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Blanco M. A. & Jiménez J. E. 2019. — Duckweeds (Araceae: Lemnoideae) growing on wet, vertical rocks behind a waterfall 
in Costa Rica, with a new country record of Wolffiella oblonga (Phil.) Hegelm. Adansonia, sér. 3, 41 (15): 193-200. 
https://doi.org/10.5252/adansonia2019v41a15. http://adansonia.com/41/15

ABSTRACT
A large colony of duckweeds (Araceae: Lemnoideae) grows on the constantly wet, vertical wall of 
the rock shelter behind the Llanos de Cortés waterfall of the Potrero River, Guanacaste province, 
Costa Rica, the first such case ever documented. Its unique hygropetric environment is described. 
The colony covers several square meters distributed in several different patches, and consists almost 
entirely of Wolffiella oblonga (Phil.) Hegelm., with much fewer individuals of Lemna valdiviana 
Phil. and L. aequinoctialis Welw. This also constitutes the first case of the genus Wolffiella Hegelm. 
growing in a hygropetric manner (an extremely rare condition for duckweeds) and the first record 
of W. oblonga in Costa Rica.

RÉSUMÉ
Lentilles d’eau (Araceae: Lemnoideae) poussant sur des rochers verticaux et humides derrière une cascade 
au Costa Rica, avec un nouvel enregistrement pour le pays de Wolffiella oblonga (Phil.) Hegelm.
Une vaste colonie de lentilles d’eau (Araceae: Lemnoideae) se développe sur le mur vertical constam-
ment humide de l’abri rocheux situé derrière la cascade Llanos de Cortés de la rivière Potrero, dans 
la province de Guanacaste, au Costa Rica. C’est le premier cas de ce type jamais documenté. Son 
environnement hygropétrique unique est décrit. La colonie couvre plusieurs mètres carrés répartis en 
plusieurs parcelles différentes et consiste presque entièrement en Wolffiella oblonga (Phil.) Hegelm., 
avec beaucoup moins d’individus de Lemna valdiviana Phil. et L. aequinoctialis Welw. Ceci constitue 
également la première espèce du genre Wolffiella Hegelm. poussant de manière hygropétrique (une 
condition extrêmement rare pour les lentilles d’eau) et son premier enregistrement au Costa Rica.
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INTRODUCTION

The duckweeds comprise a cosmopolitan group (five genera 
with c. 38 species) of tiny floating aquatic plants, that includes 
the smallest angiosperms. Their highly reduced vegetative 
and reproductive structures have given rise to divergent 
interpretations about their homology (e.g., Engler 1889; 
Arber 1920; Lawalrée 1945; Hillman 1961; Daubs 1965; 
Landolt 1986; Grayum 1990; Les et al. 1997; Stockey et al. 
1997; Landolt 1998a; Lemon & Posluszny 2000; Bogner 
2009; Landolt & Schmidt-Mumm 2009; Armstrong 2011). 
Currently, the most widely accepted interpretation is that the 
basal part of the thalloid “frond” represents caulinar (stem) 
tissue, while the distal part is formed by foliar (leaf ) tissue 
(Landolt 1998a); both regions intergrade into each other, 
and the entire upper surface of the frond (which may not 
be homologous with the adaxial leaf surface of most other 
plants) is photosynthetic. Species of three genera (Landoltia 
Les & D.J. Crawford, Lemna L. and Spirodela Schleid.) 
produce one to several, short, unbranched roots from the 
lower surface of each frond, and species of the other two 
genera (Wolffia Horkel ex Schleid. and Wolffiella Hegelm.) are 
rootless. The plants have sympodial growth, and new fronds 
(sympodial units) are produced from “budding pouches” 
(probably homologous with leaf sheaths) located toward 
the base of the mother frond; individual plants naturally 
divide in ramets of 2-7 fronds each. The highly reduced, 
achlamydeous flowers of duckweeds are produced either 
from these same budding pouches (in Landoltia, Lemna and 
Spirodela) or from dorsal “furrows” (in Wolffia and Wolffiella); 
there is some debate on whether the single gynoecium and 
adjacent 1-2 stamens belong to a single, perfect flower or 
represent independent, staminate and pistillate flowers of 
a single inflorescence (Landolt 1998a). The fruits develop 
partially or completely embedded in the frond tissue. Sexual 
reproduction appears to be unfrequent in many species; 
however, compared with other angiosperms, duckweeds 
show extremely rapid reproductive rates (Kutschera & 
Niklas 2014), which may be related to their high rates of 
molecular evolution (Nauheimer et al. 2012).

