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1. Specific problems for the conservation of lichens
1.1. THE MUTUALISTIC WAY OF LIFE

Lichen-forming fungi are mutualistic symbiotic organisms. The mycobiont coexists
with one or more algal or cyanobacterial photobionts. Conservation biology of lichens
deals, therefore, with more than one organism, although it is the fungal partner, or
mycobiont, which is generally the target for conservation. It is also the mycobiont
which determines the systematic position of lichens.

The indeterminate pattern of growth of multicellular fungi has enabled lichen fungi
to adopt an astonishing array of growth forms, and, as poikilohydric organisms, to
occupy microniches not available to most other life forms. Many species have evolved a
requirement for substrates (¢.g. sheltered tree bark, large old logs, dry decaying wood)
that are themselves by-products of advanced succession in more dominant ecosystems.
Such species are often sensitive to various forms of anthropogenic disturbance,
including intensive agricultural and forestry management.

In keeping with their need to sccure nutrients mostly from their immediate
environments, e.g. atmospheric dust, rainwash, lichens are highly efficient accumulators
of environmental impurities. Many species are, therefore, highly sensitive to air, water,
and soil pollution. Some species have suffered catastrophic decline in industrialised
regions as a result of these pollutants. With the introduction of industrial smokestacks in
the 1970s, these declines have become established over large geographic areas [77].

1.2. WIDE DISTRIBUTION — DISJUNCT AREAS

The incidence of circumpolar distributions is much higher in lichens (and other
cryptogams) than in most other macroscopic organisms, including plants, mammals, and
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birds. At boreal latitudes, nearly 60-70% of all macrolichens occur more or less around
the world in suitable habitats [1]. Unfortunately, widely distributed species tend to
receive a low priority for conservation, even in portions of their range where they are
truly endangered. This tendency can be highly detrimental to conservation of organisms,
such as lichens, in which species concepts are not yet fully settled. Certainly at least
some taxa currently believed to be circumpolar will eventually be shown to contain two
or even several more geographically limited entities.

Figure 1. Thallus development in Lobaria pulmonaria: a: Isidioid soredia are released from an adult thallus
and attach on a suitable habitat. b: Development into stratified, spathuliform juvenile thalli within I year. c:
After 4 years, isidioid soredia have developed into thalli only about 2 mm broad. d: After about 5 years, the
early stages of lobe differentiation can be observed. e: At about 8 years, laminal growth by secondary
meristems leads to the formation of foveae and ridges. f* After about 14 years, soralia develop at the thallus
margins and on the laminal ridges, while upwards-growing lobes become canaliculate, and downward-
growing lobes are spoon-shaped. g: Meristematic growth zones of lobes growing upwards often divide into
three daughter meristems (see %). h: First apothecia are formed on ridges of lobes growing downwards. i:
Marginal soralia inactivate meristematic growth zones (arrow) of old lobes. These stop growth but continue
to produce diaspores. k: Parts of the thallus can get lost and old lobes ofien form marginal and laminal
regenerative structures (arrowhead). Iigure after [54].

1.3. LONG GENERATION TIME

Lichens are poikilohydric organisms and in many habitats they remain in an
anabiotic state for much of each year. Further, the photobiont biomass is mostly very
low and net production is accordingly low, at least as compared with that of higher
plants. This low productivity often correlates with slow growth rates and, in some cases,
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exceptionally long life spans. Although only limited data are available on longevity in
lichens, the extrapolated maximum age of saxicolous species in hot and cold deserts is
greater than 500 and several thousand years, respectively [7, 35]. Though the lifespans
of most epiphytic lichens are probably much less, some individual thalli are certainly
able to persist for a century or more, an interval commensurate with the “lifespans”™ of
the trunks and branches on which they grow. Longevity is likely to be important
especially for species in which reproduction is initiated only after a prolonged juvenile
phase (Figure 1); it is also certainly crucial for the maintenance of rare species in which
an inability to recolonise efficiently is limiting (see below) (Figure 1).

1.4, ECOLOGICAL CONTINUITY

The tendency of many rare lichens to have long generation times, coupled with
inefficient mechanisms of dispersal, makes them dependent on habitats with a low
intensity and frequency of disturbance [48, 49]. Favoured habitats include rock
outcrops, talus slopes, and primeval forests with a low incidence of fire and other stand-
replacing events. Yet extensively managed habitats can also sometimes support such
species dependent on ecological continuity [75]. Examples include pasture woodlands
with a low tree harvesting intensity, and xeric terricolous habitats with low levels of
competition from vascular plants as well as from the animals that graze them.

