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Hierarchical clustering in dinosaur 
baraminology studies
Matthew Cserhati, Brian Thomas, and Joel Tay

Genesis describes flying creatures (עֹוף, or “oph” in 
Hebrew), such as bats and birds, separately from ter-

restrial animals, such as most reptiles created on Day 5 and 
Day 6 of Creation Week, respectively. Reptiles are defined 
as mainly terrestrial animals that lack feathers and hair, and 
also have scaly skin and lay soft-shelled eggs. Since God 
created these two distinctly demarcated animal groups on 
separate days, they necessarily must belong to separate 
baramins, because they are the results of separate creative 
acts of God. Pterosaurs are flying reptiles, so they would 
have been created on Day 5 of Creation Week, together with 
birds and bats. Conversely, several bird species do not fly, 
such as rails and ostriches. These birds may either have been 
created to be incapable of flight, or, more likely, lost flight 
capability altogether.

A relatively recent baraminology paper by McLain et al. 
using the BDIST algorithm incorrectly lumped the bird spe-
cies Archaeopteryx lithographica into the same cluster with 
terrestrial animals, such as dinosaurs, for example Velocirap-
tor mongoliensis.1 Archaeopteryx has the anatomy of a flying 
bird, thus it was created on Day 5. Therefore, it cannot be 
classified as a terrestrial dinosaur.

It is highly unlikely that V. mongoliensis also would have 
had feathers, even though some scientists point to bony knobs 
on its ulna as quill knobs.2 An alternative and defensible posi-
tion suggests that these tiny structures on Velociraptor are 
unlikely to be quill knobs, but rather are attachment sites for 
anchoring tendons or connective tissue. They are more shal-
low, more irregularly spaced, smaller in proportion to body 
size, and positioned elsewhere on the ulna than living bird 
quill knobs. Figure 1A, in Turner reference 2, compares the 
ulnae of Velociraptor and turkey vulture (part C of the figure) 
Quill knobs are not necessarily indicative of feathers—they 

are possible indicators of a particular type of flight. Only 
certain flying birds that experience high stress while flying 
require quill knobs. For example, the albatross lacks them 
due to its gliding style of flight.

Pennaceous feathers have never been found buried togeth-
er with V. mongoliensis or Dakotaraptor, meaning that it is 
unlikely that they would have had quill knobs on the bones of 
their forearms.3 Some non-avian vertebrates also have knobs 
which serve as attachment points for structural elements such 
as fascia. Quill knobs appear in certain birds which undergo 
high-stress flying. The quill knobs of Dakotaraptor are ovoid 
and irregularly shaped, and are also unevenly spaced.4 The 
quill knobs of Dineobellator are also broad, rounded, and 
irregularly spaced, as opposed to the quill knobs of Cathartes 
(turkey vulture), seen in part C of figure 1 of Jasinski, 2020.5

What many scientists believe is evidence for protofeath-
ers in dinosaurs falls short under scrutiny. After more careful 
examination, filamentous structures in the skin of Sinosau-
ropteryx proved to be parts of a unified structural element—
possibly a crest which runs from the neck down to the tail.3 

Even a ceratopsian dinosaur, Psittacosaurus, and the het-
erodontosaurid Tianyulong had such filamentous elements, 
even though these species are ornithischians, which are not 
in the alleged lineage of dinosaurs evolving into birds.6 Such 
collagen fibres, called pycnofibres, are also present on the 
membrane-like wing structures of several pterosaurs, such 
as Jeholopterus and Nemicolopterus. However, such struc-
tures would cause drag during flight for these creatures, and 
accelerate heat dissipation when wet due to rain. In compari-
son, bats also have membranous, hairless wings and need to 
expend more energy heating themselves in the rain.6

The discovery that seemingly identical structures have 
also been found in pterosaurs has caused some to assume 