The extremely reduced structure of the duckweeds has 
posed a historical challenge for inferring their systematic 
affinities, and traditionally they were classified in their 
own family, the Lemnaceae. Many workers, however, 
recognized a close relationship with the Araceae based on 
morphological, embryological and fossil evidence (e.g., 
Engler 1889; Arber 1920; Hillman 1961; Daubs 1965; 
Landolt 1986; Stockey et al. 1997; Lemon & Posluszny 
2000; Les et al. 2002; Bogner 2009; Landolt & Schmidt-
Mumm 2009; Armstrong 2011; see Mayo et al. 1997 for a 
summary of alternative views). Phylogenetic analyses based 
on molecular data have confirmed this view, indicating 
that the duckweeds form a well-supported clade firmly 
nested within Araceae, although not closely related to 
the genus Pistia L. as previously assumed (Cabrera et al. 
2008; Cusimano et al. 2011; Nauheimer et al. 2012, and 
references therein). Thus, most recent phylogenetic clas-

sifications treat the duckweeds as a subfamily of the aroids, 
a scheme followed by us.

Duckweeds occur almost exclusively as pleustophytes 
(i.e., floating at or just under the water surface, not at-
tached to the underlying substrate; den Hartog & Segal 
1964; Schuyler 1984), on permanent or seasonal lentic 
habitats (i.e., static or very slow-flowing bodies of water, 
like lakes and ponds), usually rich in nutrients and well 
exposed to the sun. They do not normally occur on lotic 
habitats (i.e., medium to fast-flowing waters, like rivers), 
where they would be carried away by the current. Rarely, 
duckweeds can grow on mud, provided that this substrate 
remains constantly wet (Landolt 1986: 140, 141). On very 
few occasions and under special conditions, duckweeds 
have been observed growing on wet rock walls or in the 
drip of waterfalls (Landolt 1986: 141, 142; 1998b; 2000; 
see below). Here, we document a remarkable first case of a 
large duckweed community growing on wet, vertical rocks 
behind a waterfall.

MATERIAL AND METHODS

Site description

The study site is the Llanos de Cortés waterfall (also spelled 
“Llanos de Cortéz”, named after a nearby small village with 
the same name), located in Costa Rica, Guanacaste Province, 
Bagaces County (Cantón), Bagaces District (10°31.447’N, 
85°17.926’W, datum WGS84, c. 70 m above sea level). 
This waterfall is part of the Potrero River, which originates 
c. 8 km to the North, NWN of the city of Bagaces, on the 
Southeastern flank of the Rincón de la Vieja Volcano on 
the Cordillera de Guanacaste. Circa 1 km downstream from 
the waterfall, the Potrero River joins the Piedras River, 
which in turn flows into the Blanco River, then into the 
Bebedero River (of the Bebedero River watershed), which 
empties into the Gulf of Nicoya on the Pacific coast. Un-
like some seasonal creeks in the area, the Potrero River 
flows all year round.

The Llanos de Cortés waterfall is a ledge- or block-type, 
punchbowl waterfall, c. 24 m tall × 25.3 m wide (described 
as 75 m tall by Janzen 1976, an apparent error meaning 
either feet or the elevation above sea level; Fig. 1A). It falls 
into a large, semicircular pool (c. 30.5 m at its widest point, 
c. 2 m deep at its deepest point close to, but not immedi-
ately under, the waterfall). The face of the bedrock is ir-
regular and not completely vertical, with a series of small 
ledges gradually projecting forward on the upper part of 
the waterfall. A small, closed canyon is formed immediately 
around the waterfall, which continues for several hundred 
meters downstream.