[.5. SURVIVAL OF SMALL POPULATIONS THAT ARE NOT REALLY VIABLE

Fragmentation of forested landscapes can entrain dramatic declines in many forest-
dwelling lichens. Widespread and common species have become discontinuous,
especially during the past century, the ranges of many formerly widespread and
common species have become discontinuous, with the resulting populations becoming
increasingly reduced in size. This tendency can create a high potential for genetic
bottlenecks - an observation especially applicable to epiphytic species associated with
old-growth forests. Although forest fragmentation has in many regions been occurring
for a century or more, this interval in fact represents only a few gencrations of epiphytic
lichens associated with old-growth forests. Conditions permitting the original
establishment of such species may no longer exist. In Europe, both the medieval
landscape and its characteristic epiphytic lichen cover are now largely relictual; even the
most stringent efforts to preserve the remaining old stands are unlikely to prevent the
loss of yet more old-growth-associated lichens.

1.6. CLONAL POPULATIONS OF SOREDIATE/ISIDIATE SPECIES

Vegetative dispersal is the sole means of propagation for many epiphytic and terricolous
species. Clonal populations, therefore, are probably rather frequent in lichens. European
lichenologists have noted a gradual reduction in the production of apothecia during the
past two centuries, at least in some regions |11, 50]. Although lichen population biology
is poorly understood at a molecular level, studies on L. pulmonaria indicate that fertile
populations are genetically more diverse than sterile populations. At the same time,
however, high genetic diversity is not necessarily prerequisite to the development of
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luxuriant populations [78]. Indeed, small and declining populations of L. pulmonaria
may actually support a rather high genetic diversity.

2. Monitoring for rare and endangered species

Current efforts to conserve rare and endangered organisms generally involve data
generation from one of two very different approaches. The first of these can be referred
to as the habitat or ecosystem approach, while the second is appropriately termed the
species-based approach [26]. The ecosystem approach will not be discussed here (for a
summary, see [26]).

Species-based conservation involves, as a first step, the careful monitoring of
individual taxa. The objective here is to identify those species warranting high priority
for conservation. Once the endangerment status of such species has been thoroughly
documented, conservation and recovery plans can be developed [26]. In recent times,
and under the guidance of IUCN, this approach has led both to the development of Red
Lists, i.e. lists of quantifiably rare and endangered species, and to the preparation of
status reports. In both cases, national procedures often follow the IUCN guidelines with
specific adaptations to regional or national levels and requirements [19, 21]. The
following chapter provides brief discussions of both theses approaches, the first of
which is widely used e.g. in Europe, while the second has been applied most notably by
Canada. We recognise that other, somewhat intermediate approaches exist, but lack of
space prohibits their inclusion here (for a summary, see [43]).

3. Red Lists

Early attempts to categorise species-at-risk according to the severity of the threats

facing them date from the 1960s (for discussion, see [26]), though they bear little

resemblance to current practices. The general aim of a modern Red List is to provide an

explicit, objective framework for the classification of species according to their risk of

extinction [30]. More specifically Red Lists are intended to:

e provide a system that can be applied consistently by different people;

e improve objectivity by providing clear guidance on how different factors affecting
risk of extinction should be evaluated;

e provide a system that will facilitate comparisons across widely different taxa;

e give people using lists of threatened species a better understanding of how
individual species were classified.

A wide range of data is required, most of it quantitative, to achieve the desired level
of objectivity. The information needed for a Red List is specified in the criteria, and the
degree of extinction risk is given in the threat categories. In the case of inconspicuous
organisms particularly (including most crustose lichens), the available data are
inadequate for the development of Red Lists, and specific monitoring projects must be
designed to collect the required information.

3.1. THE THREAT CATEGORIES

Candidate species can be assigned to any of three “threat” categories, i.e. critically
endangered (CR), endangered (EN) and vulnerable (VU). All of these categories are
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recognised as conferring “threatened” status upon the species in question. Species that
have disappeared worldwide are considered extinct (EX). Species surviving in botanical
gardens but not in the wild are considered extinct in the wild (EW), while species no
longer occurring in a country or region are considered regionally extinct (RE) [19, 21].
A near threatened category (NT) is reserved for species that do not qualify for a
threatened category at the present time but are expected to do so in the near future. Taxa
which neither face serious decline nor have a restricted area of occurrence are classified
as least concern (LC). Species for which additional data are needed in order to
determine an appropriate Red List status are called data-deficient (DD). Finally, species
not considered during a Red List project are referred to as not evaluated (NE) [31]. All
taxa listed as critically endangered qualify also for vulnerable and endangered, and all
listed as endangered qualify also for vulnerable.

3.2, THE CRITERIA

The TUCN has adopted five criteria intended to reflect varying forms of risk faced by
declining species. Criterion A is related to past and future reductions in population size,
while criterion B estimates the risk arising from both continuing decline and a small
area of occurrence or occupancy. In criteria C and D, the focus is on small populations
which additionally suffer ongoing decline or in which all individuals are in one
subpopulation. Finally, criterion LI considers the risk of future extinction. A more
comprehensive discussion can be found in the official text published by TUCN [31].

