BIOL 1108   LAB 9.  ARTHROPODS AND ECHINODERMS


A. INTRODUCTION
This laboratory is the fourth of five laboratories that will introduce you to the Kingdom Animalia.  On one hand, you will become aware of the major trends in the evolution of animals and will be able to list the major characteristics of each of the animal phyla.  On the other hand, you will be able to specifically name and describe the taxa within each of the animal phyla and will be able to identify details of the anatomy of specific representative organisms.  Dissections will be an important activity in these laboratory exercises.  In some cases, we will be looking at microscope slides in the lab.  In most cases, you will be guided towards images that can be found online that will reinforce the content found in this handout.


A.1.  KINGDOM ANIMALIA CHARACTERISTICS

The Kingdom Animalia is a group of organisms that are eukaryotic, heterotrophic usually motile, and multicellular.  

Last week we examined two protostome phyla: the mollusks (Phylum Mollusca) and the segmented worms (Phylum Annelida).  This week will look at one more protostome phylum, the arthropods (Phylum Arthropoda).  We will then shift our gears to look a deuterostome phylum, the echinoderms (Phylum Echinodermata).

A.2.  KINGDOM ANIMALIA: REVIEW OF COELOMATE EVOLUTION

The far majority of the animals are coelomate eumetazoans, or animals with a true body cavity.  You will remember that a true coelom is defined as a body cavity that is bounded on all sides by mesoderm.   You will also remember that the coelomate animals are divided into two evolutionary lines based primarily on the developmental destiny of the blastopore (after gastrulation in embryonic development).

[image: Image result for blastula blastopore blastocoel]

Why is this important?  In one major line of evolution, the blastopore ultimately develops into the mouth of the organism (the anus will form later in development).  This line of evolution includes organisms that are described as protostomes (literally means “first mouth”).  The protostomes will include the mollusks, annelids (segmented worms), and arthropods.  The second major line of evolution sees the blastopore ultimately developing into the anus of the organism (the mouth will form later in development).  This line of evolution includes organisms that are described as deuterostomes (literally means “second mouth”).  The deuterostomes will include the echinoderms and the chordates. 

I mentioned that these two lines of evolution within the coelomate eumetazons is based, in part, on mouth/anus ontogeny.  It turns out that there a couple of other developmental features that reinforce these two evolutionary lines.  First, the earliest cell divisions (called cleavage pattern) in the embryo can fall into one of two types.  The more primitive of the two patterns of cell division is called spiral cleavage and is indicative of the protostomes.  On the other hand, there is a pattern of cell division that is called radial cleavage which is indicative of the deuterostomes.

There is yet one more bit of embryonic evidence that supports these two different lines of evolution.  We can call this coelom ontogeny; the origin of the coelom (body cavity) in these organisms.  In the protostomes, it appears that the coelom develops from a “split” that occurs in the mesoderm layer early in embryonic development.  In the deuterostomes, the coelom forms from an “out-pocketing” of the gut.



B. PHYLUM ARTHROPODA (ARTHROPODS)


B.1.  PHYLUM ARTHROPODA: STRUCTURE AND CHARACTERISTICS

The Phylum Arthropoda (arthropods) are protostomes (along with the mollusks and segmented worms).  They are triploblastic with a coelomate body plan; the body cavity is bounded on all sides by mesoderm.  All arthropods are characterized by an exoskeleton made of chitin.  The exoskeleton provides a structure against which the muscles of the organism can contract, with an added benefit of protection.  Chitin is relatively light and strong; the exoskeleton does not present a problem to the animal due to the physical constraints of weight and bulkiness (think of a suit of armor worn by medieval knights).  The drawback to an exoskeleton is that it does not accommodate growth.  As the arthropods grows larger, the exoskeleton must be shed and replaced with a new one.  This process, commonly called molting, is officially known as ecdysis.  You might have found the empty exoskeleton of a grasshopper…or a cicada clinging to a tree.  You may have heard of “soft shell crabs”, which are simply blue crabs that have recently shed their old exoskeleton and the new one has not solidified yet.

All arthropods have an open circulatory system consisting of a heart, vessels, hemocoel, and hemolymph.   Arthropods have kidney-like structures called malpighian tubules that are connected to the digestive tract.  The malpighian tubules gather wastes from the hemocoel and deposit them into the digestive stream for exit from the organism.

