Unit -1V
Morphology, structure and reproduction of the following: Anthoceros and
Polytrichum. Evolution of sporophyte and gametophyte; ecological aspects.

Fossil bryophytes. Economic importance of Bryophytes.

Economic importance of Bryophytes
1. Protection from soil erosion:

Bryophytes, especially mosses, form dense mats over the soil and prevent soil erosion by running
water.

2. Soil formation:

Mosses are an important link in plant succession on rocky areas. They take partin binding soil in rock
crevices formed by lichens. Growth of Sphagnum ultimately fills ponds and lakes with soil.

3. Water retention:

Sphagnum can retain 18-26 times more water than its weight. Hence, used by gardeners to protect
desiccation of the seedling during transportation and used as nursery beds.

4. Peat:

Itis adark spongy fossilized matter of Sphagnum. Peatis dried and cut as cakes for use as fuel. Peat
usedas good manure. ltovercomes soil alkalinity and increases its water retention aswell as
aeration. On distillation and fermentation yield many chemicals.

5. As food:
Mosses are good source of animal food in rocky and snow-clad areas.
6. Medicinal uses:

Decoction of Polytrichum commune is used to remove kidney and gall bladder stones. Decoction
prepared by boiling Sphagnum in water for treatment of eye diseases. Marchantia polymorpha has
been used to cure pulmonary tuberculosis.

7. Other uses:

Bryophytes arc used as packing material for fragile goods, glass wares etc. Some bryophytes actas
indicator plants. For example, Tortell tortusa grow well on soil rich in lime.

Ecological aspects and Economic importance of Bryophytes
1. Ecological Importance
Bryophytes are of great ecological importance due to following reasons:

(a) Pioneerofthelandplants. Bryophytesare pioneeroftheland plantsbecausetheyarethefirst
plants to grow and colonize the barren rocks and lands.

(b) Soilerosion. Bryophytes preventsoil erosion. They usually grow densely and hence act as soil
binders. Mosses grow in dense strands forming mat or carpet like structure.



They prevent soil erosion by:
() Bearing the impact of falling rain drops

(if) Holding much of the falling water and reducing the amount of run-off water.



(c) Formation of soil. Mosses and lichens are slow but efficient soil formers. The acid secreted by the
lichens and progressive death and decay of mosses help in the formation of soil.

(d) Bog succession. Peat mosses change the banks oflakes or shallow bodies of water into solid soil
which supports vegetation e.g., Sphagnum.

(e) Rock builders. Some mossesin association with some green algae (e.g., Chara) grow in water of
streams and lakes which contain large amount of calcium bicarbonate. These mosses bring about
decomposition of bi-carbonicions by abstracting free carbon dioxide. The insoluble calcium
carbonateprecipitatesand onexposure hardens, forming calcareous (lime) rocklike deposits.

2. Formation of Peat:

Peatis a brown or dark colour substance formed by the gradual compression and carbonization of
the partially decomposed pieces of dead vegetative matter in the bogs. Sphagnum is an aquatic
moss. While growing in water it secretes certain acids in the water body.

This acid makes conditions unfavorable for the growth of decomposing organisms like bacteria and
fungi. Absence of oxygen and decomposing microorganisms slows down the decaying process of
dead materialand alarge amountof dead materialisadded year by year. Itis called peat (thatis
why Sphagnum is called peat moss).

Uses of Peat are:
(@) Used as fuelin Ireland, Scotland and Northern Europe.

(b) In production of various products like ethyl alcohol, ammonium sulphate, peat, tar, ammonia,
paraffin, dye, tannin materials etc.

(c) In horticulture to improve the soil texture.
(d) In surgical dressings.
3. As Packing Material:

Dried mosses and Bryophytes have great ability to hold water. Due to this ability the Bryophytes are
used as packing material for shipment of cut flowers, vegetables, perishable fruits, bulbs, tubers etc.

4. As Bedding Stock:

Because of great ability of holding and absorbing water, in nurseries beds are covered with thalli of
Bryophytes.

