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ABSTRACT 
Epiphyres prrfbrm ctirical functions in  primary tmpical fnrc~rs, hut thcir cco!ogical roles havc only mwly becn srudicul 
in sccondary forcsrs or in  forcst plantarionr;. Wc ass~scd rlrc mmposirion and disrrihitrion o f  epiphytic hromcliad 
comrn~~nirics in  Four- and cigllr-ymr-old rcplicnrcd ~.xpr.rimcnrtl mr~nocpccific tree pl;antatinns 13 species) at the la 
,klvn Biological Srarion, Cosc,~ Ilica. 'l'hc hromelind communities of these stands arc dnminated hv two spccim, 
Gttzmmzirl monostdcly (L.) K u ~ l > ~  cx. Mrd. and V F ~ ~ S M  gJ~dinl{//orrl ( H . Wcndl.) Anroinc. Wc. idcrui ficd brcln7cl iads 
oi l  avcr 700 rrm and csrimarcd thcir hiomans and I L ~  arc.%. Mean brornuliad hiomas nl~gcrl Fmin 2 rtj 8 gltrcc in 
rhc four-yerr-nld plors and from 20 ro 94 gltrcc in  rhc cighr-!car-old plors. Thc mnn hrnmcliad Inf arc.1 rnngcd 
hcrwwn 104 and 704 cm'ttrec and fn,m lhnB tn 8500 crn'ltrcc in thc hur-  and ~ i ~ I i t - ~ i ~ r - r , l d  plots. m~pccrivclv. 
Although hromeliads acrrrunted [or INS rhan 1 prrcrnt o f  thc total foliar hiomas and ltaf arm in l>or l~  four-year-old 
and cighr-ycar-old plots, thc hiomass o f  hromcliads txhihitcd a 5- to 46-hid incrmw hcnvccn rhc four-yar-old and 
cigl~r-ycar-old plots, rc~pccrivcly. Rrornciiads shnwcd clcnr parrcrnq of  hosr tree prcfcrcncc. which may hc artrihutcd 
to ho+t rrec cbanctrriqrics that differcnti~lly Livor recruitment and wrvivnrship. Renvecn hur and tight ymrs o f  
growth, differences among hust rwe spcrics with respect rrj thc amount o f  availal>lc host trcc woody btclmass, host 
rrcc hl iar  E)ir,mass, and h o ~ t  trrc lcnf surLw arca wrrr psirivclY cc~ rw l r t d  with tlic r2>undnncc of  vpiphyric 'trrorncliads. 

RESUMEN 
Se hr  documentado que las cpihras eiccuran funcianes cririms en hosques cropicales primaries. Sin embargo. se sahe 
muy porn dc rlr r.cologia cn Imsqucs rlvi~ndarios o cn planracionrs Fnrcscalcs. n t r t rm inamn~  la cornpnsic~hn, diqrri- 
hucibn, y la ahund;inc~s dc coniiiriidatirs dc. hromclias cpifiticas cn pl.qnracioncs tnrcstalrs experirnr.ntnles dc 4 y X 
aiios dc edad c i ~  la Estacibn Biolbgim l a  Sctvr. Cnqtn Rica. nos cspccics dc hrnmclia~. Chmnnin monorrnc/yn (L.) 
Rushy cx. Mn. y Vr~rsen X/~dto/( / /om (H. Wcndl.) Ant.. dnminan Ins comui~idadcs rlc eplfitas cn cstas planracioncr. 
Uri anllisis dt  la altun sohw el surlr~ a In rlur sc cncucntr.In las bmmrlias y d t  su distril~ucion dc rsmriio, rmli7-qdo 
en mis dc 7fl0 Irholcs, junto con mcdides dcl ircn foliar y biornasa, dcrnostni quc cl ircn foliar de I r s  hromclixq cr 
<2%, dcl total cn parcclar tic 4 y 8 afios dc cdad. LI h~omnsr pmrncdio dc hrornclins varia cntrc 2-H glirhol cn Zs 
pamlas rlc 4 aiins. y cntrc 3-94 glirhol cn  13s pnrcclns dc 8 xfios. El 6rc.a hl ia r  promrrtio dc 13s cpifirss cstudiadrs 
cn Ias parcclas dc 4 aiios hi. dc 1114-704 cm'l~rblrl, y cntrc. 1100 y 8500 crn?/~rlrol cn las parcclas dr: R ailns. is 
hiomas3 du hromelias sumcnrCI dc. 5 a 46 vrccs m h  ctirrc los 4 y 10s A atop, rnicntraq qtrc CI 6rca FnIiar aumcntd dc 
2 a 4 0  vcccs mas. Kntrc los 4 )r 8 ahos de edad, Ios carnhios cn la nbundancin relativr dc eplf n~ estuvicrnn relacionndos 
positivarncntc con la cdxd ddcl suhstraro y con la  fcnoloaiz dc las I~niar. 

