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Ajirs/ quol1li/o/ive Cen,m.\' olm "el/h,, ' epljJhy/es ill ruinlOl 'es lS o/ Colombioll Amazonia 

4.1. INTRODUCTlON 

Northwestern Amazonia has been recogni zed as a region with high tree diversity 
(Valencia el al, 1994), but also where the epiphyte communities exhibir high 
abundance and diversity (Gentry and Dodson 1987b; N ieder el al. 2001). In the past 
decades, most studies carried out on vascular plants have focused on the tree 
component, despite the fact that the non-tree vegetation is responsible for a high 
percentage of the total diversity in the tropical forests (Gentry and Dodson 1987a; 
Galeano el al. 1998; Schnitzer and Carson 2000). 

Epiphytes are plants that inhabit a discontinuolls and three-dimensional landscape, 
directly in contact with the forest soi 1 or not (Bennett 1986). Patterns of di stribution 
and floristic composition of epiphytic plants have been related to factors of dispersal 
(Benzing 1986; Wolf 1993), hllmidity and soils (Gentry and Dodson 1987b; 
Leimbeck and Balslev 2001), and variability of structure, superficial area and 
inclination and size of branches of host trees (phorophytes) (Nieder el al. 1999 ; 
Freiberg 1996, 2001). Recently, in nearby rain forests of the Yasuní area, Leimbeck 
and Balslev (2001) reported substantial di fferences in aroid epiphytism between 
floodplains of the Tiputini river and surrounding uplands , suggesting a strong role of 
phorophyte limitation in floodplain forests. 

Here we make the first attempt to quantitatively describe vascular epiphytism in 
Colombian Amazonia. We counted vascular epiphytes in thirty 0.025-ha plots, well 
di stributed over the main landscape units in a part of the basin of the middJe Caquetá 
River (Fig. 3.1). Each plot was directly adjacent to a O. I-ha plot at which the species 
composition of trees and lianas (DBH 2.5 cm) had been recorded three years 
earlier (Duque el al. 2001) . The purpose of this paper is to present these species 
data , while focusing on the qllestion whether or not there existed any difference in 
abundance , diversity, or distribution of epiphytes between the principal landscape 
units in the Metá area . 

4.2 METHODS 

Sludy sile 
The 'study area comprised about 1000 km2 and was situated along the middle stretch 
of the Caquetá River in Colombian Amazonia near the mouth of the Metá river, 
roughly between 1°-2° S and 70°_73° W (Fig. 3. 1). The principal landscape units 
found here were well-drained floodplains, swampy areas (inclllding permanently 
inundated back swamps and basins in floodplains), areas covered wilh white-sand 
soils (found on high terraces of the Caquetá River and in less dissected parts of the 
Tertiary sedimentary plain) , and weJl-drained uplands or Tierra Firme (never 
flooded by river water and including low and high fluvial terraces of the Caquetá 
River and a Tertiary sedimentary plain) (Duivenvoorden and Lips 1993; Lips and 
Duivenvoorden 2001). Soils were called well-drained when they showed a FAO 
drainage class of2 or higher, and poorly drained when this class was below 2 (FAO 
1977). The height of the studied forests varied between 10-15 m (white sand areas), 
15-25 m (well drained floodplains and swamps), and 25-35 m (Tierra Firme). 
Extensive forest structural information is given in Duque el al. (2001). The area 
received a mean annual precipitation of about 3060 mm (1979- 1990) with a mean 
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monthly rainfa ll always aboye 100 mm (D ui venvoorden and Lips 1993). Mea n 
annual temperalure was 25.7°C ( 1980- 1989) (D ui venvoorde n and Lips 1993) . 

