BIOL1108L – Animal Diversity – Part 1



Before coming to lab, you should read through this entire handout

Written by Barbara Musolf, 2009, Clayton State University, Morrow, GA.  Do not copy or use this document without permission.


Knowledge skills: 

1. Identify structures indicated in bold face.

2. Know at least one function for each structure.

3. Identify the organism, the phylum to which it belongs, its sex (where appropriate), and list the specific characteristics of the organism according to the Introduction to Animal Diversity below.

Introduction to Animal Diversity
Animals are multicellular organisms that most likely evolved from an ancestral choanoflagellate. From this origin, animals developed an increasing complexity that is evident in their symmetry, tissue organization and types of body cavity. These characteristics can be used to initially organize animals into three taxonomic groups: the sponges (Phyla Calcarea anad Silicea), animals with two tissue layers (diploblastic), and animals with three tissue layers (triploblastic).  Organisms that are triploblastic can be further categorized by their type of body cavity. In examining the animals in this lab, make sure you can identify their taxons or group. 
Symmetry. The overall appearance of animals can initially be described as asymmetrical, radially symmetrical or bilaterally symmetrical.  Appearances in symmetry can vary between juvenile and adult forms of an animal. Asymmetry is generally associated with animals that have no developed tissue layers, whereas radial symmetry is associated with organisms that have two tissue layers and bilateral symmetry is generally associated with triploblastic organisms (exceptions do exist).
Tissue organization. There are two types of tissue organization: organisms with two tissue layers (diploblastic) or three tissue layers (triploblastic).  These tissue layers arise from germ layers during development. Diploblastic organisms derive their tissues from ectodermal and endodermal germ cells.  Triploblastic organisms have mesodermal tissue in addition to the ectoderm and endoderm. 
Types of body cavities. During embryological development of triploblastic animals the development of the three germ layers occurs differently leading to animals that are acoelomate, pseudocoelomate or eucoelomate. Acoelomate animals  lack a body cavity. Pseudocoelomates animals have a body cavity where only the body wall is lined with mesoderm. Eucoelomate animals have a body cavity where the organs and the body wall are completely lined with mesoderm.
Other animal characteristics reflect adaptations of the organisms to their environments.  These characteristics may occur in a couple of unrelated phyla, which means it is important to recognize their habitat as well as recognize the constraints imposed on the organism as a result of their size.  There are certain cellular needs that must be met in animals.  Cells require nutrients that are acquired through digestion and they require oxygen to produce ATP. Size can affect the type of digestive system, circulatory system, organs of respiration and excretion, and support systems. In examining the different animals make sure you can identify where they live (both juvenile and adult forms), how they transport material to and from the different body cells, how gas is exchanged and how waste materials are excreted. If animals are to move within their environment they require some type of skeletal structure, which aids muscular movement.
Habitat. Organisms live in freshwater or marine (sea) environments, or are terrestrial. 

Digestive system. A number of parasitic organisms have no digestive system.  They can easily absorb nutrients from the host’s digestive system.  Other organisms have digestive cecum or cecae, a blind sac or a series of blind sacs that extend into the animal so that most cells are in close proximity of the digestive system and can absorb nutrients as they diffuse from the digestive cecae.  Most animals have a tubular digestive system with openings on either end, a mouth and an anus.

