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OBJECTIVES

After completing this unit, the students will be able to
e Explain the origin of chordates

e Classify the chordates

e Explain various theories of origin.

¢ lllustrate the larval lineage for origin of chordates.



OVERVIEW

This unit deals with the origin of chordates. Under this unit, we will
learn about the creation of the phylum chordate using various theories like,
echinoderm origin, hemichordate origin, urochordate origin, cephalochordate
origin and combined origin. And we will also focus on the larval lineage for
origin of chordates and origin of free-swimming vertebrates.

1.1. INTRODUCTION

Origin and ancestry of vertebrates has long been of particular interest
to zoologists. Origin of chordate was one of the important events in the history
of chordate as it was the beginning of evolution of more advanced chordates
like horses and humans. It is the story of origin from a primitive invertebrate
like creatures to early chordates. Though first fossil of the first vertebrate the
ostrachoderm was discovered from the Ordovician period but it might have
originated in late Cambrian period. As early chordates were soft bodied, their
fossil records are not preserved. Hence, to trace their ancestry, we have to
find out the similarity among different deuterostomes to trace the origin of
chordates. Some structural features shared by them such as bilateral
symmetry, antero-posterior body axis, triploblastic coelomate condition, etc.,
may be because of their common ancestry. Over the years, several
hypotheses have been proposed to explain the origin of vertebrates.

1.2. Creation of the Phylum Chordata

The phylum Chordata was named (attributed) by William
Bateson (1885), it was already in common use by 1880. In 1866, Ernst
Haeckel mentioned a taxon include tunicates, cephalochordates, and
vertebrates. Attributed

Chordates evolved from some deuterostome ancestor
(echinoderms, hemichordates, pogonophorans etc.,) as they have
similarities in embryonic development, type of coelom and larval stages.
Fossils of the earliest vertebrates are known from the Silurian-Devonian
period, about 400 million years ago. The following theories have been given
to explain the origin of chordates:

1.2.1. Echinoderm Origin

The theory was given by Johannes Muller (1860), and is based on
the comparative studies of Ilarval stages of echinoderms and
hemichordates. Tornaria larva of hemichordates resembles echinoderm



larvae such as Bipinnaria, Auricularia, Dipleurula and Doliolaria, which all
possess ciliary bands and apical tuft of cilia. Johannes Muller, W. Garstang
and DeBeers proposed that echinoderm larvae gave rise to chordates by
neoteny. Also, like chordates, echinoderms are also deuterostomes and
possess mesodermal skeletal elements.

The discovery of fossil echinoderms called Calcichordata from
Ordovician period (450 mya) further confirms echinoderm ancestry of
chordates. Calcichordates were asymmetrical animals which demonstrate
affinities with both echinoderms and chordates but their skeleton is made
of CaCO3zwhereas in vertebrates the bones are made of hydrated Ca and
phosphate. They had large pharynx with a series of gill slits, each covered
with flaps for filter feeding, a small segmented body and a postanal tail. A
perforated pharynx for filter feeding appears to have evolved in diverse
groups of animals during Cambrian-Orodovician periods when planktons
were abundant in water.

1.2.2. Hemichordate Origin

Romer (1959) suggested that ancestral deuterostomes were sedentary
tentacle feeders whose mucous-laden ciliated tentacles served to trap
planktons as they were waved in water as do the modern lophophorates
and pterobranch hemichordates, Cephalodiscus and Rhabdopleura. By
some mutation pharyngeal gill slits evolved in these ancestors, which made
the pharynx sieve-like to trap planktons as the water current passed
through it. Extant pterobranchs possess both ciliated arms and pharyngeal
gill slits. Tornaria larva of hemichordates shows phylogenetic relationship
with echinoderm larvae and hemichordates also show affinities with
chordates.

1.2.3. Urochordate Origin

W. Garstang (1928) and N.J. Berrill (1955) reported importance to
the tadpole-like larva of urochordates which carries typical chordate
characters, namely, a notochord in tail along with segmented myotomes,
dorsal hollow nerve cord, sense organs and pharyngeal qill slits. Garstang
(1928) suggested that chordates evolved from some sessile filter feeding
urochordate by the larval stage evolving into adult by neoteny and by losing
the sedentary adult stage.



1.2.4. Cephalochordate Origin

Chamberlain (1900) studied the primitive and advanced characters
of cephalochordates and proposed that while extant cephalochordates
possess all chordate characters in typical state, they also show some
primitive features of non-chordates, such as, absence of heart, head, sense
organs, respiratory pigment, filter-feeding mode of food capture and
excretion by solenocytes. Fossils of 60 specimens from mid-Cambrian of
the earliest chordate, Pikaia gracilens have been discovered from Burgess
Shale in British Columbia, Canada. The Amphioxus-like fossils show
streamlined, ribbon-shaped, 5 cm long body having notochord in the
posterior two-third of body and myomeres. It has a small head with two
tentacles and gill slits in the neck region. Other chordate-like fossils
are: Cathaymyrus from  early = Cambrian sediments in  China
and Palaeobranchiostomata from early Permian from South Africa that
appears to be more similar to Amphioxus.

1.2.5. Combined theory

E.J.W. Barrington (1965) combined all the above theories and
proposed that the common ancestor of echinoderms and chordates was a
sessile ciliary arm feeder that lived in the plankton-rich environment of the
Cambrian. Modern Crinoidea (Echinodermata), Pogonophora and
Pterobranch hemichordates evolved from a similar ancestor by retaining
the original mode of feeding, perhaps because they continued to inhabit
the same environment as occurred in ancestral days. However,
pharyngotremy (perforation of pharynx with gill slits) must have evolved in
a large number of groups at that time, which must have been much more
superior method of food gathering by filtering water through pharynx as
compared to ciliated arm feeding. Hence, the sedentary Protoascidians of
that time lost ciliated arm feeding and adopted pharyngeal filter feeding as
the only method of food gathering. Sometime later, when the plankton
population in water declined, free-swimming tailed larva of these
urochordates did not metamorphose and became a neotenic adult, since
free-swimming mode was superior in food searching at a time of food
scarcity. Cephalochordate-like ancestors evolved by perfection and
expansion of chordate characters that were already present in the ascidian
tadpole larva. We already have fossils of such primitive chordates,
e.g., Pikaia gracilens from mid-Cambrian.



1.3. Larval Lineage for Origin of Chordates

N. J. Berrill (1955) has suggested in his book, “The Origin of
Vertebrates”, the following larval sequence:

All chordates possess 5 similar morphological (synapomorphies), or

primary characteristics, at some point during their larval or adulthood
stages that distinguish them from all other taxa.

Echinoderm — Bipinnaria
Hemichordate — Tornaria
Protochordate — Ascidian tadpole

Permanently free swimming chordate.

HYPOTHETICAL

LARVAE
ECHINODERM CHORDATE
LINE LINE
nng of
clka
—— mowuth
almenlary
cana anus
A.pnnan.\ larva tomana larva

slarfish

Fig. 1. Similarity of larval forms of echinoderms and hemichordates
which indicates the idea that both the larval forms share the same
ancestor.



1.4. Origin of Free-Swimming Vertebrates

In contrast to protochordates (hemichordates, urochordates, and
cephalochordates), vertebrates are actively-feeding, predatory organisms
that move by lateral undulation of an elongate body.

Cephalochordates are having the derived feature of an elongated
body as adults, but are still (primitively) filter feeders; that is, they feed while
motionless, moving food-laden water by means of cilia on their gill bars.

Hemichordates and most of the urochordates are also filter-feeders,
moving water through their gill slits, but are sessile as adults. When ascidian
tunicates metamorphose, the notochord is resorbed. However, that ascidian
and larvacean urochordates have a free-swimming larval stage (with a
notochord); ascidians metamorphose to sessile adults, but larvaceans
become sexually mature as movable "larvae."

These observations have led workers to suggest that the freely-
swimming mode of locomotion of vertebrates (and cephalochordates)
evolved by retaining the form of the larvae of the "ancestors" (hemichordates
and urochordates) as the form of the adults of the descendants
(cephalochordates and vertebrates). This general phenomenon is called
paedomorphosis: the evolutionary retention of larval features of the ancestors
as the adult features of the descendants.

Let us sum up

Under this unit, we studied about the origin of chordates. We also
focused on the creation of phylum chordates through various theories like
echinoderm origin, hemichordate origin, urochordate origin, cephalochordate
origin and combined theory of origin. We also studied about the larval lineage
for origin of chordates and origin of free-swimming vertebrates.

Check your Progress

1) The phylum chordata was named by .

2) Johannes muller gave the comparative studies of larval stages of
and .

3) The discovery of fossil echinoderms called as

4) The extant pterobranchs possess both and :

5) In the ascidian tunicates metamorphose, the is resorbed.




Glossaries

1. Diapsid . It is a group of amniote tetrapods that develope two
holes.

2. Bipedal : Using only two legs to walk

3. Marsupials : A mammal that belongs to the infraclass methatheria

Suggested readings

1. WATERMAN, A.J (1971), Chordate Structure and Function, The
Macmillan Company.

2. COLBERT, H. EDWIN (1989), Evolution of the Vertebrates, Il Ed., Wiley
Eastern Limited, New Delhi.

Weblink

Origin of chordata https://youtu.be/RuPCP5DaC7A

Answers to check your progress

1) Willian bateson

2) Echinoderm and hemichordate

3) Calcichordata

4) Ciliated arms and pharyngeal gill slits
5) Notochord
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OBJECTIVES

After completing this unit, the students will be able to

e Classify the phylum chordate



e Explain the various groups of species present in the phylum chordate

e Describe the characteristic features of each groups of phylum
chordate.

OVERVIEW

This unit deals with the phylum chordate. Under this unit we will study
about the classification of phylum chordate and study about the external
structure and characteristic features of species of each group like amphibian,
reptile, aves and mammals.

2.1. INTRODUCTION

Protochordate is an informal category of organisms to describe the
invertebrates that are closely related to vertebrates. The Chordates are
identified by the presence of a notochord. On the contrary, the
Protochordates lack a true notochord.

A notochord is the primitive beginning of the backbone found in the
embryonic stage. These are only found in the organisms belonging to phylum
Chordata. Humans belong to this phylum and possess a notochord at their
embryonic stage.

A notochord arises from the mesoderm and protects the body of the
chordates at the embryonic stage. Whereas, a vertebral column extends from
the neck to tail and protects the backbone in adult chordates.

The study of development and comparisons of the adult structures of
the several groups of protochordate animals reveals something of their
interrelationships and origin. The hemichordates are perhaps closer to the
echinoderms than to the chordates, but these groups appear to have been
derived from a bilaterally symmetrical dipleurula ancestor, not from a sessile
pterobranch-like form. The origin of the chordates is speculative but the idea
of a prototunicate stage is rejected. The tunicate is viewed as a highly
modified end product, with fewer similarities to the ancestral form than
amphioxus. Amphioxus is quite suggestive of the vertebrate, yet it is more
like the tunicate in the details of its embryology and along with that rather
extreme peripheral group is best thought of as constituting a subphylum, the
Acraniata (Malcolm Jollie, 1973)

Protochordata is divided into the following three sub-phyla:

e Hemichordata



e Urochordata

e Cephalochordata

2.2. Phylum Chordata

General Characters of Phylum Chordata

(1) All are free-living with no fully parasitic forms. Some are Aquatic,
aerial or terrestrial

(2) Body small to large, bilaterally symmetrical and metamerically
segmented.

(3) A post anal tail usually projects beyond the anus at some stage and
may or may not persist in the adult.

(4) Exoskeleton often present; well developed in most vertebrates.

(5) Body wall triploblastic with 3 germinal layers: ectoderm, mesoderm
and endoderm.

