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Phylogenetic study of Indian Collembolan: an evaluation in Uttar Pradesh
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Abstract: Springtails (Collembola) from the largest of the three lineages of modern hexapods that are no longer
considered insects (the other two are the Protura and Diplura). Although the three orders are sometimes grouped
together in a class called Entognatha because they have internal mouthparts, they do not appear to be any more
closely related to one another than they all are to insects, which have externa mouthparts. Collembolans are
omnivorous, free-living organismsthat prefer moist conditions. They do not directly engage in the decomposition of
organic matter but contribute to it indirectly through the fragmentation of organic matter and the control of soil
microbial communities. The word "Collembola” is from the ancient Greek "Glue" and "Peg"; this name was given
due to the existence of the collophore, which was previously thought to stick to surfaces in order to stabilize the
insect. It is necessary to study the phylogeny of collembolansto explore evolutionary status.
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1. Introduction

These insects were known in ancient India as
"utpatikya' on account of their springing habit. The
systematic position of collembolan is disputed,
Handlirech (155) regarded them as an independent class
of Arthropoda because they differ from other insects
having only six abdominal segments in which the
primitive abdominal appendages other than tall cerci
have been preserved and modified into special organ.
Tilliyard (298) regarded collembolan as remnants of the
primitive group on account of primitive abdominal
appendages and few postcephalic segments and from
which other insects evolved. Mouth appendages which
are based on Insecta plan and appendages being
opisthogoneate hexapods, they are regarded as insects.

They generdly live in organic debris, leaf mold,
and dung or wherever there are sufficient moisture and
soil to support their existence. Collembolan are mostly
confined to wet or damp surroundings and inhabit moss,
humus, caves nests or termites and ants, soles,
underleaves, litter and other organic debris as well as
among plant roots or bark, in fungi, on the water and in
the intertidal areas among the seashores where they may
be completely submerged for a considerable timein the
crevices of rock and sometimes on the damp soil by for
a part of one family. In which there is poorly devel oped
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tracheal system. The respiration in this order is
cutaneous and the ski. Must be kept moist in order to
the respiration process may function. The interment is
so delicatei.e., low humidity the body dries out rapidly.
The members of some genera are covered with scales of
various shapes and size, and within this protective
covering, they may withstand the dry atmosphere more
than their scalelessreatives.

Sexes are similar in collembolan, there being no
externa genitalia. The genital aperture in both sexesis
placed near the hind margin of V sternum while the
anus is located on VI senum and in some
Sminthuridae the genital duct opens united on the
genital papillae on V sernite. Some collembolan of
genus Rhodonella salmon shows sexua dimorphism.
The male bearslong curved horns on the top of the head
and in Spinisotoma Stach of the same family the male is
with terminal abdominal spines.

In some Symphypleona the male is provided with a
clasping organ of hooks and spines, dorsally on VI
abdominal segments and sometimes the antennae of
male are also modified for clasping.

The collembolan represents an early possible
primitive phase in the evolution of insects and, so far as
the head is concerned, exhibit to quite distinct
groupings. Thefirst group which approximately closeto
the hypothetical ancestral from with a prognathous head
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and an eongated segmented trunk region includes the
commonly recognized Collembola-Arthopleona. In the
second group Symphypleona, the axis of the head
become reoriented so that the head assumes a
completely hypognathous or obliquely hypognathous
position. This accompanied by a tendency for the fusion
and telescoping of the trunk segments which advances
progressively as an evolution of the group proceeds.
Therefore, collembolan occupies a unique position
among Apterygota.

2. Materialsand Methods

Large number of collembolan have been collected
from different parts of Agra and from various localities
from Uttar Pradesh in the month of August, September,
and October. The specimen was mostly procured from
under heaps of fallen leaves among mosses edges of
streams and rivers from the hilly part of India. Large
number of specimens were collected from sugarcane,
wheat and rice crop and cultivated fields during
monsoon season near about Agra (U.P.). Some
specimens were also collected in the vicinity of stagnant
water. The specimens were collected with the help of
camel hair brush moistened with 90% alcohol. Canada
balsam is unsuitable as mounting for collembolan.

For the microscopical study of the structure of the
abdominal appendages, specimens were first put into
dilute KOH and the mounted as a whole on a dlide
under a binocular microscope and mounted in Salmon's
- Polyvinyl alcohol-lactophenol medium prepared as
follows:

1. Polyvinyl alcohol solution - 10ml
2. Lacticacid - 10ml
3. Glycerine- 1ml
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The medium is a colorless oily liquid dightly
viscous. It lacks the phenolic smell and brown color in
bulk when exposed to daylight. Mounts prepared in this
medium kept in over at 40°C for three months did not
show any sign of shrinkage or distortion. Specimens
can be mounted directly into PL; from water, alcohol
and various preserving and fixing solutions without the
necessity of passing through the tedious dehydration
procedure. The collembolans collected are sorted out
and their locality and habitat label are put insde the
tube. The collembolans are preserved in 70% alcohol
plus formaldehyde plus the little amount of glycerine
and they are properly identified and their detailed study
is made under high power microscope and the different
diagrams with the help of the camera Lucida have been
made.

