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ABSTRACT

Barrett, S.C.H. and Forno, I.W., 1982. Style morph distribution in New World populations
of Eichhornia crassipes (Mart.) Solms-Laubach (Water Hyacinth). Aquat. Bot., 13:
299—306.

Eichhornia crassipes (Mart.) Solms-Laubach (Water Hyacinth) exhibits the rare genetic
polymorphism tristyly. Populations of tristylous species usually contain three floral
morphs which differ in style length and stamen height. In a survey of style morph represen-
tation in 196 New World populations, 77.0% were monomorphic, 18.4% were dimorphic
and 4.6% were trimorphic. The three floral morphs were found in Brazil and Argentina.
The short-styled morph predominated in the Amazon Basin and Mato Grosso of Brazil
but was absent from North and Central America and the Caribbean. The mid-styled form
predominated in the introduced range of the species and in parts of the native range. The
long-styled form rarely gains ascendancy over the other style morphs and occurred less
frequently in both the native and introduced ranges. The patterns of style morph distribu-
tion suggest Amazénia as the centre of origin of E. crassipes, with natural spread from
there to other areas of the South American continent and introduction by man to North
and Central America and the Caribbean.

INTRODUCTION

Eichhornia crassipes (Mart.) Solms-Laubach (Water Hyacinth) is a free-
floating perennial aquatic in the monocotyledonous family Pontederiaceae.
During the past century it has spread, with man’s aid, from its native range in
lowland tropical South America to become one of the world’s most serious
aquatic weeds (Sculthorpe, 1967; Holm et al., 1977). Eichhornia crassipes
possesses prolific powers of clonal propagation which constitute the major
factor contributing to its success as a weed of lakes, reservoirs and canals.
Sexual reproduction occurs in seasonal habitats, particularly in the native
range of the species, where frequent water level fluctuations provide suitable
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ecological conditions for seed germination and seedling establishment
(Barrett, 1977a, 1979, 1980a,b).

The Pontederiaceae is one of three angiosperm families in which tristyly
is known to occur (Ganders, 1979). Populations of tristylous species usually
contain three floral forms or morphs, which often occur in equal proportions
(Dulberger, 1970; Halkka and Halkka, 1974; Barrett, 1977b). The morphs
are distinguished by style length, stamen height and pollen size. Tristyly and
the more widespread distyly are floral mechanisms which promote insect-
mediated cross-pollination among floral morphs (Darwin, 1877; Ganders
1979).

Since Miiller (1 87 1, 1883) and Darwin (1877) described long- and mid-
styled forms of E. crassipes, there has been considerable discussion on whether
the species is distylous or tristylous (Haldane, 1960; Francois, 1964; Ornduff,
1966). Due to insufficient evidence for the existence of the short-styled form,
workers have considered the species to be distylous (Francois, 1964; Faegri
and van der Pijl, 1971; Mulcahy, 1975). However, in 1974 the “missing”
short-styled form of E. crassipes was discovered in the Lower Amazon Basin
of Brazil, demonstrating that the species is tristylous (Barrett, 1977a).

The purpose of this report is to draw attention to the occurrence of
tristyly in E. crassipes and to present the results of a geographical survey of
style morph representation in New World populations of E. crassipes. An
attempt is then made to explain the unusual patterns of style morph distribu-
tion in the native and introduced range of the species.

MATERIALS AND'METHODS

One hundred and ninety-six populations of E. crassipes in tropical and
temperate regions of the New World were sampled between 1974—1980 to
determine the representation of style morphs in each (Fig.1). Inflorescences
were gathered at random from populations and the style forms recorded.

In populations with less than 200 inflorescences all were sampled. In floating
populations sampling was facilitated by use of a boat or an inflatable air
mattress. For the purpose of the survey, a population was considered to be a
colony of plants separated spatially from other such colonies by a minimum
distance of 1 km..

Locality and habitat data, as well as various aspects of the reproductive .
biology of populations surveyed from California, south eastern U.S.A., Costa
Rica and the Lower Amazon, are presented elsewhere (Barrett, 1977a, 1979,
1980). Populations from the Caribbean were sampled from drainage ditches
and streams in Jamaica, Dominican Republic, Puerto Rico and Trinidad.