(6) Coelomate animals having a true coelom, enterocoelic or
schizocoelic in origin.

(7) A skeletal rod, the notochord, present at some stage in life cycle.

(8) A cartilaginous or bony, living and jointed endoskeleton present in
the majority of members (vertebrates).

(9) Pharyngeal gill slits present at some stage; may or may not be
functional.

(10) Digestive system complete with digestive glands.

(11) Blood vascular system closed. Heart ventral with dorsal and ventral
blood vessels. Hepatic portal system well developed.

(12) Excretory system comprising proto-or meso- or meta-nephric
kidneys.

(13) Nerve cord dorsal and tubular. Anterior end usually enlarged to form
brain.

(14) Sexes separate with rare exceptions.
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Table. 2.1. Difference between lower and higher Chordate animals

Acrania (Protochordata) or Lower
Chordata

Craniata (Euchordata) or Higher
Chordata

Exclusively marine, small-sized

chordates

Aquatic or terrestrial, mostly large
sized vertebrates

No appendages, cephalization and
exoskeleton

Usually 2 pairs of appendages, well-
developed head and exoskeleton
present

Coelom enterocoelic, budding off
from embryonic archenteron.

Coelom schizocoelic,
splitting of mesoderm

arising by

Notochord persistent. No skull,
cranium and vertebral column

Notochord covered or replaced by a
vertebral column. Skull and cranium
well developed.

Phyrynx with permanent gill clefts.
Endostyle present

Phraryngeal gill clefts persist or
disappear Endostyle absent

Heart chamber less when present.
No. red blood corpuscles in blood

Heart made of 2, 3 or 4 chambers.
Blood contains RBC

Kidneys protonephridia

Kidneys meso- or metanephric

Sexes  separate  or  united.
Reproduction asexual as well as
sexual. Gonoducts usually absent

Sexes separate. Only sexual
reproduction, Gonoducts always
present

Development indirect with a free-
swimming larval stage

Development indirect or direct, with
or without a larval stage

Division I. Agnatha

Division Il. Gnathostomata

True jaws absent

True jaws present

Paired appendages absent

Appendages paired (pectoral &

pelvic)
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Inner with 2 semi-circular

canals.

ear

Inner ear with 3 semi-circular canals

Notochord persistent in adults

Notochord persists or replaced by
vertebrae

2.3. Classification of Chordata

Phylum chordata can be divided

into two groups: Acrania

(Protochordata) and Craniata (Euchordata) having contrasting characters.

2.3.1. ACRANIA (Protochordata)

e (Gr. a, absent; kranion, head, or, Gr. protos, first; chorde, cord)

e All marine, small, primitive or lower chordates.

o Lacking a head, a skull or cranium, a vertebral column, jaws and brain.

e About 2,000 species.

e The Acrania is divided

notochord present.

Subphylum I. Hemichordata

Posthepatic
region

into
Urochordata and Cephalochordata, chiefly on

three subphyla: Hemichordata,
the character of
Proboscis
Collarette

Collar

Branchial region
=Gill pores
Dorsally

curved
genital wings

—Middosrsal
ridge

Hepatic caeca

Hepatic region

Fig.2.1. Balanoglossus
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e (Gr. hemi, half; chorde, cord).
e Body divided into 3 regions: Proboscis, collar and trunk.

e Notochord doubtful, short, confined to proboscis and non—homologous
with that of chordates.

e Class 1. Enteropneusta
o (Gr. enteron, gut; pneustos, breathed). Body large and worm-like.
 Gill slits numerous.
e Intestine straight.
e Acorn or togue worms.
e 70 species.
o Balanoglossus, Saccoglossus.
Class 2. Pterobranchia
o (Gr. pteron, feather; branchion, gill).
o Body small and compact.
e Gill-slits one pair or none.
e Intestine U-shaped. Pterobranchs.
o 20 species.
e Cephalodiscus, Rhabdopleura.
Subphylum Il. Urochordata or Tunicata
e (Gr. Oura, a tail; L. chorda, cord).
e Notochord and nerve cord only in tadpole-like larva.
o Adult sac-like, often sessile and encased in a protective tunic.

e Tunicates.
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Class 1. Ascidacea

Incurrent

Pharynx with
numerous slits

V Tunic

Atrium
B o K /Excurrent
N oo I L. /slphon
\ & > Anus
‘\, S | Intestine
\\ Esophagus

Stomach

Fig. 2.2. Structure of Ascidacea
o Sessile tunicates with scattered muscles in tunic.
e Solitary, colonial or compound.
e Gill-clefts numerous.
e Ascidians or sea squirts.
e 1,200 species.
e Herdmania, ciona, Molgula.
o Retrogressive metamorphosis present in Herdmania.

Class 2. Thaliacea

Fig. 2.3. Species of Thaliacea
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Free-swimming or pelagic tunicates with circular muscles in tunic.
Sometimes colonial.

Salps or chain tunicates.

30 species.

Salpa, Doliolum, Pyrosoma.

Subphylum lll. Cephalochordata

(Gr. kephale, head; L. chorda, cord).

Notochord and nerve cord present throughout life along entire length of
body.

Class Leptocardii

Body fish-like, segmented with distinct myotomes and numerous gill-
slits.

Free swimming and burrowing.
Lancelets.
30 species.

Branchiostoma (=Amphioxus), Asymmetron.

2.2.2. CRANIATA (Euchordata)

Aquatic or terrestrial, usually large-sized, higher chordates or
vertebrates with distinct head, a vertebral column, jaws and brain
protected by a skull or cranium.

The Craniata includes a single subphylum, the vertebrata.

Subphylum IV. Vertebrata

(L. vertebratus, backbone).

Notochord supplemented or replaced by a vertebral column or
backbone composed of overlapping vertebrae.

Body divisible into head, neck, trunk and tail.
Usually dioecious.

Vertebrates, largest chordate subphylum including about 46,500
species.
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e The subphylum Vertebrata is divided into two divisions: Agnatha and
Gnathostomata, with contrasting characters as follows:

Division I. Agnatha

Nerve Notochord Gill Intestine Caudal
cord s} its fin

e e e

s h&ﬁ%“_t =

- -
Tentacles Endostyle Atrium Gonads Atriopore Anus

Fig. 2.4. Structure of Agnatha
e (Gr. a, not; gnathos, jaw).

e Jaw less primitive fish-like vertebrates without true jaws and paired
limbs.

Class 1. Ostracodermi
e (Gr. ostrakon, shell; derma, skin).

e Several extinct orders of ancient primitive heavily armoured,
Palaeozoic, world's first vertebrates, collectively called the
ostracoderms.

o Caphalaspis, Drepanaspis.
Class 2. Cyclostomata

e (Gr. cyklos, circular; stoma, mouth).

o Body eel-shaped, without scales, jaws and lateral fins.

e Mouth rounded and suctorial.

e Gills 5-16 pairs.

o Parasites and scavengers.

e 45 species.

o Lampreys (Petromyzon) and hagfishes (Myxine).
Division Il. Gnathostomata

e (Gr. gnathos, jaw; stoma, mouth).
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Jawed vertebrates having true jaws and paired limbs.

For convenience, some taxonomists further divide Gnathostomata

division into two super classes.

All the fishes like aquatic gnathostomes are placed in the superclass
Pisces, whereas all the four-footed terrestrial gnathostomes in the

superclass Tetrapoda.

Their contrasting features are as follows:

Superclass 1. Pisces

Superclass 2. Tetrapoda

Exclusively aquatic gnathostome

vertebrates.

Aquatic or terrestrial. Some

arboreal and aerial

Paired limbs, if present, as fins.

Paired pentadactyle limbs present

Median fins present

Median fins absent

Skin usually moist and scaly

Skin usually dry and conified

Respiration aquatic, by gills

Respiration aerial, by lungs

Sense organs functional in water

Sense organs functional in air.

It consist of fishes only.

It consist of classes Amphibia,
Reptilia, Aves and Mammals.
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Superclass: Pisces

Class 1. Chondrichthyes (Cartilaginous Fishes)

First dorsal fin
Dorsal fin spine

Y

Second dorsal fin

Eye Spiracle / Precaudal pit

e
Caudal fin

;\
1Pelvic fin
|

Anal fin
Gill openings
Clasper (males)

Caudal keel
“Pectoral fin

TRUNK

1
' Labial furrows

HEAD : TAIL

Fig. 2.5. External feature of Cartilaginous Fish
General Characters of Chondrichthyes
(1) Mostly marine and predaceous.
(2) Body fusiform or spindle shaped.

(3) Fins both median and paired, all supported by fin rays. Pelvic fins bear
claspers in male. Tail heterocercal.

(4) Skin tough containing minute placoid scales and mucous glands.

(5) Endoskeleton entirely cartilaginous, without true bones (Gr. chondros,
cartilage + ichthys, fish). Notochord persistent. Vertebrae complete and
separate. Pectoral and pelvic girdles present.

(6) Mouth ventral. Jaws present. Teeth are modified placoid scales.
Stomach J-shaped. Intestine with spiral valve.

(7) Respiration by 5 to 7 pairs of gills. Gill-slits separate and uncovered.
Operculum absent. No air bladder and lungs.

(8) Heart 2—chambered (1 auricle and 1 ventricle). Sinus venosus and
conus arteriosus present. Both renal and portal systems present.
Temperature variable (poikilothermous).

(9) Kidneys opisthonephric. Excretion ureotelic. Cloaca present.

(10) Brain with large olfactory lobes and cerebellum. Cranial nerves 10
pairs.
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(11) Olfactory sacs do not open into pharynx. Membranous labyrinth with 3
semicircular canals. Lateral line system present.

(12) Sexes separate. Gonads paired. Gonoducts open into cloaca.
Fertilization internal. Oviparous or ovoviviparous. Eggs large, yolky.
Cleavage meroblastic. Development direct, without metamorphosis.

2.3.3. Classification of Chondrichthyes
(a) Subclass I. Selachii: (Gr., selachos, a shark)
(1) Multiple gill slits on either side protected by individual skin flaps.
(2) A spiracle behind each eye.
(3) Cloaca present.
(4) Examples:
- True sharks. About 250 living species.
- Dogfishes (Scoliodon, Chiloscyllium, Mustelus, Carcharinus)
- Spiny dodfish (squalus) seven gilled shark (Heptanchus)

- Zebra shark (stegostoma), hammer-headed (Sphyrna), whale shark
(Rhineodon). Skates and rays. About 300 species. Skate (Raja), stingray
(Trygon), electric ray (Tropedo), eagle ray (Myliobatis), guitar fish
(Rhinobatus), sawfish (Pristis)

- Electric organ are found in Torpedo
(b) Subclass 2. Holocephali: (Gr., holos, entire + kephale, head)

(1) Single gill opening on either side covered by a fleshy operculum.

(2) No spiracles, cloaca and scales.

(3) Jaws with tooth plates.

(4) Single nasal opening.

(5) Lateral line system with open groove.

(6) Examples: Rat fishes or chimaeras. About 25 species. Hydrolagus (=
Chimaera).
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Fig.2.6. Chimaeras Fish

Class 2. Osteichthyes (Bony fishes)

General Characters of Osteichthyes

(1)
(2)
3)

(4)

(5)

(6)

(7)

(8)

(9)

Inhabit all sorts of water-fresh, brackish or salt; warm or cold.

Body spindle-shaped and streamlined.

Fins both median and paired, supported by fin rays of cartilage or bone.
Tail usually homocercal.

Skin with many mucous glands, usually with embedded dermal scales
of 3 types; ganoid, cycloid or ctenoid. Some without scales. No placoid
scales.

