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ABSTRACT

The paper reveals the variation of gametophytic and sporophytic in three different populations of Funaria hygrometrica
collected from Shillong, Srinagar and Darjeeling. The morphology, dimensional parameters and ornamentation of spores
are significant in delimitating the taxa in Funaria. ANOVA test showed significant differences in the length of stem length,
leaf length & breath, basal and apical cell size, length of seta, length of capsule, exostome and endostome length, polar axis
and equatorial diameter of spores. The PCA graph of composite data shows clear segregation among three samples from
three locations. Canonical Correspondence Analysis revealed the correlation between climatic factors and morphometric
parameters. This study establishes that dimensional aspects should not be considered always for species identification and
spore ornamentation should be considered along with other morphological features for species identification.
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INTRODUCTION

The Genus Funaria Hedw. belongs to the subclass Funari-
idae, order Funariales, family Funariaceae (Goffinet & al,,
2009) and is distributed commonly from tropical to tem-
perate zones of the world. Robinson (1968) described eight
species under Funaria based on morphological characters
viz. length of plant, shape of leaves, nature of costa, nature
of margin, shape of capsule, symmetric / asymmetric nature
of capsule, shape of operculum and nature of peristome.
Among all the species found in India Funaria hygrometrica
is one of the commonest species; collected from Western
Himalaya (Kashmir to Nepal with foothills), South India
(Western Ghats, Palni, Nilgiri), Jalpaiguri-Dooars, Choton-
agpur and Orissa in India (Gangulee, 1974-1977). Due to
this disjunctive distribution of E hygrometrica many mor-
phological parameters both in gametophyte and sporophyte
show significant variations. Similar kinds of variation which
are considered as taxonomically significant have also been
reported in other mosses like Pogonatum dentum, Calliergo-
nella cuspidata (Bergamini & Peintiger, 2002; Hassel & al.,
2005). These variations can be attributed to the response
of environmental conditions and an important way for the
organisms to deal with variable environments (Schlichting,
1986). In the present study, we studied morphological varia-
tions both in gametophyte and sporophyte features including
spore dimension and ornamentation of three populations of
E hygrometrica, collected from three geographically distant
locations and also tried to correlate the climatic parameters
with taxonomically important morphological characters.

MATERIALS AND METHODS

Specimens of E. hygrometrica were collected from Darjeel-
ing, Srinagar and Shillong and brought to the laboratory,
processed and preserved in the herbarium of Department
of Botany, Visva-Bharati.. Correct identity of the plants
confirmed with available literature Gangulee (1971-1980)
and studied under dissecting microscope (Hund, Wetz-
lar). Photographs of the plant and microphotographs of
significant features were taken using camera and trinocu-
lar microscope (Leica DM 2500).

Gametophytic characters were studied with regard
to length and breadth of the shoot, leaf, apical and basal
laminal cells, capsule, equatorial and polar diameter
of spores, length of seta, length of exostome and endo-
stome. Each parameters for ten specimens of each popu-
lation were studied and subjected to statistical analysis.
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Acetolysis of spores from three populations of E hygro-
metrica were done following the method of Erdtman
(1960). Acetolysed spores were used for measurement of
dimension (spore diameter, polar axis, equatorial axis)
while non-acetolysed dry spores with Gold-Paladium
coat were observed with Hitachi S530 SEM at an acceler-
ated voltage of 15 KV for high quality micromorphmetry.

The morphometric data of the nine gametophytic
(including spore dimension) and five sporophytic mor-
phological parameters were subjected to analysis of vari-
ance (One way - ANOVA). Canonical Correspondence
Analysis (CCA) (Ter Braak, 1986) was performed to
determine whether variance in the morphological dimen-
sions could be explained by climatic variables in three
locations from where the specimens were collected. CCA
ordination was tested for significance with a Monte Carlo
test (500 runs) through CANOCO software.

RESULT

TAXOMOMIC TREATMENT

Funaria hygrometrica Hedw., Sp. Musc. Frond. 172.
1801.

