Lizards in a Phylogenetic Tree		Name:________________________________________
(20 points)		Period:_________ Date:__________________________
The process of evolution produces a pattern of relationships between species. As lineages evolve and split and modifications are inherited, their evolutionary paths diverge. This produces a branching pattern of evolutionary relationships.  By studying inherited species' characteristics and other historical evidence, we can reconstruct evolutionary relationships and represent them on a "family tree," called a phylogeny. 

To build a phylogenetic tree, biologists collect data about the heritable characters of each organism they are interested in, such as physical characteristics (morphology), genetic sequences, and behavioral traits. These characters are then compared across the organisms.
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The more than 700 islands of the Caribbean are home to about 150 species of anoles, a closely related group of lizards (genus Anolis) that occupy diverse habitats and niches. Research on these lizards is enriching our understanding of evolutionary processes, such as adaptation by natural selection, evolution, and the formation of new species— and it is helping to illuminate how and why there are so many different kinds of living organisms on Earth. 
[image: ]

Figure 2: Caribbean islands are home to the anoles. 
The anole species featured in the film live on the islands of Cuba, Jamaica, Hispaniola (which comprises Haiti and the Dominican Republic), and Puerto Rico. 






Part 1: Identifying Ecomorphs and Building a Phylogenetic Tree 

1. Examine the photographs of 16 species of anole lizards.  Work together to develop a phylogenetic tree based on how they appear in the photographs.
  
2. As you build your phylogeny, discuss which lizards are most closely related to one another and explain your rationale for the various groupings.

3. Watch the first part of the film Lizards in an Evolutionary Tree  (until 06:48).

4. Revaluate your phylogeny based on the information provided in the short film.

5. What characteristics did you use to categorize your anoles in the phylogeny you constructed?  Explain your reasoning.


An ecological niche is the role and position a species has in its environment; how it meets its needs for food and shelter, how it survives, and how it reproduces. A species' niche includes all of its interactions with the living and non-living factors of its environment.

Species of Caribbean anoles can be categorized into six groups according to their body characteristics (morphology) and the ecological niches they occupy. These categories are known as ecomorphs.

6. Did your groupings match the ecomorphs described? Why or why not?  





7. Using the diagram below and the information from the film, choose one ecomorph and explain how the characteristics of that body type are adaptations to that ecomorph’s particular habitat.  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8. Morphology can be useful in helping determine phylogeny, however DNA evidence often gives us a much different picture of the true relationships between species. 

9. You will now examine two phylogenetic trees from a website (Phylogeny.fr) that generates phylogenetic trees based on DNA sequences.



10. Using the list of lizard species on the following page, color code one phylogenetic tree according to the ecomorph similarity.
a. Color all branches that lead to grass-bush anoles green
b. Color all branches that lead to twig anoles red
c. Color all branches that lead to truck-ground anoles blue
d. Color all branches that lead to trunk-crown anoles yellow

11. Using the list of lizard species, color code the other phylogenetic tree according to the island they are found on.
a. Color all branches of lizards that are found on Puerto Rico green
b. Color all branches of lizards that are found on Cuba red
c. Color all branches of lizards that are found on Jamaica blue
d. Color all branches of lizards that are found on Hispanola yellow
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[bookmark: _GoBack]Part 2: Evaluating Phylogenies and Exploring Anole Adaptive Radiation  

1. Watch the next segment of the film Lizards in an Evolutionary Tree  (06:48-12:48).

2. Explain how geographical isolation and sexual selection for dewlap color has driven the speciation of anole lizards on these islands.







3. Watch the final segment of the film Lizards in an Evolutionary Tree  (starting at 12:48).

In evolutionary biology, adaptive radiation is a process in which organisms diversify rapidly into a multitude of new forms, particularly when a change in the environment makes new resources available, creates new challenges, or opens new environmental niches.

4. Explain how the different ecomorphs are an example of adaptive radiation.










5. Based on the trees you color-coded and the information form the film, develop a claim about whether the species that belong to the same ecomorph or the species that live on the same islands are more closely related to each other.  Justify your claim with several pieces of evidence.
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4. Now that you have more information about the anoles, revise your groupings if you wish.  Explain any changes 



you made. 
 
	
  
 
 



5. Species of Caribbean anoles can be categorized into six groups according to their body characteristics 
(morphology) and the ecological niches they occupy. The groups are referred to as ecological morphotypes, or 
ecomorphs. Did your groupings match the ecomorphs described?  Why or why not? 
 
