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ABSTRACT
STUDIES ON THE LITTORAL LICHENS
OF NORTHEASTERN NORTH AMERICA
By
Ronald Maxwell Taylor

Lichens were collected along the coast of the United States
from‘the southern tip of New Jersey to Lubec, Maine as well as in
the province of Nova Scotia and the island of Newfoundland, in a zone
restricted to that part of the rocky coast covered by tides or splashed
by waves. The resulting collection is the most extensive collection of
this unique and little studied flora to be made to date in North America.

Studies were made of vertical distribution patterns and interspe-
cific associations as well as general geographic distribution of the
species collected. Environmental conditions such as rock structure,
water characteristics and atmospheric conditions were studied and
related to the distribution and abundance of the littoral lichens and
their general diversity. Indices of diversity, dominance and evenness
were computed. A chi square test of association was used to evaluate
the significance of apparent associations among littoral lichens and
the coefficients of those associations were determined. A multiple
regression analysis was utilized to determine the effect of environmental
parameters on the species distribution and general diversity. Although
zones of maximum growth were identified, unlike other studies, no
specific biologically defined zones were observed. Two species, Verrucaria
ditmarsica, and Verrucaria striatula, were found to have a significant
positive association. Environmental influences on distribution and

diversity were found to consist of complex interactions rather than
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independent actions by one or two dominant factors.

A taxonomic key to the twenty-one species comprising the flora
is accompanied by detailed discussions of the species contained.
Because of the unique and generally unfamiliar structure of the species
of the genus Verrucaria, the principal genus of the area, the morphology
of this genus is discussed in detail, with emphasis on morphological
variations and environmentally induced modifications. Included under
the discussion of each species is a list of specimens seen and
literature records. Five of the species collected are new to North
America: Caloplaca microthallina, Stigmidium marinwn, Verrucaria

amphibia, V. ditmarsica and V. internigrescens.
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1. INTRODUCTION

The littoral zone of coastal New England from Cape May, New Jersey
northward to Lubec, Maine and of coastal Nova Scotia and Newfoundland was
the subject of this study, with emphasis on the distribution, ecology and
taxonomy of the lichen component.

The term littoral, as applied here, includes the littoral zone and
supralittoral fringe of Stephenson and Stephenson (1949) and, to a limited
extent, zones one and two of the supralittoral zone as defined by Ferry and
Sheard (1969).

Some species, such as Verrucaria maura and V. erichsenii are
obligate littoral species in that they are only found where they come in
contact with salt water. Other species found in this zone, such as
Xanthoria parietina, are facultative and commonly occur remote from the
sea. Facultative members are included in this treatment if they are
found in the same collection with, or at the same height above high tide
as obligate littoral species.

Since a comprehensive study of littoral lichens has not previously
been made in this hemisphere, an attempt is made in this work to describe
the ecology of littoral species in North America and then make comparisons
with published European findings.

Recognizing the complexity of the habitat studied and the fact that
lichens are an intergral part of the biota therein, the contents and
style of presentation of this paper were chosen to both encourage and
serve all naturalists who might wish to study this fascinating environ-
ment. It is evident from the literature and from inquiries directed to
me that the littoral lichen flora presents an interesting enigma to
biologists of diverse disciplines. It is hoped that this paper will help
them in studying and accurately reporting the lichens of the littoral zone.

1



IT. HISTORY
Littoral lichens to date have been studied on two fronts and
these must be treated separately even though they share the same
time span. Consideration will be given first to the taxonomic
history and then to an appraisal of previous ecological studies.

A. Taxonomy

Littoral lichens were apparently first collected in Scandinavia
by Wahlenberg and described in Acharius (1803) as Verrucaria maura,
V. ceuthocarpa, V. mucosa and V. striatula.

Although this was a necessary first step, the description of
such species did not herald a study of littoral lichenology per se.
Rather, lichenologists merely included them as the extreme lower
limit of exploration of terrestrial lichens. At the same time,
phycologists observed littoral lichens and felt obliged to report
them as incidental inclusions in the upper 1imits of their explorations.

Throughout the nineteenth and early twentieth century littoral
lichens were included in general floras and a number of new species
were described and added to the list. Unfortunately the littoral
species of Verrucaria are highly variable and difficult to recognize.
The result has been the naming of populations with ecological modifi-
cations as separate species. By way of illustration, in discussing
his new species, Verrucaria convexa, Lynge (1928, p. 17) writes,
"It is nearly related to Verrucaria maura and the specific distinction
can be contested, so much the more as only one plant was collected
and nothing can be known of its range of variation".

New reports and increasing numbers of specimens enabled

taxonomists to gain a better view of the variations of the littoral
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lichens and a broader sense of species. Zschacke (1924), for example,
attempted to develop a rather conservative view in his treatment of
the littoral Verrucariae. Some species previously considered distinct,
were reduced to synonyms or treated as forms or varieties. On the other
hand, Zschacke described V. lorrain-smithii, a species treated by
later workers as a minor variation. Santesson (1939) furnished
considerable insight into the variations of selected species and
showed greater appreciation for the variability of littoral species
in general. Unfortunately, his "Amphibious Pyrenolichens I" has not
been continued and the taxonomy of this difficult group of lichens
was neglected for nearly a decade until Lamb (1948) published a
comprehensive w?rk on the pyrenocarpous lichens of the Antarctic,
including a new species, Verrucaria serpuloides.

What attention the 1ittoral lichens have received, since the
aforementioned works, has been of an ecological nature and almost
invariably showed a lack of understanding of the taxonomy of the
littoral species involved. Ferry and Sheard (1969, p. 43) state that,

"Species of the littoral fringe and the eulittoral zone

are omitted from this quantitative survey, partly

because of the acute problems of field identification

of these species, especially of extreme forms and also

because the ecology and taxonomy of these lichens is )

the subject of current work elsewhere."
Examination of their key shows that a species here considered valid
is treated as an "atypical form" of V. microspora and a normal
variation of V. striatula is treated as "atypical". Lewis (1972), in
an excellent study of shore zonation, demonstrates his unfamiliarity

with 1ittoral Verrucariae with his reference to the "dark green

patches" of V. microspora forming a band along the shore. It is
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evident from the description and ecology that the reference is to
V. mucosa, and not V. microspora. |

Hopefully, despite the difficulty of this group of poorly
understood lichens, more investigations will be made into the
variation of the species and the influences of environment upon
their morphology.