3.3. THE PARAMETERS

Red List criteria are determined according to a variety of parameters. These are
discussed below. Definitions of the parameters as used in IUCN [31] are given in italics,
followed by explanations on how each parameter can be used in a lichenological
monitoring project.

3.3.1. Population and population size (criteria B and C)
In the Red List literature a population is measured as the number of mature individuals
of the taxon.

This measure, unfortunately, is hardly applicable to lichens, in which many species
arc inconspicuous, and are likely to be found only by chance. Even in careful surveys of
lichen diversity the proportion of the total flora reported is often determined by the
amount of time spent examining plots. Obviously, the number of “counted” or
extrapolated individuals is mostly a rough estimate, intended primarily to provide a
lower limit of population size. If repeatability of a monitoring program is desired, it is
often useful to neglect thalli smaller than a given minimum length or diameter. For
example, when monitoring for biodiversity on 100 m® permanent plots thalli smaller
than 5 mm in diameter were excluded [56].

For endangered macrolichens, very detailed counts of individuals have often been
reported. In Newfoundland, a threatened population of Erioderma pedicellatum was
investigated both by amateurs and by foresters. Here the resulting population size of
about 3000 individuals was used to defend a high conservation priority for this species,
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including mitigation measures in future management plans [41, 51]. Nevertheless, in the
case of many crustose species, as well as some macrolichens (e.g. mat-forming and
pendulous fruticose lichens), it is often impossible to delimit a separate individual. To
some extent, this problem can be solved by adopting the concept of the “functional
individual” (Hallingbick, pers. comm.), especially for epiphytic lichens, which depend
for their survival on the continued existence of the host tree. Because the single most
important cause of death for epiphytic lichens is the death of their phorophyte host, all
conspecific thalli inhabiting that phorophyte can for practical purposes be considered a
functional individual. This approach makes population studies of epiphytic lichens
relatively easy because mortality of the lichen functional individual can then be related
to the mortality of the phorophyte [55].

Another approach to estimating the population size in lichens is to measure a
species’ abundance or biomass; for example, the summed length of thalli has been used
as a measure of population size for Usnea longissima [16]. Of course, a precise
estimation of population size is important for rare species only; and when time-
consuming censuses are performed for highly localised species, this focus is very useful
in the preparation of Red Lists. For more common species, however, extrapolation from
representative surveys is usually sufficient for a rough estimate of regional population
size. For example, the Swiss national population of Hypogymnia physodes has recently
been estimated to consist of at least 1.608x10° individuals [53].

3.3.2. Number and size of subpopulations (criteria A, B, C and D)
Subpopulations are defined as geographically or otherwise distinct groups in the
populations between which there is little genetic exchange.

The size of a subpopulation seems to us rather subjective; it depends on practical
aspects of the area being considered. For example, the British Red List is based on a
national gridwork consisting of 100 km® squares [10] while in the Swiss counterpart,
subpopulations were considered to occupy a range of about 400 km?® [53]. However,
because many lichen species are rather poor dispersers and because even rather small
areas can therefore be assumed to support independent populations, it may be useful to
adopt subpopulation arcas somewhat smaller than this.

3.3.3. Mature individuals (criteria A, B, C and D)
Reproducing units within a clone should be counted as individuals, except where such
units are unable to survive alone (e.g. single pseudopodetia in Stereocaulon).

Problems related to the concepts of individuals are discussed under the parameter
“population”.

3.3.4. Generation time (criteria A, C and E)
Generation time is the average age of parents of the current cohort (ie. new-born
individuals in the population).

In lichens, generation time can therefore be defined as the average age at which a
thallus has produced diaspores (i.e. whether ascospores, isidia, soredia, or thallus
fragments) which led to the establishment of a succeeding generation. For convenience
a period of three generations is used in the assessment of Red List status. Generation
time can of course differ considerably among lichen species. Foliicolous species, for
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example, are usually short-lived. Competitive epiphytic species live considerably longer
and usually die only upon the death of their phorophytes (see above). This observation
holds true not only for the functional individual but also for individual thalli, which can
persist for many decades, notwithstanding reported high rates of biomass turnover.
However, depending on climatic conditions and the maximum age attainable by a
phorophyte in different parts of its range, generation time can vary considerably even
within a given lichen species. The estimated generation time for L. pulmonaria in
Central Europe is probably several decades because significant diaspore production
commences only at about 35 years of age, afterwards continuing for many decades [55].
For the purpose of Red List status, at least a century would be required for L.
pulmonaria to attain its third generation. This corresponds well with the upper time
limits usually considered in Red List designations, which is set at 100 years [31].

