Oxandra genus, it can be used to calibrate the crown node of the Malmeeae (F2 in
Figure 1). Because of low support of the nodes splitting the Malmeeae, Miliuseae, Fenerivieae and
Maasieae (Pirie & Doyle, 2012), these nodes are not used for age estimations. Therefore, the
maximum age constraint used, is the oldest estimation of the Malmeoideae crown node, which is
70.9 Mya (Thomas et al., 2015).

F3. Annickia (Piptostigmateae)
This fossil, which has not been published, is a preserved seed, with a warty surface. This trait is
common in the genera Brieya, Mwasumbia, Piptostigma and Greenwayodendron, which are all in the
tribe Piptostigmateae. Annickia is sister to the remaining genera in this tribe, with
Greenwayodendron as subsequent diverging lineage (Ghogue, Sonké, & Couvreur, 2017). Since
Annickia does not share the warty seed trait, but Greenwayodendron does, the fossil can be used to
calibrate the crown node of the Piptostigmateae (F3 in Figure 1). This fossil is from the Early
Oligocene and was found in Fayoum, Egypt (Dr. Lars W. Chatrou, Personal Communication, March 8,
2018, Appendix D), which has been dated at 32-34 Mya (Kappelman, Simons, & Swisher III, 1992).
Therefore, the minimum age constraint in these analyses is 32 Mya, and the maximum age constraint
is 70.9 Mya (Thomas et al., 2015), since this is the oldest estimate of the Malmeoideae crown node,
which is the Piptostigmateae stem node.
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F4. Lamelliform ruminations and collar-like raphe around the hilum
(Annonoideae/Malmeoideae)
This fossil is a seed, which has lamelliform ruminations and a collar-like raphe around the hilum,
which can be found in the extant genera Monodora, Diclinanona, Xylopia and Cardiopetalum (Dr. Lars
W. Chatrou, Personal Communication, March 2, 2018, Appendix D). These are genera from different
tribes throughout the Annonoideae, including the Bocageeae. Therefore, this fossil was used to
calibrate the stem node of the Annonoideae, which is the node separating the Annonoideae from the
Malmeoideae (F4 in Figure 1). The fossil is estimated to be 50 million years old (Dr. Lars W. Chatrou,
Personal Communication, March 8, 2018, Appendix D), which was used as a minimum age constraint.
The maximum age constraint was the oldest estimated published age for this node is 97.5 Mya (Li,
Thomas, & Saunders, 2017).
Table 1. Bounds of uniform distributions of age estimates for priors in node calibration analysis. Mya meaning million years
ago, (cr) meaning crown node.
Node (Figure 1)

Clade

A

Annonaceae (cr)

Lower bound
(Mya)
57

An

Annonoideae (cr)

48.1

M
F1

Malmeoideae (cr)
Duguetieae

26.7
45

F2
F3
F4

Malmeeae
Piptostigmateae
Annonoideae/Malmeoideae

21
32
50

Source
Doyle, Sauquet,
Scharaschkin, & Le
Thomas, 2004
Su & Saunders, 2009
Su & Saunders, 2009
Herendeen & Dilcher,
1990
Estimated fossil age
Estimated fossil age
Estimated fossil age

Upper bound
(Mya)
126.7

Source

94.8
70.9
63

Li, Thomas, &
Saunders, 2017
Thomas et al., 2015
Pirie & Doyle, 2012

70.9
70.9
97.5

Thomas et al., 2015
Thomas et al., 2015
Li et al., 2017

Massoni, Couvreur, &
Sauquet, 2015

Comparison of analyses using node-calibration
In order to study the effect of each fossil in node-calibration, a broad set of analyses was performed.
To create a reference, I performed one analysis excluding all four fossils and one analysis including all
of them. For all of the four fossils, analyses were run either including this fossil only as calibration
point, or excluding this fossil only and using the three other fossils as calibration points. By doing this
two-way comparison, the interaction between the fossil priors and the other priors are investigated.
Using this method, it is possible to distinguish between the influence of including fossil node
calibrations in general and the influence of a specific fossil.
The influence of taxon sampling, in this case presence of Annonoideae species, was tested by running
analyses without these species with different fossil priors. Since only F2 and F3 represent nodes
within the Malmeoideae subfamily, these fossils were used in the analyses without Annonoideae
species. Four analyses without species from this subfamily were run, one lacking fossils, one
including only fossil F2, one with only F3 and one including both. To enable a complete comparrisson,
another analysis including Annonoideae with F2 and F3 was performed.

Tip-calibration
To perform tip-calibration, F3 and F4 were added to the dataset as extinct species. For all species,
extinct and extant, the morphological traits that characterise the fossils were scored. For both fossils,
this was just one character. The DNA sequences for the extinct species were marked as unknown.
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Table 2. Broad overview of results, with relevant ESS values. Age estimates in million years ago. NA = No Annonoideae in dataset.

Analysis

8

No fossils

Posterior
ESS
(combined)
2407

F1. Duguetia

Prior ESS
(combined)
2871

Likelihood
ESS
(combined)
768

306

1099

222

F2. Mosannona
/Oxandra
F3. Annickia

2998

4365

709

3093

3008

3108

F4. Lamelliform
ruminations
F2 F3

4103

5135

2183

2962

2788

1800

F2 F3 F4

2953

3445

2144

F1 F3 F4

733

435

1268

F1 F2 F4

1301

505

1953

F1 F2 F3

1355

624

1309

All fossils

1328

905

1302

NA no fossils

5058

5117

3246

NA F2

3649

3476

3257

NA F3

3323

2903

3982

NA F2 F3

2999

2935

1651

Annonaceae
age (95% HPD)
88.43
(65.11, 123.29)
114.90
(97.40, 126.69)
92.99
(68.15, 123.31)
103.18
(80.11, 126.67)
87.57
(62.91, 118.32)
102.34
(79.19, 126.33)
101.64
(78.19, 124.10)
112.14
(97.08, 126.66)
111.84
(96.25, 126.09)
115.48
(98.68, 126.70)
112.27
(96.79, 126.65)
80.67
(57.00, 119.50)
110.24
(80.10, 126.63)
111.10
(82.40, 126.70)
110.46
(81.60, 126.70)

Annonoideae
age (95%
HPD)
65.57
(48.13, 89.15)
86.17
(74.01, 94.79)
68.93
(51.63, 92.13)
76.89
(59.99, 94.80)
64.80
(48.10, 86.37)
76.55
(59.25, 94.27)
75.71
(58.78, 91.17)
84.16
(72.85, 92.99)
84.01
(72.37, 92.56)
86.52
(74.72, 94.80)
84.14
(72.78, 92.91)
X
X
X
X

Malmeoideae
age (95%
HPD)
35.93
(26.70, 50.87)
47.39
(36.38, 59.07)
37.56
(27.03, 51.36)
41.93
(33.36, 53.83)
35.83
(26.70, 49.70)
42.15
(33.11, 54.17)
41.69
(33.00, 52.60)
46.66
(37.10, 57.13)
45.68
(35.69, 56.41)
47.87
(37.11, 58.80)
46.49
(36.86, 57.21)
41.39
(26.74, 62.50)
57.51
(41.74, 70.85)
57.94
(42.76, 70.89)
57.73
(42.73, 70.90)

F1 age
(95% HPD)

F2 age
(95% HPD)

F3 age
(95% HPD)

F4 age
(95% HPD)

31.98
(20.13, 47.69)
48.07
(45.00, 55.74)
33.62
(21.59, 48.73)
37.31
(24.31, 51.06)
31.75
(20.09, 46.79)
37.17
(24.66, 51.15)
36.74
(24.99, 50.25)
47.89
(45.00, 54.87)
47.69
(45.00, 54.27)
48.03
(45.00, 55.64)
47.77
(45.00, 54.69)
X

25.87
(18.39, 37.22)
34.11
(26.57, 41.64)
26.85
(21.00, 36.10)
30.03
(22.30, 38.59)
25.60
(17.94, 35.76)
30.14
(22.56, 38.91)
29.81
(22.74, 38.37)
33.41
(26.53, 40.09)
32.92
(26.37, 39.86)
34.36
(27.28, 41.79)
33.30
(26.54, 39.84)
30.09
(19.59, 47.02)
42.62
(29.55, 54.36)
42.76
(30.05, 54.27)
42.74
(30.31, 54.60)

31.66
(21.47, 46.93)
41.82
(31.07, 53.85)
33.02
(22.49, 47.08)
37.40
(32.00, 47.87)
31.48
(21.55, 46.00
37.76
(32.00, 47.91)
37.09
(32.00, 47.09)
41.18
(32.03, 50.60)
40.33
(29.95, 51.66)
42.28
(32.54, 52.57)
41.01
(32.02, 50.25)
36.77
(23.49, 58.19)
51.27
(35.21, 66.14)
51.67
(35.96, 65.63)
51.49
(35.44, 65.46)

71.38 (52.21,
97.69)
93.61 (78.47,
104.82)
75.01 (55.34,
99.35)
83.55 (63.79,
102.75)
70.52 (52.73,
94.76)
82.98 (62.90,
101.89)
81.12 (65.02,
97.48)
91.08 (79.64,
97.49)
91.11 (79.46,
97.50)
94.06 (79.97,
105.36)
91.32 (79.50,
97.50)
X

X
X
X

X
X
X

Results
Node-calibration
Using BEAST v1.8.4., fifteen node-calibration analyses were performed with at least three runs. In
Table 2 the combined results of these runs are shown per analysis. All analyses converged with ESS
values >200 for Posterior, Prior and Likelihood. For the analysis using all four fossils, more than three
runs were needed to result in proper ESS values.

