The epiphyte flora of
roadside trees in the
London conurbation with a
North American perspective
on its possible future
Jeff Duckett and Silvia Pressel present an update on one of the fastest changing
British bryophyte habitats or, as Bob Dylan might have put it, ‘The trees they are
a-changin’
Background
ield bryologists have the singular gift
for making interesting finds in what at
first sight might seem the most bizarre
and unpromising habitats. However, until very
recently, not even the most eccentric amongst us
would have dreamt of spending any time at all
looking at epiphytes along major urban roads in
a large city accompanied by the almost constant
roar of traffic, not to mention incredulous passersby. Thus the objective of the present article is to
draw attention to the rapid major changes taking
place on such trees, one of our most neglected
bryophyte habitats, and to encourage recording
of the epiphytes along the streets where we live,
whether this be in a major conurbation or in a
village deeply set in the countryside. We really
do need to document what is growing there now
because: 1) it is very different from the turn of
the century, when we neglected to collect these
data and 2) it will almost certainly not be the
same in 10 years’ time.

F

The 1956 and 1968 Clean Air Acts, coupled
with socio-economic changes like the switch
from coal to natural gas, had profound effects
on the bryophytes of the London conurbation
(population c. 8,788,000, annual rainfall
596 mm). Ten years ago just about every epiphyte
that had become extinct, or perhaps more
precisely had been extirpated, principally from
soot and sulphur dioxide pollution, had returned
(Table 1). Today there are just four notable
exceptions: Antitrichia curtipendula, Pterogonium
gracile, Leptodon smithii and Leucodon sciuroides
with the last records from 1725, 1725, 1802
and 1863 respectively. The recent discovery of
Leucodon on a wall in Cambridge (Pescott, 2018)
suggests this species may, before too long, also
turn up in London but the reoccurrence here
of the other three species is much less likely.
However, two previous studies indicate that only
rFig. 1. Limes and planes with 24 epiphytic bryophytes,
Pond Square, Highgate
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Liverworts
Cololejeunea minutissima
Frullania dilatata
Metzgeria consanguinea
M. furcata
M. violacea
Microlejeunea ulicina
Radula complanata
Mosses
Cryphaea heteromalla
$
Dicranoweisia cirrata
Orthotrichum lyellii
O. pulchellum
O. stramineum
O. striatum
O. tenellum
Platygyrium repens
Syntrichia laevipila
S. latifolia
S. montana
S. papillosa
S. ruralis
S. virescens
Tortula muralis
Ulota crispa
U. phyllantha
Zygodon rupestris
Z. viridissimus

Species

E
P
N
N
N
N
N
N
E
N
E?
E
P
N
P
E
N
N
E

N
E
N
P
N
N
E

Previous
extinction (E),
persistent (P) or new
arrival (N)

1800

1869

1879, 1950
1928

1928

1877

1880

1874

Last preextinction
record

1993
N/A
1992
2004
1999
1989
1995
2009
1980
1981
1965
2004
N/A
1994
N/A
1995
1990
2005
1982

2004
1989
1996
N/A
2004
2005
1995

First recent
record

33
118
29
18
5
8
4
1
19 (c)
9
31 (a)
8
32 (b)
11 (c)
122 (c)
18
8
2
20

4
48
6
53
6
4
20

BBS Database
records

18
37
45
2
2
1
136
93
40
76
12
119
7
9

2
34
22
2

2018
Roadside
epiphyte records, this
study

$ = a declining species. (a) only 3 previous records as an epiphyte. (b) only 2 previous records as an epiphyte. (c) only 1 previous record as an epiphyte.

From a total of 504 plane, ash, lime, poplar/willow, sycamore/Norway maple trees. Approximately 50 trees on the same roads were epiphyte-free.

3.6
7.3
8.9
0.03
0.03
0.01
26.9
18.4
7.3
15.0
0.2
23.5
0.1
0.2

0.2
6.7
4.4
0.4

Roadside
Trees (%)

35
24
70
10
29
20
90
91
56
90
52
N/A
78
69

33
41
29
9

New
Records (%)

Table 1. The occurrence in 2018 of some roadside epiphytic bryophytes previously extinct (E) in London north of the Thames, i.e. Middlesex (vc 21), or representing new arrivals after the Clean
Air Acts (N).
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12 years ago London’s epiphytes were not exactly
blooming. Larsen et al. (2007) recorded only four
bryophytes on 145 oaks in central London whilst
Davies et al. (2007) recorded just 14 mosses on
334 ash trees.
Outstripping the returnees from the eight
extirpations are 14 new arrivals (Table 1) whose
spread is related both to changes in air quality
and climate change. In contrast, Dicranoweisia
cirrata is rapidly declining as an epiphyte
(Blockeel et al., 2014). To date, most of the
collections of the returnees, the new arrivals
and the new vice-county records for Middlesex
(vc 21) listed in the BBS database come from
optimal habitats e.g. spreading branches on
sheltered trees in woodlands and by streams
(Duckett, 2008) and with decided preferences
for hosts well known as good for epiphytes, viz.
Sambucus, Salix and Quercus cerris. In addition,
year by year our own observations of individual