[image: Image result for malpighian tubules]

Arthropods have a fairly sophisticated nervous system, featuring a brain, a ventral nerve cord, and a set of relatively sophisticated sensory receptors, specifically eyes and antennae. 

 Most arthropods have a life cycle that sees a distinct progression through a series of stages, generally as follows: egg  larvae (nymph)  adult.  In some groups, the life cycle will include a significant developmental reorganization of the individual; this is called metamorphosis, and is best exemplied in the Order Lepidoptera (butterflies and moths) in the Class Insecta (insects).
Arthopods are evenly divided between terrestrial and aquatic environments.  Aquatic arthropods will obtain oxygen from the environment using structures called gills.  Terrestrial arthropds have an internal network of ventilation tubes called tracheae (also referred to as the tracheal system).  The system is connected to the exterior of the organism through openings in the exoskeleton called spiracles.  The tracheae ultimately terminate in tiny fluid-filled tubes (tracheoles) that intersect with muscle tissue.

[image: Image result for insect tracheoles]




B.2.  PHYLUM ARTHROPODA: CLASSIFICATION

The arthropods are classified into four subphyla, representing five major lineages within the phylum.

The Subphylum Chelicerata (the chelicerates) have three distinguishing features:
(1). the presence of special mouthparts called chelicerae, these are pincer-like appendages that manipulate food,
(2) the body is divided into two main regions: the cephalothorax (combination head and thorax region) and abdomen, and
(3) the absence of antennae.

The Chelicerata includes two Classes: the Class Merostomata (the horseshoe crabs) and the Class Arachnida (spiders, ticks, mites, and scorpions).

ON YOUR OWN: Do a Google search for “chelicerae” and click on images.  You will see a number of illustrations of examples (primarily in spiders)

ON YOUR OWN: Do a Google search for “chelicerate diversity” and click on images.  You will see a number of photographs of representative species.

The Subphylum Crustacea includes a diverse group of organisms that are collectively called the crustaceans.  While most of us associate crustaceans with marine environments, crustaceans are marine, freshwater, and even terrestrial.  

The Subphylum Crustacea (the crustaceans) have three distinguishing features:
(1). the presence of special mouthparts called mandibles, these are crushing appendages that tear and mascerate food,
(2) the body is divided into two main regions: the cephalothorax (combination head and thorax region) and abdomen, and
(3) the presence of two pair of antennae.

The Crustacea includes the following classes: the Class Malacostraca (which includes the crabs, crayfish, shrimp, and lobsters…Order Decapoda and the woodlice and rolypolies…Order Isopoda), and the Class Maxillopoda (barnacles).


ON YOUR OWN: Do a Google search for “crustacean diversity” and click on images.  You will see a number of photographs of representative species.

IN THE LAB: You will perform a dissection of a crayfish and be able to identify the following structures.  Follow the instructions provided by the instructor and use your smartphone, tablet, or laptop to help you identifying these structures.  Doing a Google search for “crayfish dissection” will be a good start.
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Antenna/Antennule
Cephalothorax
Carapace
Abdomen
Chelipeds
Walking legs
Swimmerets
Uropods
Telson
Mouth
Mandibles / Maxillipeds
Eyes
Anus
Copulatory swimmerets (males)
Digestive gland
Stomach (cardiac/pyloric) / Intestine
Green glands
Mandibular muscles




The Subphylum Hexapoda contains the Class Insecta, which is characterized as having six walking legs, but the following features as well:
(1). the presence of special mouthparts called mandibles, these are crushing appendages that tear and mascerate food,
(2) the body is divided into three main regions: the head, thorax (attachment of walking legs), and abdomen, and 
(3) the presence of one pair of antennae.

The insects are considered to be the most evolutionarily successful animal group on the face of the planet. They occupy virtually every habitat, they fill very specific roles in those habitats, there are a little over 90,000 described species at present, scientists estimate that there are close to 1,000,000 total.  For this reason…and the fact that you encounter so many of these organisms in your daily lives, you are going to need to know some of the basic orders of insects (only 8 out of 30) .

Lepidoptera = butterflies, moths
Isoptera = termites
Diptera = flies
Hymenoptera = bees, wasps, ants
Coleoptera = beetles
Ephemeroptera = mayflies
Hemiptera = true bugs
Orthoptera = grasshoppers, crickets,  katydids
Siphonaptera = fleas

ON YOUR OWN: Do a Google search for “hexapod diversity” and click on images.  You will see a number of photographs of representative species.

