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Unit–2b

Evolutionary Trends in Sporophytes

2b.0 Objective :

This unit describes the evolutionary trend of sporophyte among
Bryophytes.

2b.1 Indroduction :

The sporophyte of Bryophyta is a solid object, radially constructed and
represents the diploid asexual generation in the lifehistory of a plant. A product
of diploid zygote, the sporophyte has its chief function the production of spores
which through the process of meiosis always possess the reduced chromosome
component. The sporophyte is incapable of self nutrition and is wholly or
partially dependent upon the parent gametophytes to which it is originally
attached throughout its life. In form, it varies from only a spherical spore
producing case as in Riccio to an elaborate object differentiated into foot, seta
and capsule.

2b.2 Evolution of sporophyte among Bryophytes :

Two theories have been put fourth to explain the process of evolution of
the sporophyte -
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1. Theory of progressive sterilization of sporogenous tissue

2. Theory of progressive simplification of Reduction theory

(1) Theory of progressive sterilization of sporogenous tissue-

Bower proposed that the most elaborate and complex sporophytes (such
as Funaria sporophyte) having a larger amounts of sterile tissue must have been
evolved from most simple sporophytes, with a few sterile cells (such as Riccia
sporophyte) by progressive sterilization of sporogenous tissue. According to him
the sporophyte of Riccia is more close to the hypothetical ancestor (probably an
aquatic form) and the evolution took place towards the direction of terrestrial
habitat by acquiring the land characters. The hypothesis proposed by Bower is
called a the theory of sterilization which got the support of Cavers, Campbell
and Smith.

This theory proposes that the diploid phase of life cycle (i.e., the sporophyte)
forms a distinct stage. It begins with the formation of zygote and ends in the
meiosis. The sporophyte of Bryophytes must have originated and evolved from
some aquatic green algal ancestor by delaying the meiosis in zygote. During the
course of evolution, the zygote must have retained within the archegonium and
divided mitotically to produce multicellular plant body. In the beginning all the
cells must have been fertile, but later on a few cells must have become sterile.
Subseqently, the number of sterile cells increased and that of fertile cells
decreased, to perform various somatic functions. The increase in the number
and amount of sterile tissue mainly occurred to serve the function of absorption
and anchorage (foot), synthesis of food (aerated photosynthetic tissue and
stomata), protection from atmosphere (epidermis) conduction and storage of water
and solute (columella), dehiscence and dispersal of spores (elaters), pushing the
capsule out of calyptra and involucre (Seta) etc. This series starts with simple
sporophyte of Riccia ,runs through that of Marchantia, Pellia, Anthoceros and
finally culminates in the highly complex sporophyte of Funaria. Acoording to
Bower, this series runs in the upward direction and illustrates a natural advance
in the progressive elaboration and complexity of the sporophyte. Some examples
in support of this hypothesis are as such -

(a) Riccia Sporophyte - The sporophyte of Riccio is considered as most
primitive among the Bryophytes. The zygote is retained within the archegonium



Evolutionary Trends in Sporophytes

[ 22 ]

and divides to form a multicellular spherical structure. The amphithecium forms
single-layered wall, whereas all the cells of endothecium become converted into
fertile spore mother cells. Each spore mother cell divides by meiosis and forms 4
haploid spores. The cells of wall are the only sterile cells which also distintegrate
during sporogenesis. The mature sporophyte has all haploid cells (i.e., the spores
enclosed within outer layer of calyptra). However in few species (Riccia crystallina),
a few sporogenous cells remained sterile and formed abortive nutritive cells
(considered as the forerunners of the elaters).

(b) Corsinia and Sphaerocarpos sporophyte - The next stage is considered
as the sterilization of basal portion forming a few-celled foot (e.g. Corsinia). This
is followed by the formation of a small bulbous foot and two - celled broad narrow
seta (e.g. Sphaerocarpos). Single layered wall of capsule remain intact, which
encloses a mas of spores.

(c) Marchantia Sporophyte - Further sterilization of sporogenous tissue
results in the formation of elaters. e.g. Targionia. In case of Marchantia, the
hypobasal half of zygote forms foot and seta whereas epibasal half gives rise to
capsule. The mature sporogonium is differentiated into sterile massive foot, sterile
broad seta and partly sterile oval capsule. In the capsular region the amphithecium
forms single layered, sterile jacket and the endothecium forms the archesporium.
The archesporium gives rise to sporogenous tissue. Nearly half of the cells of
sporogenous tissue form spore mother cells and the remaining half gets
differentiated into sterile elaters. Thus, the fertile portion in the total sporophyte,
remains less than a quarter and the remaining portion becomes sterile.