3.3.5. Reduction (criterion A)

A reduction is a decline in the number of mature individuals of at least the percentage
stated under the criterion over the time period specified, although the decline need not
be continuing.

In regions with a long tradition of lichen floristics and well-curated lichen
collections, historic decline is one of the most powerful criteria for developing Red
Lists. This parameter has been used in a semiquantitative way in most traditional Red
Lists. However, with the modern, more quantitative definition of this criterion, it
becomes difficult to compare past with present, because the methods used in early
surveys usually differed considerably from those employed today. Only recently, for
example, has it become possible to survey an entire country or region over a short
period of time [72]. Modern surveys also tend to be much more intensive than their
earlier counterparts. For example, analysis of a selection of well-known macrolichens in
Switzerland has shown that many species thought to have undergone reduction in the
past actually now occur at a greater number of sites than had formerly been
documented. Anticipating this result Scheidegger ef al. [53] included in their study
several species for which no evidence of past reduction could be deduced. The ratio of
historic to modern collections was then used to correct for different levels of sampling
intensity between past and the present surveys. The same authors also found that
surveys of subpopulations gave better results than did analyses of the collection sites
[52]. Difficultics such as these are significant only in regions in which sampling
intensity is not uniform. Elsewhere, in regions with a more complete knowledge of past
distribution it is possible to accurately estimate reduction by simply revisiting
previously known sites [66].

3.3.6. Continuing decline
A continuing decline is a recent, current or projected future decline, which is liable to
continue unless remedial measures are taken.

The quantitative estimation of a continuing decline requires an intensive monitoring
of the target species. If these direct measures are not available, then an indirect
estimation via the decline of the habitat area or habitat quality is possible. However, it is
often difficult to find data for specific lichen habitats.
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3.3.7. Extreme fluctuation

Extreme fluctuations can be said to occur in a number of taxa when population size or
distribution area varies widely, rapidly and frequently, typically with a variation
greater than one order of magnitude.

Extreme fluctuations are likely to occur in rare ruderal species. Although this
parameter seems not to play an important role in epiphytic lichens, it may be more
significant in the life cycles of some foliicolous or terricolous taxa with both short
generation time and high turnover rates.

3.3.8. Severely fragmented
The phrase “severely fragmented” refers to the situation in which increased extinction
risk to the taxon results from the fact that most of its individuals are found in small and
relatively isolated subpopulations.

This is a very important parameter in lichens. Many regional Red Lists and floras
report taxa that occur on single trees [10] or on a few boulders [3].

3.3.9. Extent of occurrence (criteria A and B)

Extent of occurrence is defined as the area contained within the shortest continuous
imaginary boundary drawn to encompass all known, inferred or projected sites of
present occurrence of a taxon.

Because most lichen species are rather widely distributed, at least relative to the
maximum allowable area of coverage for Red List status, only a few endemic species
(see [18]) are likely to qualify for a listing under this parameter. When preparing a
regional Red Lists, however, extent of occurrence can be important to document,
especially in the case of subpopulations at their ecological limit.

3.3.10. Area of occupancy (criteria A, B and D)
Area of occupancy is defined as the area within its “extent of occurrence, which is
occupied by the taxon”.

According to [UCN protocol, this parameter can be estimated by summing the areas
of grid cells in which the target species occurs. Mapping units for national surveys can
vary significantly from region to region, e.g. whether a 10'x6' [minutes] grid [37, 68,
74], a 10x10 km grid [10, 17, 27] or a 20x20 km grid [15]. All of these grid units,
however, are larger than the 50 km?” area required for a CR listing under criterion B. A
finer grid system is therefore required to determine the area of occupancy with a
suitable degree of resolution.

In a recent national survey of epiphytic lichens of Switzerland, Dietrich [15]
determined area of occupancy from a random sample where one observation
represented 50 km®. This level of resolution, however, is practical only when the area
being surveyed is comparatively small. Even in a country the size of Switzerland, 826
observation plots were needed. A much larger number of plots would be required in
most other countries, though the actual number might be kept to a minimum through
habitat stratification. For example, habitat types with depauperate lichen floras are
unlikely to support rare and endangered lichens, and need not be surveyed.
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3.3.11. Location (criteria B and D)
The term “location” defines a geographically distinct area in which a single
threatening event can rapidly affect all individuals of a species.

The actual size of a location varies according to the nature of the threat(s). In regions
subject to industrial air pollution, the size of a location can be in the range of several
hundred km®. The geographic extent of a location also depends on forest and landscape
management practices. In regions with predominantly small-scale management, a
reasonable size for a location 1s 1 ha [53].

3.3.12. Quantitative analysis (criterion A, I)

A quantitative analysis is defined here as any form of analysis which estimates the
extinction probability of a taxon based on known life history, habitat requirements, and
any specified management options.

