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Phenological
studies are vital
in the
investigation of
the factors that
are paramount
to the
development of
a given stage in
a species.
Although much
information is
available on the
reproductive
phenology of
bryophytes in
the tropical
rainforest of
southern
Nigeria, little
information is
available in the
guinea savanna
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Introduction
he importance of growth and reproductive
responses to the distribution and radiation of
bryophyte
species
necessitates
the
understanding of the relationship between
phenology and seasonal microclimate (ecosystem
climate) variability (Zehr, 1979). The length of the
growth period is thought to be restricted by several
environmental factors, including temperature and
water availability. The studies on the reproductive
cycles of plants are crucial to understand the success
of the populations since these events ensure the
survival and the establishment of young individuals
(Ferraz et al., 1999). These relatively inconspicuous
and overlooked lower green plants deserve more
careful study for a number of reasons bordering on
their uses, e.g. altering pH, absorbing carbon,
regulates nutrient cycling, colonizing barren
surfaces, soil formation and reducing erosion
(Zechmeister et al., 2003).
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biome of the country. This study investigated the reproductive
phenology of selected mosses and liverworts in Kwara State, Nigeria.
Bryophyte samples were randomly collected from different substrates
across the study areas and taken to the laboratory for identification
using standard methods. Stereomicroscope was used to assess the sex
expression of each gametophyte and mean index values or maturity
indices were calculated for each species. The frequencies of initial
maturation stages of antheridia, archegonia and sporophytes were
represented in developmental profile. The results showed that mosses
and liverworts contained varying numbers of gametangia ranging from
1-30 antheridia per perigonium and 2-34 archegonia per perichaetium.
Fertilization period was earlier in Barbula indica, Fissidens planifrons and
Fissidens grandifolius and a bit later in other species. The reproductive
phenology of the selected bryophytes comes under the strong influence
of rainfall, since the rainy season is the best period for successful
reproduction in these species.
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Bryophytes are non-vascular and spore bearing plants that require a humid
environment and can be found all over the world. They show a number of
phenological patterns that reflect their adaptation to a wide variety of
environments (Stark, 2002). There are about 28,000 species of bryophytes
worldwide (Sabovljevic and Sabovljevic, 2008), which is about five percent
of the total of 500,000 plant species on the earth (Corlett, 2016). The
bryophytes as a group show widely diverging reproductive strategies in
different habitats (Ogunbiyi, 2020). Their life cycle is unique among land
plants in the dominance of elaborate autotrophic haploid gametophytes
over sporophytes, and they all possess unbranched sporophytes, each
bearing a single sporangium.
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Although the use of phenological data has long been recognized in
ecological studies of vascular plants, there is paucity of information on the
phenology of bryophytes. Quite a lot of studies on the phenology of tropical
African mosses are known from rainforest and derived savanna (Egunyomi,
1979; Fatoba, 1998; Makinde and Odu, 1994,) whereas phenological
knowledge of mosses and liverworts from guinea savanna (Kwara State) is
very limited (Ogunbiyi, 2020; Porto and De Oliveira, 2002). The aim of the
study was to investigate the reproductive phenology of selected mosses
and liverworts in Kwara State, Nigeria. The objectives of the study were to:
(a) determine the number of gametangia produced by the bryophyte
species; (b) determine the maturity index; and (c) analyse the impact of
climate on reproductive phenology.
MATERIALS AND METHODS
Study area
The study was conducted in eleven Local Government Areas of Kwara State
in the guinea savanna ecological zone of Nigeria. The Local Government
Areas included Ekiti, Ifelodun, Ilorin East, Ilorin South, Ilorin West, Irepodun,
Isin, Offa, Oke-Ero, Oyun and Pategi. This study area falls within the middle
belt zone of Nigeria making it a geographical transition between the
southern forest zone and the northern savanna. The study area experiences
high temperature all over the year round due to its latitudinal location
within the tropics. The area records a minimum and maximum temperature
of 280C and 370C, respectively with the highest air temperature usually in
March while the minimum during the peak of the rainy season (Figure 1).
Sampling design and study of bryophytic species
Eleven different species of bryophytes selected for this study were
identified with the aid of taxonomic keys elaborated by Gradstein et al.,
(2001). The locality and microhabitat descriptions of the bryophytes
including the altitude and GPS coordinate of each sampling point are shown
in Table 1. Fresh shoots of the eleven dominant sexually–reproducing
bryophytes from their natural populations were collected at intervals of 2-4
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weeks for a period of two consecutive years for laboratory observation.
With dissecting microscopy, each gametophyte was assessed for sex
expression as evidenced by the presence or absence of antheridia or
archegonia and the number of gametangia (antheridia and archegonia) per
sexual branch on the actively developing gametophyte parts and the total
number of fertilized archegonia (with swollen venter) per sexual branch
were counted. The developmental stages of 5 sporophytes in each sample
were also recorded.
Scoring was undertaken by the method described by Longton (1979).
Sporophytes scoring were normally based on samples of at least five shoots
of the current cycle. Index rating was assigned on the developmental stages
(Tables 2 and 3). Average maturity index for stages of development of
gametangia and sporophytes was calculated each month using the formula
of Longton and Greene (1967): Mi = ∑ (nxl) / ∑n; where nx is the number of
gametangia or sporophytes representing each developmental stage, l is the
rank of the index value of the developmental stage (for gametangia: 1-4; for
sporophyte: 1-9), and ∑n is the total number of scored gametangia or
sporophytes pooled per sexual branch.
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Figure 1: Meteorological data of Kwara State. (i) Mean temperature:
B=maximum temp. C=minimum temp. (ii) Mean relative humidity: B=min.
C=10.00hr. (iii) Mean rainfall: B=Total rainfall C=No of raindays.
Table 1: Species selected for reproductive study
Species
Locality
LGA
Microhabitat
GPS
Altitude
0
1
EjiuEkiti
Terricolous
N 08 01.05 ; E 524m
Barbula indica
Ayegunle
0050 16.21
Etan
Ekiti
Terricolous
N 08001.731;E 510m
Fissidens
0050 12.821
planifrons
Etan
Ekiti
Corticolous
N 08001.941;E 510m
Calymperes
0050 12.811
proligerum
Ekiti
Epixylic
N 08004.081;E 523m
Hyophila involuta Epe-opin
0050 13.921
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Fissidens
grandifolius
Erpodium
coronatum
Pelekium gratum
Bryum
coronatum
Stereophyllum
macrocarpum
Brachymenium
acuminatum
Archilejeunea
Africana
Cyathodium
cavernarum