5. In Medicines:

Some Bryophytes are used medicinally in various diseases for e.g.,
(a) Pulmonary tuberculosis and affliction of liver—Marchantia spp.
(c) Acute hemorrhage and diseases of eye—Decoction of Sphagnum.
(d) Stone of kidney and gall bladder—Polytrichum commune.

(e) Antiseptic properties and healing of wounds—Sphagnum leaves and extracts of some Bryophytes
fore.g., Conocephalum conicum, Dumortiera, Sphagnum protoricense, S. strictum show antiseptic
properties.



6. In Experimental Botany

The liverworts and mosses play an important role as research tools in various fields of Botany such
as genetics. For the first time in a liverwort, Sphaerocarpos, the mechanism of sex determination in
plants was discovered.

7. As Food

Some Bryophytes e.g., mosses are used as food by chicks, birds and Alaskan reindeer etc.



ANTHOCEROS

Mostspecies of Anthoceros, commonly knownas ‘horned liver-worts’, occurfrequently along
hillside roads and on very moist clay banks. They differ so greatly fromthe Liverworts thatthe
present day workers separate them as a distinct Class co-ordinate with the Classes Hepaticae and
Musci. Anthoceros is a cosmopolitan genus with about 200 species and is found both in the hills as
wellasintheplains,introspicalandtemperateregions. There are about 25 speciesoccurringin
India, of whichthe commonly growing ones are A. himalayansis, A. erectus, A. crispulus, etc.

The Gametophyte of Anthoceros

The vegetative body of each plantis a small, dorsiventral and very simple, greasy dark- green
gametophytic thallus, which is inconspicuously branched or somewhat lobed, and without any
internal differen-tiation oftissues.

Thereare numerous smooth-walledrhizosids ontheundersurface ofthethallus, the scalesbeing
entirely absent. Ontheventral side of the thallusthere are nusmerous large intercellular spaces,
each of which opens externally by a narrow slit. These cavities are usually filled up with mucilage and
often contain colonies of an endophytic blue-green alga (e.g. Nostoc). Each cell of the thallus usually
contains a single large chloroplast with a conspicuous pyrenoid, which is made up of numerous disc-
or spindle-shaped bodies destined to be metamorphozed into small starch grains. Thus, itis evident
thatsimeplicity isthe most prominentfeature of the thallus incomparison, withthose of Ricciaand
Marchantia.

Reproduction in Anthoceros

Anthocerosreproducesboth by vegetative and sexual methods. Thevegetative reproductionis
usually effected by progressive growth and death of the thallus. Under certain conditions of
prolonged desiccation the gametophyte often produces tubers, formed due to marginal thickenings.
Each tuber is externally protected by a cork layer and under favourable conditions gives rise to a new
thallus. Anthoceros is chiefly monoecious, though in some species the antheridia may attain
maturity early (protandrous). Itis anotesworthyfeature thatthe sexorgansare entirely embedded
in the dorsal side of the thallus and not borne on special receptacles, as in Marchantia.

Antheridia develop in clusters within closed caevities (antheridial chamebers) just beneath the upper
surface ofthethaellus. Fromthe floor of each antheridial chambertwo to four antheridia develop.
The sterile layer, over-roofing each antheeridial chamber, may be one or more (usually two) cells in
thickness. Eachantheridium develops astalk of several cellsin height. Numerous biflagellate
antherozoidsare producedfromeachantheridium. Whenthe antheridiaattainmaturity the sterile
cell layers, over-roofing each antheridial chamber, disintegrate and the antherozoids are liberated.

Archegoniadevelopsinglyandare closelyembeddedinthethallus. Thevegetative cells ofthe
thallus are confluentwith apartofthe neckandventerofeach archegonium, the extreme end of
the neckbeingonly protruding. Whenfully developed, thereis asingle axialrow of cellsineach
archegonium, consisting of four to six neck canal cells, aventral canal celland aneggcell.

At matuerity, the neck canal cells and the ventral canal cell disorganize and fertilization of the egg is
broughtaboutby one ofthe antherozoids passing downthe neckintothe venter. Afterfertilization



thefertilized egg secretesawallarounditandformsan oospore. Withfertilization and formation of
oospore, the sporophytic or diploid generation begins.