A recent baraminology study places the bird species Archaeopteryx lithographica together with the terrestrial dromaeosaurid 
theropod Velociraptor mongoliensis. This despite the two species being created on Day 5 and Day 6 of Creation Week, 
respectively. This data set was entropy-filtered and re-analyzed, yet the same error persisted. To correct this, the distance 
matrix from the BDIST results of the filtered data sets were transformed into a proximity matrix and hierarchical clustering 
was applied to it. This way A. lithographica clustered away from theropod dinosaurs such as V. mongoliensis, together with 
other bird species such as Anchiornis huxleyi to form a bird cluster. Using two separate data sets, one or two tyrannosaurid 
clusters were predicted. One more theropod cluster, as well as a dromaeosaurid, troodontid, and oviraptor cluster, was 
predicted as well as the family Ornithomimidae. These clusters can be viewed as putative baramins.
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Figure 1. Heat map of proximity matrix derived from the BDIST analysis of the filtered Livezey and Zusi data set. Lighter colours represent proximity values 
close to 1, denoting species within the same baramin. Darker colours represent proximity values close to 0, denoting species from different baramins.
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that pterosaurs were also covered in a 
dense feathery covering, but this does 
not explain why they are also found 
in marine creatures. These pterosaur 
‘pycnofibres’ are very likely just col-
lagen and keratin structures in their 
partially degraded state. Pycnofibres 
are indistinguishable from what some 
identified as protofeathers in dinosaurs. 
Conversely, if these pterosaurs were 
not feathered, neither were dinosaurs.7

One of the problems with feath-
ered dinosaur claims is that partially 
decayed skin collagen is often mis-
taken for downy feathers. Lingham-
Soliar’s two-volume work, The Verte-
brate Integument, is widely regarded 
as the most detailed work on the tapho-
nomy of integumentary structures. He 
demonstrates that similar fuzzy struc-
tures have been found on decaying 
sharks and dolphins and even fossil-
ized marine reptiles and flying reptiles. 
“All reported cases of protofeathers in 
dinosaurs, marine reptiles, and flying 
reptiles alike, show a striking similarity 
to the structure and levels of organiza-
tion of dermal collagen. The proposal 
that these fibres are protofeathers is 
dismissed.” Thus, while creationists 
may hypothesize that Velociraptor 
had volant ancestors, and thus created 
on Day 5, this has to be much better 
established.

Overview of the BDIST method and hierarchical clustering

The BDIST method is a morphology-based baraminology 
algorithm, which quantitively compares the similarities and 
differences between the traits of a set of input species.8 The 
algorithm calculates the baraminic distance between any 
two species in the following way: dij=mij/nij, where ni,j is the 
number of comparable characteristics between species i and 
j, mi,j is the number of mismatching characteristics, and di,j 
is the distance between the two species.

As a hypothetical example, if we compare 100 charac-
teristics for a horse and a zebra, two animals from the same 
baramin, we’ll find that they differ in only five character-
istics, thus d horse,zebra = 5/100 = 0.05. If we compare a horse 
with a lion, we’d find bigger differences, let’s say 40. Thus 
the distance d horse,lion = 40/100 = 0.4. These distance values 
are then put into a matrix, which can then be analyzed by 
clustering algorithms, such as the k-means algorithm, which 
belongs to the family of hierarchical clustering algorithms.9

Hierarchical clustering involves partitioning a set of N 
entities, such as species, into K partitions (clusters), where 
1 ≤ K ≤ N. Hierarchical clustering methods fall into one of 
two main categories: bottom-up (or agglomerative) or top-
down methods. The result of bottom-up algorithms is a nested 
hierarchy of clustered entities. Top-down approaches involve 
optimally splitting all the entities into K clusters.

Each hierarchical clustering method uses a dissimilarity 
and a linkage function to cluster the data. Dissimilarity func-
tions are used to calculate the distance between the entities. 
These functions include squared Euclidean distance, Man-
hattan distance, or 1 – │PCC│, where PCC stands for the 
Pearson Correlation Coefficient. In this way, the distance 
measurement (or a derivation thereof) used by the BDIST 
algorithm can be used in further analyses using a hierarchi-
cal clustering algorithm. The linkage function dictates how 
pairwise entities (species, clusters or both) are connected to 
one another to form clusters.10 Linkage functions include 
Ward’s algorithm, single, complete, and average linkage.

