ISSN 2410-7492
RNPS 2403
REVISTA CUBANA DE ZOOLOGÍA

ARTÍCULO ORIGINAL

http://revistas.geotech.cu/index.php/poey

510 (enero -junio 2020): 18 - 26

Associations between tree snails and corticolous lichens in a secondary forest in
eastern Cuba
Bernardo Reyes-Tur1, Adrián González-Guillén2, Dania Rosabal3 y Alejandro Capote-Danet1
1. Departamento de Biología y Geografía, Facultad de Ciencias Naturales y Exactas, Universidad de Oriente, Ave.
Patricio Lumumba, Santiago de Cuba 90500, Cuba.
2. Sociedad Cubana de Zoología
3. Centro de Desove del Camarón, UEB Manzanillo, Granma, Cuba.
Abstract: Snail-lichen interactions have received little attention in tropical ecosystems. Here, we studied
the species richness of corticolous lichens with snail
grazing traces on host trees inhabited by the Cuban
tree snails, Polymita venusta, Liguus fasciatus and Hemitrochus lucipeta at La Rinconada, eastern Cuba. We
sampled lichen specimens from ground level to 2 m, on
the trunks of 15 host trees of eight species, in a 6 000
m² forest patch, in April 2012. In addition, we sampled
snail feces from the three snail species. Most of the
tree snail and lichen species were associated with a tree
species usually with smooth bark, Senna atomaria. We
found 30 lichen species, of which 19 were identified
to species, three to genus, and eight remain undetermined. Non-metric multidimensional scaling and χ2
tests showed that the three snail species had different
associations with lichen species. Liguus fasciatus is associated with Physcia sorediosa and P. aipolia; H. lucipeta
is associated with Platythecium grammitis and an unknown lichen, and P. venusta is associated with Buellia
spuria and Chrysothrix candelaris. Evidence from snail
grazing damage on lichen species, together with ingested spores from six species, suggested that L. fasciatus
and P. venusta are generalist herbivores.
Keywords: herbivory, lichen-animal interaction, Gastropoda, Stylommatophora.
Resumen: Asociaciones entre moluscos arborícolas y líquenes cortícolas en un bosque secundario de Cuba oriental. En los ecosistemas tropicales las interacciones moluscos-líquenes han recibido
escasa atención. En el presente trabajo se estudió la
riqueza específica de líquenes cortícolas con huellas
de herbivoría de los moluscos arborícolas cubanos,
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Polymita venusta, Liguus fasciatus and Hemitrochus lucipeta, en La Rinconada, Cuba oriental. En abril 2012,
en un transecto de bosque secundario de 6 000 m², se
recolectaron muestras de líquenes hasta 2 m de altura
sobre el suelo, en troncos de 15 árboles de 8 especies.
Además, se recolectaron heces de las tres especies de
moluscos. La mayoría de los moluscos y líquenes utilizaron como substrato árboles de Senna atomaria, generalmente con corteza lisa. Se recolectaron 30 especies
de líquenes, 19 identificadas hasta especie, 3 hasta género y 8 permanecen sin identificación. El Escalamiento Multidimensional no Paramétrico y las pruebas χ2
mostraron que las tres especies de moluscos se asocian
de manera diferencial con especies de líquenes. Liguus
fasciatus estuvo asociado con Physcia sorediosa y P. aipolia, H. lucipeta con Platythecium grammitis y una especie indeterminada, mientras P. venusta se asoció con
Buellia spuria y Chrysothrix candelaris. La evidencia de
las huellas de herbivoría de los moluscos a los líquenes,
conjuntamente con la presencia en las heces de esporas
de seis especies de líquenes, sugiere que L. fasciatus y P.
venusta son especies herbívoras generalistas.
Palabras Clave: Gastropoda, herbivoría, interacción
liquen-animal, Stylommatophora.

Introduction
Snails are key components of terrestrial
communities due to their role as detritivores
and herbivores (Rollo, 1988; Baur et al., 1992,
1994, 2000; Curry, 1994; Hatziioannou et al.,
1994; Cameron, 2016; Price et al., 2016). They
are known to exert selective pressures affecting
the phenology, morphology and defensive systems of various tree species and their epiphytes,
including lichens (Lücking and Bernecker-Lücking, 2000; Speiser, 2001; Asplund and Gauslaa,
2008; Asplund et al., 2010; Boch et al., 2016).

