NUTRITIONAL ADAPTATIONS IN ANIMALS

Learning Objectives
Students will….
· distinguish various modes of feeding and digestion by observing various live laboratory specimens, which they will draw, label, and describe in order to determine how these organisms obtain nutrients.
· examine a complete digestive tract and compare it to an incomplete digestive tract by completing a dissection of a preserved bullfrog specimen and making drawings and observations.
· identify external and internal anatomy of the bullfrog by locating specific structures and pointing them out to their peers and instructor.
· analyze mammalian and avian skulls to determine how specific structures and characteristics are linked to diet and habits of nutrient acquisition and to identify various “unknown” specimens.
· extend their knowledge of nutrient acquisition by answering specific written questions and participating in a classroom discussion.
Introduction
Nutrition is defined as the total of all of the processes by which an organism takes in and utilizes food. Organisms require organic compounds as sources of energy and as sources of carbon skeletons that are used in the synthesis of yet more complex organic molecules. Those organisms that have the biochemical machinery to produce organic molecules from simple inorganic ones are known as autotrophs. Familiar autotrophs are the photosynthetic plants and protists (usually called “algae”) we studied in the lake laboratories. By contrast, those organisms that live on organic compounds produced by other organisms are known as heterotrophs. Using the most recent classification system, heterotrophic species are found in each of the three domains of life: Archaea, Bacteria, and Eukarya. Within Eukarya, heterotrophs are found within all of the traditional eukaryote “kingdoms”: Protista, Plantae, Fungi, and Animalia. 
Heterotrophic nutrition is a complex phenomenon that exhibits great diversity across the many kinds of organisms. Three aspects of the overall process are readily identifiable: acquisition, processing (digestion and absorption), and dietary requirements. In this lab, we will focus on acquisition and processing across a variety of heterotrophic organisms. 
Acquisition of Food
How does an organism obtain its food and then get the food into its body? Heterotrophic organisms exhibit remarkable adaptations of feeding mechanisms that permit them to use diverse food sources. These feeding mechanisms are described according to the type of food that the organism uses. 
Heterotrophs that feed on particulate organic matter have evolved strategies for obtaining these fine particles from the environment. Most particulate feeders live in aquatic environments and employ various means for removing the particles from the water. They are usually known as filter or suspension feeders. Protists such as Amoeba and Paramecium take both small particles of organic material and bacteria directly into their cells by means of vacuoles. Filter feeders such as polychaete worms and clams use ciliated surfaces of body organs to draw currents of water into their mouths. Particulate material then adheres to sheets of mucus that deliver this food to the digestive tract. The largest animal on Earth, the blue whale, is a filter feeder that uses specialized structures called baleen to strain plankton from several thousand tons of seawater each hour.
Heterotrophs that feed on food masses include the many species of carnivorous, herbivorous, and omnivorous animals. Predatory carnivores, whether these are insects such as a praying mantis or mammals such as a tiger, must be able to locate, seize, and swallow their respective prey organisms. These carnivores usually are equipped with structures such as grasping appendages and teeth that facilitate such acquisition of prey. Herbivores have evolved strategies and structures that permit them to cut and crush plant material. Grasshoppers with grinding appendages called mandibles and cattle with wide, ridged teeth are each adapted to breaking the tough cellulose walls of plant cells. The feeding mechanisms of omnivores such as humans and many species of bears combine the characteristics of carnivores and herbivores.
Fluid-feeding heterotrophs are equipped to either absorb liquefied nutrients surrounding them or to withdraw fluids from the bodies of other organisms. For example, intestinal tapeworms absorb nutrients from its host as complex food molecules are being broken down in the digestive tract of the host animal. Mosquitoes use piercing mouthparts to withdraw blood from the body of a mammal; aphids use piercing mouthparts to withdraw fluid from the body of a plant. Vampire bats use specialized dentition to pierce skin where blood vessels are just under the skin. Pollinators are also considered fluid-feeders, since they use specialized mouth structures to “drink” nectar from flowers. Another category of organisms that ingest fluid are absorptive feeders. For example, parasitic bacteria, such as the Streptococcus pyogenes, which cause “strep throat,” absorb fluid nutrients directly from their host. Parasitic fungi infect aquarium fish by injecting their filaments (hyphae) into cells of the fish’s body and absorbing nutrients. Many aquatic bacteria and fungi can also absorb nutrients in solution.
Some heterotrophs acquire the bulk of their nutrients through symbiotic relationships (refer back to the species relationship lab to review symbiotic relations between organisms). For example, tubeworms that live in the rift communities of the deep oceans contain millions of chemoautotrophic bacterial cells that produce glucose that the worms use as an energy supply. Coral animals that build enormous reefs in warm ocean waters are symbiotic with photosynthetic algae (protists) that live inside their bodies. Similarly, some aquatic molluscs such as sea slugs house large populations of photosynthetic algae in their bodies. In both the corals and the slugs, the algae supply the animals with energy in the form of sugars. In turn, the animals produce ammonia that the algae utilize in making their own proteins.