Table 1. List of putative clustering, which is the result of hierarchical clustering of the proximity 
matrix, derived from the entropy-filtered data set of Livezey and Zusi

cluster species min mean max stdev p-value

5 (Coraciiformes) 5 0.897 0.921 0.967 0.023 2.09E-11

6 (Galliformes) 7 0.922 0.955 0.981 0.017 2.11E-33

7 (Psittaculidae) 4 0.957 0.962 0.967 0.004 1.60E-28

11 (Passeriformes) 7 0.936 0.955 0.98 0.012 1.17E-48

13 (Apodiformes) 4 0.904 0.929 0.967 0.022 7.23E-07

15 (Ardeidae) 5 0.933 0.947 0.967 0.011 1.12E-16

16 (Piciformes) 7 0.878 0.91 0.984 0.024 5.54E-26

20 (Caprimulgiformes) 3 0.884 0.891 0.904 0.011 3.33E-04

22 (Palaeognathae cluster) 4 0.869 0.898 0.953 0.035 3.02E-06

24 (Cuculiformes) 5 0.9 0.927 0.959 0.022 7.42E-12

26 (Ciconiiformes) 7 0.863 0.896 0.95 0.022 6.20E-24

27 (Charadriformes I) 4 0.861 0.9 0.948 0.028 6.11E-06

29 (Charadriformes II) 5 0.867 0.902 0.942 0.025 1.51E-10

31 (Columbidae) 4 0.938 0.958 0.981 0.021 1.29E-07

48 (Procellariiformes) 3 0.918 0.929 0.946 0.015 6.42E-04

50 (Strigiformes) 4 0.917 0.936 0.976 0.023 7.12E-07
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The relationships and distances between entities can be 
depicted on a dendrogram. The number of clusters can be 
determined by cutting branches at a certain height in the den-
drogram. In baraminology, these clusters ideally correspond 
to the created kinds. Other algorithms, such as k-Means or 
PAM (Partition Around Medoids) clustering, can be used to 
cluster species hierarchically. The k-Means algorithm is a 
vector quantization method that is frequently used for cluster 
analysis by grouping objects since it quickly finds the centres 
of the clusters. The algorithm prefers groups with low vari-
ance and similar size. The PAM algorithm discovers objects 
called medoids, that are centrally located in clusters. The 
algorithm tries to minimize the distance between the objects 
and their closest medoid.

Previous studies and goal

Another baraminology methodology paper, which applied 
data filtering based on entropy measurement, attempted to 

correct this over-clustering tendency 
in some of the data used by McLain 
et al.11 It helped resolve baramins into 
more anatomically sensible (less inclu-
sive) groupings, but it did not separate 
A. lithographica from terrestrial dino-
saurs in two data sets from Lee et al.29, 
Brusatte et al.12, van der Reest et al.13, 
and Lamanna et al.14

Over-clustering and misclustering 
may result from two different causes. 
The first cause may be due to the use 
of pre-filtered data sets obtained from 
evolutionary studies. When creating 
data sets, individual characters may 
be chosen, and values may be assigned 
to them based on one’s presupposi-
tions. Evolutionary data sets might 
emphasize certain traits which sup-
port one or another evolutionary trajec-
tory. For example, bird feathers may 
be conflated with dinosaur dermal 
collagen.15 Therefore, if biased data 
goes in, we get biased results from the 
algorithm, regardless how well it was 
programmed.

It is extremely difficult—even 
impossible—to solve this problem, 
because it would involve manually 
evaluating and filtering possibly sev-
eral hundred characters over dozens 
of species. However, the data set may 
be improved using an entropy-filtering 
algorithm. In addition, we can try to 

alleviate this problem by using a different clustering algo-
rithm than the one used by BDIST.

