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Lesson 1 - What is Biology? 

What is the Science of Biology? 

When we ponder the animals romping in the fields, or the ancient oak towering above us, or ourselves, we see that 

the world is full of amazing things that all men agree are ‘alive’.  If you have ever taken delight in watching birds 

fly or seeing a dog peacefully lolling on the porch, you know that there is quite a bit of joy in observing the living 

world.  Man should not only enjoy these living wonders but also learn more about them as he is able.  Doing so is 

not only enjoyable, but also teaches us more about the cause of these wonders – our Creator. 

We can do this learning in a sort of leisurely, disorganized, and general way, or in a very orderly and deeper way – 

thus transforming our learning into a science. 

What is a ‘science’? 

Our word science derives from the Latin word scientia, which simply means ‘knowledge.’  In English however, the 

word science usually has a narrower sense:  A science is a well-organized body of knowledge about a particular 

subject, beginning from well-established principles.  Principles are simply starting points upon which we build.   

For example, geometry is the science of magnitude (e.g., figures, lines, etc.).  Some of geometry’s principles are 

definitions, such as the definitions of a point, line, triangle, circle; other principles are well-known truths, such as 

“The whole is greater than the part.”  Upon principles such as these, the entire science of geometry can then be 

carefully built up into an entire organized system of conclusions.   

In the case of biology, these principles are certain fundamental truths which we derive from our experience, and 

from higher sciences.  We will study the main principles of biology below. 

What is Biology?   How does it differ from other sciences? 

Biology is the science of natural living things as natural living things.   This may seem like a strange definition, but 

allow us to explain.   

Natural living things are those things that have both life and physical matter (we will give a stricter definition of 

natural life below).  What has both life and physical matter?   Animals and plants are all that come to mind; these 

are natural living things.  By definition then, biology is an ordered study of animals and plants.   

But what about that seemingly-strange addition to the above definition of biology, namely, “as natural living 

things”?  In order to understand why this qualification is necessary, consider that many other sciences besides 

biology are also interested in animals and plants, but they study them under a different aspect. For example, 

chemistry and physics also include animals and plants within their scope but not under the respect of living things, 

but as mere material things.  This is probably difficult to understand, so an example may help. If we ask the modern 

physicist, “Are squirrels included within the scope of your science?” we might hear, “Yes, of course!  But you must 

understand: I do not care that they have instinct, that they chatter, or that they gather nuts.  In fact, frankly, I am not 

concerned that they are alive at all.  As a physicist, I am interested in squirrels and oak trees with respect to their 

physical properties as bodies, just as I am interested in the physical properties of rocks, metals, and gases.  My 

science is concerned with how much the bodies of squirrels weigh, how they accelerate when they fall, the 

magnitude of forces generated by their movements, the laws governing their jumps from tree to tree, and many 

other such things.”   Similarly, the chemical scientist might answer according to his field: “Just like my colleague, 

the physicist, I am not directly interested in squirrels as living things, that is, in instinct, nut gathering, and such 
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things.  Rather, as a chemical scientist, I am interested in the fascinating properties of all matter; since squirrels 

have matter, it is under this aspect that I (as a chemist) am interested in them.”   

But if other sciences are also concerned with squirrels, what distinguishes the science of biology from those others?  

The fundamental difference between biology and other sciences is that biology studies living things as living things.  

Unlike the physicist and chemist, biologists are indeed concerned with life, its activities, and causes.  They are 

concerned with squirrels as squirrels. 

Of course, there is nothing to prevent someone from having knowledge in multiple sciences, and thus to be able to 

study living things from multiple perspectives at once.  That would be wonderful, and in fact, many attain to that – 

they hold a degree in biology as well as in other sciences. 

Major divisions of biology 

Most modern biology books further subdivide organisms that are microscopic (into categories like protists and 

bacteria) and also have a separate distinction for fungi (plant-like organisms that do not obtain food through 

photosynthesis).  In order to better illustrate the principles of life – as well as to use a division that is much better 

suited to biology as an ordered science according to the definition we have just given – this book will make a 

distinction only between plant life and animal life based on the properties of life that are outlined in detail in the 

remainder of this lesson.  Here we can agree with the modern biologists who already classify one group of 

microscopic living things (protists) based on whether they are “animal-like” or “plant-like.”     

The Starting Principles of Biology 

In every proper exposition of a science, its principles (starting points) must be stated; it is upon these that the entire 

science depends.  If a person denies one or more of those principles, there can be no science for that person.  What 

are the first principles of the science of biology?   The most basic principles of the science of biology are these: 

1. There is a fundamental difference between living and nonliving things. 

 

2. Even amongst living things, there are different levels of life. 

 

3. Something is said ‘to live’ insofar as it operates from itself, and not as if moved by other things.  (We 

will explain this statement further below.) 

Most sciences assume, rather than prove, their starting principles 

Note that sciences such as biology do not prove their own first principles.  Rather, such sciences simply assume 

those beginning principles (leaving them to be proven, if necessary, by a higher science, such as natural physics or 

metaphysics).  That said, lower sciences such as biology can at least defend their starting principles.  That is, in fact, 

what the remainder of this lesson will do.    

Principle #1:   Some Things are Alive!  Living Things are 

Fundamentally Different from the Nonliving Ones. 

Supernatural vs. natural life 

If you are paying close attention, you might have noticed that we said above that biology is concerned with “natural 

living things.”  But should we not call all living things ‘natural’?  We shall see that this is not the case. 
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Our Holy Catholic Faith tells us that our supernatural life is the greatest gift God has given us on Earth; this life is 

the gift of God Himself dwelling in us by sanctifying grace.  By this grace, we can know and love God in a way 

similar to the same way (but not to the same degree) that He knows and loves Himself!  This supernatural life is 

already a foretaste of heaven, and in order to allow us into heaven, God must see His own life – the life of sanctifying 

grace – in our souls (together with the supernatural virtue of Charity, which is our friendship with God). 

The word super in Latin means ‘above’ or ‘beyond’, and this is why 

grace is called supernatural: it is a gift far beyond our natural 

human life.  Some men never atttain to supernatural life on this 

Earth, and even among those that do, this supernatual life can be 

lost through sin.  But all men do have natural life.  Now, natural life 

is also a tremendous gift of God.  Without that natural life, you and 

I would not exist at all and there would be nothing in which 

supernatural life could dwell.  It is this natural life that biology 

studies.  We will not give a formal definition of the term ‘natural 

life’ until further below; it is enough for now to state that some 

things – including us – have special powers, which other things 

(such as rocks, water, plastic) do not.  While the term “powers” 

might invoke the idea of super heroes for some, the word’s root 

meaning is simply, “the ability to do something or act in a particular 

way that flows from the nature of the thing and has a definite 

purpose.”  To give an example, sight is a natural power of humans 

because it is a part of our nature to see; the ability to ride a bicycle cannot be done by just anyone, but only by those 

who have learned/practiced.     

How do we know that there is a fundamental difference between the living and the nonliving? 

In order to have a science about living things, we need to know what we mean when we say living and what we 

mean by the word life.  Why do we not say that a beautiful piece of marble is alive, especially when it has the shape 

of a horse or a man or any other living thing?  How can we say that things as different as a microbe and a man are 

both alive?  Where do we turn to learn about life and what life is? 

The first notion of life comes to us principally from our own internal experience of living.  Did you first learn what 

it means to taste by watching a dog gobble up and enjoy its food?  We think not: you first learned by you yourself 

having tasted food.  You learn likewise about all the powers of natural life – you first experience them (or something 

akin to them).  Then, as a young child, you notice that other things around you also have these powers, or something 

akin to them. 

We see then that we have the powers of sense (the power to touch, to taste, to smell, to hear, to see); further, we 

have the power to discern these sensations one from the other, to imagine, to remember, to love, to hate, to move 

ourselves from place to place, to rejoice, to be sad, to comprehend, to reason, and to will.  We know that we are 

alive because we are aware that we are actually doing these things.  The very exercise of these activities is, if we 

are paying attention to them, enough to make us know that we have them.  If we did not have this internal experience 

of living, all life would be totally unknown to us – nowhere would we know how to recognize it and we would not 

even be able to inquire about it.4 

Thus, when we think of our own life, we think of our own internal experience, the consciousness of who we are, 

and what we know and feel.  This is a direct and certain knowledge of life.  We must constantly refer back to this, 

 
4 C.f. Charles DeKoninck, Introduction to the Study of the Soul 

 

Figure 1.1: The Power of Sense 
https://pixabay.com/photos/smell-flower-girl-plant-flora-

2209926/ 
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The need of organs 

St. Thomas says that the more perfectly self-movement is found within a living thing, the more perfect is its life.  

This means that some motions come more from within than other motions.  Now nature gives us a sign of these 

differences: motions originating more from within require a more complex body to carry out these actions.   

We saw this above when we showed the differences in general between plants and animals.  Think about it: are you 

not much more complicated than a corn or bean plant growing in the garden?  You have hands with which to make 

shelter and food, legs to run and walk, and a mouth to chew and speak; you need a brain to control all these things 

at once.  Such things as the hand, leg, mouth, and brain are organs.  Organs are tools or instruments in an animal 

or plant for doing a particular job.  For example, the human lung is an organ for the job of breathing.  But a bean 

plant has no need of hand, leg, mouth, or brain, because its self-movement is limited to just growth and self-

preservation, and thus a bean plant needs only those organs which will help it do these things (roots, leaves, etc.)  

Later we will see that even single-celled living things have tiny organ-like compartments called organelles.  So, 

you see, all living things need organs in order to do all the things they do, although not all living things have the 

same number or complexity of organs – it all depends on what those living things were designed to be able to do. 

The different organs and their functions are for us observable manifestations of life that enable us to differentiate 

the living body from the inorganic.  The living body is an organized body, and is more perfectly alive to the extent 

that it has an organization that is more advanced.  The more alive a thing is, the more instruments it needs, the more 

these instruments are differentiated, and the more its organs are recognizable signs of its life. 

Living things are therefore called organisms.  A rock, on the other hand, has no parts or organs because it ‘does’ 

nothing except to simply exist.  Thus, a lifeless substance, which has not been formed by organisms, is called 

inorganic, or mineral matter.  Smashing a rock will simply result in smaller bits of rock, but smashing a mouse 

destroys the intricate organization of its body.  You then end up with the corpse of a mouse, which is really no 

mouse at all, doubtless to the joy of the housewife whose food pantry has been the scene of many crimes.   
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Lesson 2 - The Causes of Life 

Is Matter the Primary Cause of Life? 

It is possible to be able to say what a thing is (that is, give a working definition), and yet not be able to say what its 

causes are (that is, what makes it what it is).  We are at this point with our discussion of life:  we have seen in a 

general way what life is (life is the power of self-movement in certain bodies).  Now we must ask what the cause(s) 

of life is/are. 

Since all natural living things are made of matter, one might naturally think that if we could only find a special kind 

of matter, we would have found the cause of all life.  This shallow view is a very common temptation for modern 

man – after having discovered that natural things are made of matter, we tend to try to explain everything we see in 

terms of chemicals and their interactions.  It is also a view that is found amongst men who deny any other causes, 

as we shall soon see. 

Chemistry is at Work in Living Things 

Even though we are studying biology, below we will give you a very brief introduction to chemistry.  You must 

first know the very basics of chemistry to see why it alone cannot explain the wonders of biology. 

Chemical elements and compounds 

Chemistry is the science that treats of the material composition of substances – whether alive or not.  Chemists 

have shown that all physical things are either one of  94 simple elements, or else those physical things (including 

living things) are substances which have such elements as the "ingredients" in their physical make-up.  A few 

common elements that we experience are oxygen and nitrogen (almost always found as gases, and in fact, we 

breathe them constantly), as well as carbon (the graphite in your pencil, as well as the diamond in an engagement 

ring). 

All elements have the remarkable power of combining with other elements (of their own kind or different kinds) so 

as to form various compounds.  Compounds are substances composed of two or more elements.  A burning log or 

a cake baking are both examples of 

chemical combination – the cake is a 

compound of many, many simpler 

substances, while burning is usually 

the combination of one or more 

elements with oxygen.  The burning of 

magnesium (a metal) is a process that 

combines two elements: magnesium 

and oxygen (from the air).  These two 

elements are united to form a new sub-

stance called magnesium oxide. 

In all cases of chemical change, there 

is a combining of elements or 

compounds (or a separation of 

compounds) into new or different 

 

Figure 2.1: The combustion of magnesium creates a new substance (magnesium 
oxide) 
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substances.  Most of the materials in the solid matter of the Earth are compounds.   

