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ABSTRACT On the intertidal rocky shores of central Chlle, the hchen Thehdlum l~tora le  (Ascomycete 
Verrucanacea) is commonly found encrusting shells of gastropods such as  Scurrla araucana, S cecd- 
land and S boehmta ,  and plates of the intertidal barnacles Jehhus  clrratus and Chthamalus scahrosus 
This study focuses on the relationship between T htorale and shells of the l ~ m p e t  S boehmlta In the 
field thls host shows the h ~ g h e s t  percentage of lichen prevalence among several lntertldal species 
Although T lltorale is able to penetrate the l~mpe t  shell layers lying above the myostracum (m) ,  the 
observed penetration levels appear related to the width of the shell layers Among the 3 specles of 
limpets, S boehmlta exhlbits the thlnnest m + 2  layer and this could facihtate llchen penetration As a 
result of the assoclation the 11mpet develops an external shell pattern remarkably resembhng the 
shape of the aperture of the intertidal barnacles J clrratus and  C scahrosus This I lchen-med~ated 
mimlcly can be exp la~ned  by Ilchen-induced eroslon whlch leads to the disclosure of the internal 
and otherwise unexposed shell deslgn ot S boehmita The possible role of T 11torale as  a biological 
modi i~er  of external limpet shell pattern 1s discussed 
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INTRODUCTION 

Lichens are  associations between an alga and a 
fungus (Dobson 1981, Barret 1983) which colonize 
diverse terrestrial and marine habitats (Ozenda & 

Clauzade 1970, Dittmer 1974, Dobson 1981, Redon 
1985). Living species of marine lichens are found 
exclusively in the intertidal area,  being more abundant 
on rocky substrata (Ozenda & Clauzade 1970, Henssen 
& Jahns 1974, Dobson 1981, Redon 1985). The pres- 
ence of lichens as epibionts, living on external surfaces 
of marine organisms, has been scarcely reported and 
the information is restricted to the Northern Hemi- 
sphere (Bonar 1936, Grant 1938, Test 1945, Giesel 
1970, Ozenda & Clauzade 1970, Lindberg 1978, Dob- 
son 1981). For instance, along the Californian coast, 
Dydin~ella conchae Bonar inhabits shells of Acmaea 
Eschscholtz (= Lottiidae) species (Bonar 1936, Test 
1945), barnacles, and other calcium carbonate excret- 
ing organisms (Lindberg 1978). Along British shores, 

Arthopyrenia halodytes (Nyland) grows on limpet 
shells and barnacle plates (Dobson 1981). Ozenda & 

Clauzade (1970) reported Paraphysothele halodytes 
(Nyland) living on barnacle plates around both Euro- 
pean and North American coasts. These authors also 
reported that the cosmopolitan Thelidium litorale 
(Leighton) can be found both on intertidal rocks and 
on shells of marine invertebrates. 

According to Bonar (1936), lichens assimilate cal- 
cium carbonate from the shell surfaces of the marine 
organisms they infect. Hence, marine intertidal lichens 
can be a major biological modifier of the colour and 
morphological external patterns of their host organ- 
isms (Grant 1938, Test 1945, Lindberg 1978). 

Recent collections of barnacle and limpet species 
from rocky shores of Central Chile have revealed the 
existence of a black lichen infecting plates and shells 
(Espoz & Castilla 1993). This is particularly evident 
for the limpet Scurria boehmita (Ramirez), but also for 
S. araucana (Orblgny) and S. ceciliana (Orbigny). In 
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this paper we report on a study of this infection, and 
furthermore argue that the polymorphism and cryptic 
mimicry described by Hockey et al. (1987) for the 
Central Chilean limpet S. variabilis (Sowerby) were 
mistakenly interpreted, since the authors did not con- 
sider the influence of the black Lichen as a modifier of 
limpet shell sculpturing and colour. 