From the date of our first observations (July 2013) and 
until October 2017, a spacious undercutting or rock shelter 
c. 2-4 m high × 1-4 m deep was present at the base (whose 
contour is partially visible in Fig. 1A), evidently formed 
by sporadic partial collapses of the lower wall caused by 
splashback erosion of the bedrock. This shelter spanned the 
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entire width of the waterfall base, and its rocky bottom was 
(and still is) above the waterline. On October 2017, the 
rock shelter suffered a substantial collapse of its roof dur-
ing a period of intense precipitation caused by Hurricane 
Nate, and a smaller rock collapse happened on November 
2018 (Rosbin Rojas, personal communication). At the time 
of this writing (January 2019), the rock shelter is much 
more exposed and irregular. The falling water loses contact 
with the vertical rock face at c. 5-7 m from the base and 
plunges directly onto rock boulders or the adjacent pool 
surface. The air inside the shelter is constantly saturated 
with water spray, and the entire rock surface of the shelter 
is permanently wet, forming a hygropetric or madicolous 
habitat (sensu Hynes 1970; Wantzen et al. 2008).

The waterfall faces almost due east, so it receives direct 
sunlight in the mornings during most of the year. We have 
not been able to measure the light environment inside the 
shelter, but before the partial collapse of its roof, it seemed 
comparable to that of a dense rain forest floor; little direct 
sunlight reached the vertical rock wall of the shelter. After 
the collapse, more direct sunlight reaches many parts of 
the shelter, partially filtered in places by the water curtain.

The region is markedly seasonal, with a dry season from 
December to April and a rainy season from May to Novem-
ber (with a maximum of precipitation occurring between 
September and October and a minor peak during June). 
The river volume varies seasonally, although no quantita-
tive data are available. During periods of unusually high 
precipitation, the river volume increases dramatically and 
the waterfall projects forward and falls near the center of 
the pool; the last such episode happened in September 2018 
(Rosbin Rojas, personal communication).

The surrounding vegetation is riparian forest in a ma-
trix of tropical dry forest, cattle pastures and agricultural 
fields (especially rice). Janzen (1976) provided a descrip-
tion of the site and a microclimatic comparison between 
the riparian forest and the adjacent seasonally-dry forest. 
Sawyer & Lindsey (1971) characterized in detail the adja-
cent seasonally-dry forest (as Study Area 1A, Rio Potrero). 
Gómez-Solís (2017) described the vegetation of the nearby 
Lomas de Barbudal Biological Preserve, located 8 Km to 
the southwest of the waterfall.

The Llanos de Cortés waterfall is a popular local attrac-
tion, drawing dozens of visitors each day, especially during 
weekends. Since February 2018, it is administered by the 
Bagaces County municipality; swimming in the pool is al-
lowed but approaching the waterfall or entering the rock 
shelter is prohibited.

Methods

Observations at the study site were made on 16th July 2013 
(rainy season), 13th April 2014 (dry season), 21st July 2015 
(rainy season, but toward the end of a prolonged dry spell 
due to the El Niño Southern Oscillation), and 22nd-23rd 
January 2019 (dry season).

Notes were taken on the relative size of the duckweed 
colonies in the shelter. The river was inspected both im-

mediately above and for 300 m downstream from the wa-
terfall, for the presence of duckweeds. Measurements of 
the waterfall shelter and the pool were made with a 50 m 
measuring tape. Duckweeds were inspected under a dis-
secting microscope, using several taxonomic treatments for 
identification (Daubs 1965; Landolt 1986; Davenport & 
Haynes 2001; Grayum 2003; Landolt & Schmidt-Mumm 
2009; Armstrong 2011, 2012).

Herbarium specimens of the plants growing on or near 
the waterfall were prepared and deposited in the Herbarium 
of the Universidad de Costa Rica (USJ); when available, 
duplicates were sent to the Costa Rican National Herbarium 
(CR). Herbarium acronyms follow Index Herbariorum 
(Thiers 1997 and continuously updated).

RESULTS

Several patches of duckweeds were found growing on the 
vertical wet wall of the rock shelter behind the waterfall 
during all four visits, mostly located c. 0.5-1.5 m away from 
the free-falling water curtain. The patches were irregular 
in shape and variable in size (Fig. 1B); the largest one seen 
was c. 2 m2, located 1-2.5 m above the rocky bottom of 
the shelter. Possibly more duckweeds occurred higher up 
(both within the shelter and on the wet rock face of the 
waterfall not in direct contact with the falling water), but 
the constant dripping makes it very hard to look up inside 
the shelter, and it is almost impossible to distinguish the 
tiny duckweeds from other plants and green algae that 
grow on the rock face higher up on the waterfall from 
more than 2 m away. The estimated visible area of rock 
wall covered by duckweeds inside the rock shelter during 
our first three visits was 7-11 m2. During our fourth visit 
(after the partial collapses of the rock shelter) it was much 
reduced, c. 3-4 m2.

