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Phenological episodes of Myriophyllum spicatum (Haloragaceae); a highly invasive species in Kashmir Himalayan aquatic ecosystems.
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Abstract: Phenological behaviour of Myriophyllum spicatum, a highly invasive species in Kashmir Himalayan aquatic ecosystems, was studied in different standing and running water populations for a period of 12 months to monitor the various developmental stages. The plant starts its life cycle with the sprouting of rhizomes and axillary buds in standing water populations, whereas in running waters rhizomes and nodal plantlets contribute to new recruitments. In standing waters flowering phase prolongs when compared to running water populations. In standing water populations a high seed set was observed, whereas in running waters seed formation does not take place. The knowledge of time period and formation of these vegetative and sexual propagules by this invasive species is very important for its effective management and control in these ecosystems.
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Introduction 

      Many factors affect the reproductive success of flowering plants. Among these factors, the timing, frequency and duration of the flowering period collectively referred to as phenology is obviously of great importance (Rathcke and Lacey, 1985). The phenology of a species not only encompasses when, how often, and how long reproduction takes place but also determines the degree of reproduction synchrony with other plant species . Synchrony among species might be advantageous if the presence of one species facilitates increase in pollinator visitation and thus fruit/seed set in another species ( Rathcke and Lacey, 1985). Phenology in general and reproductive phenology in particular is a critical and important trait of a plant because it determines the growth, developmental pattern and number of potential mates in a population thus providing a mechanism for reproductive isolation or speciation over time (Rathcke, 1983; Bronstein et al., 1990). Researchers always and continuously try to identify environmental factors that correlate with phenological events such as initiation of flowering, the synchronization of flowering, the length of the flowering phase and variation in flower abundance (Opler et al., 1980; Borchert, 1983;  Inouye et al., 2002). Environmental factors that initiate the onset of a particular phenophase include photoperiod, temperature and precipitation (Rathcke and Lacey, 1985). The same environmental factors can delimit a particular phenophase including flowering season in some specific ecoedaphic conditions or environments (Borchert, 1980; Inouye and McGuire, 1991). 

      The Myriophyllum, commonly known as watermilfoil, is among the species rich (68 spp.) genus of the aquatic “Core eudicots” (APGII, 2003). It shows a cosmopolitan distribution (except Antarctica), with a centre of diversity in Australia (42 spp., 34 endemic), North America (14 spp., 7 endemic) and Asia (16 spp., 8 endemic) also harbor a significant continental diversity and share seven common species . (Moody and Les, 2010). Myriophyllum is well-known for its invasive species. The aggressive M. spicatum L. (Eurasian watermilfoil) has now established on most continents and listed as noxious weeds in United States.  Hybridization also has been shown to play a role in North American invasions with two hybrid lineages recognized which are M. spicatum x M. sibiricum and M. heterophyllum x M. laxum (Moody and Les, 2002). 

      From the Indian subcontinent, five species of Myriophyllum have been reported (Hooker, 1879). In the Kashmir Himalaya, earlier the genus has been reported to comprise of two species: M. spicatum and M. verticillatum (Kaul and Zutshi, 1965), while as later on three species have been reported viz. M. spicatum, M. verticillatum and M. tuberculatum (Kak, 1990). 

      M. spicatum is native to Europe, Asia and North America (Couch and Nelson, 1985). It was introduced into North America between 1880’s and 1940’s and now occurs in both Canada and the United States (Reed, 1977, Couch and Nelson, 1985, Aiken et al., 1979). From the initial point of introduction in the North America, M. spicatum has spread to 44 states and at least three Canadian provinces (Creed, 1998) and is now considered a major nuisance species throughout the Northeast, Northern Midwest and Pacific Northwest of the United States (Couch and Nelsons, 1985; White et al., 1993). M. spicatum has spread to 46 states and three Canadian provinces of North America (Jacono and Richerson, 2003; Kim, 2005). M.spicatum is categorized among the five most noxious wetland plants and it is the most widely managed aquatic need in the United States (Bartodziej and Ludlow, 1998). The knowledge about phenology of invasive plants is very important for their effective management and can be utilized to identify week points in their life cycle and long term management.The present study was undertaken with the same objective. 