- Those in Venezuela were sampled from flooded marshlands of the Llanos,
Guarico state and Lake Suata and Lake Taiguaiguay, Aragua state and in
"~ Guyana from lowlands near Georgetown. In Paraguay, populations were

- sampled in the Paraguay river near Asuncion and in flooded marshlands near

Encarnacion. Populations in Argentina were sampled in the northern states of
Misiones, Corrientes and Chaco and also in the States of Santa Fé and Entre
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Fig, 1. Distribution of Eichhornia crassipes in the New World with regions sampled for
style morph presence. The predominant form in a given region is indicated by a large
letter (8, short-styled morph; M, mid-styled morph; L, long-styled morph). Less frequent
forms are in smaller letters. The probable area of origin of E. crassipes is marked by the
dashed line.

Rios,; In Uruguay flowering populations were found at only two sites,
Montevideo and Lake Sauce.

Sampling in Brazil was extensive. Eighty-two populations were sampled
“in Amazdnia from the river systems of the Solimoes, Amazon, Tapajés and
Jari rivers in the vicinity of Manaus, Itacoatiara, Santarem and Boca de Jari
respectlvely as well as from a small dam at Belem A further 25 populations
‘'were sampled on the coast between Maruim, Sergipe state and Taim, Rio
Grande do Sul state, eight in the Paraguay river and the Pantanal of Mato
Grosso do Sul state and the remaining elght were from sites scattered through-
out the catchment of the Parana river in Sdo Paulo and Parani states.
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RESULTS

Of the 196 populations sampled, 151 (77.0%) were monomorphic for
style morph, 36 (18.4%) were dimorphic and 9 (4.6%) contained all three -
style morphs (Table I). In all dimorphic populations, a single style morph
préedominated and generally the minority component represented less than
10% of the inflorescences sampled. However, a population at Wallisville,
Texas was composed of 69.6% long-styled morphs and 39.6% mid-styled
morphs (n=483) and a population at Palo Verde, Guanacaste Province, Costa
Rica contained 80.2% mid-styled morphs and 19.8% long-styled morphs
- (n=1272).

Few trimorphic populations were encountered in the survey, seven in
Brazil and two in Argentina. In Amazonia three populations were found on
beaches along the Solimbes and Amazon rivers. The populations were com-
posed of scattered terrestrial plants which had become stranded following
the seasonal fall in water levels. A trimorphic population alongside the River

- Solimbes contained 150 short-styled plants, nine mid-styled plants and 30
long-styled plants. A population at Itacoatiara was composed of 26 short-
styled plants, one mid-styled plant and two long-styled plants. Four trimorphic
populations on beaches of the Paraguay river in the Pantanal region of Mato
Grosso do Sul also exhibited a predominance of short-styled plants. How-
ever, the mid-styled morph predominated in two trimorphic populations
sampled near Corrientes and Barranqueras in Argentina.

In populations from North and Central America, the Caribbean and Vene-

- zuela, the mid-styled morph predominated with the long-styled morph oc-

. eurring occasionally. In Guyana, Uruguay and along the east coast of Brazil

only the mid-styled morph was observed except at Pelotas in southern Brazil
where one long-styled inflorescence was found in a sample of 1000 inflores-

- cences. ‘This pattern of mid-styled morph predominance is in striking con-

trast to the situation in Amazo6nia and Mato Grosso where the short-styled
morph, when present, was always dominant (Table I). There was no signifi-
cant difference in the number of monomorphic populations occurring in

- Brazil compared with the remainder of the areas sampled (Brazil 94, remain-
ing areas 57, X*=0.02,df 1, P> 7.9).

