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Summary

This document presents a provisional definition of temperate rainforest in Britain and Ireland. This provisional
definition is twofold:

Climatic

Various climatic measures and definitions are presented, using maps at the scales of Britain/Ireland and
Europe. From comparisons of these with areas known to be rich in humidity-demanding plant and lichen
species | suggest that the definition described by Alaback (1991) can be applied meaningfully to Britain and
Ireland, and probably to Europe as a whole. This definition is as follows:

e atleast 140 cm of precipitation annually; >10% of this during the summer months

e cool and frequently overcast summers; temperature of hottest month below 16°C

e fireinfrequent and not an important evolutionary factor

e adormant season that is caused by low temperatures and can include transient snow

In Britain and Ireland this definition appears to fit best if we add a winter cold limit:
e mean temperature of coldest month no lower than 2°C

Mapping of the above definition shows a rainforest zone that matches well with certain oceanicity indices: an
index value of >15 calculated as annual rainfall (cm) divided by annual range of monthly mean temperatures
(°C), or index value of >25 calculated as annual rainfall (cm) divided by maximum deviation of monthly mean
temperatures from 9°C. It also correlates well with a summer potential water deficit of <1.27 cm. In N Britain
areas with the coldest month below 2°C could be considered to have a more boreal type of rainforest climate,
especially where the coldest month is below 0°C. Both temperate and boreal rainforests are globally scarce and
of high international significance ecologically and botanically. Britain and Ireland (along with the Faroe Islands)
has the most oceanic climate in Europe and is of major importance for temperate rainforest.

Botanical

From a comparison of species distributions with climate in Britain and Ireland a list is made of rainforest
indicator species. These are mostly mosses, liverworts and lichens but also include some vascular plants and
fungi. For the purpose of this provisional definition they are grouped into five categories:

R1 Very good rainforest indicators where they occur in native woodland: all current British and Irish records
are from within the temperate rainforest climate zone (i.e. fitting the climatic definition of Alaback (1991)
with an added lower limit of 2°C for the mean temperature of the coldest month).

R2 Good rainforest indicators where they occur in native woodland: almost all British and Irish records are
from within the temperate rainforest climate zone; woodland occurrences elsewhere appear likely to
indicate outliers of rainforest because the habitats of these species show a strong need for high humidity.

R3 Generally good rainforest indicators where they occur in native woodland (as for R2), but some of the
outlier records appear to be, or are known to be, in less humid (semi-rainforest or non-rainforest) habitats.

R4 Generally good rainforest indicators where they occur in native woodland (as for R2 and R3), but with a
more significant minority of records from outside the temperate rainforest climate zone and including less
humid (semi-rainforest or non-rainforest) habitats.

R5 Commonest in the temperate rainforest climate zone but unreliable as indicators of rainforest because their
frequency in this habitat appears to be related to non-rainfall factors at least as much as to rainfall. These
other factors include temperature (mild winters, relatively cool summers or small annual temperature
range perhaps just as important as humidity), air pollution (‘R5p’ lichens were previously more widespread,
with occurrences in drier eastern parts of Britain from where they appear to have been largely or entirely
lost since the Industrial Revolution as a result of pollution such as that from sulphur dioxide, leaving them
now with mainly western/rainforest distribution patterns), or old growth forest with a long history of
canopy cover (many western woods might have been less disturbed historically, or dependency on old
growth forest might be lower and colonisation ability higher in areas with a rainforest climate).

Additional notes are given on other oceanic plant and lichen species (especially northern oceanic liverworts
and southern oceanic lichens) that are of high biodiversity and conservation value and whose distributions
overlap to some degree with rainforest.
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1. INTRODUCTION

It’s great to see the interest people are showing in the temperate rainforest we have in
Britain and Ireland. For many years there seemed to be very few of us focusing much on
these places, but over the last decade or so that has changed and the fact that we have this
wonderful habitat in our islands is much more widely known. This increased popularity has
been helped a lot by the publication of books by Sandy and Brian Coppins (2012), Clifton
Bain (2014), Eoghain Daltun (2022) and Guy Shrubsole (2022), information produced by
Plantlife and the work of conservation groups such as the Alliance for Scotland’s Rainforest
(see Reference section for details of these publications and for online links to Plantlife, the
Alliance for Scotland’s Rainforest and Guy Shrubsole’s “Lost Rainforests of Britain” website).