 
 
 



6. Using the diagram below and the information from the film, choose one ecomorph and explain how the 
characteristics of that body type are adaptations to that ecomorph’s particular habitat.  
 



 



 
7. Explain how the different ecomorphs are an example of adaptive radiation? 



 
 
 
 
 



8. Develop a hypothesis on why similar ecomorph classes can be found on many of the different islands in the 
Caribbean. 
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7.   Explain how the different ecomorphs ar

e 

an   ex am p l e  o f   ad ap t i ve  r ad i at i o n ?  

 

 

 

 

 

8.   Develop a hypothesis on why similar ecom o r p h   c l a sse s  ca n   b e   f o u n d   on  ma n y   of   t he   di f f e r e nt   i s l a nds   i n  t he  

Caribbean. 
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List of species: 



Species name Island Ecomorph 



Anolis alutaceus Cuba Grass-bush 



Anolis angusticeps Cuba Twig 



Anolis chlorocyanus Hispaniola Trunk-crown 



Anolis cristatellus Puerto Rico Trunk-ground 



Anolis cybotes Hispaniola Trunk-ground 



Anolis evermanni Puerto Rico Trunk-crown 



Anolis grahami Jamaica Trunk-crown 



Anolis lineatopus Jamaica Trunk-ground 



Anolis occultus Puerto Rico Twig 



Anolis olssoni Hispaniola Grass-bush 



Anolis ophiolepis Cuba Grass-bush 



Anolis porcatus Cuba Trunk-crown 



Anolis pulchellus Puerto Rico Grass-bush 



Anolis sagrei Cuba Trunk-ground 



Anolis shelpani Hispaniola Twig 



Anolis valencienni Jamaica Twig 



Leiocephalus barahonensis Outgroup 
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Species name 

Island  Ecomorph 

Anolis alutaceus  Cuba  Grass-bush 

Anolis angusticeps  Cuba  Twig 

Anolis chlorocyanus  Hispaniola  Trunk-crown 

Anolis cristatellus  Puerto Rico  Trunk-ground 

Anolis cybotes  Hispaniola  Trunk-ground 

Anolis evermanni  Puerto Rico  Trunk-crown 

Anolis grahami  Jamaica  Trunk-crown 

Anolis lineatopus  Jamaica  Trunk-ground 

Anolis occultus  Puerto Rico  Twig 

Anolis olssoni  Hispaniola  Grass-bush 

Anolis ophiolepis  Cuba  Grass-bush 

Anolis porcatus  Cuba  Trunk-crown 

Anolis pulchellus  Puerto Rico  Grass-bush 

Anolis sagrei  Cuba  Trunk-ground 

Anolis shelpani  Hispaniola  Twig 

Anolis valencienni  Jamaica  Twig 

Leiocephalus barahonensis  Outgroup 
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USING DNA TO EXPLORE LIZARD PHYLOGENY 



INTRODUCTION 
The more than 700 islands of the Caribbean are home to about 150 species of anoles, a closely related group of lizards 
(genus Anolis) that occupy diverse habitats and niches. Research on these lizards is enriching our understanding of 
evolutionary processes, such as adaptation by natural selection, evolution, and the formation of new species— and it is 
helping to illuminate how and why there are so many different kinds of living organisms on Earth. 
	
  



  
Figure 1: Diverse anoles share common features. Anolis 
cristatellus is a common anole species found in Puerto Rico. It 
has a colorful flap of skin under its throat that it uses to 
communicate. Anole species live in diverse habitats and vary 
greatly in size and other obvious physical features such as 
leg and tail length. (Photo courtesy of Luke Mahler, 
University of California, Davis.) 



Figure 2: Caribbean islands are home to the anoles. 
The anole species featured in the film live on the islands 
of Cuba, Jamaica, Hispaniola (which comprises Haiti and 
the Dominican Republic), and Puerto Rico. (Reproduced 
with permission from Losos, J. Lizards in an Evolutionary 
Tree. UC Press, 2011). 



 



MATERIALS 
• A set of lizard cards that accompanies this document 
• Access to a computer that is connected to the internet  
• HHMI Short Film Lizards in an Evolutionary Tree 
• (Optional) A computer with the freely available ClustalX program installed. 



PROCEDURE 



Part1: Identifying Ecomorphs and Exploring Anole Adaptive Radiation 
 



1. Examine the photographs of 16 species of anole lizards and sort them according to how they appear in the 
photographs into as many groups as you want. 
 