DISCUSSION
" .The tristylous breeding system of E. crassipes is largely non-functional as

-an outcrossing mechanism due to population structure. Rapid clonal propa-
gation associated with the high mobility of free-floating plants results in

_ populations which are often composed of a single floral morph. Where poly-

~morphic populations occur, a single style morph usually predominates. The
absence of suitable ecological conditions for seed germination and seedling -

- establishment in many floating populations further restricts the opportunity

for the build up of genetic diversity (Barrett, 1982). Hence populations of
- E. crassipes are frequently composed of a single clone.
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The results of this survey and limited observations of style morph distribu-
tion published elsewhere (Haldane, 1960; Mulcahy, 1975; Bir Bahadur, 1977)
indicate that in most of the introduced range of E. crassipes, the mid-styled
morph predominates with the long-styled morph occurring less frequently.
The short-styled morph is apparently restricted to the native range of
E. crassipes (Barrett, 1977a). The absence of the short-styled morph of E.
crassipes from the introduced range of the species is probably due to chance.
Short-styled genotypes were apparently not among the introduction(s) to
North and Central America and the Old World. Since mid- and long-styled
morphs cannot segregate the short-styled morph, a separate introduction
would be necessary to allow colonization of the introduced range (Barrett,
1977a).

It is often stated in the literature that E. crassipes is native to the Neo-
tropics. However, the results of this study suggest that E. crassipes may be
introduced to parts of the continent (see Sculthorpe, 1967, p. 461).

Surveys of natural populations and herbarium specimens from Central
America, the Caribbean, Guyana, Venezuela and limited observations in
Colombia, Paraguay and Uruguay failed to locate the short-styled morph.
The short-styled morph was common in the Amazon basin and Mato
Grosso. These data are consistent with the suggestion that E. crassipes is
native to lowland tropical South America and, in particular, the Amazon
basin of Brazil (Holm et al.,. 1977; Barrett, 1979).

The three floral morphs were observed in lagoons near the confluence of
the Paraguay and Parana rivers in Argentina. It seems highly probable that
populations in- Argentina originated by natural dispersal of plants south in
the Paraguay river from Mato Grosso. It is also possible that plants may have
spread by natural means from the Amazon basin to the lowland areas of Mato
Grosso and the Paraguay river since a portion of the catchment area of the
Paraguay and Tapajos rivers is closely associated in a region with no obvious
geophysical barriers. Hence it is suggested that the centre of origin of E. cras-
sipes is-probably in Amazonia and that the species spread naturally south and
perhaps north to northern South America. The species was then introduced
to North and Central America and the Caribbean by man.

Of the 82 populations of E. crassipes sampled from Amazonia, 64 were -
monomorphic for the short-styled morph or contained a predominance of
this form. This finding was unexpected since surveys of style morph in related
tristylous taxa, native to Amazonia, [Eichhornia azurea (Swartz) Kunth and
Pontederia rotundifolia Linnaeus] failed to detect a pattern of style morph
dominance (Barrett, 1977b, 1978). One explanation is that the predominance
of the short-styled morph in the areas sampled does not reflect a regional
pattern but merely local concentrations of this form. Surveys conducted for
us by W. Junk (I.LN.P.A., Manaus, Brazil) and M. Mathias (U.C.L,A., Los
Angeles, U.S.A.) in lakes associated with the river Solimdes (Middle Amazon)
and at Leticia (Upper Amazon) revealed a predominance of short- and mid-
styled morphs respectively. In other parts of Brazil the mid-styled morph
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predominated except in Mato Grosso where short- and long-styled morphs
were most frequently encountered. In addition, Miiller’s early observations
from southern Brazil (1871, 1883) mention only the mid- and long-styled
morphs. In view of the great powers of dispersal of the free-floating habit,
it is not clear how a single morph gains ascendancy over extensive areas ;
within the native range. The high mobility of floating populations might be
expected to result in a more random distribution of style morphs. :
An alternative explanation for the apparent predominance of the short- -
styled morph in parts of Amazdnia is that there are ecological differences
among the style morphs under Amazonian conditions. The short-styled
morph may exhibit a greater fitness, in some. Amazonian environments, than
the other two morphs. This could be manifested by superior cloning ability,
or by higher reproductive capacity. In this context it is worth noting thatin -
controlled pollinations of the three floral morphs, the seed production of the
short-styled morph from the Lower Amazon was 44—75% higher than that
of mid- and long-styled morphs (Barrett, 1977a, 1980a). Clearly further sur-
veys are necessary to reveal the pattern of style morph distribution through-
out the native range of E. crassipes. In addition, comparative studies of the
growth and reproductive performance of ¢lones may aid in providing an ex-
planation for the curious geographical distribution of style morphs in the
native range of E. crassipes.
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