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Abstract

The seasonal periodicity of Lycopodium carolinianum L. var. tuberosum
(Welw. et A. Braun ex Kuhn) Nessel in a dambo grassland in the Central
Province of Zambia is described. Cauline tubers were formed on the apices of
the creeping stems at the end of each growing season. Because of the
downward curving of their initials the tubers became buried c. 1 ¢cm under-
ground, They were often the only parts of the plant which survived the grass
fires occurring each year in the dry season. Hence, L. carolinianum var.
tuberosum is a facultative geophyte in which the original, most probably
xerophytic, adaptations became an effective means of protection against fire.

INTRODUCTION

Lycopods very seldom produce subterranean tubers as perennating
organs. The best known case of this type is that of the monotypic
Australian genus Phylloglossum Kunze (Pritzel 1902, Sampson
1916, Osborn 1919, Bower 1935, Eames 1936, Chadefaud and
Emberger 1960), in which there is a strong seasonal periodicity: roots,
leaf rosettes, strobili and young tubers are produced in the rainy season,
but only the tubers underground survive the subsequent spell of drought.
Phylloglossum grows in poor sandy soils, in shallow depressions wet dur-
ing the rains and completely drying out in the rainless months. The tubers
are regarded as an adaptation for surviving the critical periods of drought.
Thus Phylloglossum is an example of a true geophyte, as yet the only one
known among the Lycopods.

However, tubers are not confined to this genus, but occur also in
Lycopodium, where they are believed to be also a xerophytic adaptation
(Holloway 1916, 1917). The taxon usually referred to in this context
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is the African Lycopodium carolinianum L. var. tuberosum (Welw. et
A. Braun ex Kuhn) Nessel (=L. tuberosum Welw. et A. Braun ex Kuhn).
Field data collected in Zambia reveal an interesting periodicity of tuber
production (as suggested by Ballard 1950 upon inspection of herbarium
specimens) and the importance of these organs for increasing the resistan-
ce of the plant to fire.

A site with a large population of Lycopodium carolinianum var.
tuberosum was inspected several times during the year 1972—1973. It was
located in the Central Province of Zambia, on the Great East Road (the
Lusaka — Chipata highway) between Unda-Unda and Rufunsa, c. 128 km
E of Lusaka, 15°21'S, 29°41'E, and 1180 m of altitude. The plants were
growing in a grassland dominated by Cyperaceae, in a flat depression
(“dambo”) crossed by a small rivulet and surrounded by a savanna
woodland (“miombo”). The soil in the depression was black and peaty,
lying over poor sand; it was permanently waterlogged in the rainy season,
but became dry as dust in the rainless half of the year. The following
species have been collected in the vicinity of Lycopodium: Rhynchospora
rugosa (Vahl) Gale (Cyper.) 1, Mariscus deciduus (Boeck) C. B. Cl. (Cyper.)!,
Acriulus greigiifolius (Ridl.) C. B. Cl. (Cyper.)!, Fuirena umbellata Rottb.
(Cyper.) ! Xyris sp. (Xyrid.), various orchis (Satyrium breve Rolfel, Disa
sp., Eulophia sp. div., and others), Drosera affinis Welw. ex Oliv. (Droser.),
Thelypteris confluens (Thunb.) Mort. (Thelypt.), etc. Such habitats are
typical of L. carolinianum in Zambia.

Lycopodium plants were not noticed in the observation plot at the end
of the dry season in September. The first young shoots could be detected
soon after the beginning of the rains, in mid-December. Each of them
arose from a white underground tuber, c. 0.5—1.5 (2.5) cm long and c.
0.3—0.5 cm thick, produced in the previous year (Figs. 1, 2 B). Some few
weeks later, at the beginning of February, the plants had already formed
young strobili (Fig. 3). The tubers were completely shrunken and in-
distinguishable. The strobili matured and shed spores near the end of
January. Simultaneously the very first initials of new tubers could be
seen at the apices of the creeping stems (Figs. 2 A, 4). The tubers were
obviously cauline in their nature (cf. Legros 1955, Alston 1959);
this was also shown by the presence of reduced leaves on their surface
(Figs. 1, 2). Information on the occurrence of root-tubers in L. carolinianum
var. tuberosum (Engler 1908, Nessel 1939, Tardieu-Blot and
Alston 1957, Tardieu-Blot 1964) are most probably based on
misinterpretation of these organs.

