Exercise 8: Metamorphosis
28-Hour and 48-Hour Chick Embryos and Sections

Student Learning Objectives.

1. You should understand that development never stops during the life of the organism and that three major processes occur in the post-embryonic animal: metamorphosis, regeneration and aging.

2. You should understand that Direct Development involves young organisms with the same body plan as the adult; whereas Indirect Development involves major changes to form the adult body plan.

3. You should understand that Indirect Development, or metamorphosis, is hormonal reactivation of developmental processes.
Introduction

In many organisms, there is development of both a larval stage and an adult stage, each specialized for different functions. Larvae are often specialized for consumption of resources to facilitate growth, dispersal to new positions within the environment, and/or evasion or survival of predation. Adults are usually specialized for reproduction. An example of these functions is illustrated by Cecropia moths. The larvae are wingless eating machines, while the adults have one day to mate – they don’t even have mouth parts!
There are two major classifications of larvae. Primary larvae have little to no morphological similarity to the adult form and are characteristic of organisms such as sea urchins. Secondary larvae add and subtract parts to create the adult form from a similar larval form and are characteristic of organisms such as insects and amphibians. The latter must undergo four major morphological processes to produce the adult form. They must grow new structures, undergo cell death in existing structures, remodel existing structures and undergo biochemical respecification, which is a shift in both the genes they express and in the physiological functions that they control.
Thyroid hormones (thyroxine and triiodothyroxine) play extremely important roles in metamorphic events. Thyroid receptors are found in the nucleus where they are bound to inactive promoters. When thyroid hormone enters such a cell, it will bind to receptor and the combination is an active transcription factor for that specific gene. Which genes the cells of an organism have placed their thyroid receptors on is very important to their function. For example, limb muscle cells grow in response to thyroid hormones while tail muscle cells apoptose in response to thyroid hormones. How a tissue is organized before thyroid hormone is secreted is also very important. For example, thyroid hormones make all skin cells of the frog apoptose. However, the skin of the head and body have basal stem cells capable of regenerating the skin, whereas the skin of the frog tail does not.
Procedure

Be sure to include information on the source(s) of inductive signals, changes in cellular gene expression, cellular differentiation events, cell death events and changes in tissue architecture whenever available.
1. Describe in text and images the metamorphosis of sea urchins
2. Describe in text and images the metamorphic development of the Drosophila limb

3. Describe in text and images the metamorphosis of the following elements of the frog:
A. Development of binocular vision
B. Morphological remodeling of the axial and peripheral skeleton
C. Morphological remodeling of the gut
D. The loss of the tail 
4. Describe in text and images the following amphibian alternatives to metamorphosis:
A. Heterochrony 
B. Neoteny
C. Progenesis
D. Direct Development