3. Reaultsand Discussion

3.1 Phylogeny of the group

Keeping the life in mind we must consider in what
direction the taxonomic characters were specialized.
Here we present such specialization in a tentative table
as follows in (Table 1). Natural classification is based
on phylogeny, although they represent phylogeny
imperfectly. Ever since the invention of the
phylogenetic tree by Haeckel, it has been customary
among taxonomists to express phylogenetic conclusion
in the form of diagrams. In spite of their numerous
shortcomings, such diagrams are useful summarizations
of the author's concept of the evolutionary history of a
group (Mayer, Lindey and Usinger, 1953). Concerning
collembolan, thereisalot of evidence which shows the
most basic or unmodified primitive forms are sought in
the hemiedaphon-norma category of animals such as
the family Hypogastruridae. From this, divergence of
the characters might be considered to occur in several
different ways.

Table 1. Specialization of structural characters of Collembola.

S.No. Characters Primitive of basic state Specialized state
Segmentation of  Prothorax not reduces, Setaceous dorsally, Abdominal Prothorax more or less reduged, covered by mesonota, without
1. body Segments not ankylosed. setae, Some of the abdominal segments ankylosed (Mostly
Abds. IV-VI)
2. Head Head prognathous Head hypognathous
3 Antennae Normally 4-segmented, moderately long, no sub-division Excessive elongation of shortening; subdivisions of the

occur

4. Mouthparts )
maxilla.

Ant.-org.llI .
5. and PAO Rather simple
6. Ocelli Eight or five on each side
7 Claw Unguis and Unguiculus simple without superficial

accessories.
8 Ventral tubes and much elongated vesicles.
9. Tenaculum
10. Furcula
11. Body wall
12. Hairing & scaling

Normally granular

Masticatory with normally constructed mandible and

Ventral tube small or prominent with minute or very long

With normally constructed corpus and rami
With normally constructed manubrium, Dens, and Mucro

Setae simple, and without Scales or sensuale

segments.
Sectorial, more or less silent-shaped or absence or mandible.

Absence of the organs (Epigeon), or excessive complication
(Euedaphon)
Reduction in number, in extreme case, absent.
They are provided with superficial accessories or reduction of
Unguiculus.

Excessive reduction or development of this organ.

Excessive reduction or development of this organ.
Excessive reduction or development of the elements.
Strongly tuberculate or smooth.

Setae complex, and in son forms, scales and sensual developed.

Note: In the present investigation only Ventral tube, Retinaculum and Furcula have been studied.
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By far several attempts of phylogenetic diagram are
made without fossil evidence (Borner, 1909; Gisin,
1966). This involves the basic but unproved assumption
that the degree of resemblance of recent collembolan is
a direct function of their respective ages, the most
divergent forms having branched off earlier than more
closdly related groups. The classification of
collembolan is essentialy due to Borner's "Das system
der Collembolan” in 1913, although great advances
have been made in the taxonomy at the specific level
during the past decade. Their classification as it now
stands is based primarily upon morphological
similarities without regard to fundamental phylogenetic
relationships. But they are very important and useful in
the classification of the main group in the higher taxa of
collembolan.

On the embryology of an insect, segmentation of
the body is one of the earliest major phases of
development of the embryo from the egg. In this
processor segmentation, the segment of the head region
is the first to be differentiated in the protopod phase of
embryology. When fully segmented at the oligopod
phase of its development the embryo displays a
prognathous head region and compl etely trunk region. It
would seem reasonable to accept that in the
hypothetical ancestral insect the long axis of the head
projects forward in line with the long axis of the body
i.e. prognathous. The hypothetical ancestor would then,
like the Symphyla, have a prognathous head and
segmented trunk. And then any reorientation of the long
axis of the head must be later developed and hence of
secondary origin. On this basis, a hypognathous head
would be a later specialization in evolution.

There is virtually no palaeontological record, the
only known fossil species are Rhyniella praecursor
Hirst and Maulik, 1926, described from four specimens
in the middle Devonian. Massoud (1967) reported that
the composition of the mandible with rudimentary
molar plate and the stylet-like maxilla, allows one to
plate Rhyniella among the genera of a highly
specialized group of actual collembolan. Sharov (1966)
pointed out that the imaginary ancestral stock ought to
be sought in the protosymphyla from which Symphyla,
Diplurainsects were originated, besides collembolan.