B. Zonation

Nylander (1861) observed three belts of lichens on the rocky
shores. These belts consisted, in ascending order, of Lichina
pygmaea, Verrucaria maura and Lichina confinis. Rather than define
zones according to vegetation, Weddell (1875) chose to classify the
zones according to nature of habitat and classified them accordingly
as "marine", "semi-marine" and "maritime or littoral". Cotton (1912),
a phycologist, attempted to include littoral lichens in his zonation
studies but recognized that he lacked detailed knowledge of the
lichen species. Knowles (1913) described five lichen zones in
detail. The lowest of these zones was the "Belt of marine Verrucarias".
The word "marine" referred to the fact that this belt is submerged
at high tide. Above this belt she defined the "Verrucaria maura Belt".
Placed immediately above the "Verrucaria maura Belt" was the "Lichina
Vegetation". Above the "Lichina Vegetatjon" she described the "Orange
Belt", comprised primarily of species of Caloplaca and Xanthoria.

The uppermost belt was the "Ramalina Belt".

DuRietz (1925) introduced a new classification of zones

based on the influence of salt water. While retaining the term

"marine" for the intertidal zone, he introduced the term "hygrohalin"
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for the region affected by waves and salt spray in the form of
drops of sea water. This zone was subdivided into lower and upper.
He named the region affected by airborne salt "aérohalin". All
else was called "ahalin". Later DuRietz (1935) renamed the
marine zone "hydrohalin" to make it consistent with his other
zones.

Santesson (1939) preferred a scheme of zonation based on belts
of algae, animals, lichens or combinations thereof. His lowest
belt was the "Fucus serratus-belt". Above this was the "Fucus
vesticulosus-Balanus-belt". This belt was subdivided, in ascending
order into the "Ascophyllum-horizon", the "Fucus vesiculosus-horizon"
and the "Fucus spiralis-horizon". His next higher belt was the
"Calothriz-Verrucaria maura-belt" which was subdivided, in ascending
order, into the "Pelvetia-horizon" and the "Verrucaria maura-horizon
without pelvetia". His uppermost belt was the "Caloplaca marina-belt".

Feeling that there should be a standard zonation classification
system rather than rampant synonymy and believing that their observations
bore out the feasibility of such a scheme, Stephenson and Stephenson
(1949) proposed a "universal system designed for use throughout
the world but not incorporating any specific data on lichens, due to
lack of detailed taxonomy. Their system (see figure 1) recognizes
three "zones", the interfaces of which form two "fringes" of
variable width. The zone that lies below low tide was named the
"infralittoral zone". The region lying between the mean high tide
and the mean low tide was "midlittoral zone". The uppermost zone

was called the "supralittoral zone". The fringes may be flexibly
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determined. In the illustration used (Stephenson and Stephenson,
1949, p. 299, f. 3) the infralittoral fringe extended ffom the
extreme low water line to the "upper limits of (e.g.) Laminarians".
The supralittoral fringe extended from the upper limits of barnécles,
through the extreme high water line to the upper limits of Littorina,
ete. Prior to this, the span between the two extreme tide 1imits had
been known simply as littoral.

Kenny and Haysom (1962) studied the zonation of Macquarie
Island. They reported that there were several species of lichens
"the most obvious being Verrucaria sp. and an unidentified bright
yellow form". Fuller (1967) reporting on preliminary studies of
Marion and Prince Edward Islands observed a striking similarity
between the zonation observed there and that described by Kenny and
Haysom (1962). In the lichen zone he noted "a conspicuous yellow
lichen, probably Verrucaria sp.". Morton and Miller (1968) observed
lichens as components of the zones on New Zealand shores. They did
not suggest names for the lichens but merely described them, in
descending order, as grey or greenish white, bright yellow, and, finally,
sooty black.

Ferry and Sheard (1969), in describing zonation in Pembrokeshire,
England, followed the scheme of the Stephensons but described
only the supralittoral range, including the supralittoral fringe.
This was divided into four zones, biologically defined according to
characteristic species. Zone one is characterized by Caloplaca
marina, C. thallincola, Lecanora actophila, and L. helicopis. Zone
two is characterized by Xanthoria parieting, Ramalina siliquosa,

Buellia chlorophaea, and Ochrolechia parella. Ione three is characterized
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by Rhizocarpon constrictum, Anaptychia fusca, and Lecanora atra.
Zone four, the uppermost zone is characterized by Pertusaria

pseudocorallina, and Lecidea subincongrua.



ITI. LITTORAL LICHENOLOGY IN NORTHEASTERN NORTH AMERICA

A. Taxonomy

The earliest collections of littoral lichens that I have been
able to discover in northeastern North America are an undated collection
by E. Tuckerman from Mount Desert Island, Maine, and an undated
collection by H. Willey. The location of the Willey collection was
listed only as Massachusetts and it is not included in the list of
New Bedford lichens (Willey, 1892). A specimen of Verrucaria
striatula was collected by H. L. Jones at Nahant, Massachusetts, in
April of 1893. The Fink Herbarium (MICH) includes a collection by
W. G. Farlow from Campobello, New Brunswick, in 1898. Eckfeldt (1895)
and Arnold (1896) reported a collection of V. maura made by Rev. A. C.
Waghorne at Shoal Point, Newfoundland in 1895, which appears to make
it the first littoral record to be reported in the literature from
North America. The herbarium of the Smithsonian Institution (US)
contains a collection by G. K. Merrill, presumably from Rockport,
Maine, dated 1919 and a collection by W. R. Taylor from Mt. Desert
Island, Maine, dated 1920. The remainder of the littoral collections
in the Smithsonian Institution were collected by C. Plitt from Mt.
Desert Island on dates ranging from 1922 through 1932. Hedrick (1933)
reported a new species, Verrucaria silicicola Fink, from Long Island,
New York, collected by Roy Latham in 1926.

Degelius (1942) added two new records (Verrucaria microspora
and V. erichsenii) for North America from his collections at
Prince Point, Maine, and also confirmed the occurrence of Verrucaria
striatula from the same place. He also made a valuable comparison
between European and North American littoral lichen floras, a

9



10
contribution for which he was uniquely equipped. It is interesting
to note that Plitt collected V. erichsenii in 1922, 1931; and 1932,
and identified the material as V. striatula. He also collected
V. mierospora in 1928 and 1931, but failed to publish his findings.
The specimens mentioned above are in the material that I have
examined from the Smithsonian Institution.

