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Chapter 1

Species

Domain
Kingdom
Phylum
A Class
- Order
Family

Genus

Species

The hierarchy of biological classification's eight major taxonomic ranks, which is an
example of definition by genus and differentia. A genus contains one or more species.
Intermediate minor rankings are not shown.

In biology, a species is one of the basic units of biological classification and a taxonomic
rank. A species is often defined as a group of organisms capable of interbreeding and
producing fertile offspring. While in many cases this definition is adequate, more precise
or differing measures are often used, such as similarity of DNA, morphology or
ecological niche. Presence of specific locally adapted traits may further subdivide species
into subspecies.
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The commonly used names for plant and animal taxa sometimes correspond to species:
for example, "lion," "walrus," and "Camphor tree" — each refers to a species. In other
cases common names do not: for example, "deer" refers to a family of 34 species,
including Eld's Deer, Red Deer and Elk (Wapiti). The last two species were once
considered a single species, illustrating how species boundaries may change with
increased scientific knowledge.

Species that are believed to have the same ancestors are grouped together, and this group
is called a genus. A species can only belong to one genus that it was grouped into. The
belief is best checked by a similarity of their DNA, but for practical reasons, other similar
properties are used. For plants similarities of flowers are used. All species are given a two
part name (called a "binomial name" - "bi" for two, "nomial" for name). The first part of
a binomial name is the generic name, the genus of the species. The second part is the
specific name (or specific epithet). For example, Boa constrictor, which is commonly
called by its bionomial name, and is one of five species of the Boa genus. The first part of
the name is capitalized, and the second part has a lower case. The two part name is
written in italics.

A usable definition of the word "species" and reliable methods of identifying particular
species are essential for stating and testing biological theories and for measuring
biodiversity. Traditionally, multiple examples of a proposed species must be studied for
unifying characters before it can be regarded as a species. Extinct species known only
from fossils are generally difficult to assign precise taxonomic rankings.

Because of the difficulties with both defining and tallying the total numbers of different
species in the world, it is estimated that there are anywhere between 2 and 100 million
different species.

Biologists' working definition

A usable definition of the word "species" and reliable methods of identifying particular
species is essential for stating and testing biological theories and for measuring
biodiversity. Traditionally, multiple examples of a proposed species must be studied for
unifying characters before it can be regarded as a species. It is generally difficult to give
precise taxonomic rankings to extinct species known only from fossils.

Some biologists may view species as statistical phenomena, as opposed to the traditional
idea, with a species seen as a class of organisms. In that case, a species is defined as a
separately evolving lineage that forms a single gene pool. Although properties such as
DNA-sequences and morphology are used to help separate closely related lineages, this
definition has fuzzy boundaries. However, the exact definition of the term "species" is
still controversial, particularly in prokaryotes, and this is called the species problem.
Biologists have proposed a range of more precise definitions, but the definition used is a
pragmatic choice that depends on the particularities of the species of concern.

WORLD TECHNOLOGIES




Common names and species

The commonly used names for plant and animal taxa sometimes correspond to species:
for example, "lion", "walrus", and "Camphor tree" — each refers to a species. In other
cases common names do not: for example, "deer" refers to a family of 34 species,
including Eld's Deer, Red Deer and Elk (Wapiti). The last two species were once
considered a single species, illustrating how species boundaries may change with

increased scientific knowledge.

Because of the difficulties with both defining and tallying the total numbers of different
species in the world, it is estimated that there are anywhere between 2 and 100 million
different species.

Placement within genera

Ideally, a species is given a formal, scientific name, although in practice there are very
many unnamed species (which have only been described, not named). When a species is
named, it is placed within a genus. From a scientific point of view this can be regarded as
a hypothesis that the species is more closely related to other species within its genus (if
any) than to species of other genera. Species and genus are usually defined as part of a
larger taxonomic hierarchy. The best-known taxonomic ranks are, in order: life, domain,
kingdom, phylum, class, order, family, genus, and species. This assignment to a genus is
not immutable; later a different (or the same) taxonomist may assign it to a different
genus, in which case the name will also change.

In biological nomenclature, the name for a species is a two-part name (a binomial name),
treated as Latin, although roots from any language can be used as well as names of
locales or individuals. The generic name is listed first (with its leading letter capitalized),
followed by a second term, the specific name (or specific epithet). For example, the
species commonly known as the Longleaf Pine is Pinus palustris; gray wolves belong to
the species Canis lupus, coyotes to Canis latrans, golden jackals to Canis aureus, etc.,
and all of those belong to the genus Canis (which also contains many other species). The
name of the species is the whole binomial, not just the second term (which may be called
the specific name for animals).

This binomial naming convention, later formalized in the biological codes of
nomenclature, was first used by Leonhart Fuchs and introduced as the standard by
Carolus Linnaeus in his 1753, Species Plantarum (followed by his, 1758 Systema
Naturae, 10th edition). At that time, the chief biological theory was that species
represented independent acts of creation by God and were therefore considered
objectively real and immutable, so the hypothesis of common descent did not apply.
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Abbreviated names

Books and articles sometimes intentionally do not identify species fully and use the
abbreviation "sp." in the singular or "spp." in the plural in place of the specific epithet:
for example, Canis sp. This commonly occurs in the following types of situations:

e The authors are confident that some individuals belong to a particular genus but
are not sure to which exact species they belong. This is particularly common in
paleontology.

e The authors use "spp." as a short way of saying that something applies to many
species within a genus, but do not wish to say that it applies to all species within
that genus. If scientists mean that something applies to all species within a genus,
they use the genus name without the specific epithet.

In books and articles, genus and species names are usually printed in italics. If using "sp."
and "spp.", these should not be italicized.

Difficulty of defining "species” and identifying particular species

2 18 %9

The Greenish Warbler demonstrates the concept of a ring species.

It is surprisingly difficult to define the word "species" in a way that applies to all
naturally occurring organisms, and the debate among biologists about how to define
"species" and how to identify actual species is called the species problem. Over two
dozen distinct definitions of "species" are in use amongst biologists.

Most textbooks follow Ernst Mayr's definition of a species as "groups of actually or
potentially interbreeding natural populations, which are reproductively isolated from
other such groups".

Various parts of this definition serve to exclude some unusual or artificial matings:

e Those that occur only in captivity (when the animal's normal mating partners may
not be available) or as a result of deliberate human action
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e Animals that may be physically and physiologically capable of mating but, for
various reasons, do not normally do so in the wild

The typical textbook definition above works well for most multi-celled organisms, but
there are several types of situations in which it breaks down:

o By definition it applies only to organisms that reproduce sexually. So it does not
work for asexually reproducing single-celled organisms and for the relatively few
parthenogenetic multi-celled organisms. The term "phylotype" is often applied to
such organisms.

e Biologists frequently do not know whether two morphologically similar groups of
organisms are "potentially" capable of interbreeding.

o There is considerable variation in the degree to which hybridization may succeed
under natural conditions, or even in the degree to which some organisms use
sexual reproduction between individuals to breed.

o Inring species, members of adjacent populations interbreed successfully but
members of some non-adjacent populations do not.

o Ina few cases it may be physically impossible for animals that are members of
the same species to mate. However, these are cases in which human intervention
has caused gross morphological changes, and are therefore excluded by the
biological species concept.

Horizontal gene transfer makes it even more difficult to define the word "species". There
is strong evidence of horizontal gene transfer between very dissimilar groups of
prokaryotes, and at least occasionally between dissimilar groups of eukaryotes; and
Williamson argues that there is evidence for it in some crustaceans and echinoderms. All
definitions of the word "species" assume that an organism gets all its genes from one or
two parents that are very like that organism, but horizontal gene transfer makes that
assumption false.

Definitions of species

The question of how best to define "species" is one that has occupied biologists for
centuries, and the debate itself has become known as the species problem. Darwin wrote
in chapter II of On the Origin of Species:

No one definition has satisfied all naturalists; yet every naturalist knows vaguely
what he means when he speaks of a species. Generally the term includes the
unknown element of a distinct act of creation.

But later, in The Descent of Man, when addressing "The question whether mankind
consists of one or several species", Darwin revised his opinion to say:

it is a hopeless endeavour to decide this point on sound grounds, until some

definition of the term "species" is generally accepted; and the definition must not
include an element that cannot possibly be ascertained, such as an act of creation.
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The modern theory of evolution depends on a fundamental redefinition of "species". Prior
to Darwin, naturalists viewed species as ideal or general types, which could be
exemplified by an ideal specimen bearing all the traits general to the species. Darwin's
theories shifted attention from uniformity to variation and from the general to the
particular. According to intellectual historian Louis Menand,

Once our attention is redirected to the individual, we need another way of making
generalizations. We are no longer interested in the conformity of an individual to
an ideal type; we are now interested in the relation of an individual to the other
individuals with which it interacts. To generalize about groups of interacting
individuals, we need to drop the language of types and essences, which is
prescriptive (telling us what finches should be), and adopt the language of
statistics and probability, which is predictive (telling us what the average finch,
under specified conditions, is likely to do). Relations will be more important than
categories; functions, which are variable, will be more important than purposes;
transitions will be more important than boundaries; sequences will be more
important than hierarchies.

This shift results in a new approach to "species"; Darwin

concluded that species are what they appear to be: ideas, which are provisionally
useful for naming groups of interacting individuals. "I look at the term species",
he wrote, "as one arbitrarily given for the sake of convenience to a set of
individuals closely resembling each other ... It does not essentially differ from the
word variety, which is given to less distinct and more fluctuating forms. The term
variety, again, in comparison with mere individual differences, is also applied
arbitrarily, and for convenience sake."

Practically, biologists define species as populations of organisms that have a high level of
genetic similarity. This may reflect an adaptation to the same niche, and the transfer of
genetic material from one individual to others, through a variety of possible means. The
exact level of similarity used in such a definition is arbitrary, but this is the most common
definition used for organisms that reproduce asexually (asexual reproduction), such as
some plants and microorganisms.

This lack of any clear species concept in microbiology has led to some authors arguing
that the term "species" is not useful when studying bacterial evolution. Instead they see
genes as moving freely between even distantly related bacteria, with the entire bacterial
domain being a single gene pool. Nevertheless, a kind of rule of thumb has been
established, saying that species of Bacteria or Archaea with 16S rRNA gene sequences
more similar than 97% to each other need to be checked by DNA-DNA Hybridization if
they belong to the same species or not. This concept has been updated recently, saying
that the border of 97% was too low and can be raised to 98.7%.

In the study of sexually reproducing organisms, where genetic material is shared through
the process of reproduction, the ability of two organisms to interbreed and produce fertile
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offspring of both sexes is generally accepted as a simple indicator that the organisms
share enough genes to be considered members of the same species. Thus a "species" is a
group of interbreeding organisms.

This definition can be extended to say that a species is a group of organisms that could
potentially interbreed — fish could still be classed as the same species even if they live in
different lakes, as long as they could still interbreed were they ever to come into contact
with each other. On the other hand, there are many examples of series of three or more
distinct populations, where individuals of the population in the middle can interbreed
with the populations to either side, but individuals of the populations on either side
cannot interbreed. Thus, one could argue that these populations constitute a single
species, or two distinct species. This is not a paradox; it is evidence that species are
defined by gene frequencies, and thus have fuzzy boundaries.

Consequently, any single, universal definition of "species" is necessarily arbitrary.
Instead, biologists have proposed a range of definitions; which definition a biologists
uses is a pragmatic choice, depending on the particularities of that biologist's research.

Typological species
A group of organisms in which individuals are members of the species if they
sufficiently conform to certain fixed properties or "rights of passage". The clusters
of variations or phenotypes within specimens (i.e. longer or shorter tails) would
differentiate the species. This method was used as a "classical" method of
determining species, such as with Linnaeus early in evolutionary theory.
However, we now know that different phenotypes do not always constitute
different species (e.g.: a 4-winged Drosophila born to a 2-winged mother is not a
different species). Species named in this manner are called morphospecies.

Morphological species
A population or group of populations that differs morphologically from other
populations. For example, we can distinguish between a chicken and a duck
because they have different shaped bills and the duck has webbed feet. Species
have been defined in this way since well before the beginning of recorded history.
This species concept is highly criticized because more recent genetic data reveal
that genetically distinct populations may look very similar and, contrarily, large
morphological differences sometimes exist between very closely related
populations. Nonetheless, most species known have been described solely from
morphology.

Biological / Isolation species
A set of actually or potentially interbreeding populations. This is generally a
useful formulation for scientists working with living examples of the higher taxa
like mammals, fish, and birds, but more problematic for organisms that do not
reproduce sexually. The results of breeding experiments done in artificial
conditions may or may not reflect what would happen if the same organisms
encountered each other in the wild, making it difficult to gauge whether or not the
results of such experiments are meaningful in reference to natural populations.

Biological / reproductive species
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Two organisms that are able to reproduce naturally to produce fertile offspring of
both sexes. Organisms that can reproduce but almost always make infertile
hybrids of at least one sex, such as a mule, hinny or F1 male cattalo are not
considered to be the same species.

Recognition species
Based on shared reproductive systems, including mating behavior. The
Recognition concept of species has been introduced by Hugh E. H. Paterson, after
earlier work by Wilhelm Petersen.

Mate-recognition species
A group of organisms that are known to recognize one another as potential mates.
Like the isolation species concept above, it applies only to organisms that
reproduce sexually. Unlike the isolation species concept, it focuses specifically on
pre-mating reproductive isolation.

Evolutionary / Darwinian species
A group of organisms that shares an ancestor; a lineage that maintains its integrity
with respect to other lineages through both time and space. At some point in the
progress of such a group, some members may diverge from the main population
and evolve into a subspecies, a process that eventually will lead to the formation
of a new full species if isolation (geographical or ecological) is maintained.

Phylogenetic (Cladistic)
A group of organisms that shares an ancestor; a lineage that maintains its integrity
with respect to other lineages through both time and space. At some point in the
progress of such a group, members may diverge from one another: when such a
divergence becomes sufficiently clear, the two populations are regarded as
separate species. This differs from evolutionary species in that the parent species
goes extinct taxonomically when a new species evolve, the mother and daughter
populations now forming two new species. Subspecies as such are not recognized
under this approach; either a population is a phylogenetic species or it is not
taxonomically distinguishable.

Ecological species
A set of organisms adapted to a particular set of resources, called a niche, in the
environment. According to this concept, populations form the discrete phonetic
clusters that we recognize as species because the ecological and evolutionary
processes controlling how resources are divided up tend to produce those clusters.

Genetic species
Based on similarity of DNA of individuals or populations. Techniques to compare
similarity of DNA include DNA-DNA hybridization, and genetic fingerprinting
(or DNA barcoding).

Phenetic species
Based on phenotypes.

Microspecies
Species that reproduce without meiosis or fertilization so that each generation is
genetically identical to the previous generation.

Cohesion species
Most inclusive population of individuals having the potential for phenotypic
cohesion through intrinsic cohesion mechanisms. This is an expansion of the
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mate-recognition species concept to allow for post-mating isolation mechanisms;
no matter whether populations can hybridize successfully, they are still distinct
cohesion species if the amount of hybridization is insufficient to completely mix
their respective gene pools.

Evolutionarily Significant Unit (ESU)
An evolutionarily significant unit is a population of organisms that is considered
distinct for purposes of conservation. Often referred to as a species or a wildlife
species, an ESU also has several possible definitions, which coincide with
definitions of species.

In practice, these definitions often coincide, and the differences between them are more a
matter of emphasis than of outright contradiction. Nevertheless, no species concept yet
proposed is entirely objective, or can be applied in all cases without resorting to
judgment. Given the complexity of life, some have argued that such an objective
definition is in all likelihood impossible, and biologists should settle for the most
practical definition.

For most vertebrates, this is the biological species concept (BSC), and to a lesser extent
(or for different purposes) the phylogenetic species concept (PSC). Many BSC subspecies
are considered species under the PSC; the difference between the BSC and the PSC can
be summed up insofar as that the BSC defines a species as a consequence of manifest
evolutionary history, while the PSC defines a species as a consequence of manifest
evolutionary potential. Thus, a PSC species is "made" as soon as an evolutionary linecage
has started to separate, while a BSC species starts to exist only when the lineage
separation is complete. Accordingly, there can be considerable conflict between
alternative classifications based upon the PSC versus BSC, as they differ completely in
their treatment of taxa that would be considered subspecies under the latter model (e.g.,
the numerous subspecies of honey bees).
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Numbers of species

Species number
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Discovered species:
Insects: 950000
Plants: 270000

Arachnids: 75000
Mushrooms: 72000

Mollusca: 80000
Vertebrates: 56000

Algae: 40000
Protozoa: 30000
Crustaceans: 73000

Other invertebrates: 120000

To discover:

Insects: 8850000
Plants: 380000

Arachnids: 740000
Mushrooms: 470000
Mollusca: 250000

Vertebrates: 681000
Algae: 400000
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Protozoa: 210000
Crustaceans: 180000
Other invertebrates: 400000

4,500,000

discovered/to discaver spacies

2,000,000

Undiscovered and discovered species

Bearing in mind the aforementioned problems with categorising species, the following
numbers are only a soft guide. In 2007, they broke down as follows:

Total number of species (estimated): 7-100 millions (identified and unidentified),

including:

e 5-10 million bacteria;
e 74,000-120,000 fungi;

Of the identified eukaryote species we have:

e 1.6 million, including:
o 297,326 plants, including:

15,000 mosses,

13,025 Ferns and horsetails,
980 gymnosperms,

258,650 angiosperms,

= 199,350 dicotyledons,
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* 59,300 monocotyledons,
= 9,671 Red and green algae,
o 28,849 fungi & other non-animals, including:
= 10,000 lichens,
= 16,000 mushrooms,
= 2,849 brown algae,
o 1,250,000 animals, including:
= 1,203,375 invertebrates:
= 950,000 insects,
= 81,000 mollusks,
= 40,000 crustaceans,
= 2,175 corals,
= 130,200 others;
= 59,811 vertebrates:
= 29,300 fish,
= 6,199 amphibians,
= 8,240 reptiles,
= 9,956 birds,
= 5,416 mammals

At present, organisations such as the Global Taxonomy Initiative, the European
Distributed Institute of Taxonomy and the Census of Marine Life (the latter only for
marine organisms) are trying to improve taxonomy and implement previously
undiscovered species to the taxonomy system. Because we know but a portion of the
organisms in the biosphere, we do not have a complete understanding of the workings of
our environment. To make matters worse, despite the discovery of new species,
according to professor James Mallet, we are wiping out these species at an unprecedented
rate. This means that even before a new species has had the chance of being studied and
classified, it may already be extinct.

Importance in biological classification

The idea of species has a long history. It is one of the most important levels of
classification, for several reasons:

e It often corresponds to what lay people treat as the different basic kinds of
organism — dogs are one species, cats another.

e It is the standard binomial nomenclature (or trinomial nomenclature) by which
scientists typically refer to organisms.

o [t is the highest taxonomic level that cannot be made more or less inclusionary.

After years of use, the concept remains central to biology and a host of related fields, and
yet also remains at times ill-defined.
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Implications of assignment of species status

The naming of a particular species may be regarded as a hypothesis about the
evolutionary relationships and distinguishability of that group of organisms. As further
information comes to hand, the hypothesis may be confirmed or refuted. Sometimes,
especially in the past when communication was more difficult, taxonomists working in
isolation have given two distinct names to individual organisms later identified as the
same species. When two named species are discovered to be of the same species, the
older species name is usually retained, and the newer species name dropped, a process
called synonymization, or colloquially, as lumping. Dividing a taxon into multiple, often
new, taxons is called splitting. Taxonomists are often referred to as "lumpers" or
"splitters" by their colleagues, depending on their personal approach to recognizing
differences or commonalities between organisms.

Traditionally, researchers relied on observations of anatomical differences, and on
observations of whether different populations were able to interbreed successfully, to
distinguish species; both anatomy and breeding behavior are still important to assigning
species status. As a result of the revolutionary (and still ongoing) advance in
microbiological research techniques, including DNA analysis, in the last few decades, a
great deal of additional knowledge about the differences and similarities between species
has become available. Many populations formerly regarded as separate species are now
considered a single taxon, and many formerly grouped populations have been split. Any
taxonomic level (species, genus, family, etc.) can be synonymized or split, and at higher
taxonomic levels, these revisions have been still more profound.

From a taxonomical point of view, groups within a species can be defined as being of a
taxon hierarchically lower than a species. In zoology only the subspecies is used, while in
botany the variety, subvariety, and form are used as well. In conservation biology, the
concept of evolutionary significant units (ESU) is used, which may be define either
species or smaller distinct population segments. Identifying and naming species is the
providence of alpha taxonomy.
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Historical development of the species concept

Linnaeus believed in the fixity of species.

In the earliest works of science, a species was simply an individual organism that
represented a group of similar or nearly identical organisms. No other relationships
beyond that group were implied. Aristotle used the words genus and species to mean
generic and specific categories. Aristotle and other pre-Darwinian scientists took the
species to be distinct and unchanging, with an "essence", like the chemical elements.
When early observers began to develop systems of organization for living things, they
began to place formerly isolated species into a context. Many of these early delineation
schemes would now be considered whimsical and these included consanguinity based on
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color (all plants with yellow flowers) or behavior (snakes, scorpions and certain biting
ants).

In the 18th century Swedish scientist Carolus Linnaeus classified organisms according to
differences in the form of reproductive apparatus. Although his system of classification
sorts organisms according to degrees of similarity, it made no claims about the
relationship between similar species. At that time, it was still widely believed that there
was no organic connection between species, no matter how similar they appeared. This
approach also suggested a type of idealism: the notion that each species existed as an
"ideal form". Although there are always differences (although sometimes minute)
between individual organisms, Linnaeus considered such variation problematic. He
strove to identify individual organisms that were exemplary of the species, and
considered other non-exemplary organisms to be deviant and imperfect.

By the 19th century most naturalists understood that species could change form over
time, and that the history of the planet provided enough time for major changes. Jean-
Baptiste Lamarck, in his 1809 Zoological Philosophy, offered one of the first logical
arguments against creationism. The new emphasis was on determining #ow a species
could change over time. Lamarck suggested that an organism could pass on an acquired
trait to its offspring, i.e., the giraffe's long neck was attributed to generations of giraffes
stretching to reach the leaves of higher treetops (this well-known and simplistic example,
however, does not do justice to the breadth and subtlety of Lamarck's ideas). With the
acceptance of the natural selection idea of Charles Darwin in the 1860s, however,
Lamarck's view of goal-oriented evolution, also known as a teleological process, was
eclipsed. Recent interest in inheritance of acquired characteristics centers around
epigenetic processes, e.g. methylation, that do not affect DNA sequences, but instead
alter expression in an inheritable manner. Thus, neo-lamarckism, as it is sometimes
termed, is not a challenge to the theory of evolution by natural selection.

Charles Darwin and Alfred Wallace provided what scientists now consider as the most
powerful and compelling theory of evolution. Darwin argued that it was populations that
evolved, not individuals. His argument relied on a radical shift in perspective from that of
Linnaeus: rather than defining species in ideal terms (and searching for an ideal
representative and rejecting deviations), Darwin considered variation among individuals
to be natural. He further argued that variation, far from being problematic, actually
provides the explanation for the existence of distinct species.

Darwin's work drew on Thomas Malthus' insight that the rate of growth of a biological
population will always outpace the rate of growth of the resources in the environment,
such as the food supply. As a result, Darwin argued, not all the members of a population
will be able to survive and reproduce. Those that did will, on average, be the ones
possessing variations—however slight—that make them slightly better adapted to the
environment. If these variable traits are heritable, then the offspring of the survivors will
also possess them. Thus, over many generations, adaptive variations will accumulate in
the population, while counter-adaptive traits will tend to be eliminated.
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Whether a variation is adaptive or non-adaptive depends on the environment: different
environments favor different traits. Since the environment effectively selects which
organisms live to reproduce, it is the environment (the "fight for existence") that selects
the traits to be passed on. This is the theory of evolution by natural selection. In this
model, the length of a giraffe's neck would be explained by positing that proto-giraffes
with longer necks would have had a significant reproductive advantage to those with
shorter necks. Over many generations, the entire population would be a species of long-
necked animals.

In 1859, when Darwin published his theory of natural selection, the mechanism behind
the inheritance of individual traits was unknown. Although Darwin made some
speculations on how traits are inherited (pangenesis), his theory relies only on the fact
that inheritable traits exist, and are variable (which makes his accomplishment even more
remarkable.) Although Gregor Mendel's paper on genetics was published in 1866, its
significance was not recognized. It was not until 1900 that his work was rediscovered by
Hugo de Vries, Carl Correns and Erich von Tschermak, who realised that the "inheritable
traits" in Darwin's theory are genes.

The theory of the evolution of species through natural selection has two important
implications for discussions of species—consequences that fundamentally challenge the
assumptions behind Linnaeus' taxonomy. First, it suggests that species are not just
similar, they may actually be related. Some students of Darwin argue that a// species are
descended from a common ancestor. Second, it supposes that "species" are not
homogeneous, fixed, permanent things; members of a species are all different, and over
time species change. This suggests that species do not have any clear boundaries but are
rather momentary statistical effects of constantly changing gene-frequencies. One may
still use Linnaeus' taxonomy to identify individual plants and animals, but one can no
longer think of species as independent and immutable.

The rise of a new species from a parental line is called speciation. There is no clear line
demarcating the ancestral species from the descendant species.

Although the current scientific understanding of species suggests that there is no rigorous
and comprehensive way to distinguish between different species in all cases, biologists
continue to seek concrete ways to operationalize the idea. One of the most popular
biological definitions of species is in terms of reproductive isolation; if two creatures
cannot reproduce to produce fertile offspring of both sexes, then they are in different
species. This definition captures a number of intuitive species boundaries, but it remains
imperfect. It has nothing to say about species that reproduce asexually, for example, and
it is very difficult to apply to extinct species. Moreover, boundaries between species are
often fuzzy: there are examples where members of one population can produce fertile
offspring of both sexes with a second population, and members of the second population
can produce fertile offspring of both sexes with members of a third population, but
members of the first and third population cannot produce fertile offspring, or can only
produce fertile offspring of the homozygous sex. Consequently, some people reject this
definition of a species.
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Richard Dawkins defines two organisms as conspecific if and only if they have the same
number of chromosomes and, for each chromosome, both organisms have the same
number of nucleotides (The Blind Watchmaker, p. 118). However, most if not all
taxonomists would strongly disagree. For example, in many amphibians, most notably in
New Zealand's Leiopelma frogs, the genome consists of "core" chromosomes that are
mostly invariable and accessory chromosomes, of which exist a number of possible
combinations. Even though the chromosome numbers are highly variable between
populations, these can interbreed successfully and form a single evolutionary unit. In
plants, polyploidy is extremely commonplace with few restrictions on interbreeding; as
individuals with an odd number of chromosome sets are usually sterile, depending on the
actual number of chromosome sets present, this results in the odd situation where some
individuals of the same evolutionary unit can interbreed with certain others and some
cannot, with all populations being eventually linked as to form a common gene pool.

The classification of species has been profoundly affected by technological advances that
have allowed researchers to determine relatedness based on molecular markers, starting
with the comparatively crude blood plasma precipitation assays in the mid-20th century
to Charles Sibley's ground-breaking DNA-DNA hybridization studies in the 1970s
leading to DNA sequencing techniques. The results of these techniques caused
revolutionary changes in the higher taxonomic categories (such as phyla and classes),
resulting in the reordering of many branches of the phylogenetic tree. For taxonomic
categories below genera, the results have been mixed so far; the pace of evolutionary
change on the molecular level is rather slow, yielding clear differences only after
considerable periods of reproductive separation. DNA-DNA hybridization results have
led to misleading conclusions, the Pomarine Skua — Great Skua phenomenon being a
famous example. Turtles have been determined to evolve with just one-eighth of the
speed of other reptiles on the molecular level, and the rate of molecular evolution in
albatrosses is half of what is found in the rather closely related storm-petrels. The
hybridization technique is now obsolete and is replaced by more reliable computational
approaches for sequence comparison. Molecular taxonomy is not directly based on the
evolutionary processes, but rather on the overall change brought upon by these processes.
The processes that lead to the generation and maintenance of variation such as mutation,
crossover and selection are not uniform. DNA is only extremely rarely a direct target of
natural selection rather than changes in the DNA sequence enduring over generations
being a result of the latter; for example, silent transition-transversion combinations would
alter the melting point of the DNA sequence, but not the sequence of the encoded
proteins and thus are a possible example where, for example in microorganisms, a
mutation confers a change in fitness all by itself.

Species as taxa

The scientific name of a species (often of Latin or Greek origin) in the binominal
nomenclature introduced by Carl Linnaeus in 1753 is composed of two parts, which are
written in italic font and for which there are different expressions in botany and zoology.
The first part of that name is spelled upper case and is in both disciplines known as the
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genus name (also called the generic name). The second part is always spelled lower case
and in botany it is called the specific epithet.

e Example: in the European beech (Fagus sylvatica) the component Fagus refers to
the genus, sylvatica is the specific epithet.

In zoology, the second part is called the specific name.

o Example: in the lion (Panthera leo) the component Panthera refers to the genus,
leo is the specific name.

The scientific name is completed when authors, years and parentheses are added.

In botany the name of the author is usually abbreviated, for example "L." stands for
"Linnaeus".

o Example: shiitake Lentinula edodes (Berk.) Pegler
M. J. Berkeley was the first to describe the species, D. Pegler has placed it into
the currently used system.

In zoology, the addition of author and year are optional, Panthera leo is thus an entirely
correct name. The International Code of Zoological Nomenclature prescribes how to add
author(s) (if possible not abbreviated) and year (or author alone without year). If the
species is cited in different genus than the one in which it was originally described,
author(s) and year are given in parentheses. Between author and year often a comma is
set (but not required).

o Example: lion Panthera leo (Linnaeus, 1758)
Carl Nilsson Linnzus described the lion first and as Felis leo. The person who
first placed the lion in the genus Panthera Oken, 1816 is not relevant in zoology.
Instead of Linnaus, usually Linnaeus is spelled.
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Chapter 2

Vertebrate

Vertebrates
Temporal range: Cambrian-Recent,
525-0 Ma

Individual organisms from each major
vertebrate group. Clockwise, starting
from top left:

Fire Salamander, Saltwater Crocodile,
Southern Cassowary, Black-and-
rufous Giant Elephant Shrew, Ocean

Sunfish
Scientific classification [ e |
Kingdom: Animalia
Phylum: Chordata
(unranked): Craniata
Vertebrata

Subphylum: Cuvier, 1812

Simplified grouping
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e Fishes
e Tetrapods

Vertebrates are members of the subphylum Vertebrata, chordates with backbones and
spinal columns. About 58,000 species of vertebrates have been currently described.
Vertebrata is the largest subphylum of chordates, and contains many familiar groups of
large land animals. Vertebrates are the animals from the groups of jawless fishes, bony
fishes, sharks and rays, amphibians, reptiles, mammals, and birds. Extant vertebrates
range in size from the carp species Paedocypris, at as little as 7.9 mm (0.3 inch), to the
Blue Whale, at up to 33 m (110 ft). Vertebrates make up about 5% of all described
animal species; the rest are invertebrates, which lack backbones.

The vertebrates traditionally include the hagfish, which do not have proper vertebrae,
though their closest living relatives, the lampreys, do have vertebrae. For this reason, the
vertebrate subphylum is sometimes referred to as "Craniata", as all members do possess a
cranium.

Etymology

The word vertebrate derives from the Latin word vertebratus (Pliny), meaning joint of
the spine. It is closely related to the word vertebra, which refers to any of the bones or
segments of the spinal column.

Anatomy and morphology

All vertebrates are built along the basic chordate body plan: a stiff rod running through
the length of the animal (vertebral column or notochord), with a hollow tube of nervous
tissue (the spinal cord) above it and the gastrointestinal tract below. In all vertebrates the
mouth is found at or right below the anterior end of the animal, while the anus opens to
the exterior before the end of the body. The remaining part of the body continuing aft of
the anus forms a tail with vertebrae and spinal cord, but no gut.

The defining characteristic of a vertebrate is the vertebral column, in which the notochord
(a stiff rod of uniform composition) has been replaced by a segmented series of stiffer
elements (vertebrae) separated by mobile joints (intervertebral discs, derived
embryonically and evolutionarily from the notochord). However, a few vertebrates have
secondarily lost this anatomy, retaining the notochord into adulthood, as in the sturgeon
and the Latimeria. Jawed vertebrates are typified by paired appendages (fins or legs,
which may be secondarily lost), but this is not part of the definition of vertebrates as a
whole.
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Fossilized skeleton of Diplodocus, showing an extreme example of the backbone that
characterizes the vertebrates. Exhibited at the Museum fiir Naturkunde (Museum of
Natural Science), Berlin.

Evolutionary history

Vertebrates originated about 525 million years ago during the Cambrian explosion, which
was an event of massive rise in organism diversity that occurred in the Cambrian period.
The earliest known vertebrate is believed to be the Myllokunmingia. Molecular analysis
since 1999 have suggested that the hagfishes are most closely related to lampreys, and so
also are vertebrates. Others consider them a sister group of vertebrates in the common
taxon of Craniata. Another early vertebrate is Haikouichthys ercaicunensis, also from the
Chengjiang fauna 524 million years ago. All of these groups lacked a jaw in the common
sense.

The first jawed vertebrates appeared in the Ordovician and became common in the
Devonian, often known as the "Age of Fishes". The two groups of bony fishes, the
actinopterygii and sarcopterygii, evolved and became common. The Devonian also saw
the demise of virtually all jawless fishes, save for lampreys and hagfish, as well as the
rise of the first labyrinthodonts, transitional between fish and amphibians. The
Placodermi, a group of fishes that dominated much of the late Silurian and the majority of
the Devonian period, also became extinct at the end of the Devonian.

The reptiles appeared from labyrinthodont stock in the subsequent Carboniferous period.
The anapsid and synapsid reptiles were common during the late Paleozoic, while the
diapsids became dominant during the Mesozoic. The dinosaurs gave rise to the birds in
the Jurassic. The demise of the dinosaurs at the end of the Cretaceous promoted
expansion of the mammals, which had developed from the therapsids, a group of
synapsid reptiles, during the Late Triassic Period. The post-dinosaur world have seen
great diversification of bony fishes, frogs, birds and mammals.

Over half of all living vertebrate species (about 32,000 species) are fishes (non-tetrapod
craniates), a diverse set of lineages that inhabit all the world’s aquatic ecosystems, from
snow minnows (Cypriniformes) in Himalayan lakes at elevations over 4,600 meters
(15,000 feet) to flatfishes (order Pleuronectiformes) in the Challenger Deep, the deepest
ocean trench at about 11,000 meters (36,000 feet). Fishes of myriad varieties are the main
predators in most of the world’s water bodies, both freshwater and marine. The rest of the
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vertebrate species are tetrapods, a single lineage that includes amphibians (frogs, with
more than 5,800 species; salamanders, with about 580 species; and caecilians, with about
175 species); mammals (with over 5,400 species); and reptiles and birds (with more than
18,000 species). Tetrapods dominate the megafauna of most terrestrial environments
(including fossorial and arboreal realms) and also include many partially or fully aquatic
groups (e.g., sea snakes, penguins, cetaceans).

Classification

There are several ways of classifying animals. Evolutionary systematics relies on
anatomy, physiology and evolutionary history, which is determined through similarities
in anatomy and, if possible, the genetics of organisms. Phylogenetic classification is
based solely on phylogeny. Evolutionary systematics gives an overview; phylogenetic
systematics gives detail. The two systems are thus complementary rather than opposed.

W

50 families

Traditional classification

CEN.

Tert

Cre

Jur

MESOZOICUM

Tri

Per

Crb

Dev

Sil

PALAEOZOICUM

Ord

VERTEBRATA

Cmb

Traditional spindle diagram of the evolution of the vertebrates at class level.