The goal of this study is to apply another clustering algo-
rithm in an attempt to get more accurate results from analyz-
ing the filtered data sets of the previous baraminology study. 
The algorithm is outlined in the Materials and Methods sec-
tion, followed by the results.

Materials and Methods

Data

Distance matrixes were built following the methods 
of Brusatte, van der Reest and Lamanna studies12–14 and 
the results of this study are available on github (github.
com/csmatyi/EntropyFilter2). The Livezey and Zusi data 
set is available at morphobank.org/index.php/Projects/
DownloadProjectPage/project_id/510. It was downloaded 

Figure 2. Heat map of the proximity matrix from the BDIST results of the filtered Brusatte data set. 
Lighter colours represent proximity values close to 1, denoting species within the same baramin. 
Darker colours represent proximity values close to 0, denoting species from different baramins.
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and recoded from letter characters to 
numerals (i.e. a=1, b=2, etc.) for use 
in the BDIST algorithm.

All supplementary data files are 
available online at github.com/csmatyi/
dino_reanalysis. The Cytoscape file for 
creating figure 5 (dino_baramins.cys) 
is also available at this web address.

Methods

The proximity matrix was derived 
using the following simple equation:

pi, j=1– di, j
where di,j stands for the baraminic dis-
tance between two species i and j as 
calculated by the BDIST algorithm, 
and where pi,j is the corresponding 
proximity value for the same two spe-
cies. This transformed matrix was visu-
alized as a heatmap with the ‘heatmap’ 
command in R, using the ‘average’ 
clustering method. The ‘cutree’ com-
mand was used to determine clusters 
for the data sets based on the estimated 
number of clusters.

A Hopkins clustering measurement 
value above 0.5 corresponds to a data 
set which is acceptable for cluster 
analysis. A value above 0.75 denotes 
a good quality data set for such analy-
sis.16 Version 3.6.0. of R was used.17 
Cytoscape 3.7.2. was used to generate 
figure 6.

The BDIST algorithm was used for analysis of the 
Livezey and Zusi data set, available at coresci.org/bdist.
html.18,19 A relevance cut-off of 0.95 was used in the analysis. 
The EntropyFilter.R R script was used, and is available at 
github.com/csmatyi/EntropyFilter2.

Results

Analysis of the Livezey and Zusi bird data set

To ensure accurate results with the data we are analyz-
ing, we decided to run the algorithm on a data set, which 
can serve as a sort of gold standard. This data set contains 
morphological measurements of birds whose baraminic 
status is well known. Birds have been studied extensively 
in baraminology studies, and baraminologists can say with a 
high level of confidence which baramin(s) these birds belong 
to, for example that of Galliformes, or the ‘landfowl’ kind.20 

The validity of this kind has been supported by biblical evi-
dence, hybridization data, and ortholog protein content.21

A morphological data set containing data for 2,954 char-
acters for a wide variety of 188 bird species assembled by 
Livezey and Zusi22 was analyzed. The BDIST software was 
used to analyze this data set using a relevance cut-off value 
of 0.95. The result can be seen in supplementary figure 1. The 
algorithm separated Aves from Reptilia+Archaeopteryx. The 
stress graph (supplementary figure 2) also shows minimal 
stress at only two dimensions. This result does an excellent 
job at illustrating the need to improve the BDIST algorithm 
with a better clustering method.

Thus, the data set was entropy filtered, using the Entropy 
Filter R script, described in the Materials and Methods sec-
tion. A maximum ratio of undetermined values was set to 
25% for both rows and columns. The minimum entropy 
value was set to 0.25. During this process, the percent of 
undetermined values dropped from 22.1% to 1.6%. The mean 
character entropy rose from 0.32 to 0.57. Of the 188 initial 

Figure 3. Heat map of the proximity matrix from the BDIST results of the filtered van der Reest data 
set. Lighter colours represent proximity values close to 1, denoting species within the same baramin. 
Darker colours represent proximity values close to 0, denoting species from different baramins.
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species, 147 (78%) remained, with 
1,136 of the 2,954 characters (38.4%) 
also remaining, corresponding to a 3.3-
fold data reduction. The filtered data 
set was then inputted into the BDIST 
algorithm. The results can be seen in 
supplementary figure 3: entropy filter-
ing resulted in two larger and three 
smaller clusters. However, as can be 
seen in the stress graph in supplemen-
tary figure 4, there is minimal stress at 
49 dimensions. Clearly, the clustering 
method must be improved.