(d) Pellia sporophyte - Here, the zygote divides by transverse division
forming an upper epibasal cell and lower hypobasal cell. The complete
sporogonium (i.e., foot, seta and capsule) is formed from epibasal cell whereas
the lower hypobasal cell remains haustorial. The capsular region in the epibasal
half forms nearly spherical capsule. The capsule has 2-4 layered sterile jacket
enclosing the sporogenous tissue. The sporogenous tissue gives rise to elaters,
spores and basal elaterophores. Thus ½ of zygote forms sporogonium out of
which 1/3 forms the capsule. The capsule itself has a little percentage of fertile
spores because it has sterile cells of jacket, elaters, and elaterophores.
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(e) Anthoceros sporophyte - Further reduction in the fertile tissue (spores)
can be seen in Anthoceros sporogonium. The complete sporogonium is
differentiated into foot and elongated capsule. The sterile foot is bubous and
consists of a mass of parenchymatous cells. The sterile foot is bulbous and consists
of a mass of parenchymatous cells. The capsule has a broad sterile zone of columella
located centrally, which gives mechanical support and serves the function of
conduction. The wall of capsule is many-layered consisting of well-developed
photosynthetic cells, with functional stomata in the epidermis. The archesporium
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is single-layered in the beginning and may give rise to double-layered sporogenous
tissue. The sporogenous tissue differentiates into alternating bands of sterile
and fertle cells. The sterile cells develop pseudoelaters. There is an intermediary
zone of meristematic tissue, which continuously adds new cells towards the
upper side. Thus the sporogonium of Anthoceros shows marked sterilization of
sporogenous tissue consisting of foot, walls layer, columella and pseudoelaters.
The percentage of fertile cells is further reduced.

(f) Funaria and Polytrichum sporophyte - The greatest degree of
sterilization in the sporogenous tissue among the bryophytes is found in the
members of Bryopsida (e.g. Funaria, Polytrichum , Pogonatum etc.). The
sporogonium consists of sterile bulbous foot, sterile long seta and complex
capsule. The sterile portions in capsule are apophysis, multilayered wall, central
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broad zone of columella, the wall of spore sac, cap like operculum and peristome.
The zone of fertile cells (spores) is comparatively much smaller. The different
parts of sporogonium assume different functions. The progressive sterilization
theory, as proposed by Bower, states that the evolution has taken place from
simple forms (viz. Riccia ) to move elaborate forms (viz:, Funaria or Polytrichum)
in order to survive and live a terrestrial mode of life.

2) Theory of progressive Simlification or Reduction theory :

Kashyap (1919); Church (1919), Goebel (1930) and Evans (1939), the ardent
supporters of this hypothesis are of the opinion that a decrease in complexity
has taken place during the course of evolution of the sporophyte. The simple
sporophyte of Riccia (member of Hepaticopsida) has evolved from much elaborated
sporophytes of Funaria or Polytrichum (the member of Bryopsida) by progressive
elimination of sterile tissues. There are morphological and genetical evidences
in support of this view According to this theory the progressive simplification has
taken place in the following steps -

i) The sporophyte of Funaria and Polytrichum (the member of bryopsida)
are considered most primitive.

ii) the spore dispersal by peristome has been eliminated (e.g. Sphagnum)

(iii) the photosynthetic tissue in the wall layers has been gradually reduced
and finally became completely absent in Hepaticopsida (e.g. Riccia, Marchantia,
Pellia, Porella, etc.)

(iv) The multilayered jacket of capsule gradually became single-layered
(e.g. Riccia, Marchantia)

(v) The functional stomata in the epidermis and intercellular spaces in the
base layers have disappeared.

(vi) The functional stomata in the epidermis and intercellular spaces in
the wall layers have disappeared.

(vii) The foot and seta gradually disappeared so that the complete
sporogonium remained embedded in the Gametophytic thallus (e.g. Riccio)

All these changes result in the reduced and highly evolved form of
sporophyte met within Riccia as a result of regressive evolution.
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2b.3 Question for Exercise

1. Explain the process of progressive evolution of sporophytes in the genera
of bryophytes studied by you.

2. Write notes on

1    Theory of progressive sterilization of sporogenous tissue.

2.   Reduction theory

2b.4 Suggested readings

1. Bryophyta by Dr .H.N. srivastava (Pradeep Publication)

2. Bryophytes : Morphology, Growth and differentiation by Dr.(Mrs.Prem
Puri (Atma Ram & Sons)

3. An introduction to embryophyta: Bryophyta by N.S. Parihar (Central
Book Depot)






