
Bacopa Aubl. (Aublet, 1795: 128–130), encompassing 
ca. 60 species, is the largest genus in tribe Gratioleae 
(Fischer, 2004). It is a mostly Pantropical group (Ahedor 
and Elisens, 2015), with few taxa in temperate areas 
(Pennell, 1919, 1935; Spencer et al., 1978) and with its 
highest diversity in the Neotropics (46 species; fide Ulloa 
Ulloa et al., 2018 Onward). The life forms of the genus are 
variable, including mostly annual prostrate, diffuse, or erect 
succulent and flaccid stems, aquatic or swamp-inhabiting 
rhizomatous to completely submerged herbs (Holmgren and 
Vincent, 2005; Souza, 2012; Sosa et al., 2018). A few taxa 
are perennial, terrestrial, erect suffrutexes (e.g., B. angulata 
(Benth.) Loefgr. & Edwall; B. lisowskiana R. Mielcarek).

The genus has been treated as a member of the 
tribe Gratioleae (Bentham, 1835) of Scrophulariaceae. 
Molecular-phylogenetic studies have greatly altered 
concepts of families of the traditional Scrophulariaceae 
(e.g., Olmstead et al., 2001; Oxelman et al., 2005; Tank 
et al., 2006; Barker et al., 2012; APG, 2016), placing 
several genera (e.g., Bacopa, Mecardonia Ruiz & Pav., and 
Scoparia L.) within Plantaginaceae.

Bacopa is characterized by leaves all opposite or 
verticillate, pedicels (2.0–)4.5–10.0 mm long, bractlets 
present at the summit of the pedicel (often appearing to be 
part of the calyx), rarely absent, calyx segments divided 
to or nearly to the base, distinctly dissimilar, 3 broad 
segments (1 posterior and 2 anteriolateral) and 2 narrower, 
posteriolateral ones, corolla throat open, fertile stamens four 
(rarely 5) or two stamens plus two staminodes, anthers with 
both thecae fertile and capsules 1–4 mm long (Holmgren 
and Vincent, 2005; Souza, 2012; Barringer, 2015).

Species of Bacopa (mainly B. monnieri [L.] Wettst.)  
are herbs and important sources of various biochemical  
compounds, such as alkaloids, bacosides, flavonoids, glyco-
sides, triterpenoids, and saponins (Reddy, 2019). Clinical 
studies show it to have anxiolytic, antidepressant, cognitive-
enhancing, antioxidant, cholinergic, and adaptogenic actions 
(Abascal and Yarnell, 2011). These properties make it a 
highly useful herb in helping patients cope with physical 
and emotional stress and with the cognitive impairment 
that usually accompanies aging, such as from dementia, 
Parkinson’s disease, and epilepsy (Aguiar and Borowski, 
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2013; Sukumaran et al., 2019).
No worldwide monograph of Bacopa has been completed; 

however, several attempts have been made to organize the 
genus after G. Bentham’s treatment of Scrophulariaceae 
(Bentham, 1846). For instance, von Wettstein (1891) 
divided the genus into six sections, described two species, 
and made seven combinations. Edwall (1897) transferred 
Herpestis C.F. Gaertn. to Bacopa, and with J. A. C. Loefgren 
described seven species and made 14 combinations. Pennell 
(1935) initially placed the species in five genera but later 
merged them in Bacopa, recognizing six sections and six 
subsections (Pennell, 1946); these form the basis for the 
most recent taxonomic treatments (Ahedor and Elisens, 
2015; Sosa et al., 2018). Since then, 12 new species have 
been described from the Neotropics (Williams, 1950, 1952; 
Pennell, 1953; Descole and Borsini, 1954; Alain, 1968; 
Ichaso and Barroso, 1974; Borhidi and Muñiz, 1975a,b; 
Rossow, 1986; Souza, 2001).

The genus has been treated for the Flora of Colombia 
(Pennell, 1920), Flora of the Venezuelan Guayana 
(Holmgren and Vincent, 2005), Flora Mesoamericana 
(Christenhusz, 2014), and Manual de Plantas de Costa Rica 
(Barringer, 2015). In addition, a revision of the genus in 
Argentina was published by Sosa et al. (2018).

Currently, a third of Bacopa species are found in  
the Orinoco “Llanos” region of Colombia and Venezuela  

(Fig. 1), also known as “Orinoquia” in Colombia (Minorta- 
Cely and Rangel-Ch., 2014). These taxa occur in wetlands 
(e.g., estuaries, edges of abandoned meanders [“madreviejas”], 
lagoons, and swamps). In these habitats they constitute 
ecologically interesting communities of dense aquatic or 
swamp-inhabiting rhizomatous plants. Their roots are able to 
penetrate the substrate, and remain submerged or re-emerge, 
as is the case in swamps. The permanence throughout the 
year of populations of Bacopa spp. and other aquatic plants 
is highly affected by the marked seasonality in the Orinoquia 
region, primarily by loss of the water column (Vera-Ospina et 
al., 2020). These communities are common in the seasonally 
flooded savannas over the vast eolic-limose plains, which 
extend from northeastern Colombia through western-central 
Venezuela (Schargel and Aymard, 1992; Rangel-Ch. et al., 
2020). Several taxa of Bacopa also occur from Mesoamerica, 
Amazonia, the Andes, the Guianas, and southeastern and 
central Brazil to the Southern Cone (Holmgren and Vincent, 
2005; Christenhusz, 2014; Barringer, 2015; Sosa et al., 2018).