F1. Duguetia (Duguetieae)
Table 3. Selection of Table 2, showing ‘F1. Duguetia’ results
Analysis
No fossils

Annonaceae age (95%)

Annonoideae age (95%)

Malmeoideae age (95%)

F1 age (95%)

88.43 (65.11, 123.29)

65.57 (48.13, 89.15)

35.93 (26.70, 50.87)

31.98 (20.13, 47.69)

F1

114.90 (97.40, 126.69)

86.17 (74.01, 94.79)

47.39 (36.38, 59.07)

48.07 (45.00, 55.74)

F2 F3 F4

101.64 (78.19, 124.10)

75.71 (58.78, 91.17)

41.69 (33.00, 52.60)

36.74 (24.99, 50.25)

All fossils

112.27 (96.79, 126.65)

84.14 (72.78, 92.91)

46.49 (36.86, 57.21)

47.77 (45.00, 54.69)

The Duguetia fossil calibrates the age of the stem node of the genus Duguetia. The age of this node
in an analysis without any fossil calibration is estimated at 31.98 Mya, as shown in Table 3. The age
estimate of the Duguetia fossil used in these analyses is 45 Mya, resulting in a minimum age
constraint for this node at 45 Mya as a prior in the analyses including this fossil. In the analysis
including only the Duguetia fossil, the estimated age for the node it calibrated is 48.07 Mya,
considerably older than the estimation without the fossil. Also the estimate for the Annonaceae
crown age (114.90 vs 88.43 Mya), the Annonoideae crown age (86.17 vs 65.57 Mya) and the
Malmeoideae crown age (47.39 vs 35.93 Mya) are older in the latter analysis. Excluding the Duguetia
fossil, while including the three others, when compared to an analysis in which all four fossils are
present, results in younger estimates (101.64 vs 112.27 Mya for Annonaceae crown age, 75.71 vs
84.14 Mya for Annonoideae crown age and 41.69 vs 46.49 Mya for Malmeoideae crown age). These
results indicate that the inclusion of the Duguetia fossil, which calibrates a clade within the
Annonoideae, results in changes in age estimates throughout the entire Annonaceae.

F2. Mosannona/Oxandra (Malmeeae)
Table 4. Selection of Table 2, showing ‘F2. Mosannona/Oxandra’ results
Annonaceae age (95%)

Annonoideae age (95%)

Malmeoideae age (95%)

F2 age (95%)

No fossils

Analysis

88.43 (65.11, 123.29)

65.57 (48.13, 89.15)

35.93 (26.70, 50.87)

25.87 (18.39, 37.22)

F2

92.99 (68.15, 123.31)

68.93 (51.63, 92.13)

37.56 (27.03, 51.36)

26.85 (21.00, 36.10)

F1 F3 F4

112.14 (97.08, 126.66)

84.16 (72.85, 92.99)

46.66 (37.10, 57.13)

33.41 (26.53, 40.09)

All fossils

112.27 (96.79, 126.65)

84.14 (72.78, 92.91)

46.49 (36.86, 57.21)

33.30 (26.54, 39.84)

The Mosannona/Oxandra fossil calibrates the age of the crown node of the Malmeeae tribe. The age
estimation of this node in an analysis without fossil calibration is 25.87 Mya, as shown in Table 4. The
age of the Mosannona/Oxandra fossil is estimated at 21 Mya in these analyses, resulting in a
minimum age constraint for this node at 21 Mya as a prior in the analyses including this fossil. In the
analysis including only this fossil, the age estimation for this node is 26.85 Mya, which is hardly
different from the analysis without fossils. Also the age estimates for Annonacaea crown age (92.99
vs 88.43 Mya), Annonoideae crown age (68.93 vs 65.57 Mya) and Malmeoideae crown age (37.56 vs
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35.93 Mya) differ only slightly. Excluding the Mosannona/Oxandra fossil from an analysis does not
influence the results compared to an analysis including all fossils (112.14 vs 112.27 Mya for
Annonaceae crown age, 84.16 vs 84.14 Mya for Annonoideae crown age and 46.66 vs 46.49 Mya for
Malmeoideae crown age). These results indicate that the inclusion of the Mosannona/Oxandra fossil
does not seem to influence age estimates.

F3. Annickia (Piptostigmateae)
Table 5. Selection of Table 2, showing ‘F3. Annickia’ results
Analysis
No fossils

Annonaceae age (95%)

Annonoideae age (95%)

Malmeoideae age (95%)

F3 age (95%)

88.43 (65.11, 123.29)

65.57 (48.13, 89.15)

35.93 (26.70, 50.87)

31.66 (21.47, 46.93)

F3

103.18 (80.11, 126.67)

76.89 (59.99, 94.80)

41.93 (33.36, 53.83)

37.40 (32.00, 47.87)

F1 F2 F4

111.84 (96.25, 126.09)

84.01 (72.37, 92.56)

45.68 (35.69, 56.41)

40.33 (29.95, 51.66)

All fossils

112.27 (96.79, 126.65)

84.14 (72.78, 92.91)

46.49 (36.86, 57.21)

41.01 (32.02, 50.25)

The Annickia fossil calibrates the age of the crown node of the Piptostigmateae. The age of this node
is estimated at 31.66 Mya in an analysis without fossil calibration, as shown in Table 5. The Annickia
fossil age is estimated at 32 Mya in these analyses, resulting in a minimum age of 32 Mya age in the
prior in analyses including this fossil. The age estimation for this node is 37.40 Mya in the analysis
including only the Annickia fossil, which is older than the analysis without fossils. The age estimates
for Annonaceae crown age (103.18 vs 88.43 Mya), Annonoideae crown age (76.89 vs 65.57 Mya) and
Malmeoideae crown age (41.93 vs 35.93 Mya) are earlier compared to the analysis without fossils.
Excluding the Annickia fossil, while including the three others, compared to an analysis in which all
four fossils are present, does not lead to different estimates (111.84 vs 112.27 Mya for Annonaceae
crown age, 84.01 vs 84.14 Mya for Annonoideae crown age and 45.68 vs 46.49 Mya for Malmeoideae
crown age). These results indicate that the inclusion of the Annickia fossil influences age estimates
throughout the entire Annonaceae tree when the other fossils are not present, but not in the same
magnitude as the Duguetia fossil does. Also, the fossil is not of relevance when all other fossils are
present in an analysis, suggesting its influence cannot compete with the constrains caused by the
Duguetia fossil.

F4. Lamelliform ruminations and collar-like raphe around the hilum
(Annonoideae/Malmeoideae)
Table 6. Selection of Table 2, showing ‘F4. Lamelliform ruminations and collar-like raphe around the hilum’ results
Analysis

Annonaceae age (95%)

Annonoideae age (95%)

Malmeoideae age (95%)

F4 age (95%)

No fossils

88.43 (65.11, 123.29)

65.57 (48.13, 89.15)

35.93 (26.70, 50.87)

71.38 (52.21, 97.69)

F4

87.57 (62.91, 118.32)

64.80 (48.10, 86.37)

35.83 (26.70, 49.70)

70.52 (52.73, 94.76)

F1 F2 F3

115.48 (98.68, 126.70)

86.52 (74.72, 94.80)

47.87 (37.11, 58.80)

94.06 (79.97, 105.36)

All fossils

112.27 (96.79, 126.65)

84.14 (72.78, 92.91)

46.49 (36.86, 57.21)

91.32 (79.50, 97.50)

The Rumination/hilum fossil calibrates the age of the stem node of the Annonoideae, which is the
node separating the Malmeoideae and Annonoideae. The age of this node is estimated at 71.38 Mya
in an analysis without fossil calibration, as shown in Table 6. The fossil age is estimated at 50 Mya in
these analyses, resulting in a minimum age of 50 Mya age in the prior in analyses including this fossil.
The age estimation for this node is 70.52 Mya in the analysis including only this fossil, which hardly
differs from the analysis without fossils. The age estimates for Annonaceae crown age (87.57 vs
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88.43 Mya), Annonoideae crown age (64.80 vs 65.57 Mya) and Malmeoideae crown age (35.83 vs
35.93 Mya) also do not differ from the analysis without fossils. Excluding this fossil, while including
the three others, compared to an analysis in which all four fossils are present, does not lead to
different estimates (115.48 vs 112.27 Mya for Annonaceae crown age, 86.52 vs 84.14 Mya for
Annonoideae crown age and 47.87 vs 46.49 Mya for Malmeoideae crown age). These results indicate
that the inclusion of the fossil does not influence any age estimates throughout the Annonaceae tree.