The chemistry of living things 

Plants and animals are also composed of a few common elements united in very complex compounds.  In the bodies 

of living things, there are constant physical and chemical changes connected with all life-activities.  For example, 

foods that animals and plants consume, along with oxygen from the air, become involved in numerous changes in 

the living matter of animal and plant bodies.   

One of the most common compounds we know is also the primary constituent of living things – water (made from 

the elements of oxygen and hydrogen).  Careful investigations in chemistry have shown that the body of a higher 

animal (e.g., a dog) is nearly 70% water.  The human body is over 60% water.  This water is derived from liquids 

we drink and foods we eat.  Potatoes contain about 78% water, milk 85%, tomatoes over 90%, apples over 80%, 

and lean meat over 50%.   Here is a simple experiment one can do to prove this: 

Laboratory:  Water Content of Common Plants  (mini lab) 

Because water is such a large part of living things, this explains why there is so little life in the desert.  The element 

carbon is also a prominent part of the solid substance of animals and plants.  A dead tree can be burnt and turned 

into a mass of black matter which we call charcoal, which is almost entirely carbon.  Since carbon is especially 

abundant in animals and plants, it must also be found in the food that they consume.   

Other mineral substances also enter into the composition of animals and plants: a chemist could prove by careful 

analysis that the ashes from plants and animals contain calcium, sulfur, iron, potassium, sodium, and other elements.  

This should not surprise us, since these elements are all found in the soil, as well as in the water of lakes, rivers, 

and seas and enter into living things by way of the food they eat. 

But Chemistry Alone Cannot Explain Life 

Please pay careful attention to the next section.  These arguments get 

at the heart of important issues which spark great debates between 

believers (Catholics) and non-believers (atheists, agnostics, etc.) 

First argument that chemistry alone is not sufficient to 

explain life 

Let us suppose you were a scientist and had all the chemicals necessary 

for the physical matter of a living thing carefully set aside and 

preserved in special drawers.  If then you mixed them all together in 

the perfect proportions, could you get a living thing?  To answer this, 

let us examine first what chemistry can do.  It is true that chemicals 

(elements and compounds) follow precise patterns of interacting with 

one another (this is what the science of chemistry is about), and they 

even follow these patterns when inside a living thing.  In fact, living 

things could not even exist without these patterns of chemistry; near the 

end of this book, you will begin to see a little how this works.   

 

Figure 2.2: Can science make a living thing?  
Thomas Fisher Rare Book Library, CC BY 2.0 

<https://creativecommons.org/licenses/by/2.0>, 

via Wikimedia Commons 
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Nevertheless, while chemistry is necessary to explain life, chemistry is not sufficient to explain life.  This is because 

chemicals by themselves do not have the power to order themselves into a meaningful whole.  They are not 

determined to become a living thing; there are thousands of things that those same chemicals in your body right 

now could have become instead of becoming part of you.  They could have gone to make up the rust on your car, a 

bottle of blowing bubbles, or one of the plates from which you eat your dinner.  In order for each of these things to 

be made, something or somebody has to take the chemicals, measure them out, mix them together in the proper 

order, shape them, etc.  Something or somebody must form the chemicals into an ordered whole.  Order does not 

arise from nothing.  It is as if you had a bag full of letters, dumped them onto a table, and then expected the letters 

to line up so as to produce the text of the Book of Genesis or a Shakespeare play.  That would be absurd!  The play 

comes from a real person, Shakespeare, who took the letters, followed the rules of grammar, and made them into 

something beautiful – far beyond what the letters and rules of grammar could have done on their own.  In the same 

way, it is impossible for mindless chemicals to line themselves up and form themselves into a beautiful, ordered 

animal.  The chemicals have the ability to become something greater than themselves, but only by the addition of 

something or somebody with a plan; the chemicals cannot do this by themselves.  This is where the principle of 

internal motion comes in. 

Second argument that chemistry alone is not sufficient to explain life 

This argument applies particularly to animals, but since animals are one form of living things, we can generalize 

from them to the whole of life.  If we can demonstrate that animals could not have come to be through purely 

chemical causes, we have demonstrated that life cannot come to be through purely chemical causes.  As we 

discussed in the first lesson, the life of animals is characterized by the power to sense.  In the act of sensing, the 

animal, whether man or beast, has an internal experience of the thing sensed.  Now in the very nature of chemicals, 

there is nothing that provides for such an experience, an experience possessed by a living being.  A piece of carbon 

experiences nothing.  Chemicals may play an important role in the sense organs, but chemicals, in themselves, do 

not sense – the “person,” or “Ginger the dog” is the one sensing!  You see, there is a “someone” or a “something” 

that senses, and this is more than just the chemicals that make him (or it) up.  If chemicals were the sole cause of 

life, then sensation would be an effect that is much greater than its cause, and this would violate one of the 

fundamental principles of the universe. 

  
Figure 2.3: The chemical composition of the human body Figure 2.4: Carbon in the form of coal 

JenCom [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0) 
or GFDL (http://www.gnu.org/copyleft/fdl.html)], from Wikimedia 

Commons 

Amcyrus2012 [CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)], 
from Wikimedia Commons 
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Third argument that chemistry alone is not sufficient to explain life 

The great philosopher Aristotle argued in his famous work called the De Anima (“On the Soul”) that it is impossible 

that mere bodily or material causes could account for man’s ability to reason and to understand universal concepts 

such as ‘rock’, ‘love’, or ‘God’.  He argued that there must exist something immaterial in addition to the matter.  

We will say more about this below. 

Conclusion 

So, if chemical composition is a cause, but not a sufficient cause of life, then what are the other cause(s) of life?  

This is in fact a very difficult question to answer with great clarity.  In the following section, we will try to begin to 

formulate an answer. 

The Unity and “Wholeness” of Living Things 

We may first say that living things have in them a unifying principle.  What makes us recognize individual 

organisms, such that we do not call a horse “a collection of various carbon molecules joined together in such-and-

such a proportion,” but instead describe it as “a large, four-legged mammal that gallops, whinnies, and enjoys eating 

oats.”  Do we recognize a horse as a horse simply because all the parts “stick together?”  No, that cannot be, for the 

kind of unity in a horse is different from the unity in a pile of sand, for example.  If the whole pile of sand is swept 

away and all the grains dispersed, each grain of sand is still a grain of sand – the parts are no different from the 

whole.  Whereas with the horse, if you try to disassemble it, each part is no longer what it was, and so they become 

something else – a decaying, putrid mess.  Needless to say, the horse also dies when it is disassembled.  The parts 

of the horse really only exist when the whole horse is there, doing all the things horses do; we cannot properly speak 

of a horse’s tail without reference to the horse! 

We can see this unity even more clearly when we think of what living things do.  The parts of living things do not 

act haphazardly, but as a whole.  What gives order to the parts of an animal, so that we say the mouth takes food in, 

the legs move the animal, the eyes detect prey and predators, and all of this so that the animal can stay alive and 

propagate its like in its offspring?  When a cat catches a mouse and eats it, we do not say, “the claws caught the 

mouse, the mouth chewed it, and the stomach digested it.”  We say the cat catches and the cat eats the mouse.  This 

is because there is an order among these different actions and organs, an order that leads us to see that there is a 

single whole.  Something is directing all the individual parts towards a goal, a desired result.  The cat has claws in 

order to catch the mouse; the mouth and stomach are there so that the cat can turn the mouse into food for its whole 

body.  The cat is more than just its mouth, legs, and stomach all working independently! 

This order is recognizable when we see that there is some purpose within the animal for doing certain things, and 

this purpose includes the whole cat.  The animal is not like a machine, which is purposeful only when used to do 

something useful by someone external to it.  No, an animal uses its organs for itself, and by its own power.  It is by 

means of this internal power that a living thing is able to use its organs, and do activities that go beyond the power 

of each of its parts.  We recognize these same activities in ourselves, and can recognize them in other things: 

growing, moving, sensing, and knowing. 

The Soul 

A principle is a starting point, a cause of something.  A thing might have many causes (principles).   In living 

things, the soul is the chief of these principles, and makes the thing the kind of living being it is.  Besides being a 

principle that gives unity, order, and purpose to a living thing, the soul is also the source of all the living thing’s 

powers.  The soul is an internal principle which makes an organic body live, develop, and engage in activities 
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compression causing only momentary torpor, cannot seize her prey in a new way.  To understand 
that a foot may be taken instead of the antennae is impossible; nothing will do but the antennae or another 
filament of the head or one of the palpi.  If the cricket lacked these [antennae and palpi], the whole race of 
Sphex would perish, unable to surmount this trifling difficulty. 

When reading the above account, we might wonder if the Sphex does not grab the legs because it is concerned with 

the chance of receiving a powerful kick.  We must keep in mind that, thanks to its Sphex brain having been 

compressed, the insect is now completely inert, except for internal movements.  Therefore, its legs could not deliver 

a kick.  The Sphex’s apparent “intelligence” is in this case completely thwarted.  Though it could certainly see 

additional appendages on the insect, it never occurred to it to try dragging the Ephippiger by any other means than 

its usual methods.  This is something to stop, and really ponder upon.  It causes this author to praise God for the 

gift of reason! 

In the following amazing and revealing experiment, Fabre tests the Sphex to determine if it even realizes why it 

closes up the burrow that houses the Ephippiger. 

Second experiment.  The Sphex is busy closing 
her burrow where the prey is stored and the egg is 
laid [on the cricket].  With her fore tarsi she sweeps 
backward before her door, and launches from the 
entrance a spurt of dust, which passes beneath her, 
and springs up behind in a parabolic curve as 
continuous as if it were a slender stream of some 
liquid, so rapidly does she sweep.  From time to 
time, she chooses some sand grains with her 
mandibles, strengthening materials inserted singly 
in the dusty mass.  To consolidate this, she beats it 
with her head, and heaps it with her mandibles.  
Walled up by this masonry, the entrance rapidly 
disappears. 

In the midst of the work, I intervene.  Having put 
the Sphex aside I clear out the short gallery carefully 
with the blade of a knife, take away the materials which block it, and entirely restore the communication of 
the cell with the outer air.  Then, without injuring the edifice, I draw the Ephippiger out of the cell where it 
is lying with its head to the far end, and its ovipositor to the entrance.  The egg is as usual on its breast, near 
the base of one of the hind legs – a proof that the Sphex had given her last touch to the burrow, and would 
never return. 

These dispositions made, and the Ephippiger placed safely in a box, I gave up my place to the Sphex, who 
had been watching while her domicile was rifled.  Finding the entrance open, she entered and remained 
some moments, then came forth and took up her work where I interrupted it, beginning to stop the entrance 
conscientiously, sweeping the dust backward, and transporting sand grains to build them with minute care, 
as if doing a useful work.  The orifice being again thoroughly blocked, she brushed herself, seemed to give 
a glance of satisfaction at her work, and finally flew off. 

Stop!  Do you see something wrong already? 

Yet she must have known that the burrow was empty, since she had gone inside, and made prolonged stay, 
but yet after this visit to the plundered dwelling, she set to work to close it with as much care as if nothing 
had happened.  Did she propose to turn it later to account, returning with a fresh prey, and laying a new 
egg?  In that case the burrow was closed to defend it from indiscreet visitors while the Sphex was away.  It 
would be a measure of prudence against other miners who might covet a ready-made chamber, or a wise 
precaution against internal wear and tear.  And in fact, some predatory Wasps are careful when obliged to 

 
Figure 5.3: Sphex bringing a bee to its burrow 

Creative Commons Attribution-ShareAlike 2.5 License  Author 

unknown.  
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suspend work to defend the mouth of their burrow by closing it up temporarily.  I have seen certain 
Ammophilae, whose burrow is a vertical well, close the entrance with a little flat stone when the insect goes 
a-hunting, or stops mining when the hour to leave off work comes at sunset.  But in that case the stoppage 
is slight-a mere slab set on the top of the well.  It takes but a moment when the insect comes to displace the 
little flat stone, and the door is open. But we have just seen the Sphex construct a solid barrier – strong 
masonry, where layers of alternate dust and gravel occupy the whole passage. 

I let nearly a week pass in order to allow the Sphex to return to the burrow so methodically closed, and use 
it if she liked for her nest-laying.  Events answered to the logical deduction; the burrow was just as I had left 
it, well closed, but without food, egg, or larva.  The demonstration was decisive; the Sphex had not returned. 

