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Abstract

Based on a survey of 935 herbarium specimens collected from British Columbia, the substrate
ecology and “lifezone” distribution of 48 species of epiphytic cyanolichens are broadly summarized.
Conifers belonging to the Pinaceae provide habitat, in coastal regions, for at least 43 cyanolichen
species, 12 of which occur exclusively on conifers. Hardwoods support a similar number of
cyanolichens, but provide exclusive habitat for only four species. Cyanolichen diversity on conifer
branches is shown to increase along a gradient of increasing summer precipitation.

Itis suggested that the occurrence of cyanolichens on conifer branches (i.e., the “CC phenomenon”)
was formerly well developed in many parts of Europe, but has declined in response to increasing
acid precipitation. According to this hypothesis, existing epiphytic lichen assemblages in Europe
no longer express their full pre-industrial ecological amplitude. In contrast, conifers in Pacific North
America apparently still support “pristine” epiphytic communities; this region should be accorded
special emphasis for global cyanolichen conservation. The CC phenomenon may offer a highly
sensitive early warning system of broad-scale acidification in eastern North America and other
regions where industrial activity is increasing.

Keywords: British Columbia, Canada, lichens, epiphytes, cyanolichens, conifers, oldgrowth, conser-
vation

1 Introduction

As a group, lichens tend to be adversely affected by human activity. During the twentieth
century, logging, mining, agriculture, suburban sprawl, and long-range air pollution have all
exacted a heavy toll on lichen diversity and abundance in many regions of the world
(WoLSELEY 1995). This has led to increasing international concern among scientists, who
often view lichens as surrogates for less conspicuous taxonomic groups.

Most studies conducted to date suggest that not all lichen species are equally vulnerable
to human activity. One group that has been especially singled out as an indicator of en-
vironmental degradation are the epiphytic, or tree-dwelling, cyanolichens. Cyanolichens can
be described as species in which the photosynthesizing partner is a cyanobacterium.
Representative epiphytic cyanolichen genera include Collema, Erioderma, Fuscopannaria,
Leioderma, Leptogium, Lichinodium, Lobaria, Nephroma, Pannaria, Parmeliella, Peltigera
(collina only), Polychidium, Pseudocyphellaria, and Sticta.

Recent work on substrate selection by cyanolichens reveals a physiological requirement
for nutrient-rich substrates. In the case of epiphytic cyanolichens, it is now well established
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that these species are most abundant over bark or wood with a pH of between about 5.0 and
6.0 (JAMES et al. 1977; GAUSLAA 1985, 1995; but see WIRTH 1995). Surfaces more acidic than
this tend not to support cyanolichens.

Itis also widely accepted that gymnospermous trees (conifers) are less base-rich than most
angiospermous trees (“hardwoods”). From this it would seem to follow that epiphytic
cyanolichen diversity ought to be much higher on the latter substrates than on the former.
Indeed, this pattern has been well documented in many regions of Europe. Yet the situation
is certainly more complex than this, as conifers along the Pacific coast of North America are
known to support awide array of cyanolichens (PIKE etal. 1975; GOWARD et al. 1994; GOWARD
1999). Clearly it would be useful to gain deeper insight into the nature of this apparent
discrepancy.

The objectives of this paper are threefold: first, to conduct a detailed survey of the
occurrence of epiphytic cyanolichens in the forests of British Columbia; second, to contrast
the resulting patterns, especially with respect to conifers, with corresponding patterns in other
regions of the world at similar latitudes; and third, to organize these observations into a
summarizing hypothesis regarding circumpolar epiphytic cyanolichen distribution.

2 Materials and methods

This study is based exclusively on herbarium material on deposit at the University of British
Columbia (UBC). More specifically, we recorded substrate and distributional data for 935
specimens belonging to the Peltigerineae and Lichinaceae (sensu TEHLER 1996). Our decision
to limit this study to herbarium material proceeds from two assumptions concerning the
representativeness of the lichen holdings at UBC. Our first assumption is that these collections
accurately portray the relative frequency occurrence of cyanolichens on different tree species.
Our second assumption is that they provide an accurate cross-section of cyanolichen distri-
bution on aregional scale. Here it is pertinent to observe that the lichen holdings at UBC now
include a rich collection of specimens collected in connection with studies specifically
designed to record cyanolichen diversity and phorophyte selection (Goward, various reports
and publications). Indeed, more than half of the available material has derived from such
studies. For an up-to-date summary of lichen-collecting localities in British Columbia, see Map
1in GOWARD (1999).

