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Abstract

Vascular epiphytes are typically associated with tropical rainforests, whereas their occurrence in temperate for-
ests is little appreciated. This review summarises the available information on epiphytism in the temperate zones
(> 23.5° latitude), which has not been reviewed comprehensively for more than a century, and critically analy-
ses the proposed mechanisms behind the observed biogeographical patterns. Although in the temperate zone epi-
phytic vascular plants are rarely as impressive as in tropical forests, there are noteworthy exceptions. Temperate
rain forests of Chile and New Zealand, or montane forests in the Himalayas are comparable to many tropical
forests in terms of epiphyte biomass and diversity, but differ in their taxonomic spectrum: temperate epiphyte
communities are generally dominated by ferns and fern-allies. Other temperate areas are not, however, necessar-
ily barren of epiphytes, as repeatedly implied. Quite in contrast, local populations of epiphytes in a large number
of other non-tropical areas in both the southern and the northern hemisphere can be quite conspicuous. The pro-
posed reasons for the latitudinal gradients in epiphyte abundance and diversity (water scarcity or low tempera-
tures) are not fully convincing and, moreover, still await experimental verification. Other factors, both historical
(e.g., Pleistocene extinctions) and ecological (e.g., prevalence of conifers in the northern hemisphere), should
also be taken into consideration to obtain a comprehensive explanation of the extant global distribution of vas-
cular epiphytes.

Introduction is a steep decline in epiphyte abundance and diver-

sity. Not surprisingly then, reviews of vascular epi-

A latitudinal gradient in diversity with a maximum in
the tropics characterises most groups of organisms
(Ricklefs and Schluter 1993). The trend can be very
steep in some cases. Vascular epiphytes, in particular,
seem so tightly associated with the wet tropics, that
definitions of tropical rain forests frequently include
the presence of this growth form (e.g., Richards 1996;
Schimper 1903; Webb 1959). Local diversity can be
impressive: in tropical montane forests species num-
bers of the canopy-based flora sometimes outnumber
the sum of all other plant life-forms (Kelly et al.
1994). North and south of the tropics, however, there

phytism (e.g., Benzing 1995; Gentry and Dodson
1987; Liittge 1989b; Nieder and Barthlott 2001; Zotz
and Hietz 2001) mention vascular epiphytes outside
the tropics only very briefly. Moreover, many of these
reviews suffer from a north-temperate bias. For ex-
ample, holarctic Polypodium species were called the
only vascular epiphytes in the temperate climate by
Liittge (1989a) and Nieder and Barthlott (2001), thus
ignoring the rich epiphyte floras of, e.g., New Zealand
or Chile (for a critique of this bias from a southern
hemisphere perspective compare, e.g., Dawson 1980).
The most in-depth treatment of vascular epiphytes in


https://core.ac.uk/display/159145255?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

174

the temperate zones is still Schimper’s seminal
monograph (1888), in which he described the global
occurrence of vascular epiphytes and also tried to
identify the mechanisms behind latitudinal trends.

The observation that the epiphytic habit among
temperate vascular plants is most prevalent in oceanic
climates characterised by relatively high humidity
and few incidences of frost has prompted two princi-
pal explanations for the global pattern described
above, both of which are based on current ecological
conditions. While Schimper (1888) stressed low wa-
ter availability in the temperate zones, Benzing
(1990) and others (e.g., Ellenberg 1988; Nieder and
Barthlott 2001) emphasised the importance of frost.
Other explanations, e.g., the possibility that Pleis-
tocene extinctions have led to a currently unsaturated
‘epiphytic niche’, biotic interactions with potential
host trees, and/or biogeographical considerations,
e.g., the effect of distance to potential (tropical)
source areas, are rarely discussed in the literature (but
see Dawson 1986; Gentry and Dodson 1987; or
Khullar 1981).

In summary, our understanding of the global
occurrence and ecology of temperate-zone vascular
epiphytes may be even more biased and fragmentary
than our knowledge of tropical species. Hence one of
the principal goals of this review is to provide a
stimulating basis for future research with temperate
epiphytes. To achieve this end, this review will — for
the first time in more than a century — provide a com-
prehensive compilation of the information on vascu-
lar epiphytes outside the tropics, that is beyond 23.5°
north and south. Secondly, based on the available in-
formation and on previous hypotheses given in the
literature, it will discuss the possible mechanisms
leading to the observed global distribution (for a
complete bibliography on vascular epiphytes in the
temperate zones see Zotz 2003).