Circulatory system. Organisms can be so small or flat that they need no circulatory system to transport materials throughout the body. They can easily exchange materials with their environment or absorb nutrients from their digestive system. Other organisms have open circulatory systems with the most common being a pump (heart) and a system of arteries that end in sinuses.  Large animals need to have a closed circulatory system that consists of a pump, arteries to convey blood to the body and veins to return blood back to the pump.
Respiratory system. Small organisms in a moist environment are capable of exchanging gases across their skin.  Aquatic organisms generally have gills, however some have lungs and are required to surface (marine mammals) or to carry their own air in a bubble. (some aquatic insects).  Terrestrial organisms can have passageways that lead to lungs or labyrinthine tubular structures called trachae (insects).
Excretory system. Some organisms can excrete wastes through their skin, although in most animals this is not the exclusive mechanism for excretion of bodily wastes.  Large organisms have specialized organs that concentrate the wastes and help maintain body osmolarity.  Such specialized organs include Malpighian tubules (insects), lateral excretory canals (nematodes), lateral canals with flame cells (turbellarians), metanephridia (annelids) and nephridia or kidneys.
Support system. Organisms generally have some rigid substance to which contractile fibers or muscles attach to produce movement.  Rigid structures can be made of silica, calcium, proteins or chitin, a type of polysaccharide. Rigid structures found inside an organism are endoskeletons and those found outside the body are exoskeletons. Some soft body organisms can put their body fluids under pressure and produce a hydroskeleton.
Multicellular animals need a communication system to provide coordination of movement and regulation of other bodily activities.  Sensory information is gathered from outside the animal by structures that interact with the environment.  This information is integrated and conveyed to endocrine or muscular systems that provide a response to the outside stimulus.  Animals have many different types of sensory structures that detect wavelengths of light, vibrations, chemicals, water or wind motion, gravity, magnetic fields, touch, and sound.  This information travels to a nervous system that integrates the information and contacts motor neurons that often lead to locomotion.
Sensory structures. Wavelenths of light are detected by photoreceptors, which can be simple eyespots (turbellarians), ocelli (some insects and annelids), compound eyes (insects) and camera-like eyes (squid and vertebrates). Chemical information is detected by lateral flaps (turbellarians), tongues, antennae, and feeding appendages. Auditory information is detected by ears and tympanic membranes. Wind and water motion is detected by setae, small bristles and hairs found covering an organisms body. 
Nervous systems.  The most primitive type of nervous system is a nerve net, which provides coordination of the muscular system but has no brain to which information travels.  This is typically found in radially symmetrical organisms. Other radially symmetrical organisms have a nerve ring, which functions as a brain and a peripheral network of nerve fibers innervating the skin. Bilaterally symmetrical organisms generally have a head with a brain and either a chain of ganglia or a spinal cord. The nerve cord or chain of ganglia can be fused or they can be bilateral.  While the brain is almost always dorsally located, the nerve cord can be ventrally located or dorsally located.

Locomotion. Organisms can be sessile, i.e. attached to a substrate where they live out their entire life.  Sessile animals engage in movements that alter the flow of water surrounding them so that they can feed. Organisms that locomote require some contractile proteins attached to a skeleton to move.  They can use appendages such as legs, tentacles, wings, and/or tails.  Many aquatic organisms produce an undulating movement to propel themselves through the water and guide their motion through the movement of fins and tails. Some smaller aquatic organisms such as turbellarians have cilia which direct the flow of  fluids along their body surface. Some terrestrial organisms use chaetae and peristaltic movements to grip and crawl along a substrate (annelids).

Appendages.  Appendages can be used for feeding, locomotion, defense, balance, exploration or courtship display.  Some appendages such as those used in feeding often have both sensory and motor function. Arms, legs, feeding appendages, swimmerets, wings, podia, parapodia, fins, and tails are all appendages that can be found on an organism.  

When observing organisms and doing dissections you should use the above characteristics to help you compare and contrast the different animal taxa that you will be investigating.  There is a chart that is linked on your lab schedule that you can use when examining and dissecting the different animals in the Animal Diversity portion of your lab.

Calcarea and Silicea

Organisms

Sponges

Slides

Grantia (l.s. and c.s.)

Spicules 

The sponges are a paraphyletc group that varies according to the material that makes up the skeletal structure.  Calcarea has spicules that are made of calcium carbonate, whereas Silicea has spicules made up of silica. Still other sponges have a proteinaceous material called spongin. Sponges are filter feeders and use choanocytes to pull water into a central cavity called the spongocoel and out an opening at the top called the osculum
1. Using the prepared slide of Grantia, find the spongocoel in the longitudinal and cross-section.