Digestion and Absorption
The food of heterotrophic organisms is organic material that consists principally of proteins, lipids, and carbohydrates. These are large molecules. Digestion consists of those mechanical and chemical processes that break these large and complex molecules into smaller and simpler ones that the organism can utilize. The breakdown of proteins, lipids, and carbohydrates involves the uptake of water in the process of hydrolysis. Hydrolysis literally means “splitting with water.” Water molecules are inserted between the building block units of the large molecules such that the bonds between these units are broken. In this manner, proteins are broken into individual amino acids, lipids into fatty acids and alcohols, and complex carbohydrates into simple sugars. This hydrolytic breakdown is facilitated by digestive agents such as enzymes that catalyze these reactions.
Intracellular digestion takes place in the cytoplasm of the cell. Bacteria absorb nutrients from their environment and protists ingest food directly into their cells in vacuoles. All of the enzymes needed for the breakdown of the food molecules are contained within the single cells of both the bacteria and the protists. 
The increasing complexity of multicellular heterotrophs demands that cells be specialized for particular functions. Each cell cannot house all of the enzymatic machinery required for the digestion of food molecules. Digestion must take place outside of the individual cells. Extracellular digestion commonly takes place in the cavity of an organ that is specialized for the hydrolytic breakdown of food molecules. These digestive organs typically are the stomach and intestine. Large, complex food molecules are broken down into smaller ones that are absorbed directly into body cells or into circulating fluid such as blood, which delivers these molecules to the body cells.
Extracellular digestion may take place outside of the body of the organism itself. Bacteria and fungi release digestive enzymes into the substrate (food material) that break down larger complex organic molecules into smaller organic food molecules. The breakdown products are then absorbed back into the cells. Many fungi, such as mushrooms and toadstools, play a major role in recycling nutrients back into the soil. Those that live off of dead and decaying organic materials are described as saprobes. In some complex multicellular animals, initial digestion may be external to the body, though further digestion occurs within the body of the animal. A housefly releases enzyme-containing saliva into food material; the food is liquefied and sucked into the body of the fly. A sea star everts its cardiac stomach through its mouth when feeding. This everted stomach slides between the nearly closed halves of an oyster sheet and releases proteolytic enzymes. The muscles holding the shell closed are partially digested and the shell opens so that the sea star can ingest the soft body parts inside. Spiders feed on insects such as beetles that are trapped in their webs. The spider uses piercing mouthparts to inject digestive enzymes through the hard exoskeleton of the beetle. Within a few hours, the spider returns to the beetle and sucks out the now liquefied contents of the body.
Extracellular digestion in complex, multicellular animals requires the provision of a digestive system. Cnidarians (a group that includes the hydra and sea anemone) and flatworms have a saclike system with a single opening to the exterior of the body. Food is ingested through this single opening, digested in the saclike cavity, and the indigestible portion is expelled through the same opening. A tract arranged according to this pattern is called an incomplete digestive system. Many insects and all amphibians, reptiles, birds, and mammals have a tubular digestive tract that runs between two openings. Food is ingested through an oral opening (mouth), is processed in several organs, and the indigestible components are eliminated through the anal opening. A tract arranged according to this pattern is a complete digestive system or alimentary canal.
The arrangement of a complete digestive system in a given animal species reflects adaptations for the processing of specific food materials. Many organisms with a complete digestive system possess a simple tube for a digestive tract. Materials pass rapidly through, and enzymes are secreted into the tube to process the ingested foods. In the vertebrates, a monogastric system is described as an alimentary canal that includes a single stomach. Mammals such as domestic cats and amphibians such as frogs have this type of complete system. This monogastric arrangement is often found in animals that consume a high-energy, low-fiber diet. Digestive activities in this system release large amounts of sugars that are absorbed into the bloodstream for transport to body cells.
Alternatively, the complete digestive tract may be adapted for processing a low-sugar, high-fiber diet. To accommodate these foods of plant origin, the alimentary canal includes multiple food-processing chambers. This mode of digestion relies on symbiotic bacteria for digesting tough plant material and is common in ruminants (refer to the species relationship lab for an in-depth description). 
The following series of activities is designed to teach you about intracellular and extracellular nutrition, the digestive system of higher vertebrates, and the role of mammals’ teeth and birds’ bills in food acquisition and initial dietary processing. 