Along with expected declines due to habitat loss, a high degree of fragmentation into
small populations is a typical response especially of epiphytic lichens. The latter
response will lead to even greater future declines. However, the estimation of this
decline is often hampered by lack of data, which are needed for a population viability
analysis (PVA). Although it is unlikely that life cycle data can be collected for more
than a handful of species, PVA can be carried out for some flagship species of high
conservation relevance. Further, such a PVA could allow lichenologists to estimate the
future decline of ecologically similar species, such as competitive late-stage species of
the Lobarion communities.

3.4. DATA COLLECTION AND SAMPLING DESIGNS

Data collection for a Red List project involves careful monitoring, i.e. 'intermittent
surveillance carried out in order to ascertain the extent of compliance with a
predetermined standard or the degree of deviation from an expected norm' [28]. For any
given species, the norm can be defined in terms of population size, geographic
delimitation or degree of fragmentation. When undertaking a Red List project, it is
crucial that the following sequential set of criteria be addressed from the outset:
purpose, method, analysis, interpretation, and fulfilment [73].

3.4.1. Purpose: what is the aim of the Red List project?

Red List projects aim at checking the status of all lichen species or of a subsct of them,
¢.g. the macrolichens. Follow-up, by contrast, is usually undertaken in order to detect
significant changes in species status since the first Red List. Here the goal is to
determine to what extent conservation measures (or other factors) have arrested earlier
declines. This often involves revisiting historical sites of rare species and searching for
hitherto overlooked or new sites.

In order to avoid loss of time and energy, the specific objective of a particular
surveillance programme must be decided in advance, i.e., whether it is intended to
provide baseline data for: (1) future Red List assessments, (2) mapping projects, and/or
(3) biodiversity studies. Survey frequency and data reliability should also be specified at
the outset. It is important to ensure that a high degree of reliability can be attained, as
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between-crew errors are relatively frequent in monitoring programs that focus on
species richness [40].

3.4.2. Method: How can the parameters for Red List criteria be measured?

The (cost) efficiency of any large-scale monitoring programme is decisively influenced
by its sampling design [58]. Attempts to monitor lichens for Red Lists must cope with
the problem of how to provide representative information on rare and endangered
species. The presence of rare species can often not be predicted with precision and it is
usually through the field knowledge of an experienced lichenologist that rare species are
found. Although this “sixth” sense for rare species can be learned, it nevertheless
remains highly subjective and depends on a viable lichenological tradition.
Unfortunately, field knowledge is now generally in decline in many countries, even
where outstanding traditions in lichen floristics have formerly existed [37].

The vast majority of lichen species now considered to be endangered were formerly
much more abundant than they are today (see [10, 53, 63, 76]). This trend seems likely
to continue into the foreseeable future, at least for some species groups, e.g.
cyanolichens and calicioids. It is, therefore, important to apply Red List criteria not only
to rare species but also to species that, though widespread and common today, may
become the threatened species of tomorrow. To be of greatest value in the long term, a
sampling design should therefore include assessments of all species, especially as
regards frequency occurrence. It should also take into account the requirement of
statistical analysis for random sampling. Too often the importance of random sampling
is underestimated, with the result that many population estimates are nearly worthless
[61].

From the wide variety of sampling methods available [12], the most useful for the
purpose of monitoring biodiversity is the stratified random sample approach, in which a
region is subdivided into strata, and each stratum is then sampled randomly [73]. In one
recent Red List project involving epiphytic lichens, for example, the study area
(Switzerland) was stratified into 5 geographical strata, 2 vegetation formations and 6
altitudinal strata [14]. Biodiversity surveys must often remain very incomplete, as there
is time to visit only a small fraction of the total study area. Between-replicate sample
variation is most easily minimised when very small sampling units (e.g. 500 m?) are
monitored. Using this approach common and widespread species are well represented,
though localised species (e.g. species restricted to rare habitats or invariably scarce
when present at all [46]) could easily be missed. Nevertheless a recent survey of 826
small (500 m?) permanent plots, a fraction of 1x107 of the study area, yielded more than
60% of total regional epiphytic lichen richness [15].

If only a few specific habitats are disproportionately rich in rare species, then a
stratification for these habitats could contribute to an even more effective sampling
design for rare taxa. However, habitats potentially occupied by rare lichens typically
cover a very broad geographic range. Collecting data specifically for rare species is
therefore more efficiently accomplished by examining larger mapping units. In this
case, lichen-rich habitats are more likely to be visited and monitored in the context of
systematic traverses and intelligent random meanderings [59]. This method is very
effective especially in areas where target species have previously been reported and
where more detailed surveys are intended to add information on population size and
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delimitation. What is more, experience has shown that the “intelligent random meander”
approach is more highly regarded by amateur lichenologists (who often carry out the
majority of lichen monitoring) than the more standard “small plot” approach.