trees in London over the last 15 years (Duckett
& Pressel, 2009, 2016) have also revealed more
numerous and increasingly extensive colonies
of species like Cryphaea heteromalla, Frullania
dilatata and Orthotrichum lyellii and particularly
six species of Syntrichia, S. laevipila, S. latifolia,
S. montana, S. papillosa, S. ruralis and S. virescens,
with casual observations suggesting that these
might also be spreading to roadside trees with
the latter becoming progressively more clothed
in epiphytes.
Results of the 2018 survey
In 2018, we began a detailed quantitative survey
of roadside epiphytes in London (Figs 1, 2) with
a target of over 2000 trees. We selected mature
trees, all over 50 and many over 100 years old,
of ash (Fraxinus), lime (Tilia), London plane
(Platanus x hispanica), Norway maple (Acer
platanoides), poplar (Populus), sycamore (Acer

sFig. 2. North Road, Highgate. This typical plane-lined North London bus route road supports 22 epiphytes.
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38
Acer

Fraxinus

14 (16%)
21 (24%)
4 (4.7%)
13 (15%)
76 (88%)
10 (12%)
1 (1%)
4 (4.7%)
13 (15%)
17 (20%)
62 (72%)
46 (56%)
1 (1%)
51 (59%)
72 (84%)
10 (12%)
1 (1%)
16 (20%)
31 (36%)
8 (9%)
11 (13%)
15 (17%)
4 (4.7%)
22 (26%)
1 (1%)
26
29

52 (20%)
58 (23%)
14 (5.5%)
2 (0.8%)
36 (14%)
217 (85%)
18 (7%)
2 (0.8%)
4 (1.6%)
10 (3.9%)
39 (15%)
1 (0.15%)
159 (62%)
117 (46%)
3 (1.2%)
120 (47%)
216 (85%)
14 (5.5%)
1 (0.15%)
79 (31%)
79 (31%)
28 (11%)
24 (9%)
45 (18%)
12 (4.7%)
64 (25%)
3 (1.2%)
4 (1.6%)
28
30

Mosses
Amblystegium serpens
Brachytheciastrum velutinum
Brachythecium rutabulum
Bryoerythrophyllum recurvirostrum
Bryum argenteum
B. capillare
B. dichotomum
Ceratodon purpureus
Cryphaea heteromalla
Dicranoweisia cirrata
Didymodon insulanus
D. nicholsonii
D. vinealis
Grimmia pulvinata
Homalothecium sericeum
Hypnum cupressiforme
Kindbergia praelonga
Orthotrichum affine
O. diaphanum
O. lyellii
O. pulchellum
O. stramineum
O. tenellum
Rhynchostegium confertum
Syntrichia laevipila
S. latifolia
S. montana
S. papillosa
S. virescens
Tortula muralis
Zygodon rupestris
Z. viridissimus

Total number of moss species
Total number of bryophyte species

1 (1%)
10 (12%)
1 (1%)
3

7 (2.7%)
2 (0.8%)
2
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26
29

15 (19%)
8 (10%)
6 (8%)
12 (15%)
67 (86%)
4 (5%)
3 (4%)
3 (4%)
8 (10%)
8 (10%)
1 (1%)
40 (51%)
29 (37%)
4 (5%)
59 (76%)
76 (97%)
15 (19%)
--13 (17%)
29 (37%)
6 (8%)
8 (10%)
19 (24%)
4 (5%)
12 (15%)
5 (6%)
4 (5%)

12 (15%)
8 (10%)
2 (2.6%)
3

29
31

14 (22%)
5 (9%)
5 (9%)
12 (19%)
40 (63%)
10 (15%)
4 (6%)
5 (9%)
2 (3%)
1 (1.6%)
32 (50%)
1 (1.6%)
17 (27%)
2 (3%)
30 (47%)
49 (77%)
8 (13%)
3 (4.7%)
1 (1.6%)
1 (1.6%)
8 (13%)
10 (16%)
5 (8%)
4 (6%)
9 (14%)
6 (9%)
11 (15%)
1 (1.6%)
1 (1.6%)

5 (9%)
9 (14%)
2

255
86
78
64
Number of trees colonised by each liverwort/moss species

Tilia

Liverworts
Cololejeunea minutissima
Frullania dilatata
Metzgeria furcata
Radula complanata
Total number of liverwort species

No. of trees investigated

Platanus

17
18

8 (38%)
4 (17%)
4 (17%)
18 (86%)
3 (14%)
1 (4.8%)
1 (4.8%)
11 (52%)
1 (4.8%)
11 (52%)
14 (67%)
14 (67%)
5 (24%)
1 (4.8%)
2 (9.5%)
3 (14%)
1 (4.8%)

2 (10%)
1

21

Populus

Table 2. Epiphytes on 504 trees lining 21 major roads in north London in 2018/9. Only around 50 of the trees at these sites were epiphyte-free.