This contribution increases to 20 the number of Bacopa 
species known from the Orinoco “Llanos” (Table 1). This 
new species was detected during herbarium research for 
aquatic vegetation and other physical and biotic studies 
conducted in seasonally flooded savannas over the eolic-
limose plains, Arauca department, Colombia (Rangel-Ch. 
et al. 2020).

FiGure 1. “Los Llanos” of Colombia and Venezuela (indicated by oblique black lines [fide Aymard, 2017, modified by Larry Niño]) and 
the geographical distribution of Bacopa llanorum (H).
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table 1. Comparative checklists of Bacopa in the Orinoquia region of Colombia and Venezuela.

 Taxa of Bacopa MinorTa and  Cárdenas-L. eT aL. ayMard  BernaL Taxa aCCepTed in 
  rangeL (2014);  (2016);  (2017);  (2020); This sTudy: 20 Taxa 
  CoLoMBia,  CoLoMBia, VenezueLa, CoLoMBia, CoLoMBia (10 ssp.) and 
  7 Taxa 7 Taxa 16 Taxa 7 Taxa VenezueLa (18 ssp.)

 B. albida (Pennell)     X X (COL) 
 Standl.

 B. aquatica Aubl.   X  X (VEN)

 B. axillaris (Benth.)    X X X (COL, VEN) 
 Standl.

 B. bacopoides   X  X (VEN) 
 (Benth.) Pulle

 B. callitrichoides  X X  X (COL, VEN) 
 (Kunth) Pennell

 B. gratioloides   X  X (VEN) 
 (Cham.)  
 Chodat & Hassl.

 B. innominata     X (VEN) 
 (M. Gómez) Alain

 B. llanorum Aymard      X (COL) 
 & Rangel-Ch.

 B. laxiflora (Benth.)  X X X X X (COL, VEN) 
 Wettst. ex Edwall

 B. monnieri (L.)    X  X (VEN) 
 Wettst.

 B. monnierioides X X X X X (COL, VEN) 
 (Cham.) B.L. Rob.

 B. myriophylloides X X X X X (COL, VEN) 
 (Benth.) Wettst.

 B. reflexa X X X  X (COL, VEN) 
 (Benth.) Edwall

 B. repens   X  X (VEN) 
 (Sw.) Wettst.

 B. reptans (Benth.)  X X X X X (VEN) 
 Wettst. ex Edwall

 B. salzmannii (Benth.)  X X X  X (COL, VEN) 
 Wettst. ex Edwall

 B. serpyllifolia     X (VEN) 
 (Benth.) Pennell

 B. sessiliflora X  X X X (COL, VEN) 
 (Benth.) Edwall

 B. valerii Standl.    X  X (VEN) 
 & L.O. Williams

 B. verticillata   X  X (VEN) 
 (Pennell & Gleason)  
 Pennell
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materials and methods

This work is based on a morphological study of 
specimens in COL, GH, and NY (herbarium codes after 
Thiers, 2019), and the examination of historical and current 
taxonomic literature on Bacopa. Type specimens of Bacopa 
species were studied through the use of on-line images from 

the JSTOR Global Plants database (https://plants.jstor.org/). 
The specific terminology for vegetative characters, vestiture 
descriptions, inflorescences, flowers, and fruit morphology 
follow Font-Quer (2001), Harris and Harris (2001), and 
Endress (2010).

taxonomiC treatment

Bacopa llanorum Aymard & Rangel-Ch. sp. nov. TYPE: 
COLOMBIA. Arauca: Cravo Norte, Vereda Campo Abierto, 
Finca de los hermanos Mojica, estero en la base de médanos, 
06˚23'49.55"N; 70˚25'13.17"W, 105 m. 29 August 2016 (fl 

and fr), Vladimir Minorta-Cely, Francisco Castro-Lima, 
Luis F. Gopar, Andrés Vera-Ospina & Diego Yasnó 2749 
(Holotype: COL; Isotype: HORA). Fig. 2.

FiGure 2. Bacopa llanorum Aymard & Rangel-Ch. A, habit showing the filiform innermost blade; B, top of the main stem with capsules 
showing lanceolate-ovate uppermost blade; C, corolla; D, inside of corolla showing the stamens and ovary; E, mature capsules showing 
the placenta and seeds.
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table 2. Comparison of diagnostic morphological characters of Bacopa llanorum Aymard & Rangel-Ch. and B. reptans (Benth.) Wettst. 
ex Edwall.

 CharaCTer Bacopa llanorum Bacopa reptans

 Habit Herbs 20–40 cm tall, stout 6–20 cm, slender

 Leaves Dimorphic (the innermost blade filiform,  Homomorphic (all linear-lanceolate),  
  uppermost lanceolate-ovate), opposite opposite or 4-verticillate, margins dentate 
  or 4–6 verticillate, margins entire 

 Uppermost leaves Lanceolate-ovate, 3.5–4.6 ×  Linear-lanceolate, 6–9 × 3–4 mm,  
  ca. 1.9 mm, apex acute apex obtuse

 Inflorescence Flowers axillary or terminal Always axillary

 Calyx lobes 2–2.2 mm long, external and internal  Ca. 6 mm long, external oblong-lanceolate, 
  lanceolate, margin entire, apex acute internal linear, margin ciliate, apex obtuse

Bacopa llanorum is morphologically similar to B. 
reptans (Benth.) Wettst. ex Edwall but differs in its habit 
(stout herbs, 20–40 cm tall), having dimorphic leaves, the 
innermost blade filiform, the uppermost lanceolate-ovate 
3.5–4.6 × ca. 1.9 mm, opposite or 4–6 verticillate, margins 
entire, apex acute, flowers axillary or terminal, calyx lobes 
2.0–2.2 mm long, lanceolate, entire at the margin and the 
apex acute.