3.4.3. Analysis: how are the data handled?

Akgakaya ef al. [2] have recently developed the software programme RAMAS Red List
(http://www.ramas.com/), which assists in the calculation of Red List status. Even so,
each project will have its specific interpretation of parameters, which will require
customised methods for data analysis. In all cases the general characteristics of
monitoring data such as trend, cycle and noise [73] have to be distinguished. While it is
true that cyclic trends in lichen populations have not yet been reported, noise and trend
still remain to be separated - not an easy task in the case of these long-lived organisms.

3.4.4, Interpretation: what might the data mean?

IUCN protocol has established firm guidelines for interpreting field data in the context
of Red List assessments (see [31]). Though it is beyond the scope of this paper to
discuss these interpretations in detail, we can observe that the ecological and
evolutionary significance of Red List status is supposed to be universal for all groups of
organisms. For example, an 80% reduction in beluga whales should theoretically have
biological implications and evolutionary consequences equivalent to those that would
attend an 80% reduction in Lobaria pulmonaria. Unfortunately this assumption, though
precautionary, is difficult to apply meaningfully, for it seems to require that species
concepts should be uniform and equivalent for all taxa on earth, which is so far not the
case.

3.4.5. Fulfilment: when will the aim have been achieved?

The goal of conservation politics related to Red Lists can be roughly summarised as
follows: Sustainable management of natural resources and conservation measures for
threatened organisms should both make Red Lists shorter and shift the red listed species
downwards to lower threat categories. The goals of monitoring for Red Lists will
therefore be achieved as soon as no species qualify for the Red List criteria.

3.5. STRENGTHS AND LIMITS OF RED LISTS

Over the past 15 years national Red Lists have been published for many countries and
natural regions; for a review, see [63], [4, 5, 6, 8, 9, 10, 20, 29, 32, 33, 34, 36, 38, 42,
4445, 47,53, 57, 60, 62, 64, 65, 67, 69, 70, 71]. At the same time, a preliminary global
Red List has been compiled [62]. These Red Lists constitute a most valuable source of
information. Nevertheless, Red List protocol has undergone major changes during this
period. The earliest Red Lists were often prepared by one or two regional authorities
who were able to apply threat categories rather consistently across their local flora. This
approach, however, made it difficult to align Red List designations across political
boundaries. A major advantage of the new IUCN Red Lists protocol is its greater
emphasis on quantitative estimates of regional or global risk. Rarity and vulnerability of
populations at the national level are thus now intended to reflect the probability of
regional extinction. This emphasis builds on the strength of ecarlier Red Lists by
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ensuring greater interregional compatibility, and thus making possible a more broadly
based assessment of at-risk status.

4. The status survey: A case study
4.1. COSEWIC: A CANADIAN APPROACH TO AT-RISK DESIGNATION

By world standards, Canada is a sparsely populated country in which natural
ecosystems remain largely intact. Until recently, the impact of human activity in most
regions of the country has been negligible, and conservation efforts have accordingly
tended to receive low priority. Nevertheless, no fewer than 12 species of mammals,
birds, fish, and molluscs formerly endemic to Canada are known to have gone extinct
within the past century, while another 15 species have lately disappeared within the
Canadian portions of their ranges [13].

Responsibility for rare species conservation in Canada is shared between two levels
of government. Provincial and territorial governments have sponsored monitoring
programmes at a regional level, mostly under the auspices of Conservation Data Centres
(CDCS) and Natural Heritage Information Centres (NHICS), while the federal
government has taken the lead in promoting monitoring at the national level. To date,
however, only the latter initiative can be said to be truly underway, at least as concerns
lichens; the CDSS and NHICS have as yet developed no authoritative provincial lichen
tracking lists. In the following account, we therefore focus on initiatives conducted at
the national level only.

Canada's enormous size and sparse research capacity has prompted the Canadian
government to adopt a nationally co-ordinated process for the official designation of
endangerment status. Since 1978, the designation of species-at-risk in Canada has been
undertaken by the “Committee on the Status of Endangered Wildlife in Canada”, widely
known as COSEWIC. COSEWIC operates at arms' length from government, though it
is funded by the Canadian Wildlife Service. Its purpose is to determine the status of
wild species (including subspecies, varieties, and nationally significant populations)
suspected of being at risk in Canada. The committee is comprised of representatives
from all provincial and territorial wildlife agencies, four federal agencies, three national
non-government organisations, and the chairs/co-chairs of various specialist groups.
The committee meets annually to consider status reports on candidate species.

In keeping with its name, COSEWIC was originally intended to assign at-risk status
to “wildlife” species only, i.e., fish, birds, mammals, reptiles, and amphibians, though
vascular plants were informally understood to be appropriate for status designation. In
1994 however, the COSEWIC mandate was expanded to include lichens and mosses,
while in 1995 it was expanded again to encompass lepidopterans and molluscs. Thus,
though lichens are now included under its aegis, many other organisms are not.