Field work dala 
Rectan gular plots of 5 x 50 m were establi shed direc tl y co nti guous lO lhe long side 
o f previ ously establi shed 20 x 50 m pI OIS. Th ese lalt er pl OlS were insta ll ed in each 
one o f the above-mentioned land sca pe units, which had been recogni zed 0 11 ae ri a l 
pholograpils (Du ivenvoorden 2001 ). Dur ing wal ks through the forests, soi Is and 
terra in forms were rap idl y desc ribed, and lhe fores l was vis ual Jy exam ined. In lhis 
way, forest sta nds wi lh more 0 1' less homogeneous so il s we re ide ntifi ed. In these 
stands, plots were loca led wilhoul bi as wilh respect ro nori sti c compos it ion. Recent 
gaps due to fa ll en ca nopy trees were avo ided. AII plots we re establi shed in rn alure 
fa rests that did nol show s igns o l' recent human in lerve nl ion, at a minirnum di stance 
of 500 m belween plots (F ig. 3.1). PI OIS were mapped wi til GPS. In 1997 and 1998, 
lhe density and spec ies compositi on of li anas and trees wirh DBH ::: 2.5 cm were 
recorded in these O.I-ha pl ots (Duque el a/. 200 1). During a new field work from 
March lo June 2000, the adj acent 0.025-ha plots were censused fa r epiphyti sm. The 
5 x 50 m pl ots we re subdivided inlo subplots of 5 x 10m, in which a ll vasc ul ar 
epi phytes occurring on trees and lianas with a stem bas is insi de the pl ot area we re 
recorded. 

FieJd co ll ection ol' epiph ytes was done with the help of indi ge nous climbers. 
Binocul ars were used to examine epi phyte individuals occurring in di slanl crowns. 
Wilh the help of poles, crowns were surveyed and a ll observed individ ua l ep iphyte 
plants were co ll ected. For eac h epiph yte planl , lhe pos it ion above grollnd (in the 
case of hel1li-ep iphytes the maximum heighl was consid ered), and pos ition on lhe 
phoroph yte (main stem 0 1' branches) we re reco rd ed. Three plant pos itions were 
con sidered: ( 1) base indi viduals found al 0 1' be low 3 11l aboye ground leve l; (2) 
stem: ind iv iduals fo und above 3 m and be low til e firs t branch; (3) branches 0 1' 

crowns: indi viduals fou nd on slems 0 1' branches in crowns. 

For each phorophyte, the fo llow ing variab les were reco rd ed: ( 1) DBH (from 
phoroph ytes wilh height lower than 1.3 m the slem diameter was recorded al hal f of 
the total heigil l) . (2) Tota l height and height ol' fi rst branch, measured or est imated 
by means of po les of 8 meters lenglh . For lrees, we ca lcul ated the conica l superfi cial 
area of the phorophyte stems as 3. 14 times the prod ll cl 01' the stem radius and the 
height of rhe ti rsl bra nch (i f there were no branches, the to ta l hei ght was employed). 
AII species in each plot were co llected appl ying vo uchers num bered AMB 100
J 300. Species id entif'ica ti on too k place al the Herba rio Universidad de Antioq lli a 
(HUA ), Herbario Arnazónico Colombiano (COA H), and Herbari o Nacional 
Colombiano (COL), by means 01' taxonomi c keys, compari son wi lh herbari ll m 
coll ect ions, and consul ta ti ons 01' spec ia li sts. The nomenclat ure of fa milies fo ll ows 
Cron qu is t ( 1988) fo r angiosperms and Tryon and Tryo n ( 1982) for pteri dophytes. 
Wi thin fa milies 0 1' groups of closely alli ed fa lllilies, speci mell s that could not be 
identifi ed as spec ies beca use o l' a lack of suffíc ienl di agnosti c characterist ics , were 
clll stered into morpho-spec ies on lhe bas is 01' simul taneous morpho logica l 
comparisons with a ll other spec imens. 
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In this study, the terlll epiphyte is used, in a broad sense, for plants that spend most 
of their life cycle attached to other plants (Benzing 1987), including true epiphytes 
(holo-epiphytes) and hemi-epiphytes. Only those epiphyte individuals that were in 
contact with the forest so il were recorded as hemi-epiphyte. Clones from 
rhi zomatous plants were considered as one individual. 

NlIl11erica/ al7a/¡'sis 
To calculate the diversity, Fisher' s alpha index was employed (Fisher el al. 1943, 
Condit el a/. J 996). Differcnces of diversity , speci es richness, epiphyte abundance, 
and superficial area ol' the phorophytes between th e landscapes were analyzed by 
ANOV A and subsequent Tukey-Kramer tests. The condition of normal distribution 
of residuals was chec ked by means of Shapiro-Wilk tests. The analyses were 
deveJoped using JMP 3.2.2 (SAS 1994). 