Herbs 20–40 cm, stout, mat-forming, aquatic. Stems 
ascending, becoming erect, branched at the base, 
quadrangular, glabrate, succulent, creeping and rooting at 
nodes. Leaves dimorphic, opposite or 4- to 6-verticillate, 
sessile, glabrous and minute punctate on both sides, margin 
entire, midvein impressed on the upper surface, elevated on 
the lower surface; the innermost blade filiform, ca. 3.2 × 
ca. 0.8 mm, base attenuate, apex acute, the uppermost blade 
lanceolate-ovate, 3.5–4.6 × ca. 1.9 mm, base cuneate, apex 
acute. Flowers solitary, axillary or terminal, pedicel 7.0–7.8 
mm long, glabrous, ebracteate; calyx 5-lobed, lanceolate, 
glabrous, apex acute, margins entire, the external dorsal 
lobe ca 2.2 mm, the 2 lateral and the 2 internal ca. 2 mm 
long; corolla pale lilac, 3-lobed, tube 5–6 mm long, lobes 
ca. 2 mm, glabrous; stamens 4, didynamous; ovary ca. 4 
mm long, glabrous, style ca. 2.3 mm long, stigmatic apex 
bifid. Capsule ovoid, apex obtuse, ca. 5 × ca. 2 mm. Seed 
ellipsoid, flattened, ca. 0.5 mm.

Phenology: collected with flowers and fruits in August.
Distribution and habitat: the species is known from 

seasonally flooded savannas over oligotrophic soils, in the 
eolic-limose plains that extend from northeastern Colombia 
through western Venezuela, between 100 and 300 m. A recent 
phytosociological study showed that Bacopa llanorum is 
associated with the Leersia hexandra Sw. (Poaceae) and 
Pontederia subovata (Seub.) Lowden (Pontederiaceae) 
community of the Arauca River floodplains (Vera-Ospina et 
al., 2020). In estuaries located in Cravo Norte and Puerto 
Rondón (Arauca department, Colombia), this species forms 
colonies with high cover values (64%). It is found with other 
submerged aquatic species, such as Cabomba furcata Schult. 
& Schult. f. (Cabombaceae) and Eriocaulon setaceum 
L. (Eriocaulaceae), and emergent rooted herbs, such as 

Sagittaria platyphylla (Engelm.) J.G. Sm. (Alismataceae) 
(Vera-Ospina et al., 2020). In other cases, this new species 
was observed in communities of Cabomba furcata Schult. 
& Schult. f. and Ludwigia sedioides (Bonpl.) H. Hara 
(Onagraceae) as an emergent herb with relatively low cover 
values, between 8 and 50% (Vera-Ospina et al., 2020).

Conservation status: according to IUCN criteria 
((IUCN, 2017), this species would be ranked as DD (data 
deficient). This indicates that, while the species has been 
overlooked until recently, future research may show that a 
threatened classification is appropriate. Currently, Bacopa 
llanorum is known only from the type collection; however, 
we expect this new species to have a wider distribution across 
seasonally flooded savannas that extend from northeastern 
Colombia through western Venezuela. Notwithstanding, 
“Los Llanos” have experienced intense human activity in 
the last six decades, which has led to changes in the species 
composition and structural complexity of its vegetation 
(Aymard, 2017). However, the region remains in a good state 
of conservation, the main threats being the transformation 
of savannas into pastures and selective logging. Currently, 
these activities are relatively local and with low impact, but 
transformation into pastures is the greatest pressure because 
of the removal of biomass and soils.

Given its dimorphic leaves (the innermost blade 
filiform, uppermost lanceolate-ovate), in a predominantly 
homomorphic-leaved genus, Bacopa llanorum is not 
evidently allied to any other Bacopa species. This new 
species does share several features with B. reptans (Benth.) 
Wettst. ex Edwall from Honduras, Colombia, Venezuela, 
Guyana, and Bolivia (Santa Cruz) south to Brazil (Minas 
Gerais): both species have succulent stems, leaf blade minute 
punctate on both sides, inflorescences of solitary flowers, 
pedicels ebracteate, and capsules ovoid. Nevertheless, 
this new species differs from B. reptans in the vegetative  
and reproductive characters discussed in the diagnosis, in 
Table 2, and in the Key to the Species presented here.

Dimorphism or phenotypic plasticity in leaf form is  
a remarkable feature among aquatic plants (Deschamp 
and Cooke, 1983). How aquatic plants form such different 
leaves has been largely investigated among Eudicots  
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(e.g., Lamiales and Ranunculales), monocots (e.g., 
Alismatales and Poales), and basal angiosperms such as 
Nymphaeales (for a review see Koga et al., 2020). This 
feature is common in several genera, such as Callitriche L. 
(Plantaginaceae), Elatine L. (Elatinaceae), Hydrophila R. 
Br. (Acanthaceae), Potamogeton L. (Potamogetonaceae), 
and Ranunculus L. (Ranunculaceae). However, dimorphism 
in Bacopa is an uncommon morphological attribute; of the 
ca. 60 known species, dimorphic leaves has been reported 
only in B. verticillata (Pennell & Gleason) Pennell (Gleason, 
1929; Sosa et al., 2018) and in B. llanorum herein (see 
couplets 2a and 2b in the key that follows for differences 
between these two species).