Tree snail-corticolous lichen associations
Land snails that feed on lichen are often generalists and their snail grazing traces on lichens have
been frequently reported (Coker, 1967; Peake and
James, 1967; Shachak et al., 1987; Fröberg et al.,
1993; Baur et al., 1995, 2000; Lücking and Bernecker-Lücking, 2000; Vatne et al., 2010; Boch et al.,
2015; Asplund et al., 2016, 2018). Although there
is a growing interest in snail-lichen associations
(Lawrey, 1983; Fröberg et al., 2006, 2011; Asplund
et al., 2010; Asplund and Wardle, 2013, 2017),
most of the focus has been mainly onnon-tropical
regions despite the remarkable lichen species richness occurring in the tropics (Lücking et al., 2014;
Hawksworth and Lücking, 2017). In Cuba, this
gap is noteworthy given not only the high diversity of Cuban lichens (Pluntke, 1984; Minter et al.,
2001, 2002; Rosabal et al., 2016) but also of Cuban land snails (Hernández-Quinta et al., 2017).
Torre (1950) remarked that the Cuban snails, Polymita spp., feed exclusively on lichens and
fungi growing epiphytically on their host trees.
Díaz-Piferrer (1961) confirmed Torre’s approach
through an analysis of the stomach content in
Polymita muscarum (Lea, 1834). This snail species
was associated with host trees having a high abundance of epiphyte fungi (Bidart, 1997). Likewise,
the most common host tree species of Polymita
venusta (Gmelin, 1792) also supported the most
lichen genera (Reyes-Tur and González-Rodríguez,
2003). Liguus fasciatus (Müller, 1774), a tree snail
often co-occurring with Polymita spp. seems to dis-
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play similar feeding preferences for corticolous lichens (i.e., bark-growing), fungi and algae (Pilsbry,
1946; González-Guillén, 2014; González-Guillén
et al., 2018). Yet, for the rest of Cuban tree snails,
information is scattered, insufficient or missing.
Here, our purpose was to identify the lichen species with grazing traces growing on host
trees of the tree snails P. venusta, L. fasciatus and
Hemitrochus lucipeta (Poey, 1854) in hills located at La Rinconada, Jiguaní municipality, Granma province, Cuba. We also evaluated the association of the three tree snails with corticolous
lichen species, including evidence from snail feces.

Materials and Methods
Study area

The studied forest was located at La Rinconada
locality, 10 km Southeast of Jiguaní municipality in
Granma province, eastern Cuba (Fig. 1). The stand
was a secondary forest, as defined by the criteria of
Capote and Berazaín (1984). Dominant plant species
included Acacia sp.; Bromelia pinguin, L.; Comocladia
dentata, Jacq.; Croton lucidus, L.; Cupania sp.; Eugenia sp.; Lantana sp.; Lysiloma sp.; Senna atomaria (L.)
Irwin & Barneby, and Smilax havanensis, Jacq. The
maximum height of these trees and shrubs ranged
between 5 and 12 m and they formed a closed canopy
with a 50 m² total area of harvested-related gaps.

Figure 1. Geographical location of study site in Jiguaní municipality, on eastern Cuba.
Figura 1. Posición geográfica de la localidad de estudio en el municipio Jiguaní, Cuba Oriental.
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Field sampling and laboratory analysis

Field work was done April 14 -15 , 2012 in a
6 000 m² transect (2 000 m length x 3 m width).
We selected 15 living trees of 8 species on which
we found evidence for presence of the tree snails P.
venusta, L. fasciatus and H. lucipeta. Distance to closest sampled tree was minimum 40 m. Each studied
host tree was identified to species. We recorded
host tree total height (in m), snail species present,
number of snail individuals, and lichen species richness up to 2 m height of the trunk. Each tree was
investigated by two researchers for 1 h, the total
area sampled was between 1 000 and 2 000 cm2.
Corticolous lichens bearing evidence of snail
herbivory were sampled for identification in the
laboratory. In addition, a sample of snails was
captured and housed individually in plastic containers. Their fecal matter was sampled after 20
min and then they were released to their original host trees. Fecal samples were kept in plastic
bags at room temperature, between 7-15 days
prior to examination with a stereomicroscope
in the laboratory. Grazing traces on lichens were
ascribed to these gastropods through direct observations and examination of grazed damage by
photography of the traces by snail radulae (Fig. 2).
Lichens were identified using specialized
keys (Wirth and Hale, 1978; Moberg, 1990; Brodo et al., 2001; Aptroot et al., 2008) and viewing
through two Novel microscopes: XSZ-N207 and
NTB-2B. Nomenclature followed Mycobank
(Crous et al., 2004; Robert et al., 2005, 2013).
th

th
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Data analysis

The occurrence frequency of each lichen species was estimated as the percentage of host trees
with presence records of each lichen species of the
total number of studied trees. A Sørensen similarity matrix was computed from the presence-absence matrix of tree snail and lichen species in
sampled host trees. This similarity matrix including both, snails and lichens, was used to conduct
a Non-metric multidimensional scaling (NMDS)
for the visualization of multivariate patterns. This
scaling was accomplished with 25 permutations,
establishing as significant interaction criteria the
stress values over or equal to 0.1 (Jongman et al.,
2001; Quinn and Keough, 2002). To validate the
NMDS results, we used the χ2 (Chi-square) test
to compare the observed frequencies of co-ocurrence between the tree snail and lichen species,
and the expected frequencies if such co-ocurrence was just random. Statistical routines were performed using STATISTICA v. 6.1 (StatSoft, 2003)
and PRIMER v. 6.0 (Clarke and Gorley, 2006).