4.1.1. Status reports

The credibility of the COSEWIC designation process rests on the availability of
accurate and detailed information on the status of candidate species. This information is
assembled and made available through the preparation of lengthy status reports. The
format of COSEWIC status reports has been standardised to ensure a high level of
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documentation for all candidate species. An impression of the level of detail required
for the preparation of these reports can be garnered from Table [.

TapLe 1. Standardised format of a COSEWIC status repaort.

ABSTRACT

FIGURES

SECTION [: SPECIES INFORMATION
1. Classification and nomenclature
2. Description
Local field characters
[llustrations
3. Biological and economic significance
4. Distribution

8. Land ownership and management
responsibility

General nature of responsibility

9. Management practices and experience
Habitat management
Performance under changed conditions
Cultivation

10.  Evidence of threats to survival
[Tabitat destruction or modification
Overutilisation of specics
Disease or predation
Other natural or manmade factors

Locality citations 11.

Extant populations recently verified

Extirpated populations

Historical populations of unknown status

Potential sites for investigation

Erroncous reports

Status and location of cultivated material

Biogeographic and phylogenetic history
5. General environment and habitat

characteristics

Present legal or other formal status

SECTION II: ASSESSMENT OF STATUS
12.  General assessment
13.  Status recommendation
14. Recommended critical habitat
15. Conservation recommendations

SECTION III: INFORMATION SOURCES

Climate 16. References cited in report
Air and/or water quality requirements 17.  Other pertinent publications
Physiographic and topographic 18. Collections consulted
characteristics 19. TFieldwork
Ldaphic factors 20. Acknowledgements and knowledgeable
Dependence on dynamic factors individuals
Biological characteristics 21. Other information sources

6. Population biology 22, Summary of materials on file
Demography

Phenology
Reproductive biology
7. Population ecology

SECTION 1V: AUTHORSHIP
23. Initial authorship of status report
24. Maintenance of status report

Responsibility for commissioning status reports falls to the subcommittee chairs/co-
chairs. For lichens, it is the vascular plant subcommittee co-chair who initiates a status
report. This is a lengthy process, and involves: 1) developing a priority list of candidate
species (see below); 2) securing the necessary funding; 3) contacting and contracting
knowledgeable individuals to prepare the reports; and 4) guiding the reports through to
completion. Once completed, the reports are subjected to peer review by a panel of
lichen specialists within the wvascular plants subcommittee. The reports are then
submitted to COSEWIC for deliberation at its annual designation meetings. Only then is
official at-risk status determined. COSEWIC status reports for vascular plants, mosses,
and lichens are based both on existing information and on field-work to establish the
validity of earlier literature reports. In the past, COSEWIC designations were meant to
reflect the status of candidate species solely within Canada's borders, i.e. without
reference to their status in the United States or other jurisdictions. More recently,
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however, an attempt has been made to consider the “rescue effect”, i.e. the likelihood
that species, though potentially endangered in Canada, will eventually re-establish from
one or more populations outside the country. Species judged to be subject to the rescue
effect are now accorded a lower status designation than would apply given strict
adherence to the designation criteria.

4.1.2. The threat categories

In the past, COSEWIC has assigned candidate species to one of seven categories, i.c.,

not-at-risk, vulnerable, threatened, endangered, extirpated, extinct, and data-deficient.

More recently, however, COSEWIC risk categories have been modified to reflect

advances in conservation biology, and to more closely align with the [UCN categories

(see above). Canada's current risk categories can be defined as follows:

e Extinct (X): a species (i.c., including subspecies, varicty, or geographically distinct
population) that no longer exists.

e LExtirpated (XT): a species no longer occurring in the wild in Canada, but extant
elsewhere.

e [Endangered (E): A species facing imminent extirpation or extinction.

e Threatened (T): A species likely to become endangered if limiting factors are not
reversed.

e Special concern (SC): A species judged to be particularly sensitive to human activity
or natural events.

e Notatrisk (NAR): A species that has been evaluated and found to be not at risk.

e Data deficient (DD): A species for which there is insufficient scientific information
to support status designation.

4.1.3. At-risk designation

COSEWIC endangerment status is assigned on scientific merit alone; political, social
and fiscal implications are not considered. By the same token, the assignment of at-risk
status by COSEWIC carries no legal import; its primary function is merely to draw
public and government attention to specific instances of impending extirpation or
extinction. This approach of course presupposes that the responsible jurisdictions can be
depended upon to act within their mandates to offset these trends. Unfortunately, this
has not always been the case.