Thus, we see the plundered Sphex go into her house, pay a leisurely visit to the empty chamber, and the 
next moment behave as if she had not perceived the absence of the big prey which a little while before had 
encumbered the cell.  Did she not realize the absence of food and egg?  Was she really so dull – she, so 
clear-sighted when playing the murderer – that the cell was empty?  I dare not accuse her of such stupidity.  
She did perceive it.  But why then that other piece of stupidity which made her close, and very 
conscientiously too, an empty chamber which she did not mean to store?  It was useless - downright absurd 
- to do this, and yet she worked with as much zeal as if the future of the larva depended on it.  The various 
instinctive actions of insects are then necessarily connected; since one thing has been done, such 
another must inevitably follow to complete the first, or prepare the way for the next, and the two 
acts are so necessarily linked that the first must cause the second, even when by some chance this 
last has become not only superfluous, but sometimes contrary to the creature’s interest.  What object 
could there be in closing up a burrow now useless, since it no longer contained prey and egg, and which will 
remain useless, since the Sphex will not return to it?  One can only explain this irrational proceeding by 
regarding it as the necessary consequence of preceding actions.  In the normal state of things, the Sphex 
hunts her prey, lays an egg, and closes the hole.  The prey has been caught, the egg laid, and now comes the 
closing of the burrow, and the 
insect closes it without 
reflecting at all, or guessing the 
fruitlessness of her labor.  

The behavior of the Sphex with its 

empty burrow is an example of 

something called a fixed-action 

pattern.  This type of behavior is 

observed in a number of other 

animals, including stickleback 

fish.  Male sticklebacks are 

particularly territorial and will 

aggressively attack other males 

that enter their territory.  

Scientists conducted experiments 

and determined that it is the visual 

cue of another male stickleback’s 

red belly that causes the defending 

male to launch his assault.  They also determined that the stickleback, like the Sphex, cannot distinguish when to 

attack in circumstances outside its normal experience – the fish were defending their territory from round balls that 

had a red lower half!32  In the case of the Sphex, the fixed-action pattern was cued by a prior behavior of the wasp 

herself; in the case of the fish, the fixed-action pattern was cued by a visual signal.   

 
32 Jane B. Reece, Lisa Urrey, et al. Campbell Biology (9th edition), Benjamin Cummings, 2010. 

 
Figure 5.4:  Stickleback fish 

Alexander Francis Lydon [Public domain]  
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Despite the way that these patterns display animal ignorance, we can still marvel at God’s design for instinct.  Each 

of these behaviors is ordered to the survival of the animal and/or its offspring, and the way that each pattern is 

triggered and executed is also ordered to the nature of the animal and its circumstances.  Moreover, all of it is so 

providential that at first glance it appears that the animal is highly intelligent!  This apparent intelligence, we can 

conclude, is only a reflection of the marvelous design of the Creator. 

To see some additional examples, let us return now to Fabre, who conducts a similar test to the one he has just 

described, but this time on another species of Sphex (the white-edged Sphex). 

Third experiment.  To know all and to know nothing, according as the conditions are normal or otherwise, 
is the strange antithesis presented by the insect.  Other examples drawn from the Sphex tribe will confirm 
us in this proposition.  The White-edged Sphex attacks middle-sized locusts, the various species scattered in 
the neighborhood of her burrow all furnishing a tribute.  From the abundance of these locusts the chase is 
carried on near at hand.  When the vertical well-like burrow is ready, the Sphex merely flies over the ground 
near, and espies a locust feeding in the sunshine.  To pounce and sting while it struggles is done in a moment.  
After some fluttering of the wings, which unfold like carmine or azure fans, some moving of feet up and 
down, the victim becomes motionless.  Next it must be got home by the Sphex on foot.  She performs this 
toilsome operation as do her kindred, dragging her game between her feet, and holding one of the antennae 
in her mandibles.  If a grass thicket has to be traversed, she hops and flutters from blade to blade, keeping 
firm hold of her prey.  When within a few feet of her dwelling she executes the same maneuver as does the 
Languedocian Sphex, but without attaching the same importance to it, for sometimes she neglects it.  The 
game is left on the road, and though no apparent danger threatens the dwelling, she hurries toward its mouth, 
and puts in her head repeatedly, or even partly enters, then returns to the locust, brings it nearer, and again 
leaves it to revisit her burrow, and so on several times, always with eager haste. 

These repeated visits have sometimes annoying results.  The victim, rashly abandoned on a slope, rolls to 
the bottom, and when the Sphex returns and does not find it where she left it, she must hunt for it, 
sometimes in vain.  If found, there will be a difficult climb, which, however, does not prevent her leaving it 
once more on the perilous slope.  The first of these repeated visits to her cell is easily explained.  Before 
bringing her heavy load, she is anxious to make sure that the entrance is clear, and that nothing will hinder 
her carrying in the prey.  But what is the use of her other visits, repeated so speedily one after another?  Are 
the Sphex’s ideas so unstable that she forgets the one just made, and hurries back a moment later, only to 
forget that she has done so, and so on?  It would indeed be a slippery memory where impressions vanished 
as soon as made.  Let us leave this too obscure question. 

At length the game is brought to the edge of the well, its antennae hanging into the mouth, and there is an 
exact repetition of the method used by the Yellow Winged Sphex.  She enters alone, reappears at the 
entrance, seizes the antennae, and drags in the Locust.  While she was within, I have pushed the prey rather 
farther off, and have always obtained precisely the same result as in the case of the huntress of crickets.  In 
each Sphex there was the same persistence in plunging into their burrows before dragging down their prey. 

But the most remarkable thing, and the one to which I want specially to come, is this.  Sometimes I would 
take away the prey [i.e., paralyzed cricket] from the mouth of the hole.  This would oblige her to fetch it 
back.  On one occasion, I profited by the wasp’s descent to the bottom of her den; when she was inside, I 
quickly placed the prey where she could not find it.  She came up, sought about for a long time, and, when 
quite convinced that it was not to be found, went down again.  A few moments later she reappeared.  Was 
it to return to the chase?  Not the least in the world; she began to close the hole, and with no temporary 
cover, such as a small flat stone to mark the orifice, but with a solid mass of carefully-collected dust and 
gravel swept into the passage until it was quite filled.  The White-edged Sphex only makes a single cell at the 
bottom of her well, and puts in but one victim.  This one specimen had been caught and dragged to the 
edge of the hole, and if it was not stored, that was my fault, not hers.  The Sphex worked by an inflexible 
rule, and according to that rule she must complete the work by stopping up the hole, even if the hole is 
empty.  Here we have an exact repetition of the useless labor of the Languedocian Sphex whose dwelling I 
had rifled earlier. 
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In general sounds above 85 dB are harmful to our organs of hearing, 

depending on how long and how often we are exposed to them.  In some 

cases they can produce tinnitus (“ringing in the ear”), which you may have 

experienced and which is usually temporary (but can be permanent).  “Today, 

one in five American teens already have some hearing loss, according to a 

study in the Journal of the American Medical Association.  That's a 30 

percent increase from 15 years ago.”38  (Can you guess why hearing loss is 

increasing amongst teens?)  Hearing loss can result not only in reduced 

volume but also in muffled and indistinct sound. The eardrum can burst at 

150 decibels.  Furthermore, it is thought that death can even occur with 

sounds approaching 200 dB by destruction of the lungs or the onset of a heart 

attack.  This has not, however, been directly proven as experimenting on such 

a topic is understandably difficult.  (Would you like to volunteer as a test 

patient?) 

The most common device to aid damaged or impaired hearing is called a 

hearing aid, which is a small, battery-operated device worn outside or inside 

the ear.  A hearing aid has three basic parts: a microphone, an amplifier, and a speaker.  The hearing aid receives 

sound through the microphone, which converts the sound waves to electrical signals and sends them to the amplifier.  

The amplifier increases the power of the signals and then sends them inside the ear through the speaker.  A new 

style of hearing aid involves placing the amplifier on a particular bone of the skull behind the ear; the sounds vibrate 

the bone, which is picked up by the organs of the inner parts of the ear; this bypasses the outer ear altogether.  

Why two ears? 

“We have two ears and one mouth so that we can listen twice as much as we speak.”  -- Epictetus, a Greek philosopher.   

Many of us might do well to heed Epictetus!  However, the biological answer to the question of why we have two 

ears is to better determine where sounds come from and also for increased volume.  Do you remember the 

explanation in a previous lesson of binocular and monocular vision?  Recall that “bi” in Greek means two or double 

while “mono” means one or single.  Each eye, because of being in a different position on the head, is able to see 

from a different perspective.  Likewise with the ears: they are situated even further apart than the two eyes, and, in 

fact, face opposite directions (unlike the eyes).  Thus, the “bi” effect on hearing is even more striking, allowing us 

to hear sounds coming from opposite directions. 

We can determine where sounds come from in two ways: 

• by the volume difference perceived by each individual ear.  Obviously, sounds on our left side will be 

picked up as louder by the left ear than by the right ear, as the head is effectively an obstacle.    

• by the subtle time difference in perception.  It has been determined that sound waves travel at about 1125 

feet per second (343 meters / sec) at room temperature in dry air.  As fast as that is, a sound occurring on 

the right side of you will reach your left ear slightly later than it reaches your right ear – about 1/2000ths 

of a second later.  Even that miniscule time difference is marvelously ‘noticed’ by the brain.  

 
38 http://www.nbcnews.com/id/38742752/ns/health-childrens_health/t/us-teens-has-hearing-loss-new-study-says/   NBC 

News, “1 in 5 U.S. teens has hearing loss, study says” 

 
Figure 7.6: One type of hearing aid 
on an older person; notice the part 

in the ear canal and the other 
portion wrapping around the auricle 

    Photo by rawpixel.com from Pexels 

https://www.pexels.com/photo/person-

wearing-hearing-aid-1251174/      

http://www.nbcnews.com/id/38742752/ns/health-childrens_health/t/us-teens-has-hearing-loss-new-study-says/
https://www.pexels.com/photo/person-wearing-hearing-aid-1251174/
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By these slightly different sensations collected by the two respective ears from a single sound (i.e., differences in 

volume and in time), we learn from our earliest years how to judge the sources of sound around us.  Our common 

sense integrates this information often without our having to consciously think about it at all. 

Unpleasant, but we have to ask… 

While we are on the subject of ears, what is the purpose of earwax?  Why do we have those ear hairs that become 

ever more numerous and visible as we age?  It turns out that both are importantly protective.  Earwax is a mixture 

of dead skin cells and a waxy secretion from glands in the ear.  (A secretion is simply something that is produced 

and discharged by a gland.)  The earwax protects the skin of the ear canal and actually helps to keep the canal clean.  

The wax and hairs also help to keep bacteria, fungi, and invading bugs out of the ear canal.  However, earwax can 

become impacted – or packed very tightly in the ear canal – which can cause discomfort, disruption of hearing, and 

even itching.  Impacted earwax is easy to remedy, but only if you first recognize that it is causing problems. 

The Sense of Hearing in the Lower Animals 

As with most of the senses, the lower animals, in general, have better hearing than humans– not only in the range 

of tones (hertz) but also with their sensitivity.  Even with that, they have multiple kinds of organs of hearing.  Recall 

that our range of perceptible tone is 20 to about 20,000 hertz.  For perspective, it might help to imagine a piano 

keyboard.  Each successively higher ‘C’ note (each octave) has a hertz measurement that is the double of the 

previous one. 

 

As we shall see in an upcoming lesson, there are other methods of animal “hearing” which are beyond our capacity 

or experience! 

Table 7.2: Common frequency ranges of animal hearing 

 Frequency range Comments 

Dogs 
Up to 45,000 hertz – about one octave higher than the 

human range 

Dogs can move their ears independently toward the 

source of a sound. 

Cats 
Up to 64,000 hertz – higher than the dog; perhaps this is 

to hear the high squeaks of rodents. 
Cats can also swivel their ears independently.   

Mouse 

Up to 90,000 hertz – a full octave above the dog; perhaps 

to hear tiny prey, such as certain insects, or to hear the 

sounds of predators (owls, rats, etc.) 

Mice themselves give very high-pitched squeaks; so of 

course, they need to hear each other. 

Elephant 16 hertz to about 12,000 hertz 
Can hear ranges lower than us (we would miss that 

rumble of far-off thunder, etc.) 

Wax Moth Up to 300,000 hertz Perhaps the ‘highest hearer’ amongst animals 
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Lesson 8 - Animal Senses Overview: Taste 

The Sense of Taste (Gustation) 

Most of us would probably choose to be without our sense of taste 

rather than sight or hearing.  Yet without taste, life would be much 

less pleasant and in some cases even dangerous.  Besides depriving 

us of the obvious pleasure of countless foods and drinks, losing our 

gustation would make it much more difficult to determine if we 

were taking a bite of something healthy or spoiled or even so 

seriously unhealthy that it could cause death!     

