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canadensis might show more rapid stem elongation on nutrient-rich substrate. However experiment 
(iii) suggests that, even when nutrient-rich substrate is used, E. nuttallii is still capable of faster 
growth. 

Although these experiments are by no means exhaustive, they do suggest that E. nuttallii has a 
greater rate of stem elongation and axillary stem production over a given period of time. One way in 
which these could be related to the displacement of E. canadensis is in the formation of a canopy. 
Canopy formation is of particular importance to submerged macrophytes which, because of the light 
attenuating properties of water, often grow in low light intensities. One of the main problems for 
such plants is to obtain sufficient light for photosynthesis, and to overcome this they concentrate 
photosynthetic tissue towards the water surface, as near as possible to the light (Barko & Smart 
1981). In shallow water this results in the formation of a canopy at the water surface which is 
composed of a large number of densely crowded stems and leaves. Such a feature is characteristic of 
Elodea and related genera. An important feature of the canopy is that light levels below it are much 
reduced. This was amply demonstrated in Hydrilla verticillata (L.f.) Royle by Hailer & Sutton 
(1975) who recorded a 95% reduction in light intensity under a canopy of this species. The effect of 
this would be to shade out other species present in the same habitat. Canopy production confers an 
obvious advantage as it severely restricts the competitive ability of other species (Hailer & Sutton 
1975; Titus & Adams 1979; Barko & Smart 1981). The implications of this are that if stem 
elongation and axillary stem production is more rapid in E. nuttallii, this species may produce a 
canopy more quickly than E. canadensis and thereby shade out the latter. 

In deep water, aquatic plants are often unable to elongate to the water surface (Barko et al. 1982) 
and they do not produce a canopy of the type described above. Nevertheless a canopy may still be 
formed, although in this case it consists oflonger, less densely crowded stems and leaves. Again, the 
formation of a canopy may be more rapid in E. nuttallii. This is supported by observations made in 
Mitchell Wyke Bay, Windermere where E. nuttallii rapidly displaced E. canadensis (Lund 1979), 
although both species grow at depths of up to 3 m or more and never reach more than 1· 35 m below 
the water surface (Simpson 1983). 

The results obtained from experiment (i) may also be analogous to stem elongation occurring 
early in the growing season, which might be another significant factor in determining the success of 
E. nuttallii over E. canadensis. Assuming that both species commence active growth at the same 
time, stem elongation may proceed more rapidly in E. nuttallii; thus canopy formation in this species 
is already well advanced before E. canadensis is able to reach an equivalent stage. As a result, E. 
canadensis may only be able to survive in gaps within the stand of E. nuttallii, or on its fringes, 
through the remainder of the season. Observations in the field would seem to fit in with this 
hypothesis, since E. canadensis is usually seen in this type of situation when the two species are 
growing in the same habitat. 

Incidental observations were also made of the time taken for new roots to appear on the stem 
pieces. This was faster in E. nuttallii, and the first roots were usually seen about four days after 
planting. Those of E. canadensis took about 10-14 days to appear. In the British Isles both Elodea 
species spread by vegetative means. The stems are brittle and, when small pieces of stem break away 
from the parent plant, roots often form at the nodes, allowing the piece to establish itself as a new 
plant. Thus E. nuttallii may have a further advantage over E. canadensis in being able to establish 
itself faster by rooting more quickly. 

It should be emphasised that the experiments described were of a fairly simple nature, and that 
measurements were made after only a short period of cultivation. Therefore it is conceivable that 
some of the differences may have occurred due to prevailing conditions in the original habitats. 
Nevertheless, although more detailed and lengthy work is needed to confirm the results, they do 
shed some light on the problem under discussion. The reasons why E. nuttallii seems to be more 
vigorous than E. canadensis in some habitats and not others also need to be determined and would 
be worthy of further investigation. 

ACKNOWLEDGMENT 

I thank Dr G. Halliday for his continued advice and encouragement throughout this work. 



DISPLACEMENT OF ELODEA CANADENSIS BY E. NUTTALLII 177 

REFERENCES 

BARKo, J. W. & SMART, R. M. (1981). Comparative influences of light and temperature on the growth of selected 
submersed freshwater macrophytes. Ecol. Monogr. 51: 219-235 . 

BARKo, J . W., liARDlN, D. G. & MATTHEWS, M. S. (1982). Growth and morphology of submerged freshwater 
macrophytes in relation to light and temperature. Can. l. Bot. 60: 877-887. 

BRIGGs, M. (l.212 . Elodea nuttallii. B.S.B.I. News 15: 9-10. 
HALLER, . T. & SUTTON, D. L. 1975) . Hyacint ontro . 13: 48--50. 
KUNlI, H. (1982). The critical water temperature for the active growth of Elodea nuttallii (Planch.) St John. lap . 

l. Bot. 32: 111-112. 
LUND, J. W. G. (1979). The myste of Elodea Michx in Great Britain. Watsonia 12: 338. 

IMPSON, D. A. 1 xperimental taxonomIc studies of Elodea Michx in the British Isles . Ph.D. thesis, 
University of Lancaster. 

SIMPSON, D. A. (1984). A short history of the introduction and spread of Elodea Michx in the British Isles. 
Watsonia 15: 1-9. - . . 

SIMPSON , D. A. (1988). Phenotypic plasticity of Elodea nuttallii (Planch.) H. St John and Elodea canadensis 
Michx in the British Isles . Watsonia 17: 121- 132. 

TlTUS, J. E. & ADAMS, M. S. (1979). Coexistence and comparative light relations of the submersed macro'phytes 
Myriophyllum spicatum L. and Vallisneria americana Michx. Oecologia 40: 273--286. 

(Accepted December 1989) 