Therefore, the distance matrix 
resulting from the BDIST analysis on 
the filtered data set was transformed 
into a proximity matrix according to 
the procedure outlined in Materials 
and Methods. Hierarchical clustering 
was applied to this matrix, which can 
be seen in the baraminic heatmap in 
figure 1.

In total, 70 putative clusters were 
discovered, among them many small 
groups, as can be seen in the baraminic 
heatmap. The species and cluster num-
ber for the 147 species can be found 
in supplementary file 1 online, seen in 
table 1. Overall, 16 statistically signifi-
cant putative clusters were discovered 
using hierarchical clustering. These 
clusters correspond to several orders, 
superfamilies or families of birds. For 
example, the superfamily Galliformes 
was found in the analysis of the prox-
imity data set.21 Several groups within 
the Caprimulgiformes apobaramin also 
emerged. These include the families 
Caprimulgus+Nyctibius+Podargus. 
The genus Steatornis and Aegotheles 
formed their own cluster. In contrast 
with previous baraminology studies, 
Podargus didn’t belong to the same 
cluster as Steatornis.23 This may be 
due to the fact that a large number of 
species were taken from a large number 
of groups in this study.

The Brusatte data set

To assess the cluster tendency of our 
data sets, the Hopkins clustering statis-
tic was used. For the proximity data set 
of the Brusatte results we calculated a 

Table 3. Statistics for the hierarchical clustering for the entropy-filtered Brusatte data set

baramin species min mean max st. dev. p-value

1 (tyrannosaurid1) 6 0.824 0.904 1 0.046 3.33E-21

2 (tyrannosaurid2) 4 0.743 0.811 0.973 0.098 1.00E-03

4 (dromaeosaurids) 3 0.959 0.973 0.986 0.014 1.17E-23

6 (Ornithomimidae) 3 0.932 0.955 0.973 0.021 1.98E-09

Table 2. Difference in clustering using the BDIST method and hierarchical clustering for the entropy-
filtered Brusatte data set

Species BDIST cluster no. Hierarchical cluster no.

Albertosaurus sarcophagus 1 1

Alioramus 1 1

Daspletosaurus 1 1

Gorgosaurus libratus 1 1

Tarbosaurus baatar 1 1

Tyrannosaurus rex 1 1

Allosaurus fragilis 2 2

Dilong paradoxus 2 2

Guanlong 2 2

Sinraptor dongi 2 2

Archaeopteryx lithographi 3 3

Bambiraptor feinbergorum 3 4

Deinonychus antirrhopus 3 4

Velociraptor mongoliensis 3 4

Citipati osmolskae 3 5

Gallimimus bullatus 4 6

Sinornithomimus 4 6

Struthiomimus altus 4 6

Shuvuuia deserti 3 7
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value of 0.871. This means that this 
data set can very well be used for clus-
ter analysis. In the following, we will 
refer to groups of species found by 
our algorithm as clusters. Hypotheti-
cally, these clusters should correspond 
to baramins, but can only be labelled 
as such tentatively, until supported by 
further evidence.

Following this method, seven 
clusters were found. The proximity 
matrix is displayed in figure 2. Here 
we can see four larger clusters, and 
three singleton species, Archaeopteryx 
lithographica, Citipati osmolskae, and 
Shuvuuia deserti. Whereas in the previ-
ous analysis these three species were 
lumped together with the dromaeosau-
rids, they now stand separately.