103 (20%)
96 (19%)
33 (6.5%)
2 (0.4%)
73 (18%)
418 (83%)
42 (8.3%)
6 (1.2%)
18 (3.6%)
37 (7.3%)
67 (13%)
2 (0.4%)
1 (0.2%)
304 (60%)
2 (0.4%)
220 (44%)
10 (2%)
274 (54%)
427 (85%)
52 (10%)
4 (0.8%)
2 (0.4%)
1 (0.2%)
119 (24%)
151 (38%)
47 (9.3%)
47 (9.3%)
91 (18%)
26 (5.2%)
109 (22%)
10 (2%)
10 (2%)

1 (0.2%)
34 (6.7%)
22 (4.4%)
2 (0.4%)

Total no. of trees and
(%) colonised by each
liverwort/moss species
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vFig. 3. Syntrichia laevipila
on plane at North
Road, Highgate, with
three generations of
sporophytes (collapsed
setae 2017, erect
dehisced capsules 2018
and young capsules
2019).

pseudoplatanus) and willow (Salix) for systematic
recording. All these trees are frequent along
major thoroughfares with over 90% supporting
at least one epiphytic bryophyte, whereas the
vast majority of roadside alders (Alnus), birches
(Betula), cherries (Prunus) except around graft
unions, ginkgos (Ginkgo biloba), hornbeams
(Carpinus betulus), horse chestnuts (Aesculus
hippocastanum), oaks (Quercus), Sorbus species
and sweet chestnuts (Castanea sativa) tend to be
epiphyte-free or species-poor.
Here we chronicle the results from our first
500 trees from 20 different roads (Brecknock
Rd, N19; Cromwell Avenue, N6; Dartmouth
Park Hill, N19, NW5; Hampstead Lane, N6,
NW3; High Rd, East Finchley, N2; High Rd,
North Finchley, N12; Holloway Rd, N7, N19;
Kentish Town Rd and neighbouring roads,
NW1, NW5; Lady Margaret Rd, N19, NW5;
Great North Rd, N6; North Hill, N6; Old
Farm Rd, N2; Orchard Rd, Barnet, EN5; Pond
Square, N6; Shepherds Hill, N6; Southwood
Lane, N6; Store Street and neighbouring roads,
WC1; The Bishops Avenue, N2; Tufnell Park
Rd, N7, N19; Whetstone High Rd, N11). Three
stimuli for preparing this article were 1) recent
visits by JGD to eastern USA in 2018 and 2019
which provided a novel perspective on what the
epiphyte flora of London’s trees might become in
the future, 2) a detailed analysis of recent changes
in the epiphyte flora of Cambridgeshire (Preston
& Hill, 2019) and 3) as a spur to others to do the
same surveys, particularly on ash trees likely to
succumb to the ravages of dieback disease in the

very near future.
The breakdown of the 36 epiphytes found
in this survey is set out in Table 2. Mosses far
outnumbered the four liverworts, only two of
which, Frullania dilatata (6.7%) and Metzgeria
furcata (4.4%), occurred at multiple sites. The
commonest epiphytic moss is Orthotrichum
diaphanum (85%), followed by Bryum capillare
(83%), Grimmia pulvinata (60%) and O. affine
(54%). Topping the list for surprises is Syntrichia
laevipila (Fig. 3) on 38% of the trees, just behind
the first pleurocarp, Hypnum cupressiforme (44%)
which was more frequent than Rhynchostegium
confertum (24%), Amblystegium serpens (20%)
sFig. 4. Dicranoweisia cirrata with Bryum capillare growing
through it on a sycamore at Cromwell Avenue, Highgate.
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sFig. 6. A typical plane with 14 epiphytes on
Hampstead Lane, Highgate. Trees on this road
support 27 epiphytic bryophytes.

sFig. 5. Plane with 16 epiphytic bryophytes, Pond
Square, Highgate.

rFig. 7. Plane in Soho Square, in the heart of
London, with ten epiphytes.
Table 3. Epiphyte heights and mean numbers on different roadside trees

rFig. 8. Ash outside Euston Station, supporting
nine epiphytes including Syntrichia latifolia, S.
montana and S. papillosa.

