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Abstract 
While evidence has been found that strongly supports the theory that Hexapoda is a subphylum 
that arose due to the branching of a group within Crustacea, our study provides sufficient support 
for the hypothesis of the direct lineage from Crustacea to Hexapoda. Our research is based on the 
hypothesis that Hexapoda is a sister group of Crustacea. Evidence found within both our 
Maximum Likelihood and Maximum Parsimony Phylogenetic Trees points to a closely-related 
dichotomy between Crustacea and Hexapoda. Likewise, these trees enables the group to pinpoint 
the gains and losses of specific characters. 
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 Introduction 
 In terms of Arthropod phylogeny, it is 
accepted that Hexapoda, a subphylum characterized 
by the presence of six attached walking legs to the 
thorax, are derived from Myriapoda, a subphylum 
defined by their one or two pairs of walking legs for 
most body segments, (e.g. Wheeler et al. 2001); 
however, analyses done over the last several years on 
morphological and molecular characters of various 
arthropods strongly support the Tetraconata (formerly 
Pancrustacea) Hypothesis (Friedrich & Tautz 1995; 
Boore et al. 1998; Giribet et al. 2001; Lavrov et al. 
2004 ; Mallatt et al. 2004; Regier & Shultz 2001). 
The Tetraconata Hypothesis proposes that Hexapoda 
is not a sister group of Myriapoda but that hexapods 
were derived from the Crustacea, a subphylum 
categorized by their hard exoskeleton. Specifically, 
support comes from mitochondrial gene sequence 
(LrRNA-L(CUN)-ND1), eye, ommatidia, and brain 
ultrastructure and neurogenesis, and motor nuerons 
(Mallatt et al. 2004; Boore et al. 1998). These 
characters can be described as synapomorphies for 
Pancrustacea. Nevertheless, controversy between the 
accepted Hexapoda phylogeny and the Tetraconata 
Hypothesis is created due to the monophyly of the 
myriapods. Also, mandibles, seen in both myriapods 
and hexapods, indicates correlation between both 
subphyla. This correlation can be explained as a 
convergent evolution due to terrestrial environmental 
factors (Boore et al. 1998). Correspondingly, wings 
of insects have been as being derived from ancestral 
gills of an earlier arthropod (Damen et al. 2002). This 
hypothesis helps explain the difference in use of 
appendages between Crustacea and Hexapoda. 

Moreover, cladistics has been used to further 
understand the lineage of hexapods from crustaceans. 
In this study, we interpret five characters and their 
particular character states through the Tetraconata 
clade’s lineage. We believe that there is a direct 
evolutionary connection between crustaceans and 
hexapods. Within the lineage of Crustacea, taxa 
branched off and became terrestrial, eventually 
forming the subphylum Hexapoda. 
 
Material and Methods 

Using 20 species from the Crustacea, 
Hexapoda, Onychofora, Myriapoda and Chelicerata  
(Table 1) a BLAST search (Altschul et al. 1990) of 
the 18S ribosomal RNA was used with the program 
MEGA 5 (Version 5.1 2012) to create two 
cladograms (Figure 2 and Figure 3).  This type of 
RNA has been used in previous studies analyzing the 
phylogeny of Arthropoda (Mallatt et al. 2003) and 
was also the type that all our species had in common. 
A maximum likelihood (Figure 2) and maximum 
parsimony cladogram (Figure 3) were created using 
Mega 5.  A consensus tree (Figure 4) was then 
constructed based those two trees.  The consensus 
tree shows how we plotted the evolution of 5 
characters among species (Table 2).  These five 
specfic characters examined are legs, wings, gills, 
mandibles and an exoskeleton. These characters are 
split into two character states each. The species can 
have exactly 3 pairs of legs or any number of pairs of 
legs greater than or equal to 3.  They either have 
wings, gills,  and mandibles or not, and whether or 
not they have chitin exolskeletons or not. The chitin 
exoskeleton is used to separate the single outgroup, 
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Peripatus, from the 19 ingroups.  The ingroups 
include 7 species of Crustacea, 9 species of 
Hexapoda, 1 species from Myriapoda, and 2 species 
from Chelicerata which means there are 19 branching 
points in the trees.  The majority of the ingroup taxa 
are from Hexapoda and and Crustacea since these are 
the two groups we use to support our hypothesis.  
The Hexapoda and Myriapoda are used because of 
similiarities in phylogeny and we wanted to see how 
closely they were related as well. 