Etan

Ekiti

Terricolous

University of Ilorin east
Ilorin
ObboEkiti
Ayegunle
Omu-Aran
Irepodun

Corticolous

Etan

Ekiti

Corticolous

Etan

Ekiti

Terricolous

Etan

Ekiti

Corticolous

Etan

Ekiti

Corticolous

Corticolous
Terricolous

N 08001.251;E
0050 12.751
N 08028.821;E
0040 40.371
N 08001.741;E
0050 12.811
N 08008.741;E
0050 05.891
N 08002.301;E
0050 14.001
N 08002.581;E
0050 13.711
N 08002.551;E
0050 13.701
N 08002.381;E
0050 14.031

528m
361m
508m
539m
540m
544m
546m
531m

Table 2: Developmental stages of gametangia and the index ratings used for
the selected bryophytes in guinea savanna
Maturity stage Symbol Index Identification clue
rating
Gametangia
Juvenile
J
1
Small gametangia up to half of full size
Immature
I
2
Gametangia from half to full size,
green
Mature
M
3
Gametangia still green but with open
apex. Spermatozoids are visible, in
antheridia.
Dehisced
D
4
Gametangia brown. Antheridia empty
and somewhat shrunken.
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Table 3: Developmental stages of sporophytes and the index ratings used
for the selected bryophytes in guinea savanna
Maturity stage
Symbol Index
Identification clue
rating
Sporophytes
Swollen venter

SV

1

The lower part of the archegonium
is swollen. This is the first visible
sign that the archegonium is
fertilized
Calyptra starts to emerge from the
bracts.

Early Calyptra in ECP
Perichaetium

2

Late Calyptra in LCP
Perichaetium

3

Early Calyptra ECI
Intact

4

Late
Calyptra LCI
Intact

5

Calyptra
present.
Capsule
expanding or has attained full size.

Early
EOI
Operculum
Intact
Late Operculum LOI
Intact

6

Capsule changes colour from green
to brown but more than half the
capsule is still green.
More than half the capsule is brown
but operculum is intact.

Operculum
Fallen

8

OF

Calyptra from half to almost fully
visible above the bracts. Seta not
yet visible.
Calyptra present. Seta ranging from
just visible above the bracts to fully
elongated. Capsule with the same
diameter as the seta.

7

Operculum fallen and spores are
dispersed.
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Empty and Fresh EF

9

Capsules of current cycle with more
than 75% of the spores released.