A definition of ‘epiphyte’

Epiphytism grades into the soil-rooted habit. Many
epiphytes grow occasionally on rocks or soil as long
as competition by terrestrial plants is low (e.g., Daw-
son 1988). Similarly, many terrestrial plants may
grow occasionally on living substrate as ‘accidental
epiphytes’ (Zotz and List 2003). A formal distinction
between obligate epiphytes (> 95% of all individu-
als of a species in a particular region are growing
epiphytically), accidental epiphytes (> 95% of all

individuals in a region are growing terrestrially), and
facultative epiphytes (proportions between these two
extremes) was introduced by Ibisch (1996). Obligate
epiphytes are also called ‘true’, ‘typical’ or ‘holo-epi-
phytes’. This review will focus on holoepiphytes, and
in the following ‘epiphyte’ will be used in this sense.

Vascular epiphytism in the temperate zones

The pronounced asymmetry in the latitudinal trend
from the tropics to the two temperate zones was first
noted more than a century ago by Schimper (1888)
and has also been discussed by Gentry and Dodson
(1987) and Benzing (1990). For example, while there
are just two species of epiphytes in Caverns State
Park in USA (30° N), there are 15 such species in
Puyehue National Park in Chile (41° S) (Gentry and
Dodson 1987). The diverse epiphyte floras of south-
ern Chile and New Zealand include many taxa with
tropical affinities, but also a number of temperate ele-
ments. Autochthonous development is indicated, for
example, by the frequent occurrence of monotypic
taxa, e.g., the epiphytic grass genus Microlaena of
New Zealand, the fern genus Synammia of Chile, as
well as genera like Griselinia (Griseliniaceae) or Lu-
zuriaga (Smilacaceae), which are restricted to Chile
and New Zealand (Dawson 1966). The most diverse
region in respect to vascular epiphytes in the north-
temperate zone is the Himalayas (Schimper 1888),
but locally abundant epiphyte populations can also be
found in temperate East Asia (Kolbeck 1995;
Miyawaki and Nakamura 1988; Ohwi 1965), the
Caucasus (Derzhavina and Shorina 1992), Central
Europe (Zotz 2002), the British Isles (Riibel 1912;
Tansley 1939), several Atlantic islands (Bennert et al.
1992; Page 1977), and Northwest North America
(Sillett 1999; Sillett and Bailey 2003).

Temperate Australasian region

Vascular epiphytes are a regular, albeit not very con-
spicuous, component of rainforests in Tasmania (Jar-
man and Kantvilas 1995; Jarman et al. 1986) and
temperate Australia (Herbert 1960; Webb 1959). New
Zealand, however, is much more noteworthy for its
rich epiphyte flora. In-depth treatments of New
Zealand epiphytes can be found in Oliver (1930),
Dawson (1988), and Dawson and Sneddon (1969).
Epiphyte richness is greatest in damp podocarp for-
ests (for climate data compare Table 1), but a few
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Table 1. Synopsis of climate data from representative climate diagrams (Walter and Lieth 1967) from temperate regions with vascular epi-
phytes. Given are mean annual temperature (MT, in °C), number of month with minimum temperatures < 0 °C (F), annual precipitation

(AP, in mm), and number of dry months (DS).

Region MT F AP DS
Atlas 14 2-8 400-800 4
Ireland 10-12 1-6 > 1000 0
Eastern Himalayas 13-18 3-5 > 1000 2-5
Japan 15-18 several 1000-2900 0
South Africa, western region with summer rain 12-17 3-5 800-1300 0-5
Valdivia region, Chile 12 0 2700 0
NSW Tasmania 13-14 0-3 > 1000 0
New Zealand 10-15 0-10 > 1000 0
Northwest USA 10 0-9 > 1000 0

species (e.g., the orchid Earina mucronata) may also
extend into drier, more open forests. Oliver (1930)
lists 50 species of ‘typical” epiphytes, corresponding
to c. 2% of the total flora of New Zealand. Locally,
however, epiphytes may account for a much higher
proportion of the vascular flora. For example, the
epiphytic habit is represented by 22 species (= 13%
of all vascular plants) at Mt Karioi, North Island (37°
S) (Clayton-Greene and Wilson 1985), by 32 species
(= 12%) in the Kaitake range of Egmont National
Park (39° S) (Clarkson 1985) or even 20% of all spe-
cies in the Maungataniwha Ranges (35° S) (35 of 174
species, Dawson and Sneddon 1969). In contrast to
the tropics, but similar to all other temperate epiphyte
floras, ferns and fern-allies represent a much higher
percentage of the total diversity, typically about 70%
(Table 2). Another difference compared to typical
epiphyte communities in the tropics (compare, e.g.,
Nieder et al. 2000, Zotz et al. 1999) is the large per-
centage of accidental epiphytes. For example, in a
New Zealand Nothofagus forest only 14 of the total
55 species growing epiphytically were obligate epi-
phytes (Hofstede et al. 2001).