Conventional classification has living vertebrates grouped into seven classes based on
traditional interpretations of gross anatomical and physiological traits. This classification
is the one most commonly encountered in school textbooks, overviews, non-specialist,
and popular works:
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e Subphylum Vertebrata

Class Agnatha (jawless fish)

Class Chondrichthyes (cartilaginous fishes)
Class Osteichthyes (bony fishes)

Class Amphibia (amphibians)

Class Reptilia (reptiles)

Class Aves (birds)

Class Mammalia (mammals)

O O O O 0O O O

While this traditional classification is orderly most of the groups are paraphyletic, i.e. do
not contain all descendants of the class's common ancestor. Descendants of the first
reptiles do for instance include the birds and mammals as well as reptiles. Quite a few
scientists working with vertebrates use a classification based purely on phylogeny,
organized by their known evolutionary history and sometimes disregarding the
conventional interpretations of their anatomy and physiology. An example based on
Janvier (1981, 1997), Shu et al. (2003), and Benton (2004) is given here:

e Subphylum Vertebrata
o Superclass Agnatha or Cephalaspidomorphi (lampreys and other jawless
fishes, some ancestral to other vertebrates)
o Infraphylum Gnathostomata (vertebrates with jaws)
= C(lass tPlacodermi (extinct armoured fishes)
= Class Chondrichthyes (cartilaginous fishes)
= C(lass TAcanthodii (extinct spiny "sharks")
= Superclass Osteichthyes (bony fishes)
= C(lass Actinopterygii (ray-finned bony fishes)
= Class Sarcopterygii (lobe-finned fishes, some ancestral to
tetrapods)
= Superclass Tetrapoda (four-limbed vertebrates)
= (Class Amphibia (amphibians, some ancestral to the
amniotes)
= C(Class TSynapsida (extinct mammal-like "reptiles", some
ancestral to mammals, sometimes classed with Reptilia)
*= (Class Mammalia (mammals)
= Class Reptilia (reptiles, some ancestral to birds)
= Class Aves (birds)

Most of the classes listed are not "complete" taxa: the agnathans have given rise to the
jawed vertebrates; the bony fishes have given rise to the land vertebrates; the traditional
"amphibians" have given rise to the reptiles (traditionally including the mammal-like
"reptiles"), which in turn have given rise to the birds and mammals.
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Phylogenetic relationships

In phylogenetic taxonomy, the relationships between animals are not typically divided
into ranks, but illustrated as a nested "family tree" known as a cladogram. Phylogenetic
groups are given definitions based on their relationship to one another, rather than purely
on physical traits such as the presence of a backbone. This nesting pattern is often
combined with traditional taxonomy (as above), in a practice known as evolutionary
taxonomy.
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Chapter 3

Animal

Animals

Temporal range: Ediacaran - Recent
e o i
Scientific classification
Domain: Eukarya
(unranked) Opisthokonta
(unranked) Holozoa
(unranked) Filozoa
. . Animalia
Kingdom: Linnaeus, 1758
Phyla

e Subkingdom Parazoa
o Porifera
o Placozoa
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e Subkingdom Eumetazoa
o Radiata (unranked)
= (Ctenophora
» Cnidaria
o Bilateria (unranked)
= Orthonectida
= Rhombozoa
= Acoelomorpha
» Chaetognatha
* Superphylum Deuterostomia
= Chordata
= Hemichordata
» Echinodermata
= Xenoturbellida
* Vetulicolia
= Protostomia (unranked)
* Superphylum Ecdysozoa
» Kinorhyncha
= Loricifera
» Priapulida
= Nematoda
* Nematomorpha
= Lobopodia
* Onychophora
= Tardigrada
» Arthropoda
* Superphylum Platyzoa
= Platyhelminthes
= Qastrotricha
» Rotifera
» Acanthocephala
* Gnathostomulida
* Micrognathozoa
= Cycliophora
* Superphylum Lophotrochozoa
= Sipuncula
= Hyolitha
= Nemertea
= Phoronida
= Bryozoa
= Entoprocta
= Brachiopoda
= Mollusca
* Annelida
= Echiura

WORLD TECHNOLOGIES




Animals are a major group of multicellular, eukaryotic organisms of the kingdom
Animalia or Metazoa. Their body plan eventually becomes fixed as they develop,
although some undergo a process of metamorphosis later on in their life. Most animals
are motile, meaning they can move spontaneously and independently. All animals are
also heterotrophs, meaning they must ingest other organisms for sustenance.

Most known animal phyla appeared in the fossil record as marine species during the
Cambrian explosion, about 542 million years ago.

Etymology

The word "animal" comes from the Latin word animalis, meaning "having breath". In
everyday colloquial usage, the word usually refers to non-human animals. Frequently,
only closer relatives of humans such as mammals and other vertebrates are meant in
colloquial use. The biological definition of the word refers to all members of the kingdom
Animalia, encompassing creatures as diverse as sponges, jellyfish, insects and humans.

Characteristics

Animals have several characteristics that set them apart from other living things. Animals
are eukaryotic and mostly multicellular, which separates them from bacteria and most
protists. They are heterotrophic, generally digesting food in an internal chamber, which
separates them from plants and algae. They are also distinguished from plants, algae, and
fungi by lacking rigid cell walls. All animals are motile, if only at certain life stages. In
most animals, embryos pass through a blastula stage, which is a characteristic exclusive
to animals.

Structure

With a few exceptions, most notably the sponges (Phylum Porifera) and Placozoa,
animals have bodies differentiated into separate tissues. These include muscles, which are
able to contract and control locomotion, and nerve tissues, which send and process
signals. Typically, there is also an internal digestive chamber, with one or two openings.
Animals with this sort of organization are called metazoans, or eumetazoans when the
former is used for animals in general.

All animals have eukaryotic cells, surrounded by a characteristic extracellular matrix
composed of collagen and elastic glycoproteins. This may be calcified to form structures
like shells , bones, and spicules. During development, it forms a relatively flexible
framework upon which cells can move about and be reorganized, making complex
structures possible. In contrast, other multicellular organisms, like plants and fungi, have
cells held in place by cell walls, and so develop by progressive growth. Also, unique to
animal cells are the following intercellular junctions: tight junctions, gap junctions, and
desmosomes.
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Reproduction and development

A newt lung cell stained with fluorescent dyes undergoing mitosis, specifically early
anaphase

Nearly all animals undergo some form of sexual reproduction. They have a few
specialized reproductive cells, which undergo meiosis to produce smaller, motile
spermatozoa or larger, non-motile ova. These fuse to form zygotes, which develop into
new individuals.

Many animals are also capable of asexual reproduction. This may take place through
parthenogenesis, where fertile eggs are produced without mating, budding, or
fragmentation.

A zygote initially develops into a hollow sphere, called a blastula, which undergoes
rearrangement and differentiation. In sponges, blastula larvae swim to a new location and
develop into a new sponge. In most other groups, the blastula undergoes more
complicated rearrangement. It first invaginates to form a gastrula with a digestive
chamber, and two separate germ layers — an external ectoderm and an internal
endoderm. In most cases, a mesoderm also develops between them. These germ layers
then differentiate to form tissues and organs.

Food and energy sourcing

All animals are heterotrophs, meaning that they feed directly or indirectly on other living
things. They are often further subdivided into groups such as carnivores, herbivores,
omnivores, and parasites.

Predation is a biological interaction where a predator (a heterotroph that is hunting) feeds
on its prey (the organism that is attacked). Predators may or may not kill their prey prior
to feeding on them, but the act of predation always results in the death of the prey. The
other main category of consumption is detritivory, the consumption of dead organic
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matter. It can at times be difficult to separate the two feeding behaviours, for example,
where parasitic species prey on a host organism and then lay their eggs on it for their offs
pring to feed on its decaying corpse. Selective pressures imposed on one another has led
to an evolutionary arms race between prey and predator, resulting in various antipredator
adaptations.

Most animals feed indirectly from the energy of sunlight. Plants use this energy to
convert sunlight into simple sugars using a process known as photosynthesis. Starting
with the molecules carbon dioxide (CO;) and water (H,O), photosynthesis converts the
energy of sunlight into chemical energy stored in the bonds of glucose (CsH;,0¢) and
releases oxygen (O,). These sugars are then used as the building blocks which allow the
plant to grow. When animals eat these plants (or eat other animals which have eaten
plants), the sugars produced by the plant are used by the animal. They are either used
directly to help the animal grow, or broken down, releasing stored solar energy, and
giving the animal the energy required for motion. This process is known as glycolysis.

Animals living close to hydrothermal vents and cold seeps on the ocean floor are not

dependent on the energy of sunlight. Instead chemosynthetic archaea and bacteria form
the base of the food chain.

Origin and fossil record

Dunkleosteus was a gigantic, 10-metre-long (33 ft) prehistoric fish.
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Vernanimalcula guizhouena is a fossil believed by some to represent the earliest known
member of the Bilateria.

Animals are generally considered to have evolved from a flagellated eukaryote. Their
closest known living relatives are the choanoflagellates, collared flagellates that have a
morphology similar to the choanocytes of certain sponges. Molecular studies place
animals in a supergroup called the opisthokonts, which also include the
choanoflagellates, fungi and a few small parasitic protists. The name comes from the
posterior location of the flagellum in motile cells, such as most animal spermatozoa,
whereas other eukaryotes tend to have anterior flagella.

The first fossils that might represent animals appear in the Trezona Formation at Trezona
Bore, West Central Flinders, South Australia. These fossils are interpreted as being early
sponges. They were found in 665-million-year-old rock.

The next oldest possible animal fossils are found towards the end of the Precambrian,
around 610 million years ago, and are known as the Ediacaran or Vendian biota. These
are difficult to relate to later fossils, however. Some may represent precursors of modern

phyla, but they may be separate groups, and it is possible they are not really animals at
all.

Aside from them, most known animal phyla make a more or less simultaneous
appearance during the Cambrian period, about 542 million years ago. It is still disputed
whether this event, called the Cambrian explosion, represents a rapid divergence between
different groups or a change in conditions that made fossilization possible.

Some paleontologists suggest that animals appeared much earlier than the Cambrian
explosion, possibly as early as 1 billion years ago. Trace fossils such as tracks and
burrows found in the Tonian era indicate the presence of triploblastic worms, like
metazoans, roughly as large (about 5 mm wide) and complex as earthworms. During the
beginning of the Tonian period around 1 billion years ago, there was a decrease in
Stromatolite diversity, which may indicate the appearance of grazing animals, since
Stromatolites diversity increased when grazing animals went extinct at the End Permian
and End Ordovician extinction events, and decreased shortly after the grazer populations
recovered. However the discovery that tracks very similar to these early trace fossils are
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produced today by the giant single-celled protist Gromia sphaerica casts doubt on their
interpretation as evidence of early animal evolution.

Groups of animals

Bryozoa
Porifera

M 14 Minor Phyla
Echinodermata

M Cnidaria

M Annelida

B Nematoda

M Platyhelminthes

M Chordata

M Mollusca

M Arthropoda

The relative number of species contributed to the total by each phylum of animals.



Porifera, Radiata and basal Bilateria

Orange elephant ear sponge, Agelas clathrodes, in foreground. Two corals in the
background: a sea fan, Iciligorgia schrammi, and a sea rod, Plexaurella nutans.

The sponges (Porifera) were long thought to have diverged from other animals early.
They lack the complex organization found in most other phyla. Their cells are
differentiated, but in most cases not organized into distinct tissues. Sponges typically feed
by drawing in water through pores. Archaeocyatha, which have fused skeletons, may
represent sponges or a separate phylum. However, a phylogenomic study in 2008 of 150
genes in 29 animals across 21 phyla revealed that it is the Ctenophora or comb jellies
which are the basal lineage of animals, at least among those 21 phyla. The authors
speculate that sponges—or at least those lines of sponges they investigated—are not so
primitive, but may instead be secondarily simplified.
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Among the other phyla, the Ctenophora and the Cnidaria, which includes sea anemones,
corals, and jellyfish, are radially symmetric and have digestive chambers with a single
opening, which serves as both the mouth and the anus. Both have distinct tissues, but they
are not organized into organs. There are only two main germ layers, the ectoderm and
endoderm, with only scattered cells between them. As such, these animals are sometimes
called diploblastic. The tiny placozoans are similar, but they do not have a permanent
digestive chamber.

The remaining animals form a monophyletic group called the Bilateria. For the most part,
they are bilaterally symmetric, and often have a specialized head with feeding and
sensory organs. The body is triploblastic, i.e. all three germ layers are well-developed,
and tissues form distinct organs. The digestive chamber has two openings, a mouth and
an anus, and there is also an internal body cavity called a coelom or pseudocoelom. There
are exceptions to each of these characteristics, however — for instance adult echinoderms
are radially symmetric, and certain parasitic worms have extremely simplified body
structures.

Genetic studies have considerably changed our understanding of the relationships within
the Bilateria. Most appear to belong to two major lineages: the deuterostomes and the
protostomes, the latter of which includes the Ecdysozoa, Platyzoa, and Lophotrochozoa.
In addition, there are a few small groups of bilaterians with relatively similar structure
that appear to have diverged before these major groups. These include the Acoelomorpha,
Rhombozoa, and Orthonectida. The Myxozoa, single-celled parasites that were originally
considered Protozoa, are now believed to have developed from the Medusozoa as well.
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Deuterostomes

Superb Fairy-wren, Malurus cyaneus

Deuterostomes differ from the other Bilateria, called protostomes, in several ways. In
both cases there is a complete digestive tract. However, in protostomes, the initial
opening (the archenteron) develops into the mouth, and an anus forms separately. In
deuterostomes this is reversed. In most protostomes, cells simply fill in the interior of the
gastrula to form the mesoderm, called schizocoelous development, but in deuterostomes,
it forms through invagination of the endoderm, called enterocoelic pouching.
Deuterostomes also have a dorsal, rather than a ventral, nerve chord and their embryos
undergo different cleavage.

All this suggests the deuterostomes and protostomes are separate, monophyletic lineages.
The main phyla of deuterostomes are the Echinodermata and Chordata. The former are
radially symmetric and exclusively marine, such as starfish, sea urchins, and sea
cucumbers. The latter are dominated by the vertebrates, animals with backbones. These
include fish, amphibians, reptiles, birds, and mammals.

In addition to these, the deuterostomes also include the Hemichordata, or acorn worms.
Although they are not especially prominent today, the important fossil graptolites may
belong to this group.

The Chaetognatha or arrow worms may also be deuterostomes, but more recent studies
suggest protostome affinities.

WORLD TECHNOLOGIES




Ecdysozoa

Yellow-winged darter, Sympetrum flaveolum

The Ecdysozoa are protostomes, named after the common trait of growth by moulting or
ecdysis. The largest animal phylum belongs here, the Arthropoda, including insects,
spiders, crabs, and their kin. All these organisms have a body divided into repeating
segments, typically with paired appendages. Two smaller phyla, the Onychophora and
Tardigrada, are close relatives of the arthropods and share these traits.

The ecdysozoans also include the Nematoda or roundworms, perhaps the second largest
animal phylum. Roundworms are typically microscopic, and occur in nearly every
environment where there is water. A number are important parasites. Smaller phyla
related to them are the Nematomorpha or horsehair worms, and the Kinorhyncha,
Priapulida, and Loricifera. These groups have a reduced coelom, called a pseudocoelom.

The remaining two groups of protostomes are sometimes grouped together as the
Spiralia, since in both embryos develop with spiral cleavage.
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Platyzoa

o

—

Pseudobiceros bedfordi, (Bedford's flatworm)

The Platyzoa include the phylum Platyhelminthes, the flatworms. These were originally
considered some of the most primitive Bilateria, but it now appears they developed from
more complex ancestors. A number of parasites are included in this group, such as the
flukes and tapeworms. Flatworms are acoelomates, lacking a body cavity, as are their
closest relatives, the microscopic Gastrotricha.

The other platyzoan phyla are mostly microscopic and pseudocoelomate. The most
prominent are the Rotifera or rotifers, which are common in aqueous environments. They
also include the Acanthocephala or spiny-headed worms, the Gnathostomulida,
Micrognathozoa, and possibly the Cycliophora. These groups share the presence of
complex jaws, from which they are called the Gnathifera.
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Lophotrochozoa

Roman snail, Helix pomatia

The Lophotrochozoa include two of the most successful animal phyla, the Mollusca and
Annelida. The former, which is the second-largest animal phylum by number of
described species, includes animals such as snails, clams, and squids, and the latter
comprises the segmented worms, such as earthworms and leeches. These two groups
have long been considered close relatives because of the common presence of
trochophore larvae, but the annelids were considered closer to the arthropods because
they are both segmented. Now, this is generally considered convergent evolution, owing
to many morphological and genetic differences between the two phyla.

The Lophotrochozoa also include the Nemertea or ribbon worms, the Sipuncula, and
several phyla that have a ring of ciliated tentacles around the mouth, called a lophophore.
These were traditionally grouped together as the lophophorates. but it now appears that
the lophophorate group may be paraphyletic, with some closer to the nemerteans and
some to the molluscs and annelids. They include the Brachiopoda or lamp shells, which
are prominent in the fossil record, the Entoprocta, the Phoronida, and possibly the
Bryozoa or moss animals.

Model organisms

Because of the great diversity found in animals, it is more economical for scientists to
study a small number of chosen species so that connections can be drawn from their work
and conclusions extrapolated about how animals function in general. Because they are
easy to keep and breed, the fruit fly Drosophila melanogaster and the nematode
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Caenorhabditis elegans have long been the most intensively studied metazoan model
organisms, and were among the first life-forms to be genetically sequenced. This was
facilitated by the severely reduced state of their genomes, but as many genes, introns, and
linkages lost, these ecdysozoans can teach us little about the origins of animals in general.
The extent of this type of evolution within the superphylum will be revealed by the
crustacean, annelid, and molluscan genome projects currently in progress. Analysis of the
starlet sea anemone genome has emphasised the importance of sponges, placozoans, and
choanoflagellates, also being sequenced, in explaining the arrival of 1500 ancestral genes
unique to the Eumetazoa.

An analysis of the homoscleromorph sponge Oscarella carmela also suggests that the last
common ancestor of sponges and the eumetazoan animals was more complex than

previously assumed.

Other model organisms belonging to the animal kingdom include the mouse (Mus
musculus) and zebrafish (Danio rerio).
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Carolus Linnaeus, known as the father of modern taxonomy

History of classification

Aristotle divided the living world between animals and plants, and this was followed by
Carolus Linnaeus (Carl von Linné), in the first hierarchical classification. Since then
biologists have begun emphasizing evolutionary relationships, and so these groups have
been restricted somewhat. For instance, microscopic protozoa were originally considered
animals because they move, but are now treated separately.

In Linnaeus's original scheme, the animals were one of three kingdoms, divided into the

classes of Vermes, Insecta, Pisces, Amphibia, Reptila, Aves, and Mammalia. Since then
the last five have all been subsumed into a single phylum, the Chordata, whereas the
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various other forms have been separated out. The above lists represent our current
understanding of the group, though there is some variation from source to source.
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Chapter 4
Plant

Plants
Temporal range:
Early Cambrian to recent, 520-0 Ma

Scientific classification

Domain: Eukaryota
(unranked): Archaeplastida
. . Plantae
Kingdom: Haeckel, 1866
Divisions

Green algae
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e Chlorophyta
e Charophyta

Land plants (embryophytes)

e Non-vascular land plants (bryophytes)

o Marchantiophyta—Iiverworts

o Anthocerotophyta—hornworts

o Bryophyta—mosses

o tHorneophytopsida
e Vascular plants (tracheophytes)

o TRhyniophyta—rhyniophytes
tZosterophyllophyta—zosterophylls
Lycopodiophyta—clubmosses
tTrimerophytophyta—trimerophytes
Pteridophyta—ferns and horsetails
tProgymnospermophyta
Seed plants (spermatophytes)

= jPteridospermatophyta—seed ferns
» Pinophyta—conifers

» Cycadophyta—cycads

* Ginkgophyta—ginkgo

» Gnetophyta—gnetae

= Magnoliophyta—flowering plants

O O O O O O

TNematophytes

Plants are living organisms belonging to the kingdom Plantae. They include familiar
organisms such as trees, flowers, herbs, bushes, grasses, vines, ferns, mosses, and green
algae. The scientific study of plants, known as botany, has identified about 350,000
extant species of plants, defined as seed plants, bryophytes, ferns and fern allies. As of
2004, some 287,655 species had been identified, of which 258,650 are flowering and
18,000 bryophytes. Green plants, sometimes called Viridiplantae, obtain most of their
energy from sunlight via a process called photosynthesis.

Definition

Aristotle divided all living things between plants (which generally do not move), and
animals (which often are mobile to catch their food). In Linnaeus' system, these became
the Kingdoms Vegetabilia (later Metaphyta or Plantae) and Animalia (also called
Metazoa). Since then, it has become clear that the Plantae as originally defined included
several unrelated groups, and the fungi and several groups of algae were removed to new
kingdoms. However, these are still often considered plants in many contexts, both
technical and popular.
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Current definitions of Plantae

When the name Plantae or plant is applied to a specific taxon, it is usually referring to
one of three concepts. From least to most inclusive, these three groupings are:

Name(s) Scope
Land plants, also Plantac
known as ons
Embryophyta or ou
Metaphyta. Strictissimo

Green plants - also

known as Plantae
Viridiplantae, .
Viri diphy ta or sensu Stricto
Chlorobionta

Archaeplastida,

Plastida? or Planiae
Primoplantae sentggato

Description

This group includes the liverworts, hornworts,
mosses, and vascular plants, as well as fossil plants
similar to these surviving groups.

Includes the land plants plus Charophyta (i.e.
stoneworts), and Chlorophyta (i.e., other green
algae such as sea lettuce). Viridiplantae encompass
a group of organisms that possess chlorophyll a and
b, have plastids that are bound by only two
membranes, are capable of storing starch, and have
cellulose in their cell walls.

Comprises the green plants above plus Rhodophyta
(red algae) and Glaucophyta (glaucophyte algae).
This clade includes the organisms that eons ago
acquired their chloroplasts directly by engulfing
cyanobacteria.

Outside of formal scientific contexts, the term "plant" implies an association with certain
traits, such as multicellularity, cellulose, and photosynthesis. Many of the classification
controversies involve organisms that are rarely encountered and are of minimal apparent
economic significance, but are crucial in developing an understanding of the evolution of

modern flora.
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Algae

Green algae from Ernst Haeckel's Kunstformen der Natur, 1904.

Most algae are no longer classified within the Kingdom Plantae. The algae comprise
several different groups of organisms that produce energy through photosynthesis, each
of which arose independently from separate non-photosynthetic ancestors. Most
conspicuous among the algae are the seaweeds, multicellular algae that may roughly
resemble terrestrial plants, but are classified among the green, red, and brown algae. Each
of these algal groups also includes various microscopic and single-celled organisms.

The two groups of green algae are the closest relatives of land plants (embryophytes).

The first of these groups is the Charophyta (desmids and stoneworts), from which the
embryophytes developed. The sister group to the combined embryophytes and
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charophytes is the other group of green algae, Chlorophyta, and this more inclusive group
is collectively referred to as the green plants or Viridiplantae. The Kingdom Plantae is
often taken to mean this monophyletic grouping. With a few exceptions among the green
algae, all such forms have cell walls containing cellulose, have chloroplasts containing
chlorophylls a and b, and store food in the form of starch. They undergo closed mitosis
without centrioles, and typically have mitochondria with flat cristae.

The chloroplasts of green plants are surrounded by two membranes, suggesting they
originated directly from endosymbiotic cyanobacteria. The same is true of two additional
groups of algae: the Rhodophyta (red algae) and Glaucophyta. All three groups together
are generally believed to have a common origin, and so are classified together in the
taxon Archaeplastida. In contrast, most other algae (e.g. heterokonts, haptophytes,
dinoflagellates, and euglenids) have chloroplasts with three or four surrounding
membranes. They are not close relatives of the green plants, presumably acquiring
chloroplasts separately from ingested or symbiotic green and red algae.

Fungi

The classification of fungi has been controversial until quite recently in the history of
biology. Linnaeus' original classification placed the fungi within the Plantae, since they
were unquestionably not animalian; this being the only other alternative. With later
developments in microbiology, in the 19th century Ernst Haeckel felt that a third
kingdom was required to classify newly discovered micro-organisms. The introduction of
the new kingdom Protista as an alternative to Animalia, led to uncertainty as to whether
fungi truly were best placed in the Plantae or whether they ought to be reclassified as
protists. Haeckel himself found it difficult to decide and it was not until 1969 that a
solution was found whereby Robert Whittaker proposed the creation of the kingdom
Fungi. Molecular evidence has since shown that the concestor (last common ancestor) of
the Fungi was probably more similar to that of the Animalia than of any other kingdom,
including the Plantae.

Whittaker's original reclassification was based on the fundamental difference in nutrition
between the Fungi and the Plantae. Unlike plants, which are generally autotrophic
multicellular phototrophs which gain carbon through photosynthesis, fungi are generally
heterotrophic uni- or multi-cellular saprotrophs, obtaining carbon by breaking down and
absorbing surrounding materials. In addition, the substructure of multicellular fungi takes
the form of many chitinous microscopic strands called hyphae, which may be further
subdivided into cells or may form a syncytium containing many eukaryotic nuclei.
Fruiting bodies, of which mushrooms are most familiar example, are the reproductive
structures of fungi.

Diversity

About 350,000 species of plants, defined as seed plants, bryophytes, ferns and fern allies,
are estimated to exist currently. As of 2004, some 287,655 species had been identified, of
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Diversity of living plant divisions

algae.
Informal e
group Division name

Green algae Chlorophyta
Charophyta

Bryophytes Marchantiophyta
Anthocerotophyta
Bryophyta

Pteridophytes  Lycopodiophyta
Pteridophyta

Seed plants Cycadophyta
Ginkgophyta
Pinophyta
Gnetophyta
Magnoliophyta

Common name

green algae (chlorophytes)

green algae (desmids &
charophytes)

liverworts

hornworts

mosses

club mosses

ferns, whisk ferns & horsetails
cycads

ginkgo

conifers

gnetophytes

flowering plants

which 258,650 are flowering plants, 16,000 bryophytes, 11,000 ferns and 8,000 green

No. of living

species
3,800

4,000 - 6,000

6,000 - 8,000
100 - 200
12,000

1,200

11,000

160

1

630

70

258,650

The naming of plants is governed by the International Code of Botanical Nomenclature
and International Code of Nomenclature for Cultivated Plants.

Evolution

The evolution of plants has resulted in increasing levels of complexity, from the earliest
algal mats, through bryophytes, lycopods, ferns to the complex gymnosperms and
angiosperms of today. While the groups which appeared earlier continue to thrive,
especially in the environments in which they evolved, each new grade of organisation has
eventually become more "successful" than its predecessors by most measures.

Evidence suggests that an algal scum formed on the land 1,200 million years ago, but it
was not until the Ordovician Period, around 450 million years ago, that land plants
appeared. These began to diversify in the late Silurian Period, around 420 million years
ago, and the fruits of their diversification are displayed in remarkable detail in an early
Devonian fossil assemblage from the Rhynie chert. This chert preserved early plants in
cellular detail, petrified in volcanic springs. By the middle of the Devonian Period most
of the features recognised in plants today are present, including roots, leaves and
secondary wood, and by late Devonian times seeds had evolved. Late Devonian plants
had thereby reached a degree of sophistication that allowed them to form forests of tall
trees. Evolutionary innovation continued after the Devonian period. Most plant groups
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were relatively unscathed by the Permo-Triassic extinction event, although the structures
of communities changed. This may have set the scene for the evolution of flowering
plants in the Triassic (~200 million years ago), which exploded in the Cretaceous and
Tertiary. The latest major group of plants to evolve were the grasses, which became
important in the mid Tertiary, from around 40 million years ago. The grasses, as well as
many other groups, evolved new mechanisms of metabolism to survive the low CO, and
warm, dry conditions of the tropics over the last 10 million years.

Embryophytes

Dicksonia antarctica, a species of tree fern

The plants that are likely most familiar to us are the multicellular land plants, called
embryophytes. They include the vascular plants, plants with full systems of leaves, stems,
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and roots. They also include a few of their close relatives, often called bryophytes, of
which mosses and liverworts are the most common.

All of these plants have eukaryotic cells with cell walls composed of cellulose, and most
obtain their energy through photosynthesis, using light and carbon dioxide to synthesize
food. About three hundred plant species do not photosynthesize but are parasites on other
species of photosynthetic plants. Plants are distinguished from green algae, which
represent a mode of photosynthetic life similar to the kind modern plants are believed to
have evolved from, by having specialized reproductive organs protected by non-
reproductive tissues.

Bryophytes first appeared during the early Paleozoic. They can only survive where
moisture is available for significant periods, although some species are desiccation
tolerant. Most species of bryophyte remain small throughout their life-cycle. This
involves an alternation between two generations: a haploid stage, called the gametophyte,
and a diploid stage, called the sporophyte. The sporophyte is short-lived and remains
dependent on its parent gametophyte.

Vascular plants first appeared during the Silurian period, and by the Devonian had
diversified and spread into many different land environments. They have a number of
adaptations that allowed them to overcome the limitations of the bryophytes. These
include a cuticle resistant to desiccation, and vascular tissues which transport water
throughout the organism. In most the sporophyte acts as a separate individual, while the
gametophyte remains small.

The first primitive seed plants, Pteridosperms (seed ferns) and Cordaites, both groups
now extinct, appeared in the late Devonian and diversified through the Carboniferous,
with further evolution through the Permian and Triassic periods. In these the
gametophyte stage is completely reduced, and the sporophyte begins life inside an
enclosure called a seed, which develops while on the parent plant, and with fertilisation
by means of pollen grains. Whereas other vascular plants, such as ferns, reproduce by
means of spores and so need moisture to develop, some seed plants can survive and
reproduce in extremely arid conditions.

Early seed plants are referred to as gymnosperms (naked seeds), as the seed embryo is not
enclosed in a protective structure at pollination, with the pollen landing directly on the
embryo. Four surviving groups remain widespread now, particularly the conifers, which
are dominant trees in several biomes. The angiosperms, comprising the flowering plants,
were the last major group of plants to appear, emerging from within the gymnosperms
during the Jurassic and diversifying rapidly during the Cretaceous. These differ in that the
seed embryo (angiosperm) is enclosed, so the pollen has to grow a tube to penetrate the
protective seed coat; they are the predominant group of flora in most biomes today.
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Fossils

A petrified log in Petrified Forest National Park.

Plant fossils include roots, wood, leaves, seeds, fruit, pollen, spores, phytoliths, and
amber (the fossilized resin produced by some plants). Fossil land plants are recorded in
terrestrial, lacustrine, fluvial and nearshore marine sediments. Pollen, spores and algae
(dinoflagellates and acritarchs) are used for dating sedimentary rock sequences. The
remains of fossil plants are not as common as fossil animals, although plant fossils are
locally abundant in many regions worldwide.

The earliest fossils clearly assignable to Kingdom Plantae are fossil green algae from the
Cambrian. These fossils resemble calcified multicellular members of the Dasycladales.
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Earlier Precambrian fossils are known which resemble single-cell green algae, but
definitive identity with that group of algae is uncertain.

The oldest known fossils of embryophytes date from the Ordovician, though such fossils
are fragmentary. By the Silurian, fossils of whole plants are preserved, including the
lycophyte Baragwanathia longifolia. From the Devonian, detailed fossils of rhyniophytes
have been found. Early fossils of these ancient plants show the individual cells within the
plant tissue. The Devonian period also saw the evolution of what many believe to be the
first modern tree, Archaeopteris. This fern-like tree combined a woody trunk with the
fronds of a fern, but produced no seeds.

The Coal measures are a major source of Paleozoic plant fossils, with many groups of
plants in existence at this time. The spoil heaps of coal mines are the best places to
collect; coal itself is the remains of fossilised plants, though structural detail of the plant
fossils is rarely visible in coal. In the Fossil Forest at Victoria Park in Glasgow, Scotland,
the stumps of Lepidodendron trees are found in their original growth positions.

The fossilized remains of conifer and angiosperm roots, stems and branches may be
locally abundant in lake and inshore sedimentary rocks from the Mesozoic and Cenozoic
eras. Sequoia and its allies, magnolia, oak, and palms are often found.

Petrified wood is common in some parts of the world, and is most frequently found in
arid or desert areas where it is more readily exposed by erosion. Petrified wood is often
heavily silicified (the organic material replaced by silicon dioxide), and the impregnated
tissue is often preserved in fine detail. Such specimens may be cut and polished using
lapidary equipment. Fossil forests of petrified wood have been found in all continents.

Fossils of seed ferns such as Glossopteris are widely distributed throughout several
continents of the Southern Hemisphere, a fact that gave support to Alfred Wegener's
early ideas regarding Continental drift theory.

Structure, growth, and development

Most of the solid material in a plant is taken from the atmosphere. Through a process
known as photosynthesis, most plants use the energy in sunlight to convert carbon
dioxide from the atmosphere, plus water, into simple sugars. Parasitic plants, on the other
hand, use the resources of its host to grow. These sugars are then used as building blocks
and form the main structural component of the plant. Chlorophyll, a green-colored,
magnesium-containing pigment is essential to this process; it is generally present in plant
leaves, and often in other plant parts as well.

Plants usually rely on soil primarily for support and water (in quantitative terms), but also
obtain compounds of nitrogen, phosphorus, and other crucial elemental nutrients.
Epiphytic and lithophytic plants often depend on rainwater or other sources for nutrients
and carnivorous plants supplement their nutrient requirements with insect prey that they
capture. For the majority of plants to grow successfully they also require oxygen in the
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atmosphere and around their roots for respiration. However, some plants grow as
submerged aquatics, using oxygen dissolved in the surrounding water, and a few
specialized vascular plants, such as mangroves, can grow with their roots in anoxic
conditions.

Ll
RV

The leaf is usually the primary site of photosynthesis in plants.
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There is no photosynthesis in deciduous leaves in autumn.

Factors affecting growth

The genotype of a plant affects its growth. For example, selected varieties of wheat grow
rapidly, maturing within 110 days, whereas others, in the same environmental conditions,
grow more slowly and mature within 155 days.

Growth is also determined by environmental factors, such as temperature, available
water, available light, and available nutrients in the soil. Any change in the availability of

these external conditions will be reflected in the plants growth.

Biotic factors are also capable of affecting plant growth. Plants compete with other plants
for space, water, light and nutrients. Plants can be so crowded that no single individual
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produces normal growth, causing etiolation and chlorosis. Optimal plant growth can be
hampered by grazing animals, suboptimal soil composition, lack of mycorrhizal fungi,
and attacks by insects or plant diseases, including those caused by bacteria, fungi,
viruses, and nematodes.

Simple plants like algae may have short life spans as individuals, but their populations
are commonly seasonal. Other plants may be organized according to their seasonal
growth pattern: annual plants live and reproduce within one growing season, biennial
plants live for two growing seasons and usually reproduce in second year, and perennial
plants live for many growing seasons and continue to reproduce once they are mature.
These designations often depend on climate and other environmental factors; plants that
are annual in alpine or temperate regions can be biennial or perennial in warmer climates.
Among the vascular plants, perennials include both evergreens that keep their leaves the
entire year, and deciduous plants which lose their leaves for some part of it. In temperate
and boreal climates, they generally lose their leaves during the winter; many tropical
plants lose their leaves during the dry season.

The growth rate of plants is extremely variable. Some mosses grow less than

0.001 millimeters per hour (mm/h), while most trees grow 0.025-0.250 mm/h. Some
climbing species, such as kudzu, which do not need to produce thick supportive tissue,
may grow up to 12.5 mm/h.

Dried dead plants
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Plants protect themselves from frost and dehydration stress with antifreeze proteins, heat-
shock proteins and sugars (sucrose is common). LEA (Late Embryogenesis Abundant)
protein expression is induced by stresses and protects other proteins from aggregation as
a result of desiccation and freezing.

Plant cell
Filamentous
Plasmodesmata « cytoskeleton
Small membranous
Plasma membrane vesicles
Cell wall
Chlaroplast

Thylakoid membrane
Starch grain

smcoth
endoplasmic
Vacuole reticulum
Vacuole
Tonoplast Ribosomes

Mitochondrion
(mitochondria)

Peroxisome

Cytoplasm
Mucleus

Muclear pore
Muclear envelope
MNucleolus

Golgi vesicles

Golgi body Rough
[Gelgi apparatus]  andoplasmic
reticulum

Plant cell structure

Plant cells are typically distinguished by their large water-filled central vacuole,
chloroplasts, and rigid cell walls that are made up of cellulose, hemicellulose, and pectin.
Cell division is also characterized by the development of a phragmoplast for the
construction of a cell plate in the late stages of cytokinesis. Just as in animals, plant cells
differentiate and develop into multiple cell types. Totipotent meristematic cells can
differentiate into vascular, storage, protective (e.g. epidermal layer), or reproductive
tissues, with more primitive plants lacking some tissue types.

Physiology
Photosynthesis

Plants are photosynthetic, which means that they manufacture their own food molecules
using energy obtained from light. The primary mechanism plants have for capturing light
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energy is the pigment chlorophyll. All green plants contain two forms of chlorophyll,
chlorophyll @ and chlorophyll 4. The latter of these pigments is not found in red or brown
algae.

Immune system

By means of cells that behave like nerves, plants receive and distribute within their
systems information about incident light intensity and quality. Incident light which
stimulates a chemical reaction in one leaf, will cause a chain reaction of signals to the
entire plant via a type of cell termed a "bundle sheath cell". Researchers from the
Warsaw University of Life Sciences in Poland, found that plants have a specific memory
for varying light conditions which prepares their immune systems against seasonal
pathogens.

Internal distribution

Vascular plants differ from other plants in that they transport nutrients between different
parts through specialized structures, called xylem and phloem. They also have roots for
taking up water and minerals. The xylem moves water and minerals from the root to the
rest of the plant, and the phloem provides the roots with sugars and other nutrient
produced by the leaves.

Ecology

The photosynthesis conducted by land plants and algae is the ultimate source of energy
and organic material in nearly all ecosystems. Photosynthesis radically changed the
composition of the early Earth's atmosphere, which as a result is now 21% oxygen.
Animals and most other organisms are aerobic, relying on oxygen; those that do not are
confined to relatively rare anaerobic environments. Plants are the primary producers in
most terrestrial ecosystems and form the basis of the food web in those ecosystems.
Many animals rely on plants for shelter as well as oxygen and food.

Land plants are key components of the water cycle and several other biogeochemical
cycles. Some plants have coevolved with nitrogen fixing bacteria, making plants an
important part of the nitrogen cycle. Plant roots play an essential role in soil development
and prevention of soil erosion.

Distribution
Plants are distributed worldwide in varying numbers. While they inhabit a multitude of
biomes and ecoregions, few can be found beyond the tundras at the northernmost regions

of continental shelves. At the southern extremes, plants have adapted tenaciously to the
prevailing conditions.
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Plants are often the dominant physical and structural component of habitats where they
occur. Many of the Earth's biomes are named for the type of vegetation because plants are
the dominant organisms in those biomes, such as grasslands and forests.

Ecological relationships

The Venus flytrap, a species of carnivorous plant.