2. Identify the osculum in the l.s. of Grantia.
3. Identify the spicules.  What material makes up these spicules?  You made need to use phase-contrast on your microscope to see them.
Phylum Cnidaria

Organisms

Plastimount of Hydra (sexual and asexual reproduction)

Model of Hydra

Mount of different Anthozoans

Bleached coral
Slides
Obelia colony

Obelia medusa

There are two classes of cnidarians represented in this section, the Hydrozoans and the Anthozoans.  The hydrozoans can be both sessile and motile and have two different forms to accommodate these different stages, a polyp form and a medusa. Some Hydrozoans such as Hydra only have a polyp stage.  Obelia is another hydrozoan that has a sessile colonial form that consists of feeding and reproductive polyps. Cnidarians are predators that rely on a unique cell called a cnidocyte that has a stinging organelle called a nematocyst. A nematocyst has a touch sensitive trigger that leads to the projection of a barbed thread that functions to inject a toxin to paralyze a cnidarian’s prey. Cnidocytes are more numerous on the tentacles, which are used for manipulating and capturing prey.
1. Examine the model of a polyp form of Cnidaria. You should notice the type of symmetry and the two tissue layers, the gastroderm, which is derived from the endoderm and the ectoderm. In between the two cell layers is mesoglea, a jelly-like substance.  The digestive system is a blind sac that has a single opening that functions as both a mouth and an anus. The model also has an enlarged image of a nematocyst.  On the model you should be able to identify the ectoderm, gastroderm, gastrovasacular cavity, mouth/anus, tentacle, cnidocyte, nematocyst.

2. Examine the plastimount of the Hydra underneath a dissecting microscope.  You can observe budding of a hydra from an adult polyp and you can observe the two different reproductive polyps, one that shows a budding polyp, asexual reproduction and two others that have a developed testis (male) and ovary (female).
3. Observe the prepared slide of Obelia under the compound microscope and be able to identify the gonozooids or reproductive polyps and the gastrozooids or feeding polyps.  
4. Observe the prepared slide of the Obelia medusa under the compound microscope. You should be able to identify the tentacles and mouth/anus.

LOPHOTROCHOZOANS

Phylum Platyhelminthes

Organisms

Plastimount of Taenia pisiformis (dog tapeworm)

Model of planaria

Plastimount of Dugesia
Slides

Dugesia w.m. and c.s.

Taenia pisiformis w.m.

In this phylum we are examining a free living flatworm that belongs to the Class Turbellaria and one that is parasitic that belongs to Class Cestoda.  You should be able to observe a number of differences between the two. The two organisms have a large surface area compared to their volume and so use diffusion as a way to move nutrients and gases and expel wastes. 

1. Examine the model of planaria and identify the eyespots, lateral flaps, brain, bilateral nerve cord, intestine, pharynx, mouth, and flame cells.
2. View the whole mount slides of Dugesia and identify the following structures: eyespots, lateral flaps, mouth, pharynx, and intestine.
3. Examine the cross section of Dugesia and be able to identify the epidermis, intestine, pharyngeal cavity, and pharynx.
4. Observe the slide or plastimount of the dog tapeworm, Taenia pisiformis. The mature stage of this organism lives in the gut of dogs and as the progottids or segments become gravid with eggs, they are excreted with the feces of the dog.  Fleas feed on the eggs and when a dog swallows a flea that has dined on tapeworm eggs, the dog becomes host to a new tapeworm, which grows and develops in the dog’s intestine.  You should be able to identify the scolex with its suckers and rostral hooks that are used to attach to the dog’s intestinal wall, immature proglottids, which lack any developed organs, the mature proglottids with reproductive organs, and the gravid proglottids that are filled with eggs.
Phylum Annelida (Earthworms)
Organisms
Preserved Lumbricus terrestris (earthworm)
Preserved Nereis 
Live Lumbricus rubellus (if available)

Slides
Earthworm (c.s.)