MATERIALS AND METHODS 

Lichen identification. Two species of barnacles, 
Jehlius cirratus (Darwin) and Chthamalus scabrosus 
Darwin, and 3 species of limpets, Scurria araucana, S. 
boehmita and S. ceciliana, were surveyed for the pres- 
ence of lichen. The generic taxonomic status of these 
limpets was reassigned from the genus Collisella Dall 
according to a recent study of Chilean patellogastro- 
pods (Lindberg pers, comm.). Lichen identification was 
based on the keys of Ozenda & Clauzade (1970). The 
fruiting bodies were mounted in 'Karo', light corn 
syrup, which facilitated the morphological characteri- 
zation of both ascocarpous and spores. Characteristics 
of the lichen fruiting body shape, structure and spores 
were used for classification (Dobson 1981). 

Field sampling and measurements. In the field, 
prevalence of lichen was estimated in accordance with 
Margolis et  al. (1982) as the number of individuals of 
a host species carrying lichen, expressed as the per- 
centage of the total number sampled. Between March 
and October 1989, samples were collected along 
the rocky intertidal zone of Algarrobo (33" 21'S, 
71" 40' W),  Central Chile. Two different habitats 
were sampled during low tides: (1) horizontal plat- 
forms less than 45" in slope, surveyed with randomly 
positioned 10 X 10 cm quadrats (n = 20) and (2) small 
intertidal tidepools of diameters between 10 and 15 cm 
(n = 10). The presence of the lichen was determined 
by examination, with the unaided eye, of each indi- 
vidual's shell. To determine if lichen prevalence was 
similar within and between the different habitats, 2-way 
contingency tables were used to compare the relative 
prevalence frequencies in each intertidal invertebrate 
species. 

Limpet shell structures. When analyzing limpet shell 
structure of Scurria araucana, S. boehmita and S. cecil- 
iana, the descriptive terminology of MacClintock 
(1967) was used. Consequently, each shell layer was 
defined according to its position relative to the muscle 
attachment scar (myostracum, m in Fig. 1). We con- 
sidered only those shell layers lying above the 
myostracum, i.e. m + l ,  m+2 and m + 3  (Fig. 1). This 
terminology has also been used by Cohen & Branch 
(1992). Widths of the m + l ,  m+2 and m+3 shell lay- 
ers were measured across the myostracum attachment 

Fig. 1. Scum'a spp. (a) Ventral view and (b) transverse section 
showing arrangement in a 5-layer structure. Arrows indicate 
the outer shell layer measurement points. a :  each layer meas- 
ured; m. myostracum. Redrawn from Cohen & Branch (1992) 

point of each shell using a dissecting microscope 
(Fig. 1). All measurements were taken under 40x 
magnification. Following Cohen & Branch (1992), the 
relative width of each layer was expressed as: 

a 
Relative width (%) = X l00 

( m + l ) + ( m + 2 ) + ( m + 3 )  

where a is ( m + l ) ,  (m+2) ,  or (m+3) respectively 
(Fig. 1). In order to control for size differences be- 
tween species of the 3 limpets, only shells of similar 
size were studied. Accordingly, the average size of 
the Iimpet shells used for measurements of layer 
width was 10.78 + 0.13 mm (mean length rt standard 
error). Mean layer widths were compared using the 
GT2 method, which employs the studentized maxi- 
mum modulus distribution (SMM; Sokal & Rohlf 
1981). Angular transformations were applied before 
analysis, which is especially recommended when the 
percentages cover a wide range of values (Steel & 
Torrie 1980). 

RESULTS 

Lichen identification and characterization 

Shells of limpets and barnacles were infected by a 
lichen with a thin, crustose and endolithic thallus. 
Perithecia, often immersed in the lichen thallus, were 
the only type of reproduction body found in the pitted 
limpet shells and barnacle plates. The ascospores were 
obovate-elliptic, smooth and contained 8 hyaline bi- 
cellular spores (Fig. 2).  In accordance with Ozenda 
& Clauzade (1970), these characteristics agreed with 
those of the lichen Theljdium litorale (Ascomycete: 
Verrucariaceae]. 