The Subphylum Myriapoda includes the centipedes and the millipedes.  Their characteristics:
(1). the presence of special mouthparts called mandibles, these are crushing appendages that tear and mascerate food,
(2) the body is segmented, and
(3) the presence of one pair of antennae.


The Myriapoda contains two Classes: the Class Chilopoda (centipedes) and the Class Diplopoda (millipedes).

ON YOUR OWN: Do a Google search for “myriapoda” and click on images.  You will see a number of photographs of examples.



C. PHYLUM ECHINODERMATA (ECHINODERMS)

C.1.  PHYLUM ECHINODERMATA: STRUCTURE AND CHARACTERISTICS

The Phylum Echinodermata (echinoderms) are coelomate eumetazoans.  More specifically, the echinoderms are deuterostomes (along with the chordates, which we will examine next week).  The echinoderms are spiny-skinned animals, which will include the sea urchins and sea stars.  The phylum is exclusively marine.

Besides the spiny skin, echinoderms are distinguished from other animals in two important respects: pentaradial symmetry and the presence of a water vascular system.  Most sea stars are gonochoristic with external fertilization following the release of eggs and sperm.  

All echinoderms have pentaradial symmetry in the adult organisms.  In other words, the body of the adult sea star is divided into 5 radially-oriented sections (the arms of the seastar).  A sea urchin shell, with the spines removed, is divided into 5 radially-oriented sections.  The pentaradial symmetry demonstrated in adults is not a true radial symmetry as the juveniles in the life cycle are bilaterally symmetrical; the pentaradial symmetry is a derived character in the group.

The water vascular system in echinoderms is similar to the hydraulic system that you would find in a piece of heavy equipment, like a back-hoe.  A back-hoe is capable of generating tremendous amounts of force with minimal expenditure of energy.  How does it do this?  By having a system of hoses filled with fluid (hydraulic fluid), a small change in fluid pressure at one end of the system can generate large changes in fluid pressure at the other end of the system…small input, large output.  Echinoderms have a similar arrangement of tubes that contain seawater.  Small changes in fluid pressure at one end of the system can generate large changes in fluid pressure at the other end of the system.

Here are the details of the water vascular system:  Sea water enters and exits the water vascular system through the madreporite, which is located on the central disc on the aboral side of the sea star.  The madreporite is connected to a short stone canal, that connects to the ring canal which sends off branches (radial canals) to each of the arms. The radial canals are connected to a series of tube feet that extend from the body of the sea star.  Each tube foot is topped by a bulb-like structure (ampulla) that functions a bit like the bulb on a eyedropper.  The tube feet are like extendable suction cups that will function in locomotion and the eating of prey.
[image: Image result for sea star water vascular system diagram]

What is the benefit to the echinoderm?  Suppose a hungry sea star climbs aboard a clam with the goal of opening the clam shell and eating the clam.  The struggle is like a tug of war.  The clam does its best to contract its adductor muscles in order to keep is shell closed.  The sea star exerts a slow and steady force…and it never grows tired.  The clam becomes fatigued and eventually succumbs to the sea star. 

The sea star eats by everting its stomach through its mouth.  The stomach then rests in (or on) the food source, large amounts of enzyme production (from the digestive glands that occupy each of the arms of the sea star) results in the digestion and absorption of the food source.  The intestine is very small and the anus is found on the upper surface of the sea star.



C.2.  PHYLUM ECHINODERMATA: CLASSIFICATION

The Phylum Echinodermata includes 5 classes.

Class Echinoidea = the sea urchins and sand dollars
Class Ophiroidea = the brittle stars 
Class Asteroidea = the sea stars
Class Crinoidea = the crinoids and sea lilies
Class Holothuroidea = the sea cucumbers


ON YOUR OWN: Do a Google search for all of named organisms above and click on images.  You will see a number of photographs of examples.



IN THE LAB: You will perform a dissection of a sea star and be able to identify the following structures.  Follow the instructions provided by the instructor and use your smartphone, tablet, or laptop to help you identifying these structures.  Doing a Google search for “sea star dissection” will be a good start.


Aboral side 
Central disc
Arms
Madreporite (sieve plate)
Anus (difficult to see)
Oral side
Ambulacral grooves
Tube feet
Mouth
Endoskeleton
Ring canal
Stone canal
Radial canals
Ambulacral ridges
Ampullae
Gonads

Hepatic caeca
Stomach
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