Next, we compared how this clus-
tering relates to the old analyses (table 
2). As we can see, 14 of the 19 spe-
cies (73.7%) were assigned to the same 
group. In table 3 the four largest clus-
ters are listed with at least three mem-
bers. These are tyrannosaurids 1 and 2, 
dromaeosaurids, and the family Orni-
thomimidae. The four largest clusters 
(ones with more than two members) 
have statistically significant p-values. 
The proximity matrix and the clusters 
and stats are available online in supple-
mentary file 2.

The van der Reest data set

Next, we wanted to see how well 
we could reclassify species from the 
van der Reest data set. The Hopkins 
clustering statistic for the proximity 
matrix used for this data set was 0.746, 
which is fair quality for clustering, but 
somewhat worse than the Brusatte 
data set. Using hierarchical clustering 
revealed 10 clusters, which are pre-
sented as a proximity matrix (heatmap 
in figure 3). In the heatmap we can see 
four larger groups—species belong-
ing to clusters 1, 3, 5, and 7 listed in 
supplementary data file 2. These four 
larger clusters also have statistically 
significant p-values.

Table 4. Difference in clustering using the BDIST method and hierarchical clustering for the entropy-
filtered van der Reest data set

Species BDIST cluster no. Hierarchical cluster no.

Allosaurus fragilis 1 1

Gorgosaurus libratus 1 1

Sinraptor 1 1

Tyrannosaurus rex 1 1

Anchiornis huxleyi 2 2

Archaeopteryx lithographica 2 2

Bambiraptor feinbergi 2 3

Deinonychus antirrhopus 2 3

Velociraptor mongoliensis 2 3

Caudipteryx 3 4

Citipati osmolskae 3 5

IGM100 42 unnamedoviraptorid 3 5

Ingenia yanshini 3 5

Khaan mckennai 3 5

Confuciusornis sanctus 2 6

Gallimimus bullatus 4 7

Ornithomimus edmontonicus 4 7

Struthiomimus altus 4 7

Gobivenator mongoliensis 2 8

Mei long 2 8

Shuvuuia deserti 5 9

Sinosauropteryx prima 1 10

Table 5. Statistics for the hierarchical clustering for the entropy-filtered van der Reest data set

baramin species min mean max st. dev. p-value

1 (tyrannosaurid) 4 0.816 0.977 0.867 0.076 1.10E-4

3 (dromaeosaurid) 3 0.883 0.937 0.904 0.029 1.34E-4

5 (oviraptor) 4 0.922 0.968 0.954 0.019 8.23E-21

7 (ornithomimid) 3 0.964 0.987 0.973 0.012 1.12E-11
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Here also, we compared our new clustering patterns with 
those previously observed (table 4). Cluster statistics are 
presented in table 5. Ten out of 22 species (45.5%) classifi-
cations were the same in both the old and new analysis. The 
four largest clusters have statistically significant p-values at 
the 5% level. We found one of the same putative clusters as 
when we re-analyzed the Brusatte data set, a dromaeosaurid 
cluster and a new cluster of oviraptorids. However, in the 
re-analysis of this data set, we found that tyrannosaurids 

form one large cluster instead of two 
clusters in the re-analysis of the Bru-
satte data set. This might be due to the 
selection of characteristics in the indi-
vidual data sets.

The proximity matrix and the clus-
ters and stats are available online in 
supplementary file 3 for this analysis.

The Lamanna data set

Lastly, we also re-analyzed the 
Lamanna data set. For this data set, 
the Hopkins clustering statistic was 
0.739, which is fair clustering qual-
ity. Six clusters were determined. The 
proximity matrix is depicted in figure 
4, showing one large cluster with eight 
species, together with either pairs of 
species or single species. The large 
cluster corresponds to an oviraptorid 
cluster, which was also found in the 
analysis of the van der Reest data set.

The old and new clustering can be 
seen in table 6. Twelve out of 15 clas-
sifications (80%) were shown to be the 
same in both the old and new analyses. 
Cluster statistics can be seen in table 
7, showing that only one cluster with 
more than two members was deter-
mined, and has a statistically significant 
p-value. The proximity matrix and the 
clusters and stats are available online 
in supplementary file 4.

