



Stomach: Trait 10 (1)
The presence of a stomach in species separates the lamprey (sister group) from the rest of the species. This shows us that the presence of a stomach is the most primitive trait relative to the other traits.  



Teeth on Jaws: Trait 11 (1)
The presence of teeth on jaws on species distinguishes the species from the lamprey even more. This would allow the stomach to digest the food easier since the teeth can break down the food and prepare it for digestion.   





Elimination of Nitrogenous Wastes: Trait 5 (1)
The shark is separated from the rest of the species after gaining the trait that allows it to eliminate nitrogenous wastes in the method of urea rather than the more ancestral method of ammonia.




Lungs & Derivatives: Trait 4 (1)
The presence of lungs separates the rest of the species from the shark and the outgroup. The rest of the species have some a form of a certain respiratory system, whether it be lungs or some derived structure like a swim bladder. 






Skeletal Tissue: Trait 9(1)
The presence of the bony tissue 9(1) separates the sister group and shark from the remaining species since the shark and lamprey have cartilage, and the rest of the species have a more recent bony tissue. The presence of the traits shown in the cladogram cause a formation of a new species known as perch.






Elimination of Nitrogenous Wastes: Trait 5 (1)
The rest of the species develop the method of eliminating wastes through urea separating them from the perch and the lamprey. The shark also has the trait and this is the process of convergent evolution.






Paired Limbs with Carpi & Tarsi: Trait 7 (1)
The rest of the species are separated from the shark, perch, and lamprey by gaining paired limbs. This is important since the rest of the species will not have an aquatic habitat and will need this character for mobility.











Occipital Condyles: Trait 6 (2)
The presence of this trait establishes the evolution of the frog and it separates it from the rest of the species. This would be important especially after gaining skeletal tissue since they allow movement of the head in both ways.











Temporal Fenestrae: Trait 12(1)
The appearance of a pair of a temporal fenestrae allows the rest of the species to have stronger biting power. It separates the species that have bony skeletal tissue and that have to bite their food in order to consume it from the others. 










Adult Nephridial Excretory System: Trait 1(1)
The adult nephridial system evolves into the metanephros which is for the rest of the species. This makes sense since the rest of the species are either mammals, birds, and reptiles and this nephridial system is specific for these type of species.











Extraembryonic Membranes: Trait 2(1)
This trait appears and allows the evolution of the rat and the bear. This does so by distinguishing these two species from the rest of them.  












Occipital Condyle: Trait 6(1)
There is a transformation in this trait to lose a pair allowing the head of the rest of these species to only move in one way.












Temporal Fenestrae: Trait 12(2)
The rest of these species are further defined by the gain of another pair of holes on the side of the skull allowing for a stronger bite. 












Occipital Condyle: Trait 5(2)
The rest of the species become more complex with an addition of another occipital condyle allowing for head movement.














Paired Limbs: Trait 7(0) (Reversal)
A reversal by losing the limbs separates the snake from the rest of the species.















Gizzard: Trait 3(1)
The addition of the gizzard causes the evolution of the alligator. The alligator requires this trait since it helps break down the food in the stomach.
















Forelimbs: Trait 8(1)
This trait separates the pigeon from the rest of the species since it allows it to fly.
















Teeth on Jaws: Trait 11(0)
A reversal of this trait completely separates the pigeon from the rest of the species since it is the only animal without this trait. This reversal is the last process which completely describes the evolutionary processes in this cladogram.

 














Conclusion

From the cladogram the endotherms are mainly situated on the right side, or the more derived species which are the mammals (rat, bear) and the birds (pigeon) with the exception of the alligator.  The species more closely related to the out-group, the lamprey are ectotherms which are the shark, perch, frog, snake.

With respect to the distribution of endothermy on the cladogram one can conclude that the evolution of endothermy in vertebrates occurred some time when the land and water dwelling amphibians such as the frog evolved to form species dwelling on land such as the bear.  Endothermy was likely evolved first in vertebrate mammals, and then passed onto vertebrate birds as it evolved.  
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Lungs: Trait 6





The presence of the lung 6(1) separates the sister group and the shark from the remaining species since all the other species have some form of a lung or a respiratory system.
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Final Cladogram


The final cladogram is shown above with all the species and their traits. There exists a small monophyletic group consisting of the rat and the bear. There is a reversal in the limbs for the snake and the stomach for the pigeon. There is also an example of convergent evolution for a trait of the shark and the trait bear, rat, and the frog excluding the perch and the lamprey. The byproduct of their nitrogenous waste is urea and it appeared for the shark independent of the way it appeared for the species.
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