Patterns of epiphyte spec les composition were expJored by Detrended 
Correspondence Analysis (DCA, Hill 1979) in CANOCO version 4 (ter Braak and 
Smilauer 1998), applying plot data ofabundance and presence-absence. Correlations 
between epiphyte species, trees and liana species in the adjacent plots, and the 
spatial position of the plots, were analyzcd by Mantel and partial Mantel tests 
(Legendre and Legendre 1998), applying R-package for Macintosh (Casgrain and 
Legendre 2002). The floristic silllilarity matrices were constructed on the basis of 
the abundance data using the SteinhallS indexo A Euclidean distance matrix was 
calculated using the geographical coordinates of the plots (Legendre and Legendre 
1998). The significance of lhe Mantel r coefficient was tesled by means or' 10000 
permutations. 

4.3 RESULTS 

A total of6129 individual vasclllarepiphytes were recorded in the 30 plots ofO.025 
ha each. Precise ly J200 botanical collections were made pertaining to 27 famili es , 
74 genera , and 213 species (which included 59 morpho-spec ies) . A total of 141 
species (66%) were found in more than one plot and just 17 species (8%) 
represented 50% of lhe total nllmber of individuals regi stered. Many species (78) 
were found both as hemi-epiphyte and holo-epiphyte. Most species (107) , however, 
were strictly holo-epiphytic , while 28 species were always hemi-epiphytic. 

Araceae, Orchidaceae, and Bromeliaceae were lh e most speciose and abllndant 
families (see Appendix 3 and Figure 4.1 A). Of these, Araceae was the most diverse 
famiJy in all landscape units. Two genera of Araceae, Philodendl'Ol7 and Anlhllriul11 , 
had the highest species richness (Figure 4.1 B). There were J 17 monoco tyledonous 
species (5 famili es , 36 genera), 45 species of pteridophytes (12 families , 20 genera) , 
and 49 dicotyledonous species (10 families , 18 genera). Five species were found in 
all landscape units: Aechl11ea nivea (Bromeliaceae), Asp /eniul11 serralul11 

(Aspleniaceae), Codonanlhe cra.l'sijó/ia (Gesneriaceae), Anlhllrilll11 emesli; 
(Araceae), and Phi/odendl'Ol1 /il1l1oci (Araceae). TrichOl11anes ankers i i 

(Hymenophyllaceae) was the most abundant species , being present mainly in upland 
fores ts . 
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Figure 4. 1. Number of epiphytic species and indi vidua ls belo ngin g lO the Illost speciose 
families and genera in thiny well di slri buted 0.025-ha pI01S, in lhe principal 
landsca pe units of the Melá area in Colombi an Amazonia. A. Speci es ri chness and 
abu nd ance of lhe mosl speciose ep iph yli c lami li es . B. Species ric hness and 
abundance of lh e 1ll 0s1 speciose epiphyli c ge nera . 
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A to tal number of 2763 phoroph ytes were reg is tered, 1701 (62%) of which with 
DBH ~ 2 .5 cm. On average , one phorophyte carried 2.2 (standard deviation (sd) = 

1.9) ep iphyte individuals and 1.8 (sd = 1.2) epiphyle species . Based on the dens ity of 
trees and li anas in the adjacent O.I-ha plots (Duque el al. 200 1) about 40-60% of the 
woody plants with DBH ~ 2.5 cm ca rri ed epiphytes, and about 50-85% in case of 
DBH ~ 5 cm (Tab le 4.1). 

Many (44-60%) epiphyle indi vi du a ls were fOllnd 0-3 m aboye the g round, and far 
le ss (4 -1 2%) were in Ihe crowns or on th e branches, throu ghout all landscape units 
(Table 4 .2). Stem bases a lso carried the hi ghest number of epiphyte species, but 
diffe rences with the upper parts of th e phorophytes were less pronounced (Table 
4 .2) . Thus , on a species-to-individual basis, epiphyte di ve rs ity was hi ghes t in the 
crown/ branches, and lowest on th e stem bases. 

Epiphyte spec ies richness , abunda nce of ep iph ytes, phorophyte density, and 
superfi c ia l area did not differ between land scapes (Table 4.3). Epiphyte divers ity 
(Fisher's a lph a index) showed a s li ght difference between landscapes, mos tl y due to 
high va lues in some plots on th e low terrace compared to those in the white-sand 
a reas and th e Terti ary sedimentary plain. 