Results
Tree snails associated with host trees

Liguus fasciatus was the most frequent snail
(n = 38 snail specimens, 73 % of the trees), followed by P. venusta (n = 21, 60 %) and H. lucipeta
(n = 29, 20 %, restricted to Lysiloma sp.), with a
total of 88 snails over all three species. Over all

Figure 2. Different patterns of grazing traces on lichens caused by the radulae of tree snails, A. Large grazing traces
and B. Small grazing traces.
Figura 2. Diferentes patrones de huellas de herbivoría causadas por las rádulas de moluscos arborícolas a los líquenes,
A. Huellas de talla grande y B. Huellas de talla pequeña.
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feces of all three tree snail species, and Coenogonium roumeguerianum spores were in feces of P.
venusta and L. fasciatus. Four other lichen species were evident from spores but were not identifiable and were recorded as separate entities.
Dispersion of tree snail and corticolous lichen species along the two first NMDS axes (Fig.
3) and the observed frequencies of co-ocurrence
between snail and lichen species (Fig. 4) documented an association between the snail H. lucipeta and the crustaceous lichens Platythecium
grammitis (χ2 = 11.6; df = 1; p < 0.001) and the
undetermined lichen species 3 (χ2 = 100; df = 1;
p < 0.001). Nevertheless, P. venusta displayed higher association with trees that carried B. spuria
(χ2 = 17.6; df = 1; p < 0.001) and C. candelaris (χ2
Tree snail-corticolous lichen associa= 36; df = 1; p < 0.001). The snail L. fasciatus significantly associated with the foliose lichens P. sotions
The corticolous lichen species collected in the rediosa (χ2 = 36; df = 1; p < 0.001) and P. aipolia (χ2
studied locality are given in Table 1. There were 30 = 100; df = 1; p < 0.001). In addition, there was
lichen species belonging to at least 17 genera and a weakly significant association between L. fas12 families; 19 were identified to species; three ciatus and C. candelaris (χ2 = 4; df = 1; p = 0.045).
to genus, and eight were not determined because
they were sterile or lacked spores. Most (56.7 %)
Discussion
were crustose, 40 % foliose and just 3.3 % fruticose. The families with highest species diversity were
Our finding that lichen species richness per
Graphidaceae (4) and Parmeliaceae (4). Species ri- host tree ranged from 1 to 9, with most of the
chness ranged between 1 to 9 lichen species, with trees bearing between 2 to 6 lichen species, could
73 % of the trees having from 2 to 6 lichen spe- be potentially explained by substrate associations
cies. Senna atomaria had from 3 to 9 species per of lichens which vary according to microhabitat
tree and hosted 76.7 % of recorded lichen species. features and forest type. Rosabal et al. (2012) did
Although, most of these lichens were associated not find any trend in species richness related to
with P. venusta (83 %, n = 30) and L. fasciatus (80 changes in tree diameter or bark roughness in a
%); a lower association was with H. lucipeta (17 %). semideciduous forest. By contrast, Rosabal et al.
Higher lichen occurrence frequency in host (2013) later found that lichen species diversity
trees was recorded for Buellia spuria (47 %), Chry- varied in relation to the diameter of the trunk,
sothrix candelaris (33 %), Physcia sorediosa (33 %) pH and phenol concentration of the bark in a
and Physcia aipolia (27 %). In addition, regarding montane rain forest. In addition, a constrained
with availability of the two most common tree distribution of lichen species to certain forest
species (Table 1), B. spuria was frequently asso- types is expected because lichens often grow unciated with Lysiloma sp. (67 %). Otherwise, C. der specific micro-niche conditions (Soto-Medina
candelaris (33 %) and the two mentioned Physcia et al., 2012) and their distribution is affected by
species were associated with S. atomaria (50 %). lichenivorous gastropods (Asplund et al., 2018).
Although specimens of B. spuria and PlaWe found that 76.7 % of recorded lichen species
tythecium grammitis were not grazed in a tree of were hosted by one tree species, S. atomaria, which
Lysiloma sp., grazing traces of tree snails were usually has smooth bark. This morphological trait
recorded on 100 % of lichen species. The extent might increase the possibilities of lichen growth
of grazing damage to lichen species seems to on the bark surface. Similarly, P. venusta tree snaivary irregularly with the structure of the lichen ls were associated with smooth bark at Sardinero
community on each tree (Fig. 2). Furthermore, locality, Santiago de Cuba province, eastern Cuba
among snail feces samples, we identified two li- (Reyes-Tur and González-Rodríguez, 2003). At
chen species from their spores: B. spuria was in this other locality, the lichens Buellia, Lecanora,

