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Animal Structure and Function 

Animal Structure and Function 

Animal Structure and Function 

Two questions: 

What functions does your skin perform?

What structural features of skin allow these functions? 



2/2/11 

2

Animal Structure and Function 

Key concepts to integrate from this topic 

! Common requirements for life drive structural design

! Constraints upon structure 

! Form is related to Function 

DEFINITION - LIFE 

Protozoan amoeba 

Three Toed Sloth 

Common requirements 

1. Obtain energy 

2. Excrete byproducts and metabolites

3. reproduce 

Unifying concept:

Relationship b/w Form and Function 
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Constraints 

1.! Phylogeny - evolutionary ancestry 

2.   Physical Laws 

3.   Exchange with Environment 

Use your knowledge from other classes to consider 

what might be constraining the evolution of structures. 

Constraints: Phylogeny 

p.z. myers @ pharyngula 

Sources of Phylogenetic Constraints 

1.! Developmental mechanisms within a taxon – presents biases 

on the production of variant phenotypes 

2.   Developmental mechanisms can also be universally constrained 
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Phenotypes accessible/inaccessible for: 

1.! Developmental mechanisms within a taxon – presents biases 

on the production of variant phenotypes 

2.   Developmental mechanisms can also be universally constrained 

3.   Selective reasons 

Phenotypes accessible/inaccessible for: 

1.! Developmental mechanisms within a taxon – presents biases 

on the production of variant phenotypes 

2.   Developmental mechanisms can also be universally constrained 

3.   Selective reasons 

4. Gene pathway availability 

Each mutation leading to a new structural feature/function must not !

detectably alter current gene function or yield deleterious functions

Constraints: Physical Laws 

V=IR

Flift > Fgravity

Law of Gravity 

First Law of Thermodynamics 
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Constraints: Physical Laws 

Law of Gravity 

Laws of Thermodynamics 

Surface Area/volume ratio 

Newtonian Physics, by Benjamin Crowell 

Life would be very different if you were the size of an insect. 

Constraints: Physical Laws 

Surface Area/volume ratio The area of a shape is proportional 

to the square of its linear 

dimensions, even if the shape is 

irregular. 

Newtonian Physics, by Benjamin Crowell 

Constraints: Physical Laws 

Surface Area/volume ratio Scaling of SA/V ratio affects 

behavior at different scales. 

Same shape 

made of clay.

Med is 2X h, 2X 

w of small rod

Lg is 2X h, 2X 

w of med rod

Compare Large to Small Rod 

4X linear dimensions 

16X Area,  

64X volume

"!64 x weight to support,

         but only

16x strength of small rod. 

Newtonian Physics, by Benjamin Crowell 
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Constraints: Physical Laws 

Law of Gravity 

Laws of Thermodynamics 

Surface Area/volume ratio 

Diffusion of ??? 

O2

CO2

Minerals

Salts

Sugars

Fatty acids 

Hormones

etc

Constraints: X! with Environment 

Evolutionary history:  all cells bathed in aqueous fluid 

Common Feature: X! boundary - filter while maintaining integrity 

Limiting Factor:  Diffusion 

Fig. 40.3 

Diffusion

Limiting Factor:  Diffusion 

Flat long body plan 

Thin cell Layers 

SOLUTIONS

Constraints: X! with Environment 
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Limiting Factor:  Diffusion 

Flat long body plan 

Thin cell Layers 

SOLUTIONS

Fig 40.4 

Specialization of tissues 

Constraints: X! with Environment 

Form & Function Preserved At All Levels 

Animals & Plants exhibit hierarchical levels of organization 

Fig. 1.3 

Physiologists 

Organism 
Organ 

Tissue 

Cell 

Organelle 

Molecule

Form & Function Preserved At All Levels 

Animals & Plants exhibit hierarchical levels of organization 

Structure and function correlated at all levels of biological organization 

Fig. 1.3 

Physiologists 

Organism 
Organ 

Tissue 

Cell 

Organelle 

Molecule

Fig. 1.3 

Physiologists Physiologists 

Organism Organism Organism Organism Organism 
Organ Organ Organ 

Tissue Tissue Tissue 

Cell 

Organelle Organelle 

MoleculeMolecule
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Vertebrate Structure: Integumentary System 