Lamb (1954) reported V. erichsenii as a new Canadian record
from Cape Breton Island, Nova Scotia. He noted that it was the
only littoral Verrucaria seen there.

Brodo (1968) included two littoral Verrucariae (V. microspora
and V. silicicola) in his study on Long Island, New York.

For a summary of the foregoing, see table number 1;

B. Zonation

Shoreline zonation in North America was first studied by
Johnson and Skutch (1928a, 1928b). Their investigation was restricted
to a specific headland known as Otter Cliffs on Mt. Desert Island,
Maine, and dealt with "submersible or strictly littoral vegetation",
including the tide pool environment. Only one lichen, Verrucaria
striatula, was reported and the reference to its "jet black crusts"
makes me suspect that this lichen was instead probably V. erichseniz.

Johnson and Skutch were primarily interested in plant communities
below the high water mark and preferred to classify them by dominant
species while listing also the tidal data for other workers who
might wish to classify them with respect to tidal location.

The only other published work on shore line zonation in
northeastern North America is the one by Stephenson and Stephenson (1954).

Regrettably, they skipped from North Carolina to Nova Scotia, thus
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omitting all of New England. In Nova Scotia they restricted their
investigations to the region on the Atlantic coast around Peggy's

Cove.
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IV. THE STUDY AREA

My study area consisted of the shorelines of eastern North
America from Cape May, New Jersey, Northward to Nova Scotia and
Newfound]and. The Nova Scotia side of the Bay of Fundy was included
as was the north side of the Minas Basin. Sites were selected for
investigation within the limits of accessibility, to provide a
reasonably diverse sample of the flora of the approximately two
thousand miles of shoreline. The specific sites are discussed in
detail under their own headings.

A. Geology

The New Jersey coast is a part of the Atlantic Coastal Plain
formed by a process of emergence of the continental shelf and is
composed largely of barrier reefs (Fenneman, 1938). Long Island
and Cape Cod, also a part of the Coastal Plains, were formed by
glacial deposits on old ridges of Cretaceous rock. Long Island
Sound is a sunken lowland (Fenneman, 1938).

Narragansett Bay lies in Carboniferous rock composed largely of
metamorphic schists and quartzite. In contrast, Pt. Judith is composed
of the Narragansett Pier granite with intrusions of pegmatite. Masons
Island is a minor monadnock in the submerged Precambrian of which
western Rhode Island and eastern Connecticut are composed (Eardley, 1962).
Pegmatite intrusions were also found in this pink granite.

The Gulf of Maine is believed to be formed by a 1200 ft.
depression of the coastal plain under the weight of glacial ice
followed by a recoil of up to four hundred feet. In fact the entire
coast from the Hudson River northward has been described as a "drowned

coast" (Fenneman, 1938). The emergence is believed to be responsible
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for the narrow coastal plain between Cape Ann, Massachuetts, and
Portland, Maine (Fenneman, 1938). |
~Casco Bay is a reentrant bay in a mostly Carboniferous basin
eroded into fingers by the seaward movement of the glacier (Fenneman,
1938).

Mt. Desert Island and the surrounding bays, Blue Hill Bay and
Frenchman's Bay, and their shores are the remains of igneous intrusions
into overlaying strata. The overburden was removed by erosion and
glaciation, and the remaining monadnocks were depressed. They
became a part of the drowned coast of the Gulf of Maine (Chapman, 1962).

Quody Head is the easternmost point of the United States.
Geologically it is composed of volcanic rocks which are an extension
of the southern highlands of New Brunswick (Eardley, 1962). It
stands at the west side of the Bay of Fundy and overlooks Campobello
Island and Grand Manan.

The Bay of Fundy is generally agreed to be the result of a down-
fault in Triassic beds made up for the most part of a soft red
conglomerate except for basaltic North Mountain on the east shore
where Digby is located. North of the Minas Basin, in the vicinity of
Joggins, the shore is Carboniferous fossil bearing sandstone and
extensive coal measures (Eardley, 1962).

Along the north shore of the Minas Basin, east of Parsboro, a
broken basaltic ridge of the same time and composition as North
Mountain forms Partridge Island, the Five Islands, and Gerrish
Mountain (Bird, 1972). Most of the remainder of the Minas Basin is
red Triassic conglomerate.

From Yarmouth eastward to beyond Halifax, the region known as
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Atlantic Uplands, consists mostly of Devonian schists, slate and
granite. Schists abound near Yarmouth but this gives way primarily
to granite eastward beyond Halifax (Eardley, 1962).

Cape Breton Island is divided into the famous highlands at the
northwest tip and into the lowlands south and east. The main massif
of Cape Breton Highlands is a tilted block which is principally
granitic, with the remainder mostly sandstone and gypsums (Bird, 1972).
The lowlands of Cape Breton Island are sandstones, gypsum, shales,
and limestone (Eardley, 1962).

Newfoundland is mostly uplands except for the west coast,
northern tip and the Notre Dame Bay region. The west coast is
predominantly limestone interbedded with shales and dolomite, all
of Cambrian to Ordovician age. These formations extend to and include
the northern tip in the area of St. Anthony and south to Englee on
Canadian Bay. Cape Ray at the southwestern end is in the southern
end of the Long Range Mountains. The rocks here are quite similar
to those of the lowlands of Cape Breton Island (Bird, 1972). The west
side of White Bay is Mississippian clastics such as sandstones,
conglomerates and shales (Bird, 1972). The Avalon Peninsula and the
west side of Trinity Bay are covered by Cambrian and Ordovician
sediments. On the west side of Trinity Bay the rocks are mostly
folded while on the Avalon Peninsula folding is less common and
faulting accounts for most of the relief (Eardley, 1962).

B. Climate

The region is exposed to three climates as shown on map 1.

(Koppen, 1931; Griffiths, 1966). In the Koppen system of classification

climates are given a three letter code, with first letter capitalized.
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The entire region under consideration is characterized by Df
climates; i.e., every month with at least two to four inéhes of
precipitation and one or more months with a mean temperature of less
than 64°F, none with a mean below 27°F, and at least one with a mean
above 50°F. The southernmost region has a Dfa climate, i.e., a hot
summer with the mean temperature of the hottest month above 72°F.
The middle region has a Dfb climate, i.e., a warm summer with the mean
of the hottest month < 72° and at least four months > 50°F. The
northern region has a Dfc climate, a cool summer with the mean of the
hottest month < 72°F and one to three months > 50°F (Kdppen, 1931).