The duckweeds were loosely adhered to the rock surfaces 
only by means of the permanent, thin film of water, never 
physically anchored (Fig. 1C, D, F). A splash of water could 
easily wash the duckweed colonies off the rock wall, but 
we never perceived such an event during several hours of 
cumulative observation.

The duckweed colonies were composed almost exclusively 
of Wolffiella oblonga (Phil.) Hegelm. (voucher: Blanco et al. 
4300), the plants of which accumulated in dense mats of 
several layers in some places (Fig. 1C, D, E). Growing on 
top of the W. oblonga plants (and occasionally forming 
small pure patches directly on the wet rock) were far fewer, 
scattered plants of Lemna valdiviana Phil. (voucher: Blanco 
et al. 4301, Fig. 1D, F), and even fewer plants of L. aequi-
noctialis Welw. (mixed with L. valdiviana in Blanco et al. 
4301). At first sight, these duckweeds (especially W. oblonga) 
were difficult to recognize as such, as they resemble green 
algal mats, thalloid liverworts, or even fern gametophytes. 
No flowers nor fruits were detected on several dozen duck-
weed plants of either species that were examined under a 
dissecting scope.
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Small groups of Lemna aequinoctialis were seen stranded 
among aquatic plants and floating debris c. 150-250 m 
downstream from the waterfall, but none above.

Both Marathrum foeniculaceum Bonpl. (voucher: Blanco 
et al. 4296) and Tristicha trifaria (Bory ex Willd.) Spreng. 
(voucher: Blanco et al. 4303) (both Podostemaceae) grew abun-
dantly on the boulders at the bottom of the waterfall during 
our first three visits, but not in the rock shelter. Marathrum 
foeniculaceum was much less abundant at the bottom of the 
waterfall during our fourth visit, apparently because many 
of the plants were buried by the recently collapsed rocks. 
This species also grows on the rocky river bed immediately 
above the waterfall and on the vertical, constantly wet rock 
wall of the waterfall (visible with binoculars).

DISCUSSION

The Llanos de Cortés waterfall is the only place in the 
world where duckweeds have been documented growing 
on wet rocks behind a waterfall. This phenomenon is even 
more remarkable because of the large size of the duckweed 
community found there, at least before the recent partial 
collapse of the rock shelter.

Duckweeds have been documented growing on wet rock 
walls or in the drip of waterfalls on very few occasions 
(Landolt 1986: 141-142; 1998b; 2000). Lemna aequinoc-
tialis has also been collected growing on a permanently 
wet cement wall in Costa Rica (Hammel et al. 20017, CR, 
MO). For duckweeds to grow successfully in a hygropetric 
or madicolous environment, they require the presence of 
a permanent, thin film of water on the substrate, not be-
ing exposed to rain or water overflow (which could easily 
wash the tiny plants off as they cannot secure themselves 
to a solid substrate), and having sufficient illumination for 
the plants to survive. The rock shelter behind the Llanos de 
Cortés waterfall stays permanently wet because of the con-
stant spray produced by the falling water. During periods 
of unusually high precipitation, the water comes out with 
such force that most of it loses contact with the rock from 
the upper edge of the waterfall. Thus, even when waterfalls 
are lotic habitats par excellence, this rock shelter behaves 
more as a static aquatic microhabitat, although very differ-
ent from typical lentic habitats.

According to Landolt (1986: 142) only duckweeds with 
roots are capable of growing on wet, vertical rocks (here-
tofore, a few species of Lemna are the only duckweeds that 
have been documented growing hygropetrically; Landolt 
1986, 1998b). However, duckweed roots lack a mecha-
nism to anchor themselves to a substrate (much less solid 
rock), and thus roots do not represent an actual requisite 
for duckweeds to grow hygropetrically. The case presented 
here evidently shows that the rootless genus Wolffiella is 
also capable of growing in the same manner, and can form 
large colonies under the appropriate conditions.