The DCA d iagrams showed how lhe record ed epiphyte species asse mblages tended 
lo be associated with the land scape units (Table 4.4 , Figs 4.2A ,B). According lO the 
Mante l test, lhe epiphyti c fl ori s tic composition varied independentl y of the distance 
between the plots (Table 4 .5) . On th e other hand , lhe f1 0 ri s ti c com pos ition of 
ep iph yte spec ies and th al of trees and li anas with DBH ~ 2.5 cm in the adjacent 0.1
ha plots (Duque el a/. 200 1) was strong ly correlated (r = 0 .7). Thi s hi gh corre la ti on 
remained alter controlling for the geograp hi c di stance belween th e plots by mea ns of 
a parti a l Mante l test (Table 4 .5) . 

4.4 DISCUSSION 

The percentage ofspecies belongin g lO the most speciose families in this s tudy were 
more s imilar lo tbose reported for wet and moist forests in lowl ands (Gentry and 
Dodson 1987b, Foster 1990, Bal s lev el a /. 1998), than those loca ted in drier forests 
where th e a ro id component decreased, and Orchidaceae and Pteridophytes increased 
(Wolf and Flamenco-S. 2003) . Three of th e most spec iose fa mili es (A raceae , 
Orchidaceae, and Bromeliaceae) llave been reported within th e most abu ndant and 
diverse fam ilies in other studi es th at inc lllded epiphytes as well (Gentry and Dodson 
1987b, Balslev el a /. 1998 , Galeano el a/. 1998) . 

The reco rded number of ep iphyle species is within the range of o th er reports from 
Neotropical forests (Gentry and Dod son 1987 b) and among th e hig hest for the 
Amazon ian reg ion (Gentry and Dodson 1987b, Prance 1990, Balslev el a/. 1998 , 
Carlsen 2000, N jeder e l a/. 2000). Our total of 213 vascular epjphyte spec jes 
compri sed 14% of th e spec ies of trees and lianas (DBH ~ 2.5 cm) fo und in the 
adjacent plots. In th e same area , Dui ve nvoorden ( 1994) found that (hemi- )ep ip hytes 
represented about 5% of the vascular plant spec ies, but he reported undersa mpling of 
th e upper s tems and crowns o l' hi gh trees. AIJ these t~ gures remain well below th e 
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Table 4.1. Density of phorophytes and the total number of trees and lianas in n 0.025-ha plots in different landscape units in the Metá area of Colombian 
Amazonia. Shown are averages ± one standard devialion. The number of trees and lianas were based on O.I-ha plot data (Duque et al. 2001), 
adjacenl 10 the plots \-vhere the phorophytes were counted. 

n Phorophyte density Total number trees and lianas 
total DBH ~ 2.5 cm DBH ~ 5 cm DBH ~ 2.5 cm DBH ~ 5 cm 

floodplains 5 65 ± 12 42 :!o. 7 25,,- -" 73 ± 13 36 ± 6 
swamps 5 84 ± 25 69 ± 21 47.U 8 166 ± 75 95 ± 59 
podzols 5 132 ± 93 68 ± 38 36± 18 129±52 75±46 
low terrace 5 84 ± 28 55 == 21 36±11 91 ± 12 42 ± 7 
high terrace 5 93 :i 26 61 ± 15 35",7 117 ± 12 52 ± 4 

Tertiary sedimentary plain 5 94 ± 30 64 ± 21 38±11 119 :!: 11 55 ± 7 
AII landscape units 30 91 ± 46 60 ± 24 36±13 116 ± 46 59± 35 

Table 4.2. Abundance (number of indi viduals) and species richness of epiphytes in three positions in the forest , as recorded on phorophytes present in ¡¡ve 
0.025-ha plots in different landscape unilS of lhe Melá area in Colombian Amazonia. Shown are averages ± one standard de viation. 