Although cloudiness is fairly uniform throughout the study
area, summer fogs vary extremely (see map 2). Fog may be observed
in St. John's Newfoundland, on forty-seven days each year and at
Port Aux Basques on forty-nine days. At the northern end of Newfoundland,
in summer alone, as many as 146 days may be foggy. In the month of
July the Avalon Peninsula of Newfoundland experiences fog during 45
percent of all observational hours; Cape Breton Island 20 percent;
Halifax 15 percent; Maine 20 percent; Cape Cod 15 percent; Long Island
10 percent; New Jersey 5 percent or less. Fogs south of Cape Cod are
usually land fogs (Kendrew, 1961).

C. Water Characteristics

Little is known about the physical characteristics of the
intertidal environment and adjacent waters.

1. CIRCULATION

The entire study area is influenced by a single current, the
Labrador Current, which flows southward around Newfoundland and

along the coast of North America past New Jersey. A finger of this
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current forms a barrier between the New Jersey coast and the northward-
moving Gulf Stream. Ocean currents however, do not invade the Cape
Cod Bay or Nantucket Sound. Rather, the Labrador Current passes
Cape Cod and its neighboring islands. Details concerning circulation
within Cape Cod Bay are still unpublished (Bumpus, 1972). The
waters of Buzzards Bay and Cape Cod Bay communicate through the
Cape Cod Canal.
2. SURFACE TEMPERATURES

There are two sources of instantaneous measurements and one
source of means and ranges. Instantaneous measurements were made
during the course of my collecting and some data are available from
oceanographic cruises. Measurements, including means and ranges,
have been taken and compiled by lightships and oceanographic stations.
The cruise data have two disadvantages. Not only are they instantaneous
but they are never taken closer than several miles to the shore. The
lightship and oceanographic station measurements provide means and
extremes but, again are usually not as near to actual collecting sites
as would be desired. My measurements proved quite compatible with
the ranges provided by 1ightships, etc. Only surface temperatures are
considered since these would be the ones affecting the shore.
A winter comparison is limited not only by the available data
but by the fact that much of the Newfoundland shoreline is ice-locked
in winter. My own measurements were taken from mid-June to late August.
It is necessary to rely mostly on my own data for Canadian
waters. August measurements along the eastern side of Newfoundland
range from 8 to 12°C, the warmer ones occurring in the more sheltered

Hare Bay area. Along the west coast of Newfoundland the water is
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somewhat warmer, between 15 and 18°C. The warmer temperature of this
embayed .area also holds for the tip of Cape Breton Island at the mouth
of the Cabot Straits. However, the Atlantic side of Nova Scotia is
colder, feeling the effect of the Labrador Current and lacking the
tempering influence of the embayed waters. Temperatures range from
about 10°C at Lousibourg Light on Cape Breton Island to 16°C at
Halifax and Yarmouth. I shall use the highs reported for the shores
of the United States since they compare more favorably in terms of
dates with my Canadian measurements. Since I normally started in
Massachusetts area and worked north, the Canadian measurements were
made in July through late August.

The temperatures thus derived are slightly more moderate for
the Gulf of Maine than those found on Atlantic Nova Scotia. The
temperatures range from 19°C in the Bar Harbor area to 20°C at
Portsmouth, New Hampshire. At the east entrance to Cape Cod Canal
in Cape Cod Bay the August temperature is about 23°C. On the south
side of Cape Cod the temperature is about 25°C and then for the
remainder of the collecting area southward the water temperature is
about 26°C (Day, 1959).

Water at the shoreline is much warmer in the Bay of Fundy
owing to the extensive shallow areas covered by high tide. In
August I measured the water temperature at Joggins to be 23°C.
Detailed data for individual collecting sites may be found in
Section VII.

3. SALINITY

The salinity of the waters is remarkably uniform except where

influenced by fresh water flow from estuaries. As in the case with



19
temperatures, my own measurements must be used for Canadian waters.
Water was collected in glass bottles equipped with Bakelite caps
and conical polyethylene seals. Salinity was determined by the
density method (Cox, 1954) with the use of Knudsen's tables (Knudsen,
1953). For a discussion of this method see appendix C.

Along the east coast of Newfoundland the salinity ranged between
31.34 ppt and 33.61 ppt (parts per thousand). The lower parts of
the range occurred in bay areas influenced by fresh water. On the
west coast of Newfoundland I measured salinity as 32.28 ppt in an
area receiving considerable flow from rivers.

The tendency of salinity around Cape Breton Island parallels that
of temperature. That is, the salinity is tempered by the flow from
the St. Lawrence River. Salinity was 33.36 ppt at Louisbourg Light
on the northeast point and 32.48 ppt at the mouth of the Cabot
Straits. The Atlantic éoast of middle to lower Nova Scotia exhibits
a salinity of about 32 ppﬁ.

In the United States many of the collecting sites are near
or at estuaries. The estuaries reduce salinities to below 20 ppt in
the spring rainy season with the maximum influence occuring in late
April to early May. The extremes may reach 34 ppt to 35 ppt but the
means tend to fall around 31 ppt (Day, 1959).

4. SEDIMENTS

On the Bay of Fundy and the Minas Basin, sediments were observed
in the intertidal zone. The poorly consolidated conglomerate
forming the basin erodes readily. Many ravines flood at high tide
and deliver sediments from their beds to the Bay. These sediments

tend to cover barnacles and lichens, presumably interfering with 1light
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reception and gas exchange.

In the Cape Cod region and south, sand as a sediment factor
appears to be abundantly involved. I am convinced that abrasion
by sand carried by waves must be a major factor in reducing the
lichen population. In most places the only substrate suitable for
littoral lichens is man placed rock found in "sand catchers"
a1ong beaches and jetties protecting channels. It is apparent that,
since their purpose is to impede the movement of sand, they must be

impacted by it.



V. BIOMETRIC METHODS

A. Collecting Procedures

Collecting methods were not designed to produce completely
random samples but rather to try to insure that all species present
were represented in the collection. On the other hand, the nature of
the flora is such that species determination in the field is extremely
difficult and no attempt was made at field identification.

Depending upon the nearness of the turning of the outgoing tide,
collections were begun at low tide and continued upward to the upper
limits of the "black zone" or were begun at that upper edge and continued
down to the water at ebb tide. In either case, an attempt was made to
collect continuously at all levels and to include all of the different
microhabitats. Unfortunately, the shape and texture of the rocks
influence, to some extent, the sample data since only lichens in
favorable locations could be removed. Under the circumstances I
believe that there is sufficient randomization to provide statistical
validity.