In the field, Thelidium litorale was easily recogniz- 
able due to the black fruiti.ng bod~es developed at the 
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Lichen prevalence in the field 

Estimates of Thelidium litorale prevalence in the 
field (Table 1) showed that lichen infection was 
particularly high in Scurria boehmita. In fact, 100 O/o of 
the individuals collected from intertidal tidepools and 
89% of the individuals found on intertidal platforms 
were infected by the lichen. In tidepools, S. ceciliana 
and Jehlius cirratus showed the second highest preva- 
lence, 44.9% and 31.9 '% respectively, while in S. arau- 
cana, Siphonaria lessoni Blainville, Chthamalus scab- 
rosus and the mussel Perumytilus purpuratus Lamarck 
infection did not exceed 11 %. A slightly different pat- 
tern emerged on intertidal platforms. Here J. cirratus, 
C. scabrosus, S,  ceciliana and P. purpuratus had lichen 
prevalences of 65.7 %, 55.6 %, 43.0% and 32.0% 
respectively, whereas the prevalence in S. araucana 
and S. lessoni was less than 20%. There was no 
significant difference between the lichen prevalence 
in tidepools and platforms (x2 = 513.0, 6 df, p > 0.05), 
the relative frequencies of lichen infection being simi- 
lar in both habitats. Within each habitat, the relative 
frequencies of infected and non-infected species were 
significantly different (x2 = 267.5, 6 df, p < 0.001 in tide- 
pools, and x 2  = 274.4, 6 df, p < 0.001 on platforms). 

Shell layer measurements 

Shell layer measurements for Scurria araucana, S. 

l=ig, 2, ~ h ~ l , d ~ ~ ~  litorale, Transverse section showing the ceciliana and S. boehmita are given in Table 2. The rel- 
Perithecia type ascocarpous (Ap) containing 8 bicellular ative width of the m + l  layer in all 3 limpets was 

hyaline ascospores greater than half of the total shell thickness. There 
were significant differences between S. araucana and 

shell surface of the host species. Hence, infected bar- both S. ceciliana and S. boehmita (SMM = 3.73, 90 df, 
nacle plates and limpet shells carried numerous black p < 0.001). The mean width of the m+2 layer was sim- 
dots, many of which contained fruiting bodies (Fig. 3). ilar in all species (SMM = 3.37, 90 df, p > 0.05). A dif- 
Both on plates of the intertidal barnacles 
Jehlius cirratus and Chthamalus scabrosus Table 1. Thehdium litorale. Prevalence on shells of invertebrate species of 
(Fig. 3a, b) and on the shells of all 3 limpet the intertidal zone of Algarrobo, Central Chile. Samples were taken from 
species (Fig. 3c, d,  e ) ,  the lichen penetrated tidepools and platforms. Values represent percent of individuals infected 

the calcareous material without damaging and are means (SE). N: number of individuals sampled 

the soft body tissue. I I 
Fig. 3c, d,  e shows the presence of The- 

lidium litorale on shells of the 3 Scurria 
species studied. Colonization of limpet shells 

'pecies Tidepools Platforms 
% Infestation N % Infestation N 

Barnacles 
by the lichen started near the apex, and 
often the younger marginal parts of the 

quite different from the hard and compact 
material of uninfected limpet shells (C. Espoz Perumytiluspurpuratus 3.3 (3.4) 

pers. obs.). 1 24 32.0 (9.7, 111 1 

Jehlius cirratus 31.9 (7 5) 123 65.7 (3.7) 1908 
Chthamalur ~ C ~ ~ ~ O S U S  6.0 (2.0) 328 55.6 (4.2) 1405 ( 

shell were not infected. Colonized shell 
areas appeared rough and greyish; the cal- 
careous material was fragile and disinte- 
grated easily to a granular mass. This was 

Gastropods 
Scurria araucana 
Scurria boehmita 
scurria ceciliana 
Siphonaria lessonj 
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Fig. 3. Thelldium lltorale on plates of the intertidal barnacles ( a )  Jehljus cjrratus and ( b )  Chthamalus scabrosus, and on the shells 
of limpets (c) Scurria araucana, ( d )  S ,  cecihana, and (e) S. boehmita. Arrows show p ~ t s  where f ru i t~ng bodies develop 
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Table 2. Scurria araucana, S. ceciliana and S. boehmita. Results of shell and cyanophyceae algae (D. R. Lindberg pers. 
microstructure layer measurements at  the collecting site. Results are comm,), and T ljtorale (Ascomycete: Verru- 
glven as mean percentages and SE. N: number of individui~ls sampleti cariacea) would rc?present the valid lichen 