Some duckweed patches in the rock shelter grew on parts 
with relatively low illumination. Wolffiella oblonga, by far the 

most abundant species in the rock shelter, belongs to a genus 
that commonly thrives in relatively dim light, submerged 
just under the surface in dense colonies, usually under the 
cover of other floating plants (including other duckweed 
genera; Hillman 1961; Armstrong 1992). The other two 
duckweed species present in the rock shelter (Lemna aequi-
noctialis and L. valdiviana), which normally grow in more 
exposed situations, are much less abundant and probably 
grow there at a relatively slow rate. They manage to stay 
on top of the dense colonies of W. oblonga thanks to their 
hydrophobic upper frond surface.

The dense colonies of Wolffiella oblonga in the rock shel-
ter apparently have grown vegetatively, spreading on the 
rock surface as new fronds emerge from old ones and push 
each other, and by occasional short-distance dispersal by 
water splashing. Conceivably, short distance dispersal (i.e., 
within different parts of the rock shelter) can also occur 
when individual duckweeds temporarily adhere to moving 
snails, crabs, aquatic insects, or other small invertebrates 
of the hygropetric microhabitat. Possibly some displace-
ment of the two species of Lemna occurs on the surface of 
the water film (the upper frond surface of these species is 
hydrophobic).

Duong & Tiedje (1985) showed that part of the nutri-
tional needs of duckweeds growing in ponds is provided 
by their epiphytic nitrogen-fixing cyanobacteria. A similar 
situation likely occurs on the Llanos de Cortés rock shel-
ter, where cyanobacteria grow on virtually every surface 
of the hygropetric habitat (including on the duckweeds 
themselves). The algal and invertebrate communities of the 
Llanos de Cortés waterfall are currently being studied by 
researchers at the Centro de Investigación en Ciencias del 
Mar y Limnología (CIMAR, Universidad de Costa Rica).

It is unknown how these duckweeds first arrived at this 
unusual place, but conceivably they could have been car-
ried by the river from suitable upstream habitats, or they 
could have been transported from other areas by aquatic 
birds seeking food or temporary refuge in the rock shelter. 
In any case, it is evident that the presence of duckweeds 
on the wet rock wall of the shelter is permanent and not 
an accidental, temporary situation.

The present report also constitutes the first record of Wolf-
fiella oblonga in Costa Rica. This species has a wide latitudinal 
and elevational distribution in the tropics and subtropics 
of the New World (from California, Texas, Louisiana and 
Florida to Argentina and Chile, and from 3600 m down 
to sea level; Landolt 1986); thus, its occurrence in Costa 
Rica was expected (Grayum 2003).

Wolffiella oblonga can be difficult to recognize from W. lin-
gulata (Hegelm.) Hegelm. (also expected in Costa Rica, 
Grayum 2003); the morphology of both taxa is somewhat 
variable and overlapping (Landolt 1986: 538; Crawford 
et al. 1997; Crawford et al. 2006; Armstrong 2011, 2012). 
However, W. oblonga can be distinguished from W. lingulata 
by its generally narrower (3-5 vs 4-10 mm) and flatter (vs 
recurved) fronds, a narrower budding pouch (angle 40-70° 
vs 80-120°), and a tract of elongated cells running along or 
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close to the lower edge of the pouch (vs running halfway 
between the median line and the lower edge of the pouch) 
(Landolt 1986; Armstrong 2011, 2012). The plants from 
the Llanos de Cortés waterfall fit well the above-mentioned 

description of W. oblonga (Fig. 1E). It has been suggested, 
on the basis of morphological, molecular and geographical 
evidence (both taxa have largely overlapping distributions 
and frequently occur in sympatry), that W. oblonga and 

A B

C D

E F

Fig. 1. — Llanos de Cortés waterfall and its duckweed community: A, front view of the Llanos de Cortés waterfall on July 2015, before the partial collapse of its rock 
shelter; the contour of the latter is partially visible behind the water curtain; B, permanently wet, vertical rock wall of the shelter behind the waterfall, covered by 
duckweeds (green); C, portion of duckweed mat with several layers of individual plants, mostly of Wolffiella oblonga (Phil.) Hegelm.; D, detail of duckeeds (mostly 
W. oblonga) clinging to the rock wall only by means of the permanent water film, but notice plants of Lemna valdiviana Phil. near both fingernails; E, four plants of 
W. oblonga as seen under the dissecting microscope; F, small colony of L. valdiviana, clinging to the wet rock wall. Scale bars: B, 1 m; C, 5 cm; D, F, 1 cm; E, 5 mm.
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W. lingulata may not constitute distinct species after all 
(Kimball et al. 2003). In any case, W. oblonga has nomen-
clatural priority over W. lingulata.