The Sporophyte of Anthoceros

The oospore, without any period of rest, divides and re-divides and forms a sporophyte. The
sporophyteisgradually differentiatedintoabasalfoot,andanupperslendercylindrical structure of
more or less uniform thickness, the capsule. The zygote usually first divides longitudisnally and then
transeversely. This is folloswed by another longitusdinal division of the four daughter cells forming an
eight-celled embryo, made up oftwotiers offour cells each. The footdevelops by divisionandre-
division of the cells of the lower tier. When fully formed, itbecomes amassive ineverted cap-like
struceture, by means ofwhichthe sporophyte does notonly remain anchoredtothe gametophyte
but also absorbs nourishement therefrom. The cells of the upper tier also by repeated divissions form
the capsule, which when very young, becomes differsentiated into amphithecium and endothecium.
Whenfully devesloped, the capsule stands erectonthe thallus and attains aheightof 2.5cm. or
more in somecases.

The structure of a mature sporophyte is very complex. At the centre there are some elongated cells
forming a sterile tissue called columella. It appears 16-celled in rectangular arrangement in cross-
section. The entire columella is derived from the endothecium. Surrounding and over-arching the
top of the columellathere is a cylindrical sheet of sporogenous tissue, the archesporium.

The sporogenous tissue either remains one cell in thickness through-out its development or
becomestwo-tofour-celledinthicknessinsome cases. Alternate groups of sporogenous cells
developintosporesandelaters. Those sporogenous cellswhichbehave as spore mother cells
undergoreduction division and from each a spore tetrad is formed. With reduction division and
formation of spores, the gametophytic or haploid generation begins. The cells developing into
elatersarejoinedwithoneanotherformingfilamentsof3-4 cellseach. Theirwalls are eithersmooth
or thickened. The sporoesgenous tissue is again externally surrounded by a cylinder of sterile tissue
possessing anepidermis.

This jacket (of sterile tissue) and the entire archesporium are derived, inmost cases, fromthe
amphithecium. The outer cells of the jacket contain chloroplasts and the epidermis is provided with
numerousstomata, eachwithatypical pairofguardcells. Thus, the sporophyteisabletocarryon
pho-tosynthesis from the raw food materials absorbed from the soil by the gametophyte and
subsequently suppliedto it as well as with carbon dioxide absorbed from the air. This ability to
synthesize carbohydrates is more highly developed than other liverworts.

The lower portion of the capsule is provided with a meristematic tissue, which continually adds new
cells to the upper portion and, as aresult, the capsule grows and produces spores over an extended
period. The spore-production begins at the upper end of the capsule, and as the capsule grows, the
spores are produced succesesively from lower layers. On maturity, the capsule dehisces at the apex
into two valves and the split is continued downwards with gradual formation, maturation and
liberationof spores. Duringthe early stages of developmentofthe sporophyte, the gametophytic
tissue surrounding the archegonium also grows upwards, finally stops and forms a sheath
surrounding the base of the developing capsule.

The New Gametophyte of Anthoceros



Each spore, under suitable conditions, germinates and forms a new gametophytic thallus.
Evolved Characters

1. The sporophytes contain a few chloroplasts by which it can manufacture a portion of its food
henceitis partially dependent onthe gametophyte for nutrition. Iltdepends onthe gametophyte for
supply of water only for manufacturing food.

2. Inthe Californian sp. of Anthoceros (A. fusiformis), the gametophyte sometimes disintegrates so
the sporophyte becomesindependent.

3. Like higher plants stomata are present in the epidermis of the capsule.

4. The columella acts as a conducting tissue and it seems that in higher plants the columellais
replaced by conductingcylinders.

5. The amphithecium forms the sporogenous tissue and the jacket layer, while the endothecium
forms only the columella—a higher character.

6. Presence of sterile filaments known as Pseudoelaters.

7. Owing to the presence of the meristematic tissue at the base of the capsule (sporophyte) is
indeterminate in its growth.