 
Results 

The Maximum Likelihood and Maximum 
Parsimony phylogenetic trees are showing the 

relationships between Crustacea and Hexapoda. The 
controversy over these two phyla has been over if and 
how they developed from one another. The two trees 
have miniscule differences between the groupings of 
the different taxa, however the out-group remains 
Oecetis avara in both because it is the most unrelated 
taxa in the phyla. Crustacea and Hexapoda show 
many relationships and crossings in the trees 
especially in the Maximum Parsimony tree which 
shows the least amount of genetic evolution between 
the species. The two phylogenetic trees show many 
similarities and relationships between the phyla 
Crustacea and Hexapoda. 

 

 
Figure 1. The 4 Crustaceans (4 Orders) and the 134 Insects (10 Orders) all share the COI,L(UUR), and COII genes. 
This shows an outstanding similarity between Insects and Crustaceans. (Boore et al. 1998)  
 
Discussion 

Figures 2 and 3 show the maximum 
likelihood tree and the maximum parsimony tree, the 
relationship between Hexapoda and Crustacea. 
Maximum likelihood trees compare the data given 
based off the probability that the hypothesized history 
would suggest the observed data. There is a 
branching in the maximum likelihood tree that shows 
where the hexapods and crustaceans separated into 
two major clades. This separation is where most of 

the controversy occurs in our hypothesis that states 
hexapods emerged from a group of crustaceans. The 
crustaceans separated early in the phylogeny which 
leads us to believe that this split is when the 
crustaceans became terrestrial and formed the first 
hexapods. The maximum parsimony tree helps 
support the hypothesis because it is observed that 
hexapods and crustaceans are closely related and 
shows more similarities among the crustacean species 
and the hexapod species.  
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Table 1. Taxon table listing the Latin binomial of the taxa, the authority of the taxa, as well as the NCBI Accession 
number of each individual taxa. The accession numbers were used as a catalogue number to keep track of each 
species. 
 

 
 
Table 2. A table showing character states of the appendages, wings, gills, mandibles, and exoskeletons of different 
species. From top to bottom, it is list by Crustacea, Hexapoda, Onychophora, Myriapoda, and Chelicerata. 
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Before the morphological differences of the 
traits were compared between the hexapods and 
crustaceans an out-group was set. Peripatus sp., a 
genus consisting of various velvet worms, was 
compared to the crustaceans, hexapods, myriapods, 
chelicerates, and trichopterates. All of the species 
within the Peripatus genus have the same characters 
therefore using one specific species was extraneous 
and it made more sense to use the entire genus as an 
out-group. The difference in the Peripatus genus is 
that it does not have an exoskeleton made of chitin, 
like arthropods do. Since the Peripatus genus is not 
part of the Arthropoda phylum it was the most logical 
out-group to use. By comparing arthropods to another 
phylum it is obvious that there is a lot of variation but 
there are also many similarities that help support the 
idea of a common ancestor. This difference also uses 
a broader and less specific category by comparing 
species at the kingdom level in order to show 
evolution connecting all organisms. 