Endoskeleton chiefly of bone (Gr., osteon, bone + ichthyes, fish).
Cartilage in sturgeons and some other. Notochord replaced by distinct
vertebrae Pelvic girdle usually small and simple or absent. Claspers
absent.

Mouth terminal or sub terminal. Jaws usually with teeth. Cloaca lacking,
anus present.

Respiration by 4 pairs of gill on body gill arches, covered by a common
operculum on either side.

An air (swim) bladder often present with or without duct connected to
pharynx. Lung-like in some (Dipnoi).

Ventral heart 2-chambered (1 auricle + 1 ventricle). Sinus venosus and
conus arteriosus present. Aortic arches 4 pairs. Erythrocytes oval,
nucleated. Temperature variable (poikilothermous).
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(10) Adult kidneys mesonephric. Excretion ureotelic.

(11)Brain with very small olfactory lobes, small cerebrum and well
developed optic lobes and cerebellum. Cranial nerves 10 pairs.

(12) Well-developed lateral line system. Internal ear with 3 semicircular
canals.

(13) Sexes separate. Gonads paired. Fertilization usually external. Mostly
oviparous, rarely ovoviviparous or viviparous. Eggs minute to 12 mm.
Cleavage meroblastic. Development direct, rarely with metamorphosis.

2.3.4. Classification of Osteichthyes

(a) Subclass I. Sarcopterygii: (Gr., sarcos, fleshy + pterygium, fin)

(1) Paired fins leg-like or lobed. With a fleshy, bony central axis covered by
scales.

(2) Dorsal fins 2. Caudal fin heterocercal with an epichordal lobe.

(3) Olfactory sacs usually connected to mouth cavity by internal nostrils or
choanae, hence the previous name of subclass, choanichthyes (Gr.,
choana, funnel + ichthyes, fish).

(4) Popularly called fleshy or lobe-finned, or air breathing fish. Divided into
2 super orders or orders: Crossopterygii and Dipnoi.

Order 1. Crossopterygii

(Gr., crossoi, a fringe + pteryx, fin)

Fig. 2.7. Lobe-Finned Fish

(1) Paired fins lobate. Caudal fin 3—lobed.

(2) Premaxillae and maxillae present.

(3) Internal nares present or absent. Spiracles present.

(4) Air bladder vestigial.

(5) Example— Primitive fleshy-finned extinct fishes.Single living genus
Latimeria.
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Order 2. Dipnoi
(Gr., di, double + pnoe, breathing)

Caudal fin ~ Anal fin
&
P
Dorsal fin £
\ Pelvic fins
Trunk___ ™\

— Lateral line

Scales

-
Pectoral fins

Fig. 2.8. External feature of Lung-fish

(1) Median fins continuous to form diphycercal tail.

(2) Premaxillae and maxillae absent.

(3) Internal nares present and spiracles absent.

(4) Air bladder single or paired, lung-like

(5) Examples — Lung fishes. Only 3 living genera: Epiceratodus
(Neoceratodus), Protopterus and Lepidosiren

(b) Subclass II. Actinopterygii
(Gr., actis, ray + pteryx, fin)

(1) Paired fins thin, broad, without fleshy basal lobes, and supported by
dermal fin rays.

(2) One dorsal fin, may be divided.

(3) Caudal fin without epichordal lobe.

(4) Olfactory sacs not connected to mouth cavity.

(5) Popularly called ray-finned fishes. Divided into 3 infraclasses or
superorders: Chondrostei, Holostei and Teleostei.
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Superorder A. Chondrostei

(Gr., chondros, cartilage + osteon, bone)

Fig. 2.9. Gulf Sturgeon

(1) Mouth opening large.

(2) Scales usually ganoid.

(3) Tail fin heterocercal.

(4) Primitive ray-finned fish or cartilaginous ganoids.

(5) Examples — Acepenser (Sturgeon), Polyodon (paddlefish)

Superorder B. Holostei
(Gr., holos, entire + osteon, bone)

(1) Mouth opening small.

(2) Ganoid or cycloid scales.

(3) Tail fin heterocercal.

(4) Intermediate ray-finned fish, transitional between Chondrostei and
Teleostei.

(5) Examples —Lepisosteus (garpike)
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Superorder C. Teleostei

(Gr., teleos, complete + osteon, bone)

Fig.2.10. Teleostei fish

(1) Mouth opening terminal, small.

(2) Scales cycloid, ctenoid or absent.

(3) Tail fin mostly homocercal.

(4) A hydrostatic swim bladder usually present.

(5) Advanced or modern ray-finned fishes

(6) Examples — Harpodon (Bombay duck), Cyprinus (carp), Labeo rohita
(rohu), Catla, Botia, Carassius (Goldfish), Clarius (Magur),
Heteropneustes or Saccobranchus (singhi), Wallago (lachi), Mystus
(tengra), Electrophorus (electric eel) Anguilla (freshwater eel), Muraena
(moray) Hemirhamphus (half beak), Belone (garfish), Hippocampus
(sea horse), Syngnathus (pipe fish), Fistularia (flute fish) Ophiocephalus
or channa (snake head) Amphipbnous, Symbranchus (eels).
Mastacembelus, Macrognathus, Pterois (scorpion fish), Pleuronectes,
Synaptura, Solea, Echeneis or Remora (sucker fish), (porcupine fish),
Tetrodon (globe fish).

2.4. Class Amphibian

The development of a muscular limb with defined joints and digits
(tetrapod) is first seen in the amphibians. Also, for the first time an atlas allows
the head can move up and down separately from the trunk. Modern amphibia
have eggs with no shells or membranes which are laid in water, usually have
paired lungs, have mucous glands to keep them moist and poison glands for
protection. Amphibia tend to reduce bones, lose scales and are small. They
can be divided into three groups, Urodela (salamanders and newts), Anura
(frogs and toads) which lack an adult tail and undergo the most dramatic
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metamorphosis from aquatic tadpoles, and the Gymnophiona (caecilians or
apodans) which have no trace of limbs or girdles and are burrowers.

Fig. 2.11. Species of class Amphibia

2.5. Class Reptilia

Reptiles are the first amniotes, having eggs with extra embryonic
membranes, which allow the embryo to develop on land. As we will see in the
skull lab, a lot of the relationships are based on the holes in the skull called
fenestrae, which are filled with jaw muscles and on the position of the
temporal arches. Many reptile groups, for example the dinosaurs, are extinct.
The Sauropsids, which includes the dinosaurs, contains the modern day
reptiles and led to the birds. Another group, the Synapsids, produced the
extinct therapsid reptiles and led to modern mammals.

Modern reptiles with no temporal fossa (anapsid) are the Parareptilia
(turtles). Most modern reptiles have two temporal fossae (diapsid) and
include snakes, lizards, legless lizards, crocodiles, alligators and the birds. A
second neck bone, the axis, allows greater mobility of the head and most
reptiles have long necks with many cervical vertebrae.
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Fig.2.12. Species of class Reptiles

2.6. Class Aves

Birds are specialized diapsid reptiles, which are second only to fish in
number of vertebrate species. Their closest relatives are the crocodiles; both
lay shelled eggs and have similar musculature and bones, including a
wishbone. Birds are warm blooded, have feathers and complex lungs. Birds
usually have wings for flying and hollow, air-filled bones which keep them
light. They also have beaks and walk on two legs (bipedal).
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Fig.2.12. Species of class Aves

2.7. Class Mammalia

The mammalian skull, like that of the therapsid reptiles has only the

lower temporal fossa and thus is a synapsid skull. Mammals are warm-
blooded, have hair and mammary glands. They also have sebaceous (oil)
glands and sweat glands. They have anucleate red blood cells. Mammals
have three bones in the middle ear and most mammals have large brains.
The lower jaw is composed of a single bone, the dentary, which forms a joint
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with the squamosal bone. Although the dentaries are paired structures, they
are often fused into a single structure by the mandibular symphysis.

There are three groups of living mammals. The monotremes include
the duckbill platypus and spiny anteater. They are amniotes with a primitive,
shelled egg. Another group of mammals, represented by the opossum and
best known by the kangaroo, are the Monotheria (marsupials). These
animals have a simple placenta and young born at a very early stage, which
crawl into a pouch and suckle there until they are larger. Most modern
mammals are Eutheria (placentals), with the fetus connected to a complex
placenta in the uterus enabling it to develop considerably before it is born.

Fig.2.13. Species of class Mammalia

Let us sum up

Under this unit, we studied about the phylum chordate. In this unit we
focused on the classification of chordates based on their external features,
characteristics and salient features of species of each of species in this
phylum such as, protochordates, craniates, Chondrichthyes, amphibians,
reptiles, aves and mammals.
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Check your Progress

1) The chordates are identified by the presence of

2) Prochordata is divided into : and
3) The acraniata and craniata are divisions of

4) Modern reptile with no temporal fossa is known as

5) The mammals have red blood cells.

Glossaries
1. Marsupials : A mammal that belongs to the infraclass methatheria
2. Nemetology : Division of zoology that studies roundworm
3. Carnicology . Study of crustaceans

Suggested readings

1. HARREY POUGH, JOHN B. HEISHER, WILLIAM N. McFARLAND
(1990), Vertebrate Life, Macmillan Publishing Co., New York.

2. JOLLIE, M (1962), Chordate Morphology, Reinholt Publishing
Corporation, NewYork.

Weblink

Concept of prochordata https://youtu.be/c4r2yfot6\V0

Nature of vertebrate morphology
https://youtu.be/PvDAKVOOPAM?list=TLPOMDkxMTIwMjLe0S0s1p4a00Q

Answers to check your progress

1) Notochord

2) Hemichordate, urochordata and cephalochordate
3) Chordata

4) Parareptile

5) Anucleated
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UNIT 3

Definition, Scope and Relation to Other
Disciplines. Importance of the Study of
Vertebrate Morphology

STRUCTURE
Objectives

Overview
3.1. Introduction

3.2. Definition of Chordata
3.2.1. Characteristics of Chordates
3.3. Importance of study of vertebrate morphology
Let us sum up
Check your progress
Glossaries
Suggested readings
Weblink

Answers to check your progress

OBJECTIVES

After completing this unit, the students will be able to
¢ Define the chordates
e List out the characteristic features of chordates

e Understand the important study of vertebrate morphology.

OVERVIEW

In this unit we will study about the definitions of chordates,
characteristics of chordates and importance of study of vertebrate
morphology.
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3.1. INTRODUCTION

The phylum Chordata consists of both invertebrate and
vertebrate chordates. It is a large and diverse phylum. It includes about
60,000 species. Chordates range in length from about a centimeter to over
30 meters (100 feet). They live in freshwater, marine, terrestrial, and aerial
habitats. They can be found all over the world.

3.2. Definition of Chordata

A chordate is an animal of the phylum Chordata. All chordates
possess some primary characteristics, at some point during their larval stage
or adulthood that distinguish them from all other taxa.

Any of a phylum (Chordata) of animals having at least at some stage of
development a notochord, dorsally situated central nervous system, and gill
slits and including the vertebrates, lancelets, and tunicates (Merriam Webster
Dictionary)

Scientific name - Chordata
Kingdom - Animalia

Higher classification - Deuterostome

Rank - Phylum
Super phylum - Deuterostomia
Subkingdom - Eumetazoa

3.2.1. Characteristics of Chordates

Chordates have three embryonic cell layers. They also have a segmented
body with a coelom and bilateral symmetry. Chordates have a complete
digestive system and a closed circulatory system. Their nervous system is
centralized. There are four additional traits that are unigue to chordates.

Post-anal tail: The tail is opposite the head and extends past the anus.

Dorsal hollow nerve cord: The nerve cord runs along the top, or dorsal,
side of the animal. (In non-chordate animals, the nerve cord is solid and
runs along the bottom).