The collembolan represents an early, possibly
primitive phase in the evolution of insects and, so far as
the head concerned, exhibit two quite distinct
groupings. The first group which approximates closely
to the hypothetical ancestral with a prognathous head
and an dongated segmented trunk region includes the
Collembola-Arthropleona. In the second group, the axis
of the head become reoriented so that the head assumes
a completely hypognathous or obliquely hypognathous
position. This accompanied by a tendency for the fusion
and telescoping of the trunk segments which advances
progressively as an evolution of the group proceeds.
Intercalated by the genus Podura, this tendency reaches
full expression in the suborder Symphypleona. This
development is seen in its early stages not only in the
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genus Podura but aso in the genus Actaletes. The
genus Podura has aways been included at the
beginning of the suborder Arthropleona in all recent
schemes of classification, but, on the basis of its
hypognathous head, the genus must now be removed
from the Arthropleona and associated with Actaletes
and the Symphypleona in a few grouping. For such
group which comprises Podura and Actaletes Salmon
(1964) has erected the suborder Metaxypleona. But
suborder Metaxypleona in this investigation is not used
because the genus Actaletes has not been studied in this
work.

Referring back once more to the hypothetical
ancestral insect; this would be equipped with simple
mouthparts adapted for biting, chewing and tearing
which would be fashioned on a basic plan that utilised
mandibles and maxillae, both bearing teeth, ridges, or
other tearing or grinding a structure as laterally moving
jaws. The mandibles and maxillae are appendages of
the head region and are among the first appendages to
appear in the developing insect embryo. They are
therefore fundamental structures of great importance as
indicators of natural groupings in taxonomy. Any
deviation from the basic pattern of the structure and
function of the mouthparts which appear in any group
of insects can then be regarded as of later a secondary
origin and used as an indicator of basic patterns of
evolution. Comparing the homogeneous
symphypleonids with the Collembola-Arthopleona the
latter group is revealed as a very heterogeneous
assemblage which has grown up over the years. Based
on a small nucleus of old established genera, entirdy
through morphological conceptions, especially the
abdominal appendages like ventral tune, retinaculum,
and furcula. When the principles outlined in the
fundamental characters such as micro are applied to this
assemblage it breaks down into two groups. One group
is based upon the fundamenta pattern of furcula
especialy micro which shows great variation. Looked
at in this way the collembolan. Arthropleona must be
subdivided on the basis of the furcula into two
taxonomic units. Salmon (1964) proposed to create the
suborder Neoarthropleona for those forms with
Arthropleona to designate the suborder containing all
those forms with biting and chewing mouthparts. This
reorientation of the classification involved considerable
revision of existing taxonomic arrangements, especially
in the groups at present recognized as
Brachystomellidae, Anuridae, Neanuridae, and
Pseudachorutidae.

If we pursue the development of the primitive
embryonic insect further it follows that integumentary
characters such as scales, hars, setae, spines.
Integumentary swelling and outgrowths bosses and
granules though of considerable taxonomic value are
not nearly so fundamental or origin as the body
segmentation from and the structures of the abdominal
appendages. Even though these characters as the
attributes to these forms acquired by the adaptation to
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the environment. Bosses and other tuberculate cuticular
outgrowths are probabilistic in such a nature which
could have evolved merely as an analogy on numerous
occasions in different, possibly even unrelated groups
likewise the setae: spines, scales, and many other
sensory organs. As Salmon pointed out, these structures
must be used with considerable caution if used as the
basic characters in any classificatory scheme for
collembolan. Generdly to say the characters of body
covering might suitably be used for the classification of
the group in the specific level or at most in the generic
rank.

Gisin (1966) stated in his "La systématique idéale’
as follows — these criteria are based essentially on the
synthetic theory of evolution and on the quantum theory
of taxonomy. An anaysis of an example of modern
classifications shows that they tend to be an unclear
compromise of incompatible principles each of which is
sound in its self but has quite distinct function in
taxonomy. These functions have to be sharply in
taxonomy. As such, important step methods and goals
of obtaining information about geneaogies
discontinuities and evolutionary quanta are explained
and exemplified. Thus, the legs, wventral tube,
retinaculum and furcula which have no doubt evolved
from the primitive appendage of the body segments
must be more fundamentals and basic to the
collembolan and hence of greater fundamenta
importance in taxonomy. However, knowledge of
collembolan is by no means sufficiently advanced to be
dogmatic on this point and even though circumstantial
evidence may suggest such a possibility. Therefore, in
the classification presented in this investigation the size,
shape of the different part of furcula and the presence of
spines. The furcula has been used in the normally
excepted way has good family characters.

This present deal with the studies on collembolan
from Uttar Pradesh, India. Collembolan is small soft-
bodied insects and in Uttar Pradesh, they are largely
neglected, due to their small size and inconspicuous
retiring habits. The aim of the present work would serve
a good purpose for future workers in India A
considerable amount of attention has been paid to the
present information and this thesis as up to date as
possible. However, the present work cannot be claimed
to be complete as some of the confirmatory experiments
are eliminated. Moreover, such details are not essential
in the study of this nature.

In the course of my work, several new and little-
known species, some of which are already described
through the kindness of Head of Zoology Department,
school of Entomology, St. Johns College, Agra. It was
aso possble for me to study the collection of
collembolan in the School of Entomology, St. Johns
College, Agra. Several species inadequately described
by earlier workers are fully described and rightly placed
in the view of recent taxonomic work. The work
appended brief diagnostic keys to the superfamilies,
subfamilies, families Genera and species studied.
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