Tree

Total no.
investigated

Up to
0.25m

Up to
0.5m

Up to
1.0m

Between 1-3m

Platanus
Tilia
Acer
Fraxinus
Populus/Salix

255
86
78
64
21

28 (11%)
7 (8%)
2 (3%)
-

41 (16%)
11 (13%)
2 (3%)
7 (11%)
5 (24%)

72 (28%)
20 (23%)
3 (4%)
9 (14%))
5 (24%))

78 (31%)
24 (28%)
5 (6%))
12 (19%)
6 (29%)
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Above first major
branch/fork in
trunk
36 (14%)
24 (28%)
66 (85%)
36 (56%)
4 (19%)

Mean number of
epiphyte species/
tree
5.3
6.2
4.7
4.9
5
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and Brachytheciastrum velutinum (19%) with
Brachythecium rutabulum on just 6.5% of the
trees. Other mid table species were Bryum
argenteum (18%), and a cluster of pottiaceous
taxa, Tortula muralis (22%), Syntrichia papillosa
(18%), S. latifolia, S. montana (both 9.3%),
S. virescens (5.2%) and Didymodon insulanus
(13%), with Dicranoweisia cirrata lagging at
7.3%. When present, clumps of this species
are often in the process of being overgrown by

Bryum capillare (Fig. 4) or comprise depauperate
shoots scattered through more vigorous
clumps of Orthotrichum affine. Also present at
several sites were Cryphaea heteromalla (3.6%),
Zygodon rupestris, Z. viridissimus (both 2%) and
Orthotrichum lyellii (10%) a species particularly
singled out by Ted Wallace (1955) as declining in
the 1950s.
In terms of epiphyte distribution on individual
trees (Table 3) there were fewer extending into the
crowns of the Acer species and ash than those of
planes, limes and poplars/willows but otherwise
no clear-cut differences between the host species.
Similarly mean and total epiphyte numbers did
not differ markedly between Platanus, Acer, Tilia
and Fraxinus with the lower numbers in Populus
simply reflecting the lower number of trees in
this survey. Whereas a large number of the trees
supported just three or four epiphytes (usually
Orthotrichum diaphanum, Bryum capillare,
Grimmia pulvinata and O. affine) many trees had
more than 10 (Figs. 5–8) with our record to date,
on a mature plane, currently standing at 18.
Individual species rarely form extensive patches
with most trunks exhibiting a multispecies

rFig. 9. Close-up of a plane
in Pond Square (Fig. 5)
with a typical London
roadside mixture of
Bryum capillare, Cryphaea
heteromalla, Orthotrichum
affine, O. diaphanum, O.
lyellii, Syntrichia papillosa
and Zygodon viridissimus.
wFig. 10. Pure dry
Orthotrichum diaphanum
in a run-off channel on an
ash in Tufnell Park Road.

wwFig. 11. Pure wet
Orthotrichum diaphanum
in a run-off channel on
ash.
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mosaic (Figs. 5–9). Thus we did not attempt to
record the nature of epiphyte cover as this varied
enormously from tree to tree. However, a few
general patterns merit comment.
On
species-poor
trees
Orthotrichum
diaphanum is often the only epiphyte extending
above the first branches, usually in run-off
channels which are a greater determinant than
aspect (Figs 10, 11). Thus the most abundant
epiphytes can often be seen on both the southern
and northern hemispheres of adjacent trees along
the same road. The upper hemispheres of sloping
trunks are particularly epiphyte-rich whilst limes
with adventitious shoots growing from their
bases tend to be epiphyte-free.
Whilst Orthotrichum diaphanum and O.
affine are the highest epiphytes, a group of
species including Brachythecium rutabulum,
Bryoerythrophyllum
recurvirostrum,
Bryum
argenteum, B. dichotomum, Ceratodon purpureus,
Didymodon insulanus (Fig. 12), D. nicholsonii, D.
vinealis, Rhynchostegium confertum and Tortula
muralis tend to be clustered at the tree bases and

on roots just above the surrounding substrate and
particularly facing the thoroughfare. Considering
the ecology of these species elsewhere, many of
which are not principally epiphytic (Blockeel
et al., 2014), we attribute their frequent
occurrence on roadside trees to the deposition
of particulates from the passing traffic. A further
factor influencing the occurrence of epiphytes
at tree bases is the surrounding substrate, as
Brachythecium rutabulum and Kindbergia
praelonga spread onto trees from adjacent open
soil or grass. All the other epiphytes occur with
equal frequency at any height on the trunks with
Syntrichia latifolia standing out as unusual since
rFig. 12. Didymodon
insulanus on plane,
Shepherd’s Hill, Highgate.
vFigs 13 and 14. Scanning
electron micrographs of
gemmiferous protonemata
on ash, Lady Margaret
Rd, Tufnell Park. 13
(left), Orthotrichum
affine, mainly undetached
gemma. 14 (right)
O. diaphanum showing
numerous scars remaining
after gemma detachment.
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Sporophytes
This survey
Elsewhere
F
C
C
C
O
C
A
A
O
C
C
R
C
A
A
C
C
C
C
VR
VR
R
O
F
A
A
F
F
C
F
O
A
A
A
A
VR
A
A
A
A
A
A
F
C
C
A
C
C
R
O
F
VR
C
A
R
O
O