8. Presence of single chloroplasts inthe cell of the thallus suggests evolved characters, asin
Selaginella, Isoetses, etc.



Type Polytrichum — Occurrence , Structure & reproduction life cycle
Occurrence

Polytrichum have worldwide distribution. They are very common in cool temperature and tropical
regions. Plants live in cool and shady places.

General structure

The main plant body is gametophyte. The adult plant consists of two parts: rhizome and upright
leafy shoot.

1. Rhizome:Itishorizontalportionandgrowsunderground. Itbearsthreerows ofsmallbrownor
colourless leaves. Italso bearsrhizoids. The cellsare rich in protoplasm and oil globules.

2. Uprightleafyshoot: Theleafyshootsaremuchlonger. Itisthemostconspicuous partofthe
plant. It arises fromrhizome. These branches consist of central axis. These branches bear large
leaves arranged spirally.

3. Leaves: Leaveshave broad bases. Leavesinthe upper portion are green. Butthe lower ones are
brown.Eachleafhasabroad. colourlesssheathingleafbase andnarrowdistallimb. The mid-rib
formsthe major partoftheleaf. These leaves possess extra photosynthetictissue inthe form of
closely setvertical platesofgreencells. These areknown aslamellae. Greenlamellae actas
additional photosynthetictissue.

Leaf: Polytrichumhave complexinternalstructure. The mid-ribregionisthick. Butthe marginsare
only one cell thick. The lower surface is bounded by epidermis. One or two layers of
sclerenchymatous tissues are present above the epidermis. The central tissue of leafis composed of
thin-walled parenchymatoustissues. Above this are again sclerenchymatous cells. The upper surface
isformedofalayeroflargecellsfromwhicharise numerouslamellae. Thisupper portionisthemain
photosynthetic region of the leaf.

Stem: The T.S. of stem shows three regions: medulla, cortex and epidermis. The medullais again
differentiated into two zones: central zone and peripheral zone. The cortex consists of thick-walled
cells. Theinnermostlayerof cortexaroundthe conductingstrandsisknownasamantle. Itscells
contain starch grain. Epidermis is present over the cortex.

Life cycle
Vegetative reproduction

I. Protonema: The spores germinate to form protonema. Several buds grow on the protonema. Each
bud by of its apical cell develops into gametophyte.

2. These are also called vegetative buds. They are formed on the rhizoids.

3. Fragmentation: The rhizome gives rise to erect lea& shoots at intervals. Death or breaking of
shoots separatesthe erectbranches. These branches behave asindependentplants.

Sexual reproduction



Polytrichum is dioecious. Antheridia archegonia occur on different plants.

Antheridial head

Theantheridiaare borneinthe axillary clusters atthetips of leafy stems. Theyare surrounded by a
rosetteofleavescalled perigonialleaves. Theseleavesaredifferentfromtheordinary vegetative
leaves. The perigonial leaves are spirally arranged. The antheridia are produced in groups inthe axils
of these leaves. Thus the antheridial head have different antheridial groups. Paraphyses also occur
among the antheridia.

Mature antheridium is club-shaped. Itis composed of a short stalk and a club-shaped body. Jacket is
present around the capsule. Inside the jacket are present androcyte mother cells. They give rise to
biflr.gel late sperms.

Development of antheridium

1. The antheridia arise from the embryonic cells at the tip of male shoot. The embryonic superficial
cellformingantheridiumis called antheridialinitial. Itincreasesinsize. [tundergoestransverse
division to form lower primary stalk cell and the upper antheridial mother cell.

2. Theprimarystalkcellformsafewstalkcells. Theantheridialmothercelldividestoformanapical
cellwithtwo cutting faces. The apical cell cutoff 3-4 segments. Nowthis apical cellfunctionsasthe
operculum cell.

3. Thelast segment divides by two vertical divisions. It forms peripheral jacket initials and central
primary androgonial cells.

4. Die jacket initials further divide to form a single-layered jacket. The primary androgonial cells
divide to form androgonial cells.

5. Thelastgeneration of primary androgonial cells is called the androcyte mother cells. Each
androcyte mother cell gives rise to two coiled biflagellate sperms.