Numerous animals have coevolved with plants. Many animals pollinate flowers in
exchange for food in the form of pollen or nectar. Many animals disperse seeds, often by
eating fruit and passing the seeds in their feces. Myrmecophytes are plants that have
coevolved with ants. The plant provides a home, and sometimes food, for the ants. In

exchange, the ants defend the plant from herbivores and sometimes competing plants.
Ant wastes provide organic fertilizer.
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The majority of plant species have various kinds of fungi associated with their root
systems in a kind of mutualistic symbiosis known as mycorrhiza. The fungi help the
plants gain water and mineral nutrients from the soil, while the plant gives the fungi
carbohydrates manufactured in photosynthesis. Some plants serve as homes for
endophytic fungi that protect the plant from herbivores by producing toxins. The fungal
endophyte, Neotyphodium coenophialum, in tall fescue (Festuca arundinacea) does
tremendous economic damage to the cattle industry in the U.S.

Various forms of parasitism are also fairly common among plants, from the semi-
parasitic mistletoe that merely takes some nutrients from its host, but still has
photosynthetic leaves, to the fully parasitic broomrape and toothwort that acquire all their
nutrients through connections to the roots of other plants, and so have no chlorophyll.
Some plants, known as myco-heterotrophs, parasitize mycorrhizal fungi, and hence act as
epiparasites on other plants.

Many plants are epiphytes, meaning they grow on other plants, usually trees, without
parasitizing them. Epiphytes may indirectly harm their host plant by intercepting mineral
nutrients and light that the host would otherwise receive. The weight of large numbers of
epiphytes may break tree limbs. Hemiepiphytes like the strangler fig begin as epiphytes
but eventually set their own roots and overpower and kill their host. Many orchids,
bromeliads, ferns and mosses often grow as epiphytes. Bromeliad epiphytes accumulate
water in leaf axils to form phytotelmata, complex aquatic food webs.

Approximately 630 plants are carnivorous, such as the Venus Flytrap (Dionaea

muscipula) and sundew (Drosera species). They trap small animals and digest them to
obtain mineral nutrients, especially nitrogen and phosphorus.
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Importance

Potato plant. Potatoes spread to the rest of the world after European contact with the
Americas in the late 15th and early 16th centuries and have since become an important
field crop.
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Timber in storage for later processing at a sawmill.
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A section of a Yew branch showing 27 annual growth rings, pale sapwood and dark
heartwood, and pith (centre dark spot). The dark radial lines are longitudinal sections of
small branches which became included by growth of the tree.

The study of plant uses by people is termed economic botany or ethnobotany; some
consider economic botany to focus on modern cultivated plants, while ethnobotany
focuses on indigenous plants cultivated and used by native peoples. Human cultivation of
plants is part of agriculture, which is the basis of human civilization. Plant agriculture is
subdivided into agronomy, horticulture and forestry.

Food

Much of human nutrition depends on land plants, either directly or indirectly.

Human nutrition depends to a large extent on cereals, especially maize (or corn), wheat
and rice. Other staple crops include potato, cassava, and legumes. Human food also
includes vegetables, spices, and certain fruits, nuts, herbs, and edible flowers.
Beverages produced from plants include coffee, tea, wine, beer and alcohol.

Sugar is obtained mainly from sugar cane and sugar beet.

Cooking oils and margarine come from maize, soybean, rapeseed, safflower, sunflower,
olive and others.

Food additives include gum arabic, guar gum, locust bean gum, starch and pectin.
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Livestock animals including cows, pigs, sheep, and goats are all herbivores; and feed
primarily or entirely on cereal plants, particularly grasses.

Nonfood products

Wood is used for buildings, furniture, paper, cardboard, musical instruments and sports
equipment. Cloth is often made from cotton, flax or synthetic fibers derived from
cellulose, such as rayon and acetate. Renewable fuels from plants include firewood, peat
and many other biofuels. Coal and petroleum are fossil fuels derived from plants.
Medicines derived from plants include aspirin, taxol, morphine, quinine, reserpine,
colchicine, digitalis and vincristine. There are hundreds of herbal supplements such as
ginkgo, Echinacea, feverfew, and Saint John's wort. Pesticides derived from plants
include nicotine, rotenone, strychnine and pyrethrins. Drugs obtained from plants include
opium, cocaine and marijuana. Poisons from plants include ricin, hemlock and curare.
Plants are the source of many natural products such as fibers, essential oils, natural dyes,
pigments, waxes, tannins, latex, gums, resins, alkaloids, amber and cork. Products
derived from plants include soaps, paints, shampoos, perfumes, cosmetics, turpentine,
rubber, varnish, lubricants, linoleum, plastics, inks, chewing gum and hemp rope. Plants
are also a primary source of basic chemicals for the industrial synthesis of a vast array of
organic chemicals. These chemicals are used in a vast variety of studies and experiments.

Aesthetic uses

Thousands of plant species are cultivated for aesthetic purposes as well as to provide
shade, modify temperatures, reduce wind, abate noise, provide privacy, and prevent soil
erosion. People use cut flowers, dried flowers and houseplants indoors or in greenhouses.
In outdoor gardens, lawn grasses, shade trees, ornamental trees, shrubs, vines, herbaceous
perennials and bedding plants are used. Images of plants are often used in art,
architecture, humor, language, and photography and on textiles, money, stamps, flags and
coats of arms. Living plant art forms include topiary, bonsai, ikebana and espalier.
Ornamental plants have sometimes changed the course of history, as in tulipomania.
Plants are the basis of a multi-billion dollar per year tourism industry which includes
travel to arboretums, botanical gardens, historic gardens, national parks, tulip festivals,
rainforests, forests with colorful autumn leaves and the National Cherry Blossom
Festival. Venus Flytrap, sensitive plant and resurrection plant are examples of plants sold
as novelties.

Scientific and cultural uses

Tree rings are an important method of dating in archeology and serve as a record of past
climates. Basic biological research has often been done with plants, such as the pea plants
used to derive Gregor Mendel's laws of genetics. Space stations or space colonies may
one day rely on plants for life support. Plants are used as national and state emblems,
including state trees and state flowers. Ancient trees are revered and many are famous.
Numerous world records are held by plants. Plants are often used as memorials, gifts and
to mark special occasions such as births, deaths, weddings and holidays. Plants figure
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prominently in mythology, religion and literature. The field of ethnobotany studies plant
use by indigenous cultures which helps to conserve endangered species as well as
discover new medicinal plants. Gardening is the most popular leisure activity in the U.S.
Working with plants or horticulture therapy is beneficial for rehabilitating people with
disabilities. Certain plants contain psychotropic chemicals which are extracted and
ingested, including tobacco, cannabis (marijuana), and opium.

Negative effects

Weeds are plants that grow where people do not want them. People have spread plants
beyond their native ranges and some of these introduced plants become invasive,
damaging existing ecosystems by displacing native species. Invasive plants cause billions
of dollars in crop losses annually by displacing crop plants, they increase the cost of
production and the use of chemical means to control them affects the environment.

Plants may cause harm to people and animals. Plants that produce windblown pollen
invoke allergic reactions in people who suffer from hay fever. A wide variety of plants
are poisonous to people and/or animals. Toxalbumins are plant poisons fatal to most
mammals and act as a serious deterrent to consumption. Several plants cause skin
irritations when touched, such as poison ivy. Certain plants contain psychotropic
chemicals, which are extracted and ingested or smoked, including tobacco, cannabis
(marijuana), cocaine and opium. Smoking causes damage to health or even death, while
some drugs may also be harmful or fatal to people. Both illegal and legal drugs derived
from plants may have negative effects on the economy, affecting worker productivity and
law enforcement costs. Some plants cause allergic reactions in people and animals when
ingested, while other plants cause food intolerances that negatively affect health.
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Chapter 5

Insect

Insects
Temporal range: 3960 Ma
Early Devonian Recent
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Clockwise from top left: dancefly (Empis livida),
long-nosed weevil (Rhinotia hemistictus), mole
cricket (Gryllotalpa brachyptera), German wasp
(Vespula germanica), emperor gum moth
(Opodiphthera eucalypti), assassin bug

(Harpactorinae)
Scientific classification [ e ]
Kingdom: Animalia
Phylum: Arthropoda
Subphylum: Hexapoda
Class: Insecta

Linnaeus, 1758

Subclasses and classes
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Monocondylia
Archaeognatha
Dicondylia
Pterygota

Insects (from Latin insectum, a calque of Greek €vtopov [éntomon], "cut into sections")
are a class within the arthropods that have a chitinous exoskeleton, a three-part body
(head, thorax, and abdomen), three pairs of jointed legs, compound eyes, and two
antennae. They are among the most diverse group of animals on the planet and include
more than a million described species and represent more than half of all known living
organisms. The number of extant species is estimated at between six and ten million, and
potentially represent over 90% of the differing metazoan life forms on Earth. Insects may
be found in nearly all environments, although only a small number of species occur in the
oceans, a habitat dominated by another arthropod group, the crustaceans.

The life cycles of insects vary but most hatch from eggs. Insect growth is constrained by
the inelastic exoskeleton and development involves a series of molts. The immature
stages can differ from the adults in structure, habit and habitat and can include a passive
pupal stage in those groups that undergo complete metamorphosis. Insects that undergo
incomplete metamorphosis lack a pupal stage and adults develop through a series of
nymphal stages. The higher level relationship of the hexapoda is unclear. Fossilized
insects of enormous size have been found from the Paleozoic Era, including giant
dragonflies with wingspans of 55 to 70 cm (22—28 in). The most diverse insect groups
appear to have coevolved with flowering plants.

Insects typically move about by walking, flying or occasionally swimming. Because it
allows for rapid yet stable movement, many insects adopt a tripedal gait in which they
walk with their legs touching the ground in alternating triangles. Insects are the only
invertebrates to have evolved flight. Many insects spend at least part of their life
underwater, with larval adaptations that include gills and some adult insects are aquatic
and have adaptations for swimming. Some species, like water striders, are capable of
walking on the surface of water. Insects are mostly solitary, but some insects, such as
certain bees, ants, and termites are social and live in large, well-organized colonies. Some
insects, like earwigs, show maternal care, guarding their eggs and young. Insects can
communicate with each other in a variety of ways. Male moths can sense the pheromones
of female moths over distances of many kilometers. Other species communicate with
sounds: crickets stridulate, or rub their wings together, to attract a mate and repel other
males. Lampyridae in the beetle order Coleoptera communicate with light.

Humans regard certain insects as pests and attempt to control them using insecticides and
a host of other techniques. Some insects damage crops by feeding on sap, leaves or fruits,
a few bite humans and livestock, alive and dead, to feed on blood and some are capable
of transmitting diseases to humans, pets and livestock. Many other insects are considered
ecologically beneficial and a few provide direct economic benefit. Silkworms and bees
have been domesticated by humans for the production of silk and honey, respectively.
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External Morphology

/

Insect morphology

A- Head B- Thorax C- Abdomen

1. antenna

. ocelli (lower)

. ocelli (upper)

. compound eye

. brain (cerebral ganglia)

. prothorax

. dorsal blood vessel

. tracheal tubes (trunk with spiracle)
9. mesothorax

10. metathorax

11. forewing

12. hindwing

13. mid-gut (stomach)

14. dorsal tube (Heart)

15. ovary

16. hind-gut (intestine, rectum & anus)
17. anus

18. oviduct

19. nerve chord (abdominal ganglia)
20. Malpighian tubes
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21. tarsal pads

22. claws

23. tarsus

24. tibia

25. femur

26. trochanter

27. fore-gut (crop, gizzard)
28. thoracic ganglion

29. coxa

30. salivary gland

31. subesophageal ganglion
32. mouthparts

General body plan

Insects have segmented bodies supported by an exoskeleton, a hard outer covering made
mostly of chitin. The segments of the body are organized into three distinctive but
interconnected units, or tagmata: a head, a thorax, and an abdomen. The head supports a
pair of sensory antennae, a pair of compound eyes, and, if present, one to three simple
eyes (or ocelli) and three sets of variously modified appendages that form the mouthparts.
The thorax has six segmented legs—one pair each for the prothorax, mesothorax and the
metathorax segments making up the thorax—and, if present in the species, two or four
wings. The abdomen consists of eleven segments, though in a few species of insects these
segments may be fused together or reduced in size. The abdomen also contains most of
the digestive, respiratory, excretory and reproductive internal structures. There is
considerable variation and many adaptations in the body parts of insects especially wings,
legs, antenna, mouth-parts etc.

Exoskeleton

Insect outer skeleton, the cuticle, is made up of two layers: the epicuticle, which is a thin
and waxy water resistant outer layer and contains no chitin, and a lower layer called the
procuticle. The procuticle is chitinous and much thicker than the epicuticle and has two
layers: an outer layer known as the exocuticle and an inner layer known as the
endocuticle. The tough and flexible endocuticle is built from numerous layers of fibrous
chitin and proteins, criss-crossing each others in a sandwich pattern, while the exocuticle
is rigid and hardened. The exocuticle is greatly reduced in many soft-bodied insects (e.g.,
caterpillars), especially during their larval stages.

Insects are the only invertebrates to have developed active flight capability, and this has
played an important role in their success. These muscles are able to contract multiple
times for each single nerve impulse, allowing the wings to beat faster than would
ordinarily be possible. Having their muscles attached to their exoskeletons is more
efficient and allows more muscle connections; crustaceans also use the same method,
though all spiders use hydraulic pressure to extend their legs, a system inherited from
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their pre-arthropod ancestors. Unlike insects, though, most aquatic crustaceans are
biomineralized with calcium carbonate extracted from the water.

Internal Morphology
Nervous system

The nervous system of an insect can be divided into a brain and a ventral nerve cord. The
head capsule is made up of six fused segments, each with a pair of ganglia, or a cluster of
nerve cells outside of the brain. The first three pairs of ganglia are fused into the brain,
while the three following pairs are fused into a structure of three pairs of ganglia under
the insect's esophagus, called the subesophageal ganglion.

The thoracic segments have one ganglion on each side, which are connected into a pair,
one pair per segment. This arrangement is also seen in the abdomen but only in the first
eight segments. Many species of insects have reduced numbers of ganglia due to fusion
or reduction. Some cockroaches have just six ganglia in the abdomen, whereas the wasp
Vespa crabro has only two in the thorax and three in the abdomen. Some insects, like the
house fly Musca domestica, have all the body ganglia fused into a single large thoracic
ganglion.

At least a few insects have nociceptors, cells that detect and transmit sensations of pain.
This was discovered in 2003 by studying the variation in reactions of larvae of the
common fruitfly Drosophila to the touch of a heated probe and an unheated one. The
larvae reacted to the touch of the heated probe with a stereotypical rolling behavior that
was not exhibited when the larvae were touched by the unheated probe. Although
nociception has been demonstrated in insects, there is not a consensus that insects feel
pain consciously.

Digestive system

An insect uses its digestive system to extract nutrients and other substances from the food
it consumes. Most of this food is ingested in the form of macromolecules and other
complex substances like proteins, polysaccharides, fats, and nucleic acids. These
macromolecules must be broken down by catabolic reactions into smaller molecules like
amino acids and simple sugars before being used by cells of the body for energy, growth,
or reproduction. This break-down process is known as digestion.

The main structure of an insect's digestive system is a long enclosed tube called the
alimentary canal, which runs lengthwise through the body. The alimentary canal directs
food unidirectionally from the mouth to the anus. It has three sections, each of which
performs a different process of digestion. In addition to the alimentary canal, insects also
have paired salivary glands and salivary reservoirs. These structures usually reside in the
thorax, adjacent to the foregut.
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The salivary glands (element 30 in numbered diagram) in an insect's mouth produce
saliva. The salivary ducts lead from the glands to the reservoirs and then forward through
the head to an opening called the salivarium, located behind the hypopharynx. By moving
its mouthparts (element 32 in numbered diagram) the insect can mix its food with saliva.
The mixture of saliva and food then travels through the salivary tubes into the mouth,
where it begins to break down. Some insects, like flies, have extra-oral digestion. Insects
using extra-oral digestion expel digestive enzymes onto their food to break it down. This
strategy allows insects to extract a significant proportion of the available nutrients from
the food source. The gut is where almost all of insects' digestion takes place. It can be
divided into the foregut, midgut and hindgut.

Foregut

Midgut

Malpighian
tubule

=
Hindgut7 N\

Rectum

Stylized diagram of insect digestive tract showing malpighian tubule, from an insect of
the order Orthoptera.
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The first section of the alimentary canal is the foregut (element 27 in numbered diagram),
or stomodaeum. The foregut is line with a cuticular lining made of chitin and proteins as
protection from tough food. The foregut includes the buccal cavity (mouth), pharynx,
esophagus, and Crop and proventriculus (any part may be highly modified) which both
store food and signify when to continue passing onward to the midgut. Here, digestion
starts as partially chewed food is broken down by saliva from the salivary glands. As the
salivary glands produce fluid and carbohydrate-digesting enzymes (mostly amylases),
strong muscles in the pharynx pump fluid into the buccal cavity, lubricating the food like
the salivarium does, and helping blood feeders, and xylem and phloem feeders.

From there, the pharynx passes food to the esophagus, which could be just a simple tube
passing it on to the crop and proventriculus, and then on ward to the midgut, as in most
insects. Alternately, the foregut may expand into a very enlarged crop and proventriculus,
or the crop could just be a diverticulum, or fluid filled structure, as in some Diptera
species.

Bee defecating. Note the contraction of the anus which provides internal pressure.

WORLD TECHNOLOGIES




Midgut

Once food leaves the crop, it passes to the midgut (element 13 in numbered diagram),
also known as the mesenteron, where the majority of digestion takes place. Microscopic
projections from the midgut wall, called microvilli, increase the surface area of the wall
and allow more nutrients to be absorbed; they tend to be close to the origin of the midgut.
In some insects, the role of the microvilli and where they are located may vary. For
example, specialized microvilli producing digestive enzymes may more likely be near the
end of the midgut, and absorption near the origin or beginning of the midgut.

Hindgut

In the hindgut (element 16 in numbered diagram), or proctodaeum, undigested food
particles are joined by uric acid to form fecal pellets. The rectum absorbs 90% of the
water in these fecal pellets, and the dry pellet is then eliminated through the anus
(element 17), completing the process of digestion. The uric acid is formed using
hemolymph waste products diffused from the Malpighian tubules (element 20). It is then
emptied directly into the alimentary canal, at the junction between the midgut and
hindgut. The number of Malpighian tubules possessed by a given insect varies between
species, ranging from only two tubules in some insects to over 100 tubules in others.

Respiration and circulation

Insect respiration is accomplished without lungs. Instead, the insect respiratory system
uses a system of internal tubes and sacs through which gases either diffuse or are actively
pumped, delivering oxygen directly to tissues that need it via their trachea (element 8 in
numbered diagram). Since oxygen is delivered directly, the circulatory system is not used
to carry oxygen, and is therefore greatly reduced. The insect circulatory system has no
veins or arteries, and instead consists of little more than a single, perforated dorsal tube
which pulses peristaltically. Toward the thorax, the dorsal tube (element 14) divides into
chambers and acts like the insect's heart. The opposite end of the dorsal tube is like the
aorta of the insect circulating the hemolymph, arthropods' fluid analog of blood, inside
the body cavity. Air is taken in through openings on the sides of the abdomen called
spiracles.

There are many different patterns of gas exchange demonstrated by different groups of
insects. Gas exchange patterns in insects can range from continuous and diffusive
ventilation, to discontinuous gas exchange. During continuous gas exchange, oxygen is
taken in and carbon dioxide is released in a continuous cycle. In discontinuous gas
exchange, however, the insect takes in oxygen while it is active and small amounts of
carbon dioxide are released when the insect is at rest. Diffusive ventilation is simply a
form of continuous gas exchange that occurs by diffusion rather than physically taking in
the oxygen. Some species of insect that are submerged also have adaptations to aid in
respiration. As larvae, many insects have gills that can extract oxygen dissolved in water,
while others need to rise to the water surface to replenish air supplies which may be held
or trapped in special structures.
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Reproduction and development

A pair of Simosyrphus grandicornis hoverflies mating in flight.

The majority of insects hatch from eggs. The fertilization and development takes place
inside the egg, enclosed by a shell (chorion). Some species of insects, like the cockroach
Blaptica dubia, as well as juvenile aphids and tsetse flies, are ovoviviparous. The eggs of
ovoviviparous animals develop entirely inside the female, and then hatch immediately
upon being laid. Some other species, such as those in the genus of cockroaches known as
Diploptera, are viviparous, and thus gestate inside the mother and are born alive. Some
insects, like parasitic wasps, show polyembryony, where a single fertilized egg divides
into many and in some cases thousands of separate embryos.
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The different forms of the male (top) and female (bottom) tussock moth Orgyia recens is
an example of sexual dimorphism in insects.

Other developmental and reproductive variations include haplodiploidy, polymorphism,
paedomorphosis or peramorphosis, sexual dimorphism, parthenogenesis and more rarely
hermaphroditism. In haplodiploidy, which is a type of sex-determination system, the
offspring's sex is determined by the number of sets of chromosomes an individual
receives. This system is typical in bees and wasps. Polymorphism is the where a species
may have different morphs or forms, as in the oblong winged katydid, which has four
different varieties: green, pink, and yellow or tan. Some insects may retain phenotypes
that are normally only seen in juveniles; this is called paedomorphosis. In peramorphosis,
an opposite sort of phenomenon, insects take on previously unseen traits after they have
matured into adults. Many insects display sexual dimorphism, in which males and
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females have notably different appearances, such as the moth Orgyia recens as an
exemplar of sexual dimorphism in insects.

Some insects use parthenogenesis, a process in which the female can reproduce and give
birth without having the eggs fertilized by a male. Many aphids undergo a form of
parthenogenesis, called cyclical parthenogenesis, in which they alternate between one or
many generations of asexual and sexual reproduction. In summer, aphids are generally
female and parthenogenetic; in the autumn, males may be produced for sexual
reproduction. Other insects produced by parthenogenesis are bees, wasps, and ants, in
which they spawn males. However, overall, most individuals are female, which are
produced by fertilization. The males are haploid and the females are diploid. More rarely,
some insects display hermaphroditism, in which a given individual has both male and
female reproductive organs.

Insect life-histories show adaptations to withstand cold and dry conditions. Some
temperate region insects are capable of activity during winter, while some others migrate
to a warmer climate or go into a state of torpor. Still other insects have evolved
mechanisms of diapause that allow eggs or pupae to survive these conditions.

Metamorphosis

Metamorphosis in insects is the biological process of development all insects must
undergo. There are two forms of metamorphosis: incomplete metamorphosis and
complete metamorphosis.

Incomplete metamorphosis

Insects that show hemimetabolism, or incomplete metamorphosis, change gradually by
undergoing a series of molts. An insect molts when it outgrows its exoskeleton, which
does not stretch and would otherwise restrict the insect's growth. The molting process
begins as the insect's epidermis secretes a new epicuticle. After this new epicuticle is
secreted, the epidermis releases a mixture of enzymes that digests the endocuticle and
thus detaches the old cuticle. When this stage is complete, the insect makes its body swell
by taking in a large quantity of water or air, which makes the old cuticle split along
predefined weaknesses where the old exocuticle was thinnest. Other arthropods have a
much different process and only molt; though must accommodate for the difference in
exoskeleton structure and make up with other enzymes.

Immature insects that go through incomplete metamorphosis are called nymphs or in the
case of dragonflies and damselflies as naiads. Nymphs are similar in form to the adult
except for the presence of wings, which are not developed until adulthood. With each
molt, nymphs grow larger and become more similar in appearance to adult insects.
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Like other insects that develop through incomplete metamorphosis, this Southern Hawker
dragonfly molts its exoskeleton (shown above) several times during its pre-adult life.

Complete metamorphosis

Gulf Fritillary Life Cycle

Eggs

e
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Gulf Fritillary life cycle, an example of holometabolism.

Holometabolism, or complete metamorphosis, is where the insect changes all in four
stages, an egg or embryo, a larva, a pupa, and the adult or imago. In these species, egg
hatches to produce a larva, which is generally worm-like in form. This worm-like form
can be one of several varieties: eruciform (caterpillar-like), scarabaeiform (grub-like),
campodeiform (elongated, flattened, and active), elateriform (wireworm-like) or
vermiform (maggot-like). The larva grows and eventually becomes a pupa, a stage
marked by reduced movement and often sealed within a cocoon. There are three types of
pupae: obtect, exarate or coarctate. Obtect pupae are compact, with the legs and other
appendages enclosed. Exarate pupae have their legs and other appendages free and
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extended. Coarctate pupae develop inside the larval skin. Insects undergo considerable
change in form during the pupal stage, and emerge as adults. Butterflies are a well known
example of an insects that undergo complete metamorphosis, although most insects use
this life cycle. Some insects have evolved this system to hypermetamorphosis.

Some of the oldest and most successful insect groups, such Endopterygota, use a system
of complete metamorphosis. Strangely though, complete metamorphosis is unique to
certain insect orders, like Diptera, Lepidoptera, and Hymenoptera, and no other
arthropods undergo it, but incomplete metamorphosis.

Senses and communication

Many insects possess very sensitive and/or specialized organs of perception. Some
insects such as bees can perceive ultraviolet wavelengths, or detect polarized light, while
the antennae of male moths can detect the pheromones of female moths over distances of
many kilometers. There is a pronounced tendency for there to be a trade-off between
visual acuity and chemical or tactile acuity, such that most insects with well-developed
eyes have reduced or simple antennae, and vice-versa. There are a variety of different
mechanisms by which insects perceive sound, while the patterns are not universal, insects
can generally hear sound if they can produce it. Different insect species can have varying
hearing, though most insects can hear only a narrow range of frequencies related to the
frequency of the sounds they can produce. Mosquitoes have been found to hear up to

2 MHz., and some grasshoppers can hear up to 50 MHz. Certain predatory and parasitic
insects can detect the characteristic sounds made by their prey or hosts, respectively. For
instance, some nocturnal moths can perceive the ultrasonic emissions of bats, which helps
them avoid predation. Insects that feed on blood have special sensory structures that can
detect infrared emissions, and use them to home in on their hosts.

Some insects display a rudimentary sense of numbers, such as the solitary wasps that
prey upon a single species. The mother wasp lays her eggs in individual cells and
provides each egg with a number of live caterpillars on which the young feed when
hatched. Some species of wasp always provide five, others twelve, and others as high as
twenty-four caterpillars per cell. The number of caterpillars is different among species,
but always the same for each sex of larva. The male solitary wasp in the genus Eumenes
is smaller than the female, so the mother of one species supplies him with only five
caterpillars; the larger female receives ten caterpillars in her cell.
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Light production and vision

Insects have compound eyes and two antennae.

A few insects, such as members of the families Poduridae and Onychiuridae
(Collembola), Mycetophilidae (Diptera), and the beetle families Lampyridae,
Phengodidae, Elateridae and Staphylinidae are bioluminescent. The most familiar group
are the fireflies, beetles of the family Lampyridae. Some species are able to control this
light generation to produce flashes. The function varies with some species using them to
attract mates, while others use them to lure prey. Cave dwelling larvae of Arachnocampa
(Mycetophilidae, Fungus gnats) glow to lure small flying insects into sticky strands of
silk. Some fireflies of the genus Photuris mimic the flashing of female Photinus species
to attract males of that species, which are then captured and devoured. The colors of

WORLD TECHNOLOGIES




emitted light vary from dull blue (Orfelia fultoni, Mycetophilidae) to the familiar greens
and the rare reds (Phrixothrix tiemanni, Phengodidae).

Most insects, except some species of cave dwelling crickets, are able to perceive light and
dark. Many species have acute vision capable of detecting minute movements. The eyes
include simple eyes or ocelli as well as compound eyes of varying sizes. Many species
are able to detect light in the infrared, ultraviolet and the visible light wavelengths. Color
vision has been demonstrated in many species and phylogenetic analysis suggests that
UV-green-blue trichromacy existed from at least the Devonian period between 416 and
359 million years ago.

Sound production and hearing

Insects were the earliest organisms to produce and sense sounds. Insects make sounds
mostly by mechanical action of appendages. In grasshoppers and crickets, this is achieved
by stridulation. Cicadas make the loudest sounds among the insects by producing and
amplifying sounds with special modifications to their body and musculature. The African
cicada Brevisana brevis has been measured at 106.7 decibels at a distance of 50 cm

(20 in). Some insects, such as the hawk moths and Hedylid butterflies, can hear
ultrasound and take evasive action when they sense that they have been detected by bats.
Some moths produce ultrasonic clicks that were once thought to have a role in jamming
bat echolocation. The ultrasonic clicks were subsequently found to be produced mostly
by unpalatable moths to warn bats, just as warning colorations are used against predators
that hunt by sight. Some otherwise palatable moths have evolved to mimic these calls.

Very low sounds are also produced in various species of Coleoptera, Hymenoptera,
Lepidoptera, Mantodea, and Neuroptera. These low sounds are simply the sounds made
by the insect's movement. Through microscopic stridulatory structures located on the
insect's muscles and joints, the normal sounds of the insect moving are amplified and can
be used to warn or communicate with other insects. Most sound-making insects also have
tympanal organs that can perceive airborne sounds. Some species in Hemiptera, such as
the corixids (water boatmen), are known to communicate via underwater sounds. Most
insects are also able to sense vibrations transmitted through surfaces. For example, an
insect is caught in a spider web and struggles to escape. The vibrations it produces are
sensed by the spider, who is alerted to its presence. Through these vibrations, the spider
can tell where on the web the insect is located, as well as how big it is.

Communication using surface-borne vibrational signals is more widespread among
insects because of size constraints in producing air-borne sounds. Insects cannot
effectively produce low-frequency sounds, and high-frequency sounds tend to disperse
more in a dense environment (such as foliage), so insects living in such environments
communicate primarily using substrate-borne vibrations. The mechanisms of production
of vibrational signals are just as diverse as those for producing sound in insects.

Some species use vibrations for communicating within members of the same species,
such as to attract mates as in the songs of the shield bug Nezara viridula. Vibrations can
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also be used to communicate between entirely different species; lycaenid (gossamer-
winged butterfly) caterpillars which are myrmecophilous (living in a mutualistic
association with ants) communicate with ants in this way. The Madagascar hissing
cockroach has the ability to press air through its spiracles to make a hissing noise as a
sign of aggression; the Death's-head Hawkmoth makes a squeaking noise by forcing air
out of their pharynx when agitated, which may also reduce aggressive worker honey bee
behavior when the two are in close proximity.

Chemical communication

In addition to the use of sound for communication, a wide range of insects have evolved
chemical means for communication. These chemicals, termed semiochemicals, are often
derived from plant metabolites include those meant to attract, repel and provide other
kinds of information. Pheromones, a type of semiochemical, are used for attracting mates
of the opposite sex, for aggregating conspecific individuals of both sexes, for deterring
other individuals from approaching, to mark a trail, and to trigger aggression in nearby
individuals. Allomonea benefit their producer by the effect they have upon the receiver.
Kairomones benefit their receiver instead of their producer. Synomones benefit the
producer and the receiver. While some chemicals are targeted at individuals of the same
species, others are used for communication across species. The use of scents is especially
well known to have developed in social insects.
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Social behavior

A cathedral mound created by termites (Isoptera).

Social insects, such as termites, ants and many bees and wasps, are the most familiar
species of eusocial animal. They live together in large well-organized colonies that may
be so tightly integrated and genetically similar that the colonies of some species are
sometimes considered superorganisms. It is sometimes argued that the various species of
honey bee are the only invertebrates (and indeed one of the few non-human groups) to
have evolved a system of abstract symbolic communication where a behavior is used to
represent and convey specific information about something in the environment. In this
communication system, called dance language, the angle at which a bee dances represents
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a direction relative to the sun, and the length of the dance represents the distance to be
flown.

Only insects which live in nests or colonies demonstrate any true capacity for fine-scale
spatial orientation or homing. This can allow an insect to return unerringly to a single
hole a few millimeters in diameter among thousands of apparently identical holes
clustered together, after a trip of up to several kilometers' distance. In a phenomenon
known as philopatry, insects that hibernate have shown the ability to recall a specific
location up to a year after last viewing the area of interest. A few insects seasonally
migrate large distances between different geographic regions (e.g., the overwintering
areas of the Monarch butterfly).

Care of young

Most insects lead short lives as adults, and rarely interact with one another except to mate
or compete for mates. A small number exhibit some form of parental care, where they
will at least guard their eggs, and sometimes continue guarding their offspring until
adulthood, and possibly even feeding them. Another simple form of parental care is to
construct a nest (a burrow or an actual construction, either of which may be simple or
complex), store provisions in it, and lay an egg upon those provisions. The adult does not
contact the growing offspring, but it nonetheless does provide food. This sort of care is
typical of bees and various types of wasps.
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Locomotion

Flight
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Basic motion of the insect wing in insect with an indirect flight mechanism scheme of
dorsoventral cut through a thorax segment with

a wings

b joints

¢ dorsoventral muscles

d longitudinal muscles.

Insects are the only group of invertebrates to have developed flight. The evolution of
insect wings has been a subject of debate. Some entomologists suggest that the wings are
from paranotal lobes, or extensions from the insect's exoskeleton called the nota, called
the paranotal theory. Other theories are based on a pleural origin. The pleuron is
membrane on the sides of the thorax. These theories include suggestions that wings
originated from modified gills, spiracular flaps or as from an appendage of the epicoxa.
The epicoxal theory suggests the insect wings are modified epicoxal exites, a modified
appendage at the base of the legs or coxa. In the Carboniferous age, some of the
Meganeura dragonflies had as much as a 50 cm (20 in) wide wingspan. The appearance
of gigantic insects has been found to be consistent with high atmospheric oxygen. The
respiratory system of insects constrains their size, however the high oxygen in the
atmosphere allowed larger sizes. The largest flying insects today are much smaller and
include several moth species such as the Atlas moth and the White Witch (Thysania
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agrippina). Insect flight has been a topic of great interest in aerodynamics due partly to
the inability of steady-state theories to explain the lift generated by the tiny wings of
insects.

Unlike birds, many small insects are swept along by the prevailing winds although many
of the larger insects are known to make migrations. Aphids are known to be transported
long distances by low-level jet streams. As such, fine line patterns associated with
converging winds within weather radar imagery, like the WSR-88D radar network, often
represent large groups of insects.

Walking

Many adult insects use six legs for walking and have adopted a tripedal gait. The tripedal
gait allows for rapid walking while always having a stable stance and has been studied
extensively in cockroaches. The legs are used in alternate triangles touching the ground.
For the first step, the middle right leg and the front and rear left legs are in contact with
the ground and move the insect forward, while the front and rear right leg and the middle
left leg are lifted and moved forward to a new position. When they touch the ground to
form a new stable triangle the other legs can be lifted and brought forward in turn and so
on. The purest form of the tripedal gait is seen in insects moving at high speeds.
However, this type of locomotion is not rigid and insects can adapt a variety of gaits. For
example, when moving slowly, turning, or avoiding obstacles, four or more feet may be
touching the ground. Insects can also adapt their gait to cope with the loss of one or more
limbs.

Cockroaches are among the fastest insect runners and, at full speed, adopt a bipedal run
to reach a high velocity in proportion to their body size. As cockroaches move very
quickly, they need to be video recorded at several hundred frames per second to reveal
their gait. More sedate locomotion is seen in the stick insects or walking sticks
(Phasmatodea). A few insects have evolved to walk on the surface of the water,
especially the bugs of the Gerridae family, commonly known as water striders. A few
species of ocean-skaters in the genus Halobates even live on the surface of open oceans,
a habitat that has few insect species.

Use in robotics
Insect walking is of particular interest as an alternative form of locomotion in robots. The
study of insects and bipeds has a significant impact on possible robotic methods of

transport. This may allow new robots to be designed that can traverse terrain that robots
with wheels may be unable to handle.
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Swimming

The backswimmer Notonecta glauca underwater, showing its paddle-like hindleg
adaptation.

A large number of insects live either parts or the whole of their lives underwater. In many
of the more primitive orders of insect, the immature stages are spent in an aquatic
environment. Some groups of insects, like certain water beetles, have aquatic adults as
well.

Many of these species have adaptations to help in under-water locomotion. Water beetles
and water bugs have legs adapted into paddle-like structures. Dragonfly naiads use jet
propulsion, forcibly expelling water out of their rectal chamber. Some species like the
water striders are capable of walking on the surface of water. They can do this because
their claws are not at the tips of the legs as in most insects, but recessed in a special
groove further up the leg; this prevents the claws from piercing the water's surface film.
Other insects such as the Rove beetle Stenus are known to emit pygidial gland secretions
that reduce surface tension making it possible for them to move on the surface of water
by Marangoni propulsion (also known by the German term Entspannungsschwimmen).
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Phylogeny and systemics

Evolution has produced astonishing variety in insects. Pictured are some of the possible
shapes of antennae.

The evolutionary relationships of insects to other animal groups remain unclear.
Although more traditionally grouped with millipedes and centipedes, evidence has
emerged favoring closer evolutionary ties with crustaceans. In the Pancrustacea theory,
insects, together with Remipedia and Malacostraca, make up a natural clade. Other
terrestrial arthropods, such as centipedes, millipedes, scorpions and spiders, are
sometimes confused with insects since their body plans can appear similar, sharing (as do
all arthropods) a jointed exoskeleton. However, upon closer examination their features
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differ significantly; most noticeably they do not have the six legs characteristic of adult
insects.

The higher-level phylogeny of the arthropods continues to be a matter of debate and
research. In 2008, researchers at Tufts University uncovered what they believe is the
world's oldest known full-body impression of a primitive flying insect, a 300 million-
year-old specimen from the Carboniferous Period. The oldest definitive insect fossil is
the Devonian Rhyniognatha hirsti, from the 396 million year old Rhynie chert. It may
have superficially resembled a modern-day silverfish insect. This species already
possessed dicondylic mandibles (two articulations in the mandible), a feature associated
with winged insects, suggesting that wings may already have evolved at this time. Thus,
the first insects probably appeared earlier, in the Silurian period.