Annonoideae and fossils
Table 7. Selection of Table 2, showing presence and absence of Annonoideae results
Analysis
No fossils

88.43 (65.11, 123.29)

Malmeoideae age
(95%)
35.93 (26.70, 50.87)

F2

92.99 (68.15, 123.31)

37.56 (27.03, 51.36)

26.85 (21.00, 36.10)

33.02 (22.49, 47.08)

F3

103.18 (80.11, 126.67)

41.93 (33.36, 53.83)

30.03 (22.30, 38.59)

37.40 (32.00, 47.87)

F2 F3

102.34 (79.19, 126.33)

42.15 (33.11, 54.17)

30.14 (22.56, 38.91)

37.76 (32.00, 47.91)

NA. no fossils

Annonaceae age (95%)

F2 age (95%)

F3 age (95%)

25.87 (18.39, 37.22)

31.66 (21.47, 46.93)

80.67 (57.00, 119.50)

41.39 (26.74, 62.50)

30.09 (19.59, 47.02)

36.77 (23.49, 58.19)

NA. F2

110.24 (80.10, 126.63)

57.51 (41.74, 70.85)

42.62 (29.55, 54.36)

51.27 (35.21, 66.14)

NA. F3

111.10 (82.40, 126.70)

57.94 (42.76, 70.89)

42.76 (30.05, 54.27)

51.67 (35.96, 65.63)

NA. F2 F3

110.46 (81.60, 126.70)

57.73 (42.73, 70.90)

42.74 (30.31, 54.60)

51.49 (35.44, 65.46)

As previously shown by Drukker (2017), the substitution rate distribution in a BEAST analysis is
dominated by the Annonoideae. In order to investigate the interaction between the presence of
Annonoideae species and the inclusion of fossils on the substitution rate, and therefore the
estimated node ages, I performed multiple analyses excluding all Annonoideae species (Table 7). In
line with Drukker (2017) removing Annonoideae from the dataset, without including fossils, resulted
in a more recent estimation for the Annonaceae crown node age (80.67 vs 88.43 Mya), but also in an
older estimation for the Malmeoideae crown node age (41.39 vs 35.93 Mya). It appears that the
presence of Annonoideae results in a higher substitution rate, and therefore younger ages, in the
Malmeoideae, which suggests a structural underestimation of Malmeoideae ages.
To understand the effect of the interaction of Annonoideae and the presence of fossils in nodecalibration analyses, these combinations were varied. As previously described, in the analyses
including the Annonoideae, the Mosannona/Oxandra fossil has few effect on the age estimates,
while including the Annickia fossil or both increases these estimates. The same analyses without
Annonoideae species in the dataset show a different trend. The Mosannona/Oxandra fossil leads to
an increase in the age estimate for Annonaceae crown node (110.24 vs 80.67 Mya), as well as the
Malmeoideae crown node (57.51 vs 41.39 Mya), the Mosannona/Oxandra fossil node (42.62 vs 30.09
Mya) and the Annickia fossil node (51.27 vs 36.77 Mya). These age estimates roughly equal the
estimates of the analyses including the Annickia fossil and both fossils, in the absence of
Annonoideae. Summarized, the Mosannona/Oxandra fossil does not influence node age estimates in
the tree when Annonoideae species are present in the dataset, whereas it increases these estimates
greatly without them.

Tip-calibration
I made several attempts to perform tip-calibration analyses, without success. Whereas Ronquist et al.
(2012) could use multiple fossils with many unequivocal morphological characters, only one
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character could be scored for each fossil in this study. This lack of morphological data caused the
analyses to show no useful results, in the fact that they did not change the phylogenetic tree in
structure or age estimates compared to an analysis without fossils or were misplaced in the tree. Tipcalibration has rare been performed succesfully to reconstruct plant phylogenies, especially on a
lower taxonomic level, because this method requires a large set of informative fossils (Morris &
Shaw, 2018). One exception is described by Larson-Johnson (2016), who used tip-calibration in a
reconstruction of the order Fagales, where 27 informative fossils were present. Future attempts for
tip-calibration in Annonaceae should be performed when more informative fossils are found.

Discussion and Conclusion
Fossils
In this study, I used four fossils, which all contained only one synapomorphy to conduct fossil
placement for node calibration. However, because of the conservative placement of these fossils and
because of their distinctive characteristics, I feel certain about their validity. I performed 15 node
calibration analyses varying in presence of taxa and in fossil calibration. This resulted in a broad
range of age estimates for nodes within the Annonaceae.

Age estimates
In a fossil dating study on Angiosperms by Magallón et al. (2015), using fossils outside the
Annonaceae family, a 95% HPD for the age estimate of the Annonaceae crown node (node A in
Figure 1) of 87.72-104.98 Mya was found. Pirie & Doyle (2012) found the estimated this node at 8998 Mya as a 95% HPD, using a data set with 197 Annonaceae species. In their analysis, they used the
Futabantus fossil at the stem of the Annonaceae family and the Endressinia fossil outside of the
family. Both studies used BEAST analyses with uncorrelated relaxed clock models and uniform age
priors. My analyses were performed likewise. Comparing their results to my current study, a striking
result is the large variation in age estimates for the Annonaceae stem node, using different
combinations of fossils within the Annonaceae family. The minimum estimate in my analyses being
57.00 Mya and the hand made maximum being 126.70 Mya, considering the 95% HPD values. The
same comparisson can be made for node An in Figure 1 (Annonoideae crown node, 65-80 Mya) and
node M in Figure 1 (Malmeoideae crown node, 34-54 Mya) age estimates (Pirie & Doyle, 2012),
which have been estimated in my analyses between 48.10 and 94.80 Mya and 26.70 and 70.90 Mya
respectively.

Age estimates reaching maximum prior settings
Because skewed taxon sampling and inclusion of fossils, especially those with a relatively old age
estimation for the node they calibrate, can both increase age estimates throughout an entire
phylogenetic tree, it is important to include a proper set of maximum age priors, to avoid unrealistic
age estimations. Since the maximum boundaries in this study are selected in a conservative way,
using previously published age estimations, I interpret them as proper methods to keep age
estimations realistic. For the three nodes early in the family, nodes A, An and M in Figure 1, the
maximum age estimation in some analyses (upper bound of 95% HPD) was equal or close to the prior
maximum. Especially the presence of the Duguetia fossil and the combination of absence of
Annonoideae species and presence of a fossil within the Malmeoideae, pushed age estimates
towards these maxima. The high age estimates of analyses including the Duguetia fossil can be
explained by the increase of age estimate of the calibrated node itself (45 Mya vs 31.98 Mya), as the
12

increased age of this node increases age estimates throughout the entire tree. The ages estimates of
the analyses including this fossil could however shine a new light on the age estimates within the
family. As this fossil is used conservatively by placing it on the stem node of the Duguetia clade, and
maximum bounds were used on nodes early in the family, the age estimates that resulted from these
analyses are realistic and sound. Future research on the placement of this fossil could shine a new
light on age estimates in the Annonaceae family.
For the analyses excluding Annonaceae, but including one or more fossils, an explanation for the high
age estimates could be that age estimates earlier in the family may increase due to the lower
substitution rate of Malmeoideae compared to Annonoideae, which usually dominate the modelled
substitution rate in a BEAST analysis of Annonaceae (Drukker, 2017; Hoekstra et al., 2017). Especially
when fossil node calibration is added, which already increases age estimates when Annonoideae
species are present for most fossils, there is a lot of force increasing age estimates. This increasing
effect is demonstrated by the Mosannona/Oxandra fossil, when considering the increase of age
estimates due to the absence of Annonoideae species in the dataset. This result clearly shows the
dependence of node calibration on taxon sampling and it is therefore adviced to be thourough and
cautious while using node calibration to provide age estimates. Also, in line with Warnock et al.
(2015), it appeared that even small changes in age priors can greatly influence age estimates.
Moreover, age priors included in an analysis, seem to interact with one another and including an age
prior influences the outcome of an analysis more than expected. My results show the importance of
running multiple analyses including and excluding a fossil before interpreting the effect a nodecalibration has on age estimates. I would recommend to increase research within the Annonaceae
family testing and using these fossils, varying taxon sampling, age estimation distributions and
calibration methods.