Caconapea Cham. is one of the genera that Pennell 
(1946) placed in the synonymy of Bacopa. The genus was 
described by L. K. A. von Chamisso (1833) on the basis 

of a single species, C. gratioloides Cham. Over the years, 
species of Caconapea were transferred to Bacopa, except 
for C. debilis Pennell, a species originally collected by  
F. W. Pennell (1886–1952) in the Colombia Llanos, which 
is formally combined here:

Bacopa debilis (Pennell) Aymard & Rangel-Ch., comb. nov.
Basionym: Caconapea debilis Pennell, Proc. Acad. Nat. 

Sci. Philadelphia 75:151. 1920. TYPE: COLOMBIA. 
Intendencia del Meta: Villavicencio, shallow  
pools, 450 m, 1–2 September 1917, Francis  
W. Pennell 1623 (Holotype: NY; Isotypes: GB, K, 
PH).

Current taxonomic status: Caconapea debilis is 
currently treated as a synonym of Bacopa reptans (Pennell, 
1946; Holmgren and Vincent, 2005).

Key to Bacopa speCies oF the orinoquia reGion

Based on Holmgren and Vincent (2005); distribution outside Orinoquia not included.
1a. Leaves dimorphic along the stems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1b. All leaves homomorphic along the stems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2a. Leaves filiform only at the base and lanceolate-ovate at the top of the stem, blade punctate, the base attenuate or cuneate; flowers with  
 pedicels 7–7.8 mm long, ebracteate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. llanorum (Colombia: Arauca)
2b. Leaves pinnatisect or pinnatifid at the base and pinnatifid to entire at the top of the stem, the base amplexicaul or auriculate, epunctate;  
 flowers sessile or with brief pedicels ca. 5 mm long, bracteate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B. verticillata (Venezuela: Guárico)
3a. Leaves deeply pinnately dissected into filiform divisions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3b. Leaves linear, oblong-lanceolate, narrowly lanceolate, lanceolate or broader . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
4a. Leaves 10–14 leaves per node, 0.9–1.5 × ca. 3 mm, with 5–7 segments on each side; pedicels 2–3 cm,  
 with 2 bracteoles; calyx unequal,  the external lobes ovate-lanceolate, the internal linear,  
 disc 4- to 8-dentate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B. myriophylloides (Colombia: Arauca, Meta, Vichada; Venezuela: Apure)
4b. Leaves 6–8 leaves per node, 0.2–3.5 × 0.1–1.4 cm, with 5–20 segments on each side; pedicels 0.05–1.80 cm, ebracteate; calyx equal,  
 disk 5- to 10-dentate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. reflexa (Colombia: Casanare, Meta; Venezuela: Cojedes, Guárico, Portuguesa)
5a. Leaves linear, relatively thick and conduplicate-folded; calyx segments barely differentiated; pedicels 1.0–2.5(–3.5) mm long; flowers often  
 in pairs in each axis, sometimes only 1; bractlets present . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. gratioloides (Venezuela: Guárico, Portuguesa)
5b. Leaves oblong-oblanceolate, obovate, lanceolate or broader, if narrower neither thick nor conduplicate-folded; calyx segments distinctly  
 differentiated except in B. callitrichoides and some B. repens and B. reptans, flowers in fascicles of 4–8 or solitary;  
 bractlets present or absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
6a. Pedicels < 1.5 mm long or absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
6b. Pedicels > 1.5 mm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
7a. Inflorescences of 1 or 2 axillary flowers; calyx 3.5–7.0 mm long; corolla 3–5 mm long; stems glabrous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
7b. Inflorescences in fascicles of 1–8 flowers in leaf axils; calyx 1.5–3.0 mm long, corolla 1.5–3.0 mm long; stems hispid with conspicuous  
 spreading trichomes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
8a. Leaves linear to narrowly oblanceolate, the margins entire or shallowly dentate,  
 pedicels 0.2–1.5 mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. sessiliflora (Colombia: Meta; Venezuela: Apure, Guárico, Monagas)
8b. Leaves ovate to lanceolate, obovate-spathulate, the margins serrulate in the upper part; pedicels 5–15 mm  . . . . . . . . . . . . . . . . . . . . . . . . . 10
9a. Leaves 1–5 mm wide, narrowly oblong, margins entire or minutely denticulate; the outer lobes of the calyx ovate,  
 punctate with sessile glands, the inner minutely ciliate; stigma convolute,  
 crestlike . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. monnierioides (Colombia: Meta; Venezuela: Apure, Cojedes, Guárico, Portuguesa)
9b. Leaves 6–12 mm wide, narrowly lanceolate, margins obtusely serrate in the distal part, entire at the basal half;  
 the outer lobes of the calyx broadly ovate, sometimes ciliate, glandular-punctate, the inner densely glandular-punctate;  
 stigmas flattened  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B. axillaris (Colombia: Meta; Venezuela: Guárico, Portuguesa)
10a. Plants dried brown in herbarium specimens; leaves ovate to lanceolate, apex acuminate, the midvein with 2 veins on each side;  
  pedicels with bracteoles 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B. bacopoides (Guárico, Portuguesa)
10b. Plants dried black in herbarium specimens; leaves obovate-spathulate, apex obtuse, the midvein without 2 veins on each side;  
  pedicels ebracteolate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .B. valerii (Venezuela: Portuguesa)
11a. Bractlets present at the summit of the pedicel or attached to the base of the calyx  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
11b. Bractlets absent (or rudimentary in some B. salzmannii and B. serpyllifolia)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
12a. Stems prostrate to decumbent or trailing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
12b. Stems erect or ascending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
13a. Leaves, lanceolate to oblong-lanceolate; 3–9 × 1–2 cm, margins obtusely serrate in the distal part, entire at the basal half;  
  pedicels 1.8–3.6 cm long; calyx 8.5–13.5 mm long; stamens 5 . . . . . . . . . . . . . . B. aquatica (Venezuela: Anzoátegui, Apure, Cojedes, Guárico)
13b. Leaves obovate, 0.5–2.0 × 0.1–0.8 cm, margins entire or minutely denticulate; pedicels 0.5–1.0(–3.5) cm long; calyx 4–7 mm long;  
  stamens 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. monnieri (Venezuela: Portuguesa)
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14a. Stems 20–45 cm long, with a few short gland-tipped hairs near the apex; posterior calyx segment ovate, scrabrous at the margen; leaves  
  opposite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. laxiflora (Colombia: Casanare, Meta; Venezuela: Apure, Guárico, Portuguesa)
14b. Stems 3–15 cm long, glabrous; posterior calyx segment (the largest one) lanceolate to broadly lanceolate; glabrous at the margen, leaves  
  opposite to 4-whorled . . . . . . . . . B. reptans (Colombia: Meta; Venezuela: northwestern Amazonas, Anzoátegui, Cojedes, Guárico, Portuguesa)
15a. Calyx 3.5–7.5 mm long, the posterior segment truncate-rounded to cordate at the base, becoming reticulate-venose;  
  capsule firm-walled . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
15b. Calyx 1.2–4.2 mm long, the posterior segment broadly cuneate at the base, not strongly reticulate; capsule membranous-walled . . . . . . . 19
16a. Stems appressed to ascending-pubescent or glabrous; outer calyx segments glabrous; pedicels 1.5–14.0 mm long . . . . . . . . . . . . . . . . . . . 17
16b. Stems spreading-pubescent; outer calyx segments pubescent; pedicels (4.5–)8.0–22.0 mm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
17a. Stems appressed to ascending-pubescent; pedicels 1.5–6.5 mm long; stamens 2(–4) . . . . . . . . . . . . B. innominata (Venezuela: Portuguesa)
17b. Stems glabrous; pedicels 7–14 mm; stamens 4; capsule elliptic-oblong  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B. albida (Colombia: Meta)
18a. Pubescence of the stems, pedicels, and calyx-segment margins of fine, yellowish hairs; corolla 3–6(–7) mm long, mostly concealed by the  
  calyx; stems 5–20 cm long . . . . . . . . . . B. salzmannii (Colombia: Casanare, Meta; Venezuela: Apure, Cojedes, Guárico, Monagas, Portuguesa)
18b. Pubescence of the stems, pedicels, and calyx-segment margins of coarse, whitish, multicellular hairs; corolla 6–7 mm long, the limb  
  exserted from the calyx; stems usually shorter, 3–6 cm long . . . . . . . . . . . . . . . . . . . . . . . . B. serpyllifolia (Venezuela: northwestern Amazonas)
19a. Leaves > 12 × 7 mm; calyx 2.7–4.2 mm long, usually consisting of 5 segments, 3 broad ones and 2 narrow ones, sometimes reduced to 4  
  with 1 slightly broader than the others; capsule 2.5–3.5 mm long . . . . . . . . . . . . . . . . . . . . B. repens (Venezuela: Barinas, Guárico, Portuguesa) 
19b. Leaves < 7 × 5.5 mm; calyx 1.2–2.3 mm long, reduced to 4 segments, 1 slightly broader than the others;  
  capsule 1.2–1.8 mm long . . . . . . . . . . . . . . . . . . . . B. callitrichoides (Colombia: Vichada; Venezuela: Apure, Barinas, Guárico, Portuguesa)