6. The antheridia always dehisce in the presence or wren The operculum cell is thrown out and pore
is formed at the apex. Sperm mass contained in mucilage comes out.

Archegonial head

The flask-shaped archegonia are borne at the apices of leafy stems. Archegonitim is surrounded by
perichaerialleaves. These leaves overlap to form a closed bud-like structure. The archegonia occurin
cluster of 3t0 6.

Mature archegonium is flask-shaped. It has a thick multicellular stalk. The neck is long and twisted. It
contains neck canal cells. The neck consists of 6-vertical rows of cells. Neck gradually merges into
venter. Venter contains upper small venter canal celland lower large egg cell. Paraphyses are
absent.

Development of archegonium

1. Anyapicalcellintheapicalregionactsanarchegonialinitial. The archegonialinitialenlarge. It
divides by a transverse division to form lower primary stalk cells and upper archegonial mother cell.



2. The primary stalk cell forms a massive stalk. The archegonial mother cell forms the main body of
archegonium. Itundergoesthreevertical divisionstoformthree peripheral cellssurroundingan
axial cell.

3. Three peripheral cells divide to form 2-3-layered jacket around the venter. The axial cell divides
transversely to form inner central cell and outer apical cell.

4. Czntral cell forms upper small venter canal cell and lover large egg cell. Apical cell divides to form
long neckwhich consists of 6 verticalrows of cells. The cells cut offfromthe base foemneck canal
cells.

Fertilization

The sexorgansdehisceinthe presence ofwater. The venter canal cellandthe neck canalcells
dissolvetoformmucilage. This mucilage exerts pressure andthe neck opensout. Themucilage
comes out of the neck. The sperms reached the archegonial heads by rain water. They are attracted
towards the archegonia. One of the sperm swims down the open neck and reaches the base. It fuses
with the egg to form oospore. Oospore is the first stage of sporophytic generation.

Sporophyte
Development of Sporogonium

2. Thehypobasalregionformsfootandlower partof seta. The footregion consists ofthin-walled
cells. Itisembedded irthe stalk of the archegonium. The cells of the seta are larger and poorin
cytoplasmic contents. 3. The epibasal region forms upper portion of seta and the capsule. Epibasal
celldividestoformyoungembryo. Youngembryois cylindricaland completely surrounded by
calyptra. Cells of the embryo divide to form amphithecium and the endothecium regions. 8-
amphithecium cells are surrounded by a group of 4- endothecium cells.

4. Endothecium forms central conducting strands of apophysis. It forms columella and spore sac of
theca. Italsoformsmembranoustissues ofthe operculum. The outermastlayerofendothecium
formsarchesporiumorspore mothercells. These cellsdivide meioticallytoformhaploid spores.

5. The amphithecium dividestoform sevenrings of cells. These cells give rise to spongy tissues and
epidermis of apophvsis. They also form outer wall of theca.

Structure of Mature Sporogonium (Sporophyte)

The mature sporogonium is differentiated into foot, seta and capsule. Foot.: The foot is buried deep
inthe tissue of gametophyte. Itis absorptive in function. It consists of thin-walled narrow cells
containing dense cytoplasm.

Seta: The setais several inches long. It carries the capsule high into the air. It also conducts water
and food. It consists of epidermis, cortex and central conducting strands.

Capsule: The upper partis capsule. Itis differentiated into three regions: apophysis, theca and
operculum.

1. Apophysis: Itisthe lower part of capsule. Itis continuous with the seta. Itisin the form of a
swollenring-like protuberance. Its cells are thin-walled, green andloosely arranged. The apophysisis
the main photosynthetic region of the capsule.



2. Theca: It is the middle part of the capsule. It is four-lobed. Its wall is several layered. The
outermost layeris epidermis. Trabecular air spaces are presentinside the wall layers. These spaces
have filaments of thin-walled elongated cells containing chloroplasts. Outer spore sac wall is present
internal to outer trabecular spaces. This is followed by spore-sac proper. Then 2-layered inner spore-
sacwallis present. Theninnertrabecular air spaceis present. The centre is occupied by solid
columella. Allthe sporogenous cells are fertile and form spores after reduction division.

