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Abstract: Pinguicula lignicola had been described as “viviparous” but no evidence had ever been 
presented, nor clarification given, as to the type of vivipary displayed. Early reports of young plants 
or stalked-seeds present within the bell-shaped calyx (with the implication that the capsule has 
opened) implied that false vivipary might be occurring, later tentatively considered in our early but 
superficial observations. We extended those observations to conduct more detailed investigations 
of P. lignicola and P. casabitoana, previously described as very similar. Our study demonstrated 
new similarities. In particular, we provide detailed evidence to confirm that both species exhibit 
true vivipary, the diaspores of these two species being seedlings, not seeds. In addition, we present 
evidence that the seeds undergo cryptocotylar germination, the first occasion on which this has been 
reported in Pinguicula. We also identify that fixation of a seedling to a phorophyte depends on its 
attachment by root hairs; these two Pinguicula do not exhibit roots before or during fixation, by the 
time the cotyledons have fully emerged, or before the first eophyll emerges.

Introduction

Within the genus Pinguicula (Lentibulariaceae), P. lignicola Barnhart, of Cuba, and P. casabi-
toana Jiménez, of the Dominican Republic, are both epiphytes, an unusual characteristic among the 
Carnivorous Plants (Givnish et al. 2017), to which these two species belong. Both are endemics that, 
as deduced from a study of Peruvian flora (Ibisch et al.1996), is unusual because “epiphytes except-
ing some genera of Orchidaceae, do not show high values of endemism” (Hechavarría Schwesinger 
& Oviedo Prieto 2002). Casper (2019) identified 16 species (with one comprising 2 sub-species) 
from the Greater Antilles. Considering only the species, Schlauer (2019) clarified and reduced this 
to 14. In contrast to the rich diversity in Cuba, in the Dominican Republic P. casabitoana is the only 
known representative of its genus.

It has been stated that “worldwide, Pinguicula species share similar breeding system and repro-
ductive patterns” (Molano-Flores et al. 2018) but we now present evidence that P. lignicola and P. 
casabitoana are remarkable exceptions.

Since details of Pinguicula casabitoana were first published (Jiménez Almonte 1960), it had 
been obvious that both this species and P. lignicola shared the characteristic of being obligate 
epiphytes. Yet ca. 30 years passed before indication of the close similarity of both species was 
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summarized with the succinct comment, “P. casabitoana may be conspecific with P. lignicola” 
(Casper 1987). Thereafter, both species escaped significant attention and so remained largely 
unobserved and generally uninvestigated. This relative obscurity was interrupted by our under-
taking this work, which arose as a result of field trips to Cuba in the 1990s (Temple 1995, 1997), 
during which Pinguicula species were observed in habitat, including P. lignicola.

During our first encounter with a wild colony of the species, we observed objects within the 
calyces. The earliest and brief mention of these objects, all in relation to Pinguicula lignicola, 
stated:

Im glockenförmigen Kelch öfter junge Pflänzchen. [In the bell-shaped calyx there are 
often young plants] (Ernst 1961: 175).

Ernst’s observation was soon cited:

Ernst (1961) hat übrigens eine Art von Viviparie beobachtet: Im glockenförmigen Kelch 
fanden sich öfter junge Pflänzchen. [Ernst (1961), by the way, also observed a type of vi-
vipary: young plants were often found in the bell-shaped calyx] (Casper 1966: 98).

Further, in reference to adaptation to epiphytism, the objects in the calyces were again men-
tioned, confusingly adding mention of long stems:

die Samen sind gering an Zahl und ziemlich lang gestielt [the seeds are few in number and 
quite long-stalked] (Casper 1966).