Some people have asked how we can define our temperate rainforest habitat or assess the
rainforest status of a woodland site. Here is a provisional definition. | hope it helps people
develop their understanding of this habitat, their appreciation of the botanical significance
of our temperate rainforest sites, and their motivation to do whatever they can to help
protect temperate rainforest in Britain and Ireland. Following useful feedback, this is the
second version of this document. It is possible for future feedback to be incorporated into
further revisions, in which case the latest version will keep the same filename and continue
to be made available from http://www.benandalisonaveris.co.uk/resources/, with the
revision date updated on the Contents page.

If we try to define our temperate rainforest in a very simple way (e.g. just one climatic
variable, or a very short list of indicator species) it might seem encouragingly easy but we
will soon find problems in that it doesn’t accommodate the variation and complexity of the
habitat. Temperate rainforest is variable, and there is no clear and simple separation
between rainforest and non-rainforest. There are in-betweens of all sorts. Qur temperate
rainforest has diffuse climatic, geographical, ecological and floristic boundaries, and within it
there are multiple gradients of ecological and floristic variation. (And, by the way, it’s not
just temperate rainforest. All habitats, and indeed everything about every aspect of nature,
is overwhelmingly complex in reality! But that shouldn’t temper our enthusiasm for studying
temperate rainforest and doing our best to understand it.) If our approach to a definition of
this habitat gets too complicated and technical, many people could find it difficult or
confusing to work with and might be put off, so I've tried to reach a balance here. | have
attempted to be not too simple and not too complicated.

| have started off with a section looking at climate in various ways, and followed that with a
section looking at temperate rainforest plants and lichens, again in a number of ways. In the
climate section | have presented a series of climate maps and chosen one of them (Map 15)
as a map that is easily understood and can be referred to for an indication of the distribution
of a temperate rainforest climate in Britain and Ireland. (Note the word “an” just there! This
is not absolutely definitive, because it is impossible to be absolutely definitive on such a
thing as this. But | hope it is workable.) For the botanical element of this provisional
definition | have selected various plant and lichen species, and a few communities or
assemblages of species, that can serve as indicators of a rainforest environment or at least
elements of that environment. In a few cases | have suggested numerical thresholds, which
should not be interpreted too literally; they are not the result of rigorous field testing which,
if carried out, might suggest some future changes.
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Ellis (2016) produced a list of epiphytic lichen rainforest indicators based on statistical
analyses of their distributions in relation to climate. | have not carried out analyses of that
kind, which would be a much larger task if done to include mosses, liverworts and vascular
plants too, and in all habitats (Ellis’s work was on epiphytic lichens only). The botanical
material in this document is based on a more general assessment of the distributions and
habitats of the species listed in Table 1. To this end | should say that | am more of a botanist
and bryologist than a lichenologist, though | have recorded many macrolichen species during
my botanical and bryological surveys of woods.

Nomenclature in this document follows that of Blockeel et al. (2021) for mosses and
liverworts, the British Lichen Society website (see References section) for lichens and Stace
(2019) for vascular plants. | have used scientific names throughout this document, but Table
1 includes their common/English names, except for some lichens that have scientific names
only. | refer to “plant and lichen” species because lichens are not plants. A lichen is a
multiple organism incorporating a symbiosis of fungal and algal (or in some cases bacterial)
components.

I’'ve put some photos into this document to give an indication of the general appearances of
our temperate rainforest habitats and a selection of characteristic species. For information
about the identification of species | can recommend these guides:

e Mosses and Liverworts of Britain and Ireland: a field guide, by Atherton et al. (2010)
e Lichens: An Illustrated Guide to the British and Irish Species; 7t edition, by Dobson (2018)
e Collins Wild Flower Guide, 2" edition, by Streeter et al. (2016)

2. TEMPERATE RAINFOREST CLIMATE

Temperate rainforest is a broad category of woodland in parts of the world with a climate
that is rainy and without extremes of hot or cold. This climate is reflected in the abundance
and diversity of mosses, liverworts, ferns and lichens that thrive in damp, equable
conditions.