Notochord: The notochord lies between the dorsal nerve cord and the
digestive tract. It provides stiffness to counterbalance the pull of muscles.
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https://www.google.com/search?q=chordate+subkingdom&sa=X&ved=2ahUKEwigqZnAz7nzAhV9yzgGHTArB6QQ6BMoAHoECFQQAg
http://www.ck12.org/life-science/Nervous-System-in-Life-Science

Pharyngeal slits: Pharyngeal slits are located in the pharynx. The
pharynx is the tube that joins the mouth to the digestive and respiratory
tracts.

A Chordate model
The following figure is a typical model of chordate.

Spinal cord

Notochord
Brain
Mauth

Postanal tai

Muscular segments
Anus
Intesting

Fig.3.1: Body Plan of a Typical Chordate.

The body plane of a chordate includes a post-anal tail, notochord,
dorsal hollow nerve cord, and pharyngeal slits, ventral heart, close circulation,
RBC, post-anal tail, hepatic portal system etc., are very important features of
chordates. On the basis of position of notochord, phylum Chordata is divided
in to four subphylum:

Hemichordata: Notochord at heart region (Ex. Balanoglossus)
Urochordata: Notochord at tail Notochord region (Ex. Hardmania)

Cephalochordata: Notochord extends from head to tail (Ex.
Branchiostoma)

Vertebrata or Craniata: Notochord is found in the embryonic stage and
replaced by the vertebral column in adult. Brain encloses within the cranium.
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3.3. Interrelationships with other discipline

Interrelationships are when each discipline has a relationship with the
other discipline. The discipline need to communicate closely with one
another. While each department has its own goals, these goals actually help
the human being to understand the whole concept of the living being.

The branch of biology that deals with animals and animal life,
including the study of the structure, physiology, development, and
classification of animals.

Another related field is medicine. In particular, it is a branch of zoology
that deals with the diseases and treatment of humans.

A closely related field is veterinary medicine. In particular, it is a
branch of medicine that deals with the diseases and treatment of non-
human animals.
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Table.3.1. Some of the closely related field of Zoology are mentioned

Branches of Zoology

Anatomy

Anthrozoology

Archaeozoology or
Zooarchaeology

Arachnology

Bionics

Carnicology

Cetology

Cytology or Cell Biology

Ecology or
Environmental Biology

Embryology or
Developmental Biology

Entomology

Ethology

Evolution or Evolutionary
Biology

Genetics

here under:
Definition
Study of internal structure of animals

Study of past, present and future interactions
between animals and human beings

Study of dead animals

Branch of biology that deals with the study of
spiders, scorpions or other arachnids

Study of mechanical systems like living
organisms and parts of living organisms

Study of Crustaceans

Study of marine mammals [Dolphins,
Whales, Porpoises, etc.,]

Study of cell structure and its functions

Relationship between the organisms and
their surrounding environments

Study of egg, fertilization, embryos and
fetuses.

Study of insects
Study of the behavior of animals

Study of origin of animals and their
adaptation

Study of heredity and variations
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Geology

Herpetology

Histology

Histopathology

Ichthyology

Mammalogy

Malacology

Morphology

Nematology

Neonatology

Ornithology

Paleontology

Pathology

Physiology

Primatology

Study of earth and life as shown by fossils in
rocks

Study of reptiles and amphibians

Study of anatomy of cells and tissues of
animals

The study of changes in tissues caused by
disease.

Study of Fishes

Study of Mammals

Study of animal forms with shells [Snalils,
Octopus, Slugs, etc.,]

Study of form and specific structures of
animal organisms

Division of zoology that studies roundworms

Study of newborn animals till the age of two
months

This branch of zoology concerns the study of
birds.

Study of fossils and extinct animals

Study of bodily fluids in laboratory like blood,
urine, tissues, etc., to diagnose diseases

Animal  physiology (deals with the
physiological processes in animals)

Study of primates [apes, gorillas, monkeys,
prosimians, etc.,]
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Protozoology Study of protozoa or the unicellular
organisms

Taxonomy This field studies, groups and formulates
nomenclature rules of animals on the basis of
common characteristics.

Toxicology The scientific study of poisons

Zoography (Descriptive Study of animals and their respective habitats
Zoology)

Zoogeography Study of geographical distribution of animal
species
Zoometry Study of measurement including size and

length of animal parts

Zootomy Study of animal anatomy

3.3. Importance of study of vertebrate morphology

Vertebrate Morphology provides a comprehensive discussion about
various vertebrate morphology. The structure and function concept at the
level of organs and organ systems is fundamental to an understanding of
comparative evolutionary morphology. For example: Amphibians, reptiles,
mammals, and birds evolved after fish.

Let us sum up

Under this unit, we studied about the various definitions of chordates,
characteristic of chordates and importance of study of vertebrate morphology.

Check your Progress

1) In urochordata the notochord is present in the region.

2) The tube that joins the mouth to the digestive and respiratory tracts is
known as .

3) The segmented body of the chordates is usually symmetry.

4) The runs along the top, or dorsal side of the animal.
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5) In the notochord found in the embryonic stage is replaced by
the vertebral column in adult.

Glossaries
1. Ethology : Study of behaviour of animals
2. Zootomy : Study of animal anatomy

Suggested readings

1. KENT, G.C (1976), Comparitive anatomy of the Vertebrates, McGraw Hill
Book Co., Inc., New York.
2. ROMER, A.S (1974), The Vertebrate Body, W.B. Saunders, London.

Weblink

Importance of study of vertebrate morphology
https://youtu.be/bzsNGImOeFc

Answers to check your progress

1) Tall

2) Pharyngeal slits
3) Bilateral

4) Nerve cord

5) Craniata
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UNIT -4

Origin and Classification of Vertebrates

STRUCTURE
Objectives

Overview
4.1. Introduction

4.2. Origin of Vertebrates
4.3. Characteristics of Vertebrates
4.4. Classifications of Vertebrates
4.5. 7 Classes of Vertebrates
4.5.1. Jawless Fishes
4.5.2. Cartilaginous Fishes
4.5.3. Bony Fishes
4.5.4. Amphibian
4.5.5. Reptiles
4.5.6. Aves
4.5.7. Mammals
Let us sum up
Check your progress
Glossaries
Suggested readings
Weblink

Answers to check your progress

OBJECTIVES

After completing this unit, the students will be able to
e Explain the origin of vertebrates

e Explain the characteristics of vertebrates
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o Classify the vertebrates based on its characteristic features.

OVERVIEW

Under this unit, we will study about the origin of vertebrates. We will
also focus on the characteristic features of each groups of vertebrates and
study about the classification of each groups, such as jawless fishes,
cartilaginous fishes, bony fishes, amphibians, reptiles, aves and mammals.

4.1. INTRODUCTION

Vertebrates and invertebrates are evolved from a common ancestor.
But today, from an evolutionary perspective, vertebrates are considered to be
the top forms of life on earth. Their complex anatomy and physiology provide
a significant advantage over invertebrates in the natural world. The
vertebrates, which derive their name from vertebrae, the series of bones that
make up the vertebral column, or backbone.

4.2. Origin of vertebrates

For more than 150 million years, vertebrates were restricted to the
oceans, but about 365 million years ago, the evolution of limbs in one lineage
of vertebrates set the stage for these vertebrates to colonize land. There they
diversified into amphibians, reptiles, birds, and mammals. There are
approximately 52,000 species of vertebrates, a relatively small number
compared to, say, and the one million insect species on Earth. But what
vertebrates lack in species diversity they make up for in disparity, varying
enormously in characteristics such as body mass. Vertebrates include the
heaviest animals ever to walk on land, plant-eating dinosaurs as massive as
40,000 kg. They also include the biggest animal ever to exist on Earth, the
blue whale, which can exceed a mass of 100,000 kg. On the other end of the
spectrum, a fish discovered in 2004 is just 8.4 mm long and has a mass
roughly 100 billion times smaller than that of a blue whale (Alison Loomis,
2007).

The very first vertebrates are thought to have evolved 525 million
years ago (Shu et al. 1999). That vertebrate is thought to have been
Myllokunmingia. But other evidence points towards Pikaia gracilens as the
very first vertebrate and the ancestor to all modern vertebrates.

Conway Morris and Caron (2012) published an exhaustive description based
on all 114 of the known fossil specimens; they discovered new and
unexpected characteristics that they recognized as primitive features of the
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first chordate animals. On the basis of these findings, they constructed a new
scenario for chordate evolution. Subsequently, Mallatt and Holland
reconsidered Conway Morris and Caron's description, and concluded that
many of the newly recognized characters are unique, already-divergent
specializations that would not be helpful for establishing Pikaia as a basal
chordate (Mallatt, J and Holland, N. D, 2013).

Meaning

Vertebrate animals possess a vertebral column and/or notochord at
any point in their life span.

One of the ways life is classified through the presence or absence of
the vertebrate. Vertebrates and invertebrates evolved from a common
ancestor that was speculated to have lived around 600 million years ago.

Evidence of true vertebrates began to appear 525 million years ago
and ever since then, vertebrates have branched off into a long lineage that
includes armored fish and giant sauropods to woolly mammoths and modern
man.

4.3. Characteristics of Vertebrates

A vertebrate is an animal that has all of the following characteristic features
at some point in its life:

e A stiff rod running through the length of the animal (it could either be
the vertebral column and/or notochord)

e Humans and all other vertebrates possess a notochord as an embryo
and it eventually develops into the vertebral column.

e A bundle of nerves run above the vertebral column (spinal cord) and
the alimentary canal exists below it.

e The mouth is present at the anterior portion of the animals or right
below it.

e The alimentary canal ends in the anus, which opens to the exterior.
The tail extends after the anus.

4 .4. Classification of Vertebrates

Vertebrates are classified into 7 classes based on their anatomical
and physiological features. They are:
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Animals that possess a backbone is classified as a vertebrate. There
are a large number of vertebrates currently existing on earth and they are
classified into 7 classes based on their physiological and anatomical features.

4.5. 7- classes of vertebrates

Vertebrates have been classified based on their anatomical and
physiological characteristics into 7 groups. They are as follows:

1. Class Agnatha

Class Osteichthyes
Class Chondrichthyes
Class Amphibia
Class Reptilia

Class Aves

7. Class Mammalia

o0k wnN

4.5.1. Jawless fishes (Class: Agnatha)

These are very primitive fishes that have not changed much from
fossil records for millions of years. They have a jawless, circular mouth with
rows of small sharp which aid in holding and feeding on other fishes. Most
members of this class are parasites and scavengers.

4.5.2. Cartilaginous fishes (Class: Chondrichthyes)

As the name suggests, this class is characterized by the cartilaginous
skeleton. Members include sharks, rays, skates and sawfish. Some sharks
such as the massive Greenland shark can live for several centuries. A
specimen that was tagged in 2016 was found to be at least 273 years old.

4.5.3. Bony fishes (Class: Osteichthyes)

This class of fishes is characterized by their skeleton which is
composed primarily of bone rather than cartilage (such as sharks). Class
Osteichthyes is also the largest class of vertebrates today.

4.5.4. Amphibians (Class: Amphibia)

Amphibians include ectothermic tetrapods such as frog toads and
salamanders. The distinguishing feature that separates amphibians from
reptiles is their breeding behavior. Most amphibians need a body of water to
breed as their eggs are shell-less. Furthermore, they undergo metamorphosis
where the young ones transform from fully-aquatic larval form (with gills and
fins) to terrestrial adult form.
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4.5.5. Reptiles (Class: Reptilia)

Reptiles include tetrapods such as snakes, crocodiles, tuataras and
turtles. The characteristic feature of reptiles is that they are ectothermic in
nature. Snakes are still considered tetrapods though they have no visible
limbs. This is due to the fact that snakes evolved from ancestors that had
limbs.