The geographic origin of the New Zealand flora is
discussed in detail by Dawson (1986). He proposed
that most taxa with epiphytic habit evolved during the
Tertiary, when rain forests were widespread in mid-
latitudes of both hemispheres. In contrast to their
northern counterparts, they survived Pleistocene gla-
ciations in refugia available due to New Zealand’s
narrow landmass, which provided a strongly oceanic
climate. New Zealand’s rainforests not only harbour
a large number of vascular epiphytes, but also share
many other features with tropical rainforests, for ex-
ample, special growth habits such as lianas, tree ferns,
palms, and strangling hemi-epiphytes (Dawson

1988). Another striking feature are epiphytic Col-
lospermum and Astelia species (Liliaceae) with wa-
ter-impounding foliage, analogous to many Neotropi-
cal bromeliads.

Temperate South America

The epiphyte flora of Argentina has already been
covered in some detail by Schimper’s (1888) classic
monograph (see also, e.g., Drehwald 1995). There are
a number of epiphytic taxa restricted to temperate
South America, for example the fern genus Synam-
mia and the monotypic genus Pfeifferia (Cactaceae),
although most species have unambiguous tropical af-
finities. Classic studies on the vegetation of Chile in-
clude Schmithiisen (1956) and Oberdorfer (1960).
Although neither monograph is focussed on epi-
phytes, Oberdorfer (1960), in particular, provides de-
tailed species lists of the moist, epiphyte-rich
Nothofagus forests of southern Chile (39 — 43° S).
These ‘Valdivian rain forests’ (compare Table 1) are
especially noteworthy for their epiphytes, but a few
ferns (Grammitis magellanica and Hymenophyllum
spp.) can be found as far south as Tierra del Fuego
(growing on trunks of Nothofagus and Drymis, com-
pare Moore 1983). Near Valdivia, epiphytes account
for c. 10% of all vascular plants (Arroyo et al. 1995;
Oberdorfer 1960). As with the flora as a whole (Ar-
royo et al. 1995), there are a large number of endemic
epiphytes. This high degree of endemism is probably
the result of long-lasting isolation, but also due to the
fact that refugia near the ocean or farther north were
available during times of glaciation in the south
(reaching only 42 °S, Arroyo et al. 1995). Like New
Zealand’s rain forests, the tropical aspect of the veg-
etation is further intensified by the occurrence of



(o amn
10 €0 0 Wz G ane s18010§ aperodwo) a5viusoiad aferony
(0861 Te[Iny3| pue ewiA ‘8961 w1dnD) 0 0 0 0 9L ve Ll IS8 W OGY] IS9I0] SUBIUOIN eIpU] ‘BAB[RWITH UIAISOAN ‘[EIIUTEN]
so)kyd (epuio[q
-1do 2ane)noR) Apsowr (s861 128ur[o]) 0 0 0 +1 98 0 L 15210} Qrerodwa], ‘[9Xa) BOLIAWY YUON derodwa],
(S66T M29q103]) 0 0 0 0 001 0 6 150105 deradway, BOI03 YION
so)kyd
-1do aAneyoey Apsowr (0L6T PIeA\ “T66T ‘T8 10 11ouudg) 0 0 0 0 001 0 L 3sa10§ oyeradwa, sa10Zy
s kyd