species, abundance of snails per host tree ranged from one to 18 individuals. Grazing traces
of tree snails on lichens were recorded for 93 %
of the host trees. Most of the trees had smooth
bark (53 %) and heights ranged from 2 to 9 m.
Tree snails were detected on 8 tree species, with
higher frequencies on Senna atomaria (40 %) and
Lysiloma sp. (20 %); these two species commonly
had smooth barks and varied in height between
3 and 6 m. Host species with only one occurrence
of a tree snail were Melicoccus bijugatus Jacq., Acacia sp., Eugenia sp., Harrisia eriophora (Pfeiff.) Britton, Oxandra laceolata (Sw.) Baill., and one unidentified tree species without leaves and flowers;
however, only the first species had smooth bark.
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Table 1. Data of corticolous lichen species found on 15 host trees of tree snails species (i.e., Polymita venusta, Liguus
fasciatus, Hemitrochus lucipeta) and frequency on the two common host tree species from La Rinconada, Jiguaní
municipality, Granma, Cuba. [Growth form]: C, Crustaceous; F, Foliose; FB, Foliose with broad lobes; Fr, Fruticose.
Tabla 1. Datos de las especies de líquenes cortícolas encontradas sobre 15 árboles hospederos de moluscos arborícolas (i.e.,
Polymita venusta, Liguus fasciatus, Hemitrochus lucipeta) y su frecuencia sobre las dos especies de árboles más comunes como
hospederas, en La Rinconada, municipio Jiguaní, Granma, Cuba. [Forma de crecimiento]: C, Crustáceo; F, Foliáceo; FB,
Foliáceo con lóbulos anchos; Fr, Fruticuloso.
Family/ Species
Arthoniaceae
Arthonia cinnabarina (DC.) Wallr. [C]
Arthopyreniaceae
Bogoriella subfallens (Müll. Arg.) Aptroot & Lücking [C]
Caliciaceae
Buellia spuria (Schaer.) Anzi [C]
Dirinaria picta (Sw.) Clem. [F]
Pyxine sp. [F]
Chrysotrichaceae
Chrysothrix candelaris (L.) J.R. Laundon [C]
Coenogoniaceae
Coenogonium roumeguerianum (Müll. Arg.) Kalb [C]
Graphidaceae
Graphis adpressa Vain. [C]
Graphis sp. [C]
Platythecium grammitis (Fée) Staiger [C]
Undetermined species 1 [C]
Parmeliaceae
Parmotrema cristiferum (Taylor) Hale [FB]
Parmotrema hypotropum (Nyl.) Hale [FB]
Parmotrema praesorediosum (Nyl.) Hale [FB]
Platismatia sp. [F]
Physciaceae
Physcia aipolia (Ehrh. ex Humb.) Fürnr. [F]
Physcia americana G. Merrill [F]
Physcia sorediosa (Vain.) Lynge [F]
Pyrenulaceae
Pyrenula leucostoma Ach. [C]
Ramalinaceae
Ramalina peruviana Ach. [Fr]
Strigulaceae
Strigula griseonitens R.C. Harris [C]
Trypetheliaceae
Astrothelium subcatervarium (Malme) Aptroot & Lücking [C]
Trypethelium eluteriae Spreng. [C]
Unknown Family
Undetermined species 2 [C]
Undetermined species 3 [C]
Undetermined species 4 [F]
Undetermined species 5 [F]
Undetermined species 6 [C]
Undetermined species 7 [F]
Undetermined species 8 [C]

Occurrence Frequency on Sen- Frequency on
frequency (%) na atomaria (%) Lysiloma sp. (%)
20