It is curious that W. oblonga was first found in Costa Rica 
growing in such an atypical situation, and that neither W. ob-
longa or Lemna valdiviana have been found in the extensive 
seasonal marsh of Palo Verde National Park (PVNP), located 
c. 21 km to the SW of the Llanos de Cortés waterfall at 
near sea-level, in the adjacent Tempisque River basin. The 
aquatic macrophytes of the PVNP marsh have been studied 
in detail (e.g., Crow & Rivera 1986; Hernández-Esquivel 
1990; Hernández-Esquivel & Gómez-Laurito 1993; Crow 
2002), and four duckweed species have been recorded among 
them: Lemna aequinoctialis (voucher: Blanco et al. 1958, 
misidentified as L. gibba L. in Crow & Rivera 1986 and in 
Hernández-Esquivel & Gómez-Laurito 1993), Spirodela 
intermedia W. Koch (voucher: Blanco et al. 1959, newly re-
ported here for the site), S. polyrhiza (L.) Schleid. (reported 
by Crow 2002, without citing a voucher) and W. welwitschii 
(Hegelm.) Monod (voucher: Blanco et al. 1957). In Costa 
Rica, L. valdiviana is rarely encountered at elevations below 
600 m (Grayum 2003); the cool environment of the rock 
shelter probably provides the appropriate conditions for this 
species to occur at this relatively low elevation.

The abundance of two species of riverweeds (Marathrum 
foeniculaceum and Tristicha trifaria, of the Podostemaceae, a 
family of submerged rheophytic plants specialized on river 
rapids) indicates that the river is not contaminated or very 
little so (Philbrick & Novelo 1995). Furthermore, although 
the tolerance to pollutants of species of Wolffiella has been 
scarcely tested (Ziegler et al. 2016), there is anecdotic 
evidence that they are much less tolerant to turbid water, 
sewage and detergents than other duckweeds (Armstrong 
1992). This is somewhat surprising as agricultural and cat-
tle fields partially flank the Potrero River upstream from 
the waterfall, although recent aerial images show that sub-
stantial portions of its riparian forest still remain in place.

Janzen (1976) described the Llanos de Cortés waterfall 
as “perhaps the best remaining example of a moist canyon 
effect [caused by the blast of cool, hyper-humid air from 
the waterfall] in Guanacaste province”, and remarked that 
“its organisms are unique” (see Zartman & Pittillo 1998 
for a discussion of the highly specific plant communities 
of spray cliffs around waterfalls). The existence of a large, 
permanent duckweed community in the rock shelter of 
the waterfall underscores the uniqueness of this site and 
the need for its protection. Janzen (1976) mentioned that 
“the increasing agricultural exploitation of the Bagaces–
COMELCO region, and specifically the area immediately 
above the waterfall, is very likely to destroy both the wa-
ter flow and the actual riparian forest itself [at this site]” 
(COMELCO stands for “Compañía Ganadera El Cortés, 
S.A.”). Fortunately, more than 40 years after Janzen´s dire 
predictions, the waters of the Rio Potrero still flow all year 
round and do not show visible signs of contamination at 
the site of the waterfall. The current prohibition for visi-
tors to enter the rock shelter is a positive measure in favor 

of the conservation of this unusual duckweed colony and 
its delicate associated biotic community. The surrounding 
riparian vegetation already shows some signs of degrada-
tion due to the intensive visitation for recreational use that 
this site experiences.

Construction of a visitor complex adjacent to the wa-
terfall by the Bagaces county municipality is planned for 
the immediate future (Sánchez-Herrera 2016). The project 
proposal aims to minimize its environmental impact, pre-
serving much of the surrounding riparian forest. We suggest 
that measures be taken to protect and minimize potential 
damage to the unique rock shelter duckweed colony.
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