Animal Phylogeny: Acquisition of Structures 

PNAS April 25, 2000 vol. 97 no. 9 4449-4452  

Theory:  Ontogeny recapitulates Phylogeny 

Haeckel’s original embryo drawings, 1866 
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Animal Structure and Function 

! Chordates have a notochord & dorsal, hollow nerve chord

! Craniates are chordates with a head

! Vertebrates contain 4 major tissues  

! Structure & Function relationship in all 4 tissues with specific e.g.s

Subplot

Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates Craniates Vertebrates 

Urochordates

e.g. Sea Tulip 

Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates Craniates Vertebrates 
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Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates Craniates Vertebrates 

Urochordates

e.g. Sea Tulip 

Cephalochordata  

e.g. lanclet  

amphioxus 

Craniata 

e.g. Vertebrata 

       Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates Vertebrates Phylum Chordata 

Genetic complexity 

2 clusters of Hox genes (special group of homeobox genes)

Duplicated sets of signaling and transcription factors 

Fig 34.6 

       Vertebrate Structure: Organism 

     Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates Vertebrates Phylum Chordata 

Genetic complexity 

Neural Crest 

Fig 34.7 
notochord

neural tube 
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Vertebrate Structure: Organism 

Phylum Chordata Craniates Vertebrates 

Radiograph lookdown fish Selene vomer                     by Tierney Thys 

Phylum Chordata Craniates

Genetic complexity 

Dxl family of genes duplicated (vertebrate specific homeobox genes) 

Boney vertebrate 

Vertebrate Structure: Organism 

Skeleton with boney skull 
Jointed Bones 

Vertebral 

column

Vertebrate Structure: Organism 

Coelom with 2 cavities 

Abdominal

cavity
Thoracic

cavity
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Vertebrate Structure: Organism 

Diversity in Structure with function: human vs other vertebrates 

Epidermal adaptations ? 

Temperature Regulation ? 

Vertebrate Structure: Organism 

Diversity in Structure with function: 

Feeding: hookworm vs lamprey vs lion 

Vertebrate Structure: Tissue & Cellular 

Tissues =  Groups of cells with a common structure and function

1.  Epithelial Tissue 

2.  Connective Tissue 

3.  Muscle Tissue 

4.  Nervous Tissue 

ectoderm

Embryonic origin 

ectoderm

mesoderm

mesoderm
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Vertebrate Structure: Tissue & Cellular 

Arche

Digesti

mesoderm

ectoderm

Vertebrate Structure: Epithelial Tissue 

Epithelial Tissue 

Located where? 

Function directly dictated by structure 

Nomenclature by structure 

Vertebrate Structure: Epithelial Tissue 

Fig 40.05 
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Vertebrate Structure: Epithelial Tissue 

Leaky, thin

Secretion and absorption 

Secretion of enzyme, salts or few hormones 

Leaky, thin
few substances penetrates,

cells can be easily lost w/o 
compromising barrier 

Vertebrate Structure: Epithelial Tissue 

Vertebrate Structure: Epithelial Tissue 
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Vertebrate Structure: Epithelial Tissue 

Vertebrate Structure: Epithelial Tissue 

Vertebrate Structure: Epithelial Tissue 
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Vertebrate Structure: Epithelial Tissue 

Vertebrate Structure: Epithelial Tissue 

Vertebrate Structure: Muscle 

Muscle Tissue: 

Functions ? 



2/2/11 

17 

Vertebrate Structure: Muscle 

Locations?

Vertebrate Structure: Muscle 

Structure ideal for function? 

Vertebrate Structure: Nerve Tissue 

Nervous Tissue 

Location?

Function?

Structural Adaptations ideal for function? 

glia

neurons
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Vertebrate Structure: Connective Tissue 

Connective Tissue 

Functions?

Characterized:

Vertebrate Structure: Connective Tissue 

Connective Tissue 

Functions?

Characterized:

Vertebrate Structure: Connective Tissue 

Connective Tissue 

Functions?

Characterized:

1. Sparse population of cells 

2.  Matrix 

3.  Fibers - collagenous (non-elastic, do not tear easily)

      elastic

      reticular (net/web of collagenous fibers) 
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Vertebrate Structure: Connective Tissue 

Vertebrate Structure: Connective Tissue 

Vertebrate Structure: Integumentary System 