3. Operculum: This is the uppermost part of the capsule. Itis conical. The operculum is covered by
calyptra. The calyptra forms a hairy structure. So Polytrichum is also known as hair moss. A
constrictionis presentbetween operculumandtheta. Arimordiaphragmis presentatthe base of
thisconstriction. The celumellaofthethecaiscontinuousintotheoperculum. ltexpandsintoafan-
shapedepiphragm.Peristomeis presentintheformofathickrim. ltbearsanumberofrigidteeth.
The epiphragm fills the space inside the ring of peristome teeth and is attached to their tips.
Peristome teeth arise from the rim or diaphragm.

Dispersal of spores

Cellsofthe epiphragmdryupduringdry conditions. ltseparatesthe operculum. The calyptrafalls.
Epiphragm also dries up between the peristome pores. The central tissue of theca region except the
sporesdegenerates. Thusthe sporesliefreeinthe centre ofthe capsuleatmaturity. Sporescome
out through pores. They are dispersed by wind.

Structure and germination of spores

The spores are yellow. Each spore is uninucleate and has two wall laye:s. The outer layeris
exosporium (exine). The inner layer is endosporium. The spore germinates under favourable
conditions.

Exosporium ruptures and endosporium comes out. It forms prntonema. Protonema develops many
buds. These buds produce new moss plants.

Altrnation of generation

Polytrichum shows heteromorphic alternation of generation. 3. Gametophyte: The plantbodyis
gametophytes. Gametophyte is haploid. It develops antheridia and archegonia. Antheridia produce
antherozoids and archegonium produces egg. Antherozoids fuse with egg to produce diploid
oospore. 4. Sporophyte: The oospore is the first stage of sporophyte generation. It is diploid
generation. Sporophyte has three parts: foot, seta and capsule. Haploid spores are produced inthe
capsule by meiosis. Spore is the first stage of gametophyte. Spores germinate to produce protonema
stage. It gives rise to mature gametophyte completing the life cycle



EVOLUTION OF SPOROPHYTES IN BRYOPHYTE

According to the complexity of structure, the sporophye of bryophytes may be arranged in a series
betweenthesimpleandthe mostelaborate. Theseries startwiththe simple sporophyte ofriccia,
runs through that of sphaerocarpos , anthoceros, marchantia and finally ends in a highly complex
sporophye of funaria and pogonatum.

a) Theory of sterilization
b) Reduction Theory
1.Theory of Sterilization

Thistheory was put forward by BOWER and supported by Cavers, Campbell and Smith. Thistheory
illustrates that a natural advance in the progressive elaboration and complexity of the sporophyte.
The fundamental of principle upon which he formulated his argument is " the progressive
sterilization of the potentially fertile cells (sporogenous tissue)" .

Instead of forming spores and serving a propogating function they remain sterile. These sterile cells
are puttothe otherusessuchasnutrition, support,dehiscence, dispersaletc. This hypothesis of
Bower is called "Theory of Sterilization".

The detail process of Sterilization of some of the important genera discussed as follow-

(a) Riccia Sporophyte- Inriccia, zygote divide and redivides tofarm a spherical mass of 20-30
undifferentiatedcell. Periclinalsegmentationforms aninner mass of cell called endotheciumand
outer single layer amohithecium. The amohitheciumformsthe single layered capsulewall. The
endothecium forms the central mass of sporogenous tissue. Practically , all the sporogenous cells are
fertile and develop into spores. However, few of them undergo degeneration to form the nurse cells.

The sporophye of riccia is simplest among all of the bryophytes and has least amount of sterile cells.
The entireembryofromsthe spore producing capsule. Thereisnotfootand Seta. Itisjustaspore
producing organ without any distributing function.