Meteorological data of the study area during the period of study were
obtained from the weather station of the Nigeria Meteorological Agency
(Nimet), Ilorin International Airport.
Data analysis
Mean index values or maturity indices were calculated for each species. The
frequencies of the initial maturation stages of antheridia, archegonia and
sporophytes were represented in developmental profile. The antheridia,
archegonia and sporophytes of the shoots were described and documented
with photomicrographs using an AmScope MT microscope camera version
3.0.0.1 attached to a light microscope and digital camera snapped through
Olympus dissecting microscope.
RESULTS
The results of the phenological studies showed that the production of
gametangia (antheridia and archegonia) occurred in all the bryophyte
species and sporophytes were produced in all the species except
Brachymenium acuminatum and Archilejeunea africana (Table 4). The results
showed that mosses and liverworts contained varying numbers of
gametangia ranging from one to thirty antheridia per perigonium and two
to thirty-four archegonia per perichaetium (Table 4). Hyophila involuta had
the highest number of antheridia of 6-30 followed by Bryum coronatum (216) with least from Erpodium coronatum and Archilejeunea africana having
one antheridium each. Barbula indica recorded the highest number of
archegonia ranging from 4-34 followed by Brachymenium acuminatum (1-24)
and Fissidens planifrons (2-18) (Table 4).
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Table 4: Bryophyte populations with average numbers of gametangia and
sporophytes
Species
Antheridia
Archegonia
Sporophytes
Barbula indica
1-12
4-34
Present
Fissidens
1-10
2-18
Present
planifrons
Fissidens
4-10
2-16
Present
glandifolious
Hyophila involuta 6-30
4-12
Present
Calymperes afzelii 1-14
4
Present
Erpodium
1
4
Present
coronatum
Pelekium gratum 1-2
2-4
Present
Bryum
2-16
14-16
Present
coronatum
Stereophyllum
8-12
8-12
Present
macrocarpum
Brachymenium
1-6
1-24
Absent
acuminatum
Archilejeunea
1
2
Absent
africana
The monthly maturity indices of gametangia and sporophytes of bryophytes
recorded during the period of study are shown in Figures 2-12. The results
showed that the maturation cycles of the mosses began earlier than
liverworts in response to early rain during the period of the study. Both
antheridia and archegonia were initiated terminally on the main shoots or
side branches on a seasonal basis. The pattern of gametangia initiation was
essentially the same, with the antheridia being formed earlier than
archegonia in some species while in others both antheridia and archegonia
formed concurrently. Gametangia develop at the onset of the rainy season
(March-April), whereas the development of sporophytes occurs later with
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capsule maturation occurring at the end of the same rainy season (OctoberDecember).
The results showed that Barbula indica, Fissidens planifrons and Fissidens
glandifolius had the shortest fertilisation period with appearances of young
antheridia in the juvenile and immature stages occurring in March/ April in
some of the habitats sampled soon after the beginning of the rainy season
of each year (Figures 2-12). The mosses Barbula indica, Fissidens planifrons
and Fissidens glandifolius that grew on termite mounds had a short-lived
strategy.

Figure 2: Gametangial and sporophyte development (maturity indices) of
Barbula indica.