At first thought, one might think the entire mouth is the organ of 

taste, as it is hard to pinpoint just where the sensation seems to 

originate when one is savoring a bite of food.  However, only three 

parts of the mouth contain the actual gustatory organs called taste 

buds:  the large moveable muscle in the mouth called the tongue, 

the epiglottis, and – less so – the roof of the mouth.  These tiny 

receptors, like all of the actual receptors for all of our senses, 

cannot be seen with the naked eye.  You can, however, see some of 

the structures on the tongue called papillae, which most contain taste buds on their surfaces (up until this moment 

you may have thought they were your actual taste buds).  Try this:  

Using a magnifying glass, position your head close to a mirror.  Stick out your tongue as far as you can, and, just like the doctor 
requests, say, “ahhhhhhhh.”  Making that sound, you will be able to see most of your tongue and the back of your throat.  
With some experimenting with the position of the magnifying glass and where you look, you should be able to see a row of 
bumps on the back of the tongue (labeled in the above figure, as the papillae circumvallatae).  Although most of the papillae 
in your mouth contain taste buds, the papillae circumvallatae are the largest and most visible of all the papillae. 

Notice that we call them ‘taste’ buds, not ‘flavor’ buds.  This is because taste 

and flavor are different concepts as you will learn in the upcoming lesson on 

the sense of smell.  

What can we taste? 

If you can, perform the following experiment to observe in greater detail what 

different sorts of stimuli we are able to taste. 

Laboratory: The Basic Tastes (mini lab) 

From the above experiment, you can see that we tested five different stimuli 

that the sense of taste is triggered with (although there remains debate in some 

circles whether the interesting ‘umami’ taste is not merely a combination of 

the other four).  Can you think of any other possible tastes, or does everything else seem to be a combination of 

these basic tastes?  And, if there are only five (or four) basic tastes, how do you think that we can experience so 

 
 The epiglottis is a flap of skin which covers the trachea (the ‘air pipe’) when we swallow, so that food does not enter the 

respiratory tract and get into the lungs. 

 
Figure 8.1: The anatomy of the tongue   

    derivative work: Kjell ANDRÉ (talk)Kieli.svg: 
Antimoni [CC BY-SA 3.0 

(https://creativecommons.org/licenses/by-sa/3.0)]  

 
Figure 8.2: Are different areas 

on the tongue sensitive to 
different kinds of tastes?   
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many distinctly different flavors (even being able to recognize if a familiar recipe is a little “off” because it has too 

much or too little of one ingredient or another)? 

It was once believed that certain areas of the tongue had concentrations of taste buds responsible only for certain 

sensations of taste, something like this: “The taste buds for ‘sweet’ are on the tip of the tongue; the ‘salty’ taste buds 

are on either side of the tongue, etc.”  We hope from your experiment above that you see this is not true: the nerves 

responsible for specific tastes seem to be scattered throughout all regions of the tongue.  For example, you can taste 

‘sweet’ at both the tip and the back of the tongue.  It may, however, be true that certain areas of the tongue are more 

sensitive to certain stimuli. 

Can the organs of taste be damaged?  

One of the most common ways to damage the taste buds is to drink 

beverages that are too hot, such as coffee or tea.  Fortunately, taste buds 

are constantly dying and being regenerated in a natural life cycle; their 

lifespan is from about a week to two weeks.  Some people – in a misled 

attempt to lose weight – have tried to purposely damage their taste buds, 

hoping that if food is less tasty, they will eat less.   

Our sense of taste (along with all the senses) naturally begins diminishing 

around the age of 50, as fewer and fewer taste buds are regenerated in 

each cycle.  A child may find a food to be too spicy, whereas an elderly 

person may find the same food to be bland and unappetizing.   

Perhaps this is God’s delicate way of detaching us from the pleasures of this Earth as we age, making it easier to attach solely 
to Him, so as to be better prepared to enter eternity? 

But How Does Taste Actually Work?  What Are We Tasting? 

No medium here? 

You may not have realized it, but with sight and hearing there is clearly a medium (the Latin word medio means ‘in 

the middle, intervening’).  That is, with those two senses we do not directly sense the original source of the 

sensation.  For example, when hearing someone’s voice, our ears are not touching the person’s vocal cords; there 

is air (or water, etc.) between.  When seeing an object, our eyes are not directly touching the object; between our 

eyes and the object, there is a medium of reflected light; the object of sight is therefore reflected colored light. 

With taste, however, is this the case?  In order to taste, it seems the food needs to be placed in physical contact with 

the actual organs of taste (the taste buds).  Thus, there would seem to be no medium with taste.  Nevertheless, is 

there a medium we could identify?   

Laboratory: Processes of Taste and Smell, Part 1 (mini lab) 

Saliva is a critical fluid, which not only moistens our mouth but also helps us to swallow food and helps to spread 

the food particles around.  Saliva is more than just water; it contains key chemicals that dissolve and begin to digest 

foods.  (We will say more about this later when we study animal digestion.)  However, saliva is not a medium as 

air or light is with the other senses; the actual food particles must still physically contact the taste buds even with 

the saliva present. 

 
Figure 8.3: A diminishing ability to taste 
may also be why children “grow out of” 

an aversion to certain vegetables.   
Attribution 4.0 International (CC BY 4.0). 

https://fshoq.com     
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Biologists who specialize in snake 

studies have determined that the 

sensors in these pit organs work by 

detecting subtle temperature changes 

in the tissue lining the pits, rather than 

directly detecting the photons of 

infrared light.  That is, the snake’s 

sense does not work in the same way 

as the human eye works.    

Nevertheless, despite the fact that this 

sense is clearly not sight, it shares an 

important commonality with sight.  

Infrared radiation and visible light are 

only distinguished according to 

different wavelengths of 

electromagnetic radiation, just as we 

saw with ultraviolet light.  If this is true, perhaps the infrared sensation of snakes is only an extension of sight.  

However, the snake is not sensitive to anything analogous to color in its electrical sense; it is more likely that the 

snake can only distinguish the difference between something analogous to “brightness” and “dimness” when it is 

sensing infrared radiation. 

Other Animal Senses that Humans do not Experience 

There are so many amazing animal senses that it would be impossible to detail them all in an introductory biology 

book.  However, we found it worth mentioning at least a few more – please feel free to explore more information 

about those that interest you! 

• Sharks can sense both electric and magnetic fields, and some are able to smell blood in the water at a 

concentration of only one part per 10 billion (the equivalent of one drop of blood in an Olympic sized 

swimming pool). 

• Salmon use magnetic fields in navigating back to the stream in which they hatched, and bees use these 

fields to navigate back to their hives. 

• Some electric eels can use their electric sense in the same way that bats use echolocation, emitting pulses 

and sensing the electric “echo.” 

• Pigeons can tell the difference between shades of the same color that humans perceive as identical.  They 

may have the ability to see four different primary colors, unlike the three that humans perceive. 

• Not just insects, but birds and many mammals can also see ultraviolet light. 

• Ants and termites can perceive chemical secretions called pheromones, which is how they can march in 

single file even when no leader is in front of them. 

• Some ants can even use a “sense” of distance to find their way back home when they are unable to use the 

scent trails. 

 

Figure 11.8: A blackthorn flower, photographed in visible light (left), ultraviolet 
(middle), and infrared (right) 

 Dave Kennard [CC BY-SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0)]  
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Particular Points of Stimuli 

Remember the stickleback fish and its fixed action 

pattern from a previous lesson (Animal Ignorance)?  

Many further experiments done on animals have 

shown that, in general, they tend to respond to a very 

small, specific set of sensory stimuli.  As we saw 

earlier, the male stickleback fish will respond and 

attack balls or floats (like the unrealistic “fish” in the 

figure) but will not attack a realistic model of a 

stickleback fish with every detail except a red belly.  

We can conclude that the male stickleback recognizes 

other males by the red color on their bellies – instead 

of taking in the whole of the other fish, it responds to 

that one particular cue.   

As another example, young herring gulls learn to peck 

from watching their mother.  Experimenters made 

several different models of mother gull heads to see 

what aspect of the mother was triggering this instinct 

in the fledglings.  They discovered that the young gulls 

responded more to a little red dot on the mother’s bill 

than to an accurate outline of the head as a whole that 

was missing the red dot.  Humans usually recognize 

kinds of things by seeing a whole shape or certain 

prominent features, but recognition in animals seems 

to proceed from sensing very particular colors or features even if the whole appears very unrealistic.  This suggests 

to us that animals’ common sense, or way in which they integrate their perception of all the different sensory 

information that they are obtaining at any one moment, is very different from humans. 

The Uses of Senses, in General 

Whether brute animal or man, at a bare minimum, the senses aid us in staying alive 

The strength of different sense powers varies from one kind of animal to the next.  Some have senses that others do 

not have at all.  As we have seen, this never occurs haphazardly: each sense has a very specific purpose to fulfill in 

each animal that has it.  If you think about it, at a bare minimum, the purpose of each sense is to aid in one or more 

of the living operations we spoke about in the first chapter.  Each sense helps the animal live more safely and 

efficiently.  The moths’ extremely keen sense of smell allows it to find its mate, and why?  For the purpose of 

reproducing and continuing the existence of individuals of that kind of moth.  The honeybees’ internal compass 

helps them find the hive when they have to go far to find flowers bearing nectar and pollen.  To what operation is 

this instinct ordered?  The nutritive power, for it provides honey to eat for the larvae and for the adult bees. 

We men are no different in this sense.  When a flame touches our skin, we instantly react.  If food tastes or smells 

putrid, it is a sign that it is no longer safe to eat.  The pain of a cut tells us that we should clean up and bandage the 

wound so we do not lose more blood or encourage infection. 

 

Figure 11.9: Unrealistic “fish” to which a stickleback fish 
responds strongly 

 

Figure 11.10: Realistic model fish to which the stickleback 
does not respond 

Primary source: Jordan and Evermann, 1896-1900, p. 752  
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But sensation is not just negative; there can also be great pleasure in it 

For both the brute beast and man, it is clear that there can also be great pleasure through the senses.  Who has not 

seen a dog or cat react to petting, whining and begging for more?  Give a dog some hamburger and it will come 

back for more, well beyond what is necessary for satisfying the pain of hunger.  It clearly wants more pleasure. We 

men are no different in this respect, and can easily misuse our sense pleasure.   

But as we shall see next, our sensations cannot ordinarily be separated from accompanying intellectual activity – 

and this adds a new dimension to the experience which brute beasts cannot experience. 

Man’s unique intellectual aspect of sense pleasures and pain 

Again, surely it does not require any argument for you to be convinced that man’s senses also are a source of 

enjoyment for him and not simply utilitarian.  Of course, when we acknowledge this, we are not advocating an 

unbridled life of pursuing indulgences.  Rather, we are considering cases when sensation is united to reason.  For 

example, in discerning the subtle hints of flavors in different wines, gazing at beautiful sunsets, or enjoying an 

evening of Mozart at the symphony, man experiences something beyond just the mere utilitarian value of keeping 

body and soul together to maintain life.  In such cases, the senses are clearly not mere isolated instruments of use, 

but they participate in and are essential to the much higher good that the intellect perceives.  The goodness 

experienced is in both the intellect and sensation, though to different degrees in each example.   

We can perceive definite increasing levels of our use of the senses:  

1. Using his senses for the basic purpose of self-preservation; 

2. Enjoying pleasure from our senses with some intellectual activity (such as observing the beauty of a flower or 

a sunset – perceiving patterns, variations, order, etc.); 

3. Enjoying sense pleasure in common with others (e.g., enjoying music and singing around a camp fire, family 

dessert time, etc.); 

4. Using our sensations to lift our minds to God, to admire His Wisdom, Love, and Providence as the Cause of all 

this beauty and order in His Creation.  This is one of the highest activities we can do, besides prayer itself. 

Which of the above do you think animals are capable of?  While it would be absurd to equate animal pleasure with 

those which humans can experience, it would be equally absurd to deny any kind of pleasure to animals.  When a 

coyote greedily chews up a rabbit, clearly, he is not being forced to do it – and even appears to be thoroughly 

enjoying it.  Thinking of our own sensation of hunger, it would be better to think of his actions as initiated by his 

appetite of hunger.  The enjoyment is most likely experienced in the same sort of way that relief is experienced 

after an itch is scratched (assuming it is not one of the stubborn sorts that is more irritated after scratching).  The 

enjoyment of the coyote would then be a sort of instinctive sensuous response, very unlike the enjoyment that a 

human being can experience when enjoying a fine dinner.  At the very least we must conclude that the enjoyment 

animals do have is quite dull compared with the enjoyment man can have through his use of reason.  

