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	Louse Case Study: 
Part 1 – Louse and Human Co-Evolution
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OBJECTIVES

Upon completion of the module, each student should be able to:
· Evaluate how an organism’s form and function is influenced by evolutionary history, interspecific interactions, and environmental selection pressures. 
· Evaluate an organisms’ evolutionary history using phylogenetic and morphological data.
· Hypothesize how biotic and abiotic factors in the environment relate to the form and function of an organism.
· Critically evaluate competing phylogenetic hypotheses.


INTRODUCTION

This is part one of a three-part module, we will be taking an organismal approach to form and function by focusing on only one type of organism. We will investigate the complex interactions between a variety of forces at different biological levels that together have determined the current form and function of that organism. These forces act at a variety of scales, from the molecular level through the ecosystem level. We will be using genomic, morphological, evolutionary, and ecological data, alongside advanced mathematical modeling and computer science, to better understand the form and function of one type of organism. This interdisciplinary approach to study of complex interactions at multiple scales is called Systems Biology. This module will require you to synthesize foundational concepts learned in core Biology courses, such as Evolution, Cell Biology, Genetics, and Ecology.

OUR STUDY ORGANISMS

The group of organisms we will be investigating is ... lice (I know gross)! To identify an organism that we could use to bring together these different scales, we reached out to some top researchers in organismal biology and biodiversity and asked them to identify interesting research studies that focused on form and function with a systems approach. We were introduced to Dr. Julie Allen, an assistant Professor at the University of Nevada Reno, who was researching the coevolutionary history of lice and their hosts. Dr. Allen collaborated with us to design this module. 

Lice (singular: louse) are actually pretty interesting. They are obligate permanent parasites. This means they require the host to survie and permanently live on the outside of warm-blooded hosts. Found only on  birds and mammals, lice experience a high degree of host specificity. Lice are highly diverse and vary in size and form. Lice can feed on feathers (chewing lice), or blood (sucking lice). While dependent on the host, lice can occupy different niches even on a single host species. Much of the variation in morphology we see in lice (Figure 1) has to do with how they eat, how they move on the host, and how they avoid host defenses.
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https://www.esccapuk.org.uk/page/Lice/33/ 
Figure 1. Comparative morphology of chewing and sucking lice.

There are many misconceptions about lice. For example, there is no relationship between a person’s overall cleanliness, or their social class, and the likelihood of contracting head lice. The stigma that is sometimes associated with head lice is completely unfounded. Another important misconception is the idea that lice can jump from person to person or survive for long periods apart from a host like in movie theatre seats. Actually, lice can’t jump at all! They have short legs and claws specialized for grasping hairs. In fact, they can barely walk on a flat surface. Their locomotion is primarily limited to moving up and down a shaft of hair, which they can do quite quickly. Because of this limited locomotion, lice are transferred between individuals only during close contact. Further, because lice require their hosts to survive they will die If they are off the host for more than 24 – 48 hours. 

We will be investigating lice to help us consider this question: “What determines the form and function of an organism?” There are three broad categories of influences on the form and function of an organism. These categories are: (1) the phylogeny, or evolutionary history of the organism, (2) selection pressures acting on the organism (including interspecific interactions), and (3) the genetic makeup of the organism.


LAB ACTIVITY 1: SPECIFICITY OF LICE AND HOSTS

Humans are parasitized by two different types of lice: head lice and pubic lice. Head lice are found primarily in head hair and pubic lice are primarily found in androgenic hair (e.g. hair that develops after puberty - pubic hair) but they can also infest facial hair, including eyebrows and eyelashes.

Below are photographs and diagrams of head lice and pubic lice. Examine the specimens, looking for similarities and differences. Using the resources provided and your own prior knowledge (but no internet resources), answer the questions below.
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http://entnemdept.ufl.edu/creatures/urban/human_lice.htm

Figure 2. Comparative morphology of head lice and pubic lice.


1. Are these chewing or sucking lice? What is your evidence?








2. In what ways are these two types of lice similar?








3. In what ways are the two types of lice different?







4. In what ways are the two environments in which head lice and pubic lice live different? How might these differences influence lice form and function?