+
+
-

+

+

+
+

+
+
+
+
+
+
+

+
+
-

+

Gemmae
This survey
Elsewhere

+
+
+

-

-

+
+
+

-

-

+
+
+
+

+
-

+

+
+
+

+

+
+

Gemmiferous protonema
This survey
Elsewhere

Table 4. Reproduction of bryophytes on roadside trees in London. A = taxa with very few localities where all had sporophytes; C = common; F= frequent; O = occasional; R = rare;
VR = very rate

Amblystegium serpens
Brachytheciastrum velutinum
Brachythecium rutabulum
Bryoerythrophyllum recurvirostrum
Bryum argenteum
B. capillare
B. dichotomum
Ceratodon purpureus
Cololejeunea minutissima
Cryphaea heteromalla
Dicranoweisia cirrata
Didymodon insulanus
D. nicholsonii
D. vinealis
Frullania dilatata
Grimmia pulvinata
Homalothecium sericeum
Hypnum cupressiforme
Kindbergia praelonga
Metzgeria furcata
Orthotrichum affine
O. diaphanum
O. lyellii
O. pulchellum
O. stramineum
O. tenellum
Radula complanata
Rhynchostegium confertum
Syntrichia laevipila
S. latifolia
S. montana
S. papillosa
S. virescens
Tortula muralis
Zygodon rupestris
Z. viridissimus
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this is most commonly found on silty substrates
near water and in London is very common
alongside S. virescens on old tarmac.
The reproductive biology of roadside epiphytes
is summarised in Table 4. The reduced sporophyte
production in several species may be attributed
to suboptimal growth conditions on exposed
trunks, small colony sizes and the presence on
any one tree of only one sex of dioicous species
such as Ceratodon purpureus, Frullania dilatata,
Hypnum cupressiforme and Metzgeria furcata.
The absence of sporophytes on Dicranoweisia,
when overgrown by Orthotrichum, is particularly
striking. Such competition may also account for
our failure to find gemmiferous protonemata
of Dicranoweisia on roadside trees despite these
being favoured by nutrients (Duckett et al.,
2001).
Asexual reproduction is also depressed in
some other roadside epiphytes. We have yet to
find plants of Syntrichia laevipila with leaf-like
gemmae, formerly referred to as S. laevipiliformis,
on roadside trees. In contrast, gemmiferous
protonemata of Orthotrichum, particularly O.
diaphanum, is sometimes abundant on roadside
trees (Figs. 13, 14). In fact, 17 of the roadside
epiphytes found to date produce asexual
propagules but tubers are found in just one
species, Didymodon insulanus. The vast majority
of epiphyte colonies are most likely established
from spores but the large numbers of trees with
Syntrichia latifolia and S. papillosa underline the
effectiveness of foliar gemmae in the dispersal
of these two species (Ligrone et al., 1996) with
those of Orthotrichum lyellii, Zygodon rupestris
and Z. viridissimus lagging not far behind.
Discussion
Not only was epiphyte colonisation on the trees
next to busy roads far more rampant than we
ever anticipated in terms of its upper limits and
44
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bryophyte cover but the species and composition
were also very different from what we might have
expected, particularly on planes and sycamores –
neither of which are exactly renowned for their
epiphytes. It is most remarkable that 36 species,
or 50%, of the total number of 71 epiphytes
(13 liverworts and 58 mosses) recorded from vc
21 (BBS database) have now been found along
major roads in London, a total clearly dwarfing
those found in 2007 (Davies et al., 2007; Larsen
et al., 2007).
The absence of any directly comparable
previous roadside tree surveys in London presents
a problem in evaluating directly just how far
the epiphytes might be changing. However,
comparisons with the BBS database records,
recent studies on orchard trees (Burrough
& Robertson, 2008; Burrough et al., 2010;
Stevenson & Rowntree, 2009; Stevenson et al.,
2016; Whitelaw & Burton, 2015), information
in the recent Cambridgeshire flora (Preston &
Hill, 2019) and the Oxfordshire flora back in
1991 (Jones, 1991) provide some illuminating
insights.
Although in terms of species number (41) and
trees surveyed (617), orchard epiphytes at first
sight look similar to those recorded in London
there are major differences. Not the least of these
is a major difference between orchard apple
cultivars, whereas all five London tree taxa had
much the same epiphyte floras. There are 25
species common to both London roadsides and
orchards but 15 of the orchard species were not
recorded on London roadside trees including 3
(*) with no records for vc 21 (Bryum moravicum,
B. subapiculatum, Campylopus introflexus,
Dicranum scoparium, Isothecium alopecuroides,
I. myosuroides, Leptodictyum riparium, Leskea
polycarpa, Leucodon sciuroides*, Orthotrichum
striatum, Pylaisia polyantha*, Sanionia uncinata*,
Ulota bruchii, U. phyllantha and Zygodon
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conoideus) and five of the London epiphytes
were absent from orchards (Bryoerythrophyllum
recurvirostrum, Didymodon insulanus, D.
nicholsonii, D. vinealis and Syntrichia latifolia).
These five species are associated with particulate
deposition along roadsides which is not a factor
in orchards. However, the occurrence of Bryum
dichotomum, a further species associated with
particulates, on 14% of the orchard pear trees,
but inexplicably not the apples, may reflect soil
disturbance in working orchards (Preston &
Hill, 2019). Bryum capillare, Grimmia pulvinata,
Rhynchostegium
confertum,
Orthotrichum
diaphanum and Syntrichia montana occur
with much the same frequency in orchards
as in London whereas Amblystegium serpens,
Brachythecium rutabulum, Dicranoweisia cirrata,
Hypnum cupressiforme, Kindbergia praelonga,
Orthotrichum affine and Zygodon viridissimus are
commoner in orchards with Brachytheciastrum
velutinum, Syntrichia laevipila and S. papillosa
notably rarer.
Eustace Jones’ commentary (Jones, 1991) on
the changing bryophyte flora of Oxfordshire
between 1950 and 1990 provides not even a
hint of the changes in the corticolous bryophytes
likely to follow from the Clean Air Acts and then
by NOX and ammonia pollution in the present
century. Like other authors on adjacent counties,
e.g. Hertfordshire (Swinscow, 1959), Surrey
(Gardiner, 1981; Wallace, 1941, 1955), Essex
(Adams, 1974), Warwickshire (Laflin, 1971)
and Bedfordshire (Laflin, 1953), fewer and fewer
records for species preferring nutrient-rich bark
are largely attributed to atmospheric pollution.
Large declines in the frequency of species like
Cryphaea, Orthotrichum lyellii, Frullania dilatata
and particularly Syntrichia laevipila and S.
papillosa and a massive increase in Dicranoweisia
stand in dramatic contrast to what is happening
to London’s roadside trees today.