-1do aaneynoey Apsow (LL61 23ed) 0 0 0 0 001 0 S 15910 [oIne spue[s| Areue)
(PL6T SOIIOT, puE 0SOOUOI]T) 0 0 0 0 €9 0 8 3810 urex eradway, Q[ ‘oeyourmng) 3p eIs|
(8L6T Zorywuey pue SOIOATY) 0 0 0 9 €9 9 91 UiLrej poom UOJIXO0IXay S[YD BIAIP[BA ‘UIMBIA URS Opung
(8L61 zoruey) 0 0 0 0 €8 0 9 3s010§ ojerodwa Q[ ‘edenyjo], [euordeN onbreq
(5961 MYO) [ 0 0 0 €9 [ 152105 deradway, ueder
(6961 UOPPAUS PUE UOSME(]) 0 0 0 0 LS ¥I S¢ 1s010] utex Aerodwd],  puereaz MIN ‘OSuey eymruereSunepy
(S861 UOS[IA\ puE 9UID-UOIAE[D) 0 0 0 0 89 A 3s010§ oyerodwa pue[edz MoN ‘IOLIeY I
(S861 uosyHIR[D) 0 0 0 0 69 91 ¢ jsa10§ ojeradwa],  pue[eaZ MAN “YIed [euoneN juowSg
so)Aydide eord£y, Kjuo (0€61 19ATIO) 0 ¥ 0 0 oL 721 0S 1s210§ urer oyeradwa, pue[eoz MoON
©c @v 99 (L O (18 s1sa10j [edrdon aejuadiad oFerony
(1007 OdUBLI-EIOIBD PUE SOIOB[EJ-SAIO]) 0 9 % 0z 8T 8¢ 8 TSB W (OQ9] O ISAI0J PO OJIXAA ‘UBDOABNY[UIELL, SQIPUY ULS
Ts® 10p
(100z uuewssng) [ 14 14 1T £C ¥S €8¢ W OSHT — Q0T ‘QUeIUOW  -ENJF ‘0ISIOUBL] S BIISO[OT BAIOSY
Tse 10p
(1007 uuewssng) I 14 9 14! 4 Sy ove w Q0T — (08T ‘dUBIUOW  -BNOF ‘09SIOULL] 'S BOISO[OTY BAIOSY

Ts®
sa1hydideojoy £uo (100T ydiopny pue soney) 4 T € 01 w LS TTl w )0z — 0081 ‘dueuow Jopendg ‘onemn ory

Ts®
sa1kydideojoy Auo (100Z DIOIMON) 8 [ cl 9 8T v LTl w 00ZT — 00L1 ‘uvjuow JI0pENdE ‘BBU0IQ) BAIOSIY
s)Aydideotoy Ajuo (6661 prem3um) I 9 ¥ 9 i3 S 181 T'S"e W Qg O ‘ourjuow B[ONZOUJA ‘BIRUOQIED) B
sa1Aydideojoy Ajuo (2661 y3og) ¢ z ¢ 9 € 9%  H01 TS® W (06T O ‘Queiuow Jopendy ‘ewnuele)
(2661 'Te 10 9ABIIN) 0 L [ L Sl ve S 'S8 W (0T O duejuow OOIXQN| WO
(9661 Ie 30 weiduy) ¥ S S 6 [44 9¢ 9T Ts® W QOS] O ‘duruow BORY BISOD OPIdANUON
(0v6T 1uam) 8 14 0 0 0c oy 001 TS® W QOp] O ‘dueuow eAef ‘sepoqlL,
(9661 1oydst] pue 1Surparg) 0 ¢ 0 0 6€ SS 901 TS W (06 O ‘QuEuow QIre7 )SQIOJUTEI QULIUOW

Tse
(yL61 uossueyor) 0 [ I 0 4 99 €SI wEOEl — 008 duruowqns BLDQIT ‘BQUIN
(100T "Te 10 ayuos) 0 0 [ 0 0¢ 89 v TsewWOO8 — pue|mo| uoonwe) ‘nojeg
so)Aydideotoy Ajuo (000T T 39 19paIN) 0 ¢ 9 9 ST 0S 9¢ pue[mof B[ONZOUIA ‘TUOWINING
(9661 Te 10 weiduy) 0 € (44 8 81 0¢  89¢ pue[mor BORY BISOD ‘BA[IS ®]
(L661 Io[3a1Z pue 2107 ‘§L61 1E0ID) 0 S 91 ol (44 v 981 Pue[MO[ vuiRURq ‘puB[S] OPRIO[0) Oy

(L861

uospo pue Anuen ‘g/6] ANUan pue Uospo(]) I 8 ST 8 71 ¥€  8€T pue[mO[ Jopenoy ‘enbuared ory
SIUSWWOD 90In0S %4 %»d BV  %d %d %0 %10} ad£) uonejafop uordar 10 Anuno)