4.5.6. Birds (Class: Aves)

From a biological perspective, birds are dinosaurs (more aptly called
avian dinosaurs). This class of organisms are characterized by feathers,
toothless beaks and a high metabolic rate. Furthermore, members of class
Aves lay hard-shelled eggs.

4.5.7. Mammals (Class: Mammalia)

This class of organisms have the ability to regulate their body
temperature irrespective of the surrounding ambient temperature. Therefore,
mammals are called endothermic animals and it includes humans and
platypuses.

Let us sum up

Under this unit, we study about the origin of vertebrates, characteristic
features of vertebrates and classified the vertebrates into following groups
such as jawless fishes, cartilaginous fishes, bony fishes, amphibians, reptiles,
aves and mammals.

Check your Progress

1) The vertebrates are classified into classes based on their
anatomical and physiological features.

2) are jawless, circular mouthed fishes.

3) is characterized by cartilaginous skeleton.

4) is a class of fishes characterized by their skeleton which is
composed of bone.

5) undergoes metamorphosis, where the young ones transform

from fully aquatic to larval forms to terrestrial adult forms.

Glossaries

1. Notochord : it extends throughout the entire length of the future
vertebral column, and reaches as far as the anterior
end of the midbrain.

42
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2. Cartilage Cartilage is a non-vascular type of supporting
connective tissue that is found throughout the body.

Suggested readings

1. ROMER, A.S (1979), Hyman’s Comparitive Vertebrate Anatomy, Il Ed.,
The University of Chicogo Press, London.

2. WEICHERT, C.K (1965), Anatomy of the Chordates, McGraw Hill Book
Co., New York.

Weblink

Origin of vertebrates https://youtu.be/nqogxA8p AM

Classifications of vertebrates https://youtu.be/mRidGna-V4E

Answers to check your progress

1) 7 classes

2) Agnatha

3) Chondrichthyes
4) Osteichthyes
5) Amphibians
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Unit 5

Vertebrate Integument and its Derivatives

STRUCTURE
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Overview
5.1. Introduction

5.2. Epidermal Derivatives of Integuments
5.2.1. Keratinoid Structure
5.2.2. Nail
5.2.3. Horns
5.2.4. Baleen
5.2.5. Feathers
5.2.6. Hair
5.2.7. Glands
5.2.8. Dermal Bone
5.2.9. Teeth
5.2.10. Claws
5.2.11. Hoofs
Let us sum up
Check your progress
Glossaries
Suggested readings
Weblink

Answers to check your progress

OBJECTIVES

After completing this unit, the students will be able to

e Explain the integuments of vertebrates
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o List out the derivatives of vertebrate integuments

e Explain the structure and functions of each integuments.

OVERVIEW

In this unit, we will study about the vertebrate integuments and its
derivatives. Under this unit, we will focus on the various integuments of the
vertebrates such as keratinoid structures, nail, horns, baleen, feathers, hair,
glands, dermal bone, teeth, claws and hoofs and their structures and
functions.

5.1. INTRODUCTION

The chordate skin (integument) is a compound organ, made up of two
major layers of tissues of epidermis and the dermis. The epidermis is the
outermost layer. It is separated from the dermis by the basal membrane
(basal lamina and reticular lamina).

The epidermis is derived from somatic ectoderm, the exterior-most
covering of the chordate body. It provides protection against the invasion of
microorganisms, provides flexibility in motion, and seals in moisture. It also
gives rise to a variety of differentiated structures such as feathers, hair, horns,
claws, nails and glands.

5.12. Epidermal Derivatives of the Integument

5.2.1. Keratinoid Structures

New epidermal cells are formed continuously in the lower layers of the
epidermis. In terrestrial vertebrates, new epidermal cells push more
superficial ones to the stratum corneum, the outer-most epithelial layer. In the
process of self-destruction, these exterior epidermal cells accumulate protein
products called keratin. Keratinized or cornified skin serves to prevent water
escape and to protect against friction and direct mechanical stimulation (e.g.,
calluses in humans). The production of all of the following structures involves
keratinization: Epidermal Scales: a continuous layer of repetitious thickenings
of the stratum corneum; you cannot dissect an individual epidermal scale out
of the skin! These scales may be shed entirely (moulting) or in small flakes.
Examine preserved specimen of snake skin and dried specimens of bird legs
and feet.
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5.2.2. Nails

Keratinized epithelial cells are produced at the nail base and push the
existing nail forward. They provide protection from mechanical injury and
stabilize skin for better grasping. Found only in primates.

5.2.3. Horns

A tough, cornified layer of the integument covers horns. Their core,
however, is bone, which is of dermal origin. Horns are found in bovines (cattle,
antelope, sheep, goats, bison, and wildebeest). They are retained year-round
and grow throughout the animal’s lifetime.

5.2.4. Baleen

Found in some whales, baleen is a series of keratinized plates that
arise from oral epithelium. These sheets hang from the palate along its length
and act as a sieve.

5.2.5. Feathers

Feathers are believed to have evolved from reptilian scales. Columns
of epidermal cells project into the skin initially to form an invagination called
the feather follicle. Later growth results in a projection out of the skin of a
keratinized epidermal sheath with an inner feather shaft. These columns then
separate and develop into barbs. Feather growth is initiated by dermal
papillae, which die in the grown feather to form feather pulp. Examine the
dried specimens. Note the quill (calamus), which attaches to the body and
extends as a rachis. From the rachis project many veins with barbs and
barbules to hold them together.

5.2.6. Hair

Just as in feathers, there is an initial ingrowth of epidermal cells to
form the hair follicle, followed by an outward growth of keratinized cells to
form the hair shaft. Dermal papillae cells of the outer edge die and form the
core substance of hair follicles. Note the similarities between hair and
feathers both in development and in general anatomy. They both possess
dermal papillae, shafts, an inner pulp and columns of specialized keratinized
cells. Hair is characteristic of mammals.

5.2.7. Glands

Specialized to secrete specific products (oil, sweat, milk, etc.), these
structures are derived by an in folding of the epidermis. In many cases they
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retain a connection to the stratum corneum whereby their secretions can be
released at the skin surface.

5.2.8. Dermal Bone

Once present in some extinct fish - Ostracoderms had a complete
head shield, while Placoderms had a broken head shield and body armor.
Now dermal bone is present in turtle dermal bone, antlers, and in the dermal
armor of armadillo. In antlers the velvet is epidermal in origin and shapes and
provides blood to the dermal bone. Once grown, the velvet is shed and only
the bone remains. Antlers are found in deer, elk, moose and their relatives,
often only in males. They are shed annually.

5.2.9. Teeth

Teeth are composed of three main parts. Enamel, the hardest
substance in the body, covers the tooth surface. It is epidermal in origin.

5.2.10. Claws

One of the long curved nails on the end of an animal's or a bird's foot.
That uses them for holding or picking things up.

5.2.11. Hoofs

The hard part of the foot of ungulates animals like horses and some
other animals.

Let us sum up

Under this unit, we studied about the vertebrate integuments and its
derivatives, we also focused on the various integuments of the vertebrates
such as keratinoid structures, nail, horns, baleen, feathers, hair, glands,
dermal bone, teeth, claws and hoofs and their structures and functions.

Check your Progress

1) The chordate skin is made up of 2 layers of tissues known as
and .

2) In the keratinoid structure the exterior epidermal cells accumulate protein
products called .

3) is a series of keratinized plates that arise from oral
epithelium.

4) The column of epidermal cells project into the skin initially to form an
invagination called the
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5) The long-curved nails on the end of the animal is known as

Glossaries

1. Tetrapod : tetrapod means four feet, they are a group of
vertebrates that includes amphibians, reptiles, birds,
and mammals.

2. Integument : a tough outer protective layer, especially that of an

animal

Suggested readings

1. NEWMAN, N.H (1961), Phylum Chordate, The University of Chicago
Press, Chicago.

2. WATERMAN, A.J (1971), Chordate Structure and Function, The
Macmillan Company.

Weblink

Integuments and derivatives of vertebrates https://youtu.be/jHsd4o L Ig,

Answers to check your progress

1) Epidermis and dermis
2) Keratin

3) Baleen

4) Feather follicles

5) Claws.
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Unit 6

Development, General Structures and
Functions of Skin and its Derivatives

STRUCTURE
Objectives

Overview

6.1. Introduction

6.2. Skin Development

6.3. Functions of Integuments in Vertebrates
6.4. Structure of Mammalian Skin
6.5. Derivatives

6.6. Kinds of Epidermal Glands
Let us sum up

Check your progress

Glossaries

Suggested readings

Weblink

Answers to check your progress

OBJECTIVES

After completing this unit, the students will be able to
e Explain the skin development in vertebrates
¢ lllustrate the functions of integuments in vertebrates
e Explain the structure of mammalian skin

o List out the different kinds of epidermal glands.

OVERVIEW

In this unit, we will study about the development, general structure
and functions of skin and its derivatives. We will also focus on the skin
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development, functions of integuments in vertebrates, structure of
mammalian skin, derivatives and different types of epidermal glands.

6.1. INTRODUCTION

Skin of vertebrate consists of epidermis and dermis, both of which are
having diverse functions. Skin epidermis starts to stratify during
embryogenesis. It plays vital role in protecting the organism from water loss
and environmental insults during postnatal life. The dermis is a connective
tissue that is separated with the epidermis by a deposition of extracellular
matrix called the basement membrane. During skin development, many skin
appendages are also induced. Those include epidermal appendages such as
feather follicles, hair follicles, sebaceous glands and sweat glands and dermal
appendages such as the arrectorpili muscle. More stem cell populations are
characterized in these appendages recently. In addition, considerable
progress has been made in identifying molecules and pathways that regulate
development and regeneration of skin and its appendages.

6.2. Skin Development

e During chick skin development, feathered areas are formed in the skin
with high-cell density of dermal cells and naked areas are formed in
low-cell density regions.

e Feather and hair development begins from thickening of epidermis and
condensation of dermal cells, which is associated with the interaction
among morphogens such as FGFs (fibroblast growth factor and BMPs
(bone morphogenetic proteins).

e The mechanism by which feather buds are arranged in a periodic
pattern on the skin and branching formation within each bud might be
explained by reaction—diffusion model, one of the mathematical
models.

o Feather follicles are differentiated from feather buds with the
invaginated epidermis and the feathers have an ability of regeneration
throughout lifetime owing to feather stem cells.

o Development and regeneration of hair follicle involve reciprocal
epidermal and dermal cell interactions.

e Sequential activation of molecules including Wnt-Eda-Shh et al. is
required for hair follicle development.
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e Secondary hair germ cells first response, followed by bulge stem cell
activation during hair regeneration.

e Regenerative hair cycling is regulated by epigenetic, micro-
environment and macro-environment factors.