The origins of insect flight remain obscure, since the earliest winged insects currently
known appear to have been capable fliers. Some extinct insects had an additional pair of
winglets attaching to the first segment of the thorax, for a total of three pairs. As of 2009,
there is no evidence that suggests that the insects were a particularly successful group of
animals before they evolved to have wings.

Late Carboniferous and Early Permian insect orders include both extant groups and a
number of Paleozoic species, now extinct. During this era, some giant dragonfly-like
forms reached wingspans of 55 to 70 cm (22 to 28 in) making them far larger than any
living insect. This gigantism may have been due to higher atmospheric oxygen levels that
allowed increased respiratory efficiency relative to today. The lack of flying vertebrates
could have been another factor. Most extinct orders of insects developed during the
Permian period that began around 270 million years ago. Many of the early groups
became extinct during the Permian-Triassic extinction event, the largest mass extinction
in the history of the Earth, around 252 million years ago.

The remarkably successful Hymenopterans appeared as long as 146 million years ago in
the Cretaceous period, but achieved their wide diversity more recently in the Cenozoic
era, which began 66 million years ago. A number of highly successful insect groups
evolved in conjunction with flowering plants, a powerful illustration of coevolution.

Many modern insect genera developed during the Cenozoic. Insects from this period on
are often found preserved in amber, often in perfect condition. The body plan, or
morphology, of such specimens is thus easily compared with modern species. The study
of fossilized insects is called paleoentomology.

Evolutionary relationships
Insects are prey for a variety of organisms, including terrestrial vertebrates. The earliest

vertebrates on land existed 400 million years ago and were large amphibious piscivores,
through gradual evolutionary change, insectivory was the next diet type to evolve.
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Insects were among the earliest terrestrial herbivores and acted as major selection agents
on plants. Plants evolved chemical defenses against this herbivory and the insects in turn
evolved mechanisms to deal with plant toxins. Many insects make use of these toxins to
protect themselves from their predators. Such insects often advertise their toxicity using
warning colors. This successful evolutionary pattern has also been utilized by mimics.
Over time, this has led to complex groups of coevolved species. Conversely, some
interactions between plants and insects, like pollination, are beneficial to both organisms.
Coevolution has led to the development of very specific mutualisms in such systems.

Taxonomy

Traditional morphology-based or appearance-based systematics has usually given
Hexapoda the rank of superclass, and identified four groups within it: insects
(Ectognatha), springtails (Collembola), Protura and Diplura, the latter three being
grouped together as Entognatha on the basis of internalized mouth parts. Supraordinal
relationships have undergone numerous changes with the advent of methods based on
evolutionary history and genetic data. A recent theory is that Hexapoda is polyphyletic
(where the last common ancestor was not a member of the group), with the entognath
classes having separate evolutionary histories from Insecta. Many of the traditional
appearance-based taxa have been shown to be paraphyletic, so rather than using ranks
like subclass, superorder and infraorder, it has proved better to use monophyletic
groupings (in which the last common ancestor is a member of the group). The following
represents the best supported monophyletic groupings for the Insecta.

Insects can be divided into two groups historically treated as subclasses: wingless insects,
known as Apterygota, and winged insects, known as Pterygota. The Apterygota consist of
the primitively wingless order of the silverfish (Thysanura). Archacognatha make up the
Monocondylia based on the shape of their mandibles, while Thysanura and Pterygota are
grouped together as Dicondylia. It is possible that the Thysanura themselves are not
monophyletic, with the family Lepidotrichidae being a sister group to the Dicondylia
(Pterygota and the remaining Thysanura).

Paleoptera and Neoptera are the winged orders of insects differentiated by the presence of
hardened body parts called sclerites; also, in Neoptera, muscles that allow their wings to
fold flatly over the abdomen. Neoptera can further be divided into incomplete
metamorphosis-based (Polyneoptera and Paraneoptera) and complete metamorphosis-
based groups. It has proved difficult to clarify the relationships between the orders in
Polyneoptera because of constant new findings calling for revision of the taxa. For
example, Paraneoptera has turned out to be more closely related to Endopterygota than to
the rest of the Exopterygota. The recent molecular finding that the traditional louse orders
Mallophaga and Anoplura are derived from within Psocoptera has led to the new taxon
Psocodea. Phasmatodea and Embiidina have been suggested to form Eukinolabia.
Mantodea, Blattodea and Isoptera are thought to form a monophyletic group termed
Dictyoptera.
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It is likely that Exopterygota is paraphyletic in regard to Endopterygota. Matters that have
had a lot of controversy include Strepsiptera and Diptera grouped together as Halteria
based on a reduction of one of the wing pairs — a position not well-supported in the
entomological community. The Neuropterida are often lumped or split on the whims of
the taxonomist. Fleas are now thought to be closely related to boreid mecopterans. Many
questions remain to be answered when it comes to basal relationships amongst
endopterygote orders, particularly Hymenoptera.

The study of the classification or taxonomy of any insect is called systematic
entomology. If one works with a more specific order or even a family, the term may also
be made specific to that order or family, for example systematic dipterology.

Relationship to humans

Aedes aegypti, a parasite, and vector of dengue fever and yellow fever.

Many insects are considered pests by humans. Insects commonly regarded as pests
include those that are parasitic (mosquitoes, lice, bed bugs), transmit diseases
(mosquitoes, flies), damage structures (termites), or destroy agricultural goods (locusts,
weevils). Many entomologists are involved in various forms of pest control, as in
research for companies to produce insecticides, but increasingly relying on methods of
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biological pest control, or biocontrol. Biocontrol uses one organism to reduce the
population density of another organism — the pest — and is considered a key element of
integrated pest management.

Despite the large amount of effort focused at controlling insects, human attempts to kill
pests with insecticides can backfire. If used carelessly the poison can kill all kinds of
organisms in the area, including insects' natural predators such as birds, mice, and other
insectivores. The effects of DDT's use exemplifies how some insecticides can threaten
wildlife beyond intended populations of pest insects.

'.

Because they help flowering plants to cross-pollinate, some insects are critical to

agriculture. This European honey bee is gathering nectar while pollen collects on its
body.

Although pest insects attract the most attention, many insects are beneficial to the
environment and to humans. Some insects, like wasps, bees, butterflies, and ants,
pollinate flowering plants. Pollination is a mutualistic relationship between plants and
insects. As insects gather nectar from different plants of the same species, they also
spread pollen from plants on which they have previously fed. This greatly increases
plants' ability to cross-pollinate, which maintains and possibly even improves their
evolutionary fitness. This ultimately affects humans since ensuring healthy crops is
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critical to agriculture. A serious environmental problem is the decline of populations of
pollinator insects, and a number of species of insects are now cultured primarily for
pollination management in order to have sufficient pollinators in the field, orchard or
greenhouse at bloom time." Insects also produce useful substances such as honey, wax,
lacquer and silk. Honey bees have been cultured by humans for thousands of years for
honey, although contracting for crop pollination is becoming more significant for
beekeepers. The silkworm has greatly affected human history, as silk-driven trade
established relationships between China and the rest of the world.

The common fruitfly Drosophila melanogaster is one of the most widely used organisms
in biological research.

Insects play important roles in biological research. For example, because of its small size,
short generation time and high fecundity, the common fruit fly Drosophila melanogaster
is a model organism for studies in the genetics of higher eukaryotes. D. melanogaster has
been an essential part of studies into principles like genetic linkage, interactions between
genes, chromosomal genetics, development, behavior, and evolution. Because genetic
systems are well conserved among eukaryotes, understanding basic cellular processes
like DNA replication or transcription in fruit flies can help to understand those processes
in other eukaryotes, including humans. The genome of D. melanogaster was sequenced
in 2000, reflecting the organism's important role in biological research.

WORLD TECHNOLOGIES




A robberfly with its prey, a hoverfly. Insectivorous relationships such as these help
control insect populations.

Insectivorous insects, or insects which feed on other insects, are beneficial to humans
because they eat insects that could cause damage to agriculture and human structures. For
example, aphids feed on crops and cause problems for farmers, but ladybugs feed on
aphids, and can be used as a means to get significantly reduce pest aphid populations.
While birds are perhaps more visible predators of insects, insects themselves account for
the vast majority of insect consumption. Without predators to keep them in check, insects
can undergo almost unstoppable population explosions.

Many insects, especially beetles, are scavengers that feed on dead animals and fallen
trees and thereby recycle biological materials into forms found useful by other organisms.
Insects are responsible for much of the process by which topsoil is created. The ancient
Egyptian religion considered dung beetles sacred, and represented them as beetle-shaped
amulets, or scarabs. Dung beetles have been used in countries including Australia as an
agent of biological pest control to reduce the populations of pestilent flies and parasitic
worms. The Australian Dung Beetle Project successfully introduced 23 species of dung
beetle, including Onthophagus gazella and Euoniticellus intermedius from South Africa
and Europe. This resulting in a 90% reduction in bush flies as well as improved soil
fertility and quality.

Insects are also used in medicine, for example fly larvae (maggots) were formerly used to
treat wounds to prevent or stop gangrene, as they would only consume dead flesh. This
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treatment is finding modern usage in some hospitals. Adult insects, such as crickets, and
insect larvae of various kinds are also commonly used as fishing bait.

Entomophagy

In some parts of the world, insects are used for human food, while being a taboo in other
places. In some cultures, insects, especially deep-fried cicadas, are considered to be
delicacies, while in other places they form part of the normal diet as they have a high
protein content for their mass. In most first-world countries, however, entomophagy, or
the consumption of insects, is taboo. There are proponents of developing this use to
provide a major source of protein in human nutrition. Since it is impossible to entirely
eliminate pest insects from the human food chain, insects are present in many foods,
especially grains. Food safety laws in many countries do not prohibit insect parts in food,
but rather limit the quantity. According to cultural materialist anthropologist Marvin
Harris, the eating of insects is taboo in cultures that have other protein sources such as
fish or livestock.

In culture

Scarab beetles held religious and cultural symbolism in Old Egypt, Greece and some
shamanistic Old World cultures. The ancient Chinese regarded cicadas as symbols of
rebirth or immortality. In Mesopotamian literature, the epic poem of Gilgamesh has
allusions to Odonata which signify the impossibility of immortality. Amongst the
Aborigines of Australia of the Arrernte language groups, honey ants and witchety grubs
served as personal clan totems. In the case of the 'San' bush-men of the Kalahari, it is the
praying mantis which holds much cultural significance including creation and zen-like
patience in waiting.
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Chapter 6

Mollusca

Mollusca
Temporal range: Cambrian—Recent
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Scientific classification [ e ]
Kingdom: Animalia
Superphylum: Lophotrochozoa

Mollusca
Linnaeus, 1758

Phylum:
The Mollusca, common name molluscs or mollusks, is a large phylum of invertebrate
animals. There are around 85,000 recognized extant species of molluscs. This is the
largest marine phylum, comprising about 23% of all the named marine organisms.
Numerous molluscs also live in freshwater and terrestrial habitats. Molluscs are highly
diverse, not only in size and in anatomical structure, but also in behaviour and in habitat.

The phylum Mollusca is typically divided into nine or ten taxonomic classes, of which
two are extinct. The gastropods (snails and slugs) include by far the most classified
species, accounting for 80% of the total. Cephalopod molluscs such as squid, cuttlefish
and octopus are among the most neurologically advanced invertebrates. Either the giant
squid or the colossal squid is the largest known species of animal without a backbone.

The two most universal features of the body structure of molluscs are a mantle with a
significant cavity used for breathing and excretion, and the organization of the nervous
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system. Because of the great range of anatomical diversity, many textbooks base their
descriptions on a hypothetical "generalized mollusc", with features common to many but
not all classes within the Mollusca.

There is good evidence for the appearance of gastropods, cephalopods and bivalves in the
Cambrian period 542 to 488.3 million years ago. However, the evolutionary history both
of the emergence of molluscs from the ancestral group Lophotrochozoa, and of their
diversification into the well-known living and fossil forms, is still vigorously debated.
The most abundant metallic element in molluscs is calcium.

Molluscs have for many centuries been the source of important luxury goods, notably
pearls, mother of pearl, Tyrian purple dye, and sea silk. Their shells have also been used
as money in some pre-industrial societies.

There is a risk of food poisoning from toxins that accumulate in molluscs under certain
conditions, and many countries have regulations that aim to minimize this risk. Blue-
ringed octopus bites are often fatal, and the bite of Octopus rubescens can cause necrosis
that lasts longer than one month if untreated, and headaches and weakness persisting for
up to a week even if treated. Stings from a few species of large tropical cone shells can
also kill. However, the sophisticated venoms of these cone snails have become important
tools in neurological research and show promise as sources of new medications.

Schistosomiasis (also known as bilharzia, bilharziosis or snail fever) is transmitted to
humans via water snail hosts, and affects about 200 million people. A few species of
snails and slugs are serious agricultural pests, and in addition, accidental or deliberate
introduction of various snail species into new territory has resulted in serious damage to
some natural ecosystems.

Taxonomy

The phylum Mollusca is monophyletic and is typically divided into nine or ten taxonomic
classes, of which two are extinct. The gastropods (snails and slugs) include by far the
most classified species, accounting for 80% of the total. Cephalopod molluscs such as
squid, cuttlefish and octopus are among the most neurologically advanced invertebrates.
Either the giant squid or the colossal squid is the largest known species of animal without
a backbone.

Opinions vary about the number of classes of molluscs—for example the table below
shows eight living classes, and two extinct ones. However some authors combine the
Caudofoveata and solenogasters into one class, the Aplacophora. Two of the commonly
recognized classes are known only from fossils

Synonymy has been a great problem. The phylum Mollusca is certainly the marine group
where the number of names, given in the last 250 years, and number of valid names of
species are most at odds with each other. The great number of scientific journals and
publications, most of which can only be consulted on payment, makes it difficult for the
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taxonomist to know whether or not a newly described species has actually been described
before in the relevant literature. This causes many synonymies to remain unrecognized
for decades. It is currently believed that synonyms represent at most 10-20% of the 1,635
new marine species (many of which are mollusks) that are on average being described
each year.

Described
Class Major organisms living Distribution
species
seabed 200-
3,000 metres
(660-9,800
ft)
seabed 200—
3,000 metres
(660-9,800
ft)
rocky tidal
Polyplacophora chitons 1,000  zone and
seabed

Caudofoveata =~ worm-like organisms 120

Aplacophora solenogasters, worm-like organisms 200

seabed
1,800-7,000
metres

An ancient lineage of molluscs with cap- 31 (5,900—

like shells 23,000 ft);
one species
200 metres
(660 ft)

All the snails and slugs including abalone, marine,
Gastropoda limpets, conch, nudibranchs, sea hares, sea 70,000  freshwater,
butterfly land

Cephalopoda squid, octopus, cuttlefish, nautilus 900 marine

Monoplacophora

marine,

Bivalvia clams, oysters, scallops, geoducks, mussels 20,000 freshwater

marine 6—
7,000 metres
(20-23,000
ft)

Rostroconchia § fossils; probable ancestors of bivalves extinct  marine

Scaphopoda tusk shells 500

fossils; snail-like organisms such as

extinct  marine
Latouchella

Helcionelloida
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Distinguishing features

The two most universal features of the body structure of molluscs are a mantle with a
significant cavity used for breathing and excretion, and the organization of the nervous
system. Because of the great range of anatomical diversity, many textbooks base their
descriptions on a hypothetical "generalized mollusc", with features common to many but
not all classes within the Mollusca.

Diversity

About 80% of all known mollusc species are gastropods (snails and slugs), including the
cowry (a sea snail) pictured here.

Estimates of accepted described living species of molluscs vary from 50,000 to a
maximum of 120,000 species. In 2009 Chapman estimated the number of described
living species at 85,000. Haszprunar in 2001 estimated about 93,000 named species,
which include 23% of all named marine organisms. Molluscs are second only to
arthropods in numbers of living animal species—far behind the arthropods' 1,113,000 but
well ahead of chordates' 52,000. It has been estimated that there are about 200,000 living
species in total, and 70,000 fossil species, although the total number of mollusc species
that ever existed, whether or not preserved, must be many times greater than the number
alive today.

Molluscs have more varied forms than any other animal phylum. They include snails,
slugs and other gastropods; clams and other bivalves; squids and other cephalopods; and
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other lesser-known but similarly distinctive sub-groups. The majority of species still live
in the oceans, from the seashores to the abyssal zone, but some form a significant part of
the freshwater fauna and the terrestrial ecosystems. Molluscs are extremely diverse in
tropical and temperate regions but can be found at all latitudes. About 80% of all known
mollusc species are gastropods. Cephalopoda such as squid, cuttlefish and octopus are
among the neurologically most advanced of all invertebrates. The giant squid, which until
recently had not been observed alive in its adult form, is one of the largest invertebrates.
However a recently caught specimen of the colossal squid, 10 metres (33 ft) long and
weighing 500 kilograms (0.49 LT; 0.55 ST), may have overtaken it.

Freshwater and terrestrial molluscs appear exceptionally vulnerable to extinction.
Estimates of the numbers of non-marine molluscs vary widely, partly because many
regions have not been thoroughly surveyed. There is also a shortage of specialists who
can identify all the animals in any one area to species. However, in 2004 the ITUCN Red
List of Threatened Species included nearly 2,000 endangered non-marine molluscs. For
comparison, the great majority of molluscs species are marine but only 41 of these
appeared on the 2004 Red List. 42% of recorded extinctions since the year 1500 are of
molluscs, almost entirely non-marine species.

Definition

The words mollusc and mollusk are both derived from the French mollusque, which
originated from the Latin molluscus, from mollis, soft. Molluscus was itself an adaptation
of Aristotle's TQ paAdxa, "the soft things", which he applied to cuttlefish. The scientific
study of molluscs is known as malacology.

Molluscs have developed such a varied range of body structures that it is difficult to find
synapomorphies (defining characteristics) that apply to all modern groups. The most
general characteristic of molluscs is that they are unsegmented and bilaterally
symmetrical. The following are present in all modern molluscs:

e The dorsal part of the body wall is a mantle (or pallium) which secretes
calcareous spicules, plates or shells. It overlaps the body with enough spare room
to form a mantle cavity.

e The anus and genitals open into the mantle cavity.

e There are two pairs of main nerve cords.

Other characteristics that commonly appear in textbooks have significant exceptions:

Class

Characteristic  Aplacophora PO]KE::‘;COP Mom:)]:‘l:coph Gastropoda Cephalopoda  Bivalvia Scaphopo

Radula, a ?;f;g?l’
. - 500

'r'asp ng "ot Absent n 20% of Yes Yes Yes Yes No extend

tongue" with  Neomeniomorpha

. beyond
chitinous teeth
body

Broad, Reduced or Yes Yes Ves Modified into Yes Small,
muscular foot  absent arms only at
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"front"
end

Dorsal

concentration of .
. Not obvious Yes Yes Yes Yes Yes Yes
internal organs

(visceral mass)

Large digestive No ceca in some

Yes Yes Yes Yes Yes No
ceca aplacophora
Large complex Small
metanephridia None Yes Yes Yes Yes Yes L
simple

("kidneys")
A "generalized mollusc”

Because of the enormous variations between groups of molluscs, many text books start
the subject by describing a "generalized mollusc", which some suggest may resemble
very early molluscs and which is rather similar to modern monoplacophorans.

The generalized mollusc has a single, "limpet-like" shell on top. The shell is secreted by a
mantle that covers the upper surface. The underside consists of a single muscular "foot".
The visceral mass, or visceropallium, is the soft, non-muscular metabolic region of the
mollusc. It contains the body organs.

Mantle and mantle cavity

The mantle cavity is a fold in the mantle that encloses a significant amount of space. It is
lined with epidermis. It is exposed, according to habitat, to sea, fresh water or air. The
cavity was at the rear in the earliest molluscs but its position now varies from group to
group. The anus, a pair of osphradia (chemical sensors) in the incoming "lane", the
hindmost pair of gills and the exit openings of the nephridia ("kidneys") and gonads
(reproductive organs) are in the mantle cavity. The whole soft body of bivalves lies
within an enlarged mantle cavity.

Shell

The mantle edge secretes a shell (secondarily absent in a number of taxonomic groups,
such as the nudibranchs) that consists of mainly chitin and conchiolin (a protein)
hardened with calcium carbonate), except that the outermost layer in almost all cases is
all conchiolin. Molluscs never use phosphate to construct their hard parts, with the
questionable exception of Cobcrephora. While most mollusc shells are composed mainly
of aragonite, those gastropods that lay eggs with a hard shell use calcite (sometimes with
traces of aragonite) to construct the eggshells.

The shell consists of three layers : the outer layer (the periostracum) made of organic

matter, a middle layer made of columnar calcite and an inner layer consisting of
laminated calcite, that is often nacreous.
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Foot

The underside consists of a muscular foot, which has adapted to different purposes in
different classes. The foot carries a pair of statocysts, which act as balance sensors. In
gastropods, it secretes mucus as a lubricant to aid movement. In forms that have only a
top shell, such as limpets, the foot acts as a sucker attaching the animal to a hard surface,
and the vertical muscles clamp the shell down over it; in other molluscs, the vertical
muscles pull the foot and other exposed soft parts into the shell. In bivalves, the foot is
adapted for burrowing into the sediment; in cephalopods it is used for jet propulsion, and
the tentacles and arms are derived from the foot.

Circulation

Molluscs' circulatory systems are mainly open. Although molluscs are coelomates, their
coeloms are reduced to fairly small spaces enclosing the heart and gonads. The main
body cavity is a hemocoel through which blood and coelomic fluid circulate and which
encloses most of the other internal organs. These hemocoelic spaces act as an efficient
hydrostatic skeleton. The blood contains the respiratory pigment hemocyanin as an
oxygen-carrier. The heart consists of one or more pairs of atria (auricles), which receive
oxygenated blood from the gills and pump it to the ventricle, which pumps it into the
aorta (main artery), which is fairly short and opens into the hemocoel.

The atria of the heart also function as part of the excretory system by filtering waste
products out of the blood and dumping it into the coleom as urine. A pair of nephridia
("little kidneys") to the rear of and connected to the coelom extracts any re-usable
materials from the urine and dumps additional waste products into it, and then ejects it
via tubes that discharge into the mantle cavity.

Respiration

Most molluscs have only one pair of gills, or even only one gill. Generally the gills are
rather like feathers in shape, although some species have gills with filaments on only one
side. They divide the mantle cavity so that water enters near the bottom and exits near the
top. Their filaments have three kinds of cilia, one of which drives the water current
through the mantle cavity, while the other two help to keep the gills clean. If the
osphradia detect noxious chemicals or possibly sediment entering the mantle cavity, the
gills' cilia may stop beating until the unwelcome intrusions have ceased. Each gill has an
incoming blood vessel connected to the hemocoel and an outgoing one to the heart.

Eating, digestion, and excretion
Most molluscs have muscular mouths with radulae, "tongues" bearing many rows of
chitinous teeth, which are replaced from the rear as they wear out. The radula primarily

functions to scrape bacteria and algae off rocks. This radula is associated with the
odontophore, a cartilaginous supporting organ
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Molluscs mouths also contain glands that secrete slimy mucus, to which the food sticks.
Beating cilia (tiny "hairs") drive the mucus towards the stomach, so that the mucus forms
a long string.

At the tapered rear end of the stomach and projecting slightly into the hindgut is the
prostyle, a backward-pointing cone of feces and mucus, which is rotated by further cilia
so that it acts as a bobbin, winding the mucus string onto itself. Before the mucus string
reaches the prostyle, the acidity of the stomach makes the mucus less sticky and frees
particles from it.

The particles are sorted by yet another group of cilia, which send the smaller particles,
mainly minerals, to the prostyle so that eventually they are excreted, while the larger
ones, mainly food, are sent to the stomach's cecum (a pouch with no other exit) to be
digested. The sorting process is by no means perfect.

Periodically, circular muscles at the hindgut's entrance pinch off and excrete a piece of
the prostyle, preventing the prostyle from growing too large. The anus is in the part of the
mantle cavity that is swept by the outgoing "lane" of the current created by the gills.
Carnivorous molluscs usually have simpler digestive systems.

As the head has largely disappeared in bivalves, their mouth has been equipped with
labial palps (two on each side of the mouth) to collect the detritus from its mucus.
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Nervous system
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Simplified diagram of the mollusc nervous system.

Molluscs have two pairs of main nerve cords (three in bivalves) the visceral cords serving
the internal organs and the pedal ones serving the foot. Both pairs run below the level of
the gut, and include ganglia as local control centers in important parts of the body. Most
pairs of corresponding ganglia on both sides of the body are linked by commissures
(relatively large bundles of nerves). The only ganglia above the gut are the cerebral
ganglia, which sit above the esophagus (gullet) and handle "messages" from and to the
eyes. The pedal ganglia, which control the foot, are just below the esophagus and their
commissure and connections to the cerebral ganglia encircle the esophagus in a nerve
ring.

The brain, in species that have one, encircles the esophagus. Most molluscs have a head

with eyes, and all have a pair of sensor-containing tentacles, also on the head, that detect
chemicals, vibrations and touch.
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Reproduction

The simplest molluscan reproductive system relies on external fertilization, but there are
more complex variations. All produce eggs, from which may emerge trochophore larvae,
more complex veliger larvae, or miniature adults. Two gonads sit next to the coelom, a
small cavity that surrounds the heart and shed ova or sperm into the coloem, from which
the nephridia extract them and emit them into the mantle cavity. Molluscs that use such a
system remain of one sex all their lives and rely on external fertilization. Some molluscs
use internal fertilization and/or are hermaphrodites, functioning as both sexes; both of
these methods require more complex reproductive systems.

The most basic molluscan larva is a trochophore, which is planktonic and feeds on
floating food particles by using the two bands of cilia round its "equator" to sweep food
into the mouth, which uses more cilia to drive them into the stomach, which uses further
cilia to expel undigested remains through the anus. New tissue grows in the bands of
mesoderm in the interior, so that the apical tuft and anus are pushed further apart as the
animal grows. The trochophore stage is often succeeded by a veliger stage in which the
prototroch, the "equatorial" band of cilia nearest the apical tuft, develops into the velum

"veil"), a pair of cilia-bearing lobes with which the larva swims. Eventually the larva
sinks to the seafloor and metamorphoses into the adult form. Whilst metamorphosis is the
usual state in molluscs, the cephalopods differ in exhibiting direct development: the
hatchling is a 'miniaturized' form of the adult.

Evolution
Fossil record

There is good evidence for the appearance of gastropods, cephalopods and bivalves in the
Cambrian period 542 to 488.3 million years ago. However, the evolutionary history both
of the emergence of molluscs from the ancestral group Lophotrochozoa, and of their
diversification into the well-known living and fossil forms, is still vigorously debated.

There is debate about whether some Ediacaran and Early Cambrian fossils really are
molluscs. Kimberella, from about 555 million years ago, has been described as "mollusc-
like", but others are unwilling to go further than "probable bilaterian". There is an even
sharper debate about whether Wiwaxia, from about 505 million years ago, was a mollusc,
and much of this centers on whether its feeding apparatus was a type of radula or more
similar to that of some polychaete worms. Nicholas Butterfield, who opposes the idea
that Wiwaxia was a mollusc, has written that earlier microfossils from 515 to 510 million
years ago are fragments of a genuinely mollusc-like radula. This appears to contradict the
concept that the ancestral molluscan radula was mineralized.
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Spirally coiled shells appear in many gastropods

However, the Helcionellids, which first appear over 540 million years ago in Early
Cambrian rocks from Siberia and China, are thought to be early molluscs with rather
snail-like shells. Shelled molluscs therefore predate the earliest trilobites. Although most
helcionellid fossils are only a few millimeters long, specimens a few centimeters long
have also been found, most with more limpet-like shapes. There have been suggestions
that the tiny specimens were juveniles and the larger ones adults.
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Some analyses of helcionellids concluded that these were the earliest gastropods.
However other scientists are not convinced that Early Cambrian fossils show clear signs
of the torsion that identifies modern gastropods twists the internal organs so that the anus
lies above the head.

For a long time it was thought that Volborthella, some fossils of which pre-date 530
million years ago, was a cephalopod. However discoveries of more detailed fossils
showed that Volborthella’s shell was not secreted but built from grains of the mineral
silicon dioxide (silica), and that it was not divided into a series of compartments by septa
as those of fossil shelled cephalopods and the living Nautilus are. Volborthella’s
classification is uncertain. The Late Cambrian fossil Plectronoceras is now thought to be
the earliest clearly cephalopod fossil, as its shell had septa and a siphuncle, a strand of
tissue that Nautilus uses to remove water from compartments that it has vacated as it
grows, and which is also visible in fossil ammonite shells. However, Plectronoceras and
other early cephalopods crept along the seafloor instead of swimming, as their shells
contained a "ballast" of stony deposits on what is thought to be the underside and had
stripes and blotches on what is thought to be the upper surface. All cephalopods with
external shells except the nautiloids became extinct by the end of the Cretaceous period
65 million years ago. However, the shell-less Coleoidea (squid, octopus, cuttlefish) are
abundant today.

The Early Cambrian fossils Fordilla and Pojetaia are regarded as bivalves. "Modern-
looking" bivalves appeared in the Ordovician period, 488 to 443 million years ago. One
bivalve group, the rudists, became major reef-builders in the Cretaceous, but became
extinct in the Cretaceous-Tertiary extinction. Even so, bivalves remain abundant and
diverse.

The Hyolitha is a class of extinct animals with a shell and operculum that may be
molluscs. Authors who suggest that they deserve their own phylum do not comment on
the position of this phylum in the tree of life

Phylogeny

The phylogeny (evolutionary "family tree") of molluscs is a controversial subject. In
addition to the debates about whether Kimberella and any of the "halwaxiids" were
molluscs or closely related to molluscs, there are debates about the relationships between
the classes of living molluscs. In fact some groups traditionally classifed as molluscs may
have to be redefined as distinct but related.

Molluscs are generally regarded members of the Lophotrochozoa, a group defined by
having trochophore larvae and, in the case of living Lophophorata, a feeding structure
called a lophophore. The other members of the Lophotrochozoa are the annelid worms
and seven marine phyla. The diagram on the right summarizes a phylogeny presented in
2007.
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Because the relationships between the members of the family tree are uncertain, it
difficult to identify the features inherited from the last common ancestor of all molluscs.
For example, it is uncertain whether the ancestral mollusc was metameric (composed of
repeating units)—if it was, that would suggest an origin from an annelid-like worm.
Scientists disagree about this: Giribet and colleagues concluded in 2006 that the
repetition of gills and of the foot's retractor muscles were later developments, while in
2007 Sigwart concluded that the ancestral mollusc was metameric, and that it had a foot
used for creeping and a "shell" that was mineralized. In one particular one branch of the
family tree, the shell of conchiferans is thought to have evolved from the spicules (small
spines) of aplacophorans; however this is difficult to reconcile with the embryological
origins of spicules.

The molluscan shell appears to have originated from a mucus coating, which eventually
stiffened into a cuticle. This would have been impermeable and thus forced the
development of more sophisticated respiratory apparatus in the form of gills. Eventually,
the cuticle would have become mineralized, using the same genetic machinery
(engrailed) as most other bilaterian skeletons. The first mollusc shell almost certainly
was reinforced with the mineral aragonite.

Morphological analyses tend to recover a conchiferan clade that receives less support
from molecular analyses, although these results also lead to unexpected paraphylies, for
instance scattering the bivalves throughout all other mollusc groups.

However, an analysis in 2009 that used both morphological and molecular phylogenetics
comparisons concluded that the molluscs are not monophyletic; in particular, that
Scaphopoda and Bivalvia are both separate, monophyletic lineages unrelated to the
remaining molluscan classes—in other words that the traditional phylum Mollusca is
polyphyletic, and that it can only be made monophyletic if scaphopods and bivalves are
excluded. A 2010 analysis managed to recover the traditional conchiferan and seriala
groups, but similarly concluded that the molluscs are not monophyletic, this time
suggesting that solenogastres are more closely related to the non-molluscan taxa used as
an outgroup than to other molluscs. Current molecular data is insufficient to constrain the
molluscan phylogeny, and since the methods used to determine the confidence in clades
are prone to over-estimation, it is risky to place too much emphasis even on the areas that
different studies agree.

Human interaction

Molluscs have for many centuries been the source of important luxury goods, notably
pearls, mother of pearl, Tyrian purple dye, and sea silk. Their shells have also been used
as money in some pre-industrial societies.

There is a risk of food poisoning from toxins that accumulate in molluscs under certain
conditions, and many countries have regulations that aim to minimize this risk. Blue-
ringed octopus bites are often fatal, and the bite of Octopus rubescens can cause necrosis
that lasts longer than one month if untreated, and headaches and weakness persisting for
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up to a week even if treated. Stings from a few species of large tropical cone shells can
also kill. However, the sophisticated venoms of these cone snails have become important
tools in neurological research and show promise as sources of new medications.

Schistosomiasis (also known as bilharzia, bilharziosis or snail fever) is transmitted to
humans via water snail hosts, and affects about 200 million people. A few species of
snails and slugs are serious agricultural pests, and in addition, accidental or deliberate
introduction of various snail species into new territory has resulted in serious damage to
some natural ecosystems.

Uses by humans

i b 2005 shown as 8
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Mollusc output in 2005

Molluscs, especially bivalves such as clams and mussels, have been an important food
source since at least the advent of anatomically modern humans—and this has often
resulted in over-fishing. Other commonly eaten molluscs include octopuses and squids,
whelks, oysters, and scallops. In 2005, China accounted for 80% of the global mollusc
catch, netting almost 11,000,000 tonnes (11,000,000 LT; 12,000,000 ST). Within Europe,
France remained the industry leader. Some countries regulate importation and handling of
molluscs and other seafood, mainly to minimize the poison risk from toxins that
accumulate in the animals.
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Saltwater pearl oyster farm in Seram, Indonesia

Most molluscs that have shells can produce pearls, but only the pearls of bivalves and
some gastropods whose shells are lined with nacre are valuable. The best natural pearls
are produced by pearl oyster.s Pinctada margaritifera and Pinctada mertensi, which live
in the tropical and sub-tropical waters of the Pacific Ocean. Natural pearls form when a
small foreign object gets stuck between the mantle and shell.

There are two methods of culturing pearls, by inserting either "seeds" or beads into
oysters. The "seed" method uses grains of ground shell from freshwater mussels, and
over-harvesting for this purpose has endangered several freshwater mussel species in the
southeastern USA. The pearl industry is so important in some areas that significant sums
of money are spent on monitoring the health of farmed molluscs.
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Byzantine Emperor Justinian I clad in Tyrian purple

Other luxury and high-status products were made from molluscs. Tyrian purple, made
from the ink glands of murex shells, "... fetched its weight in silver" in the fourth-century
BC, according to Theopompus. The discovery of large numbers of Murex shells on Crete
suggests that the Minoans may have pioneered the extraction of "Imperial purple" during
the Middle Minoan period in the 20th—18th century BC, centuries before the Tyrians. Sea
silk is a fine, rare and valuable fabric produced from the long silky threads (byssus)
secreted by several bivalve molluscs, particularly Pinna nobilis, to attach themselves to
the sea bed. Procopius, writing on the Persian wars circa 550 CE, "stated that the five
hereditary satraps (governors) of Armenia who received their insignia from the Roman
Emperor were given chlamys (or cloaks) made from /ana pinna (Pinna "wool," or
byssus). Apparently only the ruling classes were allowed to wear these chlamys."
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Mollusc shells, including those of cowries, were used as a kind of money in several pre-
industrial societies. However these "currencies" generally differed in important ways
from the standardized government-backed and -controlled money familiar to industrial
societies. Some shell "currencies" were not used for commercial transactions but mainly
as social status displays at important occasions such as weddings. When used for
commercial transactions they functioned as commodity money, in other words as a
tradable commodity whose value differed from place to place, often as a result of
difficulties in transport, and which was vulnerable to incurable inflation if more efficient
transport or "goldrush" behavior appeared.

Stings and bites

The blue-ringed octopus's rings are a warning signal—this octopus is alarmed, and its
bite can kill.
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When handled alive, a few species of molluscs can sting or bite and, with some species,
this can present a serious risk to the human handling the animal. To put this into
perspective however, deaths from mollusc venoms are less than 10% of the number of
deaths from jellyfish stings.

All octopuses are venomous but only a few species pose a significant threat to humans.
Blue-ringed octopuses in the genus Hapalochlaena, which live around Australia and New
Guinea, bite humans only if severely provoked, but their venom kills 25% of human
victims. Another tropical species, Octopus apollyon, causes severe inflammation that can
last for over a month even if treated correctly.

-
ol Rade g By

Live cone snails can be dangerous to shell-collectors but are useful to neurology
researchers

All species of cone snails are venomous and can sting when handled, although many
species are too small to pose much of a risk to humans. These are carnivorous gastropods
that feed on marine invertebrates (and in the case of larger species on fish). Their venom
is based on a huge array of toxins, some fast-acting and others slower but deadlier—they
can afford to do this because their toxins require less time and energy to be produced
compared with those of snakes or spiders. Many painful stings have been reported, and a
few fatalities, although some of the reported fatalities may be exaggerations. Only the
few larger species of cone snail that can capture and kill fish are likely to be seriously

WORLD TECHNOLOGIES




dangerous to humans. The effects of individual cone shell toxins on victims' nervous
systems are so precise that they are useful tools for research in neurology, and the small
size of their molecules makes it easy to synthesize them.

The traditional belief that a giant clam can trap the leg of a person between its valves,
thus drowning them, is a myth.