Alaback (1991) described temperate rainforest areas as those with:

at least 140 cm of precipitation annually; >10% of this during the summer months
cool and frequently overcast summers; temperature of hottest month below 16°C
fire infrequent and not an important evolutionary factor

a dormant season that is caused by low temperatures and can include transient snow

Alaback’s (1991) paper discussed the distributions of temperate rainforest tree species in
relation to climate, but with little mention of the other plant and lichen species that form a
conspicuously significant part of the vegetation here.

In Australia, Floyd (1990) defined the habitat as “forest in which a closed canopy of trees
excludes at least 69% of the sky as well as being composed mainly of tree species which do
not require fire for regeneration, but with seedlings able to regenerate under shade and in
natural openings” (text copied from https://en.wikipedia.org/wiki/Temperate rainforest).
This is understandable in Australia as a means of excluding environments where fire is a
major natural ecological factor. Such environments are more or less absent from Britain and
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Ireland, so Floyd’s definition applied here would suggest that temperate rainforest occurs
throughout our islands from the wet west to much drier eastern areas where the woods do
not appear to be rainforest.

DellaSalla et al. (2011) described the climate and environment of temperate and boreal
rainforests in different parts of the world, but with no single definition for temperate
rainforest (reflecting its global variability) or for its separation from boreal (colder, more
northern) rainforest. They also say that “.. a simple internet search for “temperate
rainforest” yields inconsistencies in mapping locations due to gross differences in definitions
and mapping techniques”. Very true!

Wikipedia (https://en.wikipedia.org/wiki/Temperate rainforest) states, as a general
description and not a strict definition, that temperate rainforests are “coniferous or
broadleaf forests that occur in the temperate zone and receive heavy rain” and that “the
moist conditions of temperate rain forests generally support an understorey of mosses, ferns
and some shrubs and berries”, and also gives a map of the world distribution of temperate
rainforest (see Map 1 below).

Map 1. A map of the world distribution of temperate rainforest

Map copied from https://en.wikipedia.org/wiki/Temperate rainforest. Note: because of its scale, this map is
very rough and omits small areas of temperate rainforest climate and habitat on mountains in South America,
Africa and Indonesia, and on many small tropical islands. The map also lacks any definition of the green shaded
areas.

A world map by DellaSalla et al. (2011) shows most of these areas as “temperate/boreal
rainforest” and the Himalaya rainforest region as “tropical rainforest” (along with large areas
in S and Central America, central Africa, SE Asia and Indonesia. Different maps, different
distributions — hence my title for Map 1 begins with the word “A”.
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For consideration of temperate rainforest climate in Britain and Ireland it is helpful to look at
some aspects of climate within Europe as a whole, so here are maps showing, in a simple
way, the most rainy areas and patterns of geographical variation in annual mean
temperature and annual temperature range. The areas with at least 140 cm of precipitation
(Map 2) fit the rainfall element of Alaback’s climatic definition of temperate rainforest. Very
frequent precipitation (Map 3) has a more north-western distribution than that of high
volume of precipitation. Annual mean temperature shows a general increase from north to
south (Map 4). Annual temperature range increases from west to east (Map 5).

Map 2. Areas of Europe with >140 cm
and <60 cm of precipitation annually

Blue = >140 cm. Orange = <60 cm.
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Map 4. Mean annual temperature

(°C) in Europe. shown in a simplified way with
lines linking points along the northern limits of each
temperature level

Map 3. Mean annual number of wet
days in Europe
A wet day = a day with at least 1 mm of precipitation
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Map 5. Annual temperature range (°C)
in Europe (range of monthly mean
temperatures)