This leads us to see more clearly the relation between sensation, instinct, and appetite in animals.  At the beginning 

of our discussion on sensation, we said that sensation is ordered to instinct.  Now we can see how it is ordered 

through appetite.  Appetite comes from the part of the soul that desires and shuns things.  In ourselves sensation 

almost always includes in it either pleasure or pain – and the appetite responds with either inclination or 

disinclination.  Presumably, the same is the case in animals; even if they are not consciously aware of these 

 
 In the Summa Theologiae, St. Thomas Aquinas describes the appetitive power as “a passive power, which is naturally moved 

by the thing apprehended.”  That is to say, there is not much choice involved in an appetite – instead, once the object that 

provokes the appetite is in view, the appetite is produced.  If you have ever experienced the sudden onset of hunger when 

smelling fresh baked pizza from an Italian restaurant, you can easily understand what we mean. 
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inclinations in the same way we are.   They do not just respond to things in an automatic way (as when you push a 

ball up a hill and it rolls back down).  Sensation must strike up in them an “interest” or “aversion” to other things.  

When a termite senses extreme heat in a burning log, it immediately has an aversion for the extreme heat, and its 

instinct directs it to run away.  Other cases may be more complex and may involve not just sensation but also the 

imagination.  When a rabbit sees a fox running after it, it “recognizes” the fox through its memory and imagination, 

and fear of pain springs up.  Its running instinct then kicks in and it races away.  Of course, the same explanation 

may be given in cases of pleasure: for example, when the Sphex finds a grasshopper, its appetite for the grasshopper 

springs up, setting into motion its complex instincts.  Thus, we can sketch out the order of the relationship like this: 

𝑠𝑒𝑛𝑠𝑎𝑡𝑖𝑜𝑛 → ("𝑟𝑒𝑐𝑜𝑔𝑛𝑖𝑡𝑖𝑜𝑛") → 𝑎𝑝𝑝𝑒𝑡𝑖𝑡𝑒 → 𝑖𝑛𝑠𝑡𝑖𝑛𝑐𝑡 

We would then say, “sensation (which sometimes results in a “recognition” of an object or situation) leads to the 

appetite for something (or for the avoidance of that thing) which triggers the action of instinct.”  Nevertheless, these 

very interactions never go beyond the particular sensible things right in front of the animal at a given moment 

(though that moment may be in the past, as we know that animals are capable of memory).   

CRITICAL: Animals cannot see the relation between a cause and its effect and so are not able to make decisions 

in circumstances outside the ordinary paths that instinct lays out.  For example, let us suppose we ask the Sphex 

why it grabs the Ephippiger’s antennae.  Let us further suppose it replies like this: “You silly, ignorant humans!  

Why would you ask that?  I obviously grab the antennae so I can drag the thing.”   To this unkind response (what 

can you expect from a wasp, anyway?), we might reply, “But then, if you claim to understand cause and effect like 

that, why did you not just grab one of the Ephippiger’s legs after Fabre cut off its antennae?  You could have safely 

used the numb leg to drag it, just as well as you used its antennae.”  The wasp then stares at us dumfounded and 

humbled, scratching its head in self-reflection...  We are tempted to rub it in, but we do not.  Thus, we see that there 

are inherent limitations in an animal’s response to sensory information. 

St. Dorothea of Caesarea, fourth century virgin and martyr, makes reference to animals not connecting cause and effect, but 
her purpose is not to teach biology, but instead, an important spiritual lesson.  The lesson is this: she implores us to attribute 
all evils that happen to us as coming from God (yes, even the evil things other people do to us), rather than to the men who 
do the evil.  The saint says, “To act otherwise [that is, to get angry at the person who does the evil] would be to do the same 
as a dog, who vents his anger on the stone instead of putting the blame on the hand that threw it at him.” 46   We do not 
encourage you to throw stones at dogs, but it has been done enough in the past to prove that the dog really does try to bite 
the stone rather than looking around to find the human who threw it, and then to come charging at that person.  

 
46 As quoted by Father Jean Baptiste Saint Jure, S.J. (1588 – 1657), in his spiritual classic, The Knowledge and Love of Our 

Lord Jesus Christ, which book was constantly carried by the great St. John Marie Vianney, the “Cure of Ars.”  
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In the case of voluntary actions, animals use sensory and motor nerves as well as their brain, which is the seat of 

consciousness.  For example, humans with certain spinal cord injuries feel no pain in the legs and cannot move 

them voluntarily; that is, by the conscious action from the brain.  Such facts, of which many have been recorded in 

medical books, prove that there must be uninjured nerves connected with the brain in order to have conscious control 

of some organs.   

When under voluntary control, the animal’s body does not simply react to sensation in the same automatic way that 

a glass will break if you drop it.  Animals can control when and how to move their body (all of these movements 

being, of course, under the domain of instinct and discernment).  The frog watches patiently as the bug crawls 

towards it and then suddenly strikes out at it with his tongue.  Nevertheless, he does this only if he his hungry.  As 

another example, imagine a lion catching sight of a zebra.  If he is not hungry, he might just sit there; but if he is 

hungry, he will be interested.  Does he fly at the zebra right away?  No, he quietly stalks it; then when close enough 

he chases it, following the direction and speed of the zebra as it runs away.  That whole action consists of millions 

of sensory and motor impulses.  The motor impulses to his muscles are all voluntary, springing from his desire to 

eat. 

Summary 

We have seen in our study of man that blood and a mechanism for its circulation are necessary for transfer of 

materials between the living cells and certain organs which communicate with the external world.  All cells must 

have a supply of food and oxygen and must get rid of the excretions resulting from the oxidation of food and cell 

substances.  In all except the simplest animals, there are cells at some distance from the organs that supply oxygen 

and food and cells  far from those that eliminate excretions.  In all such animals, the blood acts as a transporting 

medium in two ways.  First, it carries food and oxygen to the cells from the organs (lungs and digestive organs) 

which obtain these substances directly from the exterior.  Second, it carries excretions from the cells to the organs 

(lungs, skin, and kidneys) which pass them out of the body.  In endotherms the blood is also important in distributing 

heat and maintaining uniform temperature. 

We can also see that the different systems in the body each serve as instruments for the different life powers that an 

animal has.  The digestive and excretory powers help the animal use food; the respiratory system allows the animal 

to breathe; the nervous system is the means by which the animal senses and processes sensations; the muscles aid, 

among other things, in locomotion.  So, all the powers of life have particular sets of organs to help carry out their 

functions. 
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Lesson 22 - Animal Reproduction 

Like Begets Like 

Have you ever seen a cat come from a dog?  Or even a catfish from a trout?  Of course not!  What we see in nature 

over and over again is that each particular kind of animal gives rise to offspring that are fundamentally similar to 

its parents.  This is the first principle of heredity, or the passing on of traits from parents to offspring, and it has 

been aptly described by the phrase “like begets like.”  This makes sense because reproduction is for the sake of 

continuing the existence of a particular kind of animal, not for producing new sorts of animals.  All the individual 

animals end up dying at some point or another, but if the animals produce other animals like themselves, then that 

kind of animal will continue to exist because there will be young animals to replace their parents.   

In most cases of reproduction in animals (and also in 

plants), there are two parents, the female and the male.  

The two sexes play in important biological role; they 

produce male and female reproductive cells, called 

gametes, which will fuse together to form a single cell 

called a zygote.  This zygote is now a new individual 

that did not exist previously!  The zygote has its own 

soul and its own life, separate from both of its parents.  

The fusion of the two gametes is called fertilization, 

and it is usually necessary for the development of a 

new organism.  (There are exceptions; for example, 

some types of insects and plants are able to produce 

female gametes that can develop on their own without 

needing fertilization.  However, fertilization is the 

normal course of developing a new offspring.)  

When reproductive cells do not fuse, they remain a part 

of the original parent and will simply die after a time if 

they are not united with their “missing half.”  This is partly due to the special nature of these cells – they only 

contain half of the DNA that they need to code for a whole organism.  While you will learn more about DNA later, 

for now think of it as a set of instructions that the new zygote uses to build its body according to the same general 

plan as its parents.  This is the physical mechanism that is involved in “like begetting like.”  The instructions 

determine the traits the offspring has, and since each male and female gamete only carries half of the instructions, 

the offspring usually displays a “mixture” of the traits that are visible in the mother and the father.  We will discuss 

this more in the section on genetics, but it is important for you to understand this small introduction to see why it is 

usually necessary to have two parents in order to produce offspring.   

Reproductive Organs in Higher Animals 

In a male frog, the testes are the organs that produce the reproductive gametes.  Like many of the other organs we 

have discussed thus far in the body, they are paired.  The testes have ducts that lead into the kidneys, and there 

connect with little tubes leading to the ureters, and thence to the cloaca to the exterior.  These organs produce the 

male reproductive cells (also called sperm) which fertilize the female gametes. 

 
Figure 22.1: Like Begets Like (Mother and Baby Moose) 

  
US Forest Service [Public domain]  
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In a female frog, the ovaries are the organs 

that produce the reproductive gametes.  

Unlike in the male, these organs are not 

directly connected to a duct leading to the  

cloaca of the body.  Instead, there are ducts 

(called oviducts) that have an open, funnel 

shaped end. The female gametes from the 

ovaries are literally “swept” into the 

funnel by the movement of tiny hair-like 

appendages lining the oviducts (these are 

called cilia).  The oviducts, in turn, open 

into the cloaca, through which the gametes can 

pass to the outside of the body.   

 

The female gametes in the frog are surrounded 

by an envelope of transparent jelly, which is 

secreted by the cells of the oviduct as the 

gametes pass from the ovaries to the exterior.  

Female gametes are also called eggs – though 

this terminology can be a bit confusing because 

sometimes the fertilized zygote along with other important structures for the growing baby animal is referred to as 

an egg!  To avoid confusion, we will use the word “egg” in this text to refer to the collection of yolk, white, and 

developing embryo (that is, to the newly forming baby organism), and we will not use it to refer to gametes. 

Once a gamete is fertilized (becomes a zygote), the cell divides a number of times.  After the single-celled stage, 

the new frog that is developing is called an embryo.  Eventually, when it gets  bigger and hatches out of the egg, it 

is called a tadpole; then when it re-absorbs its tail and grows hind legs, we call it a frog.  Note that while each stage 

of development has a 

specific external form, 

the soul of the animal 

(and thus its nature) does 

not change throughout 

its development.  Thus, 

we can truly say that the 

zygote is a frog, the 

embryo is a frog, the 

tadpole is a frog, and 

the adult frog is also a 

frog.  There are no 

biological or scientific 

grounds to argue that a 

developing animal does 

not belong to the same 

nature and species as its 

parents.  Thus, for 

anyone to argue that a 

human baby developing 

in utero is “not human” 

is a fallacious proposal.  

The baby is human from 

the moment of its 

conception; though we 

 
Figure 22.2: Frog Eggs with Embryos Visible 

  
Geoff Gallice from Gainesville, FL, USA [CC BY 2.0 

(https://creativecommons.org/licenses/by/2.0)]  

  
 

Figure 22.3: Stages in the Life Cycle of the Green Frog (R. clamitans)   
 LadyofHats [CC0]  
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call it by a number of different names to describe its various stages of physical development (first zygote, then 

embryo, then fetus, then baby), yet from biological and theological standpoints, it is never anything other than a 

human being. 

The period of development of any fertilized zygote until the organs are complete is called the embryonic 

development; and the scientific study of such stages of the frog and other animals is animal embryology.  The 

tadpole is often called a larva, and its changes constitute larval development.  All young animals at the hatching 

stage which are quite unlike their parents are said to have larval development.  For example, tadpoles do not have 

the same form as adult frogs, and caterpillars do not have the same form as adult butterflies.  In contrast, all species 

of higher animals have embryonic development, and a large number do not have larval development since their 

eggs develop directly into miniature animals resembling the adults.  For example, it is well known that birds are 

hatched as small birds, and common mammals at birth show the characteristics of their species. 

Oviparous vs. Viviparous Animals 

All animals that lay eggs that develop outside the body of 

the mother animal are called oviparous (common 

examples are frogs, fishes, turtles, etc.).  Such eggs are 

usually protected by special jelly-like coverings (like the 

frog eggs in two images above.) or hard, calcium-based 

shells (as with eggs in a bird’s nest).  We shall see later that 

such oviparous development is very common in the animal 

kingdom, as nearly all organisms in four of the five groups 

of higher animals reproduce this way, and most of the 

lower animals do as well. 

In some species of animals, offspring are retained in the 

oviducts or other specialized cavities of the female until 

embryonic development is completed, and such animals 

are said to give “live birth.”  This does not mean that eggs 

laid by oviparous animals are dead, by any means!  Instead, 

by “live birth” we mean that the young organisms are 

developed well beyond the state of fertilization and most 

are ready for an independent existence as soon as they are 

expelled from the cavity in which embryonic development 

occurred.  Animals that reproduce using such internal 

development are viviparous.  Almost all mammals, except 

the duck-billed platypus and echidnas of Australia, are 

viviparous; as are some snakes, some salamanders, some 

fishes (most notably sharks), and even a few of the lower 

animals. 