2020 AYMARD ET AL., BACOPA (PLANTAGINACEAE) 201

literature Cited

abasCal, K., and e. yarnell. 2011. Bacopa for the brain (a smart 
addition to Western medicine). Alternative and Complementary 
Therapies 17(1): 21–25.

aGuiar, s., and t. borowsKi. 2013. Neuropharmacological review 
of the nootropic herb Bacopa monnieri. Rejuvenation Research 
16(4): 313–326.

ahedor, a. r., and w. elisens. 2015. Seed morphology and its 
taxonomic significance in the subtribe Gratiolinae 
(Plantaginaceae). Systematic Botany 40(3): 845–852.

alain, h. l. 1968. Novitates Antillanae. III. Brittonia 20: 148–161.

anGiosperm phyloGeny Group (apG). 2016. An update of the 
Angiosperm Phylogeny Group classification for the orders and 
families of flowering plants: APG IV. Botanical Journal of the 
Linnean Society 181: 1–20. 

aublet, J. b. C. F. 1775. Bacopa. Pages 128–130 in Histoire des 
Plantes de la Guiana Françoise. Vol. 1. Pierre François Didot 
Jeune, London and Paris.

aymard, G. 2015. Bosques de los Llanos de Venezuela: 
Estructura, composición florística, diversidad y estado actual de 
conservación. Pages 241–268 in r. lópez-FalCón, J. m. hétier, 

notes about the orinoCo “llanos” reGion and its eoliC-limose plains

The broad lowland region that extends from northeastern 
Colombia to eastern Venezuela, occupying an area of ca. 
532,000 km² (ca. 240,000 in Colombia and ca. 292,000 in 
Venezuela; Fig. 1), is known as “Los Llanos del Orinoco,” 
or as “Orinoquia,” particularly in Colombia (Minorta-Cely 
and Rangel-Ch., 2014); elsewhere, Orinoquia refers to the 
entire Orinoco River basin. The “Llanos” are regarded as 
the largest savanna area in northwestern South America, 
with rich sedimentary deposits of Quaternary origin (Huber 
et al., 2006; Schargel, 2015), and they are considered one of 
the most biodiverse regions in the Neotropics (Rangel-Ch., 
2014, 2015; Aymard, 2015). This large region is a flat, almost 
uninterrupted expanse that gradually descends from the base 
of the Andes (250–500 m) in a west–east direction, ending on 
the left bank and the deltaic plain of the Orinoco River. The 
southwestern boundary of the Venezuelan llanos extends from 
the Arauca and Meta rivers in the direction of the Vichada 
and Guaviare basins, a region known as “Llanos Orientales 
Colombianos” (Cortés-Lombana, 1981). Nonetheless, recent 
evidence indicates that the Vichada and Guaviare watersheds 
contain a large belt of Amazonian vegetation rather than 
“Llanos” vegetation itself (Minorta-Cely et al., 2020).