176

‘A[oAanoadsar ‘satnus [eordon pue areradwa) [[e 10) (S) seSeIoAe oyl pue ‘Anunod/uor3alr 1od uoxe) yoes 10y
soSejuadrad pue () sequinu sa1dads [810) are pjudsald (Jvaorolg = 7 ‘Qeoorradld = J ‘OBIJRIY = Y ‘QBAORI[AWOIg = { ‘(SQI[B-UI] SUIPN]oUl) SUIQ) = J ‘QB0RPIYIIQ = Q) ‘(papnjour
are sysaro0j eordon jom pue jstowr A[uo) sordon ay) pue souoz ojerdodwe) Ay ur saroads 91Aydide renosea jo requunu [ejo) Ay Suowre sdnoid orwouoxe) Iofew jo uoniodoid ‘gz 21quf



other life forms typically restricted to wet tropical
forests: for example, the hemi-epiphytic strangler
Pseudopanax laetevirens (Araliaceae) reaches 50° S.

Himalayan region and temperate Asia

Schimper (1888) was first to point out the unique
epiphyte flora of the Himalayas, which has epiphytic
Ribes, Euonymus, Thalictrum, or Rhododendron spe-
cies in addition to taxa of unequivocally tropical af-
finities. Epiphytic orchids, for example, are mostly
represented by large tropical genera such as Bulbo-
phyllum, Coelogyne, Dendrobium, Eria and Oberonia
(Hajra 1996; Mehra and Vij 1974). Similarly, the fern
flora has strong floristic affinities with tropical Burma
and Malaysia, and with the Yunnan and Szechwan
provinces of China (Bir 1989). The degree of ende-
mism in some groups can be quite high. There are,
e.g., 58 endemic fern species, constituting nearly 12%
of all Himalayan pteridophytes (Bir 1989). These
have probably evolved in situ during the uplift of the
Himalaya in the late tertiary (Punetha and Kholia
1998). While annual precipitation in the east reaches
up to 3000 mm (Table 1), the monsoon climate is as-
sociated with a 2-months to 5-months dry season.
Many of the ferns are drought-deciduous and survive
seasonal drought as dormant rhizomes (Gurung
1985). As in the tropics, epiphyte abundance is high-
est at intermediate elevations (1500 — 2400 m), i.e.,
there exists a so-called ‘mid-altitude bulge’ (Gentry
and Dodson 1987). The abundance of epiphytic
orchids decreases much more rapidly above the up-
per limit of this bulge; epiphytic ferns may be found
even above 3500m, where frost is frequent (Mehra
and Vij 1974). The important role of epiphytic veg-
etation to the primary production in these forests is
indicated by their large contribution to total chloro-
phyll. Singh and Chaturvedi (1982), studying a num-
ber of Quercus forests, report that epiphytic ferns
accounted for almost as much chlorophyll as terres-
trial herbs.

There is a striking difference in the abundance of
epiphytes in the Eastern and Western Himalayas,
which has been attributed to changes in water avail-
ability by most authors (e.g., Bir 1989; Mehra and Vij
1974). Khullar (1981), however, argued that low
moisture can only partly explain the paucity of epi-
phytes in the western region. One important addi-
tional factor may be the identity of potential host
trees. It is frequently observed that conifers are only
used as phorophytes when trunk and branches are

177

covered with a layer of humus or bryophytes (e.g., Bir
1989; Mehra and Bir 1964). Thus, if angiosperms are
much better epiphyte hosts than gymnosperms, the
greater dominance of conifers in Western Himalayan
forests may also play a role in this biogeographical
pattern (Khullar 1981).

Information on vascular epiphytes in temperate
East Asia is scarce. However, one study reports a high
proportion of epiphytic ferns in Yunnan (China) (Lu
1992), another describes epiphytes as a significant
component of North Korean forests (Kolbeck 1995).
The flora of Japan (Ohwi 1965) lists 52 species of
vascular epiphytes (c. 1 % of the total flora), again
most of them ferns (Table 2). The remaining taxa are
almost all orchids and mostly found in the southern
islands of Japan.