Looking more widely in terms of species
numbers, the totals of 27 and 25 for planes from
as far afield as the Himalayas (Bargali et al., 2014)
and Turkey (Alatas & Batan, 2014) are closely in
line with the 30 in London, but generally lower
than the 13–60 species recorded on sycamores
(29 in London) in the northern Alps (Kiebacher
et al., 2016). It would now be of interest to
compare London’s epiphyte numbers with those
in closed British woodlands. We are not aware
of any published British data but a total of 63 in
old growth Latvian forests (Mežaka et al., 2008)
would seem to be in the right ball park.
Whilst very different from the last century
the present roadside epiphyte London flora
has noteworthy urban parallels elsewhere
in Britain. Thus, Syntrichia papillosa is
widespread and often abundant in Cardiff and
Pembrokeshire, particularly in nutrient-rich
situations (Bosanquet, 2010 and unpublished
observations). Syntrichia laevipila is similarly
widespread and frequent, but seldom occurs in
the sheer abundance of S. papillosa. Likewise
these two species are also frequent epiphytes
in Cambridgeshire but here S. montana and S.
virescens are the commonest epiphytic Syntrichia
species (Preston & Hill, 2019).
The BBS database set against the number of
new records in the present survey is a reasonable
proxy for increases in epiphyte abundance (Table
1). Standing out here are the liverworts Metzgeria
furcata and Frullania dilatata and the mosses
Cryphaea, Orthotrichum lyellii, Zygodon rupestris,
Z. viridissimus and five Syntrichia species,
especially S. laevipila and S. papillosa.
Two further observations attest to the likely
recent arrival of many of the roadside epiphytes.
These are 1) the presence on many trees of just
one sex or single clumps of species like Frullania,
Radula, Cryphaea (often as just sterile prostrate
shoots), Grimmia pulvinata, Orthotrichum lyellii,
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rFig. 15. Hanover Street, a major thoroughfare in Carlisle,
Pennsylvania, with every tree supporting almost pure
Syntrichia papillosa.

rFig 16

O. pulchellum, O. stramineum, O. tenellum,
Zygodon rupestris and Z. viridissimus and 2)
the regular scaling off of plane bark (Esau,
1965). Sectioning of the scales reveals that
these usually comprise 8-10 alternating layers
of thin and thicker walled layers of cork which
roughly translates into a 10 year life span for the
bryophytes growing on them. Thus, epiphyte
colonisation of planes must be a highly dynamic
process with an approximately decadal turnover period whereas epiphytes on the other trees
probably have a much longer life span.
The fact that roadside epiphyte numbers,
heights and species are much the same between
our different trees, unlike those away from major
roads, strongly suggests that four features of
the general environment and not specific bark
characteristics are the principal determinants.
sFig 18
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sFig 19
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rFig 17