B. Community Analysis

Three community characteristics were calculated: dominance,
evenness and diversity.
Dominance was calculated according to the Simpson method
(0dum, 1971). The equation is given below:
c=2(ni/N)
c= concentration of dominance
ni= number of individuals of given species
N= total of all individuals
The value of "c" varies between zero and one. Of course, the value

21
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will never equal zero; but if all individuals present were of the
same species the value would be one.

Evenness is cbmputed according to a method advanced by Pielou (1966):

J=rh
log S
J= evenness
H= diversity according to the Shannon method (see below)

w
1]

number of species
The value for "J" varies between zero and one.
The Shannon Index of Diversity (Shannon and Weaver, 1963) is
computed by the equation:
H=-Zpi log pi
H= index of diversity
pi= number of individuals of a given species divided by the
total of all individuals (=ni/N in Simpson's Index
of Dominance).
log pi= the natural log of pi.
There is no absolute upper limit to the value of "H", but if there is
only one species, the value is zero.

C. Interspecific Association

One can hardly help, when examining collections, being impressed
with the repeated occurrence of certain species with certain other
species on a single piece of rock. Certain similarities in vertical
distribution are evident from figures 3 through 10. Concurrence
and separate occurrence of certain species on various collecting sites
are also evident. One tends to form intuitive judgements from these
observations as to association tendencies. The measurements of

association given by Cole (1949) were utilized in an effort to obtain
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unbiased estimates of association to verify initial intuitive

Judgements. The significance of association was determined by a y? test:

(ad-bc)2n
X‘Gﬂﬂ(am)(oﬁ)(bMT

df=1

[ )]
n

the number of occurrences of two species together.

o
n

the number of occurrences of the first species in the

absence of the second species.

0
]

the number of occurrences of the second species in the

absence of the first.

(=%
n

the number of samples from which both the first and
second species are absent.

n= atb+c+d.
For a probability of significance at the 95 percent confidence level,
the x2 value must be equal to or greater than 3.84146 (Li, 1964).

In order to measure the degree of association and indicate
whether the association is positive or negative, the coefficients
of association and their standard errors were computed. The same
a,b,c,d, and n values are identical to those in the x? calculations.
When ad > bc, the equation is:
ettty * atoHE)

When bc > ad and d > a the equation is:

C= ad-bc (b+c) (c+d)
(a+bT Tatc) * n(a*h) (ac)

When bc > ad and a > d, the equation is:

C=p—ad-bc + 5a+b; §a+c;
(b+d) (ctd) ~ n(b+d) (c+d

The value of "C" varies between +1 and -1. Positive values indicate

association while negative values indicate avoidance.
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D. Environmental Effect

Five independent environmental variables were measured at each
site: water temperature, air temperature, solar insolation, salinity
of the sea water, and tidal range. These data were used in an effort
to explain the variation in abundance of each of eight species and in
the diversity of littoral lichen species at each site.

Inasmuch as the environmental variables do not act independently,
a multiple regression analysis was employed. Due to the large
number of variables for the number of sites collected, a stepwise
multiple regression analysis was used to reduce the 1list of independent
variables to those whose effect was statistically significant.

" In addition to the simple variables listed above, their cross
products were also included to represent the interactions of those
variables. Since preliminary work indicated that the effects of the
variables were not entirely linear, the squares of the functions
were included in the analysis as were the cross products of the
squared functions and the other functions.

The multiple regression analysis used provides regression
coefficients and their associated standard errors for each variable.
However, several variables are measured in different units. The
difference in variables is compensated for by converting all units
to standard scores. The regression coefficients so corrected are
expressed as beta weights and their standard errors are given.

The regression analysis procedure yields a test of the null
hypothesis that the variable considered makes no contribution to the
explanation of the variation in the dependent variable (i.e.,

diversity or relative abundance of each species).
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The analysis procedure also yields the partial correlation
coefficient which is the correlation between the dependent and
independent variable if all other variables were held constant.
Finally, the analysis procedure also indicated what percent
of the variation would be explained if the variable concerned were

eliminated from the analysis.



VI. FACTORS INFLUENCING LICHEN DISTRIBUTION

The environment of littoral lichens is one in an almost constant
state of fluctuation. An intertidal lichen is subjected alternately
to hot and cold temperatures, submergence and desication, varying
salinity, intense sunlight and shade, and pronounced changes in wave
action, all within a single day. A1l of these factors vary also
from one extreme to another with the passing of seasons. These
plants are also subjected to drenching rain water and crashing
waves. The latter transport a wide variety of particles which have
an additional erosive effect. The various environmental conditions
to which lichens are subjected cannot be isolated in nature and can
only be imperfectly measured. Attempts were made, however, to
quantify a number of these variables and compute their effects.

If a given eh;ironmental factor is selective, its increasing
impace will diminish the diversity of species in the habitat by
reducing the members to those either most resistant to its detriment
or benefiting most from its presence. On this basis, measurable
parameters were regressed against diversity as indicated by the
Shannon Index of Diversity (Shannon and Weaver, 1963) and against
the percent each species comprised of the entire collection at a
given site. This percent was used as an indicator of success for
that species.

A. Salinity

It would be desirable to know the complete range of salinities
for all collecting sites and to know the duration of each condition.
Unfortunately such data are not available. The salinity values

used are maxima where known. Otherwise, they are instantaneous
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summer measurements.

Santesson (1939, pp. 43) stated that "the eumarine species
cited...have, as pronounced aquatic plants, a distribution which is
first and foremost settled by the content of the submerging water".
Accordingly he classifies as meso-euhalibiae, accepting salinities
down to .4 to .6 ppt, Verrucaria maura, V. microspora, V. ceuthocarpa,
Lichina confinis, and Arthopyrenia orutensis. He classified as
euhalobiae, accepting salinities not lower than 15 to 20 ppt,
Verrucaria erichsenii, V. ditmarsica, V. striatula, V. mucosa and
Arthopyrenia sublitoralis=(A. halodytes). 1 have, however, collected
several of the euhalobiae species at sites having seasonal salinities
well below the ranges specified by Santesson.

Moore (1958) points out that lowered water temperatures increase
the sensitivity of certain marine animals to desalination and this may
well apply to lichens as well. Since my collecting area is considerably
more southern and warmer than the area studied by Santesson, it is
quite possible that the differences in our findings are due in part at
least to the difference in latitude between our respective study
areas.