Discussion

In our current study, we re-analyzed 
three dinosaur data sets from a previ-
ous analysis which employed entropy 
filtering, but which still gave obviously 
incorrect results (i.e. lumping A. litho-

grafica together with dromaeosaurs). In order to correct 
these results, the BDIST pipeline was modified. Thus, a 
large-scale morphology data set for 188 bird species was 
entropy-filtered, used as input for the BDIST algorithm, and 
the resulting distance matrix was transformed into a proxim-
ity matrix, which was then subjected to hierarchical cluster-
ing. This method corrected the over-clustering, which was 
present in the BDIST results of both the initial, raw results 
as well as even the entropy-filtered BDIST results.

Table 6. Difference in clustering using the BDIST method and hierarchical clustering for the entropy-
filtered Lamanna data set

Table 7. Statistics for the hierarchical clustering for the entropy-filtered Lamanna data set

baramin species min mean max st. dev. p-value

5 (oviraptor) 8 0.768 0.863 0.977 0.054 1.21E-29

Species BDIST cluster no. Hierarchical cluster no.

Velociraptor mongoliensis 1 1

Herrerasaurus ischigualastensis 1 2

Citipati osmolskae 2 3

Conchoraptor gracilis 2 3

Ingenia yanshini 2 3

Khaan mckennai 2 3

Nemegtomaia barsboldi 2 3

Rinchenia mongoliensis 2 3

Yulong mini 2 3

Zamyn Khondt oviraptorid 2 3

Anzu wyliei 3 4

Archaeopteryx lithographica 1 5

Avimimus portentosus 4 6

Caudipteryx zoui 5 6

Incisivosaurus gauthieri 5 6
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The present analysis succeeded 
in properly classifying the incorrect 
classifications coming from our pre-
vious analysis of the three dinosaur 
data sets. We observed a total of seven 
novel putative baraminic relationships 
based on the clustering we found in 
our results (depicted in figure 5). These 
are the tyrannosaurids (all species put 
together), dromaeosaurids, troodontid 
1, oviraptor 1, therapod 2, ornithomim-
id, and Archaeopteryx, which includes 
A. lithografica and A. huxleyi.

In all three studies A. lithograph-
ica does not cluster with Bambirap-
tor feinbergi, Deinonychus antirrho-
pus, Herrerasaurus ischigualastensis, 
and Velociraptor mongoliensis. These 
dromaeosaurids consistently form a 
cluster in all three modified data sets. 
None of the latter four fossils have 
feather impressions or keratin sig-
natures associated with them. Infer-
ences based on A. lithografica anato-
my strongly suggest that at the very 
least, it is a gliding bird, if not fully 
capable of flight. In particular, the clas-
sic defining bird trait is feathers, and 
Archaeopteryx’s asymmetrical feather 
impressions24 and feather protein rem-
nant signatures25 are consistent with 
flight-capable remiges for the extinct 
creature.

However, the lack of a keel in 
Archaeopteryx implies a much smaller pectoralis major 
muscle than modern powered-flight birds such as the passer-
ines. Why would a bird have feathers to fly but no muscles to 
power flight? From a creationist perspective it shows design 
features for gliding, not for flying. The modern roadrunner 
(Geococcyx) may approximate the form and function of 
Archaeopteryx. However, Geococcyx has no wing claws. 
Whereas Geococcyx uses terrain to elevate itself, perhaps 
Archaeopteryx used its wing claws and other features in 
more arboreal settings. Like roadrunners, once elevated, the 
bird could glide downward. This again supports the idea that 
certain characters should be given more weight than others. 
For example, with birds, the presence of feathers should have 
much more weight than the size of bones, which can be up- 
or down-scaled genetically.