Phylum Annelida consists of segmented worms that live in marine, freshwater and terrestrial environments.  We will be examining examples from two clades—the oligochaetes and the polychaetes, terms that refer to whether there are few or many chaetae or long hairs.  In addition to the difference in the number of hairs or bristles, there are other considerable differences between these two worms.  
Nereis belongs to the Polychaeta taxon. The worm can grow up to a meter in length and is found along the shoreline in shallow waters.  Nereis are known as ragworms, clamworms, or sandworms, the latter name referring to their habitat.  They are often used as bait by commercial fisheries.
1. Examine the external anatomy of Nereis. First, observe the appendages found on each segment.  The pair of fleshy, paddle-like appendages that extend laterally from each segment also display numerous chaetae.  These appendages are called parapodia and they function in locomotion and often as gills. 

2. Using the dissecting microscope, examine the head of Nereis, which has numerous sensory structures.  The prostomium is the most anterior segment and on the more posterior and dorsal surface of this segment, Nereis has 4 primitive eyes. Posterior to the prostomium is the peristomium, which has tentacular cirri that extend laterally.  Projecting from the midline of the peristomium is a pair of antennae and lateral to the antennae are palps. The preserved Nereis often has an everted pharynx.  To capture food, the pharynx is everted and two chitinous jaws emerge from a ventral mouth to capture the prey.  When the pharynx is retracted, the jaw closes on the prey and pulls the prey into the digestive tract.
Lumbricus terrestris belongs to the Clitellata taxon.  This species is terrestrial and differs from Nereis in the lack of appendages and in the reduction of the head and associated sensory structures.  The clitellata clade does have an anterior saddle-like secretory epithelium that appears as a swollen section of the worm.  This is the clitellum for which the clade is named.  Clitellates are hermaphroditic and have a few segments that are specialized for reproduction.
1. Examine the external anatomy of Lumbricus terrestris.  You will probably want to use the dissecting microscope to see some of the anatomical details. The anterior end is generally larger than the posterior end.  The anterior, ventral opening is the mouth, which is found in the peristomium, the most anterior true segment. Extending anterior from that segment is the prostomium. Turn the worm so that the ventral side faces up. Each segment has eight small chaetae that are found on the ventral surface and are arranged symmetrically in four pairs. Count down to the 14th segment, where you will find the female gonopores.  On the segment below are the male gonopores.  You may be able to see lateral to the midline a pair of sperm grooves that extends from the male gonopores to the clitellum.  Examine the posterior end and note that the opening found there is the anus. 
2. Position the worm so that the dorsal side faces you and make a shallow cut above the clitellum just lateral to the midline.  Beneath the midline is the mid-dorsal blood vessel, which you should not cut. Extend the cut to the prostomium and then cut posteriorly from the clitellum to about segment 30 or 40.  You will need to make cuts perpendicular to the longitudinal cut and then cut through the segmental coelomic compartments to pull and pin the cuticle back to expose the organs.  The large, most anterior structure posterior to the mouth is the pharynx., which leads to the rest of the digestive system; in order, the structures are the esophagus, crop, gizzard and intestine. Surrounding the esophagus are rings of 5 hearts that laterally extend from the mid-dorsal blood vessel. The large ovoid white structures found at the junction of the esophagus and crop are the seminal vesicles.  Metanephridia, which are segmental excretory organs, are found close to the dorsal interior surface. These organs have a narrow tubular appearance.  Below the clitellum, gently pull the intestine from the midline.  Below it you should see the ventral nerve cord with its small ganglial swellings that are found in each segment.
3. In the prepared slide of an earthworm cross-section identify the septum, which separate the ceolomic campartments, the mid-dorsal blood vessel, longitudinal and circular muscles, metanephridia, ventral nerve cord, and intestine.
4. OPTIONAL: Observe movement of Lumbricus rubella and try to identify which muscles are used to produce the crawling movement and when they are used.  You may also want to examine the worm under a dissecting microscope to see if Lumbricus rubellus has the same organization of chaetae as Lumbricus terrestris.
Richard Fox from Lander University has an excellent website on invertebrate anatomy at http://webs.lander.edu/rsfox/invertebrates/

Objectives


Upon completion of this lab, you will be able to:


Discuss the diversity of animals.  


Identify how different structures evolved to carry out similar functions. 


Relate different structures to their functions.