The assigning of at-risk categories has traditionally been consensus-driven and, in
consequence, relatively non-quantitative. This practice has raised concerns regarding
possible inconsistencies in the designation of at-risk status across different taxonomic
groups. These concerns have lately become more vocal, following recent attempts to
secure at-risk legislation in a federal endangered species act. In response, COSEWIC
has now adopted quantitative designation guidelines modelled on the IUCN Red List
criteria (see above). This move toward a more defensible protocol has extended even to
the process of prioritising candidate species for COSEWIC assessment.

4.1.4. Status of lichen conservation in Canada

[nitiatives to conserve Canada's lichen flora are at an early stage. Indeed, the first
tentative steps toward lichen conservation in this country can be said to have begun only
a decade ago, in the early 1990s, when the British Columbia Ministry of Environment
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commissioned a series of studies on the status of epiphytic lichens associated with old-
growth rainforests. Species included in these studies are Heterodermia sitchensis,
Hypogymnia heterophylla, Nephroma occultum, and Pseudocyphellaria rainierensis
[22, 23, 24]. The resulting reports adopted a COSEWIC format (Table 1), and were later
“donated” to COSEWIC for status designation. Unfortunately only one of these species,
Heterodermia sitchensis, was eventually accorded at-risk status as “endangered”; the
other species are currently listed as “special concern”.

More recently, Wolfgang Maass completed a COSEWIC status report on Erioderma
pedicellatum [39], a globally rare species restricted in North America to maritime
Canada [51].

Another step toward lichen conservation occurred with the commissioning, by
COSEWIC, of a report on the rare lichens of Canada. In this report, Goward et al. [25]
called attention to 112 lichen species considered to be at risk in Canada. Most of these
are macrolichens. At least 30 species are believed to be in serious decline, while six
species appear to be extirpated in Canada. These are Alectoria fallacina, Heterodermia
hvpoleuca, Leptogium azureum, L. byssinum, L. dactylinum, and L. rivulare - most of
which, however, are still present in adjacent portions of the United States.

4.2. STRENGTHS AND WEAKNESSES OF THE COSEWIC APPROACH

The COSEWIC approach has three basic strengths: 1) its high level of scientific rigour;
2) its transparency; and 3) its consistency of approach. Scientific rigour ensures that at-
risk status is accorded only to species really in danger of extirpation or extinction - with
obvious benefits to the expenditure of public funds on recovery programs. Transparency
invites input from sources outside government and industry, thus tending to promote an
acceptable degree of objectivity. And finally, consistency of approach allows organisms
from a wide array of taxonomic groups to receive equal attention by Canada's
committee on endangered species - subject of course to adequate levels of knowledge
among taxonomic specialists.

It is also possible to point to at least three weaknesses with the COSEWIC approach.
First, COSEWIC embraces only the most charismatic taxonomic groups, all of them
macroscopic. As a result, only a small percentage of Canada's total species are currently
eligible for at-risk designation. Second, the process of determining species status is very
slow and involved, with only 513 designations having been completed in more than two
decades. This is testament both to the rigour of the COSEWIC process, and more
particularly to the shoestring budgets on which this committee has operated since its
inception. Finally, as already noted, COSEWIC status designation has no legal import;
it recommends but does not oblige.

What does the future hold for Canada's rare and endangered species? Actually there
is reason for cautious optimism. Political pundits predict that the long-proposed federal
species-at-risk act will come into effect within the next few years. Should this happen,
COSEWIC would receive legal status; and its designations, once ratified by parliament,

would result in the mandatory preparation of recovery plans for all species designated as
threatened or endangered.
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5. Conclusions

Recent methodological developments in the preparation of Red Lists and status surveys
have strengthened the reliability of both these approaches to at-risk designation.
Ongoing efforts to harmonise the use of at-risk categories will provide a basis for even
greater consistency between them. Notwithstanding these positive trends, however,
there is not too much reason for optimism regarding the future of lichen conservation.
While the power of Red Lists and status surveys to assist in conservation management
has increased, their level of acceptance by politicians and conservation authorities
continues to lag behind. The practical utility of these tools appears to depend less on
their scientific merit than on the cost-effectiveness of the recovery plans that flow from
them. What is more, in the harsh burcaucratic reality of conservation practice, the
aesthetics of the target organisms are often at least as important as their ecological
significance. Unfortunately, lichens are seldom accorded a high ranking for
conservation: a state of affairs certainly in part related to their small size, general
inconspicuousness, and lack of big brown eyes. Lven lichens that have been well
documented as critically endangered often fail to receive an adequate level of
conservation priority. This unsatisfactory situation is likely to change only when lichens
have acquired a higher public profile. Clearly, these organisms have yet to achieve their
full potential political import. We urge our colleagues to join us in sharing - with
politicians, conservation authorities, the media, and the broader public - our collective
sense of the importance of lichens, not only as biological chinking and surpassing
models of symbiosis, but also as monitors of ecosystem functioning.
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