Materials and Methods


Healthy individuals of the species were selected from different standing and running water populations, tagged and examined throughout the growing season to study the life history pattern and mode of reproduction operative in the species in relation to habitat condition of the study sites. The tagged individuals were monitored to record data on various reproductive phenophases such as initiation of budding,vegetative growth, peduncle growth and anthesis, duration of flowering and seed formation. The axillary bud formation was examined regularly and their number was recorded to evaluate the importance of these propagules in the reproduction and fitness of the species.

Results:

The species is a submerged, perennial herb with pinnately divided leaves inhabiting both standing and running water habitats. The phenological behaviour of the species was studied in both standing and running water populations. The phenology starts with the sprouting of rhizomes and axillary buds in the first week of March and continues upto first week of April in standing water populations, whereas sprouting of rhizomes and formation of nodal plantlets commences in the second week of March and continues upto second week of April in running water populations.  The planlets grow vegetatively from second week of April upto first week of June in standing waters, while in running waters the process is completed between second week of April and second week of July. The mature plantlets enter into the sexual phase during first week of June and flowering continues upto last week of September in standing waters. However, in running waters this phase starts during fourth week of June and lasts upto third week of September. In standing waters fruiting sets from second week of September and ends in third week of October. In running waters however fruits are not formed. The senescence of the above sediment parts starts in the second week of October and continues till first week of December in standing water and in running waters the process starts during the fourth week of October and continues upto the last week of December (Table 1 and Figure 1).

Table 1. Phenological behavior of Myriophyllum spicatum in standing and running water populations in the Kashmir Himalaya. 

	Phenophase
	Habitat
	Duration
	Number of days

	Sprouting of vegetative propagules(rhizomes,axillary buds, nodal planlets)
	SW

RW
	1* (3)**  -   1 (4)

2 (3)  -  2 (4)
	27

32

	Vegetative growth
	SW

RW
	2 (4)  -  1 (6)

2 (4 ) -  2 (7)
	62

88

	Flowering phase
	SW

RW
	1(6)  -  4 (9)

4(6)  -  3(9)
	110

81

	Fruiting phase
	SW

RW
	2 (9)  -  3(10)

-
	39

-

	Senescence
	SW

RW
	2 (10)  -  1(12)

4 (10)  -  4(12)
	54

60


SW = Standing water

RW = Running water

*     = Week

( ) **= Month
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Figure 1: Phenological behaviour of Myriophyllum spicatum in different standing and running water populations.

Discussion

Myriophyllum spicatum overwinters by means of rhizomes and winter buds. These structures start sprouting during the first week of March and continue upto second week of April when environmental conditions such as temperature and light are available, because these factors are important for the initiation of a particular phenophase (Rathcke and Lacey, 1985). The vegetative growth commences during April and continues till June; however in running water populations the vegetative growth phase is longer than in standing water populations. The flowering commences from June to September and continues for 1-4 months in standing water populations and for 1-3 months in running water populations. The longer vegetative phase, delayed and shorter flowering phase in running waters may be due to the lower allocation of resources to sexual reproduction and permanent exposure of plants to mechanical stress (Niklas, 1998; Henery and Thomas, 2002;  and  Hodges et al., 2004). The fruiting phase completes from September to October in standing water populations where as in running water populations fruits are not formed. The senescence starts from second week of October and continues till December. These phenological events are in agreement with the work of Patten (1956) and Spencer and Lekic (1974).M. spicatum produces flowers, seeds and axillary buds during June-October. Therefore removal of ramets before June can prove an effective method for control of this aggressive species. This is supported by the work of Caffery and Monahan (2006) who reported that in Myriophyllum verticillatum, removal of turions yielded desirable results in control of this species as compared to annual treatment with dichlobexil, followed by mechanical cutting. The present study revealed that knowledge about various life history traits, such as different types of sexual and vegetative propagules, their time of formation and germination is very important for long term management of this aggressive species in the Kashmir Himalayan aquatic ecosystems.
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