Data sources: various online maps for late 20'" to early 21 centuries and location-specific data from
https://en.wikipedia.org/
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Map 6 shows that western and northern parts
of Britain and Ireland, together with the Faroe
Islands, have a combination of small annual
temperature range, mild winters and relatively
cool summers that is unique in Europe. The
volume and frequency of rain is also high in
these same areas, which can therefore be said
to have the most strongly oceanic (wet and
equable) climate in Europe. The global climate
classification of Koppen (1936 + subsequent
modifications) shows much of Europe to have
an oceanic climate (Koppen types Cfb and Cfc)
with rainfall at all times of year combined with
the coldest month averaging above 0°C and the
hottest month averaging between 10°C and
22°C. The approximate extent of the Képpen
oceanic zone in Europe is shown in Map 7,
which also shows the main Képpen categories
found further north, east and south. The
easternmost parts of the oceanic zone were
formerly classed as humid continental but are
now reclassified as a result of warmer average
temperatures in recent decades.

Details of Kbppen categories vary among
published maps, and some people have used a
coldest month threshold of -3°C (instead of
0°C) in the definition of the oceanic zone, but it
is clear that the KGppen oceanic zone in Europe
encompasses much variation in rainfall and
temperature. Worldwide, Képpen’s oceanic
zone is important for temperate rainforest
climates, but the two are not synonymous. In
Europe most of the K6ppen oceanic zone is too
dry for rainforest. A rainforest climate occupies
about 20% of Britain and Ireland.

Map 6. Combined climatic measures
showing the extreme oceanicity of
Britain and Ireland
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In Europe, many plant species are classed as oceanic (e.g. see Preston & Hill 1997 and Hill &
Preston 1998) because they grow mainly or entirely in the oceanic zone. Rainforest and non-
rainforest oceanic species and communities are important for biodiversity and conservation,
especially as oceanic zones occupy just a small amount of the world’s land area. Some
oceanic species show a need for a very rainy climate and some do not; some evidently need
very equable temperatures, some are mainly in the warmer south and others mainly in the
cooler north. This whole group encompasses all sorts of requirements of different elements
of the oceanic climate, hence the terms (for particular species) such as southern oceanic
(lichens of this group being of notable conservation importance in southern Britain/Ireland,
especially in S-SW England and NW Wales — see Sanderson et al. 2018), northern oceanic
and hyperoceanic. There is insufficient space in this rainforest to do full justice to non-
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rainforest oceanic species and assemblages, but it should be understood that they are all
important for biodiversity and conservation value.

Here are two maps showing the most rainy areas of Britain and Ireland, as expressed by the
volume (Map 8) and frequency (Map 9) of precipitation. Both measures show western
distributions but they are not identical. Some areas such as Caithness and parts of western
Ireland have a very high frequency but rather low volume of rainfall. The more strongly
north-western distribution of a high frequency of wet days mirrors that seen a couple of
pages back within Europe as a whole. In Map 8 the green and blue areas combined show
areas whose annual rainfall of >140 cm qualifies as temperate rainforest according to
Alaback’s (1991) definition. Map 10 shows areas where hyperoceanic (very markedly
western) moss and liverwort species make up >10% of the total bryophyte flora at the 10
km? scale (i.e. one way of showing areas with potential for bryophyte-rich temperate
rainforest). This has a reasonably good degree of fit with the rainfall/wet days maps on this
page, especially with Map 8.

Map 8. Mean annual & Map 9. Areas of Britain %:f
precipitation (cm) in o and Ireland with >180 |
Britain and Ireland 5 days annually with at W

least 1 mm of
precipitation

Green =140-200 cm
Blue =>200 cm

Green = 180-200 wet days
Blue = >200 wet days

Data sources (climate data for the period 1981-2010): Blockeel et al. (2014);
https://www.metoffice.gov.uk/; https://www.met.ie/climate-ireland/SummaryClimAvgs.pdf
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Here are four maps showing geographical variation in different measures of temperature in
Britain and Ireland. Mean annual temperature increases from north to south (Map 11),
annual temperature range is lowest in the west and highest in the south-east (Map 12),
winters are mildest in the south-west (Map 13) and summer temperatures increase from

NNW to SSE (Map 14).