B. Heat

It is reasonable to expect some effects of heat on lichen
distribution since the literature is replete with maps of vegetation
zones based in part or entirely on isotherms (Visher, 1954).

Santesson (1939) alludes to this influence in stating that the reports
of Verrucaria mucosa were all from arctic or temperate regions. The
appearance of a latitudinal gradient in which several species reach

southern 1imits tends to support the hypothesis that increased heat
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may be a limiting factor.

One of the most profound characteristics of the intertidal zone
is that it is alternately atmospheric and aquatic. In summer, the
thalli are heated on dry sunlit rocks at low tide and then cooled
by the incoming tide. Conversely, in winter they are frozen by the
cold winds of the atmosphere and then thawed by the sea water that
flows over them when the tide rises.

1. WATER TEMPERATURES

Since some of the shores in Newfoundland are icebound during
much of the winter, it is not possible to compare the water temperature
minima over my entire collecting area. Therefore, maximum water
temperatures were used. Where records of maxima are not available,
instantaneous summer measurements made at the time of collecting were
substituted.
2. AIR TEMPERATURES

Average daily maximum air temperatures (U.S. Dept. of Comm., etc.,
1971; Atmospheric Environment Service, etc., 1971) were regressed
against diversity and species abundance.

3. INSOLATION

It is logical to expect that lichens exposed to sunshine above
high tide or after the recession of tidal waters would be affected
in some way by this radiation. The observations by Ferry and Sheard
(1969) and Lewis (1972) that Verrucaria maura grows higher on north-
facing rocks than on south-facing rocks suggests that the sun's heat
may be a factor in limiting distribution. Fletcher (1973a)
attributes the difference in distribution to resulting "wetness". My

field data will not support analysis of local effect. However, there



29
does appear to be a sufficient basis for analysis with reference
to geographical distribution. There are approximately twelve degrees
of latitude between the northern and southern points of my study area.
Figure 2 indicates the langleys (1 langley = 1 calorie per square
centimeter) per day striking the surface of the earth at different
latitudes at different times of the year.

By interpolation it is evident that the variation is ten langleys
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Figure 2. Annual variation in solar insolation in the northern

hemisphere. Drawn after Hess (1959, p. 133, f. 9.2).
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per day for each degree of latitude in late August. August was
selected as the time of interest because it is the warmest month
and, therefore, the month in which insolation would have its most
rigorous heating effect.

C. Tidal Variations and Wave Action

Those species that fall into the category of littoral as stated
earlier are influenced by the impact of changing tide. With the
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exception of Verrucaria serpuloides (Lamb, 1948, 1973), which does
not occur in my study area, there are no lichens that live below
the low tide level. It is reasonable then to assume that constant
submersion cannot be tolerated by the littoral lichens under consider-
ation. Since there is a 1imit to the vertical extent of growth above
high tide for these lichens, it is reasonable to assume that the
presence of sea water to some degree is essential. These upper and
lower limits, in accordance with Leibig's law of minimums (Leibig,
1840) and Shelford's law of tolerance (Shelford, 1913) must be
established by some environmental factor or the interplay of more than
one factor. If tidal range is a limiting factor, it follows that
diversity should increase with increasing height of tide.

As already discussed, views differ as to whether vertical
distribution should be studied with regard to tide levels or some
biological index. Acting on the suspicion that submergence and
emergence and wetting and drying would be major factors in establishing
survival limits for the various species, I chose to plot the quantitative
vertical distribution of species with respect to these factors.

In the field, I noted the estimated heights above and below
high tide of each collection. I also noted the distance seaward and
leeward from the high tide line on the shore. Inasmuch as the
water floods a slope at essentially the same rate as it rises up a
vertical face, the horizontal factor is irrelevant to time of
submergence or emergence.

In examining figures 4 through 10 one must bear in mind that
the heights are indeed estimated and not measured and obviously some

error must be present.
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A major problem in trying to incorporate all of the data from
all localities is the fact that tide range in my study area varies
from less than one meter to more than ten meters. If one specifies
that a given individual lichen is found three meters below high tide,
this could mean that it is still five meters above low tide or that it
is actually several meters below low tide (which does not occur in
my study area). I settled on an imperfect yet, I believe, useful
treatment. Within my study area the rate of tidal variation is fairly
uniform, i.e., it is ca. six hours between low and high tides. About
the same time elapses between high tide and the following low tide.
High tide and low tide each occur twice per day. Disregarding the fact
that the rate of change slows slightly at each extreme one could say
that, as water rises toward high tide, the bottom sixth of the range
will be covered about six hours, the next sixth for five hours, etc.,
until the water reaches high tide. The upper sixth of the range
would be covered one hour. As the water receeds the top sixth of the
range will be exposed after one hour, the next sixth after two hours...
thus with two tides per day the top sixth would be covered four hours.
The next sixth would be covered eight hours. Theoretically those
exactly at high tide would never be submerged and those at low tide
would always be submerged. The flaws in this are obvious. However, I
believe that it is a useful assumption that equal sixths of the tide
range represent equal times of submergence and exposure and that this
is the most reasonable way of equating distributions over such diverse
tide ranges.

In figures 4 through 10, the intervals on the vertical axis

below the horizontal axis represent sixths of the tide range. The
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bottom of the vertical axis represents low tide and the line of the
horizontal axis represents the high tide line. Above that point each
interval represents one meter above high tide. Distances above
high tide were rounded off by adding .5 to the value and plotting
pn1y the integer. Except for high and low tide all points are plotted
at mid-interval. In order that the distribution of all species could
be compared regardless of their abundance, the values plotted were
percents of the total of all collections of that species.

The marine lichen floraiis dominated by seven species of
Verrucaria and one of Arthopyrenia. 1 will discuss the Verrucariae
first. In figures 4 through 10 it is evident that all species except
V. maura show the largest peak to be within one meter of high tide.
The mode for V. maura is slightly higher. Except for that peak, V.
mucosa, V. ditmarsica, V. striatula and V. microspora grow predominently
below high tide when all shores are considered without regard to
exposure to waves. Verrucaria ceuthocarpa is more evenly distributed
around the high tide line. Verrucaria erichsenii grows to a greater
extent above high tide than below. Verrucaria maura, in my experience,
was found exclusively at or above the high tide 1ine. These observations
are quite compatible with those of Santesson (1939) in Europe. The
greatest differences between my observations and those of Santesson
are that he found Verrucaria maura and V. erichsenii lower than I
did and he found V. ceuthocarpa did not extend as low as I found it.
The latter discrepancy is due, in part, to the fact that he regards
V. ceuthocarpa as different from his new species, V. degelii. As
explained later I regard V. degelii as merely a variant of V. ceuthocarpa.