Interpretation ages
Besides considering all prior settings, interpreting age estimations of Malmeoideae and Annonoideae
should always be done with great caution. In my study, I found an increase for the Malmeoideae
node age estimation when removing Annonoideae species from the data set and excluding fossils,
but a decrease for the Annonaceae crown age estimate. Since the BEAST model only allows a
unimodal distribution of substitution rates in an analysis, the Malmeoideae age estimates are
dominated by the Annonoideae substitution rates (Drukker, 2017). Annonoideae species are proven
to have a higher substitution rate for chloroplast and nuclear sequences, compared to Malmeoideae
(Hoekstra et al., 2017). Combining these two facts leads to a structural underestimation of
Malmeoideae ages, confirming my results. The exclusion of clade-specific rate heterogeneity in the
BEAST model as also described by Beaulieu et al. (2015), is an inconvenience that should be taken
into account when considering the use of this model and interpreting its results.
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Old species name

Current species name

Afroguatteria_bequaertii

Afroguatteria_bequaertii

Alphonsea_boniana

Alphonsea_boniana

Alphonsea_elliptica

Alphonsea_elliptica

Alphonsea_javanica

Alphonsea_javanica

Alphonsea_kinabaluensis

Alphonsea_kinabaluensis

Alphonsea_sp

Alphonsea_sp

Ambavia_gerrardii

Ambavia_gerrardii

Anaxagorea_crassipetala

Anaxagorea_crassipetala

Anaxagorea_luzonensis

Anaxagorea_luzonensis

Anaxagorea_panamensis

Anaxagorea_panamensis

Anaxagorea_phaeocarpa

Anaxagorea_phaeocarpa

Anaxagorea_silvatica

Anaxagorea_silvatica

Annickia_chlorantha

Annickia_chlorantha

Annickia_kummeriae

Annickia_kummeriae

Annickia_pilosa

Annickia_pilosa

Annona_amazonica

Annona_amazonica

Annona_bicolor

Annona_bicolor

Annona_cordifolia

Annona_cordifolia

Annona_deceptrix

Annona_deceptrix

Annona_dioica

Annona_dioica

Annona_flava

Annona_flava

Annona_foetida

Annona_foetida

Annona_glabra

Annona_glabra

Annona_holosericea

Annona_holosericea

Annona_hypoglauca

Annona_hypoglauca

Annona_macroprophyllata

Annona_macroprophyllata

Annona_montana

Annona_montana

Annona_muricata

Annona_muricata

Annona_oligocarpa

Annona_neglecta

Annona_pruinosa

Annona_pruinosa

Annona_scandens

Annona_scandens

Annona_senegalensis

Annona_senegalensis

Annona_squamosa

Annona_squamosa

Annona_symphyocarpa

Annona_symphyocarpa

Annona_urbaniana

Annona_urbaniana

Anomianthus_dulcis

Uvaria_dulcis

Reference

Remarks

No species name present

Not in Herbarium Database (unpublished), confirmed by Personal communication

Herbarium Database

Herbarium Database

Anonidium_sp

Anonidium_sp

Artabotrys_aurantiacus

Artabotrys_aurantiacus

Artabotrys_crassifolius

Artabotrys_crassifolius

Artabotrys_gracilis

Artabotrys_gracilis

Artabotrys_hexapetalus

Artabotrys_hexapetalus

Artabotrys_madagascariensis

Artabotrys_madagascariensis

Artabotrys_monteiroae

Artabotrys_monteiroae

Artabotrys_pierreanus

Artabotrys_pierreanus

Artabotrys_sp

Artabotrys_sp

Artabotrys_thomsonii

Artabotrys_thomsonii

Artabotrys_velutinus

Artabotrys_velutinus

Asimina_angustifolia

Asimina_longifolia

Asimina_triloba

Asimina_triloba

Asteranthe_asterias

Asteranthe_asterias

Bocageopsis_canescens

Bocageopsis_canescens

Bocageopsis_multiflora

Bocageopsis_multiflora

Cananga_odorata

Cananga_odorata

Cleistochlamys_kirkii

Cleistochlamys_kirkii

Cleistopholis_glauca

Cleistopholis_glauca

Cremastosperma_brevipes

Cremastosperma_brevipes

Cremastosperma_cauliflorum

Cremastosperma_cauliflorum

Cremastosperma_leiophyllum

Cremastosperma_leiophyllum

Cremastosperma_microcarpum

Cremastosperma_microcarpum

Cremastosperma_monospermum

Cremastosperma_monospermum

Cyathocalyx_biovulatus

Drepananthus_biovulatus

Cyathocalyx_martabanicus

Cyathocalyx_martabanicus

Cyathostemma_glabrum

Uvaria_glabrum

Cyathostemma_hookeri

Uvaria_hookeri

Cymbopetalum_brasiliense

Cymbopetalum_brasiliense

Cymbopetalum_sp

Cymbopetalum_sp

Cymbopetalum_torulosum

Cymbopetalum_torulosum

Dasymaschalon_borneense

Dasymaschalon_borneense

Dasymaschalon_dasymaschalum

Dasymaschalon_dasymaschalum

Dasymaschalon_evrardii

Desmos_evrardii

Dasymaschalon_longiflorum

Dasymaschalon_longiflorum

Dasymaschalon_macrocalyx

Desmos_macrocalyx

Dendrokingstonia_gardneri

Dendrokingstonia_gardneri

No species name present

No species name present

Herbarium Database

Herbarium Database
Herbarium Database
Herbarium Database
No species name present

Herbarium Database
Herbarium Database

Dendrokingstonia_nervosa

Dendrokingstonia_nervosa

Desmopsis_lanceolata

Desmopsis_lanceolata

Desmopsis_microcarpa

Desmopsis_microcarpa

Desmopsis_schippii

Desmopsis_schippii

Desmopsis_spec

Desmopsis_spec

Desmopsis_uxpanapensis

Desmopsis_uxpanapensis

Desmos_chinensis

Desmos_chinensis

Desmos_cochinchinensis

Desmos_cochinchinensis

Desmos_dumosus

Desmos_dumosus

Desmos_elegans

Desmos_elegans

Desmos_lawii

Desmos_chinensis_var_lawii

Desmos_wardianus

Desmos_wardianus

Diclinanona_calycina

Diclinanona_calycina

Diclinanona_tessmannii

Diclinanona_tessmannii

Dielsiothamnus_divaricatus

Dielsiothamnus_divaricatus

Disepalum_pulchrum

Disepalum_pulchrum

Disepalum_sp

Disepalum_sp

Duckeanthus_grandiflorus

Duckeanthus_grandiflorus

Duguetia_chrysea

Duguetia_chrysea

Duguetia_inconspicua

Duguetia_inconspicua

Duguetia_lucida

Duguetia_lucida

Duguetia_marcgraviana

Duguetia_marcgraviana

Duguetia_odorata

Duguetia_odorata

Duguetia_pycnastera

Duguetia_pycnastera

Duguetia_sooretamae

Duguetia_sooretamae

Duguetia_staudtii

Duguetia_staudtii

Duguetia_surinamensis

Duguetia_surinamensis

Duguetia_yeshidan

Duguetia_yeshidan

Enicosanthum_fuscum

Monoon_fuscum

Ephedranthus_parviflorus

Ephedranthus_parviflorus

Exellia_scamnopetala

Exellia_scamnopetala

Fenerivia_chapelieri

Fenerivia_chapelieri

Fenerivia_ghesquiereana

Fenerivia_ghesquiereana

Fissistigma_glaucescens

Fissistigma_glaucescens

Fissistigma_polyanthoides

Fissistigma_polyanthoides

Fissistigma_uonicum

Fissistigma_uonicum

Fitzalania_heteropetala

Meiogyne_heteropetala

No species name present
Not in Herbarium Database (unpublished), confirmed by Personal communication

Herbarium Database

No species name present

Xue et al, 2012

Herbarium Database

Flagelliflorous_Miliuseae_AEOR_7 Flagelliflorous_Miliuseae_AEOR_7
Friesodielsia_biglandulosa