Two subsequent mentions confusingly failed to refer to “young plants” or “vivipary” while con-
tinuing reference to “long-stalked” or just “stalked” seeds:

In den Fruchtkelchen finden sich bis zu 35 langestielte Samen, die ohne Stiel zwischen 0,8 
und 1,2 mm messen [In the fruiting calyces there are up to 35 long-stalked seeds that measure 
between 0.8 and 1.2 mm without including the stalk] (Bisse et al. 1975)

Stalked seeds and the existence of leaves of different sizes and forms resemble the Het-
erophyllum-Isolobopsis group. (Casper, 1987: 353)

Such historic mentions of “junge Pflänzchen [juvenile plantlets], “viviparie” [vivipary], 
“langestielte Samen” [long-stalked seeds] and “stalked seeds”, were never accompanied by any 
illustration representing the objects in the calyx cup and neither was any explanation or text 
description offered to discuss those objects in any detail, leaving their identity as unclear and 
ambiguous.

Our immediate belief, during field observations of P. lignicola in Cuba, was that the objects in 
the calyces were very young viviparous plants developing from seed stalks (Temple 1997), but, for 
reasons both practical and personal, confirming the identity of the structures took ca. 20 years. A 
beneficial part of our expanded interest was the previously unreported observation that P. casabito-
ana shared the presence of remarkably similar (almost identical) objects within the calyces (Temple 
2001). It was this discovery that simplified access to material such that more detailed observations 
could be made and the identity of the structures could be verified.
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Methods

All work was done with appropriate permission obtained from applicable authorities. In Cuba, 
this required ministerial and local permits for all participating botanists and, additionally, scientific 
visas for those who were non-nationals. In the Dominican Republic, verbal permission was required 
for visits to Loma del Casabito [Mount Casabito] 
while additional ministerial permission was neces-
sary for the most recent studies that involved habitat 
access and specimen acquisition.

Live Pinguicula lignicola material (plants at-
tached to phorophytes) was observed in habitat and 
both attached and detached capsules were observed 
using eye, loupe, and camera. Live P. casabitoana 
material was observed in habitat (plants attached 
to phorophytes) and capsule and whole plant speci-
mens were returned to the laboratory of the Jardin 
Botanico Nacional [National Botanic Garden] in 
Santo Domingo where observations of the fresh, 
unpreserved material were made using a camera, 
microscope, and binocular microscope with inte-
gral camera.

Observations

Entire capsules (fruits), representing different 
stages of maturity, were examined and contained as 
many as ca. 50, translucent, green, seeds in P. casabi-
toana (Figs. 1, 2), though as few as 13 in P. lignicola.

In immature capsules (Fig. 1), these were fusi-
form-ellipsoid (pear-shaped). Laboratory examina-
tion revealed that when seeds were removed from the 
capsules, they would desiccate rapidly, well within 
one hour. Dissected mature capsules revealed the 
seeds to be more elongated or cylindroid (Fig. 2).

Our observations confirm that these seeds do not 
undergo dormancy. Following fertiliza-
tion, the seeds in the capsule grow con-
tinuously, both in width and length (Figs. 
1, 2).

In plants whose capsules had opened, 
the cup-shaped calyces held the elongated 
cylindrical, seeds, and also what were 
obviously seedlings at varying stages of 
further development. This included that 
they had become broader, longer, slightly 
curved, tapered cylindroids (Fig. 3). At 

Figure 2: A dissected capsule of 
Pinguicula casabitoana revealing ca. 
50 seeds plus the round placenta at 
center. Photo: C. Serra.

Figure 1: A sealed Pinguicula 
casabitoana capsule (all but one 
sepal removed) with seeds within. Two 
individual fusiform-ellipsoid seeds (top) 
were from a separate capsule. Photo: 
Paul Temple.

Figure 3: Very similar seedlings within the calyces of 
Pinguicula casabitoana (left) and P. lignicola (right). 
Photo: Paul Temple (left) & Ivan Panco (right).
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first observed (superficially) by us in P. lignicola, these ob-
jects were later observed, in detail, including in P. casabitoana.

These seedlings were by far the most intriguing char-
acteristic of both obligate epiphytic species. Bisse et al. 
and Casper’s earlier descriptions of “langgestielte Samen” 
[long-stalked seeds] (also referred to in English by Casper) 
in the calyx led to the initial but incorrect hypothesis that 
the objects observed represented seed stalks developing 
into plantlets (P. Temple, personal communication, January 
30, 2013, 17:40). If occurring, such a process would have 
constituted an example of false vivipary.