Pests

Skin vesicles created by the penetration of Schistosoma. Source: Centers for Disease
Control and Prevention

Schistosomiasis (also known as bilharzia, bilharziosis or snail fever) is "second only to
malaria as the most devastating parasitic disease in tropical countries. An estimated 200
million people in 74 countries are infected with the disease — 100 million in Africa
alone." The parasite has 13 known species, of which two infect humans. The parasite
itself is not a mollusc, but all the species have freshwater snails as intermediate hosts.

Some species of molluscs, particularly certain snails and slugs, can be serious crop pests,
and when introduced into new environments can unbalance local ecosystems. One such
pest, the giant African snail Achatina fulica, has been introduced to many parts of Asia,
as well as to many islands in the Indian Ocean and Pacific Ocean. In the 1990s this
species reached the West Indies. Attempts to control it by introducing the predatory snail
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Euglandina rosea proved disastrous, as the predator ignored Achatina fulica and went on
to extirpate several native snail species instead.
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Chapter 7

Crustacean

Crustacea
Temporal range: 511-0 Ma
Cambrian to Recent

Abludomelita obtusata, an amphipod
Scientific classification

Kingdom: Animalia
Phylum: Arthropoda
Subphylum: Crustacea

Briinnich, 1772
Classes & Subclasses

Thylacocephala?
Branchiopoda

Phyllopoda
Sarsostraca

Remipedia
Cephalocarida
Maxillopoda

Thecostraca
Tantulocarida
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Branchiura
Pentastomida
Mystacocarida
Copepoda

Ostracoda

Myodocopa
Podocopa

Malacostraca

Phyllocarida
Hoplocarida
Fumalacostraca

Crustaceans (Crustacea) form a very large group of arthropods, usually treated as a
subphylum, which includes such familiar animals as crabs, lobsters, crayfish, shrimp,
krill and barnacles. The 50,000 described species range in size from Stygotantulus stocki
at 0.1 mm (0.004 in), to the Japanese spider crab with a leg span of up to 12.5 ft (3.8 m)
and a mass of 44 1b (20 kg). Like other arthropods, crustaceans have an exoskeleton,
which they moult to grow. They are distinguished from other groups of arthropods, such
as insects, myriapods and chelicerates by the possession of biramous (two-parted) limbs,
and by the nauplius form of the larvae.

Most crustaceans are free-living aquatic animals, but some are terrestrial (e.g. woodlice),
some are parasitic (e.g. fish lice, tongue worms) and some are sessile (e.g. barnacles).
The group has an extensive fossil record, reaching back to the Cambrian, and includes
living fossils such as Triops cancriformis, which has existed apparently unchanged since
the Triassic period. More than 10 million tons of crustaceans are produced by fishery or
farming for human consumption, the majority of it being shrimps and prawns. Krill and
copepods are not as widely fished, but may be the animals with the greatest biomass on
the planet, and form a vital part of the food chain. The scientific study of crustaceans is
known as carcinology (alternatively, malacostracology, crustaceology or crustalogy), and
a scientist who works in carcinology is a carcinologist.
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Structure

A shed carapace of a lady crab, part of the hard exoskeleton
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Body structure of a typical crustacean - krill

The body of a crustacean is composed of body segments, which are grouped into three
regions: the cephalon or head, the thorax, and the pleon or abdomen. The head and thorax
may be fused together to form a cephalothorax, which may be covered by a single large
carapace. The crustacean body is protected by the hard exoskeleton, which must be
moulted for the animal to grow. The shell around each somite can be divided into a dorsal
tergum, ventral sternum and a lateral pleuron. Various parts of the exoskeleton may be
fused together.

Each somite, or body segment can bear a pair of appendages: on the segments of the
head, these include two pairs of antennae, the mandibles and maxillae; the thoracic
segments bear legs, which may be specialised as pereiopods (walking legs) and
maxillipeds (feeding legs). The abdomen bears pleopods, and ends in a telson, which
bears the anus, and is often flanked by uropods to form a tail fan. The number and variety
of appendages in different crustaceans may be partly responsible for the group's success.
Crustacean appendages are typically biramous, meaning they are divided into two parts;
this includes the second pair of antennae, but not the first, which is uniramous. It is
unclear whether the biramous condition is a derived state which evolved in crustaceans,
or whether the second branch of the limb has been lost in all other groups. Trilobites, for
instance, also possessed biramous appendages.

The main body cavity is an open circulatory system, where blood is pumped into the

haemocoel by a heart located near the dorsum. The alimentary canal consists of a straight
tube that often has a gizzard-like "gastric mill" for grinding food and a pair of digestive
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glands that absorb food; this structure goes in a spiral format. Structures that function as
kidneys are located near the antennae. A brain exists in the form of ganglia close to the
antennae, and a collection of major ganglia is found below the gut.

In many decapods, the first (and sometimes the second) pair of pleopods are specialised
in the male for sperm transfer. Many terrestrial crustaceans (such as the Christmas Island
red crab) mate seasonally and return to the sea to release the eggs. Others, such as
woodlice, lay their eggs on land, albeit in damp conditions. In most decapods, the females
retain the eggs until they hatch into free-swimming larvae.

Ecology

The majority of crustaceans are aquatic, living in either marine or fresh water
environments, but a few groups have adapted to life on land, such as terrestrial crabs,
terrestrial hermit crabs, and woodlice. Marine crustaceans are as ubiquitous in the oceans
as insects are on land. The majority of crustaceans are also motile, moving about
independently, although a few taxonomic units are parasitic and live attached to their
hosts (including sea lice, fish lice, whale lice, tongue worms, and Cymothoa exigua, all of
which may be referred to as "crustacean lice"), and adult barnacles live a sessile life —
they are attached headfirst to the substrate and cannot move independently. Some
branchiurans are able to withstand rapid changes of salinity and will also switch hosts
from marine to non-marine species. Krill are the bottom layer and the most important part
of the food chain in Antarctic animal communities. Some crustaceans are significant
invasive species, such as the Chinese mitten crab and the Asian shore crab.
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Life cycle

Eggs of Potamon fluviatile, a freshwater crab
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Zoea larva of the European lobster, Homarus gammarus

Mating system

The majority of crustaceans have separate sexes, and reproduce sexually. A small number
are hermaphrodites, including barnacles, remipedes, and Cephalocarida. Some may even
change sex during the course of their life. Parthenogenesis is also widespread among
crustaceans, where viable eggs are produced by a female without needing fertilisation by
a male. This occurs in many brachiopods, some ostracods, some isopods, and certain
"higher" crustaceans, such as the Marmorkrebs crayfish.

Eggs

In many groups of crustaceans, the fertilised eggs are simply released into the water
column, while others have developed a number of mechanisms for holding on to the eggs
until they are ready to hatch. Most decapods carry the eggs attached to the pleopods,
while peracarids, notostracans, anostracans, and many isopods form a brood pouch from
the carapace and thoracic limbs. Female Branchiura do not carry eggs in external ovisacs
but attach them in rows to rocks and other objects. Most leptostracans and krill carry the
eggs between their thoracic limbs; some copepods carry their eggs in special thin-walled
sacs, while others have them attached together in long, tangled strings.
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Larvae

Crustaceans exhibit a number of larval forms, of which the earliest and most
characteristic is the nauplius. This has three pairs of appendages, all emerging from the
young animal's head, and a single naupliar eye. In most groups, there are further larval
stages, including the zoea (pl. zoe@ or zoeas). This name was given to it when naturalists
believed it to be a separate species. It follows the nauplius stage and precedes the post-
larva. Zoea larvae swim with their thoracic appendages, as opposed to nauplii, which use
cephalic appendages, and megalopa, which use abdominal appendages for swimming. It
often has spikes on its carapace, which may assist these small organisms in maintaining
directional swimming. In many decapods, due to their accelerated development, the zoea
is the first larval stage. In some cases, the zoea stage is followed by the mysis stage, and
in others, by the megalopa stage, depending on the crustacean group involved.

Classification

The name "crustacean" dates from the earliest works to describe the animals, including
those of Pierre Belon and Guillaume Rondelet, but the name was not used by some later
authors, including Carl Linnaeus, who included crustaceans among the "Aptera" in his
Systema Naturae. The earliest nomenclaturally valid work to use the name "Crustacea"
was Morten Thrane Briinnich's Zoologice Fundamenta in 1772, although he also included
chelicerates in the group.

The subphylum Crustacea comprises almost 52,000 described species, although the
number of undescribed species may be 10—100 times higher. Although most crustaceans
are small, their morphology varies greatly and they include both the largest arthropod in
the world — the Japanese spider crab with a leg span of 14 feet (4.3 m) — and the smallest
—the 0.1 mm (0.004 in) long Stygotantulus stocki. Despite their diversity of form,
crustaceans are united by the special larval form known as the nauplius.

The exact relationships of the Crustacea to other taxa are not yet entirely clear. Under the
Pancrustacea hypothesis, Crustacea and Hexapoda (insects and allies) are sister groups.
Studies using DNA sequences tend to show a paraphyletic Crustacea, with the insects
(but not necessarily other hexapods) nested within that clade. Although the classification
of crustaceans has been quite variable, the system used by Martin and Davis is the most
authoritative, and largely supersedes earlier works. Mystacocarida and Branchiura, here
treated as part of Maxillopoda, are sometimes treated as their own classes. Six classes are
usually recognised:
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Copepods, from Ernst Haeckel's 1904 work Kunstformen der Natur
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Decapods
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Class Members Orders

Anostraca
Notostraca
Laevicaudata
Spinicaudata
Cyclestherida
Cladocera

brine shrimp
Branchiopoda Cladocera
Triops

Daphnia pulex (Cladocera)

Remipedia Nectiopoda
Cephalocarida horseshoe shrimp Brachypoda

Calanoida
Maxillopoda barnacles Pedqnpulata
copepods Sessilia
c. 20 others e
Chthamalus stellatus (Sessilia)
Myodocopida
Halocyprida
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Fossil record

AR

Eryma mandelslohi, a fossil decapod from the Jurassic of Bissingen an der Teck,
Germany

Crustaceans have a rich and extensive fossil record, which begins with animals such as
Canadaspis and Perspicaris from the Middle Cambrian age Burgess Shale. Most of the
major groups of crustaceans appear in the fossil record before the end of the Cambrian,
namely the Branchiopoda, Maxillopoda (including barnacles and tongue worms) and
Malacostraca; there is some debate as to whether or not Cambrian animals assigned to
Ostracoda are truly ostracods, which would otherwise start in the Ordovician. The only
classes to appear later are the Cephalocarida, which have no fossil record, and the
Remipedia, which were first described from the fossil Tesnusocaris goldichi, but do not
appear until the Carboniferous. Most of the early crustaceans are rare, but fossil
crustaceans become abundant from the Carboniferous onwards.
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Norway lobsters on sale at a Spanish market

Within the Malacostraca, no fossils are known for krill, while both Hoplocarida and
Phyllopoda contain important groups that are now extinct as well as extant members
(Hoplocarida: mantis shrimp are extant, while Aeschronectida are extinct; Phyllopoda:
Canadaspidida are extinct, while Leptostraca are extant). Cumacea and Isopoda are both
known from the Carboniferous, as are the first true mantis shrimp. In the Decapoda,
prawns and polychelids appear in the Triassic, and shrimp and crabs appear in the
Jurassic; however, the great radiation of crustaceans occurred in the Cretaceous,
particularly in crabs, and may have been driven by the adaptive radiation of their main
predators, bony fish. The first true lobsters also appear in the Cretaceous.

Consumption by man

Many crustaceans are consumed by humans, and nearly 10,700,000 tons were produced
in 2007; the vast majority of this output is of decapod crustaceans: crabs, lobsters,
shrimp, and prawns. Over 60% by weight of all crustaceans caught for consumption are
shrimp and prawns, and nearly 80% is produced in Asia, with China alone producing
nearly half the world's total. Non-decapod crustaceans are not widely consumed, with
only 118,000 tons of krill being caught, despite krill having one of the greatest biomasses
on the planet.
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Chapter 8
Fish

Fish

Fossil range: Ordovician—Neogene

A giant grouper at the Georgia
Aquarium, seen swimming among
schools of other fish

The ornate red lionfish as seen from a
head-on view

Scientific classification

Kingdom: Animalia
Phylum:  Chordata
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(unranked) Craniata

Included groups

Jawless fish
+Armoured fish
Cartilaginous fish
Ray-finned fish
Lobe-finned fishes

Excluded groups
Tetrapods

A fish is any gill-bearing aquatic vertebrate (or craniate) animal that lacks limbs with
digits. Included in this definition are the living hagfish, lampreys, and cartilaginous and
bony fish, as well as various extinct related groups. Because the term is defined
negatively, and excludes the tetrapods (i.e., the amphibians, reptiles, birds and mammals)
which descend from within the same ancestry, it is paraphyletic. The traditional term
pisces (also ichthyes) is considered a typological, but not a phylogenetic classification.

Most fish are "cold-blooded", or ectothermic, allowing their body temperatures to vary as
ambient temperatures change. Fish are abundant in most bodies of water. They can be
found in nearly all aquatic environments, from high mountain streams (e.g., char and
gudgeon) to the abyssal and even hadal depths of the deepest oceans (e.g., gulpers and
anglerfish). At 31,900 species, fish exhibit greater species diversity than any other class
of vertebrates.

Fish, especially as food, are an important resource worldwide. Commercial and
subsistence fishers hunt fish in wild fisheries or farm them in ponds or in cages in the
ocean. They are also caught by recreational fishers, kept as pets, raised by fishkeepers,
and exhibited in public aquaria. Fish have had a role in culture through the ages, serving
as deities, religious symbols, and as the subjects of art, books and movies.
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Diversity of fish

Fish come in many shapes and sizes. This is a sea dragon, a close relative of the seahorse.
Their leaf-like appendages enable them to blend in with floating seaweed.

The term "fish" most precisely describes any non-tetrapod craniate (i.e. an animal with a
skull and in most cases a backbone) that has gills throughout life and whose limbs, if any,
are in the shape of fins. Unlike groupings such as birds or mammals, fish are not a single
clade but a paraphyletic collection of taxa, including hagfishes, lampreys, sharks and
rays, ray-finned fish, coelacanths, and lungfish. Indeed, lungfish and coelacanths are
closer relatives of tetrapods (such as mammals, birds, amphibians, etc.) than of other fish
such as ray-finned fish or sharks, so the last common ancestor of all fish is also an
ancestor to tetrapods. As paraphyletic groups are no longer recognised in modern
systematic biology, the use of the term "fish" as a biological group must be avoided.

Many types of aquatic animals commonly referred to as "fish" are not fish in the sense
given above; examples include shellfish, cuttlefish, starfish, crayfish and jellyfish. In
earlier times, even biologists did not make a distinction — sixteenth century natural
historians classified also seals, whales, amphibians, crocodiles, even hippopotamuses, as
well as a host of aquatic invertebrates, as fish. However, according the definition above,
all mammals, including Cetaceans like Whales and Dolphins, are not fish. In some
contexts, especially in aquaculture, the true fish are referred to as finfish (or fin fish) to
distinguish them from these other animals.
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A typical fish is ectothermic, has a streamlined body for rapid swimming, extracts
oxygen from water using gills or uses an accessory breathing organ to breathe
atmospheric oxygen, has two sets of paired fins, usually one or two (rarely three) dorsal
fins, an anal fin, and a tail fin, has jaws, has skin that is usually covered with scales, and

lays eggs.

Each criterion has exceptions. Tuna, swordfish, and some species of sharks show some
warm-blooded adaptations—they can heat their bodies significantly above ambient water
temperature. Streamlining and swimming performance varies from fish such as tuna,
salmon, and jacks that can cover 10-20 body-lengths per second to species such as eels
and rays that swim no more than 0.5 body-lengths per second. Many groups of freshwater
fish extract oxygen from the air as well as from the water using a variety of different
structures. Lungfish have paired lungs similar to those of tetrapods, gouramis have a
structure called the labyrinth organ that performs a similar function, while many catfish,
such as Corydoras extract oxygen via the intestine or stomach. Body shape and the
arrangement of the fins is highly variable, covering such seemingly un-fishlike forms as
seahorses, pufferfish, anglerfish, and gulpers. Similarly, the surface of the skin may be
naked (as in moray eels), or covered with scales of a variety of different types usually
defined as placoid (typical of sharks and rays), cosmoid (fossil lungfish and coelacanths),
ganoid (various fossil fish but also living gars and bichirs), cycloid, and ctenoid (these
last two are found on most bony fish). There are even fish that live mostly on land.
Mudskippers feed and interact with one another on mudflats and go underwater to hide in
their burrows. The catfish Phreatobius cisternarum lives in underground, phreatic
habitats, and a relative lives in waterlogged leaf litter.

Fish range in size from the huge 16-metre (52 ft) whale shark to the tiny 8-millimetre
(0.3 in) stout infantfish.

Taxonomy

Fish are a paraphyletic group: that is, any clade containing all fish also contains the
tetrapods, which are not fish. For this reason, groups such as the "Class Pisces" seen in
older reference works are no longer used in formal classifications.

Fish are classified into the following major groups:

e (lass Myxini (hagfish)

e Class Pteraspidomorphi T (early jawless fish)

e (lass Thelodonti f

e Class Anaspida f

e (lass Petromyzontida or Hyperoartia
o Petromyzontidae (lampreys)

e (lass Conodonta (conodonts)

e Class Cephalaspidomorphi { (early jawless fish)
o (unranked) Galeaspida T
o (unranked) Pituriaspida {
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o (unranked) Osteostraci ¥
e Infraphylum Gnathostomata (jawed vertebrates)
o Class Placodermi § (armoured fish)
o Class Chondrichthyes (cartilaginous fish)
o Class Acanthodii { (spiny sharks)
o Superclass Osteichthyes (bony fish)
= Class Actinopterygii (ray-finned fish)
» Subclass Chondrostei
» Order Acipenseriformes (sturgeons and
paddlefishes)
»  Order Polypteriformes (reedfishes and bichirs).
= Subclass Neopterygii
= Infraclass Holostei (gars and bowfins)
= Infraclass Teleostei (many orders of common fish)
= Class Sarcopterygii (lobe-finned fish)
= Subclass Coelacanthimorpha (coelacanths)
= Subclass Dipnoi (lungfish)

1 - indicates extinct taxon
Some palaeontologists contend that because Conodonta are chordates, they are primitive
fish.

The position of hagfish in the phylum chordata is not settled. Phylogenetic research in
1998 and 1999 supported the idea that the hagfish and the lampreys form a natural group,
the Cyclostomata, that is a sister group of the Gnathostomata.

The various fish groups account for more than half of vertebrate species. There are
almost 28,000 known extant species, of which almost 27,000 are bony fish, with 970
sharks, rays, and chimeras and about 108 hagfish and lampreys. A third of these species
fall within the nine largest families; from largest to smallest, these families are
Cyprinidae, Gobiidae, Cichlidae, Characidae, Loricariidae, Balitoridae, Serranidae,
Labridae, and Scorpaenidae. About 64 families are monotypic, containing only one
species. The final total of extant species may grow to exceed 32,500.
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Anatomy

The anatomy of Lampanyctodes hectoris
(1) — operculum (gill cover), (2) — lateral line, (3) — dorsal fin, (4) — fat fin, (5) — caudal peduncle, (6) —
caudal fin, (7) — anal fin, (8) — photophores, (9) — pelvic fins (paired), (10) — pectoral fins (paired)

Respiration

Most fish exchange gases using gills on either side of the pharynx. Gills consist of
threadlike structures called filaments. Each filament contains a capillary network that
provides a large surface area for exchanging oxygen and carbon dioxide. Fish exchange
gases by pulling oxygen-rich water through their mouths and pumping it over their gills.
In some fish, capillary blood flows in the opposite direction to the water, causing counter
current exchange. The gills push the oxygen-poor water out through openings in the sides
of the pharynx. Some fish, like sharks and lampreys, possess multiple gill openings.
However, most fish have a single gill opening on each side. This opening is hidden
beneath a protective bony cover called an operculum.

Juvenile bichirs have external gills, a very primitive feature that they share with larval
amphibians.

Many fish can breathe air via a variety of mechanisms. The skin of anguillid eels may
absorb oxygen. The buccal cavity of the electric eel may breathe air. Catfish of the
families Loricariidae, Callichthyidae, and Scoloplacidae absorb air through their
digestive tracts. Lungfish, with the exception of the Australian lungfish, and bichirs have
paired lungs similar to those of tetrapods and must surface to gulp fresh air through the
mouth and pass spent air out through the gills. Gar and bowfin have a vascularized swim
bladder that functions in the same way. Loaches, trahiras, and many catfish breathe by
passing air through the gut. Mudskippers breathe by absorbing oxygen across the skin
(similar to frogs). A number of fish have evolved so-called accessory breathing organs
that extract oxygen from the air. Labyrinth fish (such as gouramis and bettas) have a
labyrinth organ above the gills that performs this function. A few other fish have
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structures resembling labyrinth organs in form and function, most notably snakeheads,
pikeheads, and the Clariidae catfish family.

Breathing air is primarily of use to fish that inhabit shallow, seasonally variable waters
where the water's oxygen concentration may seasonally decline. Fish dependent solely on
dissolved oxygen, such as perch and cichlids, quickly suffocate, while air-breathers
survive for much longer, in some cases in water that is little more than wet mud. At the
most extreme, some air-breathing fish are able to survive in damp burrows for weeks
without water, entering a state of aestivation (summertime hibernation) until water
returns.

Tuna gills inside of the head. The fish head is oriented snout-downwards, with the view
looking towards the mouth.

Fish can be divided into obligate air breathers and facultative air breathers. Obligate
air breathers, such as the African lungfish, must breathe air periodically or they suffocate.
Facultative air breathers, such as the catfish Hypostomus plecostomus, only breathe air if
they need to and will otherwise rely on their gills for oxygen. Most air breathing fish are
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facultative air breathers that avoid the energetic cost of rising to the surface and the
fitness cost of exposure to surface predators.

Circulation

Fish have a closed-loop circulatory system. The heart pumps the blood in a single loop
throughout the body. In most fish, the heart consists of four parts, including two
chambers and an entrance and exit. The first part is the sinus venosus, a thin-walled sac
that collects blood from the fish's veins before allowing it to flow to the second part, the
atrium, which is a large muscular chamber. The atrium serves as a one-way antechamber,
sends blood to the third part, ventricle. The ventricle is another thick-walled, muscular
chamber and it pumps the blood, first to the fourth part, bulbous arteriosus, a large tube,
and then out of the heart. The bulbus arteriosus connects to the aorta, through which
blood flows to the gills for oxygenation.

Digestion

Jaws allow fish to eat a wide variety of food, including plants and other organisms. Fish
ingest food through the mouth and break it down in the esophagus. In the stomach, food
is further digested and, in many fish, processed in finger-shaped pouches called pyloric
caeca, which secrete digestive enzymes and absorb nutrients. Organs such as the liver and
pancreas add enzymes and various chemicals as the food moves through the digestive
tract. The intestine completes the process of digestion and nutrient absorption.

Excretion

As with many aquatic animals, most fish release their nitrogenous wastes as ammonia.
Some of the wastes diffuse through the gills. Blood wastes are filtered by the kidneys.

Saltwater fish tend to lose water because of osmosis. Their kidneys return water to the
body. The reverse happens in freshwater fish: they tend to gain water osmotically. Their
kidneys produce dilute urine for excretion. Some fish have specially adapted kidneys that
vary in function, allowing them to move from freshwater to saltwater.

Scales

The scales of fish originate from the mesoderm (skin); they may be similar in structure to
teeth.

WORLD TECHNOLOGIES




Sensory and nervous system

Olfactory lobe

Telencephalon

Optic lobe

Cerebellum

Myelencephalon

Dorsal view of the brain of the rainbow trout
Central nervous system

Fish typically have quite small brains relative to body size compared with other
vertebrates, typically one-fifteenth the brain mass of a similarly sized bird or mammal.
However, some fish have relatively large brains, most notably mormyrids and sharks,
which have brains about as massive relative to body weight as birds and marsupials.

Fish brains are divided into several regions. At the front are the olfactory lobes, a pair of

structures that receive and process signals from the nostrils via the two olfactory nerves.
The olfactory lobes are very large in fish that hunt primarily by smell, such as hagfish,
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sharks, and catfish. Behind the olfactory lobes is the two-lobed telencephalon, the
structural equivalent to the cerebrum in higher vertebrates. In fish the telencephalon is
concerned mostly with olfaction. Together these structures form the forebrain.

Connecting the forebrain to the midbrain is the diencephalon (in the diagram, this
structure is below the optic lobes and consequently not visible). The diencephalon
performs functions associated with hormones and homeostasis. The pineal body lies just
above the diencephalon. This structure detects light, maintains circadian rhythms, and
controls color changes.

The midbrain or mesencephalon contains the two optic lobes. These are very large in
species that hunt by sight, such as rainbow trout and cichlids.

The hindbrain or metencephalon is particularly involved in swimming and balance. The
cerebellum is a single-lobed structure that is typically the biggest part of the brain.
Hagfish and lampreys have relatively small cerebellae, while the mormyrid cerebellum is
massive and apparently involved in their electrical sense.

The brain stem or myelencephalon is the brain's posterior. As well as controlling some
muscles and body organs, in bony fish at least, the brain stem governs respiration and
osmoregulation.

Sense organs

Most fish possess highly developed sense organs. Nearly all daylight fish have color
vision that is at least as good as a human's. Many fish also have chemoreceptors that are
responsible for extraordinary senses of taste and smell. Although they have ears, many
fish may not hear very well. Most fish have sensitive receptors that form the lateral line
system, which detects gentle currents and vibrations, and senses the motion of nearby fish
and prey. Some fish, such as catfish and sharks, have organs that detect low-level electric
current. Other fish, like the electric eel, can produce electric current.

Fish orient themselves using landmarks and may use mental maps based on multiple
landmarks or symbols. Fish behavior in mazes reveals that they possess spatial memory
and visual discrimination.

Capacity for pain

Experiments done by William Tavolga provide evidence that fish have pain and fear
responses. For instance, in Tavolga’s experiments, toadfish grunted when electrically
shocked and over time they came to grunt at the mere sight of an electrode.

In 2003, Scottish scientists at the University of Edinburgh and the Roslin Institute
concluded that rainbow trout exhibit behaviors often associated with pain in other
animals. Bee venom and acetic acid injected into the lips resulted in fish rocking their
bodies and rubbing their lips along the sides and floors of their tanks, which the

WORLD TECHNOLOGIES




researchers concluded were attempts to relieve pain, similar to what mammals would do.
Neurons fired in a pattern resembling human neuronal patterns.

Professor James D. Rose of the University of Wyoming claimed the study was flawed
since it did not provide proof that fish possess "conscious awareness, particularly a kind
of awareness that is meaningfully like ours". Rose argues that since fish brains are so
different from human brains, fish are probably not conscious in the manner humans are,
so that reactions similar to human reactions to pain instead have other causes. Rose had
published a study a year earlier arguing that fish cannot feel pain because their brains
lack a neocortex. However, animal behaviorist Temple Grandin argues that fish could
still have consciousness without a neocortex because "different species can use different
brain structures and systems to handle the same functions."

Animal welfare advocates raise concerns about the possible suffering of fish caused by
angling. Some countries, such as Germany have banned specific types of fishing, and the

British RSPCA now formally prosecutes individuals who are cruel to fish.

Muscular system

Swim bladder of a Rudd (Scardinius erythrophthalmus)

Most fish move by alternately contracting paired sets of muscles on either side of the
backbone. These contractions form S-shaped curves that move down the body. As each
curve reaches the back fin, backward force is applied to the water, and in conjunction
with the fins, moves the fish forward. The fish's fins function like an airplane's flaps. Fins
also increase the tail's surface area, increasing speed. The streamlined body of the fish
decreases the amount of friction from the water. Since body tissue is denser than water,
fish must compensate for the difference or they will sink. Many bony fish have an
internal organ called a swim bladder that adjusts their buoyancy through manipulation of
gases.
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A 3-tonne (3.0 LT; 3.3 ST) great white shark off Isla Guadalupe

Homeothermy

Although most fish are exclusively aquatic and ectothermic, there are exceptions to both
cases.

Fish from multiple groups can live out of the water for extended time periods.
Amphibious fish such as the mudskipper can live and move about on land for up to
several days.

Certain species of fish maintain elevated body temperatures. Endothermic teleosts (bony
fish) are all in the suborder Scombroidei and include the billfishes, tunas, and one species
of "primitive" mackerel (Gasterochisma melampus). All sharks in the family Lamnidae —
shortfin mako, long fin mako, white, porbeagle, and salmon shark — are endothermic, and
evidence suggests the trait exists in family Alopiidae (thresher sharks). The degree of
endothermy varies from the billfish, which warm only their eyes and brain, to bluefin
tuna and porbeagle sharks who maintain body temperatures elevated in excess of 20 °C
above ambient water temperatures. Endothermy, though metabolically costly, is thought
to provide advantages such as increased muscle strength, higher rates of central nervous
system processing, and higher rates of digestion.
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Reproductive system

Organs

Organs: 1. Liver, 2. Gas bladder, 3. Roe, 4. Pyloric caeca, 5. Stomach, 6. Intestine

Fish reproductive organs include testes and ovaries. In most species, gonads are paired
organs of similar size, which can be partially or totally fused. There may also be a range
of secondary organs that increase reproductive fitness.

In terms of spermatogonia distribution, the structure of teleosts testes has two types: in
the most common, spermatogonia occur all along the seminiferous tubules, while in
Atherinomorph fish they are confined to the distal portion of these structures. Fish can
present cystic or semi-cystic spermatogenesis in relation to the release phase of germ
cells in cysts to the seminiferous tubules lumen.

Fish ovaries may be of three types: gymnovarian, secondary gymnovarian or cystovarian.
In the first type, the oocytes are released directly into the coelomic cavity and then enter
the ostium, then through the oviduct and are eliminated. Secondary gymnovarian ovaries
shed ova into the coelom from which they go directly into the oviduct. In the third type,
the oocytes are conveyed to the exterior through the oviduct. Gymnovaries are the
primitive condition found in lungfish, sturgeon, and bowfin. Cystovaries characterize
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most teleosts, where the ovary lumen has continuity with the oviduct. Secondary
gymnovaries are found in salmonids and a few other teleosts.

Oogonia development in teleosts fish varies according to the group, and the
determination of oogenesis dynamics allows the understanding of maturation and
fertilization processes. Changes in the nucleus, ooplasm, and the surrounding layers
characterize the oocyte maturation process.

Postovulatory follicles are structures formed after oocyte release; they do not have
endocrine function, present a wide irregular lumen, and are rapidly reabsorbed in a
process involving the apoptosis of follicular cells. A degenerative process called
follicular atresia reabsorbs vitellogenic oocytes not spawned. This process can also occur,
but less frequently, in oocytes in other development stages.

Some fish are hermaphrodites, having both testes and ovaries either at different phases in
their life cycle or, as in hamlets, have them simultaneously.

Reproductive method

Over 97% of all known fish are oviparous, that is, the eggs develop outside the mother's
body. Examples of oviparous fish include salmon, goldfish, cichlids, tuna, and eels. In the
majority of these species, fertilisation takes place outside the mother's body, with the
male and female fish shedding their gametes into the surrounding water. However, a few
oviparous fish practice internal fertilization, with the male using some sort of intromittent
organ to deliver sperm into the genital opening of the female, most notably the oviparous
sharks, such as the horn shark, and oviparous rays, such as skates. In these cases, the
male is equipped with a pair of modified pelvic fins known as claspers.

Marine fish can produce high numbers of eggs which are often released into the open
water column. The eggs have an average diameter of 1 millimetre (0.039 in).
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Egg of lamprey
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Egg of catshark (mermaids' purse)
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Egg of bullhead shark
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Egg of chimaera

The newly hatched young of oviparous fish are called larvae. They are usually poorly
formed, carry a large yolk sac (for nourishment) and are very different in appearance
from juvenile and adult specimens. The larval period in oviparous fish is relatively short
(usually only several weeks), and larvae rapidly grow and change appearance and
structure (a process termed metamorphosis) to become juveniles. During this transition
larvae must switch from their yolk sac to feeding on zooplankton prey, a process which
depends on typically inadequate zooplankton density, starving many larvae.

In ovoviviparous fish the eggs develop inside the mother's body after internal fertilization
but receive little or no nourishment directly from the mother, depending instead on the
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yolk. Each embryo develops in its own egg. Familiar examples of ovoviviparous fish
include guppies, angel sharks, and coelacanths.

Some species of fish are viviparous. In such species the mother retains the eggs and
nourishes the embryos. Typically, viviparous fish have a structure analogous to the
placenta seen in mammals connecting the mother's blood supply with that of the embryo.
Examples of viviparous fish include the surf-perches, splitfins, and lemon shark. Some
viviparous fish exhibit oophagy, in which the developing embryos eat other eggs
produced by the mother. This has been observed primarily among sharks, such as the
shortfin mako and porbeagle, but is known for a few bony fish as well, such as the
halfbeak Nomorhamphus ebrardtii. Intrauterine cannibalism is an even more unusual
mode of vivipary, in which the largest embryos eat weaker and smaller siblings. This
behavior is also most commonly found among sharks, such as the grey nurse shark, but
has also been reported for Nomorhamphus ebrardtii.

Aquarists commonly refer to ovoviviparous and viviparous fish as livebearers.
Immune system

Immune organs vary by type of fish. In the jawless fish (lampreys and hagfish), true
lymphoid organs are absent. These fish rely on regions of lymphoid tissue within other
organs to produce immune cells. For example, erythrocytes, macrophages and plasma
cells are produced in the anterior kidney (or pronephros) and some areas of the gut
(where granulocytes mature.) They resemble primitive bone marrow in hagfish.
Cartilaginous fish (sharks and rays) have a more advanced immune system. They have
three specialized organs that are unique to chondrichthyes; the epigonal organs (lymphoid
tissue similar to mammalian bone) that surround the gonads, the Leydig's organ within
the walls of their esophagus, and a spiral valve in their intestine. These organs house
typical immune cells (granulocytes, lymphocytes and plasma cells). They also possess an
identifiable thymus and a well-developed spleen (their most important immune organ)
where various lymphocytes, plasma cells and macrophages develop and are stored.
Chondrostean fish (sturgeons, paddlefish and bichirs) possess a major site for the
production of granulocytes within a mass that is associated with the meninges
(membranes surrounding the central nervous system.) Their heart is frequently covered
with tissue that contains lymphocytes, reticular cells and a small number of macrophages.
The chondrostean kidney is an important hemopoietic organ; where erythrocytes,
granulocytes, lymphocytes and macrophages develop.

Like chondrostean fish, the major immune tissues of bony fish (or teleostei) include the
kidney (especially the anterior kidney), which houses many different immune cells. In
addition, teleost fish possess a thymus, spleen and scattered immune areas within
mucosal tissues (e.g. in the skin, gills, gut and gonads). Much like the mammalian
immune system, teleost erythrocytes, neutrophils and granulocytes are believed to reside
in the spleen whereas lymphocytes are the major cell type found in the thymus. In 2006, a
lymphatic system similar to that in mammals was described in one species of teleost fish,
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the zebrafish. Although not confirmed as yet, this system presumably will be where naive
(unstimulated) T cells accumulate while waiting to encounter an antigen.

Diseases

Like other animals, fish suffer from diseases and parasites. To prevent disease they have
a variety of defenses. Non-specific defenses include the skin and scales, as well as the
mucus layer secreted by the epidermis that traps and inhibits the growth of
microorganisms. If pathogens breach these defenses, fish can develop an inflammatory
response that increases blood flow to the infected region and delivers white blood cells
that attempt to destroy pathogens. Specific defenses respond to particular pathogens
recognised by the fish's body, i.e., an immune response. In recent years, vaccines have
become widely used in aquaculture and also with ornamental fish, for example
furunculosis vaccines in farmed salmon and koi herpes virus in koi.

Some species use cleaner fish to remove external parasites. The best known of these are
the Bluestreak cleaner wrasses of the genus Labroides found on coral reefs in the Indian
and Pacific Oceans. These small fish maintain so-called "cleaning stations" where other
fish congregate and perform specific movements to attract the attention of the cleaners.
Cleaning behaviors have been observed in a number of fish groups, including an
interesting case between two cichlids of the same genus, Etroplus maculatus, the cleaner,
and the much larger Etroplus suratensis.

Evolution

Outdated evolutionary view of continual gradation
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Dunkleosteus was a gigantic, 10 meter (33 ft) long prehistoric fish.

Fish do not represent a monophyletic group, and therefore the "evolution of fish" is not
studied as a single event.

Proliferation of fish was apparently due to the hinged jaw, because jawless fish left very
few descendants. Lampreys may approximate pre-jawed fish. The first jaws are found in
Placodermi fossils. It is unclear if the advantage of a hinged jaw is greater biting force,
improved respiration, or a combination of factors.

Fish may have evolved from a creature similar to a coral-like Sea squirt, whose larvae
resemble primitive fish in important ways. The first ancestors of fish may have kept the
larval form into adulthood (as some sea squirts do today), although perhaps the reverse is
the case.

Conservation

The 2006 IUCN Red List names 1,173 fish species that are threatened with extinction.
Included are species such as Atlantic cod, Devil's Hole pupfish, coelacanths, and great
white sharks. Because fish live underwater they are more difficult to study than terrestrial
animals and plants, and information about fish populations is often lacking. However,
freshwater fish seem particularly threatened because they often live in relatively small
water bodies. For example, the Devil's Hole pupfish occupies only a single 3 by 6 metres
(10 by 20 ft) pool.
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A Whale shark, the world's largest fish, is classified as Vulnerable.