KT IUOT~S.. biomnss: Bwmrlinme: Coxm Rim; rpiplyrei: Gutman in: h o r ~  nur xp~r13riy; I~nf men; mpirnlfon-~rrr: Vricsea. 

TIIT: RI(IA<ACS A N D  MYAMlLlS Or PPlPHYnC C-nMMII- 

NITIF-$ haw documcntcd i n  many primary for- 
est habitats (Edwards & G r u b h  1377, Tanner 
E 380, Nadkarni  1984, Ackcrman er a/, 1989. Vc- 
ncklaas 1990, Hof<tcdc rt nL 1993). Thcy, how- 
cvcr, havc rarely hccn srudicd in secondary fo rms 
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and agricultr~ral sctrinp (Catling er nl. 3986). This 
Iack of  studies in non-pr imary Forests is surprising 
because of the ease with which they can he exam- 
ined relativc ro pr imary  forests. For cxarnplc. scc- 
ondary foresrs ccnd w have shorrer statitrc than 
primary Forests, which redt~ces problems with mn- 
opy access. Rccausc the history o f  trees i n  many 
sccondnry forests has been documenred and some- 
rimes manipulard, and hecat~se tree spccics divcr- 
sity is usually nluch lower than p r i r n a ~  forests, the 
confound ing hcrors of  difftrenr Iiost rrec ages and 
species cncountcrcd in pr imary  fbrests can be min- 
imized in secondary foresn. lnvesrigations that en- 
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hance our undersranding of  epiphyte ecology in 

secondary forcsr habimrs hecome more important 

as disturbed forests dominnrc increasing amas of 
tropical landscapes (Rrown 81 Lugo 1991)). 

Manipularcd fnrcsts and plantations alsa allow 

rls ro invesrigarc porcnrial host tree-epiphyre inter- 

actions, particularly the question o f  how diFerenr 
host trec species affect epiphyt~ distribution and 

ahundancc. SrutIics of  host tree specificiry in nac- 
ural Forests, where the paucity o f  individuals from 

a givcn age or s i 7 ~  class for rht many cocxisiting 

spccics prectudes adequate replication, have oftc i~ 

yielded inconclusive rcsults (Frci & Dodson 1972, 
Cornelissen & ter Sreege 1989. Hietx & H i e n -  
Seifert 1995. Arseneau et nl. t397, Baars a nl. 
1998). In conrrasi. rnanipttlarcd f o ~ s t s  OF IOW di- 
versiy (or, even better, rnonospccific pIantarions or 

experimenrd srandq) allow us  to carry out inven- 

rories of epiphytes with numerous rcplicatcs o f  host 
trees that have hecn exposed ro the samc enviran- 

mental conditions and grow on the same soil types. 

The few studies that have approached this in plan- 

rations (Catling cr R/, 1 986) have pointed ot~r  in- 
triguing trcnds in epiphyte specificity of host trees. 

We quantified the abundance o f  the dorninanr 

vascular epiphytes in young monospecific Foresr 

pIantatinns in a lowland tropical forest. We took 
advantagc of a long-term experimental project 
composed of ~ ~ l i ~ ~ c e d  stands of rhrec host trec 
species o f  nvo ages (4 and 8 years old; hereafter. 