(b) Marchantia Sporophyte- Sterilization of fertile cells is more advanced in the genus. Half of the
embryo divided from the hypobasal regions remians sterile. It forms the foot and Seta. The upper
epibasalhalfisfertileandformsthe spore producingcapsule. The sterile cellelongate, develop
spirallythickenedwallsandbecomethe elators. Afewofthe cells of sporogenouscellsatthetop
may be differentiated into sterile, apical cell. The capsule of Marchantia has both spore producing
and spore distributing body. Itillustrates a step further inthe progressive sterilization of the
sporogenous tissue.

(c) Anthoceros Sporophyte- ltillustrates a step further than riccia and Marchantia in the progressive
sterilization ot the potentially of fertile tissue. The endothecium cells become completely sterile and
formsagroupofcellsknownascolumella. Thesporogenouscellsarisefromtheinnermostlayer of
the amohithecium.

It surrounds the columella. The sporogenous cells become differentiated into spore mother cell and
pseudo-elaters. The archegonium of anthoceros is extremely reduced. The outer amohithecium
developsintoseveralcellslayerthick capsule wall. The capsule walldevelops awell ventilated
photosynthetic tissue protected by the Epidermis.



(d) Funaria Sporophyte- Infunariamajor portion ofthe Sporophyte remain sterile to formthe foot
and Seta. The capsuleisdifferentiatedinto central column ofandotheciumsurrounded by many
layered amphithecium. Theinnerlayer of the endothecium formsthe sterile columellaand the
superficial cell form the sporogenous tissue. Thus the archesporium arise from the outermost layer
of cells of the endothecium.

Itis thus extremely reduced and consists of single layer of fertile tissues. The amohithecium become
differentiated into the Epidermis , photosynthetic tissue of the capsule wall and the outer spore sac.

The Bower theory of sterilization gives a clear explanation of the evolution of sporophye into upward
direction. This theory is more conveincing and reliable.

2. REDUCTION THEORY

This theory was put forward by kashyap, church, Goebal and Evans. They hold that the evolution of
sporophye hasbeenin downward direction. They hold the fact that evolution of Sporophyte is
retrogressive evolution. They mainly based their theory on the reduction of different organs which
result in the simplification of Structure of Sporophyte.

Onthe basis of this view the simplest type of Sporophyte of riccia is considered as the most advance
one.

Simplification of dehiscence appratus.

Reduction of the green photosynthetic tissue in the capsule wall.
Disappearence of stomata and intercellular spaces.

Increase inthe thickness of capsule wall.

The gradual elimination of foot and Seta.

Allthese changes accompanied by the progressive increase in the fertility of sporogenous cells. The
changes eliminates the presence of sterile cells and elater in the capsule.

Evidence from comparative morphology and experimental genetics support the view that the simple
Sporophyte of riccia is an advanced but a reduced structure.
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Fossil Brophytes

List of four important fossil bryophytes:- 1. Fossil Hepatophyta 2. Fossil Anthocerotophyta 3. Fossil
Bryophyta 4. Problematic Fossil Bryophytes.

1. Fossil Hepatophyta (Marchantiophyta)

The earliest record of vegetative fossil bryophyte remains is the liverwort from the Upper Devonian
of New York which has been assigned to the form-genus Pallavicinites, (= Hepaticites) devonicus

The reproductive structures are not found with any of the species of Pallavicinites. The vegetative
features suggested that the species of Pallavicinites may be more closely related to the
anacrogynous Jungermanniales. Various species of Pallavicinites have been described from the
Carboniferoustothe Pleistocene deposits (Fig. 6.60B) and caneasily be comparedwithliving
bryophyte genera like Pallavicinia, Metzgeria, Treuba and Fossombronia.

Diettertia, aninteresting hepatic, hasbeenidentified from Cretaceous era which may be more
closely compared with the Jungermanniales. The bestknown bryophyte fossil is Naiadita lanceolata
that has been described by Harris (1938) from the Rhaetic (Upper Triassic) of England (Fig. 6.61 A-D).
The spores of Naiadita showthe closestresemblance to the member ofthe Marchantiales and
Sphaerocarpales.