The integument or skin in mammals as well as in all vertebrates is
continuous with the mucous membrane of mouth, rectum, urinogenital
organs, nostrils and eyelids. The skin is made up of two distinct and embryo-
logically different layers. The outer layer is epidermis and it is ectodermal in
origin and the inner layer is dermis which is mesodermal in origin. The two
layers are separated by a basement membrane (Fig. 6.1)

Melanocyte
Stratum corneum < y \

Stratum \ r Epidermis
lucidum \

9 \

Dermis

Stratum
granulosum )6,.
Stratum / t Hypodermis
spinosum

Basal layer

Fig. 6.1: The layers of Human skin

The outer layer or the epidermis is again divided into a number of
distinct strata. The innermost layer of the epidermis is called stratum
germinativum or Malpighian layer. This layer is made up of tall and columnar
cells arranged perpendicular to the dermis. The cells divide mitotically and
continually. The new cells thus formed tend always to reach the surface and,
on their sojourn, become flattened and show poor stain ability. The layer
formed by these flat cells is known as transitional layer. The outermost layer
of the epidermis is called stratum corneum or horny layer. The cells of this
layer are flat and dead. The chief constituent of these cells is keratin which is
a very hard, tough and insoluble protein. The epidermis in certain parts of the
body of man is a bit different. In the thick skin on the soles of the feet and
palms of the hands the transition from Malpighian layer to corneal layer is not
so abrupt. The transitional layer in these parts of the body is further
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subdivided into an inner stratum granulosum and an outer stratum lucidum.
The thickness of the epidermal part of the skin remains fairly constant
because the rate of proliferation of the stratum germinativum is nearly equal
to the loss of corneal cells. The dermis or corium is thicker than the epidermis
and is made up of connective tissue fibers, smooth muscle fibers, blood
vessels, nerves and glands. In whales and seals the fat forms a thick layer,
called blubber which acts as food reservoir and also helps in maintaining body
temperature. The pigments of the skin or melanin in mammals never remain
confined in specialized cells but they remain in the cells of the deepest layer
of the epidermis (Tariqul Islam Goldar)

6.3. Functions of the Integument in Vertebrates:

1. Protection:

ii) The integument or skin protects the body from the entry of foreign
bodies and prevent from the mechanical injuries.

iii) The hard dermal and epidermal scales that protect the skin from
surface abrasion and also the soft tissues which lie beneath it.

iv) Hair, bristles and spines are employed for offensive and defensive
purposes.

v) The impervious integument helps the body from loss of water.

2. Thermoregulation: The integument of warm-blooded animals regulates the
body temperature. Feathers of birds, sweat glands and blubber of mammals
help in the regulation of body temperature. Deep covering of the hairs help in
the conservation of heat, especially during winter.

3. Storage of food: In whales, seals and sea cows, a sub- dermal fat layer
forms a thick layer, called blubber, which acts as food storage.

4. Excretion: The integument of some aquatic vertebrates (e.g., aquatic
amphibians) serves as an organ for excretion. During ecdysis the waste
material which is stored in the corneal layer of the skin is shed. Sweat of the
sweat glands aids in removing nitrogenous wastes from the body.

5. Respiration: The moist skin of common eel, mud skippers and swamp eels
help in respiration. The skin of amphibians is moist and highly glandular that
help air in contact with the skin to be interchanged and thus performs
accessory respiration. In plethodontid salamanders, the lungs are absent, so
rely totally on cutaneous respiration.

6. Secretion: The skin acts as an organ of secretion. The different glands are
located in the skin those help the vertebrates in different ways for survival.
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Fishes possess numerous mucous glands in the skin that secrete abundant
mucous. The slimy mucus of the fish on the skin reduces resistance during
swimming. The poison glands of fishes, amphibians and snakes are used for
protection and predation. Mammary glands, scent glands, and sebaceous
glands are present in the skin and serve different functions.

7. Locomotion: Various types of integumentary derivatives sub-serve different
types of locomotion’s. The fins of fishes, web in aquatic amphibians, terrapins
and aquatic birds, scales or scutes in snakes, adhesive pads in climbing
lizards, feathers in birds and patagium in flying lizards help in different modes
of locomotion.

6.4. Structure of Skin Mammalia:

e The skin (Fig. 6.2) is elastic and waterproof and is much thicker than in
other vertebrates, especially the dermis is very thick and tough and is used
for making leather.
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Fig.6.2. Structure of Skin Mammalia

e The epidermis is thickest in mammals and is differentiated into five
layers- stratum corneum, stratum lucidum, stratum granulosum,
stratum spinosum and stratum germinativum or Malpighian layer.

e The outer layer of stratum corneum containing keratin, its cells lose
their nuclei, but the cells are not dead as believed before.
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They secrete several hormones, one of which represses the mitotic
activities of the Malpighian layer.

In places of friction, such as soles and palms, the stratum corneum is
very thick.

Stratum corneum is variously modified in various mammals to form
epidermal scales, bristles, hairs, claws, nails, hoofs and horns etc.
Below the stratum corneum is a refractive stratum lucidum in certain
regions only.

The stratum lucidum is now known as a barrier layer because the
electron microscope has shown that its cells become compact and
closely united to form a region which prevents passage of substances
into or out of the body.

Stratum lucidum contains a chemical known as eleidin.

Keratohyalin and eleidin are intermediate products in the formation of
keratin.

Below this is a stratum granulosum which is having darkly-staining
granules of keratohyalin.

Below the stratum granulosum is a stratum spinosum whose cells are
held together by spiny intercellular bridges, each bridge has two arms
in close contact, one arm arising from each cell.

Lastly there is a stratum germinativum or Malpighian layer which rests
on a thin basement membrane.

The Malpighian layer forms new cells continuously which move
towards the surface and become flat and keratinised till the stratum
corneum has flat, cornified cells made only of keratin.

This layer is sloughed off continuously and replaced by new cells.
There are no mucous glands in the epidermis of mammals.

The keratin from the epidermis at ends of digits forms claws, nails or
hoofs.

The dermis is best developed in mammals.

The upper part of the dermis in contact with the epidermis is the
papillary layer which is made of elastic and collagen fibers with
capillaries in between.

It is thrown into folds to form rows of dermal papillae, especially in
areas of friction. The greater lower part of the dermis is a reticular
layer having elastic and collagen fibers.
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¢ In both layers there are blood vessels, nerves, smooth muscles,
certain glands, tactile corpuscles, and connective tissue fibres
extending in all directions.

o Below the dermis the subcutaneous tissue has a layer of fat cells
forming adipose tissue which helps to maintain body heat.

¢ Inmaking leather only the dermis is used. Dermal scales are not found
in mammals except armadillos.

¢ In the lowest layer of the epidermis are pigment granules but there
are no pigment-bearing chromatophores in mammals.

¢ In man some branching dendritic cells or melanoblasts lie between
the epidermis and dermis, they contain pigment.

e The epidermis forms hairs, sudorific glands, sebaceous glands and
mammary glands.

e Hairs form an epidermal covering.

e Shafts of hair project above the skin and their roots are embedded in
hair follicles, into each of which opens a branching sebaceous gland.

e Hairs form an insulating layer which prevents a loss of body heat,
thus, hairs keep up the body temperature.

e Sebaceous glands are out pushings of the wall of hair follicle and
produce an oily substance which keeps the hair supple and prevents
its wetting in water.

¢ It also lubricates the skin. In the dermis are present coiled sudorific or
sweat glands, which occur all over except lips and glans penis.

¢ Mammary glands are modified sebaceous glands, but in monotremes
they are modified sudorific glands.

e They are functional only in females for producing milk for the young.
Mucous glands are not found in mammals.

6.5. DERIVATIVES

Both layers of integument have given rise to various types of
derivatives. The epidermis gives rise to integumentary glands, epidermal
scales, horns, digital structures, different corneal structures, feathers, and
hairs.

Epidermal Derivatives: Epidermal derivatives are epidermal glands
(unicellular and multicellular), epidermal scales and scutes, horns, digital
structures (claws, nails and hoofs), feathers and hairs.
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1. Epidermal Glands: Epidermal glands are formed from the Malpighian
layer of the epidermis. They arise from the epidermis and often penetrate
the dermis.

According to their structure they are unicellular or multicellular, tubular
or alveolar and simple or compound (branched) glands. These are lined by
cuboidal or columnar cells.

(a) Unicellular glands are single modified cells found among other epithelial
cells, they are present in amphioxus, cyclostomes, fishes and larvae of
amphibians. Unicellular glands are known as mucous cells or goblet cells.
They secrete a protein mucin which combines with water to form mucus which
lubricates the surface of the body.

Mucus 1 Cilia
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Fig. 6.3: Mucus and Goblet cells

Other unicellular glands are granular cells and large beaker cells of
cyclostomes and fishes, they also secrete mucus

(b) Multicellular glands are of two types:

1. Tubular glands are multicellular tubes of uniform diameter formed as
ingrowths of the Malpighian layer into the dermis, e.g., glands of Moll on
the margin of the human eyelids.

2. Tubular glands may become coiled at the base deep in the dermis, e.g.,
sweat or sudoriferous glands of mammals,

3. Tubular glands may divide into many tubules which are then called
compound tubular glands, e.g., mammary glands of females and of males
in monotremes and primates, etc., and gastric glands in stomach.

4. Alveolar or saccular glands are multicellular down growths of the
Malpighian layer into the dermis, having a tubular duct whose terminal
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parts form a rounded expansion to become flask-shaped, e.g., mucous
and poison glands of amphibians.

5. Alveolar glands may branch into many lobules which finally open into a
common duct, they are then called compound alveolar glands, e.g.,
mammary glands of eutherians, and salivary glands.

6.5.1. Kinds of Epidermal Glands:

According to function, the epidermal glands of vertebrates are of the
following types:

Integumentary Derivative:

1. Glands: A large variety of epidermal glands is present in the skin of
mammals. These glands are tubular or alveolar in nature and are always
multicellular.

The principal glands are:
A. Sudorific or sweat glands:

e These are long and coiled tubular glands.

e The lower part of the gland lies embedded in the dermis and the upper
part are constituted by a duct which opens to the outside through a
pore.

e The distribution of sweat glands in different mammals is not uniform.

¢ In case of man the sweat glands are more numerous on palm, sole and
arm pits.

¢ In cat, dog and rat sweat glands are found in the sole of the feet.

e In rabbits the glands are found around the lips.

e The ruminants have sweat glands located on the muzzle and on the
inter-digital fold of skin.

e In hippopotamus the pinna houses the sweat glands. Sweat glands are
absent in Tachyglossus, Mus, Talpa, Cetacea and Sirenia.

e The sweat is watery in appearance but its colour is red in certain
mammals like hippopotamus and Macropus.

Functions:

1. The secretion of sweat glands is known as sweat.
2. Sweat aids in removing nitrogenous wastes and helps in the regulation
of body temperature.
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The ciliary glands (glands of Moll) are modified apocrine sweat glands
that are found on the margin of the eyelid. They are next to the base of
the eyelashes, and anterior to the Meibomianglands within the distal
eyelid marginand similar to the case with wax- secreting glands in the
external ear passage.

B. Sebaceous glands:

The glands are alveolar in nature and are generally associated with the
hair.

But they occur in hairless parts of the body, i.e., around the genital
organ, tip of the nose and border of lips, independently.

These glands are absent in Pangolin, Cetacea and Sirenia.

Functions:

1.

6.

The secretion of the gland is known as sebum. It is oily in nature and
helps in keeping the body oily.

. Meibomian glands in the eyelids are modified sebaceous glands. It

secrets an oily film on the surface of the eyeball.

. Scent glands too are modified sebaceous glands.
. The secretion of scent glands is sex attractants. They are situated on

the different parts of the body.

. In the deer family scent glands are located near the eyes. In carnivores

scent glands are found near the anus.
The pigs and goats have scent glands in between their toes.

Let us sum up

Under this unit, we studied about the development, general structure

and functions of skin and its derivatives. We also focused on the skin
development, functions of integuments in vertebrates, structure of
mammalian skin, derivatives and different types of epidermal glands.

Check your Progress

1) The dermis is a connective tissue that is separated with the epidermis

by a deposition of extracellular matrix called the

2) The mechanism by which feather buds are arranged in a perlodlc

pattern on the skin and branching formation within each bud might be
explained by

3) The outer layer or the epldermls is again divided into a number of
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4) The greater lower part of the dermis is a reticular layer having

and .
5) The multicellular glands are of 2 types, they are and
Glossaries
1. Integument : a tough outer protective layer, especially that of an
animal
2. Cornified it is a slow, coordinated process in space and

time that allows the formation of a dead cells layer to
create a physical barrier for the skin.