1) Whilst deposition of particulates, which is
also linked to ammonia deposition close to roads
(Heald et al., 2012), explains the restriction of
some species to roadside tree bases, including
several that are not typically epiphytes in London
(Bryoerythrophyllum recurvirostrum, Bryum
dichotomum, Ceratodon purpureus, Didymodon
insulanus, D. nicholsonii, D. vinealis, Syntrichia
latifolia, S. virescens, Tortula muralis) we attribute
the rarity of liverworts on the roadside trees to
their trunks drying out much faster than those in
sheltered and closed woodland habitats.
2) The high incidence of Pottiaceae, a family
characteristic of arid environments (Zander,
1993), also probably reflects rapid and frequent
desiccation of the trunks of roadside trees.
3) A third major factor governing epiphyte
distribution is almost certainly nitrogen
sFig 20

The epiphyte flora of roadside trees

deposition, which may be having dual effects.
On the one hand the strong neutralising effect
of ammonia on acidic tree bark may be the key
reason for the decline of Dicranoweisia cirrata.
On the other, the frequency of Syntrichia laevipila
and S. papillosa along London roads adds to the
growing evidence since the original suggestion by
Wearmouth et al. (1984; and see Duckett, 2018;
Preston & Hill, 2019) that these are generally
nitrophilous species benefitting from both an
increase in bark pH and an increasing nitrogen
supply.
4) Probably one of the most striking features of
the bases of parkland trees and those along roads
in London is the dog urination zone extending
up the trunks to a height of about 50 cm. It is
dominated by green algae and is generally lichen
(Gilbert, 1989) and bryophyte-free. Whilst dog
urine depresses bryophyte diversity on freestanding trees located slightly away from roads
the hemispheres of trees along pavement edges
are largely unaffected. In the canine context it

is noteworthy that the distribution of Syntrichia
virescens on elms in Brighton is almost entirely
confined to the urine zone (Matcham, personal
communication). In London also many of our
records for epiphytic S. virescens are from tree
bases adjacent to urine zones.
The occurrence of Grimmia pulvinata, a
species described in older British floras as
exclusively saxicolous (Berkeley, 1863; Dixon,
1924; Gardiner, 1981; Watson, 1955) and rarely
on trees and shrubs in Smith (2004), Atherton
et al. (2010) and Hill et al. (1992), on no fewer
than 60% of the trees in the present survey is
very much in line with its increasing frequency
as an epiphyte particularly in eastern England
(Blockeel et al., 2014; Preston & Hill, 2019).
In his orchard surveys Robin Stevenson found it
on 23% of the apple trees and 18% of the pears
whilst in Cambridgeshire it has been recorded
epiphytically in 72 tetrads where its usual
occurrence as isolated tufts on exposed trees and
shrubs mirrors that on London’s roadside trees. It

Figs 16–23. A range of roadside trees in eastern USA with almost pure Syntrichia papillosa. Note the colour difference
between the almost black dry moss (Figs 17, 18, 23) and the deep green of hydrated plants (Figs 16, 19, 20-22). 16, wet
Acer platanoides; 17, dry Quercus rubra; 18, dry Ginkgo biloba; 19, wet Liquidambar styraciflua; 20, wet Malus; 21, wet
Pyrus; 22, wet Tilia; 23, dry Ulmus. 16-19, High St., Carlisle, PA; 20-22, South Hanover St., Carlisle, PA; 23, 39th St.
NW, Washington DC.
sFig 21
sFig 22
sFig 23
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is also noteworthy in this context that a transect
analysis of epiphytic bryophytes across southern
England (Bates et al., 2004) revealed that
Grimmia pulvinata only occurred as an epiphyte
in tetrads with low moisture status.
Looking to the future with a North American
perspective
In terms of species diversity, roadside epiphytes
in London are probably almost as good as they
are going to get with only a handful of additional
species likely to be found in the near future, viz.
Metzgeria violacea, Orthotrichum anomalum,
O. striatum, Syntrichia ruralis, Ulota crispa, U.
phyllantha and Zygodon conoideus. Apart from
this handful of new species, for the future there
may also be a decline in epiphyte speciosity
overall as found by Aptroot (2012) on Tilia
trees in Belgium. Changes in number from
7 in 1952 to 16 in 1999 and 12 in 2011 are
attributed to colonisation of bare bark followed
by competition.
Following the premise that the abundance and
diversity of epiphytes recorded here have been
driven principally by pollutants from car exhausts,
what happens next on London’s roadside trees
will depend on how quickly and effectively these
are dealt with. Particulate deposition is unlikely
to change so species associated with this will