Activity One: Paramecium Feeding 
The paramecium possesses an interesting adaptation for acquisition of food. It is unicellular and employs intracellular digestion; however, it possesses an oral groove, analogous to a mouth, where food enters the cell. This groove is lined with cilia, and these cilia actually sweep food particles into the groove where they are absorbed. Once inside, small vesicles filled with enzymes merge with the food vacuole and break down the food particles. Waste products are later excreted. 
1. Use a pipette to transfer a drop of the Paramecium culture onto a slide. Look at this slide under the microscope without a coverslip. Stay at low (4#) or medium (10#) power. Can you see many paramecia? If so, add the stained yeast as directed below. If you do not see 10–20 paramecia, make a new slide. 
2. Use the tip of a toothpick to transfer a small dot of yeast stained with congo red stain to the slide. Adding too much stained yeast can obscure your view of the paramecia.
3. Again, look at your slide without a coverslip under low (4#) or medium (10#) power. Check to see that you can see both the paramecia and the yeast cells. 
4. Add a drop of ProtoSlo (from the refrigerator) to your slide sample. Mix the sample and the ProtoSlo together with a toothpick then place a coverslip over the preparation.
5. Observe the prepared slide under the compound microscope. Locate a paramecium cell and make a drawing in Figure 9-1. Label the following structures: cilia, oral groove, nucleus, stellate vacuole, food vacuole, etc. 
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Initial Drawing of the Paramecium
6. The paramecium will quickly start to feed on the yeast cells. Note the sweeping action of the cilia and the movement of stained yeast cells into the oral groove and the formation of food vacuoles containing stained yeast cells. 
7. Over time, the red stained cells will change color as the yeast cells are digested. To see this, check the slide every 5 minutes for the next 30 minutes. Be sure to turn off your microscope light or remove your slide from the microscope between viewings. 
8. In Figure 9-2, make a drawing of the Paramecium indicating the food vacuoles.
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Drawing of the Paramecium Showing Food Vacuoles
Activity Two: Hydra Feeding
The multicellular Hydra is from the phylum Cnidaria, along with jellyfish, sea anemones, and corals. They possess a gastrovascular cavity, an incomplete type of digestive tract where food and wastes enter and exit the same opening. They employ extracellular digestion, which allows for the digestion of larger food particles and absorption of the smaller nutrients. If you are lucky, you will be amazed to watch these animals gorge themselves with brine shrimp!
1. Use a pipette to put 1–2 Hydra into a small watch glass. Be sure to transfer several mL of water with the Hydra. 
2. Place the watch glass on the stage of the stereomicroscope. The Hydra should settle down after transfer and attach to the glass with its basal/foot end and then extend its tentacles into the water.
3. Now add 1–2 drops of washed brine shrimp into the watch glass. Observe the reaction of the Hydra. 
4. How does the Hydra catch the brine shrimp? How many brine shrimp can one Hydra eat? After digestion, how is the waste eliminated?