Our study was further limited, insofar as possible, to cyanolichens occurring on twigs and
branches. Specimens growing on the trunks or boles of trees often benefit from highly
localized chemical and microclimatic conditions mediated by the trunks themselves
(BARKMAN 1958). For this reason, their presence in a given stand cannot always reliably be
taken as representative of regional macroclimatic conditions. The situation is very different in
the case of lichens colonizing twigs and branches. Being smaller and more exposed than trunks,
these substrates provide epiphytic habitats much more representative of forest mesoclimate
and regional macroclimate.

We have also assembled data on the occurrence of cyanolichens on conifer branches in
other parts of the world at temperate and boreal latitudes. Some of this information was
gleaned from the literature, but most has been kindly supplied by colleagues specializing in
epiphytic lichen ecology.

The resulting data were organized first by lifezone (see below), and second according to
the host trees (identified to genus only). For completeness, relevant data have been included
for all tree genera occurring under natural conditions in British Columbia. In our analysis,
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however, we have incorporated only those tree genera belonging to the Pinaceae, i.e., Abies,
Larix, Picea, Pinus, Pseudotsuga, and Tsuga; the occurrence of cyanolichens on members of
the Cupressaceae and Salicaceae will be discussed elsewhere (GOWARD and ARSENAULT, in
prep.). Data are also provided for epiphytic cyanolichens restricted locally to the spray zones
of waterfalls. Once again these data are included only for completeness; our analyses will be
presented in a future paper.

Our taxonomy and nomenclature follow ESSLINGER and EGAN (1995) in most regards.
Three species not appearing in that publication are discussed by GOWARD (1999): Spilonema
sp. 1, Unknown 1, and Unknown 2.

3  Study area

The primary study area is British Columbia: a physiographically diverse (DEMARCHI et al.
1990), sparsely populated province located in the cordilleran region of western North
America. A majority of British Columbia’s ecosystems remain more or less intact, providing
a superb field laboratory for the study of lichen distributional ecology. This province
comprises several roughly longitudinal mountain ranges separated by narrow valleys and
broad volcanic plateaux. The mountains are oriented roughly parallel to the Pacific coast, thus
tending to interrupt the prevailing onshore flow of moist Pacific air. Their existence gives rise
to four sharply demarcated and highly distinctive continentality regions, or “lifezones”, i.e.,
the “hypermaritime”, “maritime”, “intermontane”, and “boreal” (GOWARD 1999). Within
each of these lifezones, precipitation is controlled largely by topographic position, being
heavier on the windward slopes, and lighter on the leeward slopes. The interplay among these
climatic factors creates a repeating complex of humidity sectors expressed across the breadth
of the province.

The forests of British Columbia support 18 genera of trees, nine of which belong to the
Pinaceae and Cupressaceae. The latter tree families make up roughly 90% of the province’s
forest cover, as follows: Pinus (27%); Picea (25%); Abies (17%); Pseudotsuga and Larix (9%b);
Tsuga (7%); and Chaemycyparis and Thuja (5%) (Anonymous 1995). Nine hardwood genera
are also present, and collectively make up the remaining 10% of forest cover. These are Acer,
Alnus, Arbutus, Betula, Populus, Pyrus, Quercus, Rhamnus, and Salix (op. cit.).