Figure 3: Gametangial and sporophyte development (maturity indices) of
Fissidens planifrons.
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Figure 4: Gametangial and sporophyte development (maturity indices) of
Fissidens
glandifolius.
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Figure 5: Gametangial development (maturity indices) of Archilejeunea
africana.
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Figure 6: Gametangial and sporophyte development (maturity indices) of
Calymperes afzelii.
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Figure 7: Gametangial and sporophyte development (maturity indices) of
Pelekium gratum.
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Figure 8: Gametangial and sporophyte development (maturity indices) of
Erpodium coronatum.
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Figure 9: Gametangial development (maturity indices) of Brachymenium
acuminatum.
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Figure 10: Gametangial and sporophyte development (maturity indices) of
Stereophyllum macrocarpum.
Archegonia appeared concurrently with the antheridia in May in
Archilejeunea africana, Calymperes afzelii and Pelekium gratum (Figures 5-7),
otherwise young archegonia were first seen 2-3 months after the
development of antheridia in other species. Similarly, appearance of both
sex organs occurred in June in Erpodium coronatum while Brachymenium
acuminatum started sex initiation and development of archegonia in June
(Figures 8 and 9). Development of antheridia was first observed in May in
Stereophyllum macrocarpum although the period of full gametangial
development overlapped substantially (Figure 10).
Both antheridia and archegonia were also formed in the same month in
Bryum coronatum between June-August (Figure 11) with the antheridia
developing a little earlier than the archegonia. Gametangia of both sexes
remained in the juvenile or immature stages until June. The juvenile stage of
male gametangia occurred mostly in April and dehisced in July while the
female gametangia matured in September as shown in Figures 2-12. Mature
and dehisced gametangia were observed in April-August.
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While the sporophyte development (swollen venter to empty and fresh)
was about 6 months in Barbula indica (Figure 2) and 6 to 7 months in Bryum
coronatum and Hyophila involuta (Figures 11 and 12), sporophyte
development was arrested during the dry season, but most capsules
reached the late operculum intact stage in November or December.
However, in some species like Archilejeunea africana and Brachymenium
acuminatum no sporophytes were found despite the fact that they
produced one sex organ or the other in their life time in this study (Figures
5 and 9).
The initial signs of spore dispersal were visible in August and by late
September, some capsules had completely dried out and the capsules and
seta had turned brown and had shrunk considerably ready for spore
dispersal. Capsule dehiscence and spore release/ dispersal began as early as
September/October in Fissidens planifrons, Pelekium gratum and
Stereophyllum macrocarpum, (Figures 3, 7 and 10) while in other species;
Bryum coronatum and Hyophila involuta, dehiscence and spore dispersal
were between November/December and March (Figures 11 and 12).
Dehiscence and spore release continued over a period of several months as
sporophytes in the operculum fallen stage with some spores remaining in
the capsule, were present until late March. By April, most capsules were
found in the operculum fallen (OF) stage.
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Figure 11: Gametangial and sporophyte development (maturity indices) of
Bryum coronatum.
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Figure 12: Gametangial and sporophyte development (maturity indices) of
Hyophila involuta).
DISCUSSION
The number of gametangia (antheridia and archegonia) produced per plant
or sexual branch tends to vary based on sites or localities, species and
breeding systems. The occurrence of gametangia which varied among the
various bryophyte species may be attributed to adaptability of the species
to environmental and climatic factors, substrate types, and genetic factors
(endogenous rhythms). The moistest substrates supported high numbers
of gametangia compared with the dry substrates, demonstrating the
importance of moisture availability for the success of gametangia
formation. This result is consistent with the findings of other researchers
who confirmed the importance of the rainy season for fertilization in
bryophytes (Egunyomi, 1979; Fatoba, 1998; Oliveira and Porto, 2002).
The phenological studies show a clearly defined cycle of gametangia and
sporophyte development in mosses and liverworts investigated. All stages
of gametangia are much greater in the rainy season, with a concurrent
increase in fertilized eggs in archegonia. The sporophytes start
development during the rainy season and mature in the dry season, at which
time spores are dispersed. Bryophyte reproductive cycles differ greatly
38
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between different species and in the duration of sexual cycle. Similar
patterns of cyclical behavior has been reported for several tropical,
temperate and polar bryophytes (Fatoba, 1998; Longton, 1992; Odu,1981
and Oyesiku, 2016). The timing of initiation of gametangia that solely
depends on the time of colonization/ growth of species on the substrates
may bring about variation in the period of gametangia and sporophyte
initiation and maturity.
Bryophytes show considerable diversity of phenology to adapt to the
environments of various habitats. The timing of the production of
gametangia and sporophyte development which varied among the various
bryophyte species may be attributed to adaptability of the species to
environmental and climatic factors of the habitats and genetic factors
(endogenous rhythms). The rarity of sporophytes in some species could be
as a result of sex barrier and non proximity of male and female sex organs
that may have prevented successful transfer of ripped antherozoids from
antheridia to the receptive archegonia. The spatial distribution of plants of
two sexes is suggested for failure of bryophytes to produce sporophytes in
some species (Lindberg et al., 2000), rather than to incompatibility between
male and female gametes (Longton and Miles, 1982).
The short reproductive cycle reported in the selected species may be an
adaptation to escape unfavourable climatic conditions. The short
reproductive growth periods in bryophytes in different habitats are
consistent with the reports of other researchers in tropical, temperate and
polar region (Ayukawa et al., 2002; Clark and Greene, 1971; Makinde and
Odu, 1994). The climatic factors especially rainfall contribute to the success
of the sexual reproductive cycle in bryophytes as it favours self-fertilisation
and the formation of the sporophytes, as well as provide moisture to the
development of the asexual diaspores. Non appearance of gametophytes
and initiation of gametangia before the commencement of rainy season in
the study areas justify this observation.
Apparently, the initiation of sexual reproduction (except in the case of
species under continuous supply of moisture) only occurs at the onset of
rainy season and that the sporophyte maturation, i.e. dehiscence only
39
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occurs after the rainy season. A similar relationship occurred among four
species of bryophytes in a savanna in southwest Nigeria (Makinde and Odu,
1994). Studies have shown that the maturation cycle can be shifted or
prolonged as the case may be in response to changes in moisture availability
in the substrates/ habitats. The reproductive phenology of the species in the
guinea savanna comes under the strong influences of rainfall, since the rainy
season is the most appropriate period for successful sexual reproduction
and growth. This result is similar with the findings of Adaises and Ivany
(2011).
The sporophytes of all the species that matured at the end of the rainy
season disperse their spores during and at the end of the dry season
depending on species. The intervening dry period is necessary for shedding
of the opercula for effective maturation and dispersal of the spores. The
observation that a period of drought was necessary for capsule dehiscence
in the mosses and liverworts studied compared well with similar
observations for Hypnum cupressiforme, Bryum capilare and Ptychomitrium
crispatum (Lambert, 1984). The results obtained from this study lead to the
conclusion that the reproductive cycle of bryophytes is relatively short.
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