Arthopyrenia halodytes (see figure 10) is distributed rather
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evenly around high tide and has a narrower range than the more
aquatic Verrucariae. This may, in part, relate to the fact that
this species is found most frequently on the calcareous shells of
barnacles which occur primarily in this narrow zone.

Considerable emphasis has been placed on exposed versus sheltered
shores (Kdrenlampi, 1966; Ballantine, 1961; Lewis, 1972). With this
in mind the collection sites were divided according to wave exposure
and the verticle distributions of each species plotted. There were 18
sheltered and 24 exposed shores. In figures 4 through 10 the solid
line represents the distribution on sheltered shores while the dashed
line represents the distribution on exposed shores. Points plotted
are percents of all collections from the included shores.

Exposure has little effect on the location of the zone of
greatest abundance of Verrucaria mucosa (figure 8). It only slightly
extends the range above high tide. However, it also increases the
percentage of abundance below high tide. The effect on Verrucaria
ditmarsica (figure 4 ) and V. striatula (figure 9) 1is quite similar to
that on V. mucosa.

While elevating the level of peak abundance of V. microspora
(figure 7), exposure approximately reverses the trends above and below
high tide for the remainder of the population.

Exposure produces a slight general downward shift in frequency
pattern of V. ceuthocarpa (figure 3).

Exposure has a minimal effect on the abundance of V. erichsenii
(figure 5) below high tide but does extend the range of growth upward
about 2.5 meters.

Exposure does not extend the range of V. maura (figure 6) but
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Figure 3. Vertical distribution of Verrucaria ceuthocarpa.
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Figure 7. Vertical distribution of Verrucaria microspora.
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does slightly increase the percentage distributed at higher levels.

In general, it appears that increased wave action results in an
increase in the height at which a species that grows primarily above
high tide can survive. Conversely, exposure lowers the level of
abundant growth of species that normally have extensive growth below
high tide.

It appears that wave action extends the height of "marineness"
on a shore line for those species normally living mostly above high
tide. I can offer no explanation for the depression of the depth of
abundant growth of those species abounding below high tide except that
they may be sheltered by the macro-algae at lower levels. My observations
and conclusions regarding wave exposure effects are in harmony with
those of Fletcher (1973a).

D. Geology

Topography, rock structure, and sediments affect the distribution
of Tittoral lichens.

As observed by Lewis (1972) shore topography to a large extent
determines the impact of the sea on the flora and fauna. Vertical faces
produce spray action. It was noted that at Cape Bona Vista the slope
of the rocks allowed the wave to ride up the rocks rather than break
and spray. On sloping terraces such as those at Halibut Point,
lichens grow primarily on the vertical sides of the sloping blocks, thus
avoiding the scrubbing action of the water rushing up the slope.

Generally speaking, the harder the rock the better the substrate
for marine lichens. On the Bay of Fundy much of the rock is quite
friable, leading to rapid erosion. This makes a poor substrate for

slow-growing lichens. The rocks at Englee, Newfoundland, although
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well 1ithified, are quite soluble and the surfaces weather rapidly.
Fracture patterns are important on shores exposed to heavy waves by
providing protected niches (Lewis, 1972).

Sediments have two effects as previously discussed. When
sediments settle in the intertidal zone they tend to smother the flora
and fauna. This was observed in the Bay of Fundy. It was also
observed at the New Jersey sites where barnacles showed sand
deposits where Arthopyrenia halodytes would normally be found.
Abrasion results where sand is the sediment (Lewis, 1972).

E. Analyses of Environmental Effects

The data that supports the following analyses are found in
Appendix B (Tables 6-14). Independent variables were eliminated
stepwise until all of the variables retained had a significance
(of the null hypothesis) of less than .1. Most of the variables
retained had significance of .05 or less.

Eleven variables are required to explain 60.9 percent of the
variation of abundance of Verrucaria mucosa. All parameters measured
play a role in this determination. However, the greatest effects are
produced by insolation and/or salinity. The greatest significance
and the greatest effect on the percent of explanation if deleted
belongs to insolation. The effect on the abundance of V. mucosa is
negative. Second in importance is the influence of salinity, having
the next highest significance and effect of deletion. This influence
is also negative. The interaction effect of these two factors is
complex. The linear aspect of their interaction is positive and
third in order of deletion effect. The effect in their non-linear

aspect is negative but far less significant and has one of the lesser
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deletion effects.

The environmental effects on the distribution of Verrucaria
microspora are far more complex. Although 91.3 percent of the
variation of abundance of V. microspora is explained by the factors
measured, nineteen variables are required for this degree of
explanation. Within all of this complexity, however, a few observations
are noteworthy. Of all the conditions measured, water temperature
exhibited the least effect. Although tidal range alone is not
significant in its effect at the 95 percent confidence level, it is
involved in the most important interactions. The interactions
having the greatest significance and deletion effect are air
temperature and tidal range, in both linear and non-linear aspect, and
the non-linear interaction of tidal range and salinity. The strongest
effect is a negative one in the non-linear aspect of the interaction
of tidal range and air temperature. Only slightly less in effect is
the positive influence of the linear interaction of the same two
factors. The non-linear interaction of tidal range and salinity is
intermediate in the degree of effect between the two aspects of the
above interaction and has a positive influence. It is interesting
to note that none of the variables alone has a really great effect on
the explanation if deleted. Such a complex relationship of abundance
to environmental variation is not surprising when one considers that
the species in question is distributed over the greatest range of
latitude of any studied.

Of all of the species investigated the least of the variation of
abundance of Verrucaria erichsenii is explained by the environmental

qualities measured. Only 24.3 percent of the variation in abundance
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is explained by seven variables of which only five are significant
at the 95 percent confidence level. Tidal range and its interactions
with all other yariables fail to reach this significance level. Air
temperature and its interaction with insolation have a significant
effect but they have less deletion effect than the remaining significant
factors. The negative linear influence of air temperature hés about
equal effect to the positive influence of the interaction of air
temperature and insolation.