4 Results and discussion

4.1 Breakdown of the data

Nine hundred and thirty-five specimens of epiphytic cyanolichens were examined during the
course of this study. Six hundred and forty-six of these were collected from conifers, while 289
were derived from hardwoods. Initially this would seem to imply a strong bias in favour of
conifers. As noted above, however, hardwoods comprise only about 10% of the forest cover
of British Columbia; these genera are thus actually overrepresented in the data set. Here it
can be noted that Tsuga alone, with 262 specimens, supports nearly as many cyanolichen
species (n = 33) as do all hardwood genera taken together (n = 38).
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4.2 Phorophyte selection by cyanolichens in British Columbia

Figure 1 provides a summary of phorophyte selection for 48 epiphytic cyanolichen species
occurring in British Columbia. Among the conifers, Picea, Tsuga, and Abies support the
richest cyanolichen floras, with 34, 33, and 31 species, respectively. Thuja, with 22 species, and
Pseudotsuga, with 15 species, also provide important substrates for this group. Chamaecyparis,
by contrast, supports only two species, while Pinus supports one species, and Juniperus and
Larix support none at all. Among the hardwoods, Alnus and Acer provide the most favourable
substrates, supporting 26 and 23 cyanolichen species, respectively. Other hardwood genera are
much less rich, with between 17 and nine species.
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Fig. 1. Phorophyte selection in 48 epiphytic cyanolichens in British Columbia (genus only). Legend:
Pseudo. = Pseudotsuga; Cham. = Chamaecyparis.
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Cyanolichen diversity on conifers, with 43 species, marginally exceeds that on hardwoods,
with 38 species (Table 1). Nine cyanolichens actually appear to be restricted to conifers in
British Columbia, i.e., Eriodermasorediatum, Leioderma sorediatum, Lichinodium canadense,
Lobaria silvae-veteris, Parmeliella parvula, Polychidium contortum, Pseudocyphellaria
rainierensis, Sticta wrightii, and Unknown 1. Another 14 species occur predominantly on
conifers, and are rarely observed on hardwoods. By contrast, only four species (Collema
auriforme, Leptogium brebissoni, L. pseudofurfuraceum, and L. polycarpum) are restricted to
hardwoods, while three additional species clearly favour them, i.e., Collema furfuraceum, C.
nigrescens, and C. subflaccidum. These observations strongly suggest that conifers in British
Columbia are crucial to the maintenance of cyanolichen diversity.

Table 1. Phorophyte selection by 48 epiphytic cyanolichens in British Columbia. Legend. AB = Abies, LA
= Larix, PC = Picea, PN = Pinus, PS = Pseudotsuga, TS = Tsuga, CH = Chamaecyparis, JU = Juniperus,
TH =Thuja,AC = Acer,AL =Alnus,AR = Arbutus, BE = Betula, PO = Populus, PY = Pyrus, QU = Quercus,
RH = Rhamnus, SA = Salix.

Pinaceae Cupressaceae Hardwood trees
Phorophyte |(n) |AB|LA |PC |[PN |PS |TS |All |CH|JU |TH |All |AC |AL |AR|BE |PO |PY |QU|RH|SA |All