Species 

Scurria araucana 65.9 1.2 19.6 0.8 14.5 0.6 32 
Scurria ceciliana 74.6 1.2 19.0 0.9 6.6 0.3 27 
Scurria boehmita 74.0 1.1 20.9 1.0 5.1 0.3 34 

name. 
Thelidium litorale is the only species of the 

genus Thelidium inhabiting calcareous sur- 
faces of several marine invertebrates (Dobson 
1981) and, although its distribution is cosmo- 
politan, there have been few studies on its 
association with marine organisms. On the 

ferent pattern emerged regarding the mean widths of rocky intertidal shores of Central Chile, T litorale 
m+3. In this case, all the species showed significant infects several invertebrates including valves of the 
differences among the mean widths (SMM = 2.43, 90 mussel Perumytiluspurpuratus, plates of the barnacles 
df, p < 0.05). S. boehrnita exhibited a thinner m+3 layer Jehlius cirratus and Chthamalus scabrosus, and shells 
than either S. araucana and S. ceciliana 

The Scurria boehrnita case 

The external shell appearance of Scurria 
boehrnita, non-infected and infected by the 
lichen Thelidium litorale, and its internal 
appearance are shown in Fig. 4 (a, b, c 
respectively). In the field, shells of S. 
boehmita were subjected to high lichen 
infection (see Table 1). T. litorale com- 
pletely changed the external shell patterns 
of S. boehmita, both in colour and mor- 
phology (compare Fig. 4a to 4b). The re- 
sulting colour pattern was a characteristic 
combination of both brown lines and black 
dots, although sometimes it appeared 
entirely brown or tan (Fig. 4b). Sometimes 
the darkest colour was present in the form 
of reticulation or concentric circles. In 
addition to modifying the colour, erosion 
of shell layers by the lichen T. litorale also 
modified the external shell sculpturing. As 
a result of these factors the external shell of 
S. boehrnita came to remarkably resemble 
the appearance of the aperture of the bar- 
nacles Jehlius cirratus and Chthamalus 
scabrosus (compare Fig. 3a, b with 4b). 
which occupy the same shore level. 

DISCUSSION 

Since being described by Bonar (1936), 
Thelidiurn litorale has undergone several 

of limpets (e.g. Siphonaria lessoni, Scurria araucana, S. 
ceciliana and S. boehmita) The effect of lichen infec- 
tion on limpet shells was described by Bonar (1936) as 

generic and specific nomenclatural re- 
assignments (i.e. Ozenda & Clauzade 
1970, Lindberg 1978). At present this 
species could be treated as a lichen, form- Fig. 4 .  Scurria boehmita. External appearance of (a) non-infected shells, (b) 
ing an association between an ascomycete shells after lichen colonization, and (c) internal colour pattern 
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a complete disappearance of the external shell matrix 
of the host ( m + 2  and m+3 in Fig. 1) which the lichen 
dissolves as a source of nutrients, using a mycelium 
digesting mechanism. Therefore, the depth of 
mycelium penetration could differ according to host 
species and could be related to the thickness of the 
shell layers. While in S, boehmita and S. ceciliana the 
m + 3  layer is thin and restricted to a narrow zone, in S. 
araucana the same layer accounts for 15% of the total 
shell thickness (see Table 2). This could explain the 
lower lichen penetration level observed in S. araucana 
(Fig. 3c). On the other hand, the shell structures of S .  
boehmita and S. ceciliana are similar. In both species 
the complex-prismatic layer, m+3,  is very thin as com- 
pared to the thick inner m + 2  layer (see Table 2). This 
fact could facilitate the lichen penetration, and could 
explain its presence in the concentric crossed-lamellar 
m + l  layer of S. boehmita. 