5. Return the fed Hydra to the “Fed Hydra” culture jar.

Activity Three: Bullfrog Dissection
The bullfrog is an amphibian that starts life as an herbivore. During the tadpole stage, bullfrogs consume aquatic plants. Once adult, however, they are carnivores that consume a variety of invertebrates, small vertebrates, and even other smaller frogs. In fact, one common adage goes “a bullfrog eats whatever it can fit in its mouth.” The bullfrog’s primitive teeth help anchor its prey prior to swallowing, but they are not used to mechanically process the meal. The complete digestive tract is designed to mechanically and chemically process its food and absorb the smaller molecules across the wall of the small intestine. While you examine the bullfrog’s digestive system, be sure to check out several other features of the bullfrog that are worth investigating as you complete this dissection.
1. Examine the external morphology of the bullfrog. In the head region, note the locations and features of the external nares (nostrils), eyes, and the circular tympanic membranes (eardrums). Open the mouth and describe the locations of the internal nares, the maxillary teeth (along the jawline), and the vomerine teeth (projecting from the roof of the mouth). Describe the attachment of the tongue in the oral cavity. 
2. Using a scalpel and scissors, remove the skin covering the abdominal region of the ventral body surface. Note the highly vascularized skin.
3. Make a single incision through the exposed abdominal muscles along the midline from a point approximately 1 cm above the anus anteriorly to the pectoral girdle. Make another two incisions perpendicular to the first one, at either end of the first incision. Each of these incisions should radiate out toward a leg.
4. Pull the tissue flaps apart, like opening the shutters of a window. Pin them back so that the visceral organs in the abdominal cavity can be observed easily.
5. Using scissors, cut through the bones of the pectoral girdle so that the heart is exposed for viewing.
6. Locate the two aortic arches that arise from the heart. Trace these vessels to the point at which they join to form the dorsal aorta. Note the arterial branches of the aorta that extend to the stomach, intestine, and kidneys. The digestive tract and its accessory organs are highly vascularized.
7. Remove the heart from the pericardial membrane and see if you can identify the different types of chambers, the atria, and the ventricle. How many atria are present? _________ How many ventricles? _________
8. Describe the digestive system by locating the following structures and stating the function of each: liver, gallbladder, stomach, pancreas, small intestine, and large intestine. You may need to use your lab computer to search for the function of the less familiar organs. It may be necessary to remove the liver in order to observe other internal organs. Try to identify the spleen. 
a. 	Liver:


b. 	Gallbladder:

c. 	Stomach:


d. 	Pancreas:


e. 	Small intestine:


f.	Large intestine: 