Oviparous Development  

Oviparous development happens as an embryo develops completely outside of the body of the mother.  Birds offer 

the most accessible case of oviparous development, so we will examine oviparous development in some detail using 

chickens as our model.   

The female bird’s reproductive cells are microscopic like any other animal’s gametes, but we often think of them 

as quite large because their eggs are so large.  But the egg is a large conglomerate of material, only a tiny bit of 

  
Figure 22.4: Different Sizes, Shapes, Colors, and Patterns in 

Bird Eggs 
Lorenz Oken [Public domain]  
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which (at first) is the developing baby bird.  The bird’s reproductive cells are surrounded by the whites and yolk, 

which are essential for their development, as well as the shell that holds the new organism and its nutritive 

environment together.   

Now we will explain how the bird’s egg is made.  In an ordinary hen the egg starts out as a microscopic female 

gamete cell in the ovary, which grows by gathering yolk around it within a membrane.  The yolk grows to about 

one inch in diameter.  When the yolk has reached its normal size, it leaves the ovary and enters the oviduct in which 

it is fertilized by the male gamete, which have entered through the cloaca during the bird’s mating process.  Cell 

division in the newly made zygote goes on for about a day while the egg is passing through the oviduct to the 

exterior.  During this period the white is formed around the egg, then more membranes, and finally the shell.  At 

this point of development, the egg passes outside the body of the mother bird.   

If no mating has taken place, the egg will not be fertilized by a male gamete and no zygote will form; but the egg 

will continue to pass through the reproductive tract and be surrounded by whites and a shell.  Thus, all kinds of 

birds can lay unfertilized eggs.  If you purchase a carton of eggs at the grocery store, you are most likely going to 

be eating unfertilized eggs. 

Incubation 

Soon after an egg is laid, it cools to below the 

bird’s normal body temperature and 

development pauses.  This allows a bird to lay a 

clutch of eggs on different days, and then they 

can hatch around the same time.  The mother 

bird (or in some species, such as penguins, the 

father bird) re-starts the development of the eggs 

by brooding, or sitting on the eggs, in an 

instinctive behavior very unique to birds.  You 

have probably seen them doing so in nests in 

your backyard trees!  This brooding instinct 

usually appears soon after a female bird has laid 

the eggs.  Since the body of the adult bird is 

warm, the close contact of the bird with its eggs 

raises the temperature of the eggs. Furthermore, 

the feathers of the adult bird keep this heat from 

escaping the eggs, and so they develop at a reasonably constant temperature.  The adult bird even instinctively 

knows if the eggs are getting too warm and will leave the nest for a bit to allow them to cool down.   

The process of applying heat and keeping the eggs at a stable temperature above their surrounding environment is 

called incubation.  In order to develop properly, each bird requires a certain temperature during incubation (about 

100° F/38o C for hens’ eggs).  The time for incubation of bird eggs varies in different birds.  Hens’ eggs hatch in 

three weeks, ducks’ eggs in four weeks, and other birds have either shorter or longer periods of incubation.  When 

the egg has finished developing, the tiny bird inside begins peeping and soon pecks its way out of the shell.   

For many wild birds the season of egg laying comes only once a year, though some species lay two or three clutches 

of eggs in a summer.  The well-fed domesticated hen, on the other hand, may lay from 100 to 200 eggs per year (if 

she is not allowed to waste time and energy by brooding after each clutch of 10 to 20 eggs, as they instinctively 

tend to do).  If the hen’s eggs are collected each day, she will continue to lay eggs in an instinctive effort to make a 

clutch, and the family collecting the eggs will continue to be able to eat omelets year-round! 

 
Figure 22.5: A clutch of barn swallow eggs 

Kati Fleming [CC BY-SA 3.0 (https://creativecommons.org/licenses/by-sa/3.0)]  
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their flanks; the hedgehog rolls herself into a ball; the adder coils himself in a spiral.  In the same way, each 
vegetable species has its own way of sleeping, which differs greatly in different species.  Despite this great 
variety, the behavior of plants at night is, nevertheless, subject to a general law, for we may note, in the leaf, 
a marked tendency to resume, in the night, the position which it occupied in the bud, when, still wrapped in 
downy scales, it slept the profound sleep of infancy.  

For what purpose, then, do the leaves of the plant expand themselves by day and close again at night?  In 
short, what is it that causes plants to sleep or wake?  This is a highly obscure problem, to which are related 
some of the most difficult problems of light.  We know that light plays a great part in these problems, though 
its action is by no means exclusive.  All leaves capable of sleep open in the morning and close at night; all 
expand themselves when the sunlight reappears and all close up when the sun departs.  It is therefore evident 
that the light of the sun, whose influence on vegetable life is in all respects so great, is also a cause of the 
diurnal and nocturnal movements of leaves.  This action of the light has been experimentally proven by 
Decandolle. 

Some Sensitive Plants were placed in a closed room, which was kept all day long, in a state of absolute 
darkness, but at night was lit by six powerful lamps.  Upon this reversal of the normal order of things, which 
turned the day into night, and the night into day, the Sensitive Plants at first hesitated, sometimes opening 
and sometimes closing, without any fixed rule.  Some slept while it was light and others kept awake in the 
darkness; however, after some days of conflict between habit and the new conditions of existence, the plants 
submitted to the artificial alternation of light and darkness.  In the evening, when their day began, they 
expanded; in the morning, when their night began, they closed up. 

The stimulus of light, which, applied in a manner contrary to the normal state of affairs, changes the hours 
of sleep into hours of waking and vice versa, is therefore one of the causes of the movements of leaves; 
but it is not the only cause.  Having subjected certain Sensitive Plants to the continued action of artificial 
light, and others to the continued action of darkness [continual day and continual night], Decandolle 
observed in both cases an alternation of sleeping and waking, but these alternate periods of sleeping and 
waking were shorter than under natural conditions and very irregular.  Thus, an endless day does not prevent 
the plant from sleeping nor does an endless night prevent it from waking.  On the other hand, while the 
Sensitive Plant will reverse its habits and adapt itself to the conditions of the experiment when light and 
darkness alternate in a manner contrary to their natural periodicity, there are plants which are less 
impressionable, which, if subjected to the same ordeal, refuse to make any change in their habits.   

From Fabre’s description, it is clear that plants do alternate between periods of activity and rest; but this should 

come as no surprise to us, for, though they are immobile and often appear insensible, plants are still certainly alive.  

Thus, it should make some sense to us that they are capable of “tiring out” and have periods of lower activity.  But 

is this period of rest or “sleep” really analogous to that of animals?  Let us return to Fabre for his explanation: 
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By virtue of a mechanism necessary to the maintenance of life, a vegetable contains within itself the 
essential cause of the periodical movements of its leaves; light, varying in intensity according to the 
sensitiveness of the plant, evokes these movements but does not produce them.  Further than this, we 
cannot go; the sleep of the plant is inexplicable, as is that of the animal also.  To us it is all the more 
profoundly mysterious because of its dissimilarity to our own sleep.  Plants, indeed, do not sleep in the 
ordinary acceptation of the term; we observe in them merely a return of the leaves to the order in which 
they were in the bud.  This is apparently a sign of repose, of the temporary suspension of the vital activities, 
although the plant’s way of life is quite the contrary of all that repose would seem to demand of us.  The 
slumbering leaves assume forced postures that they retain by virtue of a rigidity, which they do not exhibit 
in the waking state.  If we try to lift a leaf that is 
hanging from its twig asleep, or to press downwards a 
leaf that is sleeping in an erect position, the leaf will 
break off at the point of attachment rather than give 
way.  Compare the rigidity of the slumbering Sensitive 
Plant with the inert flaccidity of the sleeping animal, 
and you will realize that between the sleep of the plant 
and that of the animal there is perhaps nothing in 
common but the name.78 

This phenomenon of responding to changes in the length 

of periods of light is called photoperiodism.  It is most 

often used to describe the behavior of flowering plants, 

which will often only bloom when a certain day length is 

reached (as we mentioned at the beginning of this section).  

Plants that bloom when the day is long and the night is 

short are called long-day plants; plants that bloom under 

the reverse conditions are called short-day plants.  Some 

plants, however, seem impervious to light levels and 

bloom as long as other conditions (such as moisture and temperature) are adequate – these plants are called day-

neutral plants.  Both long- and short-day plants are still affected by these other factors that influence flowering, 

but they will not bloom in otherwise ideal conditions unless they have the proper amount of light.  Some of the 

plants that are sensitive to day length seem to be measuring consecutive hours of light, while others seem to be 

measuring the consecutive hours of darkness.   

Researchers are still unsure exactly how photoperiodism works – but they suspect it has to do with the plant’s 

biological clock and circadian rhythm.  Organisms seem to have an internal “sense” of time – this is often associated 

with changes in protein expression79 in the body.  However, this is one of those overly reductionist explanations 

that does not quite satisfy.  Instead, consider both the photoperiodicity of the plant – how it responds to changes in 

light – as well as your own sleep habits.  Do you find it easier to sleep during the day or during the night?  Have 

you ever wondered why that is?  It is due to your own biological clock, which helps your body to be active at the 

right time and restful at the right time.  When the biological clock is running normally, it establishes what is called 

the circadian rhythm – or the rhythmic repetition of periods of rest and wakefulness.  If you travel into a different 

time zone (or wake up the day after a time change at the “usual” time according to the clock), you will notice that 

you seem to feel tired earlier or later than usual – depending on whether the time zone is “ahead” of your regular 

time or “behind” it.  You may notice some other biological rhythms as well.  The image here shows a schematic of 

human biological rhythms.   

 
78 (Fabre J. , The Wonder Book of Plants, 1924, pp. 208, 211-213) 

79 How much protein is produced in the body in a given amount of time 

 

Figure 30.9: African violets are popular houseplants, in 
part, because they are day-neutral and can bloom all year 

round. 
License to use Creative Commons Zero - CC0 

https://www.peakpx.com/231679/white-pink-african-violets 

https://creativecommons.org/publicdomain/zero/1.0/deed.en
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are dependent upon other organisms – what is less well known is that other organisms, like these scale insects, are 

dependent upon fungi. 

Several species of the fungus Septobasidium and various scale insects (family Coccidae) that inhabit the fungal 
tissue coexist in a manner that is clearly mutualistic.  Septobasidium resembles a thick lichen: it clings tightly 
to the leaves or branches of trees.  The scale insects that inhabit this fungus in some way modify its growth 
in their vicinity, giving it a different texture or color; as a result, some colonies of Septobasidium have a mottled 
surface. 

The insect, which feeds on sap, is attached to the tree by its sucking tube.  The mycelium of the fungus – its 
thick mat of fine threads – shelters the insect from the weather and shields it from birds and parasitic wasps. 
In turn a few of the insects are penetrated by specialized threads, called haustoria, that extract nourishment 
from the insects’ blood.  Scale insects characteristically ingest more sap than they need; the fungus may take 
advantage of this fact by utilizing such nutrients while they are still circulating in the insect’s body. 

Septobasidium is distributed by scale 
insects as well as nourished by 
them; it does not live independently 
in nature.  When the insects are 
young, some of them crawl on the 
surface of the fungus and become 
covered with spores.  A few of the 
contaminated insects migrate to 
new areas on the tree, where they 
insert their sucking tube.  Shielded 
by new mycelium, they survive.  
They are also invaded, however, by 
haustoria from the developing 
spores, and as a result, they do not 
attain maturity and reproduce.  The 
new mutualistic colony is 
nonetheless able to continue 
because uncontaminated insects 
now find shelter in the mycelium.  
In some species of Septobasidium the 
entire process has apparently been 

made more efficient by the development of hollow “insect houses” that attract and hold the migrating scale 
insects.  Thus, the fungus furnishes a shelter for the insects and the insects provide both a food supply and 
a means of dispersal for the fungus.  Some insects are sacrificed for the benefit of the colony as a whole; 
both fungus and insect benefit at the expense of the tree.102 

We see, then, that both the scale insects and fungus would not be able to live if it was not for the help of the other.  In 

almost all cases of mutualism, if the relationship was not there to help both parties, then each species would be 

subject to death without the other’s aid. 

 
102 Adapted from http://docslide.us/documents/the-fungus-gardens-of-insects.html 

 

Figure 2.4: Scale Insects on a Red Currant 
Zapyon / CC BY-SA 3.0 
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Lichens – The Poster Children of Mutualism 

A striking mutualistic relationship is seen between two kinds of 

plants in a unique composite organism called the lichen.  Lichens 

are common on rocks, trunks of trees, old fences, and on the Earth.  