The eroding action of the lichen on the limpet shell 
surface completely changes the shell coloration pat- 
tern of Scurria boehmita. Frequently, this infection has 
resulted in taxonomic misidentification (Grant 1938, 
Test 1945). For instance, Hockey et al. (1987) described 
the occurrence of polymorphism and cryptic mimicry 
in a population of limpets that they identified as 
Scurria variabilis from the Central coast of Chile. 
They reported 3 S. variabilis morphotypes and argued 
that selective and differential bird predation helped to 
maintain the polymorphism. An examination of the 
photographs published by the authors suggests to us 
that 1 of the 3 morphs (morph Type 3 ,  the one resem- 
bling barnacles) corresponds to the species S. 
boehmita and the remaining 2 are probably either 
S. araucana or S. ceciliana. It is our view that Hockey 
et al. (1987) attributed morphotypes and argued for 
polymorphism on the wrong basis. In fact, as discussed 
earlier, Thelidium litorale penetrates the 3 shell layers 
of the limpet S. boehmita, exposing its internal shell 
design (Fig. 4c) and thus producing its characteristic 
'barnacle-like' external pattern (Fig. 4b).  Hence, the 
resemblance between the barnacles Jehlius cirratus 
and Chthamalus scabrosus and the limpet S. boehmita, 
interpreted by Hockey et al. (1987) as cryptic mimicry 
of a genotypic morph of S. variabilis, appears to be 
the outcome of the relationship between the lichen T. 
litorale and the limpet shell. In any case, the amazlng 
lichen-mediated mimicry found in S. boehmita could 
prove advantageous to the limpet population when 
visual predators like birds are considered. In general, 
natural selection will favour the development of char- 
acteristics that make animals less conspicuous to their 
predators (Sorensen & Lindberg 1991). Camouflage 
from predators can be achieved by either matching 
the inanimate physical environment (e.g. substratum 
colour), or mimicking another, less palatable organism. 

Among intertidal limpets, cryptic colours and variable 
morphologies and sculptures seem to be widespread 
phenomena. For instance, experiments conducted by 
Lindberg & Pearse (1990) in California showed that 
limpets of the genus Lottia can facultatively change 
shell colour and morphology to match the substratum 
they live on. In the same vein, on the coast of Vancou- 
ver Island, British Columbia, 2 species of Collisella 
appear to partition microhabitats according to substra- 
tum colour in order to reduce predation by fish and 
birds (Mercurio et al. 1985). Similarly, Giesel (1970) 
suggested that in the northeastern Pacific the surfbird 
Aphriza virgata Gmelin, which is also a common 
migrant along the Chilean coast (Castilla & Paine 
1987), was responsible for seasonal selection on 
morphs of the limpet Lottia digitalis (Rathke): limpets 
either lighter or darker than the microhabitat back- 
ground were more conspicuous to predators. In 
Chile, the available evidence (see below) suggests that 
limpets of the genus Scurria are selectively preyed 
upon, and preferred over barnacles, by birds. This is 
particularly so for the shorebirds A.  virgata and Are- 
naria interpres (Linnaeus), the oystercatcher Haemato- 
pus  aterviellot & Ondart (Castilla 1981, C. Espoz pers. 
obs.), and 2 species of Cinclodes (Hockey et al. 1987). 
In spite of limpet species misidentification, Hockey et 
al. (1987) also provided evidence that Cinclodes nigro- 
fumosus Orbingy & Lafresnaye and C. patagonicus 
Gmelin preferred what they called the non-cryptic 
morphs of Scurria (= S, araucana and S. ceciliana) over 
the cryptic, barnacle-like morph (= S. boehmita). 

The precise nature of the relationship between 
Thelidium litorale and the limpet host species studied 
here is a matter for further investigation. On the one 
hand, the lichen most likely has a parasitic (negative) 
effect on the limpets by eroding and weakening their 
shells. The consequences of the above have not been 
assessed, although in the extremely wave-battered 
environment of central Chile (Castilla 1981) it may 
be of biological and ecological relevance. On the 
other hand, the lichen appears to have a mutualistic 
(positive) effect on the limpets by mediating cryptic 
mimicry, which could increase limpet survival in the 
face of visual predators. The actual evolutionary sig- 
nificance of the lichen-limpet relationship will depend 
on these trade-offs and it can be expected to vary with 
different local predation regimes. An accurate assess- 
ment of the role of avian predation and the design of 
appropriate field experiments to determine these 
trade-offs should be the next step in research on this 
subject. 
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