Overfishing is a major threat to edible fish such as cod and tuna. Overfishing eventually
causes population (known as stock) collapse because the survivors cannot produce
enough young to replace those removed. Such commerecial extinction does not mean that
the species is extinct, merely that it can no longer sustain a fishery.

One well-studied example of fishery collapse is the Pacific sardine Sadinops sagax
caerulues fishery off the California coast. From a 1937 peak of 790,000 long tons
(800,000 t) the catch steadily declined to only 24,000 long tons (24,000 t) in 1968, after
which the fishery was no longer economically viable.

The main tension between fisheries science and the fishing industry is that the two groups
have different views on the resiliency of fisheries to intensive fishing. In places such as
Scotland, Newfoundland, and Alaska the fishing industry is a major employer, so
governments are predisposed to support it. On the other hand, scientists and
conservationists push for stringent protection, warning that many stocks could be wiped
out within fifty years.

Habitat destruction

A key stress on both freshwater and marine ecosystems is habitat degradation including
water pollution, the building of dams, removal of water for use by humans, and the
introduction of exotic species. An example of a fish that has become endangered because
of habitat change is the pallid sturgeon, a North American freshwater fish that lives in
rivers damaged by human activity.
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Exotic species

Introduction of non-native species has occurred in many habitats. One of the best studied
examples is the introduction of Nile perch into Lake Victoria in the 1960s. Nile perch
gradually exterminated the lake's 500 endemic cichlid species. Some of them survive now
in captive breeding programmes, but others are probably extinct. Carp, snakeheads,
tilapia, European perch, brown trout, rainbow trout, and sea lampreys are other examples
of fish that have caused problems by being introduced into a lien environments.

Terminology
Fish or fishes?
Though often used interchangeably, these words have different meanings. Fish is used

either as singular noun or to describe a group of specimens from a single species. Fishes
describes a group of different species.

Shoal or school

These goldband fusiliers are schooling because their swimming is synchronised
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A random assemblage of fish merely using some localised resource such as food or
nesting sites is known simply as an aggregation. When fish come together in an
interactive, social grouping, then they may be forming either a shoal or a school
depending on the degree of organisation. A shoal is a loosely organised group where
each fish swims and forages independently but is attracted to other members of the group
and adjusts its behaviour, such as swimming speed, so that it remains close to the other
members of the group. Schools of fish are much more tightly organised, synchronising
their swimming so that all fish move at the same speed and in the same direction.
Shoaling and schooling behaviour is believed to provide a variety of advantages.

Examples:

e Cichlids congregating at lekking sites form an aggregation.
e Many minnows and characins form shoals.
e Anchovies, herrings and silversides are classic examples of schooling fish.

While school and shoal have different meanings within biology, they are often treated as
synonyms by non-specialists, with speakers of British English using "shoal" to describe
any grouping of fish, while speakers of American English often using "school" just as
loosely.
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Chapter 9

Amphibian

Amphibians
Temporal range: Late Devonian—
present

Strawberry Poison-dart Frog, Oophaga
pumilio

Scientific classification [ e ]

Kingdom: Animalia
Phylum: Chordata
Superclass: Tetrapoda
Class: Amphibia

Linnaeus, 1758
Subclasses and Orders

Order Temnospondyli — extinct
Subclass Lepospondyli — extinct
Subclass Lissamphibia

Order Anura
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Order Caudata
Order Gymnophiona

Amphibians (class Amphibia, from Amphi- meaning "on both sides" and -bios meaning
"life"), such as frogs, salamanders, and caecilians, are ectothermic (or cold-blooded)
animals that metamorphose from a juvenile water-breathing form, either to an adult air-
breathing form, or to a paedomorph that retains some juvenile characteristics.
Mudpuppies, for example, retain juvenile gills in adulthood. The three modern orders of
amphibians are Anura (frogs and toads), Caudata (salamanders and newts), and
Gymnophiona (caecilians, limbless amphibians that resemble snakes), and in total they
number approximately 6,500 species. Many amphibians lay their eggs in water.
Amphibians are superficially similar to reptiles, but reptiles are amniotes, along with
mammals and birds. The study of amphibians is called batrachology.

Amphibians are ecological indicators, and in recent decades there has been a dramatic
decline in amphibian populations around the globe. Many species are now threatened or
extinct.

Amphibians evolved in the Devonian Period and were top predators in the Carboniferous
and Permian Periods, but many lineages were wiped out during the Permian—Triassic
extinction. One group, the metoposaurs, remained important predators during the
Triassic, but as the world became drier during the Early Jurassic they died out, leaving a
handful of relict temnospondyls like Koolasuchus and the modern orders of
Lissamphibia.

Etymology

Amphibian is derived from the Ancient Greek term Auiproc amphibios which means
both kinds of life, amphi meaning “both” and bio meaning life. The term was initially
used for all kinds of combined natures. Eventually it was used to refer to animals that live
both in the water and on land.

Evolutionary history

The first major groups of amphibians developed in the Devonian Period from fish similar
to the modern coelacanth and lungfish which had evolved multi-jointed leg-like fins that
enabled them to crawl along the sea bottom. These amphibians were as much as one to
five meters in length. However, amphibians never developed the ability to live their
entire lives on land, having to return to water to lay their shell-less eggs.

In the Carboniferous Period, the amphibians moved up in the food chain and began to
occupy the ecological position currently occupied by crocodiles. These amphibians were
notable for eating the mega insects on land and many types of fishes in the water. During
the Triassic Period, the better land-adapted proto-crocodiles began to compete with
amphibians, leading to their reduction in size and importance in the biosphere.
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Taxonomic history

Traditionally, amphibians have included all tetrapod vertebrates that are not amniotes.
They are divided into three subclasses, of which two are only known as extinct
subclasses:

e Subclass Labyrinthodontiaf (diverse Paleozoic and early Mesozoic group)

o Subclass Lepospondylit (small Paleozoic group, sometimes included in the
Labyrinthodontia, which may actually be more closely related to amniotes than
Lissamphibia)

e Subclass Lissamphibia (frogs, toads, salamanders, newts, etc.)

Of these only the last subclass includes recent species.

With the phylogenetic classification Labyrinthodontia has been discarded as it is a
paraphyletic group without unique defining features apart from shared primitive
characteristics. Classification varies according to the preferred phylogeny of the author,
whether they use a stem-based or node-based classification. Traditionally, amphibians as
a class are defined as all tetrapods with a larval stage, while the group that includes the
common ancestors of all living amphibians (frogs, salamanders and caecilians) and all
their descendants is called Lissamphibia. The phylogeny of Paleozoic amphibians is by
no means satisfactory understood, and lissamphibia may possibly include extinct groups
like the temnospondyls (traditionally placed in the subclass “Labyrinthodontia”), and the
Lepospondyls, and in some analysis even the amniots. This means that phylogenetic
nomenclature list a large number of basal Devonian and Carboniferous tetrapod groups,
undoubtedly were “amphibians” in biology, that are formally placed in Amphibia in
Linnaean taxonomy, but not in cladistic taxonomy.

All recent amphibians are included in the subclass Lissamphibia, superorder Salientia,
which is usually considered a clade (which means that it is thought that they evolved
from a common ancestor apart from other extinct groups), although it has also been
suggested that salamanders arose separately from a temnospondyl-like ancestor, and even
that caecilians are the sister group of the advanced reptiliomorph amphibians, and thus of
amniots.

Authorities also disagree on whether Salientia is a Superorder that includes the order
Anura, or whether Anura is a sub-order of the order Salientia. Practical considerations
seem to favor using the former arrangement now. The Lissamphibia, superorder Salientia,
are traditionally divided into three orders, but an extinct salamander-like family, the
Albanerpetontidae, is now considered part of the Lissamphibia, besides the superorder
Salientia. Furthermore, Salientia includes all three recent orders plus a single Triassic
proto-frog, Triadobatrachus.

Class Amphibia

e Subclass Lissamphibia
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@)
= Family Albanerpetontidae — Jurassic to Miocene (extinct)
o Superorder Salientia

» Genus Triadobatrachus — Triassic (extinct) - A stem Anuran

* Order Anura (frogs and toads): Jurassic to recent — 5,602 recent
species in 48 families

*  Order Caudata or Urodela (salamanders, newts): Jurassic to recent
— 571 recent species in 9 families

* Order Gymnophiona or Apoda (caecilians): Jurassic to recent —
174 recent species in 3 families

The actual number of species partly also depends on the taxonomic classification
followed, the two most common classifications being the classification of the website
AmphibiaWeb, University of California (Berkeley) and the classification by herpetologist
Darrel Frost and The American Museum of Natural History, available as the online
reference database Amphibian Species of the World. The numbers of species cited above
follow Frost.

Respiration

The lungs in amphibians are primitive compared to that of the amniotes, possessing few
internal septa, large alveoli and therefore a slow diffusion rate of oxygen into the blood.
Ventilation is accomplished by buccal pumping. However, most amphibians are able to
exchange gasses with the water or air via their skin. To enable sufficient cutaneous
respiration, the surface of their highly vascularized skin must remain moist in order for
the oxygen to diffuse at a sufficient rate. Because oxygen concentration in the water
increases at both low temperatures and high flow rates, aquatic amphibians in these
situations can rely primarily on cutaneous respiration, as in the Titicaca water frog or
hellbender salamanders. In air, where oxygen is more concentrated, some small species
can rely solely on cutaneous gas exchange, most famously the plethodontid salamanders
which have neither lungs nor gills. Many aquatic salamanders and all tadpoles have gills
in their larval stage, with some (such as the axolotl) retaining gills as aquatic adults.
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Reproduction

N

Caecilian from the San Antonio zoo

For the purpose of reproduction most amphibians require fresh water. A few (e.g.
Fejervarya raja) can inhabit brackish water and even survive (though not thrive) in
seawater, but there are no true marine amphibians. Several hundred frog species in
adaptive radiations (e.g., Eleutherodactylus, the Pacific Platymantines, the Australo-
Papuan microhylids, and many other tropical frogs), however, do not need any water for
breeding in the wild. They reproduce via direct development, an ecological and
evolutionary adaptation that has allowed them to be completely independent from free-
standing water. Almost all of these frogs live in wet tropical rainforests and their eggs
hatch directly into miniature versions of the adult, passing through the tadpole stage
within the egg. Reproductive success of many amphibians is dependent not only on the
quantity of rainfall, but the seasonal timing.

Several species have also adapted to arid and semi-arid environments, but most of them
still need water to lay their eggs. Symbiosis with single celled algae that lives in the jelly-
like layer of the eggs has evolved several times. The larvae of frogs (tadpoles or
polliwogs) breathe with exterior gills at the start, but soon a pouch is formed that covers
the gills and the front legs. Lungs are also formed quite early to assist in breathing. Newt
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larvae have large external gills that gradually disappear and the larvae of newts are quite
similar to the adult form from early age on.

Frogs and toads however have a tadpole stage, which is a totally different organism that
is a grazing algae or ongrowth or filtering plankton until a certain size has been reached,
where metamorphosis sets in. This metamorphosis lasts typically only 24 hours and
consists of:

e The disappearance of the gill pouch, making the front legs visible.

e The transformation of the jaws into the big jaws of predatory frogs (most tadpoles
are scraping of algae or are filter feeders)

e The transformation of the digestive system: the long spiral gut of the larva is
being replaced by the typical short gut of a predator.

e An adaptation of the nervous system for stereoscopic vision, locomotion and
feeding

e A quick growth and movement of the eyes to higher up the skull and the
formation of eyelids.

o Formation of skin glands, thickening of the skin and loss of the lateral line system

e An eardrum is developed to lock the middle ear.

The disappearance of the tail is somewhat later (occurs at higher thyroxin levels) and
after the tail has been resorbed the animals are ready to leave the water. The material of
the tail is being used for a quick growth of the legs. The disappearance of the larval
structures is a regulated process called apoptosis.

The transformation of newts when leaving the water is reversible except for the loss of

the external gills. When the animals enter the water again for reproduction changes are
driven by prolactin, when they return to the land phase by thyroxin
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Conservation

The Golden Toad of Monteverde, Costa Rica was among the first casualties of amphibian
declines. Formerly abundant, it was last seen in 1989.

Dramatic declines in amphibian populations, including population crashes and mass
localized extinction, have been noted in the past two decades from locations all over the
world, and amphibian declines are thus perceived as one of the most critical threats to
global biodiversity. A number of causes are believed to be involved, including habitat
destruction and modification, over-exploitation, pollution, introduced species, climate
change, endocrine-disrupting pollutants, destruction of the ozone layer (ultraviolet
radiation has shown to be especially damaging to the skin, eyes, and eggs of amphibians),
and diseases like chytridiomycosis. However, many of the causes of amphibian declines
are still poorly understood, and are a topic of ongoing discussion. A global strategy to
stem the crisis has been released in the form of the Amphibian Conservation Action Plan.
Developed by over 80 leading experts in the field, this call to action details what would
be required to curtail amphibian declines and extinctions over the next 5 years - and how
much this would cost. The Amphibian Specialist Group of the World Conservation Union
(IUCN) is spearheading efforts to implement a comprehensive global strategy for
amphibian conservation. Amphibian Ark is an organization that was formed to implement
the ex-situ conservation recommendations of this plan, and they have been working with
zoos and aquaria around the world encouraging them to create assurance colonies of
threatened amphibians. One such project is the Panama Amphibian Rescue and
Conservation Project that built on existing conservation efforts in Panama to create a

WORLD TECHNOLOGIES




country-wide response to the threat of chytridiomycosis rapidly spreading into eastern
Panama

On January 21, 2008, Evolutionarily Distinct and Globally Endangered (EDGE), as given
by chief Helen Meredith, identified nature's most endangered species: "The EDGE
amphibians are amongst the most remarkable and unusual species on the planet and yet
an alarming 85% of the top 100 are receiving little or no conservation attention." The top
10 endangered species (in the List of endangered animal species) include: the Chinese
giant salamander, a distant relative of the newt, the tiny Gardiner's Seychelles, the
limbless Sagalla caecilian, South African ghost frogs, lungless Mexican salamanders, the
Malagasy rainbow frog, Chile's Darwin frog (Rhinoderma rufum) and the Betic Midwife
Toad.
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Chapter 10

Reptile

Reptiles
Temporal range: Mississippian - Recent
320-0 Ma

Clockwise from above left: Spectacled
Caiman (Caiman crocodilus), Green Sea
Turtle (Chelonia mydas), Tuatara
(Sphenodon punctatus) and Eastern
Diamondback Rattlesnake (Crotalus

adamanteus).

Scientific classification [ e |

Kingdom: Animalia

Phylum: Chordata

Superclass: Tetrapoda

(unranked): Reptiliomorpha

(unranked): Amniota

Class: gi?:;::a 1768
Subgroups

e Anapsida (=Parareptilia?)
o Testudines (traditional)
e Eureptilia
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Crocodilia
Sphenodontia
Squamata

Testudines (molecular)

O O O O

Reptiles are animals in the (Linnaean) class Reptilia. They are characterized by breathing
air, laying shelled eggs, and having skin covered in scales and/or scutes. Reptiles are
classically viewed as having a "cold-blooded" metabolism. They are tetrapods (either
having four limbs or being descended from four-limbed ancestors). Modern reptiles
inhabit every continent with the exception of Antarctica, and four living orders are
currently recognized:

Crocodilia (crocodiles, gavials, caimans, and alligators): 23 species
Sphenodontia (tuataras from New Zealand): 2 species

Squamata (lizards, snakes, and worm lizards): approximately 7,900 species
Testudines (turtles and tortoises): approximately 300 species

Unlike amphibians, reptiles do not have an aquatic larval stage. As a rule, reptiles are
oviparous (egg-laying), although certain species of squamates are capable of giving live
birth. This is achieved by either ovoviviparity (egg retention) or viviparity (birth of
offspring without the development of calcified eggs). Many of the viviparous species
feed their fetuses through various forms of placenta analogous to those of mammals, with
some providing initial care for their hatchlings. Extant reptiles range in size from a tiny
gecko, Sphaerodactylus ariasae, that grows to only 1.6 cm (0.6 in) to the saltwater
crocodile, Crocodylus porosus, which may reach 6 m in length and weigh over 1,000 kg.

The science dealing with reptiles is called herpetology.
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Classification

History of classification

REPTILES

Reptiles, from Nouveau Larousse Illustré, 1897-1904. Notice the inclusion of amphibians
(below the crocodiles).

Linnaeus and the 18th century

The reptiles were from the outset of classification grouped with the amphibians.
Linnaeus, working from species-poor Sweden, where the common adder and grass snake
are often found hunting in water, included all reptiles and amphibians in class "III —
Amphibia" in his Systema Natura. The terms "reptile" and "amphibian" were largely
interchangeable, "reptile" (from Latin repere, "to creep") being preferred by the French.
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Josephus Nicolaus Laurenti was the first to formally use the term "Reptilia" for an
expanded selection of reptiles and amphibians basically similar to that of Linnaeus.
Today, it is still common to treat the two groups under the same heading as herptiles.

" Antediluvian monsters"

An "antediluvian monster", a Mosasaurus discovered in a Maastricht limestone quarry,
1770 (contemporary engraving)

Not until the beginning of the 19th century did it become clear that reptiles and
amphibians are in fact quite different animals, and Pierre André Latreille erected the class
Batracia (1825) for the latter, dividing the tetrapods into the four familiar classes of
reptiles, amphibians, birds and mammals.

The British anatomist Thomas Henry Huxley made Latreille's definition popular, and
together with Richard Owen expanded Reptilia to include the various fossil “antediluvian
monsters”, including dinosaurs and the mammal-like (synapsid) Dicynodon he helped
describe. This was not the only possible classification scheme: In the Hunterian lectures
delivered at the Royal College of Surgeons in 1863, Huxley grouped the vertebrates into
mammals, sauroids, and ichthyoids (the latter containing the fishes and amphibians). He
subsequently proposed the names of Sauropsida and Ichthyopsida for the two.

The terms "Sauropsida" ("lizard faces") and "Theropsida" ("beast faces") were used again
in 1916 by E.S. Goodrich to distinguish between lizards, birds, and their relatives on the
one hand (Sauropsida) and mammals and their extinct relatives (Theropsida) on the other.
Goodrich supported this division by the nature of the hearts and blood vessels in each
group, and other features such as the structure of the forebrain. According to Goodrich,
both lineages evolved from an earlier stem group, Protosauria ("first lizards") which
included some Paleozoic amphibians as well as early reptiles.
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In 1956 D.M.S. Watson observed that the first two groups diverged very early in reptilian
history, and so he divided Goodrich's Protosauria between them. He also reinterpreted
Sauropsida and Theropsida to exclude birds and mammals, respectively. Thus his
Sauropsida included Procolophonia, Eosuchia, Millerosauria, Chelonia (turtles),
Squamata (lizards and snakes), Rhynchocephalia, Crocodilia, "thecodonts" (paraphyletic
basal Archosauria), non-avian dinosaurs, pterosaurs, ichthyosaurs, and sauropterygians.

Tetrapoda

Vertebrata

Reptiles (green field) are a paraphyletic group comprising all non-avian and non-
mammalian amniotes.

In 1866, Haeckel demonstrated that vertebrates could be divided based on their
reproductive strategies, and that reptiles, birds and mammals were united by the amniotic
egg. By the end of the 19th century, the class Reptilia had come to include all the
amniotes except birds and mammals. Thus reptiles were defined as the set of animals that
includes the extant crocodiles, alligators, tuatara, lizards, snakes, amphisbaenians, and
turtles, as well as fossil groups like dinosaurs, synapsids and the primitive pareiasaurs.
This is still the common definition of the term.

Skull openings in 20th century classification

The synapsid/sauropsid division supplemented, but was never as popular during the 20th
century as a Linneaean approach splitting the reptiles into four subclasses based on the
number and position of temporal fenestrae, openings in the sides of the skull behind the
eyes. This classification was initiated by Henry Fairfield Osborn and elaborated an made
popular by Romer's classic Vertebrate Paleontology. Those four subclasses were:
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e Anapsida —no fenestrae - cotylosaurs and Chelonia (turtles and relatives)

e Synapsida — one low fenestra - pelycosaurs and therapsids (the 'mammal-like
reptiles')

o Euryapsida — one high fenestra (above the postorbital and squamosal) -
protorosaurs (small, early lizard-like reptiles) and the marine sauropterygians and
ichthyosaurs, the latter called Parapsida in Osborn's work.

o Diapsida — two fenestrae - most reptiles, including lizards, snakes, crocodilians,
dinosaurs and pterosaurs

The composition of Euryapsida was uncertain. Ichthyosaurs were at times considered to
have arisen independently of the other euryapsids, and given the older name Parapsida.
Parapsida was later discarded as a group for the most part (ichthyosaurs being classified
as incertae sedis or with Euryapsida). However, the scheme with for (or three if
Euryapsida is sunk into Diapsida) subclasses remained more or less universal for non-
specialist work throughout the 20th century, and has only been challenged with the rising
popularity of phylogenetic nomenclature.

Phylogenetics and modern definition

By the 21st century, most vertebrate paleontologists had adopted phylogenetic taxonomy,
in which all groups are defined in such a way as to be monophyletic; that is, groups
include all descendants of a particular ancestor. The reptiles as historically defined would
be paraphyletic, since they exclude both birds and mammals, although these also evolved
from the original reptiles. Colin Tudge wrote:

Mammals are a clade, and therefore the cladists are happy to acknowledge the traditional
taxon Mammalia; and birds, too, are a clade, universally ascribed to the formal taxon
Aves. Mammalia and Aves are, in fact, subclades within the grand clade of the Amniota.
But the traditional class Reptilia is not a clade. It is just a section of the clade Amniota:
the section that is left after the Mammalia and Aves have been hived off. It cannot be
defined by synapomorphies, as is the proper way. It is instead defined by a combination
of the features it has and the features it lacks: reptiles are the amniotes that lack fur or
feathers. At best, the cladists suggest, we could say that the traditional Reptilia are 'non-
avian, non-mammalian amniotes'.

Despite the early proposals for replacing the paraphyletic Reptilia for a monophyletic
Sauropsida, that term was never adopted widely or, when it was, applied consistently.
When Sauropsida was used, it often had the same content or even the same definition as
Reptilia. In 1988 Jacques Gauthier proposed a cladistic definition of Reptilia as a
monophyletic node-based crown group containing turtles, lizards and snakes,
crocodilians, and birds, their common ancestor and all its descendants. The proposed
suffered under the actual relationship of turtles to other reptiles not being fully
understood. A variety of other definitions were proposed by other scientists in the years
following Gauthier's paper. The first which attempted to adhere to the standards of the
PhyloCode was published by Modesto and Anderson in 2004. They reviewed the many
previous definitions, and proposed a modified definition which they intended to retain
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most traditional content of the group while keeping it stable and monophyletic. They
defined Reptilia as all amniotes closer to Lacerta agilis and Crocodylus niloticus than to
Homo sapiens. This stem-based definition is equivalent to that of Sauropsida, which
Modesto and Anderson synonymized with Reptilia, since the latter is more well known
and more frequently used, despite their definition including birds.

Taxonomy
Classification to order level, after Benton, 2005.

e Series Amniota
o Class Synapsida
*  Order Pelycosauria*
*  Order Therapsida
= Class Mammalia
o Class Sauropsida
* Subclass Anapsida
*  Order Testudines (turtles)
= A series of unassigned anapsid families, corresponding to
Captorhinida, Mesosauria and Procolophonomorpha
* Subclass Diapsida
* Order Araeoscelidia
= Order Younginiformes
= Infraclass Ichthyosauria
= Infraclass Lepidosauromorpha
» Superorder Sauropterygia
* Order Placodontia
*  Order Nothosauroidea
* Order Plesiosauria
= Superorder Lepidosauria
» Order Sphenodontia (tuatara)
* Order Squamata (lizards & snakes)
» Infraclass Archosauromorpha
*  Order Prolacertiformes
= Division Archosauria
e Subdivision Crurotarsi
o Superorder Crocodylomorpha
*  Order Crocodilia
* Order Phytosauria
*  Order Rauisuchia
*  Order Rhynchosauria
e Subdivision Avemetatarsalia
o Infradivision Ornithodira
* Order Pterosauria
= Superorder Dinosauria
*  Order Saurischia
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= Class Aves
= QOrder Ornithischia

Evolutionary history
Origin of the reptiles

An early reptile Hylonomus
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Mesozoic scene showing typical reptilian megafauna: the dinosaurs Europasaurus
holgeri and Iguanodon, and the early bird Archaeopteryx perched on the foreground tree

stump.
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Megalania was a giant, carnivorous goanna that might have grown to as long as 7 metres,
and weighed up to 1,940 kilograms (Molnar, 2004).

The origin of the reptiles lies about 320-310 million years ago, in the steaming swamps
of the late Carboniferous period, when the first reptiles evolved from advanced
reptiliomorph labyrinthodonts. The oldest known animal that may have been an amniote,
i.e. a primitive reptile rather than an advanced amphibian is Casineria. A series of
footprints from the fossil strata of Nova Scotia, dated to 315 million years show typical
reptilian toes and imprints of scales. The tracks are attributed to Hylonomus, the oldest
unquestionable reptile known. It was a small, lizard-like animal, about 20 to 30 cm (8-

12 in) long, with numerous sharp teeth indicating an insectivorous diet. Other examples
include Westlothiana (for the moment considered a reptiliomorph amphibian rather than a
true amniote) and Paleothyris, both of similar build and presumably similar habit.

Rise of the reptiles
Earliest reptiles were largely overshadowed by bigger labyrinthodont amphibians such as
Cochleosaurus, and remained a small, inconspicuous part of the fauna until the

Carboniferous Rainforest Collapse. This sudden collapse affected several large groups,
amphibians were particularly devastated, while reptiles fared better, being ecologically
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adapted to the drier conditions that followed. Amphibians must return to water to lay
eggs, in contrast, reptiles - whose eggs have a hard shell and can therefore be laid on land
- were better adapted to the new conditions. Reptiles acquired new niches at a faster rate
than before the collapse and at a much faster rate than amphibians. They acquired new
feeding strategies including herbivory and carnivory, previously only having been
insectivores and piscivores. From this point forward, reptiles dominated communities and
had a greater diversity than amphibians, setting the stage for the Mesozoic (known as the
Age of Reptiles). One of the best known early reptiles is Mesosaurus, a genus from the
early Permian that had returned to water, feeding on fish.

Anapsids, synapsids, diapsids and sauropsids

A

A = Anapsid, B = Synapsid, C = Diapsid
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The first reptiles were anapsids, having a solid skull with holes for only nose, eyes, spinal
cord, etc. Very soon after the first reptiles appeared, they split into two branches. One
branch, Synapsida (including both "mammal-like reptiles" and modern, extant mammals
such as humans), had one opening in the skull roof behind each eye; the other branch,
Diapsida, possessed a hole in their skulls behind each eye, along with a second hole
located higher on the skull. The function of the holes in both groups was to lighten the
skull and give room for the jaw muscles to move, allowing for a more powerful bite.
Diapsids and later anapsids are classed as the "true reptiles", Sauropsida.

Turtles have been traditionally believed to be surviving anapsids, on the basis of their
skull structure. The rationale for this classification was disputed, with some arguing that
turtles are diapsids that reverted to this primitive state in order to improve their armor.
Later morphological phylogenetic studies with this in mind placed turtles firmly within
Diapsida. All molecular studies have strongly upheld the placement of turtles within
diapsids, most commonly as a sister group to extant archosaurs.

Permian reptiles

With the close of the Carboniferous, reptiles became the dominant tetrapod fauna. While
the terrestrial reptiliomorph labyrinthodonts still existed, the synapsids evolved the first
truly terrestrial megafauna (giant animals) in the form of pelycosaurs such as
Edaphosaurus and the carnivorous Dimetrodon. In the mid-Permian period the climate
turned dryer, resulting in a change of fauna: The primitive pelycosaurs were replaced by
the more advanced therapsids.

The anapsid reptiles, whose massive skull roofs had no postorbital holes, continued and
flourished throughout the Permian. The pareiasaurs reached giant proportions in the late
Permian, eventually disappearing at the close of the period (the turtles being possible
survivors).

Early in the period, the diapsid reptiles split into two main lineages, the archosaurs
(forefathers of crocodiles and dinosaurs) and the lepidosaurs (predecessors of modern
snakes, lizards, and tuataras). Both groups remained lizard-like and relatively small and
inconspicuous during the Permian.

The Mesozoic era, the "Age of Reptiles"

The close of the Permian saw the greatest mass extinction known, a prolonged event due
to the accumalation of at lest two distinct extinction pulses. Most of the earlier
anapsid/synapsid megafauna disappeared, being replaced by the archosauromorph
diapsids. The archosaurs were characterized by elongated hind legs and an erect pose, the
early forms looking somewhat like long-legged crocodiles. The archosaurs became the
dominant group during the Triassic period, though it took 30 million years before their
diversity was as great as the animals that lived in the Permian. Archosaurs developing
into the well-known dinosaurs and pterosaurs, as well as crocodiles and phytosaurs. Some
of the dinosaurs developed into the largest land animals ever to have lived, making the
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Mesozoic era popularly known as the "Age of Reptiles". The dinosaurs also developed
smaller forms, including the feather-bearing smaller theropods. In the mid-Jurassic
period, these gave rise to the first birds.

The lepidosauromorph diapsids may have been ancestral to the sea reptiles. These reptiles
developed into the sauropterygians in the early Triassic and the ichthyosaurs during the
Middle Triassic. The mosasaurs also evolved in the Mesozoic era, emerging during the
Cretaceous period.

The therapsids came under increasing pressure from the dinosaurs in the early Mesozoic
and developed into increasingly smaller and more nocturnal forms, the first mammals
being the only survivors of the line by the late Jurassic.

Demise of the dinosaurs

The close of the Cretaceous period saw the demise of the Mesozoic era reptilian
megafauna. Of the large marine reptiles, only sea turtles are left, and, of the dinosaurs,
only the small feathered theropods survived in the form of birds. The end of the “Age of
Reptiles” led into the “Age of Mammals”. Mammals and birds filled the empty niches
left behind by reptiles and while reptile diversification slowed bird and mammal
diversification took an exponential turn.

Reptile diversification continued throughout the Cenozoic, with squamates undergoing a
greater radiation than they did in the Mesozoic. Today squamates make up the majority

of extant reptiles today (over 90%). There are approximately 8,700 extant species of
reptiles, compared with 5,400 species of mammals.

Systems

Circulation
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Thermographic image of a monitor lizard
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Most reptiles have a three-chambered heart consisting of two atria, one variably
partitioned ventricle, and two aortas that lead to the systemic circulation. The degree of
mixing of oxygenated and deoxygenated blood in the three-chambered heart varies
depending on the species and physiological state. Under different conditions,
deoxygenated blood can be shunted back to the body or oxygenated blood can be shunted
back to the lungs. This variation in blood flow has been hypothesized to allow more
effective thermoregulation and longer diving times for aquatic species, but has not been
shown to be a fitness advantage.

There are some exceptions to the general physiology. For instance, crocodilians have an
anatomically four-chambered heart, but also have two systemic aortas and are therefore
capable of bypassing only their pulmonary circulation. Also, some snake and lizard
species (e.g., pythons and monitor lizards) have three-chambered hearts that become
functionally four-chambered hearts during contraction. This is made possible by a
muscular ridge that subdivides the ventricle during ventricular diastole and completely
divides it during ventricular systole. Because of this ridge, some of these squamates are
capable of producing ventricular pressure differentials that are equivalent to those seen in
mammalian and avian hearts.

Metabolism
A

>

Joule
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Sustained energy output (Joule) of a typical reptile versus a similar size mammal as a
function of core body temperature. The mammal has a much higher peak output, but can
only function over a very narrow range of body temperatures.
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All reptiles exhibit some form of cold-bloodedness (i.e. some mix of poikilothermy,
ectothermy, and bradymetabolism). This means that most reptiles have limited
physiological means of keeping the body temperature constant, and often rely on external
sources of heat. Due to a less stable core temperature than birds and mammals, reptilian
biochemistry requires enzymes capable of maintaining efficiency over a greater range of
temperatures than warm-blooded animals. The optimum body temperature range varies
with species, but is typically below that of warm-blooded animals, in the 24°-35°C range
for many lizards, while extreme heat adapted species like the American desert iguana
Dipsosaurus dorsalis can have optimal physiological temperatures in the mammalian
range, between 35 and 40°C. While the optimum temperature is often encountered when
the animal is active, the low basal metabolism makes body temperature drop rapidly
when the animal is inactive.

Like in all animals, reptilian muscle action produces heat. In large reptiles, like
leatherback turtles, the low surface to volume ratio allows this metabolically produced
heat to keep the animals warmer than their environment, despite not having a warm-
blooded metabolism. This form of homeothermy is called gigantothermy, and has been
suggested as having been common in large dinosaurs and other extinct large-bodied
reptiles.

The benefits of a low resting metabolism is that it requires far less fuel to sustain bodily
functions. By using temperature variations in their surroundings or by remaining cold
when they do not need to move, reptiles can save considerable amounts of energy
compared to endotherm animals of the same size. A crocodile need from a fifth to a tenth
of the food necessary for a lion of the same weight, and can live half a year without
eating. Lower food requirements and adaptive metabolisms allow reptiles to dominate the
animal life in regions where net calorie production is too low to sustain large-bodied
mammals and birds.

It is generally assumed that reptiles are unable to produce the sustained high energy
output necessary for long distance chases or flying. Higher energetic capacity might have
been responsible for the evolution of warm-bloodedness in birds and mammals.
However, investigation of correlations between active capacity and thermophysiology
show a weak relationship. Most extant reptiles are carnivores with a sit-and-wait feeding
strategy, and whether reptiles are cold blooded due to their ecology, or if their
metabolism is a result of their ecology is not clear. Energetic studies on some reptiles
have shown active capacities equal to, or greater than similar sized warm-blooded
animals.

Respiration
Reptilian lungs
All reptiles breathe using lungs. Aquatic turtles have developed more permeable skin, and

some species have modified their cloaca to increase the area for gas exchange. Even with
these adaptations, breathing is never fully accomplished without lungs. Lung ventilation
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is accomplished differently in each main reptile group. In squamates, the lungs are
ventilated almost exclusively by the axial musculature. This is also the same musculature
that is used during locomotion. Because of this constraint, most squamates are forced to
hold their breath during intense runs. Some, however, have found a way around it.
Varanids, and a few other lizard species, employ buccal pumping as a complement to
their normal "axial breathing." This allows the animals to completely fill their lungs
during intense locomotion, and thus remain aerobically active for a long time. Tegu
lizards are known to possess a proto-diaphragm, which separates the pulmonary cavity
from the visceral cavity. While not actually capable of movement, it does allow for
greater lung inflation, by taking the weight of the viscera off the lungs. Crocodilians
actually have a muscular diaphragm that is analogous to the mammalian diaphragm. The
difference is that the muscles for the crocodilian diaphragm pull the pubis (part of the
pelvis, which is movable in crocodilians) back, which brings the liver down, thus freeing
space for the lungs to expand. This type of diaphragmatic setup has been referred to as
the "hepatic piston."

Turtles and tortoises

Red-eared slider taking a gulp of air
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How turtles and tortoises breathe has been the subject of much study. To date, only a few
species have been studied thoroughly enough to get an idea of how turtles do it. The
results indicate that turtles and tortoises have found a variety of solutions to this problem.

The difficulty is that most turtle shells are rigid and do not allow for the type of
expansion and contraction that other amniotes use to ventilate their lungs. Some turtles
such as the Indian flapshell (Lissemys punctata) have a sheet of muscle that envelops the
lungs. When it contracts, the turtle can exhale. When at rest, the turtle can retract the
limbs into the body cavity and force air out of the lungs. When the turtle protracts its
limbs, the pressure inside the lungs is reduced, and the turtle can suck air in. Turtle lungs
are attached to the inside of the top of the shell (carapace), with the bottom of the lungs
attached (via connective tissue) to the rest of the viscera. By using a series of special
muscles (roughly equivalent to a diaphragm), turtles are capable of pushing their viscera
up and down, resulting in effective respiration, since many of these muscles have
attachment points in conjunction with their forelimbs (indeed, many of the muscles
expand into the limb pockets during contraction).

Breathing during locomotion has been studied in three species, and they show different
patterns. Adult female green sea turtles do not breathe as they crutch along their nesting
beaches. They hold their breath during terrestrial locomotion and breathe in bouts as they
rest. North American box turtles breathe continuously during locomotion, and the
ventilation cycle is not coordinated with the limb movements. This is because they use
their abdominal muscles to breathe during locomotion. The last species to have been
studied is the red-eared slider, which also breathes during locomotion, but takes smaller
breaths during locomotion than during small pauses between locomotor bouts, indicating
that there may be mechanical interference between the limb movements and the breathing
apparatus. Box turtles have also been observed to breathe while completely sealed up
inside their shells.

Palate

Most reptiles lack a secondary palate, meaning that they must hold their breath while
swallowing. Crocodilians have evolved a bony secondary palate that allows them to
continue breathing while remaining submerged (and protect their brains against damage
by struggling prey). Skinks (family Scincidae) also have evolved a bony secondary
palate, to varying degrees. Snakes took a different approach and extended their trachea
instead. Their tracheal extension sticks out like a fleshy straw, and allows these animals
to swallow large prey without suffering from asphyxiation.
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Skin

The foot of a skink, showing squamate reptiles iconic scales

Reptilian skin is covered in a horny epidermis, making it watertight and enabling reptiles
to live on dry land, in contrast to amphibians. Compared to mammalian skin, that of
reptiles is rather thin and lacks the thick dermal layer that produces leather in mammals.
Exposed parts of reptiles are protected by scales or scutes, sometimes with a bony base,
forming armor. In lepidosaurians such as lizards and snakes, the whole skin is covered in
overlapping epidermal scales. Such scales were once thought to be typical of the class
Reptilia as a whole, but are now known to occur only in lepidosaurians. The scales found
in turtles and crocodiles are of dermal, rather than epidermal, origin and are properly
termed scutes. In turtles, the body is hidden inside a hard shell composed of fused scutes.