They are thin, usually gray ragged objects, apparently lifeless.  They 

are quite complicated, but we can say a few things about their lives.   

Lichens were formerly supposed to be a distinct or separate division 

of plants.  They are now known to be composites of two different 

organisms: that is, a lichen is a constant association of a fungus and 

an alga (singular of algae).  The thallus of the lichen is ordinarily 

made up of fungous mycelium within which the imprisoned alga is 

evenly distributed.  The result is a growth unlike either component, 

a perfect case of mutualism.  The alga furnishes food both for itself 

and for the fungus by photosynthesis, while the fungus protects the 

alga, so both together are able to accomplish work that neither could 

do independently.  It is not an equal relation, though: the algal cells 

are actually able to live without fungus (though they seem to thrive better with it) but the fungus cannot survive at 

all without the alga. 

Lichens are found in the most inhospitable places, and, by means of acids that they secrete, they attack and slowly 

disintegrate even the hardest rocks.  If there are excess minerals, they can store them to be used for later.  These 

minerals are useful for both the fungus and alga.  Because of this unique ability, they are usually the first organisms 

involved in the gradual process of ecological change called succession, which will be discussed more in detail in 

the next chapter. 

The Oriental Sweetlips 

and Wrasse – More 

Striking Mutualism 

A very unique form of mutualism is seen 

in two fish: the Oriental sweetlips and the 

wrasse.  The Oriental sweetlips occupies 

its niche in the ecosystem by eating clams, 

shrimps, and worms.  For this purpose, it 

needs teeth to grab and clasp its food.  

However, just like your teeth, if the fish’s 

teeth are not brushed, they will rot and fall 

out.  The Oriental sweetlips does not have 

a toothbrush, nor are there many hard 

objects in the ocean it can chew on as a 

dog can to clean his teeth.  So, what does 

it do?  It finds a place by a coral reef, 

called a “cleaning station.”  The blue-

streak wrasses are waiting for it, and when 

it opens its mouth, the blue-streak wrasses swim right into its mouth or gills.  

 

Figure 2.5:  Lichen (Caloplaca thallincola) 
growing on a rock 

Jymm, Public domain, via Wikimedia Commons  

 

Figure 2.6: Small wrasses cleaning a dragon wrasse 
Brocken Inaglory / CC BY-SA 3.0  



Chapter 1:  - Community Ecology 352 

 

 

 The hungry wrasses bite off all the plaque and other undesirable remains on the sweetlips’ teeth.  The Oriental 

sweetlips, which might otherwise be tempted to swallow the little morsel that boldly feeds inside its mouth, 

somehow knows not to bite down on the little fish.  By the time the wrasses have had their fill, the sweetlips’ teeth 

are clean.  Is that not an amazing relationship between two animals? 

The wrasse also conducts cleaning services for other fish, including the pufferfish and even other wrasses.  In the 

last image shown on the previous page, are small wrasses cleaning the gills of a larger wrasse, the dragon wrasse. 

Bacteria in Our Gut 

We will end this lesson with the example of mutualism closest to home.  You may have already known that our 

bodies are hosts to bacteria in our gut, but did you know that there are as many as 500 different kinds of bacteria 

there?  In fact, there are just as many bacterial cells in your gut as there are human cells in your body!  We have a 

mutualistic relationship with these bacteria.  Our gut provides a home for them, and they eat the digested matter 

flowing through the gut.  At the same time, these bacteria provide many benefits for us.  They help extract any 

remaining nutrients still available in feces, and produce important vitamins that the walls of the large intestine can 

absorb.  They also produce acids that act as a food source for the epithelial cells that line our gastrointestinal tract.  

This is important nourishment because the 

large intestines are a nutrient poor 

environment, since the small intestines 

have already extracted most of the 

nutrients from the food we consume. 

In addition, these bacteria aid in our body’s 

response to pathogenic103 bacteria, by 

giving signals to the immune system to kill 

pathogens found in the rest of the body.  Of 

course, nothing is perfect, and sometimes 

the signaling can go awry and can cause 

pathogenic bacteria to flourish, resulting in 

sickness.  Most of the time, though, it 

works to our advantage. 

Our understanding of the mutualism 

between ourselves and the bacteria that 

live in our bodies is still incomplete, with 

new and amazing discoveries being made 

even as you read this paragraph.  Recent 

discoveries have shown us that these 

beneficial bacteria produce chemical signals and protective molecules which are used by our brain, immune system, 

and digestive system to function well and prevent illness.  The contribution of these tiny helpers is so great that 

many biologists now theorize that having fewer mutualistic bacteria – due to less time spent in nature and improper 

or excessive use of antibiotics – is not good for our health.  History suggests that throughout human history as 

people worked on farms, took care of animals, and ate freshly grown fruits and vegetables, good bacteria in the 

surroundings stayed on our skin and in our digestive systems.  In particular, our immune systems especially seem 

to function better in these more traditional situations because of the helpful effects of mutualistic bacteria.  

 
103 (of a bacterium, virus, or other microorganism) causing disease 

 

Figure 2.7: The many roles of mutualistic bacteria 
translated from: Salsero35, CC BY-SA 4.0, via Wikimedia Commons  
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Shrublands 

Shrubland is found in California, along the 

Mediterranean Sea, in parts of Africa, and along the 

southern coast of Australia.  The annual rainfall in this 

biome ranges from 25.6-29.5 inches, and the majority 

of the rain falls in the winter.  Summers are hot and 

very dry, around 100 °F, and many shrub plants are 

dormant during the summertime.  The shrubland 

vegetation, as shown in the image here, is dominated 

by shrubs and is adapted to periodic fires, with some 

plants producing seeds that only germinate after a hot 

fire.  The ashes left behind after a fire are also rich in 

nutrients like nitrogen that fertilize the soil and 

promote plant regrowth.  When you study ecological 

succession in the next lesson, you will see that fire 

can be a natural and healthy part of the balance of an 

ecosystem – particularly in shrublands and grasslands.   

Temperate grasslands 

Temperate grasslands are found 

throughout central North America 

and Eurasia.  They have great 

seasonal fluctuations in temperature, 

with hot summers (between 70 °F 

and 113 °F) and cold winters 

(between -40 °F and 14 °F).  Plant 

growth is possible when 

temperatures are warm enough to 

sustain growth and when ample water 

is available, which occurs in the 

spring, summer, and fall.  During 

much of the winter, temperatures are 

low, and water, which is stored in the form of ice, is not available for plant growth.  Annual precipitation ranges 

from 9.8-29.5 inches.  Because of relatively low annual precipitation in temperate grasslands, there are few trees 

except for those found growing along rivers or streams.  The dominant vegetation tends to consist of a variety of 

grasses, and some prairies sustain populations of grazing animals.  The vegetation is very dense, and the soil is 

fertile because its subsurface is packed with the roots of these grasses, as well as nitrogen and other nutrients from 

the decomposition of dead grasses. 

Fires, mainly caused by lightning, are a common occurrence in temperate grasslands.  Just as in shrublands, fire is 

a natural part of this ecosystem, with a beneficial role when it occurs in moderation.  When fire is suppressed in 

temperate grasslands, the vegetation eventually converts to scrub and dense forests.  Often, the restoration or 

management of temperate grasslands requires the use of controlled burns to suppress the growth of trees and restore 

the balance of grasses in the biome. 

 

Figure 6.7: Australian Shrubland 
Mark Marathon / CC BY-SA 4.0  

 

Figure 6.8: Grassland in Kansas 
Drew Friestedt / CC BY-SA 4.0  
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Temperate forests 

Temperate forests are the most common biome in 

eastern North America, Western Europe, Eastern Asia, 

Chile, and New Zealand.  They have a climate that 

varies from season to season; temperatures range 

between -22 °F to 86 °F and drop below freezing on 

an annual basis.  These changing temperatures mean 

that temperate forests have defined growing seasons 

during the spring, summer, and early fall.  

Precipitation is relatively constant throughout the year 

and ranges between 29.5-59 inches.  Because of the 

moderate annual rainfall and temperatures, large 

deciduous trees are the dominant plant in this biome.  

Deciduous trees lose their leaves each fall, with leaves 

usually changing in color to orange or red as the green 

chlorophyll in the leaves breaks down.  These trees 

remain leafless in the winter.  Each spring, new leaves 

appear as the temperature increases. 

However, temperate forests can also be home to conifer or evergreen trees, those whose leaves are usually in the 

form of needles which they do not lose each year but shed and replace continually (as trees in rainforests do).  

Numerous birds and small mammals find shelter within both types of trees, and decaying logs become food for 

decomposers such as fungi, insects, and bacteria.  This image of an average temperate forest shows a combination 

of deciduous trees – some whose leaves are beginning to change color – and evergreen trees. 

Boreal forests 

The boreal forest, also known as taiga or coniferous forest, is 

found south of the Arctic Circle and across most of Canada, Alaska, 

Russia, and northern Europe.  This biome’s climate also varies 

seasonally, with very cold, dry winters (between -58 °F and 21 °F) 

and short, cool, wet summers (between 40 °F and 68 °F).  The 

annual precipitation ranges from 15.7-39 inches and usually takes 

the form of snow.  Little evaporation occurs because of the cold 

temperatures.  Most of the water in the biome is in the form of ice 

for much of the year.  The long and cold winters in the boreal forest 

have led to the predominance of cold-tolerant conifer trees, such as 

pines, spruce, and fir.  Evergreen trees can photosynthesize earlier 

in the spring than deciduous trees because they do not need to grow 

new leaves and because less energy from the sun is required to 

warm a needle-like leaf than a broad leaf.  Other cold-tolerant 

plants found in boreal forests include small, hardy shrubs and 

mosses.  Lichens are also common within boreal forests, with their 

symbiotic relationship of sharing resources and mutual protection, 

aiding one another to survive the cold, dry environment.  

Boreal forests lack the pronounced layered forest structure seen in 

rainforests.  The structure of a boreal forest is often only a tree layer 

 

Figure 6.9: Temperate Forest 
Auró / CC BY-SA 3.0  

 

Figure 6.10: Canadian Boreal Forest 
Lacombelle / CC BY-SA 4.0  
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of tall conifers and a ground layer of shrubs, lichens, and mosses, which play an important role of covering the soil 

to trap in water and heat. 

Arctic tundra 

The Arctic tundra lies north of the subarctic 

boreal forest and is located throughout the Arctic 

regions of the northern hemisphere.  The average 

winter temperature is -34 °F and the average 

summer temperature is between 37 °F and 52 °F.  

Plants in the arctic tundra have a very short 

growing season of approximately 10-12 weeks in 

the summer – the only time when there is enough 

liquid water and sunlight for growth.  However, 

during this time, there are almost 24 hours of 

daylight and plant growth is rapid.  The annual 

precipitation of the Arctic tundra is very low 

with little annual variation in precipitation.  At 

the same time, there is little evaporation, due to 

the cold temperatures.  The soils of the Arctic 

tundra may remain in a perennially frozen state.  

This makes it impossible for roots to penetrate deep into the soil and slows the decay of organic matter, which 

inhibits the release of nutrients from organic matter.  Thus, plants in the Arctic tundra are generally small and low 

to the ground.  During the growing season, the ground of the Arctic tundra can be completely covered with small 

plants and lichens. 

Continued study of biomes 

Due to their widespread presence, you may live near a temperate forest or grassland – or may have visited one.  If 

not, see if you can identify another biome that you have experienced.  What is the weather typically like from season 

to season – or is it about the same all year round?  What are the most common types of plants you see there?  And 

do you know the names of any of the species?   

Laboratory: Your Local Ecosystem (mini lab)  

The categorization of the world’s ecosystems into the nine major biomes allows us to compare and contrast them 

according to the typical species of plant (and animal) life that can be found in them.  These species are equipped to 

survive and grow in their local conditions, and have adaptations that suit them to the average temperature and 

availability of water, and to a place in the food web specific to the region.  So far, we have only looked at terrestrial 

biomes – we have not even considered aquatic biomes, such as lakes, ponds, rivers, and streams, or marine biomes.  

It is important to note that there is even more variety to ecosystems than we are able to cover in this textbook. 

 

Figure 6.11: Tundra in Nunavut, Canada 
ADialla / CC BY 2.0  
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To begin the process of genetic modification, a new CRISPR protein is “taught” to recognize a particular DNA 

sequence using the corresponding RNA sequence called a guide RNA, which is much like an mRNA molecule.  

The guide RNA matches the part of the gene where a harmful mutation previously occurred, or where a disease 

allele differs from a healthy allele.  When CRISPR is inserted into a cell, it “remembers” the RNA sequence and 

this helps it “find” the DNA sequence that should be edited.  When CRISPR finds the targeted sequence by matching 

up the complementary base pairs, a helper protein attached to CRISPR (called Cas9) cuts out that part of the DNA.  