Friesodielsia_biglandulosa

Friesodielsia_calycina

Friesodielsia_calycina

Friesodielsia_cuneiformis

Friesodielsia_cuneiformis

Friesodielsia_discostigma

Friesodielsia_discostigma

Friesodielsia_glauca

Friesodielsia_glauca

Friesodielsia_glaucifolia

Friesodielsia_glaucifolia

Friesodielsia_gracilipes

Friesodielsia_gracilipes

Friesodielsia_hirsuta

Friesodielsia_hirsuta

Friesodielsia_latifolia

Friesodielsia_latifolia

Friesodielsia_montana

Friesodielsia_montana

Friesodielsia_sahyadrica

Friesodielsia_sahyadrica

Friesodielsia_specnov

Friesodielsia_specnov

Fusaea_longifolia

Fusaea_longifolia

Fusaea_peruviana

Fusaea_peruviana

Goniothalamus_aruensis

Goniothalamus_aruensis

Goniothalamus_cheliensis

Goniothalamus_cheliensis

Goniothalamus_expansus

Goniothalamus_expansus

Goniothalamus_giganteus

Goniothalamus_giganteus

Goniothalamus_griffithii

Goniothalamus_griffithii

Goniothalamus_loerzingii

Goniothalamus_loerzingii

Goniothalamus_macrophyllus

Goniothalamus_macrophyllus

Goniothalamus_tapis

Goniothalamus_tapis

Goniothalamus_tavoyensis

Goniothalamus_tavoyensis

Goniothalamus_tomentosus

Goniothalamus_tomentosus

Greenwayodendron_oliveri

Greenwayodendron_oliveri

Greenwayodendron_suaveolens

Greenwayodendron_suaveolens

Guatteria_allenii

Guatteria_allenii

Guatteria_anomala

Guatteria_anomala

Guatteria_australis

Guatteria_australis

Guatteria_diospyroides

Guatteria_diospyroides

Guatteria_guianensis

Guatteria_guianensis

Guatteria_lucens

Guatteria_lucens

Guatteria_oliviformis

Guatteria_oliviformis

Guatteria_ovalifolia

Guatteria_ovalifolia

Guatteria_pudica

Guatteria_pudica

Guatteria_sellowiana

Guatteria_sellowiana

No species name present

No species name present

Haplostichanthus_johnsonii

Haplostichanthus_johnsonii

Haplostichanthus_longirostris

Haplostichanthus_longirostris

Hexalobus_crispiflorus

Hexalobus_crispiflorus

Hexalobus_salicifolius

Hexalobus_salicifolius

Hornschuchia_citriodora

Hornschuchia_citriodora

Huberanthus_irian

Huberantha_irian

Huberanthus_mdg

Huberantha_mdg

Huberanthus_png

Huberantha_png

Huberanthus_png2_TNW_H69

Huberantha_png2_TNW_H69

Huberanthus_sp

Huberantha_sp

Isolona_campanulata

Isolona_campanulata

Isolona_cauliflora

Isolona_cauliflora

Isolona_cooperi

Isolona_cooperi

Isolona_linearis

Isolona_linearis

Klarobelia_inundata

Klarobelia_inundata

Klarobelia_megalocarpa

Klarobelia_megalocarpa

Klarobelia_stipitata

Klarobelia_stipitata

Letestudoxa_bella

Letestudoxa_bella

Letestudoxa_glabrifolia

Letestudoxa_glabrifolia

Lettowianthus_stellatus

Lettowianthus_stellatus

Maasia_discolor

Maasia_discolor

Maasia_glauca

Maasia_glauca

Maasia_sumatrana

Maasia_sumatrana

Malmea_dielsiana

Malmea_dielsiana

Malmea_spnov

Malmea_spnov

Marsypopetalum_modestum

Marsypopetalum_modestum

Marsypopetalum_pallidum

Marsypopetalum_pallidum

Meiocarpidium_TNW_123

Meiocarpidium_TNW_123

Meiocarpidium_lepidotum

Meiocarpidium_lepidotum

Meiogyne_dumetosa

Meiogyne_dumetosa

Meiogyne_hirsuta

Meiogyne_hirsuta

Meiogyne_lecardii

Meiogyne_lecardii

Meiogyne_pannosa

Meiogyne_pannosa

Meiogyne_verrucosa

Meiogyne_verrucosa

Melodorum_fruticosum

Melodorum_fruticosum

Mezzettia_parviflora

Mezzettia_parviflora

Miliusa_cuneata

Miliusa_cuneata

Personal communication
Personal communication
Personal communication
Personal communication
Personal communication

No species name present
No species name present
No species name present
No species name present
No species name present

No species name present

No species name present

Miliusa_lineata

Miliusa_horsfieldii

Miliusa_mollis

Miliusa_mollis

Miliusa_thorelii

Miliusa_thorelii

Miliusa_velutina

Miliusa_velutina

Mischogyne_michelioides

Mischogyne_michelioides

Mitrella_kentii

Mitrella_kentii

Mitrephora_alba

Mitrephora_alba

Mitrephora_celebica

Mitrephora_macrocarpa

Mitrephora_longipetala

Mitrephora_longipetala

Mitrephora_polypyrena

Mitrephora_polypyrena

Mitrephora_teysmannii

Mitrephora_teysmannii

Mkilua_fragrans

Mkilua_fragrans

Monanthotaxis_barteri

Monanthotaxis_barteri

Monanthotaxis_chasei

Monanthotaxis_chasei

Monanthotaxis_congoensis

Monanthotaxis_congoensis

Monanthotaxis_ferruginea

Monanthotaxis_ferruginea

Monanthotaxis_littoralis

Monanthotaxis_littoralis

Monanthotaxis_maputensis

Monanthotaxis_maputensis

Monanthotaxis_trichantha

Monanthotaxis_trichantha

Monanthotaxis_trichocarpa

Monanthotaxis_trichocarpa

Monanthotaxis_whytei

Monanthotaxis_whytei

Monocarpia_euneura

Monocarpia_euneura

Monocarpia_marginalis

Monocarpia_marginalis

Monocyclanthus_vegnei

Monocyclanthus_vegnei

Monodora_crispata

Monodora_crispata

Monodora_hastipetala

Monodora_hastipetala

Monodora_junodii

Monodora_junodii

Monodora_myristica

Monodora_myristica

Monodora_tenuifolia

Monodora_tenuifolia

Mosannona_costaricensis

Mosannona_costaricensis

Mosannona_depressa

Mosannona_depressa

Mosannona_garwoodii

Mosannona_garwoodii

Mosannona_parva

Mosannona_parva

Mosannona_raimondii

Mosannona_raimondii

Mwasumbia_alba

Mwasumbia_alba

Neo_uvaria_acuminatissima

Neo_uvaria_acuminatissima

Neo_uvaria_paralellivenia

Neo_uvaria_paralellivenia

Herbarium Database

Herbarium Database

Neo_uvaria_telopea

Neo_uvaria_telopea

Neostenanthera_myristicifolia

Neostenanthera_myristicifolia

Onychopetalum_periquino

Onychopetalum_periquino

Ophrypetalum_odoratum

Ophrypetalum_odoratum

Orophea_brandisii

Orophea_brandisii

Orophea_celebica

Orophea_celebica

Orophea_enneandra

Orophea_enneandra

Orophea_enterocarpa

Orophea_enterocarpa

Orophea_kerrii

Orophea_kerrii

Oxandra_espintana

Oxandra_espintana

Oxandra_macrophylla

Oxandra_macrophylla

Oxandra_nitida

Oxandra_nitida

Oxandra_polyantha

Oxandra_polyantha

Oxandra_venezuelana

Oxandra_venezuelana

Oxandra_xylopioides

Oxandra_xylopioides

Phaeanthus_ebracteolatus

Phaeanthus_ebracteolatus

Phaeanthus_sp

Phaeanthus_sp

Phaeanthus_splendens

Phaeanthus_splendens

Piptostigma_fasciculatum

Brieya_fasciculata

Piptostigma_mortehani

Piptostigma_mortehani

Piptostigma_pilosum

Piptostigma_pilosum

Platymitra_macrocarpa

Platymitra_macrocarpa

Polyalthia_borneensis

Polyalthia_borneensis

Polyalthia_bullata

Polyalthia_bullata

Polyalthia_cauliflora

Polyalthia_cauliflora

Polyalthia_celebica

Polyalthia_celebica

Polyalthia_cerasoides

Huberantha_cerasoides

Polyalthia_cinnamomea

Polyalthia_cinnamomea

Polyalthia_congesta

Monoon_congestum

Polyalthia_debilis

Polyalthia_debilis

Polyalthia_flagellaris

Polyalthia_flagellaris

Polyalthia_henrici

Huberantha_henrici

Polyalthia_jenkinsii

Huberantha_jenkinsii

Polyalthia_korinti

Huberantha_korinti

Polyalthia_lateriflora

Monoon_lateriflorum

Polyalthia_littoralis

Marsypopetalum_littorale

Polyalthia_longifolia

Monoon_longifolium

Not in Herbarium Database (unpublished), confirmed by Personal communication

No species name present
Herbarium Database

Herbarium Database
Xue et al, 2012

Herbarium Database
Herbarium Database
Herbarium Database
Xue et al, 2012
Herbarium Database
Xue et al, 2012