Within the calyces, many of the cylindroid seedlings 
(Figs. 3–6) bore root hairs that, in contrast, were absent 
from the pear-shaped or more mature cylindroid seeds 
(Figs. 1–2) within the closed capsules. Cotyledons were ob-
served to begin the early stage of separation while seedlings 
were held in the calyx.

Following fertilization, the seeds in the capsule grew both 
in width and length (Figs. 1, 2). By 6 weeks, the seeds had 
changed size and shape to become tapering cylindroids and 
emerged from the capsule into the calyx cup (Fig. 3), where 
they quickly acquire characteristics (Fig. 6) to eventually in-
clude: a basal ring of root hairs positioned at the distal end; 
an emerged hypocotyl that has burst through the testa; two 
not yet distinctly separated cotyledons still within and pro-
tected by the testa; and the funiculus remnant that (observed 
at higher magnification but not reproduced herein), is con-
firmed to be as was first described by Ernst (1961: 175), “un-
regelmäßig tordierten Stielen [irregularly twisted stems]”. 
Hence, this is a case of true vivipary, the structures dispersed 
by these two species being seedlings (germination and devel-
opment occurring inside the calyx) rather than seeds.

In laboratory cultivation, some seedlings demonstrated 
obvious signs of the beginnings of cotyledon separation 
while still in the calyx but, in the wild, this was either less 
common or proceeded to a lesser developmental stage. In 
the wild, cotyledons usually, if not always, demonstrated 
separation (Fig. 7) after seedling dispersal; their expansion 
added to the size of the seedlings such that there was no 
longer space for them within the calyx. Note the remnant of 
the opened seed coat (testa) still adhering, like a hat, to one 
of each cotyledon pair for each seedling in Fig. 7. The seed 
coat envelope illustrates the growth of the seedling that 
happened after germination began — the testa marks the 
size and shape of the fully developed seeds, as the seed coat 
does not enlarge or grow with the seedling. All seedling 

Figure 5: Immature seedling of 
Pinguicula casabitoana from 
inside the calyx, early indication 
of separation of the cotyledons. 
Photo: Paul Temple.

Figure 4: Pinguicula lignicola 
seedlings in the calyx, on the 
left showing very early indication 
of separation of the cotyledons. 
Photo: Ivan Panco.

Figure 6: Pinguicula casabitoana 
capsule objects showing typical 
seedling features. Photo: Paul 
Temple.
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growth happened after the seedling’s hypocotyl burst 
through the testa.

Dispersal occurred when the peduncle began to 
decompose (P. Temple, personal communication, 
January 21, 2013; Lampard et al. 2016), though other 
mechanisms also contribute to dispersal (to be pub-
lished in a future article).

Twin cotyledons (“seed leaves”), seen here with 
an emerging first eophyll (“true leaf ”; Fig. 8), fully 
emerge and separate after dispersal and are succulent 
and very sparsely glandular. They last very briefly 
and are rarely observed as the eophylls emerge very 
quickly to replace them. The eophylls, obovate with 
rounded ends, are amply glandular and efficient at 
trapping small insect prey (Fig. 9), except at their 
transparent margins that are without glands.

Discussion

Viviparous germination of seeds within the calyx 
is evidenced in Pinguicula lignicola and P. casabitoa-
na by the emergence of the hypocotyl from the testa. 
(The possibility of earlier germination within the 
capsule cannot be entirely discounted but was never 
observed.) The cotyledons remain within the seed 
coat that, as noted by Dr. A. Fleischmann (personal 
communication, January 14, 2020), demonstrates 
cryptocotylar germination. This is the first occasion 
on which this has been reported for the genus Pin-
guicula. The term, cryptocotylar, was first coined to 
describe plant cotyledons “remaining in the testa af-
ter germination” (Duke 1965).