Floodplains Swamps Podzols Low lerrace High terrace Tertiary Total 

Abundance 

Base 81.8±21 .1 127 ± 107 .5 281 ± 251A 108 ± 50.0 103 ± 37.9 103±61.1 123 ± 104 .2 

Stem 42A ± 13.8 78 ± 25 .9 347±34.0 63.8 ± 42.6 79 ± 43.6 47.6 ± 33.5 59.2 ± 34.8 

Crownslbranches 19.6 ± 6.5 25A ± 19.8 12 ± lA 25.6 ± 6.0 24.2 ± IIA 20.2 ± 14 .2 22.1 ± 11.7 

Species richness 

Base 156±3.6 20. 8 ± 8.8 22.7±7.0 25A ± 6.6 20A ± 8.7 13 .2 ± 5.5 19A ± 7.5 

Stem 15.2 ± 4.3 19A±6A 11 ± 4.4 2IA±6.3 20A ± 6.8 14.4 ± 6.3 17.3 ± 6.4 

Crownslbranches 11 ± 2.5 10.4±7.2 7±1.4 14A '" 2.3 11.2 ± 1.9 11 ± 4.5 112 ± 4.1 
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Table 4.3. Species richness, abundance (number of individuals), and diversity (Fi sher' s Alpha index) of epiphytes found on phorophytes in n 0.025-ha plots 
in di1'fe rent landscape units 01' the Metá area in Colombian Ama zoni a. Al so shown are the number and the su perficial area of th e phorophyte s in 
¡hese pl ots. Fi gures represent averages ± one standard de vi ati on. The ri ght co lumn gives the F va lues of the ANOVA between landscape units (ns 
= non significant ; * = 0.05 < P < 0.01 ) The letter codes (a ). (ab), and (b) indicate the result 01' the Tukey-Kramer post-hoc test of difference 
between landscape units. 

Flood plains S\\'amps POdLOls Low terrace High ten'ace Teniary A11 landscapes ANOVA 
(n=5) (n=5) (n= 5) (n=5) (n=5 ) sed im entary (n=30) F 

I2lain (n=5) 
Species richness 25 cz 7 32 :t: 10 29 := 7 36 ~ 7 32 -:: 10 23 ± 7 29 ± 9 2. 1 ns 

Number of indi viduals 143 ± 33 230 ± 107 278 ± 214 197 ± 96 206 ± 81 170 ± 92 204 ± 115 0.8 ns 

Fi sher' s Alpha index 93 ± 3. 1 (ab ) 16.1 ± 13.8 (a b) 9.6 ± 2.7 (a) 13.2 ± 1.1 (b ) 10.6 ± 4.3 (ab) 7. 6 ± 2.3 (a) 11 ± 6.4 3.4 • 

N umber 01' phorophytes 65 ± 13 84 ± 28 \ 32 ± 93 84 ± 32 93 ± 29 94 ± 33 92 ± 46 1.2 ns 

Superfici al area (m 2
) 59. 7 ± 19 71.2 ± 29 .3 57 ± 26 68 .6 ± 26 76.2 ± 22 R9 .3 ± 23 70.3 ± 24 .1 1.2 ns 
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Figure 4.2. Detr'enclecl Correspondcnce Ana lysis 01' vasc lIl <tr epiphyLcs in rhe MelR an:,a or 
Co lombinn Amazonia. A: based 0 11 lhe presencc-ahscnce of epiphylC spec ies. 8: 
basecl on lhe abundance (nulllber of indi viduab) 01' epi phyle spec ies. 

estimates oC studi es in wes lern Ecuae!or and Cos la Ri ca whe re belween 25 and 
35%)of vascul ar spec ies in small plOIS perlain ee! lO epiph y tes (WhilrnOre el a/. 1985. 
Genlry ane! Dodson 1987ab 

Recore!in g cpiphytes in ro res l canopies w ith binoc ul ars is com lllon pracl ice (e .g. 
Leimbeck an e! Bals lev 200 1) . Howevcr. cven lhough Illllch care has been laken 10 