Green to yellow green plants, usually 7-11; 7 - 11 mm
high; lower leaves sparse with poorly developed costa;
upper leaves narrow forming a rosette, oblong lanceolate
or oblong obovate, 2 - 4 mm long, margin entire up to
apex, costa strong, percurrent; lamina cells more elon-
gated at base (94.5 um - 120.4 pm x 15.9 - 26.0 um) and
small at apex (37.4 - 58.2 um x 17.3 um - 25.7 um); seta
apical, erect, arcuate, 37 mm - 67 mm long; capsule arcu-
ate — pyriform in shape, yellowish brown in colour, 3 - 4
mm X 0.8 - 1.5 mm, capsule mouth colour red; peristome
teeth typically epicranoid, outer teeth brown, length
479.33 um - 629.07 pm, inner teeth hyaline, 400.4 pm
- 480.7 pm, inner peristome teeth slightly shorter than
outer peristome teeth.

Specimen examined: Population I - India, Meghalaya,
Shillong, 25.5788°N, 91.8933°E, 1525m, 06.11.2015, Samit
Ray, SL 11; Population II - India, Jammu Kashmir, Srina-
gar, 34°5’1.1616” N, 74°47°50.5356"E, 1587m, 20.11. 2014,
Rajat Sarkar, KM 21; Population IIT - India, West Ben-
gal, Darjeeling, 27.0360°N, 88.2627°E, 2042m, 18.9.2016,
Samit Ray, WB 68.

Table 1 shows the phenotypic differences (other
than dimensions) among three populations of F. hygro-
metrica (Fig. 1). Leaves in populations from Shillong
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are oblonglanceolate whereas leaves in other two
populations are oblong obovate. Costa in populations
from Darjeeling is shortly excurrent but it is percur-
rent in other two populations. Seta is two much long
(37~67mm) in populations from Srinagar. Seta of pop-
ulations from Srinagar and Darjeeling are of medium
length (14~24mm). In populations from Srinagar, exo-
stome and endostome are of same height. But in other

two populations, endostome is slightly shorter than
exostome. (Fig. 1)

Table 2 shows the wide range of differences among
dimensional morphometric parameters of three popula-
tions. From this table it can be summarized that, spore size
of E hygrometrica from Darjeeling is largest among these
three populations. Variations are noticed in range of polar
axis and equatorial diameter among three populations of

Table -1. Range of phenotypic variations among populations of F. hygrometrica

Locations Shape of leaves Costa Seta length Peristome teeth

Shillong ~ Oblong lanceolate  Percurrent Too much long (37~63mm) Endostome slightly shorter than exostome

Srinagar ~ Oblong obovate Percurrent Medium length (14~20mm) Length of exostome and endostome almost same

Darjeeling Oblong obovate Shortly Medium length Endostome slightly shorter than exostome
excurrent (16~24mm)

Table -2. Range of values of morphometric parameters studied

Morphological parameter (mm)

E hygrometrica

E hygrometrica

E hygrometrica

(Shillong) (Srinagar) from (Darjeeling)
Stem length 7.0-11.0 3-35 5-10
Leaf length 2-4 2.03-2.8 2-4
Leaf breadth 0.542-0.633 0.31-0.45 0.3-0.55
Upper leaf cell length 0.037-0.056 0.026-0.047 0.027-0.48
Upper leaf cell breadth 0.017-0.025 0.008-0.009 0.013-0.021
Lower leaf cell length 0.09-0.12 0.076-0.103 0.094-0.138
Lower leaf cell breadth 0.015-0.026 0.01-0.014 0.017-0.024
Seta length 37.0-63.0 12.0-23.0 12.0-29.0
Capsule urn length 3-4 2-3 3-3.5
Capsule urn breadth 0.8-1.5 0.8-1.2 0.8-1.0
Peristome height 0.47-0.62 0.31-0.38 0.50-0.59
Polar axis of spore 0.008-0.010 0.0105-0.0118 0.012-0.015
Equatorial diameter of spore 0.0107-0.0124 0.0121-0.0148 0.0138-0.0185
Ornamentation Gemmate Gemmate Gemmate

E hygrometrica. But in three populations of this species
spore ornamentation is same.