33.3

0

6.7

16.7

0

46.7
13.3
6.7

33.3
33.3
16.7

66.7
0
0

33.3

33.3

0

20

16.7

0

13.3
6.7
20
20

33.3
0
16.7
16.7

0
0
66.7
66.7

20
6.7
6.7
13.3

50
16.7
16.7
33.3

0
0
0
0

26.7
6.7
33.3

50
16.7
50

0
0
0

6.7

0

0

6.7

0

0

13.3

16.7

33.3

6.7
6.7

16.7
16.7

0
0

6.7
6.7
6.7
6.7
6.7
6.7
6.7

0
0
0
0
16.7
16.7
0

0
33.3
0
0
0
0
0
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Figure 3. Non-metric multidimensional scaling (NMDS) plot of the corticolous lichen community (green circles) in
relation with three tree snails species (red symbols) from La Rinconada, Jiguaní municipality, Granma, Cuba. Lichen
species names: Art_cin = Arthonia cinnabarina, Ast_sub = Astrothelium subcatervarium, Bog_sub = Bogoriella subfallens, Bue_spu = Buellia spuria, Chr_can = Chrysothrix candelaris, Coe_rou = Coenogonium roumeguerianum, Dir_pic
= Dirinaria picta, Gra_adp = Graphis adpressa, Par_cri = Parmotrema cristiferum, Par_hyp = Parmotrema hypotropum,
Par_pra = Parmotrema praesorediosum, Phy_aip = Physcia aipolia, Phy_ame = Physcia americana, Phy_sor = Physcia
sorediosa, Plat_gra = Platythecium grammitis, Pyr_leu = Pyrenula leucostoma, Ram_per = Ramalina peruviana, Stri_gris
= Strigula griseonitens, Try_elu = Trypethelium eluteriae var. citrinum, sp 1 = Undetermined species 1, sp 2 = Undetermined species 2, sp 3 = Undetermined species 3, sp 4 = Undetermined species 4, sp 5 = Undetermined species 5, sp 6
= Undetermined species 6, sp 7 = Undetermined species 7, sp 8 = Undetermined species 8, Tree snail species names:
Hem_luc = Hemitrochus lucipeta, Lig_fas = Liguus fasciatus, Pol_ven = Polymita venusta.
Figura 3. Representación gráfica del Escalamiento multidimensional no métrico (EMDN) de la comunidad de líquenes cortícolas (círculos verdes) relacionada con tres especies de moluscos arborícolas (símbolos rojos) en La
Rinconada, municipio Jiguaní, Granma, Cuba.

Opegrapha and Graphis were frequent. In general,
it seems that Cuban tree snails such as Polymita or
Liguus are associated with smooth-barked trees.
There is often higher crustose lichen abundance
on smooth bark (Díaz-Piferrer, 1961; Milera and
Martínez, 1987). For P. muscarum, Bidart (1997)
found an abundance of fungi such as Aspergillus
sp. and Pericoma sp. in the most used host trees
(Eugenia sp. and Lysiloma sp.). Therefore, crustose lichens and non-lichenized fungi could play
an important role in the diet of Polymita species.
At our Rinconada site we found a significant
snail-specific association with certain corticolous
lichen species. The species L. fasciatus showed
a highly significant association with two foliose species frequently associated with S. atomaria
tree species, P. sorediosa and P. aipolia. By contrast, the tree snail H. lucipeta, restricted to the

host Lysiloma sp., seems to be associated with the
crustose lichens P. grammitis and another unknown species. Interestingly, P. venusta displayed
higher associations with the crustose lichens B.
spuria and C. candelaris, when these were living
on Lysiloma sp. and S. atomaria, respectively. These species-specific association patterns suggest
niche segregation by diet as reported by Baur et
al. (1992, 1994) in two European snails, Chondrina clienta (Westerlund, 1883) and Balea aspersa
(Linnaeus, 1758). They reported a difference between grazed lichen species and they proposed,
as an alternative explanation, that divergence of
niche diminishes the interspecific competition.
We related our new findings to the phenomenon that snail behavior on tree trunks is integrated with defecation activities. We found spores of six lichen species in tree snails feces, with
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Figure 4. Frequency of co-occurrence of tree snail and lichen species with significant association on host trees from
La Rinconada, Jiguaní municipality, Granma, Cuba.
Figura 4. Frecuencia de coincidencia de las especies de líquenes y moluscos arborícolas asociadas significativamente,
sobre árboles hospederos en La Rinconada, municipio Jiguaní, Granma, Cuba.

the highest frequencies for C. roumeguerianum
and B. spuria spores in all the studied tree snails. Polymita venusta is associated with trees with
B. spuria as apparently this lichen is an important
part of its diet. For P. venusta, Reyes-Tur (2004)
reported that defecation was a frequent behaviour at the beginning of nocturnal activity. During and immediately after defecation these snails
rubbed different parts of their soft bodies with
their fresh feces. During daytime most of these individuals (70 %) returned to the sites where they rubbed feces the night before. Hence, in
agreement with suggestion of Cook (2001) for
other land snail species, it could be possible that
P. venusta labels suitable feeding and resting sites
through substances present in the fecal components (e.g., spores). The evidence of spore diversity within feces and grazed traces both revealed
that most of recorded lichen species were consumed by two tree snails, P. venusta and L. fasciatus.
This suggests that at least these two tree snails
are generalist herbivores despite spatial association for habitats with particular lichen species.
In conclusion, we described associations between three species of Cuban tree snails and
epiphytic lichens on their host trees. Most of
the tree snail and lichen species were associated
with S. atomaria, a tree species that usually has
smooth bark. Further, there was not only a significant snail species-specific association for habitats with particular lichen species but also our
findings suggested that two species of studied