5. Based on your observations, which type of louse do you think is the head louse and which is the pubic louse? What is your evidence?






6. It is possible that these two “types” of lice are two different species or are two different phenotypes within the same species. Define the terms “species” and discuss how you might go about figuring out if these two types of lice are the same species or different species (if this was not already known)?













7. Now, using internet resources, look up pictures and the scientific names of human head lice and human pubic lice. Identify which lice above (A or B) are head lice and which are pubic lice. Write the name(s) below. Are they a single species or two species?

















LAB ACTIVITY 2: A REFRESHER ON READING PHYLOGENETIC TREES

Now that you know that the two types of human lice are two distinct species, let’s investigate how closely related the two species are. To do this, we will be working with phylogenetic trees constructed by researchers working on this system. Recall from BIO 111 that phylogenetic trees graphically represent hypothesized evolutionary relationships (or histories) among a set of organisms, called taxa. In phylogenetic trees, branches represent a population through time. The root is the most ancient branch on the tree. In the trees below, this is the branch at the bottom. Sometimes trees are oriented from left to right instead, in which case the root will be the branch that is farthest left. The points where branches split are called nodes. A node represents the most recent common ancestor of the descendent groups represented by the branches that arise from that node. The tips of the tree represent groups of descendent taxa (often species).

Practice interpreting phylogenetic trees by answer the questions below. 
[Citation: Baum DA, Smith SD, Donovan SSS. 2005. The Tree-thinking Challenge. Science 310(5750): 979-980.
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1. Circle the node in the tree above that corresponds to the most recent common ancestor of a mushroom and a sponge?


[image: ]
2. By reference to the tree above, which of the following is an accurate statement of relationships?
a. A crocodile is more closely related to a lizard than to a bird 
b. A crocodile is more closely related to a bird than to a lizard 
c. A crocodile is equally related to a lizard and a bird 
d. A crocodile is related to a lizard, but is not related to a bird 
LAB ACTIVITY 3A: A TALE OF TWO LICE

To determine if the two lice species on humans are closely related to each other, researchers began by generating hypotheses about how the two species arose. One hypothesis for the origin of two lice species on humans is the “new niche hypothesis”. The new niche hypothesis suggests that one species of lice infected humans and, later, that species diverged into two when hominins lost their body hair and developed two hair niches. This would be an allopatric speciation event. The two groups became “geographically isolated” due to their inability to travel across areas with no hair. Over time, different mutations and selection pressures lead to divergence between the two groups until they become reproductively isolated and are no longer considered the same species. 

1. If this hypothesis is correct, would you predict that the two lice species would be closely related or not very closely related? Explain your thinking.





2. Review the phylogeny below. Do the relationships represented here support the new niche hypothesis? Explain your evidence.
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Figure 3. Lice phylogeny [Reed et al., 2007]

	


LAB ACTIVITY 3B: PAIR OF LICE LOST OR PARASITES REGAINED

The two species of lice on humans are head lice (Pediculus humanus) and pubic lice (Pthirus pubis). The form and function of these species are influenced by their evolutionary ancestors. When a new species arises, it begins with the genes it inherited from its evolutionary ancestor. We can investigate this history by looking at lice that infect close evolutionary relatives of humans. Chimpanzees are also infected by lice from the genus Pediculus (species Pediculus schaeffi), but not by Pthirus lice. Gorillas are infected by lice from the genus Pthirus (Pthirus gorillae), but not by Pediculus lice. Write all of these species next to their hosts in the primate phylogeny below. 

Dr. Allen and her colleagues identified two different possible scenarios that would explain this set of relationships.

“Recent Host Switch Hypothesis”

One hypothesis for the evolution of these four lice species involves two separate cospeciation events. Cospeciation is the origin of a new parasite species that occurs when its host diverges into two separate species. The recent host switch hypothesis suggests that the first cospeciation event occurred when the lineage leading to chimps and humans split from the gorilla lineage, leading to a divergence into the Pediculus and Pthirus lineages. The second cospeciation event then occurred when humans and chimps split, resulting in the divergence of Pediculus schaeffi and Pediculus humanus.