 Somewhere along the historical lineage of 
the crustaceans certain species evolved into terrestrial 

arthropods, hexapods. It is hard to prove however, 
when exactly this evolution occurred. There are 
hundreds of species of Crustacea and Hexapoda so 
finding out exactly where that one group of 
crustaceans branched off and became terrestrial is 
extremely difficult. Using the consensus tree 
constructed it is clear that there was a change that 
caused a group or groups of Crustaceans to walk on 
land and become terrestrial. The first split between 
crustaceans occurred when the pairs of legs changed. 
Crustaceans have more than three pairs of legs and 
hexapods have three pairs of legs, and sometimes 
even less than three pairs. When aquatic arthropods 
became terrestrial changes in state show that the 
extensive pairs of legs were unnecessary for land 
dwelling arthropods. The function of legs for 
crustaceans is used for swimming and when 
swimming was not the beneficial to these organisms 
the need for more pairs of legs was no longer a 
necessary character. 

 
 

 
Figure 2. The Maximum Likelihood Phylogenetic Tree developed in MEGA5 using the NCBI compares 
Crustaceans to Hexapods. This cladogram describes the likelihood of the relationships between these species, 100 
meaning that if this tree was constructed 1000 times, that relationship would occur 100 percent of the time. 
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Figure 3. The Maximum Parsimony Phylogenetic Tree developed in MEGA5 by using the NCBI database  
compares Crustaceans to Hexapods. This cladogram is used to distinguish the least amount of genetic evolution 
between species. The numbers show that if it is 100, the relationship would occur 100 percent of the time out of 
1000 trials. 
 

When the first major split occurred which 
involved the pairs of legs another character also 
changed; the presence of mandibles. Mandibles are 
structures used for eating, a character present in many 
organisms within the Arthropoda phylum. Two major 
clades formed; one clade without the presence of 
mandibles and one clade with the presence of 
mandibles. The clade that evolved which possesses 
the character consists of mostly hexapods, with the 
exception of one species in the Trichoptera order. 
The other clade consists of organisms in the primitive 
state, which is lack of mandibles. The clade consists 
of crustaceans, chelicerates, myriapods and one 
hexapod. At two separate occasions within this clade 
however the primitive state evolved into the state 
with mandibles. The species Homarus americanus 
evolved to have mandibles and a separate 
paraphyletic clade was born due to several species 
evolving out of the non – primitive state leaving 
Daphnia pulex in the primitive state. The use of 
mandibles in the hexapods shows that the type of 

food is much different on land and in order to feed 
and survive the organisms through natural selection 
evolved to have a character that perfected eating 
habits.   

The clade shown below from the consensus 
tree shows several branches where different species 
evolved into the non – primitive character state. One 
interesting observation is that there are crustaceans 
without gills. Since the presence of gills is common 
in crustaceans due to their underwater habitat, it was 
considered the primitive state. The crustaceans that 
became terrestrial lost the function to use gills as a 
primary form of respiration so the first evolutionary 
change was the loss of gills. This change occurred 
early in the phylogeny of the species. This shows that 
these species of crustaceans due to their habitat and 
natural selection, evolved into aquatic organisms that 
obtain oxygen through a different mechanism other 
than lungs. This shows however that certain 
crustaceans such as these evolved like Hexapoda did 
but continued their life underwater. 
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Figure 4. The Consensus Tree developed in MEGA5 using the NCBI describes the relationships between 
Crustaceans and Hexapods by showing evolutionary changes through different branches, each with its own character 
changes. Hexapods and Crustaceans are shown in relation to each other through common ancestors who shared a 
common character at one point in evolutionary history. The letter/number combinations denote the bracnhing off of 
character states. E0 doesn’t have a chitin exoskeleton and E1 does. G1 does not have gills and G0 does. L0 has 3 or 
more pairs of legs and L1 has 3 pairs of legs.  W0 doesn’t have wings and W1 does. M0 doesn’t have mandibles and 
M1 does. 
 