Map 11. Mean annual temperature Map 12. Annual temperature range
(°C) in Britain and Ireland (July mean °C minus January mean
Shown in a simplified way with lines linking points °C) in Britain and Ireland

along the northern limits of each temperature level

Map 13. Winter (December to February) Map 14. Summer (June to August)
temperature in Britain and Ireland temperature in Britain and Ireland
Shown in a simplified way with lines linking points along Shown in a simplified way with lines linking points
the northern limits of each temperature level along the northern limits of each temperature level

Data sources (climate data for the period 1981-2010): Blockeel et al. (2014);
https://www.metoffice.gov.uk/; https://www.met.ie/climate-ireland/SummaryClimAvgs.pdf
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Alaback’s (1991) climatic definition shows a reasonable match with the hyperoceanic
bryophyte map a couple of pages back, and with the distribution of woodland with a
generally good abundance and diversity of western oceanic bryophytes, ferns and lichens, so

here (Map 15) is a larger map showing areas with >140 cm of annual precipitation in Britain
and Ireland. | have used different colours based on variation in winter temperature. In the
north, the high rainfall zone extends east into areas with colder winters where there is a
poorer representation of oceanic plant/lichen species. This difference in richness could be an
effect of winter temperature but might be partly due to the relative scarcity of suitable
woodland habitat in the colder eastern areas. Alaback’s definition does not include a clearly
stated cold temperature limit. A mean temperature of 2°C for the coldest month appears to
give a reasonable fit with the distribution of woodland rich in oceanic species in Britain. 0°C
is another option, noting that it has been used to mark the limit of winter cold in Képpen’s

oceanic zone globally.

Map 15. Areas of Britain and Ireland with >140
cm of precipitation annually (>10% of which falls
in June/July/August) combined with a mean July

temperature below 16 °C

This is the climatic
definition of temperate
rainforest by Alaback
(1991), with my added
separation into mid
green, pale green and
blue areas based on
winter temperature.

All coloured areas have >10%
of annual precipitation falling
in June/July/August. Their
hottest monthly mean
temperature is 16°C except in
very small areas (too small to
affect the >140 cm zone at the
scale of this map) at the edges
of the green zone in the SW.
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Green = monthly mean
temperatures of coldest
month = at least 2°C. This
zone corresponds well with
the main areas with
woodland rich in oceanic
mosses, liverworts and
lichens.

Blue = mean temperature of
coldest month = 0-2°C.
Generally less rich in oceanic
species than the green zone,
but there are some rich
oceanic floras locally.

Pink = mean temperature of
coldest month below 0°C, so
more of a boreal than a
temperate rainforest
climate; woodland scarce
and less rich in oceanic
species than in the green
zone but montane snowbed
habitats can be rich in
northern oceanic
bryophytes.

Data sources (climate data for the period 1981-2010): Blockeel et al. (2014);
https://www.metoffice.gov.uk/; https://www.met.ie/climate-ireland/SummaryClimAvgs.pdf
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On this page we step back to the European scale again, to see how the areas with more than
140 cm of annual precipitation look when subdivided according to variation in temperature
(Map 16). The most equable parts, with mild winters and cool summers, are coloured green.
The blue and pink areas have colder winters. The pink areas have winters too cold for
K6ppen’s oceanic category; this could preclude them from having a temperate rainforest
climate. The red areas are at least partly with the mean temperature of the warmest month
>16°C, which is too warm to fit Alaback’s definition. The grey areas are more mountainous
with a complex mix of pink, blue, green and red categories, variation depending mainly on
altitude and only patchily fitting Alaback’s definition.