Polyalthia_nitida

Huberantha_nitidissima

Polyalthia_obliqua

Polyalthia_obliqua

Polyalthia_pendula

Huberantha_pendula

Polyalthia_rumphii

Huberantha_rumphii

Polyalthia_sclerophylla

Monoon_sclerophyllum

Polyalthia_stenopetala

Polyalthia_stenopetala

Polyalthia_stuhlmannii

Huberantha_stuhlmannii

Polyalthia_subcordata

Polyalthia_subcordata

Polyalthia_suberosa

Polyalthia_suberosa

Polyalthia_tanganyikensis

Huberantha_tanganyikensis

Polyalthia_viridis

Monoon_viride

Polyalthia_xanthopetala

Monoon_xanthopetalum

Polyceratocarpus_microtrichus

Polyceratocarpus_microtrichus

Polyceratocarpus_pellegrini

Polyceratocarpus_pellegrini

Polyceratocarpus_sp

Polyceratocarpus_sp

Popowia_hirta

Popowia_hirta

Popowia_odoardi

Popowia_odoardi

Popowia_pisocarpa

Popowia_pisocarpa

Porcelia_steinbachii

Porcelia_steinbachii

Pseudartabotrys_letestui

Pseudartabotrys_letestui

Pseudephedranthus_fragrans

Pseudephedranthus_fragrans

Pseudomalmea_diclina

Pseudomalmea_diclina

Pseudomalmea_sp

Pseudomalmea_sp

Pseudoxandra_bahiensis

Pseudoxandra_bahiensis

Pseudoxandra_longipes

Pseudoxandra_longipes

Pseudoxandra_lucida

Pseudoxandra_lucida

Pseudoxandra_polyphleba

Pseudoxandra_polyphleba

Pseudoxandra_spiritus

Pseudoxandra_spiritus_sancti

Pseuduvaria_borneensis

Pseuduvaria_borneensis

Pseuduvaria_froggattii

Pseuduvaria_froggattii

Pseuduvaria_hylandii

Pseuduvaria_hylandii

Pseuduvaria_mollis

Pseuduvaria_mollis

Pseuduvaria_silvestris

Pseuduvaria_silvestris

Pyramidanthe_prismatica

Pyramidanthe_prismatica

Rollinia_herzogii

Annona_herzogii

Rollinia_mucosa

Annona_mucosa

Ruizodendron_ovale

Ruizodendron_ovale

Herbarium Database

Should have been P. nitidissima

Herbarium Database
Herbarium Database
Xue et al, 2012
Herbarium Database

Herbarium Database
Xue et al, 2012
Xue et al, 2012

Anaxagorea javanica in Herbarium Database (false?)

No species name present

No species name present

Personal communication

Herbarium Database
Herbarium Database

Sageraea_hookeri

Sageraea_elliptica

Sageraea_lanceolata

Sageraea_lanceolata

Sanrafaelia_ruffonammari

Sanrafaelia_ruffonammari

Sapranthus_microcarpus

Sapranthus_microcarpus

Sapranthus_viridiflorus

Sapranthus_viridiflorus

Schefferomitra_subaequalis

Schefferomitra_subaequalis

Siamocananga_TNW_94

Siamocananga_TNW_94

Sphaerocoryne_affinis

Sphaerocoryne_affinis

Sphaerocoryne_blanfordiana

Sphaerocoryne_blanfordiana

Sphaerocoryne_gracilis

Sphaerocoryne_gracilis

Stelechocarpus_burahol

Stelechocarpus_burahol

Stelechocarpus_cauliflorus

Stelechocarpus_cauliflorus

Stenanona_cauliflora

Stenanona_cauliflora

Stenanona_costaricensis

Stenanona_costaricensis

Stenanona_flagelliflora

Stenanona_flagelliflora

Stenanona_hondurensis

Stenanona_hondurensis

Stenanona_stenopetala

Stenanona_stenopetala

Tetrameranthus_duckei

Tetrameranthus_duckei

Tetrameranthus_laomae

Tetrameranthus_laomae

Toussaintia_orientalis

Toussaintia_orientalis

Tridimeris_chiapensis

Tridimeris_chiapensis

Tridimeris_sp

Tridimeris_sp

Trigynaea_duckei

Trigynaea_duckei

Trigynaea_lanceipetala

Trigynaea_lanceipetala

Trivalvaria_moll

Trivalvaria_moll

Trivalvaria_saob

Trivalvaria_saob

Unonopsis_guatterioides

Unonopsis_guatterioides

Unonopsis_penduliflora

Unonopsis_penduliflora

Unonopsis_sanctae

Unonopsis_sanctae_teresea

Unonopsis_stipitata

Unonopsis_stipitata

Unonopsis_theobromifolia

Unonopsis_theobromifolia

Uvaria_afzelii

Uvaria_afzelii

Uvaria_antsiranensis

Uvaria_antsiranensis

Uvaria_baumannii

Uvaria_baumannii

Uvaria_buchholzii

Uvaria_buchholzii

Uvaria_chamae

Uvaria_chamae

Uvaria_lucida

Uvaria_lucida

Herbarium Database

No species name present

No species name present

No species name present
No species name present

Personal communication

Balonga in Herbarium Database, but Uvaria according to Zhou, 2010

Uvaria_unguiculata

Uvaria_unguiculata

Uvaria_welwitschii

Uvaria_welwitschii

Uvariastrum_insculptum

Uvariastrum_pierreanum

Uvariastrum_pynaertii

Uvariastrum_pynaertii

Uvariodendron_molundense

Uvariodendron_molundense

Uvariopsis_korupensis

Uvariopsis_korupensis

Uvariopsis_spGabon

Uvariopsis_spGabon

Woodiellantha_spec

Orophea_spec

X1_aethiopica

Xylopia_aethiopica

X13_ferruginea

Xylopia_ferruginea

X2_mwasumbii

Xylopia_mwasumbii

X27_quintasii

Xylopia_quintasii

X3_malayana

Xylopia_malayana

X3_staudtii

Xylopia_staudtii

X31_buxifolia

Xylopia_buxifolia

X76_aromatica

Xylopia_aromatica

Xylopia_frutescens

Xylopia_frutescens

Xylopia_peruviana

Xylopia_peruviana

Herbarium Database

No species name present
Personal communication No species name present
Personal communication
Personal communication
Personal communication
Personal communication
Personal communication
Personal communication
Personal communication
Personal communication

Substitution model choice
Ran two different Substitution model choice tools; PartitionFinder2 and jModeltest2, for all four
markers individually. PartionFinder2 shows results for only one index, so it ran twice (AICc and BIC)
Marker\tool PartitionFinder2
(AICc)
matK
GTR+G
psbA
TIM+I+G
rbcL
GTR+G
trnLF
TVM+I+G

jModelTest2
(AIC)
GTR+G
TPM1uf+I+G
TIM1+G
TVM+I+G

jModelTest2
(BIC)
TVM+G
TPM1uf+I+G
TPM1uf+G
TPM3uf+I+G

jModelTest2
(AICc)
TIM1ef+G
TPM1uf+I+G
TPM1uf+G
TPM3+I+G

jModelTest2
(DT)
TVM+G
TPM1uf+I+G
TPM1uf+G
TPM3uf+I+G

PartitionFinder2
(BIC)
TIM+G
K81UF+G
K81UF+G
TVM+I+G

PartitionFinder2 (used AICc as index)
MatK
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
AICc
of params
of sites
of subsets

:
:
:
:
:
:

1
-8565.34765625
1056810.69531
720
716
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| GTR+G
| 716
| a62eefa47a39428a7e8f0c3b9054475f
| matKcodon1, matKcodon2, matKcodon3
Best model: GTR+G
PsbA
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
AICc
of params
of sites
of subsets

:
:
:
:
:
:

1
-7367.45117188
1051532.90234
719
395
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| TIM+I+G
| 395
| c68a89f3bcddc53a565b2386fd7d47ab
| psbAcodon1, psbAcodon2, psbAcodon3
Best model: TIM+I+G
RbcL
Best partitioning scheme
Scheme Name
Scheme lnL
Scheme AICc

: 1
: -14107.1455078
: 34395.1129334

Number of params : 720
Number of sites
: 940
Number of subsets : 1
Subset | Best Model | # sites
| subset id
| Partition names
1
| GTR+G
| 940
| 3da847ff11392193282e36f9f4045a20
| rbcLcodon1, rbcLcodon2, rbcLcodon3
Best model: GTR+G
trnLF
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
AICc
of params
of sites
of subsets

:
:
:
:
:
:

1
-11799.2490234
26757.4384442
720
1325
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| TVM+I+G
| 1325
| 29d081e78e1b8b66c9248028990dcbdc
| trnLFcodon1, trnLFcodon2, trnLFcodon3
Best model: TVM+I+G

jModelTest2
MatK
::Best Models::

Model
Rb

Rc

f(a)
Rd

f(c)
Re

f(g)
Rf

f(t)
pInv

kappa
gamma

titv

Ra

--------------------------------------------------------------------------------------------------------------------------------------AIC
3.620

GTR+G
0.387

0.28
2.848

0.17
0.17
0.37
1.000 N/A
1.05

0.00

0.00

1.397

0.775

BIC
3.252

TVM+G
0.392

0.29
3.252

0.16
0.18
0.36
1.000 N/A
1.06

0.00

0.00

1.440

0.788

AICc
0.465

TIM1ef+G 0.25
0.465
2.632

0.25
0.25
0.25
1.000 N/A
0.85

DT
3.252

TVM+G
0.392

0.29
3.252

0.788

Different best models for each index.
PsbA

0.00

0.00

0.16
0.18
0.36
1.000 N/A
1.06

0.00

1.000
0.00

2.787
1.440

::Best Models::

