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Assignment 

1. Discus the morphological classification of pollen and spores

Morphological characteristics of pollen grains have been categorised into different groups: 1. Pollen Units 2. Polarity 3. Symmetry 4. Shape 5. Size 6. Apertures 7. Sub-Divisions of the Pollen Surface 8. Sporoderm Stratification 9. Exine Ornamentation 10 LO’ Analysis.

 1. Pollen Units:

The pollen grains are produced within the anther of the flower. Pollen mother cells originate from the sporogenous tissue of the anther which later divide meiotically to form four pollen grains called tetrad. The pollen grains do not remain united at maturity, and are dissociated into single pollen grain called monad. Sometimes rarer types like dyads (two pollen grains), Octads (eight pollen grains) and Polyads (many pollen grains) are also observed (Fig. [image: image1.jpg]> @ o8 8
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Fig. 4.1 : Pollen units (A = Monad, B = Dyads, C = Tetrahedral tetrad, D = Tetragonal tetrad, E = Rhomboidal
tetrad, F = Decussate tetrad, G = T-Shaped tetrad, H = Linear tetrad, | = Cryptotetrad, J = Polyads, K = Pollinia)



4.1).

2. Polarity:

The orientation of polarity is an important criterion in identification and description of pollen grains, as apertural position is of primary phylogenetic and functional significance. All pollen grains are in tetrad stage during development and the polarity is determined in this stage, prior to their separation. The part of the pollen grains which is nearest to the centre of the tetrad is the proximal pole and that towards the opposite side is the distal pole (Fig. 4.2). The imaginary line between the proximal and distal pole of the grain is called the Polar Axis (PA) which passes through the centre of the spore to the centre of the tetrad. The plane perpendicular to the polar axis through the middle of the grain is the equatorial plane (equatorial diameter). Positions on the surface of the grain maybe determined by their latitude, comparing to the latitude on a regular sphere. Similarly, surface features in a pole to pole direction at right angles to the equatorial planes are called meridional.

[image: image2.jpg]Fig. 4.2 : Polarity (A= Showing polarity in terad stage: B = Showing the lergth 1 polar axis (PA) and breadth
of equatorial diameter (ED) in a monad grain)




The pollen grains maybe either apolar or polar. In apolar spores, poles or polar regions cannot be distinguished in individual spore (monad) after separation from tetrad. Among the polar types the pollen grains are either isopolar or heteropolar depending upon the demarcation between two equal or unequal polar faces, respectively (Fig. 4.3). In isopolar grains the distal and proximal faces (above and below the equatorial plane) look alike. In heteropolar grains the two faces are distinctly different, either in shape, ornamen­tation or apertural system. Thus one face may have an opening (aperture) and the other not.

[image: image3.jpg]Fig. 4.3 : Polarity (A = Apolar; B = Isopolar, C&D = Heteropolar, E&F = Paraisopolar, G = Cryptopolar)




  3. Symmetry:

Pollen grains or spores are symmetric or asymmetric. The asymmetric grains are either non- fixiform (without fixed shape) or fixiform (with fixed shape). Asymmetrical grains have no plane of symmetry. They are rare in occurrence. The Symmetric grains are either radiosymmetric (radially symmetrical) or bilateral (having a single plane of symmetry) (Fig. 4.4).
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Fig. 4.4 : Symmetry (A & B = Radially symmetric, C & D = Bilateral)




In radiosymmetric grain the shape is such that any plane including the polar axis that passes through will produce identical halves. So the radiosymmetric grains have more than two vertical planes of symmetry. Radially symmetrical isopolar grains have one horizontal and two or more vertical planes of symmetry. Radially symmetrical heteropolar grains have no horizontal plane of symmetry. Bilateral heteropolar pollen grains have two vertical planes of symmetry. Bilateral isopolar grains have three planes of symmetry, one horizontal and two vertical. In some bean- shaped or boat-shaped spore/pollen there is only one vertical plane of symmetry with an opening towards the end of the grain.

 4. Shape:

The shape of the pollen grains varies from species to species. Shape of the grains is found to be useful in spore/pollen identification. However, the shape may vary considerably within one grain type or even within one species. Pollen grains and spores are often described by the shape (non-angular and angular) of their outline both in polar and equatorial views. The shape of the pollen/spores may be circular, elliptical, triangular, rectangular, quadrangular or in other geometrical shapes (Fig. 4.5).
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Fig. 4.5 :Shapes of grains in polar and equatorial views




5. Size:

Pollen grains show a great variety in their sizes. Smallest pollen grains of about 5 x 2.4 µm is noted in Myosotis palustris and some members of Boraginaceae, while the largest pollen grains (> 200 µm in diameter) are observed in Curcurbitaceae, Nyctaginaceae and Orectanthe ptaritepuiane (Abolbodaceae). In taking measurements of size the length of polar axis (PA), equatorial diameter (ED) and sometimes equatorial breadth (EB) are considered in bilateral grains. In radially symmetrical pollen grains the PA and the greatest ED can be measured in equatorial view, while the EB can be measured in polar view only. It is also necessary to measure exine elements, taking into consideration the thickness of exine, sexine/nexine thickness ratio and the thickness of the exine projections greater than 0.5 µm if any. Erdtman (1945) categorized the different pollen size classes based on the size expressed as length of the longest axis (Table 4.2).