most likely stay the same but, in the shorter
term, records for Radula, Frullania, Cryphaea,
Syntrichia, Orthotrichum spp. and Zygodon will
almost certainly increase whilst Dicranoweisia is
likely to disappear in line with the tetrad analysis
by Bates et al. (2004) showing that Frullania
spp., Radula, Cryphaea, Syntrichia papillosa, S.
laevipila and Zygodon spp. avoid acid substrates.
With the NOX pollution caveat very much
in mind, a snapshot of roadside trees along
major traffic routes in three towns in southern
Pennsylvania (Gettysburg, population 7700,
rainfall 1095 mm; Carlisle, population 19,160,
rainfall 1105 mm (Fig. 15); York, population
43,860, rainfall 1067 mm) and in the suburbs
of Washington DC (population 690,000,
rainfall 490 mm) in eastern USA, which have
experienced vehicular pollution for much longer
than in Britain, perhaps foretell what might
happen to London’s epiphytes in the longer
term. In these North American localities diverse
roadside trees include various Acer and Quercus
species, including Acer saccharum, A. platanoides
(Fig. 16) and particularly Quercus rubra (Fig.
17), as well as Carpinus caroliniana, Carya spp.,
Crataegus, Ginkgo biloba (Fig. 18), Liquidamber
syraciflua (Fig. 19), Malus (Fig. 20), Robinia
pseudoacacia, Pyrus (Fig. 21), Tilia (Fig. 22) and
Ulmus (Fig. 23) plus a range of conifers including

sFigs 24, 25. Syntrichia papillosa wet (24) and dry (25) on Malus, South Hanover St., Carlisle, PA.
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Abies, Picea and Pinus. From our sampling of over
200 trees we found that almost every angiosperm
and Ginkgo was clothed in epiphytes growing all
around the trunks, but most abundant on the
hemispheres facing the road, and also extending
into the crowns. The conifers by contrast were
invariably epiphyte-free.
As we anticipated, along minor roads without
heavy traffic and in parks and gardens, the
epiphytes from the above localities include a
range of species including several pleurocarps,
Orthotricha and Frullanias (see Trigoboff, 2005).
However, those lining major thoroughfares are
essentially a Syntrichietum dominated by almost
pure S. papillosa (Figs. 24, 25) with scattered
shoots of Pylaisiella selwynii (Kindb.) H.A. Crum,
Steere & L.E. Anderson and tufts of Orthotrichum
pumilum (Figs. 26, 27), an endangered Schedule
8 species in Britain (Bosanquet, 2009), and
Syntrichia pagorum (Milde) J.J. Amann (Fig. 28).
As in London, tree species made little difference
to the epiphyte floras and the S. papillosadominated North American trees mirror those
sFig. 26. Wet Syntrichia
papillosa with scattered tufts
of Orthotrichum pumilum on
Malus, South Hanover St.,
Carlisle, PA.

in London bearing just Orthotrichum diaphanum
(Figs. 10, 11) which probably replaced the
similarly monospecific stands of Dicranoweisia of
the last century.
Regardless of the future curbs on NOX
emissions it would seem highly likely that
Syntrichias will become more and more
dominant on London’s roadside trees at least in
the near future. But, when climatic differences
are taken into consideration, whether they
become like the North American Syntrichietum
papillosa is difficult to predict. Though
Washington DC and London have similar
annual rainfall, heavy summer downpours in
Washington DC favour summer growth of
epiphytes whilst most London epiphyte growth
occurs when the trunks are sporadically wetted
in the winter months with long periods of
dormancy during the rest of the year. In North
America the epiphytes are often frozen, and thus
not growing for significant periods in the winter,
unlike their UK counterparts. Higher rainfall,
with even more frequent summer storms, in the

sFig.27. Dry Syntrichia papillosa with
scattered tufts of Orthotrichum pumilum on
Malus, High St., York, PA.

sFig.28. Syntricha pagorum
(paler green) growing with S.
papillosa on Acer saccharum,
High St., Carlisle, PA.
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Pennsylvania towns almost certainly explains
the occurrence there of epiphytes on roadside
Carpinus, Crataegus and Ginkgo whilst we have
never seen the same in London. These North
American comparisons invite further exploration
of urban epiphytes in the UK, particularly given
the abundance of Syntrichia papillosa in South
Wales (Bosanquet, 2010 and unpublished
observations) where the total annual rainfall is
similar to that in Pennsylvania in Glamorgan
(Cardiff 991 mm, Swansea 1144 mm) and
Pembrokeshire (Pembroke Dock 1039 mm).
Undoubtedly the most remarkable and
surprising feature of London’s current roadside
epiphytes is their massive increase which is almost
certainly linked with increasing NOX, ammonia
and particulate pollution from car exhausts. This
stands in stark contrast to major negative effects
of increased nitrogen on terrestrial pleurocarps
like Ctenidium molluscum, Pleurozium schreberi,
Homalothecium sericeum and Hylocomium
splendens (Morgan et al., 1992) not to mention
major loss of bryophyte cover on Racomitrium
heath (Britton et al., 2018) and the widespread
decline of heathland throughout north-west
Europe.
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