snails were generalist herbivores. However, in order to provide a thorough account of the patterns of snail-lichen association, more replication is
needed to increase the sample size. In addition,
we need to increase our knowledge and understanding of the relative palatability of the different
lichen species to the three species of tree snail.
Acknowledgments. We are grateful to the
Capote-Danet family, Ianna Benavides-Oro and
Iraelio Marrero for logistic support in the field
work. We also thank Mario J. Gordillo-Pérez, Elena Fornet-Balbina, Alena Reyes-Fornet and Nilia
Cuéllar-Araújo for remarks on an early draft. Camila Bosch-Díaz helped with figures. Yenisey Revilla Góngora gave us taxonomic information on
some plant species. Yngvar Gauslaa, Steffen Boch,
Alison C. Dibble, John A. Allen and three anonymous referees provided very useful writing assistance, comments and suggestions to improve
the manuscript. The work was partially financed
by VLIRUOS project and we also thank Tino Sauer
and the NABU agency for their general support.

References
Aptroot, A., R. Lücking, H. Sipman, L. Umaña, and J.
Chávez. 2008. Pyrenocarpous lichens with bitunicate asci: A first assessment of the lichen biodiversity inventory in Costa Rica. Bibliotheca Lichenologica 97: 1-162.
Asplund, J. and Y. Gauslaa. 2008. Mollusc grazing limits growth and early development of the old forest

Tree snail-corticolous lichen associations
lichen Lobaria pulmonaria in broad leaved deciduous forests. Oecologia 155: 93-99.
Asplund, J., Y. Gauslaa, and S. Merinero. 2016. The
role of fungal parasites in tri-trophic interactions
involving lichens and lichen-feeding snails. New
Phytologist 211: 1352-1357.
Asplund, J., P. Larsson, S. Vatne, and Y. Gauslaa. 2010.
Gastropod grazing shapes the vertical distribution
of epiphytic lichens in forest canopies. Journal of
Ecology 98: 218-225.
Asplund, J., O. V. Strandin, and Y. Gauslaa. 2018. Gastropod grazing of epiphytic lichen-dominated
communities depends on tree species. Basic and
Applied Ecology 32: 96-102.
Asplund, J. and D. A. Wardle. 2013. The impact of secondary compounds and functional characteristics
on lichen palatability and decomposition. Journal
of Ecology 101: 689-700.
Asplund, J. and D. A. Wardle. 2017. How lichens impact on terrestrial community and ecosystem
properties. Biological Reviews 92: 1720-1738.
Baur, A., B. Baur, and L. Fröberg. 1992. The effect of lichen diet on growth rate in the rock-dwelling land
snails Chondrina clienta (Westerlund) and Balea
perversa (Linnaeus). Journal of Molluscan Studies
58: 345-347.
Baur, A., B. Baur, and L. Fröberg. 1994. Herbivory on
calcicolous lichens: different food preferences and
growth rates in two co-existing land snails. Oecologia (Berl.) 98: 313-319.
Baur, B., L. Fröberg, and A. Baur. 1995. Species diversity and grazing damage in a calcicolous lichen community on top of stone walls in Öland, Sweden.
Annales Botanici Fennici 32: 239-250.
Baur, B., L. Fröberg, A. Baur, R. Guggenheim, and M.
Haase. 2000. Ultrastructure of snail grazing damage to calcicolous, lichens. Nordic Journal of Botany
20: 119-128.
Bidart, L. 1997. Ecología de Polymita muscarum Lea,
1834 (Gastropoda: Xanthonychidae) en la provincia de Holguín, Cuba. [Unpublished]. MSc Thesis.
Instituto de Ecología y Sistemática, La Habana.
Cuba. 50 pp.
Boch, S., M. Fischer, and D. Prati. 2015. To eat or not
to eat–Relationship of lichen herbivory by snails
with secondary compounds and field frequency of
lichens. Journal of Plant Ecology 8: 642-650.
Boch, S., D. Prati, and M. Fischer. 2016. Gastropods
slow down succession and maintain diversity in
cryptogam communities. Ecology 97: 2184-2191.
Brodo, I. M., S. D. Sharnoff, and S. Sharnoff. 2001. Lichens of North America. Yale University Press, New
Haven and London. 795 pp.
Cameron, R. 2016. Slugs and snails. Harper Collins
Publishers, London. 508 pp.
Capote, R. P. and R. Berazaín. 1984. Clasificación de
las formaciones vegetales de Cuba. Revista Jardín
Botánico Nacional 5(2): 27-75.