Model
Rb

Rc

f(a)
Rd

f(c)
Re

f(g)
Rf

f(t)
pInv

kappa
gamma

titv

Ra

--------------------------------------------------------------------------------------------------------------------------------------AIC
2.453

TPM1uf+I+G
0.611
0.611

0.28
2.453

0.16
1.000

0.17
0.01

0.39
0.00
1.09

0.00

1.000

BIC
2.453

TPM1uf+I+G
0.611
0.611

0.28
2.453

0.16
1.000

0.17
0.01

0.39
0.00
1.09

0.00

1.000

AICc
2.453

TPM1uf+I+G
0.611
0.611

0.28
2.453

0.16
1.000

0.17
0.01

0.39
0.00
1.09

0.00

1.000

DT
2.453

TPM1uf+I+G
0.611
0.611

0.28
2.453

0.16
1.000

0.17
0.01

0.39
0.00
1.09

0.00

1.000

f(a)
Rd

f(c)
Re

f(g)
Rf

f(t)
pInv

titv

Best model: TPM1uf+I+G
RbcL
::Best Models::

Model
Rb

Rc

kappa
gamma

Ra

--------------------------------------------------------------------------------------------------------------------------------------AIC
2.190

TIM1+G
0.631
0.631

0.34
2.655

0.20
0.19
0.27
1.000 N/A
1.09

0.00

0.00

1.000

BIC
0.631

TPM1uf+G 0.33
0.631
2.411

0.21
0.19
0.28
1.000 N/A
1.09

0.00

0.00

1.000

2.411

AICc
0.631

TPM1uf+G 0.33
0.631
2.411

0.21
0.19
0.28
1.000 N/A
1.09

0.00

0.00

1.000

2.411

DT
0.631

TPM1uf+G 0.33
0.631
2.411

0.21
0.19
0.28
1.000 N/A
1.09

0.00

0.00

1.000

2.411

Best model different for multiple indices, but TPM1uf+G most common.
TrnLF
::Best Models::

Model
Rb

Rc

f(a)
Rd

f(c)
Re

f(g)
Rf

f(t)
pInv

kappa
gamma

titv

Ra

--------------------------------------------------------------------------------------------------------------------------------------AIC
4.825

TVM+I+G
0.859
1.546

0.26
4.825

0.21
1.000

0.25
0.54

0.29
0.00
0.53

0.00

2.198

BIC
5.211

TPM3uf+I+G
1.000
2.032

0.27
5.211

0.21
1.000

0.24
0.54

0.29
0.00
0.53

0.00

2.032

AICc
1.000

TPM3+I+G 0.25
1.554
4.525

0.25
1.000

0.25
0.54

DT
5.211

TPM3uf+I+G
1.000
2.032

0.27
5.211

0.21
1.000

0.25
0.00
0.53
0.24
0.54

0.00

0.29
0.00
0.53

1.554
0.00

4.525
2.032

Best model differs between indices.
PartitionFinder2 (BIC as index)
MatK
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
BIC
of params
of sites
of subsets

:
:
:
:
:
:

1
-8570.64453125
21861.1914224
718
716
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| TIM+G
| 716
| a62eefa47a39428a7e8f0c3b9054475f
| matKcodon1, matKcodon2, matKcodon3
Best model: TIM+G
PsbA
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
BIC
of params
of sites
of subsets

:
:
:
:
:
:

1
-7370.66845703
19028.1980075
717
395
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| K81UF+G
| 395
| c68a89f3bcddc53a565b2386fd7d47ab
| psbAcodon1, psbAcodon2, psbAcodon3
Best model: K81UF+G
RbcL
Best partitioning scheme

Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
BIC
of params
of sites
of subsets

:
:
:
:
:
:

1
-14111.7246094
33131.9450893
717
940
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| K81UF+G
| 940
| 3da847ff11392193282e36f9f4045a20
| rbcLcodon1, rbcLcodon2, rbcLcodon3
Best model: K81UF+G
TrnLF
Best partitioning scheme
Scheme
Scheme
Scheme
Number
Number
Number

Name
lnL
BIC
of params
of sites
of subsets

:
:
:
:
:
:

1
-11799.2490234
28774.6988185
720
1325
1

Subset | Best Model | # sites
| subset id
| Partition names
1
| TVM+I+G
| 1325
| 29d081e78e1b8b66c9248028990dcbdc
| trnLFcodon1, trnLFcodon2, trnLFcodon3
Best model: TVM+I+G

Analyse
180124FR Beast no fossils
180124FR Beast all fossils
180131FR Beast all fossils no Duguetia (F2 F3 F4)
180131FR Beast Duguetia fossil (F1)
180131FR Beast all fossils Duguetia crown
180213FR Beast No Annonoideae
180213FR Beast No Annonoideae F2 F3
180328FR Beast F1 F2 F3
180328FR Beast F1 F2 F4
180328FR Beast F1 F3 F4
180328FR Beast F2
180328FR Beast F2 F3
180328FR Beast F3
180328FR Beast F3 F4
180328FR Beast F4
180328FR Beast No Annonoideae F2
180328FR Beast No Annonoideae F3
180410FR Beast all fossils Duguetia crown 38m

Dataset (#taxa)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
No Annonoideae (184)
No Annonoideae (184)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
All taxa (357)
No Annonoideae (184)
No Annonoideae (184)
All taxa (357)

Clock model
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock
Uncorrelated relaxed clock

Tree prior
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process
Speciation: Yule Process

Starting tree
Random
Random
Random
Random
Random
Random
Starting tree*
Random
Random
Random
Random
Random
Random
Random
Random
Starting tree*
Starting tree*
Random

*Starting tree constructed by running a 1m analysis with a normal distributed age prior for F3, because random tree had a likelihood of 0
** Fossil calibrates the crown node of Duguetia genus in stead of stem node

Chain length
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m
3*100m

Fossils
No
F1 F2 F3 F4
F2 F3 F4
F1
F1** F2 F3 F4
No
F2 F3
F1 F2 F3
F1 F2 F4
F1 F3 F4
F2
F2 F3
F3
F3 F4
F4
F2
F3
F1 F2 F3 F4

Burn-in orig
20m
100m
25m
20m
100m
10m
20m
10m
30m
100m
10m
100m
10m
60m
20m
10m
10m
10m

Burn-in 1
82m
30m
15m
30m
10m
3m
10m
20m
100m
50m
15m
20m
30m
60m
20m
10m
70m
10m

Burn-in 2
40m
50m
20m
50m
20m
5m
50m
100m
45m
60m
70m
10m
50m
20m
15m
10m
10m
10m

Burn-in 3

Burn-in 4

100m

50m

25m

25m

Remaining Posterior
trees
ESS
Prior
(combined)
ESS (combined)
Likelihood ESS (combined)
15800
2407
2871
768
17000
1328
905
1302
24000
2953
3445
2144
20000
306
1099
222
32000
1088
600
1595
28200
5058
5117
3246
22000
2999
2935
1651
17000
1355
624
1309
12500
1301
505
1953
9000
733
435
1268
20500
2998
4365
709
17000
2962
2788
1800
21000
3093
3008
3108
16000
2211
1860
2108
24500
4103
5135
2183
27000
3649
3476
3257
21000
3323
2903
3982
27000
940
553
1475
^ brought back to 10000-20000 trees, using Logcombiner

Annonaceae age (95%) Annonoideae age (95%) Malmeoideae (95%)
88.43 (65.11, 123.29)
65.57 (48.13, 89.15)
35.93 (26.70, 50.87)
112.27 (96.79, 126.65) 84.14 (72.78, 92.91)
46.49 (36.86, 57.21)
101.64 (78.19, 124.10) 75.71 (58.78, 91.17)
41.69 (33.00, 52.60)
114.90 (97.40, 126.69) 86.17 (74.01, 94.79)
47.39 (36.38, 59.07)
116.89 (105.80, 126.70) 88.26 (80.75, 93.88)
50.29 (40.84, 60.81)
80.67 (57.00, 119.50)
x
41.39 (26.74, 62.50)
110.46 (81.60, 126.70) x
57.73 (42.73, 70.90)
115.48 (98.68, 126.70) 86.52 (74.72, 94.80)
47.87 (37.11, 58.80)
111.84 (96.25, 126.09) 84.01 (72.37, 92.56)
45.68 (35.69, 56.41)
112.14 (97.08, 126.66) 84.16 (72.85, 92.99)
46.66 (37.10, 57.13)
92.99 (68.15, 123.31)
68.93 (51.63, 92.13)
37.56 (27.03, 51.36)
102.34 (79.19, 126.33) 76.55 (59.25, 94.27)
42.15 (33.11, 54.17)
103.18 (80.11, 126.67) 76.89 (59.99, 94.80)
41.93 (33.36, 53.83)
101.20 (77.87, 124.75) 75.21 (58.17, 90.86)
41.63 (33.10, 52.79)
87.57 (62.91, 118.32)
64.80 (48.10, 86.37)
35.83 (26.70, 49.70)
110.24 (80.10, 126.63) x
57.51 (41.74, 70.85)
111.10 (82.40, 126.70) x
57.94 (42.76, 70.89)
115.33 (102.92, 126.69) 87.18 (78.17, 93.99)
49.06 (39.90, 59.96)
^ ages of annotated tree, using combined .trees file