9. Locate the fat bodies. 
a. 	What relationship do these have to nutrition in the animal?



10. Try to locate the lungs, kidneys, ureters, and urinary bladder. In the female, locate the ovaries and oviducts. In the male, locate the testes. 
11. Using Figure 9-3, draw the bullfrog with its digestive tract and accessory structures and organs. Be sure to include the stomach, intestine, kidneys, fat bodies, liver, and gallbladder. Since some organs overlay others, make a cutaway to indicate proper placement in your illustration.
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 The Bullfrog Digestive System
Activity Four: Mammals’ Teeth and Birds’ Bills
Mammals’ Teeth
Mammals occupy almost every ecosystem on Earth. Within these ecosystems a variety of foods are available. This has led to a huge diversity in tooth morphology related to the initial processing of these varied diets. Mammals are omnivores, carnivores, and herbivores, and within these broad classifications we see further refinement. For example, insectivores are mammals that specialize in consumption of ants and termites and do not possess teeth at all, but rather their jaw has formed a hollow tube through which a highly muscular tongue snakes out to capture these insects with their sticky saliva. This differs dramatically from the dentition of other insectivores whose teeth are designed to hold on to and crush open the exoskeletons of their prey. 
Carnivores use their dentition not only for initial food processing, but often for acquisition as well. Canines are often used to immobilize prey, while the premolars and molars are designed for slicing and shearing tissue. Their upper and lower cheek teeth occlude (meaning come together) much like a pair of scissors, slicing down past one another in a shearing action. Muscles in the jaws of carnivores are designed to put a great deal of force behind this up-down occlusion. 
For herbivores, the challenge lies less in obtaining their food (they don’t often need to chase down their grass!) than in processing it to extract what few nutrients are available. Generally, herbivores that consume mainly leafy vegetation use their teeth as a grinding surface on which to reduce the particle size of the material. The muscle attachments in the jaws of herbivores are designed for lateral (back and forth) movement of the upper and lower jaws against one another, with the occlusal surfaces acting as a grinder. The silica present in grasses is highly abrasive to teeth; therefore, many herbivores possess teeth that can grow continuously throughout the animal’s lifetime. These are known as rootless teeth. 
Omnivores consume foods that vary in physical composition. While their teeth are not nearly as specialized as those found in carnivores and herbivores, omnivore teeth are quite adequate for moderate amounts of shearing and grinding. Seed coats and insect exoskeletons are similar in that they possess a tough outer coating, so omnivore teeth are optimal for breaking open these outer casings to make available the more digestible foods inside. They are also well designed for opening fruits and eating young, less abrasive leafy vegetation. 
Most mammals possess heterodont dentition (meaning different types of teeth) that can be classified among these four groups: incisors (I), canines (C), premolars (P), and molars (M). Incisors are located in the premaxillary bone and in the corresponding positions in the lower jaw (Figure 9-4). Their function includes nipping, gnawing, grooming, and acquisition of prey. In some species, incisors are specialized for slicing (vampire bat) and digging (elephant). 
Canines are the most anterior teeth present in the maxillae and the corresponding lower jaw. They are long and conspicuous and are generally used to capture, hold, and kill prey. They are most well developed in Carnivora. When the canines are absent, a diastema, or a gap between the incisors and cheek teeth, is present. 
Premolars and molars are situated posterior to the canines. They are generally difficult to differentiate, so they are both referred to as cheek teeth or molariform teeth. Since these teeth are involved in mastication of food, they vary widely based on diet. Bunodont teeth are typically found in omnivorous mammals. These teeth are well designed for an omnivorous diet. The molariform teeth of herbivores are high crowned to allow for lifelong wearing from their abrasive diet. 
Cheek teeth in carnivores are generally described as carnassial, where generally two major cusps (bumps) are involved in the shearing of meat. In fact, in Carnivora, the two premolars that do the majority of the cutting are the carnassial pair of teeth. The cheek teeth of fish-eating mammals are even further reduced to unicuspid form. 
Do not forget that many mammals have adapted diets that require little or no processing by teeth. Nectar feeding bats, marsupials, armadillos, anteaters, and pangolins either have teeth that are greatly reduced or no teeth at all (edentulate). The baleen whales are also edentulate, and instead use baleen plates to filter krill from the water.
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 A Horse Skull and a Dog Skull Indicating Types of Teeth and 
Jaw Placement 
The dental formula is used to indicate the numbers of each kind of tooth for a particular mammal species. The calculated dental formula of an unidentified skull can help in identification of the different animal species. Since the two halves of the jaw normally have the same number of teeth, it is not necessary to write out a formula that includes all of an animal’s teeth. Instead, the dental formula represents the teeth present in both the upper and lower jaws of one side of the mouth. For example, the dental formula for the domestic dog in Figure 9-4 looks like this:
I 3/3 C1/1 P4/4 M2/3 × 2 = 42
Based on this formula, you can see that dogs possess 42 teeth, and that 12 are incisors (I), 4 are canines (C), 16 are premolars (P), and 10 are molars (M). The only tricky part of the above formula is the fact that dogs do not possess the same number of molars in the upper (2) and lower (3) jaw. Refer back to Figure 9-4 (dog skull/horse skull) to confirm this dental formula for dogs. 
Try to estimate your own dental formula in the table below.


 Human dentition
	
	Incisors
	Canines
	Premolars
	Molars

	Upper
	
	
	
	

	Lower
	
	
	
	



Write out the dental formula for humans using the same format as written above for the domestic dog.