Although seedlings held within the calyx some-
times show a greater degree of development of the 
cotyledons in laboratory cultivation than do plants in 
the wild, development is not more rapid in the labora-
tory; the seedlings generally remain undispersed for 
longer than happens in the wild, allowing more time 
for the cotyledons to begin separating.

The viviparous development of seedlings, followed by their rapid growth while they are retained 
within the calyx and, thereafter, also quickly followed by dispersal, allows no time during which 
seeds can become dormant and the need for fixation to a phorophyte obviates the need for or pos-
sibility of seed dormancy.

As the reproductive process observed in Pinguicula lignicola and P. casabitoana is the same, the 
same type of vivipary (four types distinguished sensu Elmquist & Cox 1996) will apply to both spe-
cies. Pseudovivipary (false vivipary), an asexual process, cannot apply because the observed pro-

Figure 7: Pinguicula lignicola cotyledons 
separating. Photo: Ivan Panco.

Figure 8: Separated Pinguicula lignicola 
cotyledons after dispersal, followed by 
emergence of the first eophyll (true leaf). 
Photo: Ivan Panco.

Figure 9: Two very young Pinguicula 
casabitoana plants, each with two juvenile 
eophylls. Photo: Paul Temple.
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cess in the two Pinguicula is sexual, beginning with seeds in the capsule. Induced pseudovivipary 
cannot apply because, for all specimens seen, all plants undergoing reproduction demonstrated only 
that same process; for a process induced by a fungal infection, some plants would not be infected 
(see Clay 1986; Dubey et al. 2011). Cryptovivipary (semi-vivipary) cannot apply because all seeds 
did leave the capsule and undergo significant further development before dispersal. Hence it is a 
case of true vivipary, where the embryo grows to a considerable size outside of the capsule before 
dispersal; the diaspores, in this case seedlings rather than seeds, pass their developmental stages, 
from seed germination to seedling maturity, while within the calyx, not within the capsule. Defini-
tions of dispersal usually refer to seed (rather than seedling) and are not pertinent to P. lignicola 
and P. casabitoana. A general definition of dispersal that includes relevance to seedlings is: “any 
movement of individuals or propagules with potential consequences for gene flow across space” 
(Ronce 2007).

The work by Ernst (1961) requires some additional comment. It remains unclear why Ernst pro-
vided no details or illustrations of the plantlets he was first to observe in the calyx cups of Pinguic-
ula lignicola. He also omitted mention of root hairs that we explain as most likely to be the result of 
him having examined seedlings after seeds are released from the capsule, also after the development 
of the hypocotyl that gives an extended appearance to what are then seedlings, but while they are 
still sufficiently immature to lack any root hairs. In addition, Ernst described the attachment of seeds 
as “lange mit der Plazenta verbunden [attached to the placenta for a long time]”. It is quite evident 
that in viviparous species, the developing seedling remains attached to the placenta, to be nourished 
by the mother plant via the funiculus (as is also true for seed developing in the ovary). This period 
will be extended until the seedlings are ready for dispersal.

Work by Bisse et al. (1975) also requires comment. They reported what they considered to be 
long-stalked seeds in the calyx measuring “zwischen 0,8 und 1,2 mm [between 0.8 and 1.2 mm]”. 
This corresponds in size to the viviparous seedlings that we observed when sufficiently developed 
to exhibit a basal ring of root hairs (Figs. 10, 11). We cannot definitively explain, for the larger 
objects seen and interpreted as seeds by Bisse et al., why root 
hairs might have been entirely absent or why mention of them 
would have been omitted. A possibility is that the material ob-
served was preserved and the root hairs reduced or absent as a 
result of damage by dehydration.

Nevertheless, based on our current knowledge of both Pin-
guicula lignicola and P. casabitoana, there is no evidence in 

Figure 10: Pinguicula casabitoana seed and seedlings 
showing form and size: A) seed; B) immature seedling; 
C) mature seedling with basal ring of root hairs. Photo: 
Paul Temple.