F1 age (95%)
31.98 (20.13, 47.69)
47.77 (45.00, 54.69)
36.74 (24.99, 50.25)
48.07 (45.00, 55.74)
58.24 (52.01, 65.75)
x
x
48.03 (45.00, 55.64)
47.69 (45.00, 54.27)
47.89 (45.00, 54.87)
33.62 (21.59, 48.73)
37.17 (24.66, 51.15)
37.31 (24.31, 51.06)
36.50 (24.64, 49.69)
31.75 (20.09, 46.79)
x
x
53.42 (45.90, 62.16)

F2 age (95%)
25.87 (18.39, 37.22)
33.30 (26.54, 39.84)
29.81 (22.74, 38.37)
34.11 (26.57, 41.64)
36.23 (29.75, 43.38)
30.09 (19.59, 47.02)
42.74 (30.31, 54.60)
34.36 (27.28, 41.79)
32.92 (26.37, 39.86)
33.41 (26.53, 40.09)
26.85 (21.00, 36.10)
30.14 (22.56, 38.91)
30.03 (22.30, 38.59)
30.00 (22.48, 38.17)
25.60 (17.94, 35.76)
42.62 (29.55, 54.36)
42.76 (30.05, 54.27)
35.27 (28.83, 42.12)

F3 age (95%)
31.66 (21.47, 46.93)
41.01 (32.02, 50.25)
37.09 (32.00, 47.09)
41.82 (31.07, 53.85)
44.47 (34.16, 55.12)
36.77 (23.49, 58.19)
51.49 (35.44, 65.46)
42.28 (32.54, 52.57)
40.33 (29.95, 51.66)
41.18 (32.03, 50.60)
33.02 (22.49, 47.08)
37.76 (32.00, 47.91)
37.40 (32.00, 47.87)
37.13 (32.00, 46.99)
31.48 (21.55, 46.00
51.27 (35.21, 66.14)
51.67 (35.96, 65.63)
43.50 (33.68, 54.47)

F4 age (95%)
71.38 (52.21, 97.69)
91.32 (79.50, 97.50)
81.12 (65.02, 97.48)
93.61 (78.47, 104.82)
94.87 (87.88, 97.50)
x
x
94.06 (79.97, 105.36)
91.11 (79.46, 97.50)
91.08 (79.64, 97.49)
75.01 (55.34, 99.35)
82.98 (62.90, 101.89)
83.55 (63.79, 102.75)
81.68 (64.62, 97.50)
70.52 (52.73, 94.76)
x
x
93.94 (84.92, 97.50)

Email conversations
Date: March 2, 2018
By: Lars W. Chatrou
“Hoi Frank,
De wratten op zaden zijn aanwezig in: Brieya, Mwasumbia, Piptostigma,
Greenwayodendron.
De combinatie van lamelliform ruminations en een kraagachtige raphe rond het hilum
komt voor in: Monodora, Diclinanona, Xylopia, en Cardiopetalum.
Wanneer je meerdere soorten voor deze genera hebt zou ik die allemaal scoren als
‘aanwezig’.
Ik ben benieuwd! Succes,
Lars”

Date: March 8, 2018
By: Lars W. Chatrou
Wrattig zaad:
I am attaching pictures of these fossils that I took during my visit to Gainesville. The first is an Early
Oligocene fossil seed from Fayoum, Egypt. Yes, Early Oligocene, probably in range of 32-34
MA: Kappelman J, Simons EL, Swisher III CC. New age determinations for the Eocene-Oligocene
boundary sediments in the Fayum Depression, northern Egypt. The Journal of Geology. 1992 Nov
1;100(6):647-67.
Die andere:
Apart from these two fossils, I am using a fossil (Anonaspermum) seed that I studied in your copy of
the wonderful book by Reid and Chandler on the London Clay Flora. Would you know the age of this
fossil flora?
49-50 Million years--various articles by Margaret Collinson.

Date: April 12, 2018
By: James A. Doyle and Steven Manchester, via Lars W. Chatrou
Hoi Frank,
Hieronder antwoord van Jim Doyle en Steve Manchester samen. Kijk maar eens of je er wat mee kunt.
Groet, Lars
On 12/04/18 03:44, "James Doyle" <jadoyle@ucdavis.edu> wrote:
Hello again Steve,

Thanks very much, this is very useful, especially the localities represented by the specimen numbers.
I emailed Jennifer O’Keefe about these issues, since she’s done a lot of palynology of the Claiborne,
and concluded that a locality in Kentucky, Carlisle Mine, is most likely Lutetian (meaning a minimum
age of 41 Ma). I asked if she had any such information on the localities listed by Roth. I wonder if
Hongshan was basing his Lutetian age on her data, or if it represents a broader new consensus. We
shall see, I hope.
Roth also listed several reports of "Magnolia leei” (I assume “Duguetia leei (Knowlton) Roth &
Dilcher” was never validly published) by other authors from other places going back to the Paleocene,
but I would discount anything without cuticle.
Best wishes,
Jim
> On Apr 11, 2018, at 6:02 PM, Manchester,Steven R <steven@flmnh.ufl.edu> wrote:
>
> Hi Jim,
>
> I'm not aware of any more definitive chronologic placement of those Tennessee Claiborne
localities, so perhaps Lars should go with your more conservative estimate of how to interpret "Middle
Eocene" for those sites. I am copying to Dr. Hongshan Wang, who has done more work on the
Claiborne flora than I have and may be able to point to a better ref for age, which he says is probably
Lutetian.
>
> I'm looking now at John's dissertation. The localities with imaged leaves showing cuticle are
UF15815 (Lamkin Pit, Kentucky) and 15817 (Miller Pit, Tennessee). The other sites listed are 15816
(Lawerence), 15818 (New Lawrence), 15820 (Puryear), 15821 (Rancho), 15826 (Warman). All these are
in Tennessee except Lamkin. Most of these sites have well preserved cuticle, so I think he used
it. Puryear and Warman have some leaves with cuticle. Hongshan and I did a quick check for the
slides and found that specimens from Lawerence clay pit, as well as Lamkin and Miller, are represented
by cuticle preps. There may be others, but it seems that there are no preps of Dugetia from Puryear or
Warman.
>
> I hope this helps at least a little.
>
> Sincerely Steve
>
> Prof. Steven R. Manchester
> Curator of Paleobotany
> Florida Museum of Natural History
> Dickinson Hall;1659 Museum Rd
> Gainesville, FL 32611-7800 - Ph. 352 273-1935
> paleobot@yahoo.com
> http://www.flmnh.ufl.edu/paleobotany/
> ________________________________________
> From: James Doyle <jadoyle@ucdavis.edu>
> Sent: Wednesday, April 11, 2018 6:01 PM
> To: Manchester,Steven R
> Subject: Age of Claiborne Duguetia
>

> Hello Steve,
>
> Yesterday I got an email from Lars Chatrou asking about the age of the Duguetia leaves described
by John Roth from the Claiborne in his 1981 thesis. In our 2012 paper on fossil and molecular dating of
Annonaceae (which I sent you as a pdf), Mike Pirie and I used these fossils to put a minimum age of 38
Ma (= middle-late Eocene or Bartonian-Priabonian boundary) on the Duguetia stem lineage, based on
the fact that Roth, Dilcher, et al. stated that the Claiborne is middle Eocene but gave no indication of
where it was in that interval. But Lars indicated that you told him the age is more like 43 Ma, which
would be in the upper Lutetian. Is this based on better evidence on where the various Claiborne
localities fall within the middle Eocene? Do you have any references on this? I know Elsik and
Frederiksen recognized palynological changes within the Claiborne, which might be used to place the
outcrop localities. However, the volumes containing their papers were long ago sent off to a “storage
facility” in the Bay Area, and I don’t want to request them (which takes several days) without knowing
whether they contain the relevant information.
>
> Another problem is that I only have 17 pages of Roth’s thesis, and although he lists eight localities
where Duguetia occurs, I can’t tell whether he did cuticle studies to confirm that the leaves from all of
these have the peltate-stellate hairs that are most diagnostic of Duguetia. He did list specimen
numbers, but the pages that I have don’t indicate which localities these are from. Obviously if some are
from localities that can be palynologically correlated with the Lutetian part of the Claiborne this would
be very nice.
>
> Any help you can provide would be most appreciated! I’m not heavily involved in Annonaceae any
more, but I feel this is a loose end I ought to tie up.
>
> Best wishes,
>
> Jim
>