The production of tubers in Zambian plants of L. carolinianum was
connected with a periodical change in orientation of the stem apex, which
grew plagiotropically during the vegetative season, but became positively
geotropic when forming tuber initials (Fig. 4). Consequently the tubers

! Identified by the taxonomists of the Royal Botanic Gardens, Kew



Fig. 1. Lycopodium carolinianum var. tuberosum — tubers producing young shoots
of the current season. Note presence of reduced leaves on surfaces of tubers. 16 Sep-
tember 1972. J. Korna$ P1. Afr, 2866 (KRA)
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were buried c¢. 1 cm or more under the soil surface. After a period of
dormancy the growing apex reversed to negative geotropism and young
shoots reappeared above the ground. These changes in the direction of

Tcm

Fig. 2. Lycopodium carolinianum var. tuberosum. A — tuber initial. 14 January 1972.
J. Korna§ Pl, Afr. 0852 (KRA). B — tuber with reduced leaves on its surface. 16
September 1972, J. Korna$§ Pl. Afr. 2866 (KRA)

stem growth were sometimes visible in plants which had retained their
older parts and showed U-shaped bends at the end of each annual segment
(Fig. 5).

The seasonal periodicity found in the population of L. carolinianum
var. tuberosum under observation closely resembles that of the related
European species, L. inundatum L., studied by Velenovsky (1892,
1905). There is, however, one essential difference, since the perennating
buds of L. inundatum, formed each autumn on the stem apices, are
situated just above the ground level. Hence L. inundatum represents the
life-form of a hemicryptophyte, while L. carolinianum var. tuberosum
may be either a hemicryptophyte (when the previous year’s shoot persists
through the dry season), or a geophyte (when only the tubers survive).



Fire resistance in Lycopodium carolinianum L. 657

The site of L. carolinianum var. tuberosum near Rufunsa was burned
each year in the dry season (which is normal in most of the grassland
areas in Zambia). The grass fires were rather light and swept fast over
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Fig. 3. Lycopodium carolinianum var. tuberosum — current season’s shoots with
young strobili, Tuber formation not yet visible, 2 January 1972. J. Korna§ Pl. Afr.

0778 (KRA)

the ground. They were, however, hot enough to kill or seriously damage
many of the above-ground shoots of Lycopodium. The tubers survived
undamaged, certainly because they were effectively protected by the thin
cover of soil. Thus in L. carolinianum var. tuberosum the tubers — which
seem to have been originally a kind of xerophytic adaptation — proved
also to play an essential part in protecting the plant against fire. This
observation is most probably the first of its kind for Lycopods. A similar
origin of adaptations to annual burning in phanerogams of the savanna
and savanna woodland zones in Africa and elsewhere has already been



Fig. 4. Lycopodium carolinianum var. tuberosum — plants with mature strobili
and tuber initials on the stem apices (indicated by arrows). 14 January 1972. J. Kor-
na$ Pl, Afr. 0853 (KRA)



Fig. 5. Lycopodium carolinianum var, tuberosum — old shoots showing U-shaped
bends at the end of the previous season’s segments (indicated by arrows). 14 January
1972. J. Korna$ Pl. Afr, 0853 (KAR)



‘Fig. 6. Lycopodium carolinianum var. tuberosum — old shoot which survived grass
fire in the pevious dry season. Note fire scars on the peduncles of the previous year.
14 January 1972. J. Korna$ Pl. Afr. 0853 (KRA)



Fire resistance in Lycopodium carolinianum L. 661

assumed by various authors (cf. e.g. Cole 1974, Exell and Stace
1972, Eiten 1972, Medwecka-Kornas§ — unpublished data).