Currently, the vegetation of “Los Llanos” is composed 
of a mosaic of savannas mixed with pastures, shrubby 
vegetation, gallery forests, an array of thorn dry forest 
communities, and a transition of dry semideciduous to 

evergreen forests highly transformed by human activity.
The eolic-limose plains located in Colombia and 

Venezuela Llanos are notable for their physical and 
biological characteristics and their ancestral inhabitants, and 
lately there has been particular interest in conserving their 
ecosystems (Rangel-Ch. et al., 2020). Moreover, these plains 
are recognized as having a fluvial network composed of 
several rivers (e.g., the Capanaparo, the Cinaruco, and the 
Cravo Norte) that are part of the Orinoco River basin. This 
large sector is characterized by numerous gallery forests and 
by its large and continuous area of dunes and savannas over 
oligotrophic soils (Schargel, 2007). Perhaps one the most 
peculiar features of these extensive plains is the presence of 
large, dense tree communities of Caraipa llanorum Cuatr., 
C. savannarum Kub. (Calophyllaceae, “Saladillo”), and 
Leptolobium nitens Vogel (Fabaceae, “Congrio”), the former 
called “Saladillales” and the latter “Congriales” (Aymard 
and Campbell, 2008; Montes et al., 2013). This region is 
important biologically because of its endemics elements, 
such as Cuphea apurensis Lourteig (Lythraceae) and Xyris 
apureana Kral & L.B. Sm. (Xyridaceae), and because it is the 
northwestern limit of distribution of many Amazonian taxa, 
such as Leptobalanus wurdackii (Prance) Sothers & Prance 
(Chrysobalanaceae), Spathanthus unilateralis (Rudge) 
Desv. (Rapateaceae), and Salacia negrensis Lombardi 
(Celastraceae) (Aymard, 2015, 2017). 



202 HARVARD PAPERS IN BOTANY VOL. 25, NO. 2

d. lópez-h., r. sCharGel, and a. zinCK, eds., Tierras llaneras 
de Venezuela. 2nd ed. IRD-CIDIAT, Mérida, Venezuela.

––––––. 2017. Adiciones a la flora vascular de los Llanos de 
Venezuela: Nuevos registros y estados taxonómicos. Biollania 
(Edic. Esp.) 15: 1–296.

aymard, G., and l. Campbell. 2008. A new species of Caraipa 
Aublet (Clusiaceae) from the Venezuelan Andes and its 
biogeographical implications. Rodriguesia 59(2): 1–6.

barKer, w. r., G. l. nesom, p. m. beardsley, and n. s. FraGa. 
2012. A taxonomic conspectus of Phrymaceae: A narrowed 
circumscription for Mimulus, new and resurrected genera, and 
new names and species. Phytoneuron (2012)39: 1–60.

barrinGer, K. 2015. Scrophulariaceae. In b. e. hammel, m. h. 
Grayum, C. herrera, and n. zamora, eds. Manual de Plantas 
de Costa Rica. Vol. 8. Monographs in Systematic Botany from 
the Missouri Botanical Garden 131: 149–192.

bentham, G. 1835. Scrophularineae indicae. J. Ridgeways and 
Sons, London.

––––––. 1846. Scrophulariaceae. Pages 186–586 in a. p. Candolle, 
ed., Prodromus systematis naturalis regni vegetabilis 10. Victor 
Masson, Paris.

bernal, r. 2020. Bacopa. In r. bernal, s. r. Gradstein, and 
m. Celis, eds. Catálogo de plantas y líquenes de Colombia. 
Instituto de Ciencias Naturales, Universidad Nacional 
de Colombia, Bogotá (accessed May 31, 2020). http://
catalogoplantasdecolombia.unal.edu.co

borhidi, a., and o. muñiz. 1975a. Combinationes novae florae 
Cubanae II. Botanikae Közlemények 62: 25–27.

––––––. 1975b [1976]. New plants in Cuba. IV. Acta Botanica 
Academiae Scientiarum Hungaricae 21: 221–230.

Cárdenas-lópez, d., h. mendoza, m. F. González, and s. sua. 
2016. Flora de la cuenca del río Orinoco en Colombia: Grado 
de conocimiento, uso y conservación. Revista Colombia 
Amazónica 9: 93–146.

Chamisso, l. K. a., Von. 1833. Scrofularineae. Linnaea 8: 17–30.
Christenhusz, m. J. m. 2014. Plantaginaceae. Pages 1–73 in G. 

daVidse, m. sousa sánChez, s. Knapp, and F. ChianG Cabrera, 
eds. Flora Mesoamericana. Vol. 5. Missouri Botanical Garden 
Press, St. Louis.