[image: image6.jpg]Table 4.2 : Pollen size classes (after Erdtman,
1945).

Pollen size class Length of longest axis
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. Very small grains (Sporae perminutae) <10pm
. Small grains (Minutae) 10-25 um

Medium sized grains (Mediae) 25 - 50 um
Large grains (Magnae) 50 - 100 pm

. Very large grains (Permagnae) 100 - 200 pm
. Gigantic grains (Giganteae) >200 pm




6. Apertures:

Morphologically aperture is an opening or thinning of the exine where the in tine is usually thick; physiologically it is a germination zone or a harmomegathus (A mechanism accommodating changes in volume of the semirigid pollen exine) or both. With regard to their position the apertures are polar, global or equatorial. The polar apertures are either monopolar (either in proximal or in distal pole) or bipolar (both in proximal and distal face). Global apertures are uniformly distributed over the pollen/spore surface. Equatorial apertures are meridionally arranged. Some taxa have ‘atreme’ (trema, a Greek word means aperture) pollen/spore, i.e., they seem to have no special aperture, are termed as ‘inaperturate’ or non-aperturate.

Majority of the pollen grains described as ‘inaperturate’ seem to be ‘omniaperturate’, that is, the entire pollen wall is made up of a thin exine and a thick intine or at least thick as the exine, for example Canna sp. of Cannaceae. There are two types of apertures known as Pores (Porus, p1. Pori) and furrows (Colpus, p1. Colpi. or Sulcus, p1. Sulci). In most cases the furrows act as harmomegathi.

7. Sub-Divisions of the Pollen Surface:

The areas on a pollen grain that are not occupied by apertures are given names depending on whether they are adjacent to colpi or pori.

According to Erdtman, (1952) Apocolpium (Fig. 4.13) is a region at the pole of a zonocolpate pollen grain delimited by lines connecting the apices of the colpi. Similarly Apoporium (Fig. 4.13) is an area at the pole of a zonoporate pollen grain that is delimited by a line connecting the borders of the pores. Iversen and Troels -Smith (1950) used the term Polar area as synonym of apocolpium. Punt (1974) proposed a term Apocolpial field (Fig. 4.13) for a region at the pole of a parasyncolpate pollen grain, delimited by the margins of the anastomosing colpi.
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Fig. 4.13 : Pollen surface (A&BaApocolpium, C=Apocolpial field, D=Apocolpium index, E&F=Apoponum,
G&H=Mesocolpium, 1&J=Mesoporium)




Mesocolpium (Fig. 4.13) is the area of a pollen grain surface delimited by lines between the apices of adjacent colpi. Similarly Mesoporium is the area of a pollen grain surface delimited by lines between the margins of adjacent pores. Apocolpium index (Synonym, Polar area index) is used to determine the ratio of the distance between the apices of two ectocolpi of a zonocolpate pollen grain to its equatorial diameter (Fig. 4.13).

 8. Sporoderm Stratification:

The pollen wall, the sporoderm is generally stratified i.e. layered (Fig. 4.14). The walls of the mature pollen, at least in angiosperms, consists of two fundamentally different layers, intine and an outer acetolysis resistant layer exine composed of sporopollenin.
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Fig. 4.14 : Sporoderm stratification




Structure of Pollen Wall

The exine covers the entire pollen surface except germinal apertures where it is absent or greatly reduced. The exine of pollen grains can be divided into an outer sculptured sexine and an inner unsculptured nexine (Fig. 4.14).

Sexine again consists of two layers: the outer, ectosexine and inner, endosexine. The sexine is generally constituted of a set of radially-directed rods supporting a roof-like structure (tectum or tegillum), which may be partially perforated or completely absent.

Rods supporting the tectum are known as columella, and rods not supporting anything but standing vertically on the nexine are called bacula. Columella are usually simple, but may be branched. In Compositae the columellae are either distally branched (digitate) orproximally branched (conjunctate) or sometimes the columella hang down from the tectum, e.g., Caryophyllaceae (Fig.4.15).

[image: image9.jpg]Fig. 4.15 : Nature of tectum (A=Tectum imperforatum/solidum (Tectate/eutectate), B=Tectum perforatum (Semi-
tectate), C=Tectum perfossulatum, D=Digitate columella, E=Conjunctate, F=Intectate)




 9. Exine Ornamentation:

There are two different types of exine ornamentation, the structure or texture and the sculpturing. The structure comprises of all the internal (infratectal) baculae of various form and arrangements. All the ektexine characters belong to the structural features, while the sculpturing comprises external (supratectal) geometric features without reference to their internal construction.

 10. ‘LO’ Analysis:

An optical section does not always make the fine structure of the sexine as clear as one might expect. A careful focusing through the sculpturing and patterning presented in a surface view of the grain provide a good deal of information.