Thetypeofspores,unicellularrhizoids, the nature ofarchegoniaandcapsulessuggestedthat
Naiadita represents a liverwort similar to the living genus Riella of Sphaerocarpales. However,
Schuster (1966) argued that the vege-tative features of Naiadita showing closer proxismity to the
Calobryales.

Afossil bryophyte, Marchantiolites, has been described from the Lower Cretaceous rock of central
Montana. M. porosus has been identified from the Jurassic deposit of Sweden. Marchanetiolites has
been placed in the Marchantiales due to the similarity in the airpores.

Athalloid bryophyteidentified fromthe Upper Triassic of South Americahasbeenplacedinthe
genus Marchantites. Ricciopsis, arosette- shaped bryophytic thallus has been identified from the
Jurassic of Sweden. The similar rosette-shaped thallus has been identified from Deccan

Intertrappean beds of India and has been placed in the modern genus Riccia.

Fossil Hepatophyta -Naiadita Lanceolata
2. Fossil Anthocerotophyta (Hornworts)

There are noreports offossil Anthocerostophytathalli, although somereliable reports of hornwort
spores are available from the Cretaceous (Maastrichtian) rocks of North America. The spores are
trilete, circuelar and possess a distinct cingulum with variable ornamentations which are comparable
with the modern hornwort genus Phaeoceros.

3. Fossil Bryophyta (Mosses)

Thefossilrecord ofthe mossesismuchlesscomplete ascomparedtothefossilhepatics, though
they are recorded as early as the Permian. Animpression of a leafy shoot of Muscites plumatus has
been described from the rocks of Lower Carboniferous age.



This plantshows anaxis, covered with helically arranged leaves. Sex organs, sporophyte capsules or
rhizoids were not associated with the gametoephytic plant. Several species of Muscites have been
reported from the Upper Carboniferous of France and the Triassic of Africa. An extensive moss flora
has beenidentified by Neuberg (1960) from the Permianrocks of Siberia, of which sixidentified
genera (Intia, Salairia, Uskatia, Polyssaiuria, Bajdaieiraand Buchtia) were placed underthe Bryales
and three (Protosphagnum, Vorentannularia and Jungajia) to a new order, the Protosphagnales.

The genus Protosphagnum has leaves comparable to the modern genus Sphagnum, except for the
preseence of a midrib. Ignatov (1990) described a diverse flora of well-preserved gametophytes of
mosses from the Upper Permian of the Russian platform which are comparable to the modern forms
like Dicranales, Pottiales, Funariales, Leucodontales and Hypnales.

The permineralised well-preserved moss, Mercerea augustica, has been described by Smoot and
Taylor (1986) fromthe Permian of Antarctica. The planthas adelicate axistowhichare attached
helically arranged leaves containing a midrib and rhizoids. Reproductive organs or sporophytes are
not found associated with the plants. The external morphology and anatomy of the axes suggest its
affinity with the Bryidae.

Severalcompressionfossils oftrue mosseshave beendescribedfromthe Mesozoic, ofwhich
Tricostiumand Yorekiellafromthe Jurassic ofthe Bureja Basin, Russiaand Aulacomnium
heterostichoides from deep water varved clays (Eocene) of a fresh water lake in British Columbia.

Thewell-preserved Aulacomnium heterostischoides has beenextensively studiedwhichisvery
closely related to the present day living species, Aulacomnium heterostichum found in eastern North
America and easternAsia.

4. Problematic Fossil Bryophytes

The Lower Devonian compression fossil Sporogonites is one of the oldest plants that resembles a
bryophyte. The plant consists of many parallel-oriented sporangial stalks that tereminate in elongate
capsules, developed from a common thallus. The sporangium is multilayered and possibly contains a
central columella. Numerous trilete spores are presentin the sposrangium. Sporogonites has been
considered to be an early hornwort or gametophyte-bearing sporophyte of amoss.

A Precambrian bryophytic fossil, Longfengshania, has been described from China which shows
striking similarity with Sporogonites. This unusual fossil of Precambrian age makes it doubtful about
the validity of its systematic position. Tortilicaulis is an early Devonian fossil described from South
Walesthat shares afew morphological features common with the modern liver-worth Pellia.