Suggested readings

1) COLBERT, H. EDWIN (1989), Evolution of the Vertebrates, Il Ed.,
Wiley Eastern Limited, New Delhi.

2) HARREY POUGH, JOHN B. HEISHER, WILLIAM N. McFARLAND
(1990), Vertebrate Life, Macmillan Publishing Co., New York.

Weblink

Development of skin of vertebrates
https://www.notesonzoology.com/vertebrates/skin-of-vertebrates-structure-
embryonic-origin-and-functions/4016

Structure and functions of skins of derivatives
https://www.embibe.com/exams/skin-
derivatives/#.~:text=Skin%20performs%20various%20functions%20like,Hair
%20serves%20a%20protective%20function

Answers to check your progress

1) Basement membrane

2) Reaction—diffusion model

3) Distinct strata

4) Elastic and collagen fibers

5) Tubular gland and Alveolar gland
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Unit 7

Glands, Scales, Horns, Claws, Nail, Hoofs,
Feathers and Hairs Skin derivatives and
appendages
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Glossaries
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Answers to check your progress

OBJECTIVES

After completing this unit, the students will be able to
e Explain the various types of skin glands
e List out the derivatives of vertebrates
e Explain the variations among the vertebrates

e |llustrate the structure of skin.

OVERVIEW

In this unit, we will study about the glands, scales, horns, claws, nails
hoofs, feathers and hair skin derivatives and appendages. Under this unit, we
will focus on the skin glands, pigment, epidermal scales, claws nails and
hooves, horns and antlers, feathers and hairs, dermal derivatives, variations
among vertebrates like cyclostomes fishes, amphibians, reptiles, birds and
mammals, skin structure, hair and glands of vertebrates.

7.1. INTRODUCTION

In vertebrates, the notable changes that have taken place during the
course of evolution is the development of a variety of glands, pigmentary
structures, scales, claws, nails, horns, feathers, and hairs as adaptations to
their changing environments.

7.2. Skin glands

The glands of the skin are all exocrine, that is, they secrete their
products, usually through ducts, to the epidermal surface. They may be
unicellular, as are the goblet cells of fishes, or multicellular, as are
the sweat glands of humans. Some multicellular glands are tubular and
extrude their secretion into a central space or lumen; some, like the oil-
producing sebaceous glands of mammals, form their product by complete
breakdown of the cells, a method of secretion known as holocrine. Glands
may consist of tubes or sacs, and they may be singular, clustered, or
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branched; some even contain units of more than one type. They may secrete
their product continuously, periodically, or only once (fig. 7.1)

Components of /
the skin f

Sebaceous
glands 7|

Fig. 7.1: Sweat Glands of Humans

Mucous glands secrete a protein called mucin, which
with water forms the substance known as mucus; this slimy material serves
to lubricate the body, thus lessening friction and aiding locomotion in
swimming animals. Serous glands produce a watery secretion; sweat glands
of mammals are of this type. Sebaceous glands secrete oil, ceruminous
glands secrete wax, mammary glands secrete milk, poison glands secrete
various toxins, and scent glands secrete a variety of odoriferous substances.
Further, certain epidermal glands may be modified into light-producing
structures called photophores, seen in the skin of many deep-sea fishes.

7.3. Pigment cells

In fishes, pigment is produced in branched cells known
as chromatophores, which can be found in both epidermis and dermis. Rapid
color change, by which some fishes can adapt to a change of background, is
brought about by redistribution of the pigment within the cell boundaries.
Slow, long-term changes involve alterations in the numbers of cells or in the
amount of pigment they contain.

Chromatophores are also present in amphibians and reptiles, but not
in birds or mammals, which possess pigment cells called melanocytes.
Melanocytes are found mainly in the epidermis, though they occur elsewhere.
They also are branched, or dendritic, and their dendrites are used to transfer
pigment granules to adjacent epidermal cells. A number of different pigments
are produced in the different vertebrate groups, but in mammals only brown
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eumelanin and yellow or red phaeomelanin are important. Pigment cells
chromatophores and melanocytes alike are influenced by melanocyte-
stimulating hormones of the pituitary (fig. 7.2).

7.4. Epidermal scales

Epidermal scales are horny, tough extensions of the stratum corneum.
Well developed in reptiles, they are also common on exposed skin in birds
and mammals. Such scales are periodically molted or shed gradually along
with the rest of the stratum corneum. Epidermal scales are absent in fishes,
but dermal, or bony, scales are abundant. Claw like epidermal scales are
present in certain amphibians, including a few toads, certain burrowing,
wormlike caecilians, and the salamander Hynobius. The so-called horns of
the horned lizard are specialized epidermal scales; and the rattle
of rattlesnakes is a series of dried scales loosely attached to each other, the
last one always remaining despite molting of the rest of the stratum corneum.
Epidermal scales cover the bony scales of the carapace (top) and plastron
(bottom) of turtles’ shells. The beak of turtles is composed of a modified
epidermal scale covering the jawbone.
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Fig. 7.2. Epidermal scales: a. Ant eater, b. Lizard, c. Crocodile

Bills of birds are similarly constructed. In birds, epidermal scales are
confined to the lower legs, feet, and base of the bill. The spurs of some birds
are bony projections covered with a scale like sheath. The skin of the webs
in agquatic birds is also scaly. In mammals, except for a few cases, epidermal
scales are largely restricted to the tails and paws. The overlapping horny
plates of the pangolin are modified epidermal scales.

7.5. Claws, Nails, and Hooves

In many animals, hardened corneal growths occur at the end of the
digits, growing parallel to the skin surface. True claws—found in reptiles,
birds, and mammals consist of a dorsal scale like plate (unguis) covering a
ventral plate (subunguis), the whole capping the bony tip of a digit. Nails
found only in mammals consist of a broad and flattened unguis, with the
subunguis reduced to a vestige under the outer tip. Hooves, the characteristic
feature of the hoofed mammals, or ungulates are exaggerated nails, with the
unguis curved all around the end of the digit and surrounding the subunguis.
(fig. 7.4)

Fig. 7.4. Claws
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Fig. 7.6. Hooves

7.6. Horns and antlers

Horns are hardened corneal projections of several types. Except for
certain lizards, horns are found only in mammals. The keratin fiber horn is
unique to the rhinoceros. It consists of a cone of keratinized cells that grows
from an epidermis covering a cluster of dermal bumps (papillae). The fibers,
somewhat resembling thick hair, grow from the papillae, and cells between
the papillae produce a cement that binds the fibers together.

Hollow horns are found in cattle, sheep, buffalo, goats, and other
ruminants. In certain species only the males display them. Such horns consist
of an extension of the frontal bone, a permanent part of the cranium covered
by a horny layer. The horn of the pronghorn antelope is unique in that the
horny covering is shed periodically and a new one is formed from the
epidermis that persists over the bony extension.

Antlers, which are characteristic features of the deer family, are not
integumentary derivatives at all. Fully developed antlers are solid bone,
without any epidermal covering. The young antlers, however, are covered
with skin having a velvety appearance. When the antler is fully developed,
the drier skin cracks and is rubbed off by the animal. Antlers in giraffes are
small and remain permanently covered. (fig. 7.7)
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Fig. 7.7. Horns

7.7. Feathers and hair

Birds and mammals display remarkable elaborations of the epidermis
in the form of feathers and hair, respectively. These distinctive features are
dealt with below (see bird; mammal).

Fig. 7.9. Hairs
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Fig. 7.10. Feathers

7.8. Dermal derivatives

Dermal scales are found almost exclusively in fishes and some
reptiles. They are bony plates that fit closely together or overlap and form the
dermal skeleton. Highly developed dermal scales are seen in turtles, where
the bony plates form a rigid dermal skeleton that is attached to the true
skeleton. In other reptiles, dermal scales are small and localized on parts of
the body, as in crocodilians, certain lizards, and a few snakes.

Birds lack dermal scales, and only a single living mammal
the armadillo displays them. Associated with the evolutionary tendency
toward elaboration of epidermal extensions in birds and mammals, there has
been a corresponding reduction in dermal derivatives. The membrane bones
of the skull, the mandible (lower jaw), and the clavicles (collarbones) are the
remaining vestiges of dermal plates in these groups.

Fig. 7.11. Armadillo - Dermal plates
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Fig. 7.13. Bat - Webbed wings

Fig. 7.14. Bird — Beak

7.9. Variations among vertebrates

The vertebrates belong to the phylum Chordata and are closely
related to a small, fishlike, almost transparent invertebrate called amphioxus.
Amphioxus represents chordate integument at its simplest: an epidermis,
consisting of one layer of columnar or cuboidal epithelial cells and
scattered mucous cells, covered by a thin cuticle, and a thin dermis of
soft connective tissue. Beginning with the simplest vertebrates, the
cyclostomes (lampreys and hagfishes), and the integument becomes
complex and pigmented; in successive evolutionary stages a wide array of
derivatives appears among the various classes of vertebrates.
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7.9.1. Cyclostomes

In the lamprey the surface of the skin is smooth, with no scales. The
epidermis consists of several cell layers that actively secrete a thin cuticle.
Gland cells that produce slime are mixed with the epidermal cells, as in most
aquatic vertebrates. The dermis is a thin layer of connective tissue fibers
interwoven with blood vessels, nerves, muscle fibers, and chromatophores.

7.9.2. Fishes

Fishes have a more or less smooth, flexible skin dotted with various
kinds of glands, both unicellular and multicellular. Mucus-secreting glands are
especially abundant. Poison glands, which occur in the skin of many
cartilaginous fishes and some bony fishes, are frequently associated with
spines on the fins, tail, and gill covers. Photophores, light-emitting organs
found especially in deep-sea forms, may be modified mucous glands. They
may be used as camouflage or to permit recognition, either for repulsion to
delimit territory or for attraction in courtship.

Also formed within the skin of many fishes are the skeletal elements
known as scales. They may be divided into several types on the basis
of composition and structure. Cosmoid scales, characteristic of extinct
lungfishes and not found in any fishes today, are similar to the ganoid
scales of living species. Placoid scales (or denticles) are spiny, tooth like
projections seen only in cartilaginous fishes. Ganoid scales, sometimes
considered a modification of the placoid type, are chiefly bony but are covered
with an enamel-like substance called ganoin. These rather thick scales,
present in some primitive bony fishes, are well developed in the gars.

Cycloid scales appear to be the inner layer of ganoid or cosmoid
scales. Found in carps and similar fishes, they are thin, large, round or oval,
and arranged in an overlapping pattern; growth rings are evident on the free
edges. Ctenoid scales are similar to cycloid, except that they have spines or
comb like teeth along their free edges; these scales are characteristic of the
higher bony fishes—perches and sunfishes, for example, some fishes, such
as catfishes and some eels, have no scales.

Cycloid scales appear to be the inner layer of ganoid or cosmoid
scales. Found in carps and similar fishes, they are thin, large, round or oval,
and arranged in an overlapping pattern; growth rings are evident on the free
edges. Ctenoid scales are similar to cycloid, except that they have spines or
comb like teeth along their free edges; these scales are characteristic of the
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higher bony fishes—perches and sunfishes, for example. Some fishes, such
as catfishes and some eels, have no scales.

The dominant modern fishes, teleosts, are characterized by bony
scales covered with skin. The epithelium of a trout’s epidermis provides the
animal with an inert covering of keratin. The scales lie in the dermis as thin,
overlapping plates with the exposed part bearing the pigment cells. The scale
is deposited in a series of annual rings, since its growth occurs rapidly in
spring and summer and rarely in winter.