In the van der Reest study, A. lithografica clustered togeth-
er with Anchiornis huxleyi. Both of these species have a simi-
lar wing structure, with slender feather shafts, meaning they 

had similar flight mechanisms.26 In contrast, Confuciusornis 
sanctus has elongated primary feathers, with short covert 
feathers, resembling modern birds.27

Nine species all make up a larger cluster, throughout the 
three studies: Citipati osmolskae, Conchoraptor gracilis, 
IGM100-42 unnamed oviraptorid, Ingenia yanshini, Khaan 
mckennai, Nemegtomaia barsboldi, Rinchenia mongoliensis, 
Yulong mini, and Zamyn Khondt. All of these are ovirap-
tors, which are theropod dinosaurs with shortened, toothless 
skulls.28–30

Gallimimus bullatus, Ornithomimus edmontonicus, Sinor-
nithomimus, and Struthiomimus altus all cluster together. 
They are all members of the theropod family of dinosaurs 
called Ornithomimidae. Mei long and Gobivenator mon-
goliensis are both troodontids. Anzu wyliei and Avimimus 
portentosus belong to separate oviraptor baramins. Cau-
dipteryx zoui and Incisivosaurus gauthieri are members 
of the same theropod cluster. However, feathered dinosaur 

Figure 4. Heat map of the proximity matrix from the BDIST results of the filtered Lamanna data set. 
Lighter colours represent proximity values close to 1, denoting species within the same baramin. 
Darker colours represent proximity values close to 0, denoting species from different baramins.
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doubter Feduccia and colleagues treated Caudipteryx as a 
flightless bird, perhaps analogous to flightless cormorants 
of the Galápagos islands, on the basis of precise arrange-
ment of flight feathers on its hand.31 However feathered it 
was, its wings were too small for flight, but its robust legs 
showed possible adaptation to terrestrial habitats.32 Jones et 
al. noted its anterior centre of mass resembled those of cur-
sorial birds.33 By grouping Caudipteryx among theropods, 
our modified BDIST method has not captured the separation 
of Caudipteryx as a bird and not a reptile. This is likely due 
to the similarities in gross morphology, if not in important 
details like feathers versus not feathers, between theropod 
and Caudipteryx anatomy.

Shuvuuia deserti and Sinosauropteryx prima are also the-
ropods but belong to separate clusters. This result compares 
well with the assignment of Sinosauropteryx to the compsog-
nathid dinosaurs particularly on the basis of papulose skin 
scale—not feather—preservation on its tail.34 Chiappe also 
grouped Compsognathus with Velociraptor among theropods 
based on its cursorial anatomy and curved, serrated teeth that 
birds do not have.35

Lastly, there is a discrepancy between the way tyranno-
saurids are classified according to the Brusatte and the van 
der Reest data sets. Whereas the re-analysis of the van der 
Reest data puts Allosaurus fragilis and Sinraptor into the 
same baramin as Tyrannosaurus rex, the Brusatte re-analysis 
puts them into a separate cluster, together with Guanlong and 
Dilong paradoxus. It could be that the two data sets were put 
together using different characters, or there may be more than 
one tyrannosaurid baramin. This is not uncommon, since 
previous baraminology studies have predicted multiple turtle 
and squid baramins.36,37

In contrast with the tyrannosaurids, this study success-
fully predicted the dromaeosaurid, oviraptor, and Ornitho-
mimidae clusters in the re-analysis of the three data sets. 

This means that the modified algorithm finds more consistent 
results than the BDIST method alone.

Conclusion

Baraminology studies may sometimes give results that 
might intuitively seem incorrect. For example, in the previ-
ous analysis of three dinosaur data sets, Archaeopteryx litho-
grafica was classified as a member of a terrestrial dinosaur 
baramin, when it has anatomy for flight. From the Bible, we 
know that birds were created on separate days than terrestrial 
dinosaurs, therefore they must belong to separate baramins. 
Feathers also provide a clear anatomical separation of Class 
Aves from Class Reptilia. Applying the extended entropy 
filter + the hierarchical clustering algorithm to the BDIST 
method corrected this. Furthermore, this method may be 
used as a possible tool in order to predict putative baramins 
more accurately.
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