In some individuals of Lycopodium carolinianum var. tuberosum only
the erect peduncles and old strobili were burnt. This course of events is
clearly visible from fire scars on living stems more than one year old
(Fig. 6).

The field data collected in other Zambian localities of L. carolinianum
are unfortunately not sufficient for any generalization on the life history
of this species. Its seasonal periodicity seems to be rather flexible and
very much influenced by the soil-water conditions: in permanently wet
places the plants are probably able to grow actively even in the driest
time of the year (herbarium specimens from Zambia collected in every
month except November have been seen by the present author). Some
geographical differences possibly also exist between the plants growing in
higher rainfall areas in the North and those occurring in the much drier
regions in the centre of the country. Further observations are needed to
get a more complete picture of the life-history of L. carolinianum var.
‘tuberosum under various environmental conditions.

L. carolinianum sensu lato is widely but very interruptedly distributed
in America (eastern North America, the West Indies, Central America,
and eastern South America), tropical Africa and South Africa, the islands
of the Indian Ocean, Australia, and possibly also New Zealand (Fernald
1950, Tardieu-Blot and Alston 1957, Schelpe 1970). Several
infraspecific (or even specific) taxa, which badly need further critical
study, have been described within this complex. In southern tropical
Africa 3 varieties occur: var. grandifolium Spring., var. affine (Bory)
Schelpe, and var. tuberosum (Welw. et A. Braun ex Kuhn) Nessel, none
. of them identical with the American type variety wvar. carolinianum
(Schelpe 1970). Var. grandifolium is a very strange-looking and easily
distinguishable form, possibly of pathological origin. It has been seen by
the present author in Zambia solely on bare peat in especially wet places.
The only difference between the two other African “varieties” is the lack
of tubers in var. affine. This character does not seem to be reliable, since
the tuberless specimens may be simply those collected in the middle of
the growing season, when tubers are normally indistinguishable (Bal-
lard 1950). Careful re-examination of L. carolinianum in various parts
of its African range seems to be necessary before the mutual relationship
of its varieties can be definitively established.

The field work for this paper was supported by the Research and Higher Degrees
Committee, University of Zambia, Lusaka. The manuscript was prepared under
a grant of the Committee of Botany, Polish Academy of Sciences, Warszawa. The
author is greatly indepted to the taxonomists of the Royal Botanic Gardens, Kew,
for their assistance in indentifying the phanerogams, and to Mrs. E. Nowotarska,
M. Sc., who drew the figures.
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Powslawanie bulwek i odporno$¢ na ogien u Lycopodium carolinianum L.
w Zambii

Streszczenie

Przedstawiono sezonowg rytmike rozwoju widlaka Lycopodium carolinianum L.
var, tuberosum (Welw. et A. Braun ex Kuhn) Nessel w zbiorowisku roSlin turzyco-
watych w okresowo podtapianym zaglebieniu (“dambo”) w Zambii. Bulwki lody-
gowe tworzg sie corocznie pod koniec sezonu wegetacji na koncach pelzajacych pe-
dow. Wskutek przegiecia sie rosnacego wierzcholka lodygi w dét dostaja sie one na
glebokoéé okolo 1 cm pod powierzchnie gleby. Bulwki sa zwykle jedynymi organami
widlaka, ktore przeiywaja pozar ro$linnoSci powtarzajacy sie co roku w porze su-
chej. L. carolinianum var. tuberosum jest wiec przykladem fakultatywnego geofita,
u ktorego przystosowania, pierwotnie — jak sie zdaje — natury kserofitycznej,
zabezpieczajg obecnie roéline przed zabdjczym dzialaniem ognia.
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