The populations from three locations display highly
significant differences in the morphometric parameters
(stem length, leaf length, leaf breadth, upper leaf cell
length and breadth, lower leaf cell length and breadth,
seta length, capsule length, exostome and endostome
height, length of polar axis and equatorial diameter of
spore). The ANOVA result was found marginally insig-
nificant for capsule breadth only. (Table 3)

The PCA graph (Fig. 3) of composite data (tak-
ing morphometric parameters of three populations in
consideration) shows clear segregation among three
samples from three locations. The proportional vari-
ances accounted for by PC1 and PC2 are 0.583 and 0.4
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Table 3: ANOVA results

Morphological parameter (mm) Level of significance (p)

Stem length 3.37E-08
Leaf length 8.12E-05
Leaf breadth 9.12E-06
Upper leaf cell length 0.00201
Upper leaf cell breadth 2.5E-07
Lower leaf cell length 0.0025
Lower leaf cell breadth 2.51E-06
Seta length 7.39E-12
Capsule length 0.000243
Capsule breadth 0.064 (marginally
insignificant)
Exostome height 2.53E-12
Endostome height 3.65E-12
Polar axis of spore 1.48E-08
Equatorial diameter of spore 7.35E-08
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0.1 rmm

0.1 rmm

0.05 mrm

Funaria hygrometrica Hedw A, B. Variation in leaf shape; C, D. Variation in costa; E, F. Variation in length of endostome;
G. Apertural area in the proximal end of spore with gemmate ornamentation; H. Distal end of spore with gemmate ornamentation
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Fig. 2:  Funaria hygrometrica Hedw Microphotographs of A: shortly excurrent costa with upper laminar cells
B: exostome and endostome C: Lower lamina cells with well developed costa
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respectively. The component loadings for samples from
Shillong are highest (0.812) foe PC 1. However, for sam-
ples from Darjeeling and Kashmir, it is highest (0.692
and 0.721 respectively) for PC2. Hence this PCA result
shows that the morphometric variations of populations
from Shillong are significant from those collected from
Kashmir and Darjeeling. At the same time the popula-
tion from Kashmir and Darjeeling are mutually different
with statistical significance.

Table 4 shows the environmental data of three loca-
tions. Among these three, elevation of Darjeeling is high-
est. In Shillong, there is heavy rainfall in both summer
and monsoon but low rainfall in summer and monsoon
in Kashmir.

According to CCA graph (Fig. 4) leaf size and lamina
cell size; capsule size and peristome height are equally influ-
enced by elevation and rainfall during winter. Winter rainfall
also influences spore size. Length of gametophore is equally
dependent upon elevation and temperature in winter.

DISCUSSION

E hygrometrica is distributed all over the Himalayas —
Darjeeling, Arunachal Pradesh, Manipur, Nagaland,
Meghalaya, Jammu and Kashmir and also in the plains
like - Jalpaiguri dooars, Chotonagpur, Orissa (Gangulee,
1974-77). Western and eastern Himalayas are consid-
ered as center of origin and diversification of bryophytes
and the diversified species might have spread in differ-
ent phytogeographical regions. In the present study, three
populations of E hygrometrica have been collected from
Shillong, Srinagar and Darjeeling - three geographically
distant locations.