The strongest effects are exerted by salinity and its interaction
with insolation. The effect of salinity alone is negative. The
effect of the interaction between salinity and insolation is positive
in the linear aspect but negative in the non-linear aspect.

Fifteen variables explain 79.9 percent of the variation of
abundance of Verrucaria striatula. Seven of these are significant
to an extremely high level of confidence. However, statistical
significance does not neceésarily equate with degree of effect. The
greatest deletion effect and highest partial correlation coefficients
are produced by the interaction of tide with salinity and insolation.
Tidal range and insolation interact non-linearly to produce the
greatest effect as indicated by the high partial correlation coefficient
and the major deletion effect. This influence is negative. The
next highest influence is exerted by the interaction of tidal range
and salinity with the strength of influence divided almost equally
between the positive influence of the non-linear aspect and the
negative influence of the linear aspect of their relationship.

Eighteen variables explain 74.3 percent of the variation of

abundance of Verrucaria ditmarsica. A1l of these are significant to
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at least the 95 percent level. It is difficult to select out any
variables for special mention. However, by examining both the beta
weights and deletion effects, five variables seem to stand out.
These five involve insolation and salinity and their interactions.
Each of these independently exert a negative influence except for
the non-linear aspect of insolation which has a positive effect.
Their interaction effects are divided almost equally between the
positive influence of their linear aspect and the negative influence
of their non-linear aspect.

Sixteen variables, of which fourteen are significant to the
95 percent confidence level, explain 71.6 percent of the variation
of the abundance of Verrucaria maura. Of these variables there are
four leading members. A1l four involve air temperature or its
interactions with insolation and salinity. Air temperature acting
independently in a non-linear mode is the strongest factor based on
beta weight; however, based on partial correlation coefficient and
deletion effect, the interaction of air temperature with insolation
and salinity have greater effects. The influence of air temperature
alone is negative. Its influence when interacting with insolation is
positive. The influence of the interaction of air temperature and
salinity is negative in its linear aspect but positive in its non-
linear aspect.

The positive influence of insolation alone and when interacting
with air temperature leads me to question whether the predisposition
of V. maura to grow on less illuminated sides of rocks might relate‘
to some factor other than sunshine.

To explain 57.9 percent of the variation of abundance of
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Verrucaria ceuthocarpa, nineteen variables are required, four of
which do not reach the 95 percent confidence level. The greatest
influences are exerted by air temperature, insolation and salinity
and their interactions. The influence of the interaction of air
and water temperature has a small beta weight but has significance.
The partial correlation coefficient and deletion effect make it stand
out as the largest single influence. Insolation is the predominant
remaining factor acting independently and in interaction with salinity.
Insolation has a negative effect in its linear aspect with a positive
effect of about equal strength in its non-linear aspect. Its interaction
with salinity is positive in influence. Salinity, acting independently
in a non-linear mode, has a negative influence; when interacting with
non-linear air temperature, it has a substantial positive effect.

Only 41.7 percent of the variability of abundance of Arthopyrenia
halodytes can be explained by the seven environmental variables
measured. All these variables play some role in determining abundance
of this species. Two of the three major influences involve interactions
of air temperature and salinity. The interaction has a positive
influence in its linear aspect and a negative influence in its non-
linear aspect. Water temperature and insolation interact with a
positive effect. Water temperature itself has a considerable negative
effect. It is difficult to say whether the effects are really upon
the lichen or upon the barnacles that commonly serve as substrates
for the Tlichen.

Three variables composed of two parameters explain 59.1 percent
of the variation in general diversity of species. A1l three variables

are highly significant. Salinity alone is not as effective as is its
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interaction with insolation. The independent effect of salinity is
negative. When insolation interacts non-linearly with salinity, the
effect is negative. The linear interaction of insolation with salinity
is positive.

While my findings do not bear out Santesson's (1939) conclusion
that salinity is the determing factor in lichen distribution, it does
support the position that it is one of the major factors. By
tallying the number of times that each environmental factor is involved
as one of the most important causes, the following frequencies
resulted: salinity, 21; insolation, 15; air temperature, 12; tidal
range, 7; and water temperature, 2. The emergence of salinity and
insolation as the prime explainers of general diversity is consistent
with the role of these factors in determining individual species
abundance. Certainly the relationship of environment to abundance
is a complex one as is the environment itself. Perhaps the wide
tolerances of these species accounts for their presence in this
environment. Fletcher (1973a) postulates that "wetness" is the
primary factor influencing distribution. Unfortunately his sampling
procedures were not accompanied by statistical analyses.

F. Biotic Factors

"Competition for space is always keen. Young muscles

and Fucus sporelings develop on and between barnacles; barnacle

larvae settle on old barnacles, muscles and limpets; small

algae grow on limpets, and lithothamnia overgrow barnacles

(Lewis, 1972, p. 295)."
The intertidal lichens share the world discribed above. I have seen,
in a single field of view of a dissecting microscope, an example of
such competition. Hildenbrantia surrounded the hold-fast of Fucus.

Part of the Hildenbrantia was overgrown by Lithothmnia which was
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largely overgrown by bryozoa. Another part of the Hildenbrantia
was overgrown by Verrucaria mucosa, much of which, in turn, was
covered with a shellac-1ike glaze where a barnacle had been attached.
At the microhabitat level, if not above, the.distribution of a littoral
lichen must be affected by its ability to compete with other littoral
lichens as well as the myriad of other organisms seeking to occupy a
space on the rock.

The degree to which the rocks are clothed by macro-algae
affects the distribution of littoral lichens in three ways. The
first of these, spatial competition, has already been discussed; the
other factors are reduced desiccation and shading.

When the tide ebbs, the algae hang 1imply and the outer layers
dry. Beneath this outer layer, however, moisture is conserved.

The lichens at their bases are kept from drying. This action and
its favorable effect were noted by Santesson (1939).

When the tide returns, the fronds of the macro-algae float
outward and upward, spreading and intercepting maximum light. The
shading effect is similar to that of maple trees over understory on
land. Thus the lichens in the macro-algae belts are shaded to an
extraordinary degree under all tidal conditions. I have observed
that the lichens included in these belts contain, to a large extent,
shade-modified thalli.

A biotic factor affecting marine lichens that is only occasionally
seen in my area is predation by animals. Santesson (1939) reports
morphological differences due to predation. Lewis (1972) reports
several examples of bare rock cleared as the result of such

predation on blue-green algae. While he does not report such grazing
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damage by gastropods on littoral lichens, the incidents reported
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