Cyanolichens
Collema

auriforme 2 0 1l 1 1 1

furfuraceum 71 1 1 2 3 1 1 5

nigrescens s. lat. 10 1 1 1 1 7 9

subflaccidum 10 1 1] 2 4] 2 1 1] 8
Erioderma

sorediatum 4 2 2| 4 0
Fuscopannaria

ahlneri 20| 1 2 15| 18 1 1] 1 1

laceratula 10 9 9 1 1

leucostictoides 14| 3 1 1| 3| 8 2| 2 2 1 1 4

mediterranea 7 4 4 2 1 3

saubinetii 5 1 1] 2] 1 1 2 1 1
Leioderma

sorediatum 1 1 1 0
Leptogium

brebissonii 1 0 1 1

burnetiae 14| 2 4 1 7 2| 2 1 1] 1 7

pseudofurfuraceum 3 0 1 2 3

polycarpum 1 0 1 1

saturninum 21| 1 6 2 9 3 7 2| 12
Lichinodium

canadense 5 1 4] 5 0
Lobaria

hallii 36| 5 10 1] 2|18 1| 1| 4| 4 1 3] 2| 2 1] 17

oregana 43| 10 8 4] 11| 33 3] 3] 2| 2 1 2 7

pulmonaria 82| 8 11| 1| 6| 16| 42 5/ 5| 5| 5 2 3] 3] 9] 1 735

retigera 20| 4 1 11| 16 3| 3 1 1

scrobiculata 43| 10 10 12| 32 3 1 1 4 2| 11

silvae-veteris 12] 2 10| 12 0
Nephroma

bellum 44| 10 9 1] 13| 33 2| 4 3 1 1] 11

helveticum 53| 12 6 2| 21| 41 2| 2| 3] 2 2| 2 1| 10

isidiosum 24| 3 7 1) 8|19 3 3] 1] 1 2

laevigatum 24| 4 1 2| 5|12 3 1 1| 5| 1| 1]12

occultum 27 7 5 14| 26 1 1

parile 28| 4 7 9| 20 3 1 2] 1 1] 8

resupinatum 27| 3 7 1] 1) 12 2| 2] 1] 5 1 1 3 2| 13




308 Trevor Goward, André Arsenault

Table 1 continued.

Pinaceae Cupressaceae Hardwood trees
Phorophyte [(n) |AB|LA |PC |PN |PS |TS |All |CH|JU |TH |All |AC |AL |AR|BE |PO |[PY |QU|RH|SA |All

Cyanolichens
Pannaria

rubiginosa 7 5 5 1] 1 1 1
Parmeliella

parvula 1] 1 1 0

triptophylla 3 1] 1 1 1] 1 1
Peltigera

collina 42| 2 11 7020 1 1110 1 1 2] 2| 1] 1] 3|21
Polychidium

contortum 6 1 5 6 0

dendriscum 17 1 14| 15 1] 1 1 1
Pseudocyphellaria

anomala 62| 13 16 3| 12| 44 1 1 3| 4 20 71 1 17

anthraspsis 35 3 12 1 16 2| 2| 3 4 2 2| 2| 4|17

crocata 33| 6 7 1 7121 2| 2| 2| 2 3 2] 1 10

rainierensis 4] 1 2 1 4 0
Spilonema

sp. 1 1 0 11 0
Sticta

beauvoisii 71 1 2| 4 2| 2 1 1

fuliginosa 61| 8 9 26| 43 1| 1] 2| 2 1 1| 9| 1] 1|17

limbata 23] 1 4 1 2| 8 1 1 3] 2| 2 4 1| 2| 14

oroborealis 24| 1 2 17| 20 3] 3 1 1

weigelii 4] 3 3 1 1

wrightii 2 2| 2 0
Unknown 1 3 3] 3 0
Total occurrences 935|132 0[181] 1| 28|262|604| 2| 0| 40| 42| 61| 60| 2| 13| 25| 28] 61| 10| 29|289
Cyanolichen diversity 48| 31| 0| 34| 1] 15| 33| 43| 2| 0] 22| 23] 23 26| 1| 12|11 17| 16] 9] 14| 38

4.3 Relating cyanolichen diversity to bark chemistry

That epiphytic cyanolichens in British Columbia should be less diverse on hardwoods than
on members of the Pinaceae is startling. As a group, cyanolichens exhibit a definite requirement
for base-rich substrates, presumably owing to an inability of the cyanobacterial photobiont to
photosynthesize in acidic environments (GILBERT 1986; SIGAL and JOHNSTON 1986). Yet
members of the Pinaceae are generally held to be acidic (e.g., BARKMAN 1958; GOUGH 1975;
KUUSINEN 1996). Indeed, conifer bark routinely registers below the lower acidity threshold
for cyanolichens, at around pH 5.0 (JAMES et al. 1977; GAUSLAA 1985).