observe ane! sa mpl e l he epiphy les by cli mb ing inlo lree crowns. il remain s possib le 
Ihat small ep iph y le planls have bee ll mi ssee! in our slucl y. especially in high trees 01' 
tlooe!plai ns, swamps ane! Tierra Firmc. accou nling parl ia lly 10 1' Ihe high densily ane! 
spec ies r ich ness 01' ep iphy tes at lhe slcm basis. O nly by more inlensi ve sampl ing. rol' 
example including ca rerul e!estrucli ve felling 01' all branchcs. an ex hauslive ce nsus 
o l' epiphyle e!i ve rsily in Irce erow ns can bc made. To les l ir Ihe branches and crow ns 
might ha ve been une!ersa mplee! . we cul dowll JO Irces w ith a DBH belween 20 cm 
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and 30 cm well outside the plot areas but close to each plor. Each of these trees had a 
vi sually defined large epiphyte load along the stem and in the crown. Contrary to our 
expec tations, the analyses of these data , whi ch are slill in a preliminary stage of 
species id entifi ca tion and lherefore not shown here, did not reveal s ignificant 
differences in the number of epiphyle individual s and epiphyte species in branches 
and crowns compared to the phorophytes in similar diameter-class sampled in the 
plots 

Table 4.4 . Su mm ary information 01' Delrended Correspondence Analyses (DCA), based on 
vascular epiphyle species composition on phorophytes in thil1y 0.025-ha plots. 

Axis 1 Axi s 2 Axis 3 Axis 4 Total inertia 

A: Presence-absence data 

Eigenvalues 

Length 01' grad ient (sd units) 

B: Abundance data 

0.45 

4. 1 

0.28 

3.3 

0.17 

VI 

0. 12 

2.2 

4.23 

Eigenva lues 

Length oC gradi ent (sd units) 

0.54 

4.7 

0.27 

3.2 

0.16 

2.3 

0.12 

1.9 

4.78 

About 4 to 6 out of every 10 woody plants (OBH ::. 2.5 cm) and 5 to 8 out of every 
10 woody planl with DBH ::. 5 cm carried epiphytes, suggesting that epiphytes fail to 
effectively colonize a substantial number of potential phorophytes in the Metá area. 
Leimbeck and Balslev (200 1), in tloodplains of nea rby Yasuní , found that 98% of 
the trees with DBH _ 5 cm carried aroid epiphytes. These authors hypothes ized that 
aroid epiphyles ex perienced limitation for phorophyles in tloodplains. Their 
floodplain saturation percentage of 98% corresponded to about 25 phorophytes with 
aroid epiphytes per 0.025 ha when based on the tree density (OBH ::. 5 cm) of 
10 12/ha reported by these authors. In the five Iloodplain plots of the Metá area, the 
average number of phorophytes with aroid epiphytes was 21/0.025 ha , 
corresponding to 58% of the trees and lianas witil OBH ::. 5 cm. So, on a plot area 
basis, the foresls of the floodplain of the Caquelá River contained 16% less 
phorophytes covered with aroid epiphytes, and lheir phorophyte sa turation level for 
aroids was about 40% lower than in Yasuní. It seems unlikely, in thi s li ght, that the 
aroid epiphytes in the Metá experience phorophyte limilation to the same degree as 
might take place in Yasuní floodpl ai ns. For the trans ition and upland areas in 
Yasuní , about 3 1 and 32 phoroph ytes wilh aroids were found in sample areas of 
0.025 ha , whi ch corresponded lo 82-86% of the total tree density (OBH ~ 5 cm). In 
the three Tierra Firme units thi s average number ranged between 14/0.025 ha and 
29/0.025 ha , corresponding to 26-70% of lhe lree and liana dens ity (OBH ~ 5 cm). 
This comparison suggests that a lower number of trees and lian as are covered by 
aroid epiphytes in upland forest s ofthe Metá area compared to Yasuní, and that tbe 
saturation leve l and phorophytelimilation is comparatively low too, just as in the 
tloodplains. Overall climate and humidily levels of the Yasuní area and Metá areas 
hardly differ (Lips and Ouivenvoorden 200 1) . Yasuní forests might be subjected to a 
grea ter immigralion of aroid epiphytes from the surrounding forests, espec ially from 
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the nearby Andes , compared to the Caquetá area. The Andes have been mentioned 
as a rich centre of diversity for aroid epiphytes (Gentry 1982). 