25

Clarke, K. R. and R. N. Gorley. 2006. PRIMER v6: user
manual/tutorial. PRIMER-E, Plymouth.
Coker, P. D. 1967. Damage to lichens by gastropods. Lichenologist 3: 428-429.
Cook, A. 2001. Behavioural ecology: On doing right
thing, in the right place at the right time. Pp. 447487. In: The biology of terrestrial molluscs (G. M.
Barker, Ed.). CABI Publishing. Wallingford, Nueva
York, EUA. 558 pp.
Crous, P. W., W. Gams, J. A. Stalpers, V. Robert, and G.
Stegehuis. 2004. MycoBank: an online initiative to
launch mycology into the 21st century. Studies in
Mycology 50: 19-22.
Curry, J. P. 1994. Grassland invertebrates. Ecology, influence on soil fertility and effects on plant growth.
Chapman & Hall, London. 437 pp.
Díaz-Piferrer, M. 1961. Feeding habitat of a Cuban tree
snail (Polymita muscarum Lea). Caribbean Journal
of Science 1: 123-132.
Fröberg, L., A. Baur, and B. Baur. 1993. Differential
herbivore damage to calcicolous lichens by snails.
Lichenologist 25: 83-85.
Fröberg, L., A. Baur, and B. Baur. 2006. Field study
on the regenerative capacity of three calcicolous
lichen species damaged by snail grazing. Lichenologist 38: 491-493.
Fröberg, L., P. Stoll, A. Baur, and B. Baur. 2011. Snail
herbivory decreases cyanobacterial abundance
and lichen diversity along cracks of limestone
pavements. Ecosphere 2.
González-Guillén, A. 2014. Polymita the most beautiful
land snail of the world. Fundcraft Publishing, Collierville, Tennessee. 359 pp.
González-Guillén, A., F. Krull, and L. ÁlvarezLajonchere Ponce de León. 2018. Liguus the flamboyant tree snails. Fundcraft Publishing, Collierville, Tennessee. 244 pp.
Hatziioannou, M., N. Eleutheriadis, and M.
Lazaridou-Dimitriadou. 1994. Food preferences
and dietary overlap by terrestrial snails in Logos
area (Edessa, Macedonia, Northern Greece). Journal of Molluscan Studies 60: 331-341.
Hawksworth, D. L. and R. Lücking. 2017. Fungal diversity revisited: 2.2 to 3.8 million species. Microbiology Spectrum 5(4): FUNK-0052-2016.
Hernández-Quinta, M., L. Álvarez Lajonchere Ponce
de León, D. Martínez Borrego, D. Maceira Filguera, A. Fernández Velázquez, and J. Espinosa Sáez.
2017. Moluscos terrestres y dulceacuícolas. Pp.
168-195. In: Diversidad biológica de Cuba: métodos
de inventario, monitoreo y colecciones biológicas (C.
A. Mancina and D. D. Cruz, Eds.). Editorial AMA.
La Habana, 502 pp.
Jongman, R. H. G., C. J. F. ter Braak, and O. F. R. van
Tongeren. 2001. Data analysis in community and
landscape ecology. Cambridge University Press,
Cambridge. 299 pp.

26

Reyes-Tur et al.

Lawrey, J. D. 1983. Lichen herbivore preference: a test
of two hypotheses. American Journal of Botany 70:
1188-1194.
Lücking, R. and A. Bernecker-Lücking. 2000. Lichen
feeders and lichenicolous fungi: do they affect dispersal and diversity in tropical foliicolous lichen
communities? Ecotropica 6: 23-41.
Lücking R., M. Dal-Forno, M. Sikaroodi, P. M. Gillevet, F. Bungartz, B. Moncada, A. Yánez-Ayabaca,
J. L. Chaves, L. F. Coca, and J. D. Lawrey. 2014. A
single macrolichen constitutes hundreds of unrecognized species. Proceedings of the National Academy of Sciences of the United States of America 111:
11091-11096.
Milera, J. F. and J. R. Martínez. 1987. Polymita. Editorial Científico Técnica, La Habana. 70 pp.
Minter, D. W., M. Mena-Portales, J. Rodríguez-Hernández, H. Iglesias-Brito, M. Camino-Vilaró, and A.
Mercado-Sierra. 2002. Mapas de Distribución
Computarizados de los Hongos del Caribe. Electronic publication on CD, containing 11950 HTML-format pages and 11756 GIF-format maps.
PDMS Publishing, Isleworth.
Minter, D. W., M. Rodríguez-Hernández, and J. Mena-Portales. 2001. Fungi of the Caribbean. An annotated checklist. Middlesex, UK. 946 pp.
Moberg, R. 1990. The lichen genus Physcia in Central
and South America. Nordic Journal Botany 10: 319342.
Peake, J. F. and P. W. James. 1967. Field and study
notes. Lichenologist 3: 425-428.
Pilsbry, H. P. 1946. Land Mollusca of North American
(north of Mexico). Monographs of the Academy of
Natural Sciences of Philadelphia 3: 1-520.
Pluntke, M. 1984. Die Flechtenflora Kubas (Flora
Lichenum Cubensis). Terrestrische Ökologie.
Sondrheft 4. Universitäts und Landesbibliothek.
Sachsen-Anhalt. 157 pp.
Price, M. R., R. O’Rorke, A. S. Amend, and M. G. Hadfield. 2016. Diet selection at three spatial scales:
Implications for conservation of an endangered
Hawaiian tree snail. Biotropica 49: 130-136.
Quinn, G. P. and M. J. Keough. 2002. Experimental design and data analysis for biologists. Cambridge University Press, Cambridge. 537 pp.
Reyes-Tur, B. 2004. Ecología y biología reproductiva de
Polymita venusta (Lea, 1834). [Unpublished]. Tesis
de Doctorado. Universidad de La Habana. Cuba.
100 pp.
Reyes-Tur, B. and A. González-Rodríguez. 2003. Relación planta-animal del molusco terrestre cubano
Polymita venusta (Stylommatophora: Helminthoglyptidae) en Sardinero, Santiago de Cuba, Cuba.
Revista Biología 17: 134-142.
Robert, V., G. Stegehuis, and J. Stalpers. 2005. The MycoBank engine and related databases. http://www.
mycobank.org/ (accessed 2 November 2018).
Robert, V., D. Vu, A. Ben Hadj Amor, N. van de Wiele,
C. Brouwer, B. Jabas, S. Szoke, A. Dridi, M. Triki,