Then, one of several things can be done to change the genetic 

sequence.   

The rest of the gene can be left to rejoin together at the cut 

ends, now missing a few base pairs in the middle.  This might 

be used to correct an accidental repeat or insertion of extra base 

pairs that occurred in a previous mutation.  Or, a stop codon 

(series of three bases that calls for the end of translation) can 

be inserted at the cut point, stopping the gene at an earlier point.  

This could prevent a harmful gene (for example, one or both 

copies of a recessive allele that causes a genetic disorder) from 

being expressed.  Finally, and this is the most common 

outcome, the removed section is replaced with a different short 

strand of DNA that, when rejoined to the cut ends of the gene, 

will make the sequence of the gene the same as the healthy 

allele.  When the new base pairs are added, the idea is that the 

DNA will no longer be expressed into a malfunctioning protein 

(such as in sickle cell anemia or hemophilia), but rather the 

correctly functioning version of that protein.141 

Many modern biologists argue that gene editing (such as 

CRISPR) should be done in the gametes or embryo, because 

by the time development and growth have finished most of the 

body’s major structures are complete.  This means that some 

aspects of the phenotype are essentially irreversible by this 

point.  

Gene editing at multiple different stages of life is already being done in plants and animals, single-celled and multi-

cellular organisms.  In man, this kind of editing has been proposed but largely not tried (or permitted) for the time 

being, aside from a few renegade experiments.  The problem with this entire process is all of the grave moral 

problems it raises, especially when these practices are applied to humans and particularly to unborn babies. We will 

examine these one at a time, from the general to the particular.  

Genetic Modification as a Principle 

Before we cover the problems with genetic modification specific to man, we should discuss some of the numerous 

issues the process raises no matter what kind of life is being considered.  

First, artificial genetic modification is like no other biological intervention to this date in that it changes the defining 

traits of the organism so fundamentally.  Recall that in natural genetic modification, or the breeding of new varieties, 

traits were presented in new combinations but the genes remained the same as they were before.  This is why the 

offspring of hybrid plants could regain the traits of their purebred ancestors, because those alleles were passed down 

 
141 C.f. (Jennifer A. Doudna, Samuel H. Sternberg, 2017, pp. 87-111) 

Figure 25.3: The process of genetic modification with 
CRISPR 

Edited; original by: Mariuswalter / CC BY-SA 4.0 

(https://creativecommons.org/licenses/by-sa/4.0) 
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intact.  While some genes can be “lost” during the breeding of certain varieties, it is often possible to recover this 

genetic information by crossing these varieties back with a variety that has not lost that trait.  Thus, you will often 

see that mongrel dogs are healthier than their purebred counterparts are, though their phenotypes (and dispositions) 

are not as predictable because of the re-mixing of their genes.  In contrast, during artificial gene editing, the alleles 

themselves are altered – and the effects of this alteration are often unknown because the new allele never existed in 

the modified population of organisms before. 

Keep in mind that artificial genetic modification, or gene editing, is a new scientific development, which has not 

been tested for very long.  Biologists do not understand all there is to know about it – nor about genetics in general.  

Therefore, the potential for mistakes and other unintended effects is high enough to question whether this process 

can really be safe.  Just as with mutations in nature, an error in a single base pair can be enough to cause a genetic 

disorder.  Similarly, the expectation that CRISPR will only cut one location in a gene is based on the assumption 

that that sequence of base pairs occurs only once in all of the organism’s DNA – which is possibly (and most likely) 

not the case.  CRISPR can “accidentally” cut out a part of a different gene with the same or a similar sequence, 

possibly causing more problems than the genetic modification was supposed to solve.  Indeed, this indiscriminate 

cutting and pasting of the genome is exactly what is observed in almost all of the experiments that have been 

conducted using CRISPR. 

Additionally, while biologists do not know all the effects of one gene, they know even less about the complex 

interactions between different genes (such as those involved in regulation).  The modification of a gene for one 

purpose (such as reversing a genetic disorder) could have a multitude of unintended side effects with catastrophic 

results.  For example, biologists might want to change a receptor protein on the surface of a cell so that harmful 

viruses cannot attach to it, but in the process the normal function of the receptor in the cell could be destroyed.  This 

becomes especially significant when the genes being targeted are those involved in early development.  One 

problematic change early on in the embryo’s development, when the basic body plan is being organized and 

individual cells are set to grow (via mitosis) into entire organs, could cause permanent harm or death to that 

organism.   

It is for these reasons that scientists must proceed with extreme caution even when the organism being modified is 

a lower one.  While our responsibilities for their safety are less grave than for that of a human being, we should not 

even be destroying lower organisms without a worthy cause.  To do otherwise would not be appropriate stewardship 

of the lower organisms.  Since man was charged with this stewardship solemnly by God in the Garden of Eden, this 

is not an insignificant concern.  

Gene editing and the soul 

However, even if we were assured that genetic modification could be accomplished in a perfectly safe way (which 

is currently unlikely in any scenario), there are fundamental problems regarding the very nature of the process that 

make it inherently questionable at best.   

As we have previously discussed, the DNA is not equivalent to the soul nor equal to it in organizing power; however, 

the genotype and corresponding phenotype of a living thing says something significant about the form (basic 

identity) of that individual.  This touches on the very nature of the organism in question.  It is because cats have cat 

traits and dogs have dog traits that we are able to identify them for what they are every time; it is the same for every 

other species (and kingdom) of living thing.  As we have mentioned before, the matter (body) of an organism is 

important; a soul cannot arbitrarily inhabit any collection of matter, but only one that is suitable for that particular 

soul to be able to organize.  When the body is no longer able to respond to the ordering of the soul, the organism 

dies.  

Because modern scientists have failed to acknowledge and take into account the existence and workings of the soul 

in their theories and inventions, genetic modification as a principle implies that matter and form are insignificant, 
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that you can change the fundamental genetic traits of an organism (and not just its more external qualities, such as 

in breeding or surgical procedures), and expect it to be the same organism.  In lower animals and plants, biologists 

are already using CRISPR to insert genes from one kind of organism into a completely different kind of organism.  

For example, they have transferred a gene from a firefly, which contains the information for a glowing protein, into 

the chromosomes of a mouse, causing the mouse to glow.  Such an organism is called a chimera.  This kind of 

activity is fundamentally related to an evolutionary worldview – since scientists have abandoned the idea of real 

natures in living things, as we will see in our final chapter, they have no problem tinkering with these natures in 

the lab instead of respecting the limits that God has placed in the natural world and the providential way He has 

created all living things. 

While this is partly a philosophical and theological question, and not only a biological one, we ought to be suspicious 

of the idea of changing the very natures and even some expression of the forms of living things.  Again, the matter 

associated with a form or soul is not arbitrary, but is rather the very expression of the identity of that form.  Genes 

are merely the tools by which the soul organizes the traits of the living thing to properly express its nature.  Even if 

a particular genetic modification does no bodily harm to the observable health of the organism, it always in a way 

enacts an existential damage on the integrity of the form.  Thus, it seems reasonable to assume that we ought not to 

try to replace the things we observe in nature (as opposed to simply refining or utilizing them, as we do when plants 

and animals are farmed or bred).  

Genetic modification in human food 

We have already seen that one harmful consequence of the genetic modification of plants and beasts is the damage 

they do to human health when they are consumed.  Therefore, to produce or to sell these risky products to human 

consumers is a failure of man’s responsibility to care for one another, especially when dealing with something that 

man requires for his sustenance.  Usually, if a car or a cell phone is found to have a significant chance (more than 

normal) of starting a fire when it is being used, it is quickly recalled or taken off the market.  As we have seen, a 

few countries have risen to this responsibility and forbidden the use of GMOs in human food production.  However, 

the vast majority of governments have looked the other way and allowed this 18-billion-dollar industry to continue 

at the expense of human health.  Until something changes, how can we attempt to reduce GMOs in our diet?  We 

can look for non-GMO status on the label of some products, garden with heirloom seeds, or buy more locally grown 

produce that is non-GMO. 

Genetic Modification in Man 

We have mentioned that while not unlimited, the scope of interventions that are acceptable to perform on plants and 

lower animals is obviously broader than what may be reasonably done to man, due to the fact that these organisms 

do not have rational souls.   

Man is the only living thing whose powers of life include knowing the ultimate good and being made for 

supernatural life.  Thus, man has the power and responsibility for moral behavior – doing what is objectively right 

and rejecting what is objectively wrong.  We have a general sense of what is right and wrong through the right use 

of our reason and common sense: what is known as the natural law.  This is clarified and expanded for us through 

faith and what the Church teaches.  Furthermore, every human life has an individual or particular good to a much 

greater extent than other living things do, consistent with the way each rational soul is personally created by God.  

A particular amoeba is, to a certain extent, interchangeable with another.  But a particular human person – for 

example, your friend – is someone’s son, someone’s neighbor, a member of an orchestra, the bearer of a truly unique 

personality and set of talents, and most of all individually called by God to a life of virtue and relationship with 

Him. 
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Thus, we can say without doubt that it is intrinsically wrong to cause harm to another human life, outside of some 

very specific circumstances surrounding prudent self-defense.  One may not intentionally damage the body (matter) 

or offend the nature (form) of a human being, including oneself.  While this applies even where genetic modification 

is intended for the restoration of health (due to the overall risks we have mentioned, which can be so significant that 

such modification borders on recklessness), it especially applies where human genetic modification extends outside 

these boundaries into the area of genetic “enhancement,” which would aim to introduce additional desired traits 

into healthy people (such as intelligence or height).  Such enhancements are not moral; only what repairs damage 

to the original nature may be considered moral, and only if it does not involve significant risk to the person involved.  

In the end, the modern drive for genetic modification and enhancement are based upon the “evolutionary” mindset 

that nature must always be “improving” – and if it is not sufficiently “improved,” then human technology should 

redesign it.  Recall that modern science is largely built upon the viewpoints of the scientists of the 17th century, who 

had in turn been formed by the so-called “Enlightenment” movement.  Influential men of that era, such as Francis 

Bacon, were of the mindset that nature is a machine to be tweaked, modified, improved, in a continual process, 

essentially without any limits or scruples: 

If nature is really an artifact or a machine, then knowledge of nature is essentially engineering, and the truth 
of this knowledge is simply whatever is technically possible.  And if 'natural' really means just 'possible,' 
then it is the exceptions, which reveal what is possible, that define the norm.  But since we can discover the 
ultimate limits of technological possibility only by transgressing the present limits of possibility, the 
technological paradigm142 commits us to a perpetual war against the given limitations of nature….”143   

In the end, artificial genetic modification is based on the false assumption that man has the “right” or even the 

“duty” to change the essentials of living things according to his own ideas.  It claims that the matter (structures) and 

form (whole) of existing life is irrelevant, and thus man may change the nature of life itself.  

Consequences of accepting genetic modification in man 

A drive towards “genetic enhancement” quickly leads to a dangerous climate where persons whose genetic traits 

are determined to be “inferior” by some fallible human standard – from health conditions and disabilities to height, 

looks, intelligence, and strength – are pressured to undergo genetic modification, or else be perceived as a failure 

(and possibly persecuted with more serious consequences).  Easy access to genetic modification within a modern 

philosophical framework leads almost inevitably to a culture in which a “GMO cure” is presented as the solution 

for every human failure, weakness, desire, or dissatisfaction.  In the end, as is all too common within the modern 

scientific paradigm, the body is seen as nothing but an artifact (object) for experimentation as well as attainment of 

lesser worldly ends.  

In contrast, reason allows us to see that our material causes, DNA included, are one part of a larger picture of our 

nature which must be taken into consideration when evaluating any new biological intervention.  We must be aware 

that we are not our own cause – not for any of the four causes – and thus the inherent order within us is not something 

that is ours to alter.  We are not our own material cause, for we have not invented any of the chemicals and 

incredible cell structures which make up our bodies; they are beyond our power to imagine and design no matter 

how much we might convince ourselves otherwise.  To change our DNA is not to modify our own work, but rather 

to presume that we may redesign the work of a superior Artist.  We are also not our own formal cause, for our soul 

and its nature was created by God.  Our souls organize our bodies into purposeful forms which exist in that particular 

 
142 paradigm:  a typical example or pattern of something; a model 

143 Bacon's Novum organum, ed. Thomas Fowler, 2nd ed., corr. & rev. (Oxford:  Clarendon Press, 1889), 343 as quoted on  

http://liberlocorumcommunium.blogspot.com/2016/09/to-generate-and-superinduce-new-nature.html   Bold emphasis is ours. 

http://liberlocorumcommunium.blogspot.com/2016/09/to-generate-and-superinduce-new-nature.html
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