Cortés-lombana, a. 1981. Capacidad de uso actual y futuro de 
las tierras de la Orinoquía Colombiana. Un enfoque ecológico. 
Boletín Sociedad Venezolana de Ciencias Naturales 139: 427–
448.

desChamp, p. a., and t. J. CooKe. 1983. Leaf dimorphism in 
aquatic angiosperms: Significance of turgor pressure and 
cell expansion. Science 219: 505–507.

desCole, h. r., and o. h. borsini. 1954. Scrophulariaceae. In h. 
r. desCole, ed., Genera et Species Plantarum Argentinarum 5: 
1–167.

edwall, G. 1897. Flora Paulista II. Familias Solanaceae e 
Scrophulariaceae. Commissao Geographica e Geologica de Sao 
Paulo: Boletim 13: 149–210.

endress, p. K. 2010. Disentangling confusions in inflorescence 
morphology: Patterns and diversity of reproductive shoot 
ramification in angiosperms. Journal of Systematics and 
Evolution 48: 225–239.

FisCher, e. 2004. Scrophulariaceae. Pages 333–388 in J. w. 
Kadereit, ed., The Families and Genera of Vascular Plants. Vol. 
7. Springer-Verlag, New York.

Font-quer, p. 2001. Diccionario de Botánica. Ediciones 
Península, Barcelona.

Gleason, h. a. 1929. The Tate collection from Mount Roraima 
and vicinity. Vol. 13 of Studies on the Flora of Northern South 
America. Bulletin of the Torrey Botanical Club 56(8): 391–408.

harris, J. G., and m. w. harris. 2001. Plant Identification 
Terminology: An Illustrated Glossary. 2nd ed. Spring Lake 
Publishing, Spring Lake, Utah.

holmGren, n. h., and K. a. VinCent. 2005. Scrophulariaceae. 
Pages 144–167 in p. e. berry, K. yatsKieVyCh, and b. K. 
holst, eds., Rutaceae—Zygophyllaceae. Vol. IX of Flora of 
the Venezuelan Guayana. Missouri Botanical Garden Press, St. 
Louis.

huber, o., r. duno de steFano, G. aymard, and r. riina. 2006. 
Flora and vegetation of the Venezuelan Llanos: A review. Pages 
95–120 in t. r. penninGton, G.p. lewis, and J. a. ratter, 
eds., Neotropical Savannas and Seasonal Dry Forests: Plant 
Diversity, Biogeography, and Conservation. Taylor & Francis, 
Boca Raton, Fla. 

iChaso, C. l. F., and G. m. barroso. 1974. Uma nova 
Scrophulariaceae do Estado do Pará. Rodriguesia 27: 95. 

iuCn. 2017. Guidelines for using the IUCN Red List Categories 
and Criteria. Version 12. Prepared by the Standards and Petitions 
Subcommittee (accessed May 2020). http://www.iucnredlist.
org/documents/ RedList Guidelines.pdf

KoGa h., y. doll, K. hashimoto, K. toyooKa, and h. tsuKay. 
2020. Dimorphic leaf development of the aquatic plant 
Callitriche palustris L. through differential cell division and 
expansion. Frontiers in Plant Science 11: 269. doi: 10.3389/
fpls.2020.00269

minorta-Cely, V., and J. o. ranGel-Ch. 2014. La riqueza 
y la diversidad de las plantas con flores de la Orinoquia 
colombiana. Pages 237–418 in J. o. ranGel-Ch., ed., La región 
de la Orinoquia de Colombia. Vol. 14 of Colombia Diversidad 
Biótica. Universidad Nacional de Colombia, Instituto de 
Ciencias Naturales, Bogotá, Colombia.

minorta-Cely, V., J. o. ranGel-Ch., G. aymard, and F. 
Castro-l. 2020. La vegetación en el territorio de las 
selvas transicionales de Cumaribo, Vichada (Colombia): 
Composición florística y principales aspectos estructurales. 
Pages 165–222 in J. o. ranGel-Ch., G. andrade, C. Jarro, 
and G. santos, eds., Selvas transicionales de Cumaribo 
(Vichada—Colombia). Vol. 19 of Colombia Diversidad Biótica. 
Universidad Nacional de Colombia, Instituto de Ciencias 
Naturales, Bogotá, Colombia.

montes, r., J. san José, and G. aymard. 2013. Disposición 
espacial de las comunidades vegetales de la altiplanicie de mesa 
y planicie de explayamiento en el sistema hidrológico Aguaro-
Guariquito, estado Guárico, Venezuela. Caldasia 35: 1–22.

olmstead, r. G., C. w. depamphilis, a. d. wolFe, n. d. younG, 
w. J. elisons, and p. a. reeVes. 2001. Disintegration of the 
Scrophulariaceae. American Journal of Botany 88: 348–361.

oxelman, b., p. Kornhall, r. G. olmstead, and b. bremer. 2005. 
Further disintegration of Scrophulariaceae. Taxon 54(2): 411–
425.

pennell, F. w. 1919. Scrophulariaceae of the southeastern United 
States. Proceedings of the Academy of Natural Sciences of 
Philadelphia 71: 224–291.

––––––. 1920. Scrophulariaceae of Colombia: I. Proceedings of the 
Academy of Natural Sciences of Philadelphia 72: 136–188.

––––––. 1935. The Scrophulariaceae of eastern temperate North 
America. Academy of Natural Sciences of Philadelphia 
Monographs 1: 1–650.

––––––. 1946. Reconsideration of the Bacopa–Herpestis problem 
of the Scrophulariaceae. Proceedings of the Academy of Natural 
Sciences of Philadelphia 98: 83–98.