	Using the phylogeny on the right for reference:


1. Approximately when would the recent host switch hypothesis predict that the Pediculus and Pthirus lineages diverged?
A. 6 million years ago
B. 13 million years ago
C. > 13 million years ago


2. Approximately when would the recent host switch hypothesis predict that the Pediculus humanus and Pediculus schaeffi lineages diverged?
A. 6 million years ago
B. 13 million years ago
C. > 13 million years ago
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Figure 4. Primate phylogeny [Reed et al., 2007]
 


3. The final step in the recent host switch scenario would be the “recent host switch”, with Pthirus gorillae moving from gorillas to humans, and subsequently evolving into Pthirus pubis, the pubic louse. Based on the primate phylogeny when might this speciation event have occurred? 







“Pair of Lice Lost”

The second hypothesis for the evolution of these four lice species suggests that two separate lineages of lice (Pediculus and Pthirus) evolved on the common ancestor between humans, chimps, and gorillas. Both lice lineages would then have been present in all three primate lineages. At some later time, the chimp lineage would then have to have lost its Pthirus species and the gorilla lineage would have to have lost its Pediculus species (hence, the “pair of lice” lost).

	Using the phylogeny on the right for reference:


4. Approximately when would the pair of lice lost hypothesis predict that the Pediculus and Pthirus lineages diverged? 
A. 6 million years ago
B. 13 million years ago
C. > 13 million years ago



5. Approximately when would the pair of lice lost hypothesis predict that the Pthirus pubis and Pthirus gorillae lineages diverged? [0.5 pt]
A. 6 million years ago
B. 13 million years ago
C. > 13 million years ago
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Figure 4. Primate phylogeny [Reed et al., 2007]
 



Citation: Reed DL, Light JE, Allen JM, Kirchman JJ. 2007. Pair of lice lost or parasites regained: The evolutionary history of anthropoid primate lice. BMC Biology 5:7.
Dr. Allen and her colleagues performed phylogenetic analysis of two louse genes to determine the phylogeny of the lice species and estimate divergence dates. Their results are represented in the tree on the left below, which is shown associated with the primate phylogeny we’ve been using. 

Draw lines connect each parasite with its host.

[image: ]
Figure 5. Comparison of lice and primate phylogeny [Reed et al., 2007]

6. Based on the louse phylogeny (including dates) and the predictions you’ve identified for each hypothesis, which of the hypotheses is supported and which is rejected? Explain your evidence.





LAB ACTIVITY 4: OF LICE AND MEN

We’ve misled you a little bit. Actually, there are three different types of lice that infest humans. Pediculus humanus humanus (body louse) is a subspecies of the head louse (Pediculus humanus capitis) that has evolved to attach their eggs to the fibers in clothing instead of to a hair shaft. It is clear that they are not two different species, but in their natural state they live in different habitats (habitat isolation) and may or may not interbreed. Body lice can live in clothes or bedding and travel to the skin several times a day to feed on blood. Unlike head lice, body lice can carry and spread some bacterial disease, such as typhus. 

The “third niche hypothesis” suggests that human body lice arose because humans started to wear clothing. There is little direct evidence of when humans lost their body fur or started to wear clothes. Lice evolution can provide information about these milestones. 

Watch this video on the link between lice and human evolution. Listen for answers to the following questions and record them as you watch the video.
https://www.pbs.org/wgbh/nova/video/lice-and-human-evolution/  

1. What two types of lice did researchers compare to study the question, “When did humans start to wear clothes?”






2. How long ago did these two types of lice diverge?








3. What might be an evolutionary advantage to humans losing their body fur?








4. The figure below shows the distribution over time of the genus Homo. Focusing only on Homo sapiens, how does this distribution relate to the hypothesis generated from the lice data about when humans started wearing clothes?
















[image: /var/folders/tb/lgtwcxpn1v52f5t52x9pb3180000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/544px-Human_evolution_chart-en.svg.png]
Figure 6. Temporal and geographical distribution of the genus Homo [Reed et al., 2004]
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