 
Figure 5: The figure from our consensus tree (Figure 4) shows the evolution of gills and mandibles in several 
species of  Crustacea, Chlicerata, Myripoda, and Hexapoda.  G0 represents the presence of gills and G1 shows no 
gills. M0 shows a lack of mandibles and M1 is the presence of mandibles. The general pattern is that species evolve 
from primitive character states into more advanced ones creating new species. 
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The clade below shows how many terrestrial 
arthropods formed wings. An explanation as to how 
wings may have formed on insects could be from the 
biramous appendages that crustaceans have. Some of 
the crustacean species that had biramous appendages 
also had exterior gill-like structures that assisted with 
oxygenating the organisms. The crustaceans that had 
these biramous legs may have been one of the groups 
that became terrestrial. Another character on the 
biramous legs is setae. Setae are bristle – like hairs 
that are used for movement; the size of the setae 
varies from species to species. Over time, the setae 
on the legs may not have been helping  
some species survive so the character was slowly 
selected against. It is possible that the newly formed 
hexapods used them as a wing - like structure to 
possibly glide from higher brush and trees after 
feeding. After many evolutionary changes the wing 
character was selected for but many insect species 
still do have setae on their appendages. Over time 
these wings became more complex and perfected in 
order for the hexapods to feed and travel. 
 

 
Figure 6. Biramous legs are a common character that 
hexapods and crustaceans share. The setae and 
podomeres, (leg segments), are seen on each of the 
appendages shown below.  This figure is public 
domain.

 

 
Figure 7: The figure taken from our consensus tree (Figure 4) shows the evolution of wings in one species of 
Trichoptera and several species of Hexapoda.  W0 represents a lack of wings and W1 shows the presence of them.  
The evolution of wings starts with the biramous legs of many crustaceans. 
 

With the use of the characters compared on 
the trees it was observed that the hexapods and 
crustaceans are evolutionarily related. This evolution 
occurred many years ago but continued through time. 
Two major clades formed which separated most of 
the crustaceans from most of the hexapods with a few 
exceptions. The characters prove that the hexapods 
and crustaceans share a common lineage but that 
lineage is too long to explain exactly how they 
evolved from one another by using the phylogenetic 
trees constructed. It is seen that the crustaceans and 
hexapods had a common ancestor and branched into 
two main clades. It seems that the chelicerates are 

actually closer in relation to crustaceans now then 
hexapods are. This is just observed from the character 
states and how these states evolved over time. The 
hexapods seem to be evolutionarily singled out but 
have a relation to the subphylum Trichoptera. 
 The original hypothesis has enough positive 
results to infer that Hexapoda did evolve from a 
group of Crustacea. An alternative hypothesis 
however that would strengthen the original 
hypothesis would be that Hexapoda and Crustacea 
share a common ancestor and split into two clades 
that relate Chelicerata and Crustacea and a clade that 
directly relates Hexapoda and Myriapoda. This 
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hypothesis was already tested by several scientists 
who found an original hypothesis very similar to the 
one tested in this project. The results they found 
however actually grouped crustaceans with 
chelicerates in a clade called Schizoramia. The other 
clade grouped Hexapoda and Myriapoda together in a 
clade called Atelocerata. Like our results, their results 
formed a similar conclusion that the Crustacea and 
Hexapoda evolved from a similar ancestor but they 
broke away from each other late in their phylogenetic 
histories. A hypothesis is still out there and is still 
being tested however that Crustacea and Hexapoda 
are grouped in a clade called the Pancrustacea. This 
is just one hypothesis of many that try to find an 
evolutionary relationship between hexapods and 
crustaceans. Solely based off of the data though, the 
hypothesis that was seen is the formation of the 
Schizoramia and Atelocerata clades. 

It is clear that hexapods and crustaceans do 
share a common ancestor. It is not known however 
when exactly the first crustaceans walked on land and 
eventually became fully terrestrial. Several studies 
have shown that the relationship between the two 
phyla can be supported but with the assistance of 
relationships with other phyla and orders like 
Myriapoda and Trichoptera. Since the hypothesis was 
partially supported it gives way for more research to 
be done on the relationship. Once further testing and 
research is done on the evolutionary history of 
hexapods the full relationship of crustaceans and 
hexapods will be known. 
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