––––––. 1953. Scrophulariaceae. In J. a. steyermarK, ed., 
Botanical Exploration in Venezuela. Vol. 3. Fieldiana (Botany) 
28: 516–520.



ranGel-Ch., J. o. 2014. Ecosistemas de la Orinoquia Colombiana. 
Pages 807–847 in J. o. ranGel-Ch., ed., La región de la 
Orinoquia de Colombia.Vol. 14 of Colombia Diversidad Biótica. 
Universidad Nacional de Colombia, Instituto de Ciencias 
Naturales, Bogotá, Colombia.

––––––. 2015. La biodiversidad de Colombia: Significado y 
distribución regional. Revista de la Academia Colombiana de 
Ciencias Exactas Físicas y Naturales 39(151): 176–200.

ranGel-Ch., J. o., G. andrade, C. Jarro, and G. santos, eds. 
2020. Territorio sabanas y humedales de Arauca, Colombia. 
Vol. 20 of Colombia Diversidad Biótica. Universidad Nacional 
de Colombia, Instituto de Ciencias Naturales, Bogotá, Colombia.

reddy e., s. r. 2019. Bacopa monnieri—A review. International 
Journal of Trends in Scientific Research and Development 3(2): 
503–507.

rossow, r. a. 1986. Notas sobre Scrophulariaceae II. Parodiana 
4: 163–181.

sCharGel, r. 2007. Geomorfología y suelos. Pages 15–31 in r. 
duno de steFano, G. aymard, and o. huber, eds., Catálogo 
Anotado e Ilustrado de la Flora Vascular de los Llanos de 
Venezuela. FUDENA–Fundación Polar–FIBV, Caracas.

––––––. 2015. Suelos llaneros: Geomorfología, distribución 
geográfica y caracterización. Pages 63–153 in r. lópez-F., J. m. 
hétier, h. d. lópez., r. sCharGel, and a. zinCK, eds., Tierras 
llaneras de Venezuela. IRD–CIDIAT, Mérida, Venezuela.

sCharGel, r., and G. aymard. 1992. Observaciones en suelos y 
vegetación en la planicie eólica-limosa del alto río Cinaruco. 
Distrito Muñoz, Estado Apure, Venezuela. Biollania 9: 119–147.

sosa, m. m., p. moroni, and n. o´leary. 2018. A taxonomic 
revision of the genus Bacopa (Gratioleae, Plantaginaceae) in 
Argentina. Phytotaxa 336(1): 001–027.

souza, V. C. 2001. Uma nova espécie de Bacopa Aubl. 
(Scrophulariaceae) da América do Sul. Acta Botânica Brasilica 
15: 57–61.

––––––. 2012. Neotropical Plantaginaceae. In w. milliKen, 
b. KlitGäard, and a. baraCat, eds. (2009 onwards), 
Neotropikey—Interactive key and information resources for 
flowering plants of the Neotropics (accessed October 15, 2020). 
https://www.kew.org/science/tropamerica/neotropikey/families/
Plantaginaceae.htm 

spenCer C., h. barrett, and John l. strother. 1978. Taxonomy 
and natural history of Bacopa (Scrophulariaceae) in California. 
Systematic Botany 3(4): 408–419.

suKumaran, n. p., a. amalraJ, and s. Gopi. 2019. 
Neuropharmacological and cognitive effects of Bacopa 
monnieri (L.) Wettst—A review on its mechanistic aspects. 
Complementary Therapies in Medicine 44: 68–82.

tanK, d. C., p. m. beardsley, s. a. KelChner, and r. s. 
olmstead. 2006. Review of the systematics of Scrophulariaceae 
s.l. and their current disposition. L.A.S. Johnson Review No. 7. 
Australian Systematic Botany 19: 289–307.

thiers, b. 2019 (continuously updated). Index Herbariorum: A 
global directory of public herbaria and associated staff. New 
York Botanical Garden’s Virtual Herbarium (accessed July 15, 
2020). Available from: http://sweetgum.nybg.org/ih/

ulloa ulloa, C., p. aCeVedo-rodríGuez, s. G. beCK, m. J. 
belGrano, r. bernal, p. e. berry, l. braKo, m. Celis, G. 
daVidse, s. r. Gradstein, o. hoKChe, b. león, s. león-yánez, 
r. e. maGill, d. a. neill, m. h. nee, p. h. raVen, h. stimmel, 
m. t. stronG, J. l. Villaseñor ríos, J. l. zaruCChi, F. o. 
zuloaGa, and p. m. JørGensen. 2018 (continuously updated). An 
integrated assessment of vascular plants species of the Americas 
(accessed May 10, 2020). http://legacy.tropicos.org/Project/VPA 

Vera-ospina, a., J. o. ranGel-Ch., y G. aymard. 2020. 
Vegetación acuática del territorio sabanas y humedales de 
Arauca. Pages 359–385 in J. o. ranGel-Ch., G. andrade, C. 
Jarro, and G. santos, eds., Territorio sabanas y humedales de 
Arauca, Colombia. Vol. 20 of Colombia Diversidad Biótica. 
Universidad Nacional de Colombia, Instituto de Ciencias 
Naturales, Bogotá, Colombia.

Von wettstein, r. 1891. Scrophulariaceae. Pages 39–107 in a. 
enGler and K. prantl, eds., Die Natürlichen Pflanzenfamilien 
IV, 3b. Wilhelm Engelmann, Leipzig. 

williams, l. o. 1950. New plants from Honduras. Ceiba 1(3): 
163–164.

––––––. 1952. Plantae Centrali-Americanae, IV. Ceiba 3(2): 101–
131.

2020 AYMARD ET AL., BACOPA (PLANTAGINACEAE) 203