We emphasize, however, that bark pH should not be thought of as a species attribute, in
the sense of being static and uniform for a given tree species. Rather, it is helpfully viewed as
an ever-changing integration of numerous intrinsic and extrinsic chemical inputs not always
readily quantified (CoxsoN and NADKARNI 1995). These inputs can vary across a wide range
of spatial and temporal scales. At the stand level, for example, bark pH can be influenced by:
stem flow (GILBERT 1970; GAUSLAA 1995); throughfall from nearby trees (CARLISLE et al.
1967; GOWARD and ARSENAULT 2000); impregnation by roadside dust (BARKMAN 1958);
exposure to aerosols from seawater or the spray of waterfalls (op. cit.); bird and mammal
excrement (op. cit.); and direct cation uptake from the soil (GAUSLAA and HOLIEN 1998).
Given these and other chemical inputs, it is not surprising that bark pH can vary not only
between two adjacent trees of a given tree species (GAUSLAA 1985), but also among
the branches of a single tree (BRODO 1974; GOWARD and ARSENAULT 2000). Epiphytic
cyanolichens, owing to their small size, are responsive to variations in bark pH on virtually all
spatial scales.
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Bark chemistry can also be strongly influenced by regional variation in environmental
chemistry. For example, it has been postulated that regional variation in bedrock geology can
translate to broadscale differences in overall bark pH (GAusLAA and HOLIEN 1998). It has
also been shown that acidic precipitation can affect epiphytic lichen community structure over
distances measuring thousands of kilometres (WOLSELEY 1995). Such influences doubtless
exert a profound influence on regional cyanolichen community structure. We return to these
observations in Section 4.5.

4.4 Regional Patterns of Cyanolichen Diversity in British Columbia

Overviews of epiphytic cyanolichen distribution in various “lifezones” are provided in Table
2 and Figure 2. The available data suggest that cyanolichen diversity, at least on members of
the Pinaceae, increases with increasing summer precipitation. Epiphytic cyanolichens are
absent altogether from semi-arid and dry inland regions (not shown). Even in dry maritime
localities, only five species are known to occur. In comparison, 11 species have been collected
in moist intermontane regions, and 25 species in wet and very wet intermontane regions.
Cyanolichen richness peaks at 35 species in maritime portions of the province described as
moist and wet, and then declines to 28 species in very wet hypermaritime regions. We empha-
size that these patterns accord well with our field experience over many years; they are
unlikely to be mere artifacts of differential sampling intensity.

Table 2. Epiphytic cyanolichen distribution in six “lifezones” in British Columbia (see text). Occurrences
denoted by an exclamation mark are predominantly oldgrowth-associated in the lifezones indicated.
Occurrences in parentheses are restricted to the spray zones of waterfalls. Based on NOBLE (1982),
GowaARD and AHTI (1992), GOWARD et al. (1994), JGRGENSEN and GOWARD (1994), THOMSON and AHTI
(1994), GOwARD (1995, 1996), GEISER et al. (1998), GOWARD and PoJAR (1998), GOwWARD (1999), and
collections at UBC. Legend. 'See Figure 1. ’See MEIDINGER and POJAR (1991). Hypermaritime.
4Maritime. *Intermontane. ®Occurring on conifer branches (Pinaceae only). Occurring on hardwood
trees. 8Sensu GOWARD (1999).

Lifezone! Hypermaritime® | Maritime* Maritime Intermontane’® | Intermontane | Boreal
Subzone(s)? Very wet Dry Moist, Wet Moist Wet, Very wet | Moist, Wet
Cyanolichens conif hardw’| conif hardw | conif hardw | conif hardw | conifi hardw | conifi hardw

Collema
auriforme +! +!
furfuraceum + + + + + + +
nigrescens + + + + +
subflaccidum + + H B | ™ +

Erioderma
sorediatum +!

Fuscopannaria
ahlneri +! +! + +1
laceratula +! +
leucostictoides +! + + +! +!
mediterranea + +! +) (+) (+)
saubinetii +! + +!

Leioderma
sorediatum +

Leptogium
brebissonii +
burnetiae + + + + +) + + +
pseudofurfuraceum +
polycarpum + +
saturninum + + + + + + + + +

Lichinodium
canadense +! +!
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Table 2 continued.