Lacking a thick dermis, reptilian leather is not as strong as mammalian leather. It is used
in leather-wares for decorative purposes for shoes, belts and handbags, particularly
crocodile skin. Due to reptiles lacking feathers or fur, reptiles are used as pets by people
with allergies.

Excretion

Excretion is performed mainly by two small kidneys. In diapsids, uric acid is the main
nitrogenous waste product; turtles, like mammals, excrete mainly urea. Unlike the
kidneys of mammals and birds, reptile kidneys are unable to produce liquid urine more
concentrated than their body fluid. This is because they lack a specialized structure called
a loop of Henle, which is present in the nephrons of birds and mammals,. Because of this,
many reptiles use the colon to aid in the reabsorption of water. Some are also able to take
up water stored in the bladder. Excess salts are also excreted by nasal and lingual salt
glands in some reptiles.
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Digestion

Watersnake Malpolon monspessulanus eating a lizard. Most reptiles are carnivorous, and
many primarily eat other reptiles.

Most reptiles are carnivorous and have rather simple and comparatively short digestive
tracts, meat being fairly simple to break down and digest. Digestion is slower than in
mammals, reflecting their lower resting metabolism and their inability to divide and
masticate their food. Their poikilotherm metabolism has very low energy requirements,
allowing large reptiles like crocodiles and the large constrictors to live from a single large
meal for months, digesting it slowly.

While modern reptiles are predominately carnivorous, during the early history of reptiles
several groups produced some herbivorous megafauna: in the Paleozoic the pareiasaurs
and the synapsid dicynodonts, and in the Mesozoic several lines of dinosaurs. Today the
turtles are the only predominantly herbivorous reptile group, but several lines of agamas
and iguanas have evolved to live wholly or partly on plants.

Herbivorous reptiles face the same problems of mastication as herbivorous mammals but,
lacking the complex teeth of mammals, many species swallow rocks and pebbles (so
called gastroliths) to aid in digestion: The rocks are washed around in the stomach,
helping to grind up plant matter. Fossil gastroliths have been found associated with
sauropods. Sea turtles, crocodiles, and marine iguanas also use gastroliths as ballast,
helping them to dive.
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Nerves

The reptilian nervous system contains the same basic part of the amphibian brain, but the
reptile cerebrum and cerebellum are slightly larger. Most typical sense organs are well
developed with certain exceptions, most notably the snake's lack of external ears (middle
and inner ears are present). There are twelve pairs of cranial nerves. Due to their short
cochlea, reptiles use electrical tuning to expand their range of audible frequencies.

Reptiles are generally considered less intelligent than mammals and birds. The size of
their brain relative to their body is much less than that of mammals, the encephalization
quotient being about one tenth of that of mammals. Though larger reptiles show more
complex brain developement. Larger lizards like the monitors are known to exhibit
complex behavior, including cooperation. Crocodiles have relatively larger brains and
show a fairly complex social structure. The Komodo dragon is even known to engage in

play.
Vision

Most reptiles are diurnal animals. The vision is typically adapted to daylight conditions,
with color vision and more advanced visual depth perception than in amphibians and
most mammals. In some species, such as blind snakes, vision is reduced. Some snakes
have extra sets of visual organs (in the loosest sense of the word) in the form of pits
sensitive to infrared radiation (heat). Such heat-sensitive pits are particularly well
developed in the pit vipers, but are also found in boas and pythons. These pits allow the
snakes to sense the body heat of birds and mammals, enabling pit vipers to hunt rodents
in the dark.

Reproduction

Most reptiles reproduce sexually such as this Trachylepis maculilabris skink
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Reptiles have amniotic eggs with hard or leathery shells, requiring internal fertilization.

Most reptiles reproduce sexually, though some are capable of asexual reproduction. All
reproductive activity occurs through the cloaca, the single exit/entrance at the base of the
tail where waste is also eliminated. Most reptiles have copulatory organs, which are
usually retracted or inverted and stored inside the body. In turtles and crocodilians, the
male has a single median penis, while squamates, including snakes and lizards, possess a
pair of hemipenes. Tuataras, however, lack copulatory organs, and so the male and
female simply press their cloacas together as the male excretes sperm.

Most reptiles lay amniotic eggs covered with leathery or calcareous shells. An amnion,
chorion, and allantois are present during embryonic life. There are no larval stages of
development. Viviparity and ovoviviparity have evolved only in squamates, and many
species, including all boas and most vipers, utilize this mode of reproduction. The degree

WORLD TECHNOLOGIES




of viviparity varies: some species simply retain the eggs until just before hatching, others
provide maternal nourishment to supplement the yolk, and yet others lack any yolk and
provide all nutrients via a structure similar to the mammalian placenta.

Asexual reproduction has been identified in squamates in six families of lizards and one
snake. In some species of squamates, a population of females is able to produce a
unisexual diploid clone of the mother. This form of asexual reproduction, called
parthenogenesis, occurs in several species of gecko, and is particularly widespread in the
teiids (especially Aspidocelis) and lacertids (Lacerta). In captivity, Komodo dragons
(Varanidae) have reproduced by parthenogenesis.

Parthenogenetic species are suspected to occur among chameleons, agamids, xantusiids,
and typhlopids.

Some reptiles exhibit temperature-dependent sex determination (TDSD), in which the
incubation temperature determines whether a particular egg hatches as male or female.
TDSD is most common in turtles and crocodiles, but also occurs in lizards and tuataras.
To date, there has been no confirmation of whether TDSD occurs in snakes.

Defense mechanisms

Many small reptiles such as snakes and lizards which live on the ground or in the water
are vulnerable to being preyed on by all kinds of carnivorous animals. Thus avoidance is
the most common form of defense in reptiles. At the first sign of danger, most snakes and
lizards crawl away into the undergrowth, and turtles and crocodiles will plunge into water
and sink out of sight.
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A camouflaged Phelsuma deubia on a palm frond

Reptiles may also avoid confrontation through camouflage. Using a variety of grays,
greens, and browns, these animals can blend remarkably well into the background of their
natural environment.

If the danger arises so suddenly that flight may be harmful, then crocodiles, turtles, some
lizards, and some snakes hiss loudly when confronted by an enemy. Rattlesnakes rapidly
vibrate the tip of the tail, which is composed of a series of nested, hollow beads.

If all this does not deter an enemy, different species will adopt different defensive tactics.

Snakes use a complicated set of behaviors when attacked. Some will first elevate their
head and spread out the skin of their neck in an effort to look bigger and more
threatening. Failure of this may lead to other measures practiced particularly by cobras,
vipers, and closely related species, who use venom to attack. The venom is modified
saliva, delivered through fangs from a venom gland. Some non-venomous snakes, such as
the corn snake, play dead when in danger.

When a crocodile is concerned about its safety, it will gape to expose the teeth and
yellow tongue. If this doesn't work, the crocodile gets a little more agitated and typically
begins to make hissing sounds. After this, the crocodile will start to change its posture
dramatically to make itself look more intimidating. The body is inflated to increase
apparent size. If absolutely necessary it may decide to attack an enemy.
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A White-headed dwarf gecko with shed tail

Some species try to bite immediately. Some will use their heads as sledgehammers and
literally smash an opponent, some will rush or swim toward the threat from a distance,
even chasing them onto land or galloping after them.

Geckos, skinks, and other lizards that are captured by the tail will shed part of the tail
structure through a process called autotomy and thus be able to flee. The detached tail
will continue to wiggle, creating a deceptive sense of continued struggle and distracting
the predator's attention from the fleeing prey animal. The animal can partially regenerate
its tail over a period of weeks. The new section will contain cartilage rather than bone,
and the skin may be distinctly discolored compared to the rest of the body. The tails are
often a separate and dramatically more vivid color then the rest of the body, as to attract
potential predators to strike for the tail first.
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Chapter 11
Bird

Birds

Temporal range: Late Jurassic—Recent, 150—0 Ma

Representatives of 18 of the almost 30 living bird
orders.

Scientific classification [ e ]
Kingdom: Animalia
Phylum: Chordata
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(unranked): Reptiliomorpha

(unranked): Amniota
(unranked): Avialae
Class: Aves

Linnaeus, 1758
Subclasses & orders

e About two dozen modern orders and
several extinct orders and subclasses

Birds (class Aves) are feathered, winged, bipedal, endothermic (warm-blooded), egg-
laying, vertebrate animals. There are around 10,000 living species, making them the most
speciose class of tetrapod vertebrates. They inhabit ecosystems across the globe, from the
Arctic to the Antarctic. Extant birds range in size from the 5 cm (2 in) Bee Hummingbird
to the 2.75 m (9 ft) Ostrich. The fossil record indicates that birds evolved from theropod
dinosaurs during the Jurassic period, around 150-200 Ma (million years ago), and the
earliest known bird is the Late Jurassic Archaeopteryx, ¢ 150145 Ma. Most
paleontologists regard birds as the only clade of dinosaurs to have survived the
Cretaceous—Tertiary extinction event approximately 65.5 Ma.

Modern birds are characterised by feathers, a beak with no teeth, the laying of hard-
shelled eggs, a high metabolic rate, a four-chambered heart, and a lightweight but strong
skeleton. All /iving species of birds have wings - the now extinct flightless Moa of New
Zealand were the only exceptions. Wings are evolved forelimbs, and most bird species
can fly, with some exceptions including ratites, penguins, and a number of diverse
endemic island species. Birds also have unique digestive and respiratory systems that are
highly adapted for flight. Some birds, especially corvids and parrots, are among the most
intelligent animal species; a number of bird species have been observed manufacturing
and using tools, and many social species exhibit cultural transmission of knowledge
across generations.

Many species undertake long distance annual migrations, and many more perform shorter
irregular movements. Birds are social; they communicate using visual signals and
through calls and songs, and participate in social behaviours including cooperative
breeding and hunting, flocking, and mobbing of predators. The vast majority of bird
species are socially monogamous, usually for one breeding season at a time, sometimes
for years, but rarely for life. Other species have breeding systems that are polygynous
("many females") or, rarely, polyandrous ("many males"). Eggs are usually laid in a nest
and incubated by the parents. Most birds have an extended period of parental care after
hatching.

Many species are of economic importance, mostly as sources of food acquired through
hunting or farming. Some species, particularly songbirds and parrots, are popular as pets.
Other uses include the harvesting of guano (droppings) for use as a fertiliser. Birds figure
prominently in all aspects of human culture from religion to poetry to popular music.
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About 120-130 species have become extinct as a result of human activity since the 17th
century, and hundreds more before then. Currently about 1,200 species of birds are
threatened with extinction by human activities, though efforts are underway to protect
them.

Evolution and taxonomy

Archaeopteryx, the earliest known bird

The first classification of birds was developed by Francis Willughby and John Ray in
their 1676 volume Ornithologiae. Carolus Linnaeus modified that work in 1758 to devise
the taxonomic classification system currently in use. Birds are categorised as the
biological class Aves in Linnaean taxonomy. Phylogenetic taxonomy places Aves in the
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dinosaur clade Theropoda. Aves and a sister group, the clade Crocodilia, contain the only
living representatives of the reptile clade Archosauria. Phylogenetically, Aves is
commonly defined as all descendants of the most recent common ancestor of modern
birds and Archaeopteryx lithographica.

Archaeopteryx, from the Tithonian stage of the Late Jurassic (some 150—145 million
years ago), is the earliest known bird under this definition. Others, including Jacques
Gauthier and adherents of the Phylocode system, have defined Aves to include only the
modern bird groups, the crown group. This has been done by excluding most groups
known only from fossils, and assigning them, instead, to the Avialae in part to avoid the
uncertainties about the placement of Archaeopteryx in relation to animals traditionally
thought of as theropod dinosaurs.

All modern birds lie within the subclass Neornithes, which has two subdivisions: the
Palacognathae, containing birds that are flightless (like ostriches) or weak fliers, and the
wildly diverse Neognathae, containing all other birds. These two subdivisions are often
given the rank of superorder, although Livezey and Zusi assigned them "cohort" rank.
Depending on the taxonomic viewpoint, the number of known living bird species varies
anywhere from 9,800 to 10,050.

Dinosaurs and the origin of birds

Confuciusornis, a Cretaceous bird from China
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Based on fossil and biological evidence, most scientists accept that birds are a specialized
sub-group of theropod dinosaurs. More specifically, they are members of Maniraptora, a
group of theropods which includes dromaeosaurs and oviraptorids, among others. As
scientists discover more non-avian theropods that are closely related to birds, the
previously clear distinction between non-birds and birds has become blurred. Recent
discoveries in the Liaoning Province of northeast China, which demonstrate that many
small theropod dinosaurs had feathers, contribute to this ambiguity.

The consensus view in contemporary paleontology is that the birds, Aves, are the closest
relatives of the deinonychosaurs, which include dromaeosaurids and troodontids.
Together, these three form a group called Paraves. The basal dromaeosaur Microraptor
has features which may have enabled it to glide or fly. The most basal deinonychosaurs
are very small. This evidence raises the possibility that the ancestor of all paravians may
have been arboreal, may have been able to glide, or both.

The Late Jurassic Archaeopteryx is well-known as one of the first transitional fossils to
be found and it provided support for the theory of evolution in the late 19th century.
Archaeopteryx has clearly reptilian characteristics: teeth, clawed fingers, and a long,
lizard-like tail, but it has finely preserved wings with flight feathers identical to those of
modern birds. It is not considered a direct ancestor of modern birds, but is the oldest and
most primitive known member of Aves or Avialae, and it is probably closely related to
the real ancestor.

Alternative theories and controversies

There have been many controversies in the study of the origin of birds. Early
disagreements included whether birds evolved from dinosaurs or more primitive
archosaurs. Within the dinosaur camp there were disagreements as to whether
ornithischian or theropod dinosaurs were the more likely ancestors. Although
ornithischian (bird-hipped) dinosaurs share the hip structure of modern birds, birds are
thought to have originated from the saurischian (lizard-hipped) dinosaurs, and therefore
evolved their hip structure independently. In fact, a bird-like hip structure evolved a third
time among a peculiar group of theropods known as the Therizinosauridae. A few
scientists suggest that birds are not dinosaurs, but evolved from early archosaurs like
Longisquama.

Early evolution of birds

Birds diversified into a wide variety of forms during the Cretaceous Period. Many groups
retained primitive characteristics, such as clawed wings and teeth, though the latter were
lost independently in a number of bird groups, including modern birds (Neornithes).
While the earliest forms, such as Archaeopteryx and Jeholornis, retained the long bony
tails of their ancestors, the tails of more advanced birds were shortened with the advent of
the pygostyle bone in the clade Pygostylia.
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The first large, diverse lineage of short-tailed birds to evolve were the Enantiornithes, or
"opposite birds", so named because the construction of their shoulder bones was in
reverse to that of modern birds. Enantiornithes occupied a wide array of ecological
niches, from sand-probing shorebirds and fish-eaters to tree-dwelling forms and seed-
eaters. More advanced lineages also specialised in eating fish, like the superficially gull-
like subclass of Ichthyornithes ("fish birds").

One order of Mesozoic seabirds, the Hesperornithiformes, became so well adapted to
hunting fish in marine environments that they lost the ability to fly and became primarily
aquatic. Despite their extreme specializations, the Hesperornithiformes represent some of
the closest relatives of modern birds.

Diversification of modern birds

Containing all modern birds, the subclass Neornithes is, due to the discovery of Vegavis,
now known to have evolved into some basic lineages by the end of the Cretaceous and is
split into two superorders, the Palacognathae and Neognathae. The paleognaths include
the tinamous of Central and South America and the ratites. The basal divergence from the
remaining Neognathes was that of the Galloanserae, the superorder containing the
Anseriformes (ducks, geese, swans and screamers) and the Galliformes (the pheasants,
grouse, and their allies, together with the mound builders and the guans and their allies).
The dates for the splits are much debated by scientists. It is agreed that the Neornithes
evolved in the Cretaceous, and that the split between the Galloanseri from other
Neognathes occurred before the K-T extinction event, but there are different opinions
about whether the radiation of the remaining Neognathes occurred before or after the
extinction of the other dinosaurs. This disagreement is in part caused by a divergence in
the evidence; molecular dating suggests a Cretaceous radiation, while fossil evidence
supports a Tertiary radiation. Attempts to reconcile the molecular and fossil evidence
have proved controversial.

The classification of birds is a contentious issue. Sibley and Ahlquist's Phylogeny and
Classification of Birds (1990) is a landmark work on the classification of birds, although
it is frequently debated and constantly revised. Most evidence seems to suggest that the
assignment of orders is accurate, but scientists disagree about the relationships between
the orders themselves; evidence from modern bird anatomy, fossils and DNA have all
been brought to bear on the problem, but no strong consensus has emerged. More
recently, new fossil and molecular evidence is providing an increasingly clear picture of
the evolution of modern bird orders.
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Modern bird orders: Classification
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Cladogram showing the most recent classification of Neoaves, based on several
phylogenetic studies.

This is a list of the taxonomic orders in the subclass Neornithes, or modern birds. This list
uses the traditional classification (the so-called Clements order), revised by the Sibley-
Monroe classification. The list of birds gives a more detailed summary of the orders,
including families.

Subclass Neornithes
The subclass Neornithes has two superorders —

Superorder Palacognathae:

The name of the superorder is derived from 'paleognath’, the ancient Greek for "old jaws"
in reference to the skeletal anatomy of the palate, which is described as more primitive
and reptilian than that in other birds. The Palacognathae consists of two orders which

comprise 49 existing species.

o Struthioniformes—ostriches, emus, kiwis, and allies
e Tinamiformes—tinamous

Superorder Neognathae:
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The superorder Neognathae comprises 27 orders which have a total of nearly ten
thousand species. The Neognathae have undergone adaptive radiation to produce the
staggering diversity of form (especially of the bill and feet), function, and behavior that
are seen today.

The orders comprising the Neognathae are:

Moa attacked by a Haast's Eagle

e Anseriformes—waterfowl

e Galliformes—fowl

e Charadriiformes—gulls, button-quails, plovers and allies
e Gaviiformes—Iloons

e Podicipediformes—grebes

e Procellariiformes—albatrosses, petrels, and allies
e Sphenisciformes—penguins

o Pelecaniformes—pelicans and allies

e Phaethontiformes—tropicbirds

e Ciconiiformes—storks and allies

e Cathartiformes—New World vultures
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e Phoenicopteriformes—flamingos

o Falconiformes—falcons, eagles, hawks and allies
e Gruiformes—cranes and allies

e Pteroclidiformes—sandgrouse

e Columbiformes—doves and pigeons

o Psittaciformes—parrots and allies

e Cuculiformes—cuckoos and turacos

e Opisthocomiformes—hoatzin

e Strigiformes—owls

e Caprimulgiformes—nightjars and allies
e Apodiformes—swifts and hummingbirds
e Coraciiformes—kingfishers and allies

e Piciformes—woodpeckers and allies

e Trogoniformes—trogons

e Coliiformes—mousebirds

e Passeriformes—passerines

The radically different Sibley-Monroe classification (Sibley-Ahlquist taxonomy), based

on molecular data, found widespread adoption in a few aspects, as recent molecular,
fossil, and anatomical evidence supported the Galloanserae.

Distribution

The range of the House Sparrow has expanded dramatically due to human activities.
Birds live and breed in most terrestrial habitats and on all seven continents, reaching their

southern extreme in the Snow Petrel's breeding colonies up to 440 kilometres (270 mi)
inland in Antarctica. The highest bird diversity occurs in tropical regions. It was earlier
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thought that this high diversity was the result of higher speciation rates in the tropics,
however recent studies found higher speciation rates in the high latitudes that were offset
by greater extinction rates than in the tropics. Several families of birds have adapted to
life both on the world's oceans and in them, with some seabird species coming ashore
only to breed and some penguins have been recorded diving up to 300 metres (980 ft).

Many bird species have established breeding populations in areas to which they have
been introduced by humans. Some of these introductions have been deliberate; the Ring-
necked Pheasant, for example, has been introduced around the world as a game bird.
Others have been accidental, such as the establishment of wild Monk Parakeets in several
North American cities after their escape from captivity. Some species, including Cattle
Egret, Yellow-headed Caracara and Galah, have spread naturally far beyond their original
ranges as agricultural practices created suitable new habitat.

Anatomy and physiology

External anatomy of a bird: 1 Beak, 2 Head, 3 Iris, 4 Pupil, 5 Mantle, 6 Lesser coverts, 7
Scapulars, 8 Median coverts, 9 Tertials, 10 Rump, 11 Primaries, 12 Vent, 13 Thigh, 14
Tibio-tarsal articulation, 15 Tarsus, 16 Foot, 17 Tibia, 18 Belly, 19 Flanks, 20 Breast, 21
Throat, 22 Wattle

Compared with other vertebrates, birds have a body plan that shows many unusual
adaptations, mostly to facilitate flight.
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The skeleton consists of very lightweight bones. They have large air-filled cavities
(called pneumatic cavities) which connect with the respiratory system. The skull bones in
adults are fused and do not show cranial sutures. The orbits are large and separated by a
bony septum. The spine has cervical, thoracic, lumbar and caudal regions with the
number of cervical (neck) vertebrae highly variable and especially flexible, but
movement is reduced in the anterior thoracic vertebrae and absent in the later vertebrae.
The last few are fused with the pelvis to form the synsacrum. The ribs are flattened and
the sternum is keeled for the attachment of flight muscles except in the flightless bird
orders. The forelimbs are modified into wings.

Like the reptiles, birds are primarily uricotelic, that is, their kidneys extract nitrogenous
wastes from their bloodstream and excrete it as uric acid instead of urea or ammonia via
the ureters into the intestine. Birds do not have a urinary bladder or external urethral
opening and (with exception of the Ostrich) uric acid is excreted along with feces as a
semisolid waste. However, birds such as hummingbirds can be facultatively
ammonotelic, excreting most of the nitrogenous wastes as ammonia. They also excrete
creatine, rather than creatinine like mammals. This material, as well as the output of the
intestines, emerges from the bird's cloaca. The cloaca is a multi-purpose opening: waste
is expelled through it, birds mate by joining cloaca, and females lay eggs from it. In
addition, many species of birds regurgitate pellets. The digestive system of birds is
unique, with a crop for storage and a gizzard that contains swallowed stones for grinding
food to compensate for the lack of teeth. Most birds are highly adapted for rapid digestion
to aid with flight. Some migratory birds have adapted to use protein from many parts of
their bodies, including protein from the intestines, as additional energy during migration.

Birds have one of the most complex respiratory systems of all animal groups. Upon
inhalation, 75% of the fresh air bypasses the lungs and flows directly into a posterior air
sac which extends from the lungs and connects with air spaces in the bones and fills them
with air. The other 25% of the air goes directly into the lungs. When the bird exhales, the
used air flows out of the lung and the stored fresh air from the posterior air sac is
simultaneously forced into the lungs. Thus, a bird's lungs receive a constant supply of
fresh air during both inhalation and exhalation. Sound production is achieved using the
syrinx, a muscular chamber incorporating multiple tympanic membranes which diverges
from the lower end of the trachea. The bird's heart has four chambers and the right aortic
arch gives rise to systemic circulation (unlike in the mammals where the left arch is
involved). The postcava receives blood from the limbs via the renal portal system. Unlike
in mammals, the red blood cells in birds have a nucleus.
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The nictitating membrane as it covers the eye of a Masked Lapwing

The nervous system is large relative to the bird's size. The most developed part of the
brain is the one that controls the flight-related functions, while the cerebellum
coordinates movement and the cerebrum controls behaviour patterns, navigation, mating
and nest building. Most birds have a poor sense of smell with notable exceptions
including kiwis, New World vultures and tubenoses. The avian visual system is usually
highly developed. Water birds have special flexible lenses, allowing accommodation for
vision in air and water. Some species also have dual fovea. Birds are tetrachromatic,
possessing ultraviolet (UV) sensitive cone cells in the eye as well as green, red and blue
ones. This allows them to perceive ultraviolet light, which is involved in courtship. Many
birds show plumage patterns in ultraviolet that are invisible to the human eye; some birds
whose sexes appear similar to the naked eye are distinguished by the presence of
ultraviolet reflective patches on their feathers. Male Blue Tits have an ultraviolet
reflective crown patch which is displayed in courtship by posturing and raising of their
nape feathers. Ultraviolet light is also used in foraging—Xkestrels have been shown to
search for prey by detecting the UV reflective urine trail marks left on the ground by
rodents. The eyelids of a bird are not used in blinking. Instead the eye is lubricated by the
nictitating membrane, a third eyelid that moves horizontally. The nictitating membrane
also covers the eye and acts as a contact lens in many aquatic birds. The bird retina has a
fan shaped blood supply system called the pecten. Most birds cannot move their eyes,
although there are exceptions, such as the Great Cormorant. Birds with eyes on the sides
of their heads have a wide visual field, while birds with eyes on the front of their heads,
such as owls, have binocular vision and can estimate the depth of field. The avian ear
lacks external pinnae but is covered by feathers, although in some birds, such as the Asio,
Bubo and Otus owls, these feathers form tufts which resemble ears. The inner ear has a
cochlea, but it is not spiral as in mammals.

A few species are able to use chemical defenses against predators; some

Procellariiformes can eject an unpleasant oil against an aggressor, and some species of
pitohuis from New Guinea have a powerful neurotoxin in their skin and feathers.
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Chromosomes

Birds have two sexes: male and female. The sex of birds is determined by the Z and W
sex chromosomes, rather than by the X and Y chromosomes present in mammals. Male
birds have two Z chromosomes (ZZ), and female birds have a W chromosome and a Z

chromosome (WZ).

In nearly all species of birds, an individual's sex is determined at fertilization. However,
one recent study demonstrated temperature-dependent sex determination among
Australian Brush-turkeys, for which higher temperatures during incubation resulted in a
higher female-to-male sex ratio.

Feathers, plumage, and scales

The plumage of the African Scops Owl allows it to blend in with its surroundings.

Feathers are a feature characteristic of birds (though also present in some dinosaurs not
currently considered to be true birds). They facilitate flight, provide insulation that aids in
thermoregulation, and are used in display, camouflage, and signaling. There are several
types of feathers, each serving its own set of purposes. Feathers are epidermal growths
attached to the skin and arise only in specific tracts of skin called pterylae. The
distribution pattern of these feather tracts (pterylosis) is used in taxonomy and
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systematics. The arrangement and appearance of feathers on the body, called plumage,
may vary within species by age, social status, and sex.

Plumage is regularly moulted; the standard plumage of a bird that has moulted after
breeding is known as the "non-breeding" plumage, or — in the Humphrey-Parkes
terminology — "basic" plumage; breeding plumages or variations of the basic plumage are
known under the Humphrey-Parkes system as "alternate" plumages. Moulting is annual
in most species, although some may have two moults a year, and large birds of prey may
moult only once every few years. Moulting patterns vary across species. In passerines,
flight feathers are replaced one at a time with the innermost primary being the first. When
the fifth of sixth primary is replaced, the outermost tertiaries begin to drop. After the
innermost tertiaries are moulted, the secondaries starting from the innermost begin to
drop and this proceeds to the outer feathers (centrifugal moult). The greater primary
coverts are moulted in synchrony with the primary that they overlap. A small number of
species, such as ducks and geese, lose all of their flight feathers at once, temporarily
becoming flightless. As a general rule, the tail feathers are moulted and replaced starting
with the innermost pair. Centripetal moults of tail feathers are however seen in the
Phasianidae. The centrifugal moult is modified in the tail feathers of woodpeckers and
treecreepers, in that it begins with the second innermost pair of feathers and finishes with
the central pair of feathers so that the bird maintains a functional climbing tail. The
general pattern seen in passerines is that the primaries are replaced outward, secondaries
inward, and the tail from center outward. Before nesting, the females of most bird species
gain a bare brood patch by losing feathers close to the belly. The skin there is well
supplied with blood vessels and helps the bird in incubation.
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Red Lory preening

Feathers require maintenance and birds preen or groom them daily, spending an average
of around 9% of their daily time on this. The bill is used to brush away foreign particles
and to apply waxy secretions from the uropygial gland; these secretions protect the
feathers' flexibility and act as an antimicrobial agent, inhibiting the growth of feather-
degrading bacteria. This may be supplemented with the secretions of formic acid from
ants, which birds receive through a behaviour known as anting, to remove feather
parasites.

The scales of birds are composed of the same keratin as beaks, claws, and spurs. They are

found mainly on the toes and metatarsus, but may be found further up on the ankle in
some birds. Most bird scales do not overlap significantly, except in the cases of
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kingfishers and woodpeckers. The scales of birds are thought to be homologous to those
of reptiles and mammals.

Flight

Restless Flycatcher in the downstroke of flapping flight

Most birds can fly, which distinguishes them from almost all other vertebrate classes.
Flight is the primary means of locomotion for most bird species and is used for breeding,
feeding, and predator avoidance and escape. Birds have various adaptations for flight,
including a lightweight skeleton, two large flight muscles, the pectoralis (which accounts
for 15% of the total mass of the bird) and the supracoracoideus, as well as a modified
forelimb (wing) that serves as an aerofoil. Wing shape and size generally determine a
bird species' type of flight; many birds combine powered, flapping flight with less
energy-intensive soaring flight. About 60 extant bird species are flightless, as were many
extinct birds. Flightlessness often arises in birds on isolated islands, probably due to
limited resources and the absence of land predators. Though flightless, penguins use
similar musculature and movements to "fly" through the water, as do auks, shearwaters
and dippers.

Behaviour
Most birds are diurnal, but some birds, such as many species of owls and nightjars, are

nocturnal or crepuscular (active during twilight hours), and many coastal waders feed
when the tides are appropriate, by day or night.
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Diet and feeding
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Feeding adaptations in beaks

Birds' diets are varied and often include nectar, fruit, plants, seeds, carrion, and various
small animals, including other birds. Because birds have no teeth, their digestive system
is adapted to process unmasticated food items that are swallowed whole.

Birds that employ many strategies to obtain food or feed on a variety of food items are
called generalists, while others that concentrate time and effort on specific food items or
have a single strategy to obtain food are considered specialists. Birds' feeding strategies
vary by species. Many birds glean for insects, invertebrates, fruit, or seeds. Some hunt
insects by suddenly attacking from a branch. Those species that seek pest insects are
considered beneficial 'biological control agents' and their presence encouraged in
biological pest control programs. Nectar feeders such as hummingbirds, sunbirds, lories,
and lorikeets amongst others have specially adapted brushy tongues and in many cases
bills designed to fit co-adapted flowers. Kiwis and shorebirds with long bills probe for
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invertebrates; shorebirds' varied bill lengths and feeding methods result in the separation
of ecological niches. Loons, diving ducks, penguins and auks pursue their prey
underwater, using their wings or feet for propulsion, while aerial predators such as sulids,
kingfishers and terns plunge dive after their prey. Flamingos, three species of prion, and
some ducks are filter feeders. Geese and dabbling ducks are primarily grazers.

Some species, including frigatebirds, gulls, and skuas, engage in kleptoparasitism,
stealing food items from other birds. Kleptoparasitism is thought to be a supplement to
food obtained by hunting, rather than a significant part of any species' diet; a study of
Great Frigatebirds stealing from Masked Boobies estimated that the frigatebirds stole at
most 40% of their food and on average stole only 5%. Other birds are scavengers; some
of these, like vultures, are specialised carrion eaters, while others, like gulls, corvids, or
other birds of prey, are opportunists.

Water and drinking

Water is needed by many birds although their mode of excretion and lack of sweat glands
reduces the physiological demands. Some desert birds can obtain their water needs
entirely from moisture in their food. They may also have other adaptations such as
allowing their body temperature to rise, saving on moisture loss from evaporative cooling
or panting. Seabirds can drink seawater and have salt glands inside the head that
eliminate excess salt out of the nostrils.

Most birds scoop water in their beaks and raise their head to let water run down the
throat. Some species, especially of arid zones, belonging to the pigeon, finch, mousebird,
button-quail and bustard families are capable of sucking up water without the need to tilt
back their heads. Some desert birds depend on water sources and sandgrouse are
particularly well-known for their daily congregations at waterholes. Nesting sandgrouse
and many plovers carry water to their young by wetting their belly feathers. Some birds
carry water for chicks at the nest in their crop or regurgitate it along with food. The
pigeon family, flamingos and penguins have adaptations to produce a nutritive fluid
called crop milk that they provide to their chicks.

Migration

Many bird species migrate to take advantage of global differences of seasonal
temperatures, therefore optimising availability of food sources and breeding habitat.
These migrations vary among the different groups. Many landbirds, shorebirds, and
waterbirds undertake annual long distance migrations, usually triggered by the length of
daylight as well as weather conditions. These birds are characterised by a breeding season
spent in the temperate or arctic/antarctic regions and a non-breeding season in the tropical
regions or opposite hemisphere. Before migration, birds substantially increase body fats
and reserves and reduce the size of some of their organs. Migration is highly demanding
energetically, particularly as birds need to cross deserts and oceans without refuelling.
Landbirds have a flight range of around 2,500 km (1,600 mi) and shorebirds can fly up to
4,000 km (2,500 mi), although the Bar-tailed Godwit is capable of non-stop flights of up
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to 10,200 km (6,300 mi). Seabirds also undertake long migrations, the longest annual
migration being those of Sooty Shearwaters, which nest in New Zealand and Chile and
spend the northern summer feeding in the North Pacific off Japan, Alaska and California,
an annual round trip of 64,000 km (39,800 mi). Other seabirds disperse after breeding,
travelling widely but having no set migration route. Albatrosses nesting in the Southern
Ocean often undertake circumpolar trips between breeding seasons.

The routes of satellite-tagged Bar-tailed Godwits migrating north from New Zealand.
This species has the longest known non-stop migration of any species, up to 10,200 km
(6,300 mi).

Some bird species undertake shorter migrations, travelling only as far as is required to
avoid bad weather or obtain food. Irruptive species such as the boreal finches are one
such group and can commonly be found at a location in one year and absent the next.
This type of migration is normally associated with food availability. Species may also
travel shorter distances over part of their range, with individuals from higher latitudes
travelling into the existing range of conspecifics; others undertake partial migrations,
where only a fraction of the population, usually females and subdominant males,
migrates. Partial migration can form a large percentage of the migration behaviour of
birds in some regions; in Australia, surveys found that 44% of non-passerine birds and
32% of passerines were partially migratory. Altitudinal migration is a form of short
distance migration in which birds spend the breeding season at higher altitudes elevations
and move to lower ones during suboptimal conditions. It is most often triggered by
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temperature changes and usually occurs when the normal territories also become
inhospitable due to lack of food. Some species may also be nomadic, holding no fixed
territory and moving according to weather and food availability. Parrots as a family are
overwhelmingly neither migratory nor sedentary but considered to either be dispersive,
irruptive, nomadic or undertake small and irregular migrations.

The ability of birds to return to precise locations across vast distances has been known for
some time; in an experiment conducted in the 1950s a Manx Shearwater released in
Boston returned to its colony in Skomer, Wales, within 13 days, a distance of 5,150 km
(3,200 mi). Birds navigate during migration using a variety of methods. For diurnal
migrants, the sun is used to navigate by day, and a stellar compass is used at night. Birds
that use the sun compensate for the changing position of the sun during the day by the use
of an internal clock. Orientation with the stellar compass depends on the position of the
constellations surrounding Polaris. These are backed up in some species by their ability to
sense the Earth's geomagnetism through specialised photoreceptors.

Communication

The startling display of the Sunbittern mimics a large predator.

Birds communicate using primarily visual and auditory signals. Signals can be
interspecific (between species) and intraspecific (within species).

Birds sometimes use plumage to assess and assert social dominance, to display breeding
condition in sexually selected species, or to make threatening displays, as in the
Sunbittern's mimicry of a large predator to ward off hawks and protect young chicks.
Variation in plumage also allows for the identification of birds, particularly between
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species. Visual communication among birds may also involve ritualised displays, which
have developed from non-signalling actions such as preening, the adjustments of feather
position, pecking, or other behaviour. These displays may signal aggression or
submission or may contribute to the formation of pair-bonds. The most elaborate displays
occur during courtship, where "dances" are often formed from complex combinations of
many possible component movements; males' breeding success may depend on the
quality of such displays.

Bird calls and songs, which are produced in the syrinx, are the major means by which
birds communicate with sound. This communication can be very complex; some species
can operate the two sides of the syrinx independently, allowing the simultaneous
production of two different songs. Calls are used for a variety of purposes, including mate
attraction, evaluation of potential mates, bond formation, the claiming and maintenance
of territories, the identification of other individuals (such as when parents look for chicks
in colonies or when mates reunite at the start of breeding season), and the warning of
other birds of potential predators, sometimes with specific information about the nature
of the threat. Some birds also use mechanical sounds for auditory communication. The
Coenocorypha snipes of New Zealand drive air through their feathers, woodpeckers drum
territorially, and Palm Cockatoos use tools to drum.

Al ol B
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Red-billed Queleas, the most numerous species of bird, form enormous flocks—
sometimes tens of thousands strong.
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Flocking and other associations

While some birds are essentially territorial or live in small family groups, other birds may
form large flocks. The principal benefits of flocking are safety in numbers and increased
foraging efficiency. Defence against predators is particularly important in closed habitats
like forests, where ambush predation is common and multiple eyes can provide a valuable
early warning system. This has led to the development of many mixed-species feeding
flocks, which are usually composed of small numbers of many species; these flocks
provide safety in numbers but reduce potential competition for resources. Costs of
flocking include bullying of socially subordinate birds by more dominant birds and the
reduction of feeding efficiency in certain cases.