Erdtman (1952) proposed the term LO-analysis (derived from two Latin words: lux means light and obscuritas means darkness) which is a method for analysing patterns of sexine organisation by means of light microscopy. This method is valuable for elucidating exine patterns. The surface types show the holes or lower areas to be dark and any raised areas or projecting elements to be light (Fig. 4.22).

On focusing carefully down through the exine their appearance would change due to a changing that diffraction images produced. For example, when focused at high level, raised sexine elements appear bright, whereas holes in the tectum are relatively dark (Fig. 4.22).

At lower focus holes become lighter and the sexine elements become darken (Fig. 4.22). If a reverse sequence occurred i.e. a pattern of ornamentation that appears to show “dark islands” at high focus and that become bright at low focus, it is given the term “OL- pattern”. This system works very well as long as the pollen grains are embedded in such a medium having lower refractive index.
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Fig. 4.22 : LO-analysis

SEMITECTATE (RETICULATE)




Question 2. Application of pollens and spores.

Palynology, scientific discipline concerned with the study of plant pollen, spores, and certain microscopic planktonic organisms, in both living and fossil form. The field is associated with the plant sciences as well as with the geologic sciences, notably those aspects dealing with stratigraphy, historical geology, and paleontology. Palynology also has applications in archaeology, forensic science and crime scene investigation, and allergy studies. Accordingly, the scope of palynologic research is extremely broad, ranging from the analysis of pollen morphology with electron microscopes to the study of organic microfossils (palynomorphs) extracted from ancient coals.

Palynology deals with plant spores and pollen that are both ancient and modern and is…

Important, too, is the fact that the evolutionary sequence of organisms based on the large fossil remains of plants in sedimentary rocks is recorded by the sequence of plant microfossils as well. Such microfossils are thus useful in determining geologic age and are especially important in sediments devoid of large fossils. Because of their abundance and minute size, microfossils can be extracted from small samples of rock secured in drilling operations. Palynological analysis therefore is of practical application to petroleum exploration and to other geologic research involving subsurface sediments and structures. Palynology is also invaluable to evolutionary and taxonomic research and can help to delineate phylogenetic relationships between fossilized and extant plants.

The phases of palynology that deal exclusively with fossils are outgrowths and extensions of techniques and principles developed in the study of peat deposits of northern Europe during the early 1900s. In such research the presence, absence, and relative abundance of the pollen of various species of trees from known depths in the bog were ascertained statistically. Inasmuch as forest composition determines the pollen types trapped on the surface of a bog at any given time, it follows that changes in the pollen content reflect regional changes in forest composition. It was established that alterations in forest makeup were induced by climatic change over the many thousands of years since glacial ice disappeared from northern Europe. A relationship was thus established between the pollen content of the peat, the age (i.e., position in the bog), and climate. Application of such findings proved invaluable in subsequent studies of ancient climate, particularly the glacial and interglacial stages of the Pleistocene Epoch (approximately 2.6 million to 11,700 years ago).

Palynology can be applied to problems in many scientific disciplines including geology, botany, paleontology, archaeology, pedology (soil study), and physical geography:

Biostratigraphy and geochronology. Geologists use palynological studies in biostratigraphy to correlate strata and determine the relative age of a given bed, horizon, formation or stratigraphical sequence.

Because the distribution of acritarchs, chitinozoans, dinoflagellate cysts, pollen and spores provides evidence of stratigraphical correlation through biostratigraphy and palaeoenvironmental reconstruction, one common and lucrative application of palynology is in oil and gas exploration.

Paleoecology and climate change. Palynology can be used to reconstruct past vegetation (land plants) and marine and Freshwater phytoplankton communities, and so infer past environmental (palaeoenvironmental) and palaeoclimatic conditions in an area thousands or millions of years ago, a fundamental part of research into climate change.

Organic palynofacies studies, which examine the preservation of the particulate organic matter and palynomorphs provides information on the depositional environment of sediments and depositional palaeoenvironments of sedimentary rocks.

Geothermal alteration studies examine the colour of palynomorphs extracted from rocks to give the thermal alteration and maturation of sedimentary sequences, which provides estimates of maximum palaeotemperatures.

Limnology studies. Freshwater palynomorphs and animal and plant fragments, including the prasinophytes and desmids (green algae) can be used to study past lake levels and long term climate change.

Taxonomy and evolutionary studies. Involving the use of pollen morphological characters as source of taxonomic data to delimit plant species under same family or genus. Pollen apertural status is frequently used for differential sorting or finding similarities between species of the same taxa. This is also called Palynotaxonomy.

Forensic palynology: the study of pollen and other palynomorphs for evidence at a crime scene.

Allergy studies. Studies of the geographic distribution and seasonal production of pollen, can help sufferers of allergies such as hay fever.

Melissopalynology: the study of pollen and spores found in honey.

Archaeological palynology examines human uses of plants in the past. This can help determine seasonality of site occupation, presence or absence of agricultural practices or products, and 'plant-related activity areas' within an archaeological context. Bonfire Shelter is one such example of this application.