Poeyana 510 (2020)

S. ben Daoud, O. Chouchen, L. Vaas, A. de Cock,
J. A. Stalpers, D. Stalpers, G. J. M. Verkley, M.
Groenewald, F. Borges dos Santos, G. Stegehuis,
W. Li, L. Wu, R. Zhang, J. Ma, M. Zhou, S. Pérez
Gorjón, L. Eurwilaichitr, S. Ingsriswang, K. Hansen, C. Schoch, B. Robbertse, L. Irinyi, W. Meyer,
G. Cardinali, D. L. Hawksworth, J. W. Taylor, and
P. W. Crous. 2013. MycoBank gearing up for new
horizons. IMA Fungus 4: 371-379.
Rollo, C. D. 1988. The feeding of terrestrial slugs in relation to food characteristics, starvation, maturation and life history. Malacologia 28: 29-39.
Rosabal, D., A. R. Burgaz, A. Altamirano, and G. Aragón. 2012. Differences in diversity and reproductive strategies of corticolous lichens between
interior and edge of the Monte Barranca semideciduous forest, Santiago de Cuba. Bryologist 115:
333-340.
Rosabal, D., A. R. Burgaz, and O. J. Reyes. 2013. Substrate preferences and phorophyte specificity of
corticolous lichens on five tree species of the montane rainforest of Gran Piedra, Santiago de Piedra,
Santiago de Cuba. Bryologist 116: 113-121.
Rosabal, D., A. R. Burgaz, and O. J. Reyes. 2016. Analizando la diversidad beta en ensambles de líquenes
en un gradiente vertical sobre cinco especies de
forófitos en la pluvisilva montana de la Gran Piedra, Cuba. Botanica Complutense 40: 31-40.
Shachak, M., C. G. Jones, and Y. Granot. 1987. Herbivory in rock and the weathering of a desert. Science
236: 1098-1099.
Soto-Medina, E., R. Lücking, and A. Bolaños Rojas.
2012. Especificidad de forófito y preferencias microambientales de los líquenes cortícolas en cinco
forófitos del bosque premontano de finca Zíngara,
Cali, Colombia. Revista Biología Tropical 60: 843856.
Speiser, B. 2001. Food and feeding. Pp. 259-288. In:
The biology of terrestrial molluscs (G. M. Barker,
Ed.). CABI Publishing. Wallingford, Nueva York,
EUA. 558 pp.
StatSoft, Inc. 2003. Statistica versión 6.1. Available in
http:// www.statsoft.com/ (accessed 20 December
2006).
Torre, C. de la. 1950. El género Polymita. Memorias de
la Sociedad Cubana de Historia Natural “Felipe Poey”
20: 1-20.
Vatne, S., T. Solhøy, J. Asplund, and Y. Gauslaa. 2010.
Grazing damage in the old forest lichen Lobaria
pulmonaria increases with gastropod abundance in
deciduous forests. Lichenologist 42: 615-619.
Wirth, M. and M. E. Hale. 1978. Morden-Smithsonian
expedition to Dominica: The lichens (Graphidaceae). Smithsonian contributions to Botany 40: 1-64.

Recibido: 9 de enero de 2020/aceptado: 15 de mayo 2020