Figure 11: Pinguicula casabitoana 
seedlings with basal rings of root 
hairs. Photo: Paul Temple.
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earlier literature that conflicts with our proposal that both species exhibit true vivipary. As further 
evidence, the development of seeds in the capsule, their germination into seedlings in the calyx, and 
their development of cotyledons followed by the emergence of eophylls, has now been observed by 
us in cultivation (Figs. 7, 8). This is the first occasion on which definitive evidence of true vivipary 
in these two species, obtained either in habitat or in cultivation, has been formally published, though 
it was preceded by an audio-visual symposium presentation, at El XIV Congreso Internacional de 
Investigación Científica [the XIV International Congress of Scientific Research], Santo Domingo, 
Dominican Republic (P. Temple, S. Colmar, Y. Marte, & M. Galán, personal presentation, June 7, 
2018). This is remarkable, not just because it is the first such report of true vivipary in the genus but 
also because true vivipary is very uncommon in flowering plants (Farnsworth 2000; Cota-Sánchez 
2004; Leck & Outred 2008) and most “prevalent among plants in tropical shallow marine habitats, 
either in Mangrove or in sea grass communities” (Elmqvist & Cox 1996). Even the broader category 
of general vivipary is “a rare reproductive strategy in flowering plants” (Cota-Sanchez 2004), de-
scribed for “143 genera and 195 species spanning 80 vascular plant families” (Bhadra et al. 2013) 
with many of the examples representing pseudovivipary.

True vivipary in Pinguicula lignicola and P. casabitoana conforms to van der Pijl‘s (1982) con-
clusion, that vivipary is an adaptation to a wide range of environments, based on abolition of protec-
tion, desiccation and a rest period. Both species live in micro-habitats characterized by permanent 
high humidity with frequent and reliable wetting (by clouds and rain), an environment that fa-
cilitates true vivipary by obviating the requirement for seeds to become dormant while insufficient 
water is available for growth. Accommodated by a suitable environment, it seems these two species 
have evolved their method of true vivipary as an adaptation to their habit as obligate epiphytes; true 
vivipary is not found in any other species of Pinguicula, including species that grow in similarly wet 
and humid habitats, even in those few that can be found growing epiphytically. Vivipary provides 
an effective solution for an obligate epiphytic species to have its offspring become established; for 
P. lignicola and P. casabitoana, establishment is effected with propagules that develop sufficiently 
to have a ring of basal root hairs as a means of gaining a foothold on a phorophyte, the surface of 
which may often be made wet or buffeted by wind and rain. The 360° unbroken ring of root hairs 
guarantees that, when the lower end of a seedling is in contact with a phorophyte, its orientation 
will not present a barrier to fixation; some root hairs will always be presented to the phorophyte. 
The root hairs provide the only means by which a seedling can fix to a phorophyte as roots do not 
emerge before or during fixation.

Conclusions

True vivipary is proposed for both Pinguicula lignicola and P. casabitoana as a result of con-
firmation of the presence of seedlings in the calyces and the clear evidence that they develop from 
sexual seeds in the capsule. These are the first two taxa to have been reported as exhibiting true 
vivipary in their genus.

We believe that true vivipary in these two species has evolved as a reproductive benefit. It is a 
strategy that copes with the need to ensure reproductive success despite available habitats being 
severely restricted in size (micro-habitats), widely distributed and inhospitable to seeds of obligate 
epiphytes that are generally unable to rapidly gain a secure purchase on surfaces that are damp and 
frequently exposed to heavy rain and strong wind.

If Pinguicula lignicola was deserving of being called “a botanical sensation” (Casper 1987) for 
the discovery that it was and remains a rare example of an epiphytic member of the Lentibulari-
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aceae, the first epiphyte to be known within its genus, to now confirm that it and the very closely 
related P. casabitoana each exhibit true vivipary specifically enabled by a unique reproductive solu-
tion must surely elevate both obligate epiphytic species to being literally exceptional and the most 
extraordinary of the Pinguicula.
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