Birds sometimes also form associations with non-avian species. Plunge-diving seabirds
associate with dolphins and tuna, which push shoaling fish towards the surface. Hornbills
have a mutualistic relationship with Dwart Mongooses, in which they forage together and
warn each other of nearby birds of prey and other predators.

Resting and roosting

Many birds, like this American Flamingo, tuck their head into their back when sleeping
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The high metabolic rates of birds during the active part of the day is supplemented by rest
at other times. Sleeping birds often use a type of sleep known as vigilant sleep, where
periods of rest are interspersed with quick eye-opening 'peeks', allowing them to be
sensitive to disturbances and enable rapid escape from threats. Swifts are believed to be
able to sleep in flight and radar observations suggest that they orient themselves to face
the wind in their roosting flight. It has been suggested that there may be certain kinds of
sleep which are possible even when in flight. Some birds have also demonstrated the
capacity to fall into slow-wave sleep one hemisphere of the brain at a time. The birds
tend to exercise this ability depending upon its position relative to the outside of the
flock. This may allow the eye opposite the sleeping hemisphere to remain vigilant for
predators by viewing the outer margins of the flock. This adaptation is also known from
marine mammals. Communal roosting is common because it lowers the loss of body heat
and decreases the risks associated with predators. Roosting sites are often chosen with
regard to thermoregulation and safety.

Many sleeping birds bend their heads over their backs and tuck their bills in their back
feathers, although others place their beaks among their breast feathers. Many birds rest on
one leg, while some may pull up their legs into their feathers, especially in cold weather.
Perching birds have a tendon locking mechanism that helps them hold on to the perch
when they are asleep. Many ground birds, such as quails and pheasants, roost in trees. A
few parrots of the genus Loriculus roost hanging upside down. Some hummingbirds go
into a nightly state of torpor accompanied with a reduction of their metabolic rates. This
physiological adaptation shows in nearly a hundred other species, including owlet-
nightjars, nightjars, and woodswallows. One species, the Common Poorwill, even enters
a state of hibernation. Birds do not have sweat glands, but they may cool themselves by
moving to shade, standing in water, panting, increasing their surface area, fluttering their
throat or by using special behaviours like urohidrosis to cool themselves.
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Breeding

Social systems

Like others of its family the male Raggiana Bird of Paradise has elaborate breeding
plumage used to impress females.

Ninety-five percent of bird species are socially monogamous. These species pair for at
least the length of the breeding season or—in some cases—for several years or until the
death of one mate. Monogamy allows for biparental care, which is especially important
for species in which females require males' assistance for successful brood-rearing.
Among many socially monogamous species, extra-pair copulation (infidelity) is common.
Such behaviour typically occurs between dominant males and females paired with
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subordinate males, but may also be the result of forced copulation in ducks and other
anatids. For females, possible benefits of extra-pair copulation include getting better
genes for her offspring and insuring against the possibility of infertility in her mate.
Males of species that engage in extra-pair copulations will closely guard their mates to
ensure the parentage of the offspring that they raise.

Other mating systems, including polygyny, polyandry, polygamy, polygynandry, and
promiscuity, also occur. Polygamous breeding systems arise when females are able to
raise broods without the help of males. Some species may use more than one system
depending on the circumstances.

Breeding usually involves some form of courtship display, typically performed by the
male. Most displays are rather simple and involve some type of song. Some displays,
however, are quite elaborate. Depending on the species, these may include wing or tail
drumming, dancing, aerial flights, or communal lekking. Females are generally the ones
that drive partner selection, although in the polyandrous phalaropes, this is reversed:
plainer males choose brightly coloured females. Courtship feeding, billing and
allopreening are commonly performed between partners, generally after the birds have
paired and mated.

Territories, nesting and incubation

Many birds actively defend a territory from others of the same species during the
breeding season; maintenance of territories protects the food source for their chicks.
Species that are unable to defend feeding territories, such as seabirds and swifts, often
breed in colonies instead; this is thought to offer protection from predators. Colonial
breeders defend small nesting sites, and competition between and within species for
nesting sites can be intense.

Male Common Blackbird (Turdus merula) feeding its chicks
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All birds lay amniotic eggs with hard shells made mostly of calcium carbonate. Hole and
burrow nesting species tend to lay white or pale eggs, while open nesters lay
camouflaged eggs. There are many exceptions to this pattern, however; the ground-
nesting nightjars have pale eggs, and camouflage is instead provided by their plumage.
Species that are victims of brood parasites have varying egg colours to improve the
chances of spotting a parasite's egg, which forces female parasites to match their eggs to
those of their hosts.

Male Golden-backed Weavers construct elaborate suspended nests out of grass

Bird eggs are usually laid in a nest. Most species create somewhat elaborate nests, which
can be cups, domes, plates, beds scrapes, mounds, or burrows. Some bird nests, however,
are extremely primitive; albatross nests are no more than a scrape on the ground. Most
birds build nests in sheltered, hidden areas to avoid predation, but large or colonial
birds—which are more capable of defence—may build more open nests. During nest
construction, some species seek out plant matter from plants with parasite-reducing
toxins to improve chick survival, and feathers are often used for nest insulation. Some
bird species have no nests; the cliff-nesting Common Guillemot lays its eggs on bare
rock, and male Emperor Penguins keep eggs between their body and feet. The absence of
nests is especially prevalent in ground-nesting species where the newly hatched young
are precocial.
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Nest of an Eastern Phoebe that has been parasitised by a Brown-headed Cowbird

Incubation, which optimises temperature for chick development, usually begins after the
last egg has been laid. In monogamous species incubation duties are often shared,
whereas in polygamous species one parent is wholly responsible for incubation. Warmth
from parents passes to the eggs through brood patches, areas of bare skin on the abdomen
or breast of the incubating birds. Incubation can be an energetically demanding process;
adult albatrosses, for instance, lose as much as 83 grams (2.9 0z) of body weight per day
of incubation. The warmth for the incubation of the eggs of megapodes comes from the
sun, decaying vegetation or volcanic sources. Incubation periods range from 10 days (in
woodpeckers, cuckoos and passerine birds) to over 80 days (in albatrosses and kiwis).

Parental care and fledging

At the time of their hatching, chicks range in development from helpless to independent,
depending on their species. Helpless chicks are termed altricial, and tend to be born
small, blind, immobile and naked; chicks that are mobile and feathered upon hatching are
termed precocial. Altricial chicks need help thermoregulating and must be brooded for
longer than precocial chicks. Chicks at neither of these extremes can be semi-precocial or
semi-altricial.
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A female Calliope Hummingbird feeding fully grown chicks

The length and nature of parental care varies widely amongst different orders and species.
At one extreme, parental care in megapodes ends at hatching; the newly hatched chick
digs itself out of the nest mound without parental assistance and can fend for itself
immediately. At the other extreme, many seabirds have extended periods of parental care,
the longest being that of the Great Frigatebird, whose chicks take up to six months to
fledge and are fed by the parents for up to an additional 14 months.

In some species, both parents care for nestlings and fledglings; in others, such care is the
responsibility of only one sex. In some species, other members of the same species—
usually close relatives of the breeding pair, such as offspring from previous broods—will
help with the raising of the young. Such alloparenting is particularly common among the
Corvida, which includes such birds as the true crows, Australian Magpie and Fairy-
wrens, but has been observed in species as different as the Rifleman and Red Kite.
Among most groups of animals, male parental care is rare. In birds, however, it is quite
common—mmore so than in any other vertebrate class. Though territory and nest site
defence, incubation, and chick feeding are often shared tasks, there is sometimes a
division of labour in which one mate undertakes all or most of a particular duty.

The point at which chicks fledge varies dramatically. The chicks of the Synthliboramphus
murrelets, like the Ancient Murrelet, leave the nest the night after they hatch, following
their parents out to sea, where they are raised away from terrestrial predators. Some other
species, such as ducks, move their chicks away from the nest at an early age. In most
species, chicks leave the nest just before, or soon after, they are able to fly. The amount
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of parental care after fledging varies; albatross chicks leave the nest on their own and
receive no further help, while other species continue some supplementary feeding after
fledging. Chicks may also follow their parents during their first migration.

Brood parasites

Reed Warbler raising a Common Cuckoo, a brood parasite.

Brood parasitism, in which an egg-layer leaves her eggs with another individual's brood,
is more common among birds than any other type of organism. After a parasitic bird lays
her eggs in another bird's nest, they are often accepted and raised by the host at the
expense of the host's own brood. Brood parasites may be either obligate brood parasites,
which must lay their eggs in the nests of other species because they are incapable of
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raising their own young, or non-obligate brood parasites, which sometimes lay eggs in
the nests of conspecifics to increase their reproductive output even though they could
have raised their own young. One hundred bird species, including honeyguides, icterids,
estrildid finches and ducks, are obligate parasites, though the most famous are the
cuckoos. Some brood parasites are adapted to hatch before their host's young, which
allows them to destroy the host's eggs by pushing them out of the nest or to kill the host's
chicks; this ensures that all food brought to the nest will be fed to the parasitic chicks.

Ecology

The South Polar Skua (left) is a generalist predator, taking the eggs of other birds, fish,
carrion and other animals. This skua is attempting to push an Adelie Penguin (right) off
its nest

Birds occupy a wide range of ecological positions. While some birds are generalists,
others are highly specialised in their habitat or food requirements. Even within a single
habitat, such as a forest, the niches occupied by different species of birds vary, with some
species feeding in the forest canopy, others beneath the canopy, and still others on the
forest floor. Forest birds may be insectivores, frugivores, and nectarivores. Aquatic birds
generally feed by fishing, plant eating, and piracy or kleptoparasitism. Birds of prey
specialise in hunting mammals or other birds, while vultures are specialised scavengers.
Avivores are animals that are specialized at predating birds.
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Some nectar-feeding birds are important pollinators, and many frugivores play a key role
in seed dispersal. Plants and pollinating birds often coevolve, and in some cases a
flower's primary pollinator is the only species capable of reaching its nectar.

Birds are often important to island ecology. Birds have frequently reached islands that
mammals have not; on those islands, birds may fulfill ecological roles typically played by
larger animals. For example, in New Zealand the moas were important browsers, as are
the Kereru and Kokako today. Today the plants of New Zealand retain the defensive
adaptations evolved to protect them from the extinct moa. Nesting seabirds may also
affect the ecology of islands and surrounding seas, principally through the concentration
of large quantities of guano, which may enrich the local soil and the surrounding seas.

A wide variety of Avian ecology field methods, including counts, nest monitoring, and
capturing and marking, are used for researching avian ecology.
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Chapter 12

Mammal

Mammals
Temporal range: Late Triassic — Recent, 220

Examples of various mammalian orders

Scientific classification [ e ]

Kingdom: Animalia
Phylum: Chordata
Subphylum: Vertebrata
Infraphylum: Gnathostomata
(unranked): Eugnathostomata
(unranked): Teleostomi
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Superclass: Tetrapoda

(unranked): Mammaliaformes
. Mammalia
Class: Linnaeus, 1758
Subgroups

e Subclass TAllotheria*

o Subclass Prototheria

e Subclass Theria
o Infraclass fTrituberculata
o Infraclass Metatheria
o Infraclass Eutheria

Mammals (formally Mammalia) are members of a class of air-breathing vertebrate
animals characterized by the possession of hair, three middle ear bones, and mammary
glands functional in mothers with young. Most mammals also possess sweat glands and
specialized teeth, and the largest group of mammals, the placentals, have a placenta
which feeds the offspring during gestation. The mammalian brain, with its characteristic
neocortex, regulates endothermic and circulatory systems, including a four-chambered
heart. Mammals range in size from the 30—40 millimeter (1- to 1.5-inch) Bumblebee Bat
to the 33-meter (108-foot) Blue Whale.

Depending on classification scheme, there are approximately 5,500 species (5,490,
according to the [IUCN Red List) of mammals, distributed in about 1,200 genera, 153
families, 29 orders divided into three infraclasses in two subclasses: the monotremes of
the sublclass Prototheria, and the marsupials and placentals or the subclass Theria. Except
for the five species of monotremes (which lay eggs), all mammal species give birth to
live young. Most mammals, including the six largest orders, belong to the placental
group. The three largest orders, in descending order, are Rodentia (mice, rats, porcupines,
beavers, capybaras, and other gnawing mammals), Chiroptera (bats), and Soricomorpha
(shrews, moles and solenodons). The next three largest orders include the Carnivora
(dogs, cats, weasels, bears, seals, and their relatives), the Cetartiodactyla (including the
even-toed hoofed mammals and the whales), and the Primates, to which the human
species belongs.

The early synapsid mammalian ancestors, a group which included pelycosaurs such as
Dimetrodon, diverged from the amniote line that would lead to reptiles at the end of the
Carboniferous period. Although they were preceded by many diverse groups of non-
mammalian synapsids (sometimes misleadingly referred to as mammal-like reptiles), the
first true mammals appeared 220 million years ago in the Triassic period. Modern
mammalian orders appeared in the Palaecocene and Eocene epochs of the Palacogene
period. Phylogenetically, the clade Mammalia is defined as all descendants of the most
recent common ancestor of monotremes (e.g., echidnas and platypuses) and therian
mammals (marsupials and placentals). This means that some extinct groups of
"mammals" are not members of the crown group Mammalia, even though most of them
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have all the characteristics that traditionally would have classified them as mammals.
These "mammals" are now usually placed in the unranked clade Mammaliaformes.

Distinguishing features

Living mammal species can be identified by the presence of sweat glands, including
those that are specialized to produce milk. However, other features are required when
classifying fossils, since soft tissue glands and some other features are not visible in
fossils. Paleontologists use a distinguishing feature that is shared by all living mammals
(including monotremes), but is not present in any of the early Triassic synapsids:
mammals use two bones for hearing that were used for eating by their ancestors. The
earliest synapsids had a jaw joint composed of the articular (a small bone at the back of
the lower jaw) and the quadrate (a small bone at the back of the upper jaw). Most reptiles
including lizards, crocodilians, dinosaurs (and their descendants the birds) use this
system, as did non-mammalian synapsids such as therapsids. Mammals have a different
jaw joint, however, composed only of the dentary (the lower jaw bone which carries the
teeth) and the squamosal (another small skull bone). In mammals the quadrate and
articular bones have become the incus and malleus bones in the middle ear.

Mammals also have a double occipital condyle: they have two knobs at the base of the
skull which fit into the topmost neck vertebra, and other vertebrates have a single
occipital condyle. Paleontologists use only the jaw joint and middle ear as criteria for
identifying fossil mammals, since it would be confusing if they found a fossil that had
one feature, but not the other.
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Classification

Distribution of Extant and Recently Extinct Mammal Species across Orders
(based on Wilson and Reeder, 2005: 5,416 spp. total)

¥ Rodentia

B Chiroptera
Soricomorpha

W Primates

W Carnivora
Artiodactyla

M Diprotodontia

¥ Lagomorpha

W Didelphimorphia
Cetacea
Dasyuromorphia
Afrosoricida
Erinaceomorpha
Cingulata

I Paramelemorphia
Scandentia

B Perissodactyla

W Macroscelidea

W Pilosa
Pholidota

W Paucituberculata

M Monotremata

M Sirenia

W Hyracoidea

B Proboscidea

B Dermoptera

W Notoryctemorphia

M Microbiotheria

B Tubulidentata

Over 70% of mammal species are in the orders Rodentia (blue), Chiroptera (red), and
Soricomorpha (yellow)

George Gaylord Simpson's "Principles of Classification and a Classification of
Mammals" (AMNH Bulletin v. 85, 1945) was the original source for the taxonomy listed
here. Simpson laid out a systematics of mammal origins and relationships that was
universally taught until the end of the 20th century. Since Simpson's classification, the
paleontological record has been recalibrated, and the intervening years have seen much
debate and progress concerning the theoretical underpinnings of systematization itself,
partly through the new concept of cladistics. Though field work gradually made
Simpson's classification outdated, it remained the closest thing to an official classification
of mammals.

Standardized textbook classification
A somewhat standardized classification system has been adopted by most current

mammalogy classroom textbooks. The following taxonomy of extant and recently extinct
mammals is from Vaughan et al. (2000).
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Class Mammalia

o Subclass Prototheria: monotremes: platypuses and echidnas
e Subclass Theria: live-bearing mammals

o Infraclass Metatheria: marsupials

o Infraclass Eutheria: placentals

McKenna/Bell classification

In 1997, the mammals were comprehensively revised by Malcolm C. McKenna and
Susan K. Bell, which has resulted in the "McKenna/Bell classification". Their 1997 book,
Classification of Mammals: Above the species level, is the most comprehensive work to
date on the systematics, relationships, and occurrences of all mammal taxa, living and
extinct, down through the rank of genus. The new McKenna/Bell classification was
quickly accepted by paleontologists, though recent molecular genetic data challenge
several of the higher level groupings. The authors work together as paleontologists at the
American Museum of Natural History, New York. McKenna inherited the project from
Simpson and, with Bell, constructed a completely updated hierarchical system, covering
living and extinct taxa that reflects the historical genealogy of Mammalia.

The McKenna/Bell hierarchical listing of all of the terms used for mammal groups above
the species includes extinct mammals as well as modern groups, and introduces some fine
distinctions such as legions and sublegions (ranks which fall between classes and orders)
that are likely to be glossed over by the nonprofessionals.

The published re-classification forms both a comprehensive and authoritative record of
approved names and classifications and a list of invalid names.

Extinct groups are represented by a cross ().
Class Mammalia

e Subclass Prototheria: monotremes: echidnas and the Platypus
e Subclass Theriiformes: live-bearing mammals and their prehistoric relatives
o Infraclass TAllotheria: multituberculates
o Infraclass fTriconodonta: triconodonts
o Infraclass Holotheria: modern live-bearing mammals and their prehistoric
relatives
= Supercohort Theria: live-bearing mammals
» Cohort Marsupialia: marsupials
= Magnorder Australidelphia: Australian marsupials
and the Monito del Monte
» Magnorder Ameridelphia: New World marsupials
» Cohort Placentalia: placentals
» Magnorder Xenarthra: xenarthrans
= Magnorder Epitheria: epitheres
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= Grandorder Anagalida: lagomorphs, rodents,
and elephant shrews
» Grandorder Ferae: carnivorans, pangolins,
tcreodonts, and relatives
» Grandorder Lipotyphla: insectivorans
= Grandorder Archonta: bats, primates,
colugos, and treeshrews
» Grandorder Ungulata: ungulates
= Order Tubulidentata incertae sedis:
aardvark
* Mirorder Eparctocyona:
tcondylarths, whales, and
artiodactyls (even-toed ungulates)
= Mirorder fMeridiungulata: South
American ungulates
= Mirorder Altungulata: perissodactyls
(odd-toed ungulates), elephants,
manatees, and hyraxes

Molecular classification of placentals

Molecular studies based on DNA analysis have suggested new relationships among
mammal families over the last few years. Most of these findings have been independently
validated by retrotransposon presence/absence data. The most recent classification
systems based on molecular studies have proposed four groups or lineages of placental
mammals. Molecular clocks suggest that these clades diverged from early common
ancestors in the Cretaceous, but fossils have not yet been found to corroborate this
hypothesis. These molecular findings are consistent with mammal zoogeography:

Following molecular DNA sequence analyses, the first divergence was that of the
Afrotheria 110-100 million years ago. The Afrotheria proceeded to evolve and diversify
in the isolation of the African-Arabian continent. The Xenarthra, isolated in South
America, diverged from the Boreoeutheria approximately 100-95 million years ago.
According to an alternative view, the Xenarthra has the Afrotheria as closest allies,
forming the Atlantogenata as sistergroup to Boreoeutheria. The Boreoeutheria split into
the Laurasiatheria and Euarchontoglires between 95 and 85 mya; both of these groups
evolved on the northern continent of Laurasia. After tens of millions of years of relative
isolation, Africa-Arabia collided with Eurasia, exchanging Afrotheria and Boreoeutheria.
The formation of the Isthmus of Panama linked South America and North America,
which facilitated the exchange of mammal species in the Great American Interchange.
The traditional view that no placental mammals reached Australasia until about 5 million
years ago when bats and murine rodents arrived has been challenged by recent evidence
and may need to be reassessed. These molecular results are still controversial because
they are not reflected by morphological data, and thus not accepted by many systematists.
Further there is some indication from retrotransposon presence/absence data that the
traditional Epitheria hypothesis, suggesting Xenarthra as the first divergence, might be
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true. With the old order Insectivora shown to be polyphylectic and more properly
subdivided (as Afrosoricida, Erinaceomorpha, and Soricomorpha), the following
classification for placental mammals contains 21 orders:

e Clade Atlantogenata
o Group I: Afrotheria
» Clade Afroinsectiphilia
* Order Macroscelidea: elephant shrews (Africa)
* Order Afrosoricida: tenrecs and golden moles (Africa)
* Order Tubulidentata: aardvark (Africa south of the Sahara)
» Clade Paenungulata
* Order Hyracoidea: hyraxes or dassies (Africa, Arabia)
* Order Proboscidea: elephants (Africa, Southeast Asia)
*  Order Sirenia: dugong and manatees (cosmopolitan
tropical)
o Group II: Xenarthra
*  Order Pilosa: sloths and anteaters (Neotropical)
*  Order Cingulata: armadillos (Americas)
e Clade Boreoeutheria
o Group III: Euarchontoglires (Supraprimates)
» Superorder Euarchonta
= Order Scandentia: treeshrews (Southeast Asia).
*  Order Dermoptera: flying lemurs or colugos (Southeast
Asia)
= Order Primates: lemurs, bushbabies, monkeys, apes
(cosmopolitan), humans
» Superorder Glires
= Order Lagomorpha: pikas, rabbits, hares (Eurasia, Africa,
Americas)
» Order Rodentia: rodents (cosmopolitan)
o Group IV: Laurasiatheria
*  Order Erinaceomorpha: hedgehogs
=  Order Soricomorpha: moles, shrews, solenodons
= Clade Ferungulata
» Clade Cetartiodactyla
* Order Cetacea: whales, dolphins and porpoises
» Order Artiodactyla: even-toed ungulates, including
pigs, hippopotamus, camels, giraffe, deer, antelope,
cattle, sheep, goats
= Clade Pegasoferae
*  Order Chiroptera: bats (cosmopolitan)
» Clade Zooamata
»  Order Perissodactyla: odd-toed ungulates,
including horses, donkeys, zebras, tapirs,
and rhinoceroses
» Clade Ferae
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»  Order Pholidota: pangolins or scaly
anteaters (Africa, South Asia)

* Order Carnivora: carnivores
(cosmopolitan)

Evolution from amniotes in the Paleozoic

The original synapsid skull structure contains one temporal opening behind the orbitals,
in a fairly low position on the skull (lower right in this image). This might have assisted
in the containing the jaw muscles of these organisms that could have increased their
biting strength.

The first fully terrestrial vertebrates were amniotes. Like their amphibian predecessors,
they have lungs and limbs. Amniotes' eggs, however, have internal membranes which
allow the developing embryo to breathe but keep water in. Hence amniotes can lay eggs
on dry land, while amphibians generally need to lay their eggs in water.

The first amniotes apparently arose in the late Carboniferous. They descended from
earlier reptiliomorph amphibians, which lived on land already inhabited by insects and
other invertebrates, and by ferns, mosses and other plants. Within a few million years two
important amniote lineages became distinct: the synapsids, which include mammals; and
the sauropsids, which include lizards, snakes, crocodilians, dinosaurs and birds.
Synapsids have a single hole (temporal fenestra) low on each side of the skull.

One synapsid group, the pelycosaurs, were the most common land vertebrates of the early
Permian and included the largest land animals of the time.

Therapsids descended from pelycosaurs in the middle Permian, about 260M years ago,
and took over their position as the dominant land vertebrates. They differ from
pelycosaurs in several features of the skull and jaws, including: larger temporal fenestrae
and incisors which are equal in size. The therapsids went through a series of stages,
beginning with animals which were very like their pelycosaur ancestors and ending with
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the Triassic cynodonts, some of which could easily be mistaken for mammals. Those
stages were characterized by:

o gradual development of a bony secondary palate.

e progress towards an erect limb posture, which would increase the animals'
stamina by avoiding Carrier's constraint. But this process was slow and erratic —
for example: all herbivorous non-mammaliaform therapsids retained sprawling
limbs (some late forms may have had semi-erect hind limbs); Permian
carnivorous therapsids had sprawling forelimbs, and some late Permian ones also
had semi-sprawling hindlimbs. In fact modern monotremes still have semi-
sprawling limbs.

o the dentary gradually becoming the main bone of the lower jaw; and in the
Triassic, progress towards the fully mammalian jaw (the lower consisting only of
the dentary) and middle ear (which is constructed by the bones that were
previously used to construct the jaws of Reptiles)

o there is possible evidence of hair in Triassic therapsids, but none for Permian
therapsids.

e some scientists have argued that some Triassic therapsids show signs of lactation.

True mammals evolve in the Triassic

The Permian—Triassic extinction event, which was a prolonged event due to the
accumulation of several extinction pulses ended the dominance of the therapsids. In the
Early Triassic all the medium to large land animal niches were taken over by early
archosaurs, which over an extended period of time (30 million years) evolved into
crocodilians, pterosaurs, dinosaurs and birds. After this "Triassic Takeover" the
cynodonts and their descendants could only survive as small, mainly nocturnal
insectivores.

The first true mammals appeared in the Late Triassic (ca. 200 million years ago), over 70
million years after the first therapsids and approximately 30 million years after the first
mammaliaformes. Hadrocodium appears to be in the middle of the transition to true
mammal status — it had a mammalian jaw joint (formed by the dentary and squamosal
bones), but there is some debate about whether its middle ear was fully mammalian. The
majority of the mammal species that existed in the Mesozoic Era were characterized by
Multituberculates.

The earliest known monotreme is Teinolophos, which lived about 123M years ago in
Australia. Monotremes have some features which may be inherited from the original
amniotes:

o they use the same orifice to urinate, defecate and reproduce ("monotreme" means
"one hole") — as lizards and birds also do.

o they lay eggs which are leathery and uncalcified, like those of lizards, turtles and
crocodilians.
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Unlike other mammals, female monotremes do not have nipples and feed their young by
"sweating" milk from patches on their bellies.

The oldest known marsupial is Sinodelphys, found in 125M-year old early Cretaceous
shale in China's northeastern Liaoning Province. The fossil is nearly complete and
includes tufts of fur and imprints of soft tissues.

Reconstruction based on Megalonyx jeffersonii, lowa Museum of Natural History,
University of lowa.

The living Eutheria ("true beasts") are all placentals. But the earliest known eutherian,
Eomaia, found in China and dated to 125M years ago, obtained some features which are
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more like those of marsupials, which suggested it was perhaps a transitional fossil that
eventually give rise to the placental lineage (the surviving metatherians):

o Epipubic bones extending forwards from the pelvis, which are not found in any
modern placental, but are found in marsupials, monotremes and mammaliformes
such as multituberculates. In other words, they appear to be an ancestral feature
which subsequently disappeared in the placental lineage. These epipubic bones
seem to function by stiffening the muscles of these animals during locomotion,
reducing the amount of space being presented, which placentals require to contain
their fetus during gestation periods.

e A narrow pelvic outlet, which indicates that the young were very small at birth
and therefore pregnancy was short, as in modern marsupials. This suggests that
the placenta was a later development.

It is not certain when true placental mammals evolved — the earliest undisputed fossils of
placentals come from the early Paleocene, after the extinction of the dinosaurs.

Mammals and near-mammals expanded out of their nocturnal insectivore niche from the
mid Jurassic onwards — for example Castorocauda had adaptations for swimming,
digging and catching fish.

Rise to dominance in the Cenozoic

Mammals took over the medium- to large-sized ecological niches in the Cenozoic, after
the Cretaceous—Tertiary extinction event emptied ecological space once filled by reptiles.
Then mammals diversified very quickly, both birds and mammals show an exponential
rise in diversity. An example is that the earliest known bat dates from about 50M years
ago, only 15M years after the extinction of the dinosaurs.

Recent molecular phylogenetic studies suggest that most placental orders diverged about
100M to 85M years ago, but that modern families first appeared in the late Eocene and
early Miocene But paleontologists object that no placental fossils have been found from
before the end of the Cretaceous.

During the Cenozoic several groups of mammals appeared which were much larger than
their nearest modern equivalents — but none was even close to the size of the largest
dinosaurs with similar feeding habits.

Earliest appearances of features

Hadrocodium, whose fossils date from the early Jurassic (approx. 195 million years ago),
provides the first clear evidence of fully mammalian jaw joints.

It has been suggested that the original function of lactation (milk production) was to keep
eggs moist. Much of the argument is based on monotremes (egg-laying mammals):
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The earliest clear evidence of hair or fur is in fossils of Castorocauda, from 164M years
ago in the mid Jurassic. From 1955 onwards some scientists have interpreted the
foramina (passages) in the maxillae (upper jaws) and premaxillae (small bones in front of
the maxillae) of cynodonts as channels which supplied blood vessels and nerves to
vibrissae (whiskers), and suggested that this was evidence of hair or fur. But foramina do
not necessarily show that an animal had vibrissae — for example the modern lizard
Tupinambis has foramina which are almost identical to those found in the non-
mammalian cynodont Thrinaxodon.

American Lion was one of the abundant Pleistocene megafauna, a wide variety of very
large mammals that lived during the Pleistocene and went extinct about 10,000 years ago.

The evolution of erect limbs in mammals is incomplete — living and fossil monotremes
have sprawling limbs. In fact some scientists think that the parasagittal (non-sprawling)
limb posture is a synapomorphy (distinguishing characteristic) of the Boreosphenida, a
group which contains the Theria and therefore includes the last common ancestor of
modern marsupial and placentals — and therefore that all earlier mammals had sprawling
limbs. Sinodelphys (the earliest known marsupial) and Eomaia (the earliest known
eutherian) lived about 125M years ago, so erect limbs must have evolved before then.

It is currently very difficult to be confident when endothermy first appeared in the
evolution of mammals. Modern monotremes have a lower body temperature and more
variable metabolic rate than marsupials and placentals. So the main question is when a
monotreme-like metabolism evolved in mammals. The evidence found so far suggests
Triassic cynodonts may have had fairly high metabolic rates, but is not conclusive. In
particular it is difficult to see how small animals can maintain a high and stable body
temperature without fur.
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Anatomy and morphology
Skeletal system

The majority of mammals have seven cervical vertebrae (bones in the neck); this includes
bats, giraffes, whales, and humans. The few exceptions include the manatee and the two-
toed sloth, which have only six cervical vertebrae, and the three-toed sloth with nine
cervical vertebrae.

Respiratory system

The lungs of mammals have a spongy texture and are honeycombed with epithelium
having a much larger surface area in total than the outer surface area of the lung itself.
The lungs of humans are typical of this type of lung.

Breathing is largely driven by the muscular diaphragm which divides the thorax from the
abdominal cavity, forming a dome with its convexity towards the thorax. Contraction of
the diaphragm flattens the dome increasing the volume of the cavity in which the lung is
enclosed. Air enters through the oral and nasal cavities; it flows through the larynx,
trachea and bronchi and expands the alveoli. Relaxation of the diaphragm has the
opposite effect, passively recoiling during normal breathing. During exercise, the
abdominal wall contracts, increasing visceral pressure on the diaphragm, thus forcing the
air out more quickly and forcefully. The rib cage itself also is able to expand and contract
the thoracic cavity to some degree, through the action of other respiratory and accessory
respiratory muscles. As a result, air is sucked into or expelled out of the lungs, always
moving down its pressure gradient. This type of lung is known as a bellows lung as it
resembles a blacksmith's bellows. Mammals take oxygen into their lungs, and discard
carbon dioxide.

Nervous system

All mammalian brains possess a neocortex, a brain region that is unique to mammals.
Placental mammals have a corpus callosum unlike monotremes and marsupials. The size
and number of cortical areas (Brodmann's areas) is least in monotremes (about 8-10) and
most in placentals (up to 50).

Integumentary system

The integumentary system is made up of three layers: the outermost epidermis, the
dermis, and the hypodermis.

The epidermis is typically ten to thirty cells thick, its main function being to provide a
waterproof layer. Its outermost cells are constantly lost; its bottommost cells are
constantly dividing and pushing upward. The middle layer, the dermis, is fifteen to forty
times thicker than the epidermis. The dermis is made up of many components such as
bony structures and blood vessels. The hypodermis is made up of adipose tissue. Its job is
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to store lipids, and to provide cushioning and insulation. The thickness of this layer varies
widely from species to species.

Although mammals and other animals have cilia that superficially may resemble it, no
other animals except mammals have hair. It is a definitive characteristic of the class.
Some mammals have very little, but nonetheless, careful examination reveals the
characteristic, often in obscure parts of their bodies. None are known to have hair that
naturally is blue or green in color although some cetaceans, along with the mandrills
appear to have shades of blue skin. Many mammals are indicated as having blue hair or
fur, but in all known cases, it has been found to be a shade of gray. The two-toed sloth
and the polar bear may seem to have green fur, but this color is caused by algae growths.

Reproductive system

Goat kids will stay with their mother until they are weaned

Most mammals give birth to live young (vivipary), but a few, namely the monotremes,
lay eggs. The platypus and the echidna present a particular sex determination system that
is different from other vertebrates.

Certain glands of mammals known as mammary glands are specialized to produce milk, a
liquid used by newborns as their primary source of nutrition. The monotremes branched
early from other mammals and do not have the nipples seen in most mammals, but they
do have mammary glands.
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Viviparous mammals are classified into the subclass Theria and are divided into two
infraclasses: Metatheria (of which only the Marsupialia survive), and Eutheria.
Marsupialia, or marsupials, have short gestation periods and give birth to undeveloped
young which are contained within a pouch-like sac (marsupium) located in front of the
mothers' abdomen. Eutherians, commonly known as placentals, are mammals that give
birth to complete and fully developed young. This is usually characterized by long
gestation periods. The majority of mammal species are classified as eutherians.

Physiology

Endothermy

Nearly all mammals are endothermic ("warm-blooded"). Most mammals also have hair to
help keep them warm. Like birds, mammals can forage or hunt in cold weather and

climates where non-avian reptiles and large insects cannot.

Endothermy requires plenty of food energy, so pound for pound mammals eat more food
than most reptiles. Small insectivorous mammals eat prodigious amounts for their size.

A rare exception, the naked mole rat produces little metabolic heat, so it is considered an

operational poikilotherm. Birds are also endothermic, so endothermy is not a defining
mammalian feature.
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Intelligence

Skeletons of human and gorilla in the MIAT museum - front view, Gent, Belgium
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, the cheetah can reach 120 kmh (75 mph)

The fastest land animal
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Townsend's Big-eared Bat, Corynorhinus townsendii

In intelligent mammals, such as primates, the cerebrum is larger relative to the rest of the
brain. Intelligence itself is not easy to define, but indications of intelligence include the
ability to learn, matched with behavioral flexibility. Rats, for example, are considered to
be highly intelligent as they can learn and perform new tasks, an ability that may be
important when they first colonize a fresh habitat. In some mammals, food gathering
appears to be related to intelligence: a deer feeding on plants has a brain smaller than a
cat, which must think to outwit its prey.

Social structure

Locomotion

Mammals evolved from four-legged ancestors. They use their limbs to walk, climb,
swim, and fly. Some land mammals have toes that produce claws and hooves for
climbing and running. Aquatic mammals such as whales and dolphins have flippers
which evolved from legs.

Terrestrial

Arboreal

Sloths travel slowly along branches rather than swinging energetically like monkeys.

Aquatic
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Buoyed by their aquatic environment, whales have evolved into the largest mammals and
indeed the largest animals ever.

Aerial
Feeding

To maintain a high constant body temperature is energy expensive — mammals therefore
need a nutritious and plentiful diet. While the earliest mammals were probably predators,
different species have since adapted to meet their dietary requirements in a variety of
ways. Some eat other animals — this is a carnivorous diet (and includes insectivorous
diets). Other mammals, called herbivores, eat plants. A herbivorous diet includes sub-
types such as fruit-eating and grass-eating. An omnivore eats both prey and plants.
Carnivorous mammals have a simple digestive tract, because the proteins, lipids, and
minerals found in meat require little in the way of specialized digestion. Plants, on the
other hand, contain complex carbohydrates, such as cellulose. The digestive tract of an
herbivore is therefore host to bacteria that ferment these substances, and make them
available for digestion. The bacteria are either housed in the multi-chambered stomach or
in a large cecum. The size of an animal is also a factor in determining diet type. Since
small mammals have a high ratio of heat-losing surface area to heat-generating volume,
they tend to have high-energy requirements and a high metabolic rate. Mammals that
weigh less than about 18 0z (500 g) are mostly insectivorous because they cannot tolerate
the slow, complex digestive process of a herbivore. Larger animals on the other hand
generate more heat and less of this heat is lost. They can therefore tolerate either a slower
collection process (those that prey on larger vertebrates) or a slower digestive process
(herbivores). Furthermore, mammals that weigh more than 18 0z (500 g) usually cannot
collect enough insects during their waking hours to sustain themselves. The only large
insectivorous mammals are those that feed on huge colonies of insects (ants or termites).

Specializations in herbivory include: Granivory "seed eating", folivory "leaf eating",

fruivory "fruit eating", nectivory "nectar eating", gumivory "gum eating", and
mycophagy "fungus eating".
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