2. Explain how you grouped the lizards and your rationale for the various groupings. If you picked a body feature, 
speculate about the advantages or disadvantages of such a body feature in the environment they occupy.  



 
	
  
	
  



3. Watch the first part of the film (up until 09:48, the end of the experiment on a small rocky island). 










T h e 	 
     M a k i n g 	 
     o f 	 
     t h e 	 
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     a n d 	 
     A d a p t a t i o n 	 
     T h e 	 
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     o f 	 
     t h e 	 
     F i t t e s t : 	 
     	 
     N a t u r a l 	 
     S e l e c t i o n 	 
     a n d 	 
     A d a p t a t i o n 	 
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LE S S O N   STUDENT MATERIA L S   T h e   O r i g i n   o f   S p e c i e s   L i z a r d s   i n   a n   E v o l u t i o n a r y   T r e e   US I NG  DNA  T O  E XP L ORE LIZARD PHYLOGENY  IN T R O D U C T IO N   Th e  m o r e  t h an   700  i s l an d s   o f   t h e  C ar i b b ean   ar e  h o m e  t o   about 150 species of anoles, a closely related group of lizar d s   (g e n u s   An o l i s )  t h a t   o c c u p y   d i v e r s e   h a b i t a t s   a n d   n i c h e s .   R e s earch on these lizards is enriching our understanding of  evo l u t i o n ar y  p r o c es s es ,   s u c h   as   ad ap t at i o n   b y  n at u r al   s el ec tion, evolution, and the formation of new species— and   it  is   he l pi ng  t o  i l l um i na t e   how   a nd  w hy   t he r e   a r e   s o  m a ny   di f f e rent kinds of living organisms on Earth.  	 
    

 

 

Fi gur e   1:   D i v e r s e   a nol e s   s ha r e   c om m on  f e a t ur e s .   An o l i s  

cr i s t a t el l u s   is  a  c o m m o n  a n o le  s p e c ie s  f o u n d  in  P u e r t o  R ic o . It 

ha s   a   c ol or f ul   f l a p   of   s k i n  unde r   i t s   t hr oa t   t ha t   i t   us e s   t o 

co m m u n i cat e .   An o l e   sp e c i e s  l i v e   i n   d i v e r se   h a b i t a t s  a n d   v a r y  

gr e a t l y   i n  s i z e   a nd  ot he r   obv i ous   ph y s i c a l   f e a t ur e s   s uc h  a s  

le g  a n d  t a il le n g t h . ( P h o t o  c o u r t e s y  o f  L u k e  M a h le r , 

Un i v e r s i t y   o f   C a l i f o r n i a ,   Da v i s . )  

Figure 2: Caribbean islands are home to the anoles. 

The anole species featured in the film live on the islands 

of Cuba, Jamaica, Hispaniola (which comprises Haiti and 

the Dominican Republic), and Puerto Rico. (Reproduced 

with permission from Losos, J. Lizards in an Evolutionary 

Tree. UC Press, 2011). 

 

MA T E R I A L S  

·

 

A  s e t   o f   l i z a r d   c a r d s   t h a t   a c c o m p a n i e s   t h i s   d o c u ment 

·

  Ac c e s s   t o   a   c o m put e r   t ha t   i s   c onne c t e d  t o  t he  internet  

·

  HHM I   S h o r t   F i l m   L i z a r d s   i n   a n   E v o l u t i o n a r y   T r ee 

·

 

(O p t i o n a l )  A   c o m p u t e r   w i t h   t h e   fr e e l y   a v a i l a b l e   ClustalX program installed. 

PRO CE D U RE  

Par t 1:   I de nt i f y i ng   Ec o m o r p h s   a n d   Exp l o r i n g   A n o l e  A d a p t ive Radiation 

 

1.   E xam i n e   th e   phot ogr a phs   of   1 6   s pe c i e s   of   a nol e   l i zards and sort them according to how they appear in the  

phot ogr a phs   i nt o  a s   m a ny   gr oups   a s   yo u   wa n t .  

 

2.   Ex p l ai n   how   yo u   gr oupe d  t he   l i z a r ds   a nd  yo u r   ra ti onale for the various groupings. If you picked a body feat u r e,  

sp e c u la t e   ab o u t   t h e  ad van t ag es   o r   d i s ad van t ag es  of such a body feature in the environment they occupy.   

 

	 
    

	 
    

3.   Wa t c h   t h e   f i r s t   p a r t   o f   t h e   f i l m  ( u p   u n t i l   0 9 : 4 8 ,   t h e   end of the experiment on a small rocky island). 