Eye placement and muscular attachments are other characteristics to consider when examining skulls to aid in determining an animal’s diet. When eyes face forward on the skull, the animal is most likely a predator that consumes a carnivorous or omnivorous diet. When eyes face to the sides, the animal is most likely prey, and thus consumes either an omnivorous or herbivorous diet. Skull and jaw structures such as bone surfaces, ridges, and protrusions allow for the attachment of mastication muscles (muscles for chewing). The size and shape of these skull and jaw structures can provide information about the size of the mastication muscles used for varying purposes. For example, hyenas, which consume bone, have conspicuously large muscle attachments on either side of the skull. Cows, which grind vegetation, also possess sizable muscle attachments to allow for lateral grinding of food. The skulls of both species are characterized by these features. 
1. Based on the skull observations, use Table 9-2 to summarize the function of each type of tooth found in mammalian dentition.

 Functional purpose of teeth in mammal skulls
	
	Type of tooth (I)
	Type of tooth (C)
	Type of tooth (P)
	Type of tooth (M)

	Functions
	
	
	
	


2. Use Table 9-3 to indicate the dental formula for each skull you have analyzed as well as for noting other distinguishing characteristics.
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Estimated dental formula for skulls A, B, C, D, E, and F
	Skull
	dental formula
	other skull characteristics

	A
	
	

	B
	
	

	C
	
	

	D
	
	

	E
	
	

	F
	
	



3. For each skull you have examined, classify it as an herbivore, an omnivore, or a carnivore. For each, provide at least two justifications for your choice (for example, explain the type of teeth, eye placement, muscle attachments) and try to identify the type of animal. 

 Diet classification for skulls
	Skull
	Diet type
	Justification
	identification

	A
	
	
	

	B
	
	
	

	C
	
	
	

	D
	
	
	

	E
	
	
	

	F
	
	
	



4. Based on your observations, which animal appears to possess the most heterodont dentition?
Birds’ Bills
Unlike their closest relatives, the reptiles, birds do not possess teeth. The bird’s bill functions as a tool for diet acquisition, and the type of diet relates to the type of bill necessary to procure the food item. These bills are more diversely adapted and modified than any other structure in the vertebrates. The term bill refers to all birds; the term beak originally described the sharp, curved bills of birds of prey. Birds also possess unique digestive tract adaptations that are related to the lack of teeth and the type of diet they consume. The crop stores food before the gizzard grinds it. In seed-eaters, this grinding action breaks open the seed coat and crushes contents for digestion of the materials within. In raptors, indigestible materials such as bones and fur are regurgitated after processing in the gizzard.
1. For each bill provided, try to guess the bird’s diet (examples of diet type include vertebrates, seeds, fish). In your explanation, note bill shape, size, and strength as well as eye placement. 
Estimated type of diet for bird skulls
	Skull
	Diet type
	Justification

	A
	
	

	B
	
	

	C
	
	

	D
	
	


2. 
For the bills provided, do you think that there might be another purpose other than diet for bill shape or color (defense, courtship display, etc.)? If yes, please explain.





3. Using the sheet provided identify at least three bird species (other than those you have already examined) and describe how their bill is designed for acquisition of food.
	Bird
	Description

	
	

	
	

	
	



END OF LAB UNIT QUESTIONS
Name: __________________________________________________________________
Lab/Section: _____________________________________________________________
Partner’s Name (if applicable): _______________________________________________
Date (of Lab Meeting): _____________________________________________________

1. What sort of digestion was seen in the Paramecium? What happened to the yeast cells as the Paramecium was feeding? How is waste excreted?




2. Determine which of the following terms apply to the Hydra and explain what those terms mean in the life of the Hydra: 
	Complete or incomplete digestive system?




	Intracellular or extracellular digestion?




3. Given the lack of chewing and grinding teeth, how do bullfrogs manage to process/digest their prey?




4. Why is the digestive tract of the frog well vascularized?




5. What does the dental formula of I 3/3 C1/1 P3/2 M1/1 tell you about the diet of this animal? Explain your reasoning for this. What other information would you be able to determine by observing the skull of this animal (or any animal)?






6. Based on the variations of bird bills we observed in lab, which diet did you find to be the most interesting? Why?
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