Map 16. Areas of Europe with annual mean precipitation >140 cm, subdivided by
temperatures of coldest and warmest months

Pink: coldest
month below 0°C
and warmest
month below 16°C

Blue: coldest
month between 0
°C and 2°C and
warmest month
below 16°C

Green: coldest
month >2°C and
warmest month
below 16°C

Red: coldest
month >2°C;
warmest month
partly <16°C and
partly >16°C

Grey: coldest /
warmest months:
<0°C/<16°C at
high altitude; >2°C
/ >16°C at low
altitude

b

Data sources: various online maps for late 20" to early 21 centuries, and location-specific data from
https://en.wikipedia.org/

See pages 18-19 for further discussion about differences in temperature among the areas of
Europe with at least 140 cm of annual precipitation.
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Map 17 uses the same measures as Map 15 but with the rainfall element expressed as
frequency instead of volume: >180 days per year with >1 mm of precipitation. In the
northernmost part of the British mainland the green and blue zones extend further east than
in Map 15, into areas where woodland is scarce and less rich in oceanic/rainforest species
than further west. The green (mild winter) zone is wider and more continuous in western
Ireland (where it has a poorer fit with Map 10 than does Map 15, though it should be noted
that native woodland is scarce through much of W Ireland), but slightly smaller in Wales and
SW England. The green zone also includes Shetland, Orkney and the entire Outer Hebrides:
areas with hardly any woodland, though some scrubby woodland probably existed in the
past and perhaps could do so in future. Ratcliffe (1968) suggested that for oceanic
bryophytes the frequency of rain could be more important than it total volume, but Map 17
(frequency) appears slightly less convincing than Map 15 (volume) as a map of a temperate
rainforest climate in Britain and Ireland.

Map 17. Areas of Britain and Ireland with at

. . Green = monthly mean
least 180 wet days annually combined with a , temperatures of coldest
mean July temperature below 16 °C o month = at least 2°C. This
¥ zone corresponds well with

the main areas with

; woodland rich in oceanic
&l mosses, liverworts and
lichens.

A wet day is a day with at least 1 mm of precipitation

Hon -

AP 4 Blue = mean temperature of
< .:“_ -\ coldest month = 0-2°C. Less
5 ’ rich in oceanic species than
the green zone.

Pink = mean temperature of
coldest month below 0°C and
therefore more of a boreal
than a temperate rainforest
climate; woodland scarce
and less rich in oceanic
species than in the green
zone.

Data sources (climate data for the period 1981-2010): Blockeel et al. (2014);
https://www.metoffice.gov.uk/; https://www.met.ie/climate-ireland/SummaryClimAvgs.pdf
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Another measure of wetness is potential water deficit. There seems to be a lack of recent
maps of this measure available, at least from an online search, but Map 18, copied from a
map by Page (1982), shows areas of Britain and Ireland with an average summer potential
water deficit of less than 1.27 cm. These areas correspond well with the green zone in Map
15 (but also extending further east in the Scottish Highlands, as does the zone of >140 cm of
annual precipitation) and the areas generally known to be rich in oceanic species (e.g. as
shown in Map 10). The original copy of this map is not accompanied by information to
indicate (a) exactly where the data came from, (b) the period of years to which those data
refer, or (c) the definition of “summer”, but | assume that the data are from a period of
years in the mid to late 20t century and that “summer” probably means June, July and
August collectively.

Map 18. Areas of Britain and Ireland with an average summer potential water deficit of
less than 1.27 cm

Source: Page (1982)
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The degree of oceanicity of a climate can be expressed by means of an index combining
different measures. Temperature range in itself (see Maps 5 and 12) can be seen as an
expression of oceanicity (lower range = more oceanic), as in Conrad’s (1946) index of
continentality which is based mainly on temperature range. However, one can combine
different temperature and humidity elements in all sorts of ways to make a range of
oceanicity indices. Map 19 shows a simple one calculated as annual rainfall divided by
annual temperature range. An index value of 15 matches fairly closely with the boundary of
the >140 cm zone in Map 15, except that it extends slightly less far east in the central and
northern Highlands. Map 19 also shows the climate to be most strongly oceanic in the west
Highlands, Hebrides and western Ireland, with small areas in the Lake District and NW Wales
comparable though not reaching such high index values. This variation in oceanicity reflects
the richness of the characteristic rainforest element of woodland vegetation, this being
generally richer in areas with higher oceanicity index values. Gradients of oceanicity are
steeper in and around western upland areas than in eastern and lowland areas.

Map 19. Index of climatic oceanicity in Britain and Ireland 5
&D

D
p

calculated as mean annual precipitation (cm) divided by