Europe and North America

Many reviews state that there are no vascular
epiphytes in central Europe (e.g., Ellenberg 1988;
Nieder and Barthlott 2001). For example, Nieder and
Barthlott (2001) claim that Polypodium vulgare can
only thrive where frost spells are rare, e.g., in south-
western England. This ignores observations on the
epiphytic occurrence of this species in wet montane
forests of the Alps (e.g., Stiger 1908; Wilmanns
1968). Recent studies on P. vulgare in a montane for-
est in the Swiss Alps (47 °N) quantified its local
abundance with densities of more than 300 plants
ha™' and attachment heights of up to 14m (Zotz 2002;
Zotz and List 2003). While the climate is very humid
at this site (annual precipitation ¢. 1500 mm) with no
dry season, there is long-lasting frost in winter. Dense
moss cushions (mostly Antitrichia curtipendula) pro-
vided some buffer against short-term extremes of air
temperature, but thermal conditions of lithophytically
and epiphytically growing individuals were virtually
identical (Zotz, unpubl. data). Besides its frequent
occurrence throughout montane forests in the north-
ern Alps, species of the P. vulgare complex are also
regularly found as epiphyte in more oceanic climates
of southern Europe, e.g., in Italy (Béguinot and
Traverso 1905), Corsica (Fliche 1902) or the damp
forests of northern Portugal (Schimper 1888). In
Great Britain, the Azores and the Canary Islands other
epiphytic taxa appear, e.g., Hymenophyllaceae or
Grammitidaceae (Bennert et al. 1992; Page 1977,
Riibel 1912; Tansley 1939). Overall, however, epi-
phytes are rare in all these floras. For example, on the
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Canary Islands, epiphytes account for just 0.2% of the
total number of species (Kunkel 1993).

While Europe is separated from possible wet-tropi-
cal sources by the Sahara, North America has been
reached in the Holocene by a number of epiphyte
species belonging to large tropical genera (Gentry and
Dodson 1987). Tillandsia usneoides, the northern-
most species of this group, reaches 36° N latitude
(Garth 1964). Farther north, members of the Polypo-
dium vulgare complex are occasionally found grow-
ing as epiphytes in the North-eastern United States
and Canada (Johnson 1921; Maycock 1975), but oc-
cur much more frequently as epiphytes in the Pacific
Northwest (Scoggan 1978; Sillett 1999; Sillett and
Bailey 2003). Yet, compared to its southern counter-
part in Chile, the temperate rainforest of the west
coast of North America is rather species-poor, not
only in respect to epiphytes (Alaback 1991; Arroyo
et al. 1995).

Non-tropical Africa

Although the African continent south and north of the
tropics is rather arid (Knapp 1973), there is a rich
epiphyte flora in the western, more mountainous parts
of South Africa. For example, there are a large num-
ber of epiphytic orchids from Transvaal to the south,
which reach the southern tip of Africa, for example
Aerangis, Polystachya, or Tridactyle species (Ball
1978). In regions with winter rainfall, which host
about a third of the orchid flora of South Africa, epi-
phytic forms are absent (Schelpe 1978). Remarkably,
there are also reports of vascular epiphytes from
Mediterranean Northern Africa, where they are quite
frequently found on summer-green Quercus faginea:
Knapp (1973) mentions Polypodium australe, a close
relative of P. vulgare, and Davallia canariensis. For-
ests dominated by this oak are found from Tunisia
westwards to the Rif-area in Morocco and character-
ise the most humid areas in altitudes of 1000 — 2000
m a.s.l., e.g., north facing slopes and shaded valleys.
Fliche (1902) observed epiphytic Polypodium in Al-
geria, in Haute Kabylie and in the forét de I’Edough.

Epiphyte communities — a comparison between the
temperate zones and the tropics

Although bryophytes clearly prevail in temperate epi-
phytic plant communities (Barkman 1958), the previ-
ous paragraphs showed that epiphytic vascular plants
are not as exceptional in temperate forests as implied
by many reviews (even when ignoring the large num-