Variations in morphological features as well as in mor-
phometric values of different features are not only evident
from the present study but also from earlier literature.
While Gangulee (1974-77) mentioned range of leaf length
and leaf breadth as 2.5-4 mm and 0.9-1.4 mm respectively,

Table 4: Environmental data of three locations

the populations collected from Srinagar shows leaf length
<2.5 mm and range of leaf breadth 0.5-0.8 mm. (Table 2).
Khoshravesh and Osaloo (2007) reported the spore size
of E hygrometrica as 16.90 x 17.36 um. Spores of this spe-
cies collected from populations of Shillong and Srinagar
are smaller in size (8-11x10-14 um) (Table 2). Spore size
has a relation with altitude of the place from where the
population is collected. Spore size is larger (up to 25 pm)
in populations from higher altitude (Robinson, 1968). In
the present study, spores of populations from Darjeeling
are largest (13.8 — 18.5 um) as the altitude of Darjeeling is
highest among the three locations. All of these three pop-
ulations show gemmate ornamentation pattern (a sexine
element that is constricted at its base, higher than 1ym
and approximately the same width as its height (Iversen
& Troels-Smith, 1950) of the spore wall. Though various
types of spore wall ornamentations were reported for the
family Funariaceae (McIntosh, 2007) gemmate ornamen-
tation has been reported for E hygrometrica (Khoshravesh
& Osaloo, 2007). Hence, conservative nature of spore wall
ornamentation at species level as revealed under SEM
observations is established. This view has been supported
by previous works (Luzi-Ponzo & Barth, 1998, 1999;
Savaroglu & al., 2007; Savaroglu & Potoglu Erkarai, 2008).

Shaw (1993) tried to determine through statistical
methods, whether there is subtle morphological differences
among populations and whether there are regional patterns
of morphological variability that can only be ascertained by
an intensive morphometric analysis. In the present study,
ANOVA was used to show whether the differences in
thirteen phenotypic characters (important for taxonomic
identification of species) of three populations of E hygro-
metrica, collected from three different phytogeographical
regions of India (Table 2) are significant. The significant
variations amongst these three populations may be due to
variations in climatic factors as indicated in Table 4 and the
property of phenotypic plasticity. In a later study, Hassel
& al. (2005) have shown that phenotypic plasticity enables
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Location Elevation Temp. at Temp. at winter Rainfall at Rainfall at Rainfall at
(m) Summer (°C) summer monsoon Winter
O (mm) (mm) (mm)
Shillong 1525 23 4 2314 379.8 16.7
Kashmir 1587 24.1 2.5 85 55.8 45.16
Darjeeling 2042 13.7 7.6 117.7 589.06 15.1
www.nelumbo-bsi.org



Variation in gametophytic and sporophytic features among three disjunct populations of Funaria hygrometrica.

-10 5 0 5 10 15
I 1 I [ I o
o | 79
| o
< | =
o
72
™~ - w0
[=]
Kashmir. 97
8 —| Shillong 19 - e
pC2 é"’fff
Darjeeling 5
~ 3
@ - @
< 76
S =
77
T T T T T T
04 02 00 02 04 06
PC1
Fig.3: PCA graph of composite morphometric data.
=
-
RF.S
1
5

-1.5 1.0

Fig. 4: CCA graph showing correlation between morpho-
metric data of three populations and climatic variables of
three locations.

individuals to alter traits in response to environmental
condition. CCA analysis performed by Song & al. (2015)
showed that altitude, vegetation coverage and temperature
were the key factors influencing the distribution of a moss
Didymodon. In this work, Fig. 3 shows elevation and win-
ter rain fall is the most influencing factors regarding the
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variations found in leaf, capsule, peristome teeth and spore
size of three different populations. Hence we support the
view of Price & al. (2003) that, environment is an inducing
factor for phenotypic plasticity.

From our study we come to the following conclu-
sions - firstly, though dimensions of some gametophytic
and sporophytic structures were used as key for iden-
tification of species of moss, dimensions may vary sig-
nificantly due to change in climatic and environmental
factors. So dimensions of different parts of gametophore
and sporophyte should be excluded especially in case of
complex or highly morphologically variable species from
the keys of species delimitation. Secondly, spore orna-
mentation pattern is found to be a conserved character
at least at the species level. So apart from description
of plant parts, spore ornamentation must be considered
along with other phenotypic characters as identification
parameter for species.
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