Lifezone! Hypermaritime®| Maritime* Maritime Intermontane® | Intermontane | Boreal
Subzone(s)? Very wet Dry Moist, Wet Moist Wet, Very wet | Moist, Wet
Cyanolichens conif hardw’| conif hardw | conif hardw | conif hardw | conifi hardw | conifi hardw

Lobaria
hallii + + + + + +
oregana + +! +! *)
pulmonaria + + + + + + + + +
retigera +1 + +1
scrobiculata + + + + + + +
silvae-veteris +1

Nephroma
bellum + + + + + + + + +
helveticum + + + + + + +
isidiosum +1 + *+) +1 +
laevigatum + + +
occultum +1 + +1
parile + + + + + +
resupinatum + + + + + + + + +

Pannaria
rubiginosa +!

Parmeliella
parvula + *)
triptophylla + + + + + + +

Peltigera
collina + + + + + +) + +

Polychidium
contortum +! +!
dendriscum +1 +) +1 +1

Pseudocyphellaria
anomala + + + + + + + +
anthraspsis + + + +
crocata + + + + + +)
rainierensis +! + +

Spilonema
sp. 18 +1 )

Sticta
beauvoisii +! + +1 +
fuliginosa + + + + + + + +
limbata + + + +1 + *+) ) +1 +1
oroborealis +1 + +1
weigelii +1 +
wrightii +1 + +1

Unknown 18 +1 +)

Unknown 28 +1

Total species 28 15 5 19 |35(1) 27 |12(6) 9(4) |25(6) 15 3 5

Diversity on hardwoods follows a similar pattern, with the exception that cyanolichens are
more diverse in dry maritime regions than in any other lifezone except the moist and wet mari-
time. The occurrence in the dry maritime of numerous cyanolichens constitutes an obvious
distributional anomaly: based on the patterns reported for conifers, the dry maritime ought
to support fewer, not more, cyanolichen species. One plausible explanation would involve the
architecture of hardwoods. In brief, hardwoods have a centripetal structure which causes
rainwater to be directed inwards toward the bole (BARKMAN 1958). Here environmental
conditions are humid: first owing to poor ventilation (GEIGER 1965), and second because thick
bark in this portion of a tree can retain moisture for prolonged periods. Both of these
phenomena probably favour the establishment and growth of hygrophytic cyanolichens —
even under macroclimatic conditions that would otherwise not support them.
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Fig. 2. Epiphytic cyanolichen diversity: conifers versus hardwoods (see text).

If epiphytic cyanolichen diversity is truly correlated with summer moisture, as would
appear, then these species should occur in maximum numbers in regions designated here as
very wet hypermaritime. Yet the available data suggest that hypermaritime regions support
fewer cyanolichens than moist and wet maritime regions (see Fig. 2). Possibly forested
ecosystems in the hypermaritime are too continuously humid to permit wetting and drying at
intervals sufficient for the maintenance of epiphytic cyanolichens. Also, salt spray along the
Pacific coast appears to favour the development of epiphytic mosses (HONG and GLIME 1997),
which in turn tend to exclude cyanolichens from otherwise suitable habitats. It may be perti-
nent to observe that early growth in many cyanolichen species is comparatively very slow
(SCHEIDEGGER 1995). Given that many cyanolichen species are well developed (in exposed
sites) near the open ocean, it seems unlikely that salt spray per se is a significant limiting
factor.

In Figure 3, the ratio of cyanolichen diversity on conifers as compared with that on hard-
woods is summarized for five lifezones. The relative importance of conifer branches as
substrates for cyanolichens is seen to increase several-fold along a gradient of increasing
summer precipitation. More specifically, cyanolichen diversity in the hypermaritime is nearly
two times greater on conifers than on hardwoods. In contrast, conifers in the dry maritime
support only roughly one-quarter of the cyanolichen species supported by hardwoods. These
patterns accord well with the observation that hardwoods are much scarcer in humid regions
of British Columbia than in drier regions (KRAJINA et al. 1982). They also agree with well-
documented successional patterns in Pacific North America, where conifers tend to dominate
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forest canopies with increasing stand age (WARING and FRANKLIN 1979; MACKINNON and
VoLD 1998); oldgrowth forests, in other words, are much more widespread in humid regions
than in drier regions prone to wildfire. Finally, the disproportionate occurrence of hardwoods
in dry maritime regions almost certainly translates to an enhanced availability of substrates
well buffered against summer drought (see above). Such substrates are well suited to colo-
nization by cyanolichens.