ber of ‘accidental epiphytes’). Although the gradient
between the tropics and the temperate zones is gen-
erally steep, epiphyte communities in parts of Chile,
New Zealand and the Himalayas certainly rival those
of many tropical forests in biomass and relative spe-
cies diversity: take, for example, the large proportion
of vascular epiphytes in local inventories (Dawson
and Sneddon 1969) or the high epiphytic biomass
(Hofstede et al. 2001) in the New Zealand rainforest
(for epiphyte biomass see also Sillett and Bailey
2003). Absolute species numbers, however, are much
higher in moist and wet tropical systems (Table 2).
Irrespective of the absolute or relative contribution to
the local or regional flora, there is a dramatic shift in
the taxonomic composition of epiphytic communities.
While those of tropical moist and wet forests are
dominated by orchids (which account for almost half
of all epiphyte species there), ferns and fern-allies are
by far the most speciose group in temperate-zone
epiphyte communities. Orchids may still be conspic-
uous in some temperate forests (e.g., in Southern Ja-
pan or the Himalayas), but most other important
epiphyte taxa (Bromeliaceae, Araceae, Piperaceae,
Ericaceae; all families with at least 700 epiphyte spe-
cies globally) are completely or almost completely
absent in canopy-dwelling flora outside the tropics
(Table 2). The reasons for the prevalence of ferns in
the temperate zones are unclear. Although most ferns
prefer mesic environments, some species exhibit a
desiccation tolerance superior to most vascular plants,
others are poikilohydrous or drought-deciduous.
Many ferns may tolerate even severe frost and tiny,
easily dispersed propagules are an important attribute
of epiphytism in this group irrespective of latitude.
Remarkably, epiphytic ferns also reach higher alti-
tudes in tropical mountains than other epiphyte taxa
(M. Kessler, pers. comm.).

Epiphytism in the tropics and the temperate zones
also differs in the speed of speciation. The evidence
for autochthonous evolution in the temperate zones
(e.g., Dawson 1970) suggests at the same time very
little subsequent speciation: many temperate genera
are monotypic or consist of very few species. This
contrasts sharply with the stunning species numbers
of genera like Pleurothallis or Stelis in the tropics.
Gentry (1982) called the extreme epiphyte diversity
in the northern Andean cloud forest an ‘evolutionary
explosion’ and provided an example of possible spe-
ciation in an orchid in just a few decades (Gentry and
Dodson 1987).



A final distinction between the tropics and the tem-
perate zones concerns the proportion of obligate vs.
accidental epiphytes. At least in lowland tropical for-
ests accidentals are rare, whereas their number
frequently exceeds the number of obligate epiphyte
species in the temperate zones (Punetha 1989; Sharp
1957; Tewari et al. 1985; Zotz and List 2003), even
in regions with a rich epiphyte flora such as New
Zealand (e.g., Hofstede et al. 2001).

What limits epiphytism in the temperate zones?

The temperate regions with a rich epiphyte flora (i.e.,
New Zealand, Southern Chile, Himalayas, Japan) are
characterised by humid climates with few incidences
of frost (Table 1). This observation has prompted two
principal explanations for the global pattern described
above. Schimper (1888) stressed low water availabil-
ity in the temperate zones, Benzing (1990) and others
(e.g., Ellenberg 1988; Nieder and Barthlott 2001)
emphasised the importance of frost. One possible test
of the proposed mechanism behind latitudinal trends
is the consistent influence of the same factors at a
smaller scale (Huston 1999). Indeed, low moisture
availability has been identified as the major constraint
for epiphytism in the tropics (Gentry and Dodson
1987) and low temperatures have been used as to ex-
plain changes in species abundance with altitude (al-
though evidence is mostly circumstantial). It should
be emphasised that epiphytes comprise a very diverse
group, both taxonomically and ecologically (Benzing
1990) and it seems unlikely that there is a single, uni-
versal mechanism underlying their global distribu-
tion. For example, it is reasonable to assume
‘tropical’ families such as Araceae to be limited
mostly by low temperature in extra-tropical regions,
but less so for cosmopolitan ferns and fern-allies,
which are known to tolerate substantial freezing as
terrestrials (Kappen 1964). In addition, there are other
explanations, which are rarely discussed in the litera-
ture, e.g., the possibility that Pleistocene extinctions
have led to a currently unsaturated ‘epiphytic niche’,
biotic interactions with potential host trees, and/or
biogeographical considerations, e.g., the effect of dis-
tance to potential (tropical) source areas (but see
Dawson 1986; Gentry and Dodson 1987; or Khullar
1981). Unfortunately, not a single experimental study
has been published on the subject to date.

Arguably, low moisture availability limits the de-
velopment of epiphytism more than any other envi-
ronmental factor in the temperate zones, similar to the
tropics (Gentry and Dodson 1987). However, even in
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the driest tropical forests there are generally at least
some epiphytes (Mooney et al. 1989; Murphy and
Lugo 1986), a few species may even be found in
deserts as long as there is regular moisture input from
mist (MacMahon and Wagner 1985). Many moist
temperate forest, on the other hand, harbour no or
only very few epiphytes, while the Himalayas with
several months of drought (Table 1) have a rich epi-
phyte flora. Thus, moisture availability alone can only
explain part of the latitudinal trend. This emphasises
the role of dispersal barriers or, conversely, the im-
portance of geographic proximity to tropical sources
for the diversity and abundance of vascular epiphytes
in temperate areas (compare, e.g., western Europe
with the Himalayas).