7.9.3. Amphibians

Most modern amphibians lack horny scales or other protective
devices. An exception is seen in the caecilians, a small group that has fishlike
scales similar to those possessed by ancient and extinct forms. The
amphibian epidermis has five to seven layers of cells formed from a basal
stratum germinativum. At the skin surface, in contact with the
external environment, the cells are keratinized to form a stratum corneum,
which is best developed in amphibians that spend most of their time on land.
The cells of this horny layer are not continuously shed but are periodically
molted in sheets. Molting is controlled by the pituitary and thyroid glands but
is unaffected by sex hormones. The wartiness of toads results from local
thickenings.

Some amphibian families have disk like pads on their digits
for adherence to underlying surfaces. During the breeding season the males
of anurans (frogs and toads) and urodeles (salamanders and newts) develop
nuptial pads on some digits of the forelimbs, which facilitate firm gripping of
the females; the pads are induced to form by androgenic (male) hormones.

The dermis is two-layered, having an outer and looser stratum
spongiosum and an inner stratum compactum. Although some amphibians
have external gills or internal lungs, for many the skin is a vital
respiratory organ, and the dermis is richly supplied with blood vessels and
lymph spaces. Chromatophores are located just below the junction of the
dermis with the epidermis. The numerous mucous and poison glands
originate from nests of epidermal cells that grow down into the dermis.

7.9.4. Reptiles

In the evolutionary sense, reptiles are the first truly terrestrial
vertebrates, since they have dispensed with an aqueous environment for
their larval development. Their main problem is to prevent desiccation

70


https://www.britannica.com/animal/teleost

by water loss through the skin. This is solved by the possession of a thick
stratum corneum in which waxes are arranged in membrane like layers
between the keratinized cells. Reptilian scales are overlapping folds of skin,
each scale having an outer surface, an inner surface, and a hinge region. All
the epidermal and dermal surfaces of each scale are continuous with those
of the next scale.

The shape and size of the scales vary in the different families and with
the mode of life. Maximum flexibility of the skin is achieved in some forms by
reduction of the scales to small, non-overlapping granules. Among desert
dwellers there is a tendency for some scales, particularly those on the head
and tail, to be enlarged to form spines. Burrowing and secretive forms have
a slippery body surface because of the presence of smooth, highly polished
scales. The skin is often reinforced by bony plates, which lie beneath the
superficial scales (though corresponding with them in size and shape); these
plates may form a continuous protective armor. Other defensive, or
sometimes offensive, devices associated with the skin and scales are the
occasional development of horns or fringing folds that break up the animal’s
outline and coloring.

The colors of reptiles are produced by both melanocytes in the
epidermis and three types of chromatophores in the dermis: melanophores,
which contain melanin; xanthophores, which contain yellow pigments; and
iridophores, which contain reflecting platelets of colorless guanine. The
pattern may be fixed, for concealment by camouflage, or the chromatophores
may provide for rapid colour change.

Reptilian skin possesses glands, but they are usually small. Most are
holocrine; some are tubular. Lizards and snakes have small glands that are
related to the sloughing cycle, and all groups of reptiles appear to
communicate by scent glands. For example, chelonians (turtles and tortoises)
have glands in the throat, inguinal, and axillary regions, and snakes have
saclike scent glands at the base of the tail.
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Fig. 7.16. Spikes

7.9.5. Birds

The avian epidermis is thin, delicate, and clothed in feathers, except
on the obviously naked areas of the legs, feet, beak, comb, and wattle. On
the legs and feet, and sometimes elsewhere, the cornified layer is thickened
to form scales of several types. The dermis, also thin, consists mostly of a
network of connective tissue fibres and muscle fibres that help to adjust the
feathers. In larger birds, such as the ostrich, the skin is thick enough to allow
it to be processed into leather. The scales resemble those of reptiles in
possessing layers containing beta keratin and alpha keratin.Feathers, which
consist of beta keratin, are considered to have evolved from reptilian scales.
They are periodically molted, and other keratinized structures such as the bill
and claws may be molted as well. Pigment is primarily restricted to feathers
and scales. Specialized nerve endings are present throughout the skin.
Various holocrine and tubular glands have been observed, but nearly all are
small and inconspicuous. The exception is the holocrineuropygial gland,
or preen gland, which is located on the back just in front of the tail and
secretes oil for grooming the feathers. It is largest in aquatic birds.Feathers
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are unique to birds. Those of adults are admirably engineered to be
lightweight yet strong. They are of three basic types, each associated with
certain functions. Contour feathers (including the flight and tail feathers)
define the body outline and serve as aerodynamic devices; filoplumes (hair
feathers) and plumules (down feathers) are used principally as insulation, to
conserve body heat. Colours and patterns in feathers serve as protective
coloration or for sexual display.

Fig. 7.17. Birds- Tallons

In most birds contour feathers are not uniformly distributed over the
surface of the body but are arranged in feather tracts (pterylae) separated
from one another by regions of almost naked skin (apteria). The only
exceptions are the ostrich like birds, the penguins, and the South American
screamers, in which the even distribution of plumage has probably been
secondarily acquired. Feather tracts differ in arrangement in different species
and hence are useful in the classification of birds.

The wing tract includes the flight feathers proper (remiges) and
their coverts (tectrices). The remiges include the primaries, arising from the
‘hand” and digits and attached to the hand’s skeleton; the secondaries,
arising from the forewing and attached to the ulna; and the tertials (when
present), arising from the upper wing and attached to the humerus. The
tectrices cover the bases of the remiges, overlapping and decreasing in size
toward the leading edge of the wing.

The spinal (dorsal) tract extends the whole length of the bird,
excepting the head, along and on both sides of the spinal column. In
gallinaceous birds this tract may be subdivided from front to back (though not
separated by apteria) into the regions of the hackle, the cape, the back, and
the saddle. Each region is distinguished by the form and pattern of
its constituent feathers.
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On the ventral surface of the bird are paired breast tracts, with a
ventral tract between them. The tail tract includes the tail feathers (rectrices)
and their coverts. Other tracts cover the head, base of the wings and legs.

A contour feather of an adult bird tends to be almost bilaterally
symmetrical. It consists of a tapering central shaft, the rachis, to which are
attached a large number of tapering parallel barbs. These in turn carry many
minute elongated barbules on both their distal and proximal faces. The distal
barbules bear tiny hooklets (hamuli) that fit into grooves on the proximal
barbules of the next higher barb. In this way the barbules overlap and
interlock to form the coherent web or vane of the feather. Barbules in the
basal portions of feathers are long, delicate threads and do not bind
successive barbs together; consequently, this part of the feather is fluffy.

The filoplumes, which arise at the bases of contour feathers, are
inconspicuous hair like feathers bearing a small tuft of barbs at their apexes.
Filoplumes appear to be present in all birds, but only in certain species do
they project beyond the contour feathers—on the thighs of cormorants, for
example.

Plumules are present in young birds before they develop the adult
plumage. In adults the plumules are generally scant and are concealed by
contour feathers; however, in many birds, such as gulls and ducks, they form
a thick, insulating under covering comparable to the underfur of seals. Their
barbs do not form coherent vanes but are long, loose, soft and fluffy. Their
structure is much simplified, and a rachis may be entirely lacking.
In herons and some hawks the tips of the plumules disintegrate into a fine
scaly powder that becomes distributed over the plumage, providing
protection against wetting and giving it a peculiar sheen; accordingly, these
specialized down feathers are called powder down.

Feathers get their colors from a number of pigments. Melanin is
responsible for black, gray, brown and related tints; yellow or reddish brown
granules of phaeomelanin and dark brown granules of eumelanin are
transferred to the epithelial cells of the feather from melanocytes. Some
feathers are colored bright yellow, vivid red, green, violet or blue by
carotenoids and other rare pigments. Cosmetic coloration of the feathers by
the secretion of the preen gland is exploited by pelicans. Not all coloration
requires pigments. The striking white of sea gulls and swans is a “structural
color” produced by the reflection of light by irregularly distributed air-filled
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cavities. Blue, green and violet can also be structurally produced, as for
example, in kingfishers and parrots.

7.9.6. Mammals

An important distinguishing character of mammals is their hair. They
also possess many other horny derivatives of the epidermis, including nails,
claws, hooves, quills, and horns. All mammalian hard keratin, as well as the
soft keratin of the stratum corneum, is of the alpha type. Bony dermal plates
are found in the armadillo. Antlers, too, are made of bone and derived from
the dermis, but they have an epidermal covering—the velvet—when newly
grown.

Fig. 7.18. Teeth of Mammals

7.10. Skin structure

The mammalian epidermis has several layers of cells, known as
keratinocytes, which arise by cell division in a basal stratum germinativum.
This rests on a basement membrane closely anchored to the surface of the
dermis. Newly formed cells move outward, and at first form part of the prickle
cell layer (stratum spinosum), in which they are knit together by plague like
structures called desmosomes. Next, they move through a granular layer
(stratum granulosum), in which they become laden with keratohyalin, a
granular component of keratin. Finally, the cells flatten, lose their nuclei and
form the stratum corneum. The dead cells at the skin surface are ultimately
sloughed or desquamated. In thick, glabrous skin lacking hair follicles, such
as that on human palms and soles, a clear layer, called the stratum lucidum,
can be distinguished between the stratum granulosum and the stratum
corneum.
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The important barrier to outward loss of water or inward passage of
chemicals lies in a compact zone of the lower stratum corneum. There the
spaces between the layers of the cornified cells are tightly packed with lipid
(waxy) platelets that have been produced inside so-called membrane coating
granules within the underlying epidermal cells. As well as the clear horizontal
stratification of the epidermis, a vertical organization is also apparent, at least
in non-glabrous skin, in the sense that the ascending keratinizing cells appear
to form regular columns.

In the basal layer, groups of keratinocytes are each associated with a
single dendritic (branching) pigment cell to form
“epidermal melanocyte units”. In addition to keratinocytes and melanocytes,
the mammalian epidermis contains two other cell types: Merkel
cells and Langerhans cells. Merkel cells form parts of sensory structures.
Langerhans cells are dendritic but unpigmented and are found nearer the skin
surface than melanocytes. After a century of question about their purpose, it
is now clear that they have a vital immunologic function.

The dermis forms the bulk of the mammalian skin. It is composed of
an association of connective tissue fibers, mainly collagen, with a ground
substance of mucopolysaccharide materials (glycosaminoglycans), which
can hold a quantity of water in its domain. Two regions can be distinguished
an outer papillary layer and an inner reticular layer. The papillary layer is so
called by reason of the numerous microscopic papillae that rise into the
epidermis, especially in areas of wear or friction on the skin. These papillae,
not to be confused with the “dermal papillae” of the hair follicles (see below),
are arranged in definite patterns beneath epidermal ridges. In humans these
external ridges are responsible for the fingerprints, or dermatoglyphs. The
reticular layer has denser collagen than the papillary layer, and it houses the
various skin glands, vessels, muscle cells and nerve endings.
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Fig. 7.19. Spikes
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7.11. Hair

In evolution, the overriding importance of hair is to insulate the warm-
blooded mammals against heat loss. Hairs have other uses, however. Their
function as sensory organs may indeed, predate their role in protection from
cold. Large stiff hairs (vibrisae), variously called whiskers, sensory
hairs, tactile hairs, feelers and sinus hairs are found in all mammals except
humans and are immensely helpful to night-prowling animals. Vibrissae are
part of a highly specialized structure that contains a mass of
erectile tissue and a rich sensory nerve supply. These specialized hairs are
few in number, their distribution being confined c