2.0

Conifers

Cyanolichen ratio
(Conifers/Hardwoods)
-

o
|

Hardwoods

0.0 T T T T T
Lifezones Very wet Moist-Wet Wet-Very wet Moist Dry
Hypermaritime Maritime Intermontane Intermontane Maritime
Summer precip.
(mm)
(May-Sept.) 500-800 375-500 325-450 275-350 125-175

Fig. 3. The relative apportioning of epiphytic cyanolichens across five “lifezones” in British Columbia:
conifers versus hardwoods (see text).

45 Circumtemperate patterns of cyanolichen occurrence on conifers

Figure 4 summarizes the reported and “potential” (i.e. pre-industrial) distribution of cyano-
lichens on members of the Pinaceae at temperate and boreal latitudes. For convenience,
the occurrence of cyanolichens on conifer branches will henceforth be referred to as the “CC
phenomenon”. The patterns displayed in Figure 4 permit five observations regarding the
CC phenomenon: 1) it can be largely captured within the distribution areas of four conifer
genera, i.e., Abies, Picea, Pseudotsuga, and Tsuga; 2) it is confined to cool regions, with
summer mean temperatures (May through September) below about 15 °C; 3) it is limited to
humid regions, where measurable precipitation (including fog-induced “occult precipitation’)
occurs on at least sixty days each summer; 4) it is not excluded by high continentality per se
(sensu TUHKANEN 1984); and 5) it extends northward only as far as the middle subzone of
the boreal bioclimatic zone (sensu TUHKANEN 1984).
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As thus circumscribed, the CC phenomenon is likely to be well developed in only four
regions of the northern hemisphere, i.e., northwestern North America (especially north of
California), northeastern North America (north of New Hampshire), western Europe
(excluding Mediterranean regions), and eastern Asia (northeast China and southeast Russia).
For practical purposes, its distribution area might be predicted to correspond roughly with the
core ranges of several widely distributed hygrophytic lichens, including Cladonia umbricola,
Parmotrema arnoldii, Peltigera britannica, P. horizontalis, and Usnea longissima.

Figure 4 further suggests that the CC phenomenon declines sharply with increasing dis-
tance from the continental coastlines. This trend is well expressed on the eastern margins of
the continents. On the western margins, however, this situation is more complex. For example,
the inland “rainforests” of south-central British Columbia, situated 400-500 km from the
Pacific coast, support at least 25 epiphytic cyanolichens. Admittedly conditions are thermally
rather oceanic in this region (GOwARD 1994), although winter temperatures as low as -40 °C
have been recorded. Farther south, in slightly drier, but otherwise corresponding portions of
Idaho and Montana, the CC phenomenon is limited to only ten species. In Europe, the
Pyrenees of northern Spain, with 11 species, constitute another inland “hot spot” for the CC
phenomenon (Fig. 4).

Even in thermally highly continental regions, instances of the CC phenomenon are to be
found (Fig. 4). For example, the northern Ural Mountains support three such species, where-
assix speciesare present in the vicinity of Lake Baikal. Included here are Collema, Leptogium,
Lobaria, and Nephroma. Presumably the ability of such lichens to establish in some of the
world’s most continental climates is linked to a prevalence of cool, humid weather during the
summer months. From this it follows that not all epiphytic cyanolichens should be classified
as “oceanic”, at least in the thermal sense (ROSE 1988).

The relative importance of conifers to cyanolichens appears to vary significantly in different
regions of the world (Figure 4). In coastal British Columbia, for example, at least 12 epiphytic
cyanolichens occur exclusively on this substrate, i.e., Collema auriforme, Erioderma sorediatum,
Leioderma sorediatum, Lichinodium canadense, Lobaria oregana, Lobaria silvae-veteris,
Pannaria rubiginora, Parmeliella parvula, Polychidium contortum, P. dendriscum, Unknown
1 and Unkonwn 2. Farther east, the inland rainforests of southern British Columbia support
nine such species. In contrast, conifers in coastal Oregon and California are known to provide
exclusive habitat for only one species. Elsewhere again, in southeastern Newfoundland, only
three cyanolichens depend entirely on conifers, while no species at all belong in this category
in most parts of Eurasia, with the exception of west-central Norway, where three cyanolichens
are restricted to Picea abies.