Cold temperatures, let alone long-lasting frost is
likely to constitute a major limiting factor for most
tropical taxa (Benzing 2000; Larson 1992), but not
for all (Halbinger 1941). Garth (1964) suggested that
temperature itself is not determining the northern
limit of Tillandsia usneoides in North America. The
only temperate species studied in this respect is Poly-
podium vulgare (Kappen 1964). In the Swiss Alps,
epiphytic P. vulgare experience severe frost for weeks
without suffering any visible damage (Zotz, unpubl.
data). Similar to seasonally low temperatures in the
temperate zones, recurring nocturnal frost in upper
montane areas in the tropics may be the reason for
the upper altitudinal limits of vascular epiphytes
(Kessler 2002). In conclusion, low temperatures are
likely to act as a major filter for many of the tropical
(lowland) epiphyte taxa (Hall 1958, Wurthman 1984),
but we still lack quantitative studies on the frost tol-
erance of epiphytes from the temperate zones and
tropical montane areas.

Differences in Pleistocene history between hemi-
spheres are a potentially important, yet mostly
neglected aspect towards a comprehensive explana-
tion of current global distributions. Temperate areas,
featuring a high number of epiphytes today (i.e.,
Chile, New Zealand, Himalayas, Japan), have all been
affected very little by Pleistocene glaciations and/or
provided refugia allowing survival of tertiary vegeta-
tion (e.g., Arroyo et al. 1995; Dawson 1986). Similar
to terrestrial flora, temperate epiphyte communities
are possibly far from saturated, especially in Europe
with its much poorer flora compared to North
America or eastern Asia (Rohrig 1991). Unfortu-
nately, direct evidence for possible changes in the
epiphyte floras is very limited due to the poor fossil
record of vascular epiphytes (Collinson 2000). While
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regions with Pleistocene refugia (e.g., in Chile, New
Zealand) feature many autochthonous taxa, the ‘epi-
phytic niche’ in other areas (e.g., Southeast United
States) was probably refilled in the holocene by plants
from lower latitudes or by newly evolved members
with the epiphytic habit (e.g., species of the Polypo-
dium vulgare complex, e.g., Europe or North Amer-
ica). This scenario emphasises the influence of a
historical component in creating the global patterns of
species distributions (Ricklefs et al. 1999).

Although probably of minor importance, the pos-
sible role of host plant identity should not be ignored
either. It has been observed repeatedly that conifers
are poor hosts for epiphytes (Bir 1989; Garth 1964,
Kolbeck 1995; Kramer 1993). Similar observations
have been made in the Swiss Alps (Zotz and List
2003): although spruce trees were much more abun-
dant than Acer trees, epiphytic P. vulgare plants were
exclusively found on the angiosperm. There are a
number of possible reasons, which are, e.g., related
to bark chemistry (Bir 1989) or tree architecture
(Garth 1964). Moreover, conifers with dense foliage
intercept a much higher proportion of rainfall and
feature significantly reduced stem flow compared to
deciduous angiosperms (Garth 1964), leading to con-
siderably reduced water supply to epiphytes. Needle-
leaved conifers being poor hosts could also be part of
the reason for the asymmetry in epiphytism between
northern and southern hemisphere. Purely coniferous
moist montane forests as well as mixed montane for-
ests are unique to the northern hemisphere (Box
2002). If temperate forests in the southern hemisphere
under otherwise similar environmental conditions
feature a ‘better’ suite of potential host trees (com-
pare, e.g., temperate rain forests in North and South
America, Alaback 1991), development of epiphytism
may be enhanced.

In summary, after reviewing the occurrence of vas-
cular epiphytes outside the tropics I discussed the
possible mechanisms behind the observed latitudinal
trend. While acknowledging low water availability
and low temperatures as the principal mechanism(s)
behind the observed latitudinal trend (although
experimental evidence is still lacking) I suggest to
explore other variables as well in seeking explana-
tions for the global variation in epiphyte diversity and
abundance.
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