Table 4.5. Mantel and partial Mantel test results ofvascular epiphyte species against 
species of trees and lianas, and geographic distance (s pace) in the Metá 
area of Colombian Amazonia. Matrix A is composed of Steinhaus 
similarity coefficients between epiphytic species data from thirty 0.025-ha 
plots. Trees is the matrix composed of Steinhaus similarity coefficients 
between species data oftrees and lianas (DBH:::: 2.5 cm) from thirty 0.1
ha plots, each directly adjacent to the 0.025-ha plots where epiphytes 
were recorded. Space is the matrix composed of Euclidean distances 
between plots. Mantel r is the Mantel correlation coefficient between 
matrix A and matrix B. Partial Mantel r is the Mantel correlation between 
matrix A and matrix B when the effect of matrix C is removed. 

Mantel r Partíal Mantel r Probabílíty 
Matríx A = AII vascular epiphylic specíes 
Matrix B 
Trees 0.7 0.0001 
Space - 0.05 0.18 
Matrix B Matrix e 
Trees Space 0.7 0.0001 
SEace Trees -0.02 0.33 

In the Metá area, epiphytes showed a more or less similar abundance and species 
diversity in all landscapes. This is remarkably different from trees, which show a 
well-documented gradient in species diversity from swamps and podzols to well 
drained floodplains and well-drained uplands (Duivenvoorden 1996; Duque et al 
2001). Why might landscape factors not affect epiphyte diversity in the same way as 
they do for trees? Epiphytes in upper canopies in all lowland forests are generally 
subjected to high temperatures and low levels of air humidity (ter Steege and 
Cornelissen 1989), leading to energetic losses by tissue respiration and water 
balance stress (Andrade and Nobel 1997; Zotz and Andrade 1997). In forest 
understories stress factors differ between forest types. In the understory of tall 
forests, air humidity tends to be higher and more constant but light availability and 
associated rates of carbon fixation lower (Kessler 2002). In the understory of low 
forests, light penetration in understory is higher, but temperature and drought are 
also higher leading to less favorable growth conditions for epiphytes. Therefore, the 
epiphytes in both high and low forests in the various landscape units might 
experience a more or less similar net degree of stress. Secondly, epiphytes are 
c1aimed to have a high dispersal ability (Benzing 1987; Nieder el al. 1999), which 
would allow a more rapid colonization reducing possible effects of forest 
development on epiphyte species diversity. This explanation, however, seems only 
valid for epiphytes occuring in upper canopy crowns, but not for understory 
environments where dispersal by wind is less effective. A high epiphyte dispersal 
ability should lead to a wide distribution of many epiphyte species in all landscapes, 
which is not in correspondence to the high epiphyte-Iandscape association recorded 
in the Metá area. 
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Epiphyte species compositional patterns were well related to the principal Jandscape 
units (Figs 4.3AB and Table 4.4). In view of the dominance of epiphytes in the 
understory this is hardly a surprise. The floodplain and swamp plots are subjected to 
an annual inundation by the Caquetá River, during which water levels may rise 
several meters aboye the forest soil. This, plus the c10ser proximity of river and 
swamp water during periods of low river water levels likely produce a higher 
humidity (including mist in early mornings), at annual and daily time-scale , 
compared to upland conditions. Yearly sedimentation of silty deposits , which are 
partially of Andean origin , makes the rooting environment at the trunk bases more 
ferti le than in upland forests. Leimbeck and Balslev (200 1) further mentioned 
enhanced vegetation reproduction due to mechanical damage or separation of plant 
parts into ramets when submerged. The lower stand height and simpler structure of 
white-sand forests might induce less habitat diversity , as well as better light 
penetration and wider daily amplitude in temperature and humidity in the llnderstory 
environment, compared to the generally taller forests in the other landscape units. 

Contrary to trees, landscape parterns of species diversity and species composition for 
epiphytes are uncoupled. In concJusion, we hypothesize that some epiphyte species 
are more favoured by high humidity (floodplains and swamps), or are better adapted 
to withstand drought (in low podzol forests) than others without leading to 
competitive exclusion as this latter process is effectively counterbalanced by 
immigration from regional pools in situations of Jow phorophyte limitation. We need 
more explorative stlldies, and additional studies on the dispersal ability and allto
biology of epiphytic taxa and the dynamics of epiphyte populations (Benzing 1995; 
Nieder and Zotz 1998). Our reslllts suggest that caution is needed when knowledge 
of tree species distriblltion and dynamics are extrapolated to growth forms with a 
totally different ecology and vice versa. 
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