A unique feature of the late twentieth century has been broadscale environmental deterio-
ration resulting from acid precipitation (RICHARDSON 1991). Ecosystem acidification is
especially detrimental to epiphytic lichens. WOLSELEY (1995) has provided a global map
summarizing lichen decline in response to acid precipitation. When her map is compared
against our Figure 4, a clear correspondence between acid rain and low epiphytic cyanolichen
diversity on conifers emerges. This correspondence is especially apparent in western Europe,
where the CC phenomenon is almost entirely absent, even in areas supporting extensive
conifer forests. Only in west-central Norway — one of the least polluted parts of Europe
(GAUSLAA and HOLIEN 1998) — do conifers support a wide array of cyanolichens. These
correlations, in our opinion, are unlikely to be coincidental.

That the ecological amplitude of epiphytic cyanolichens in Europe has contracted during
the past century is well documented (ROsSE 1988; FARMER et al. 1991; GAUSLAA and HOLIEN
1998). Species formerly abundant on a wide variety of hardwood trees now occupy only a few
phorophyte species exceptionally well buffered against acidification. It is hardly surprising
that conifers, which are poorly buffered even under pristine atmospheric conditions, support
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almost no cyanolichens at all. Yet this may not always have been the case. Indeed, the CC
phenomenon might once have been well developed in some parts of Europe, just as it
continues to be in some parts of western North America, where conifers actually support a
higher cyanolichen diversity than hardwoods. Of course it could be argued that no (or very
few) records are available in support of this hypothesis. In our opinion, however, that is to be
expected: first, because cyanolichens probably disappeared from conifers long before they
began to decline on hardwood trees; and second, because no thorough examination of old
herbarium specimens appears to have been undertaken. We suggest, then, that the present-
day absence of the CC phenomenon in much of Europe might well represent an ecological
anomaly: an artifact of industrialization.

There is growing evidence that the putative decline of the CC phenomenon in Europe is
now being repeated in northeastern North America. In maritime regions of eastern Canada,
for example, Wolfgang Maass (pers. comm.) has accumulated data to show that cyanolichens
have disappeared from forests in which they were abundant only a few decades ago. Though
a causal relationship with acid rain remains to be demonstrated, it is doubtless significant that
this region is situated within the “pollution zone” indicated in WOLSELEY (1995).

In this paper, we have attempted to show that epiphytic cyanolichens can occur regularly
on the bark of conifers growing in humid regions not subject to acid rain. We suggest that
regions in which the CC phenomenon is well developed might be characterized as environ-
mentally “pristine”, at least in the sense that epiphytic cyanolichens still occupy their original,
pre-industrial ecological amplitude. In contrast, epiphytic cyanolichen assemblages in regions
affected by acid precipitation are more appropriately viewed as “relictual”, that is, they are
confined to a considerably reduced assemblage of phorophytes.

Notwithstanding current ameliorating trends (SEAWARD 1997), ecosystem acidification
will probably continue to exert a profound influence on cyanolichen distribution over large
areas of the world. Owing, however, to its proximity to the Pacific Ocean, northwest North
America is well positioned to remain a stronghold of cyanolichen diversity expressed at pre-
industrial levels. We predict that this region, centering on British Columbia, will be pivotal to
future efforts by the international community to maintain “primeval”” lichen communities at
north temperate and low boreal latitudes. At the same time, we suggest that the CC phenom-
enon, or rather its decline, holds promise as a sensitive early-warning-system of broadscale
acidification. In bringing these observations and conjectures to the attention of our
colleagues, we wish only to point to a highly complex field of lichen phytogeography that in
our opinion deserves more detailed study.
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