"young" and "old," respectively). Wr. rcpurt csti- 

mates of hromeliad densiry, hiomass. attd leaf arca, 
and compare rhcsc to rhc biomass and lcaf awa of  
host trees. This study is one of  the fcw that has 
addressed rhe effects of host tree species on bro- 
meliad discriburion with sufficient replication and 
is a first step to understanding the ecological mles 

that epiphyres play in carly successianal forests and 

plantations. 

STUDY AREA AND METHODS 
S I cr l ,~  51 I c.-Fieldwork was conducted from Junc 

to August 1999 at the La Selva Riological Srarion 

(10°26'N, 84°00'W. 30 m elev.) in thv Arlanric 

lowlands of  northeastern Costa Rim. The silr- 

rounding primary fotrsr is classified as tropical pre- 

montanc wet forest (I-larrsh~~rn 1983). Mcan an- 

nual rainfall ar L S c h  is m 3900 mm. wirh thc 

majority of precipitatinn occt~rring herween Mav 

and December (Clark 1994). For a derailed site 

description o f  La Selva, see McDade a nl. (1394). 
OEI~ study site was located in a scrics of exper- 

imenral plots established in Jime 1931 z< part of a 

I I .  h mnp nl'thc ~ ~ d v  sitc \ h o w ~ r i ~  plot\ of 
thc thrcr. t m  r p i c s  (HYAL = H~rmnivlrr: (:1101) = 
(.-rdmlrr: GOAL = i.>rrli,~E ~urmundutf by primary t r ~ r c ~ t  
(pry  shatlcd arm). 

long-rcrm study ("Proyecto Hr~ertoi') de.~iped rn 
asscsr the impact o f  plant longevir). on sustninahil- 
ity in made! tmpical ecosysrcnls (Haggar & E w l  

1994). Thc 8 I l a  snidy sire is. ~ituatcd on alluviaI 

(dy~tmpept) soil and is immcdiarcly si~rmundcd hy 
rcgmwing cacao plantarion (ca GO yr old) rhar sup- 

ports a forcst 10-20 m in  rtaturc with occasinnaf 
emcrgnr trees and ahtintiant cpiphytce The com- 

mon spccie~ in the experinlental plnrs arc a l~o cnm- 
mon in thc s~~rrnc~nding fnrcsr. 



TARLE I .  Mpnn 6;otn~fl k/ind] find l r t ~ f m ~  (m?/ind,J urrlrresfix individunl bmrnclindr 4 sizr rlm. Stnndnrddrti~tiorrr 
nm in pnmrr~~c~es. 

G~tzmnnir? monosinr/y~ Vritrm ghrdioolt$om Other Bromcliads 
Siae 
Class Hiomas Lcaf Arca Riomas h f  A m  Biomass Leaf Arm 

- - - - - 

Small 0.2 (50.03) 35.9 (26 .1)  0.6 (20 .4)  67.4 (237.1) 0.4 ( 2 0 . )  39.6 (t29.1) 
Medium 2.3 I? 1.1) 6 . 6  9 2 .  2.4 (2 1.0) 240.3 ( 2  127.3) 7 0 146.0 (_f26.(1) 

10.1 (t3.8) 331 .I (2303.8) 28.0 ('11 1.6) 2427.6 (-F 1 134.8) 4.2 (T4.3) 27tE.3 (*262.2) 

The study area consisred of three replicated 
blocks, each composed OF rnonaculnrre plors of 
three tree species: Hyrronimn n/c/~umeoides Allcmh 
(Euphorbiaccae), Oedrrh odorntn L. ( Mel iaceae) , 
and Cudid nIIiudavn (Ru6z & Pavon) Oken (Bo- 
raginaceae). Within each block, monospecific pPots 
were subdivided into a 20 X 40 m plot that was 
harvested and reptantd a t  four-year inremala, and 
a 30 x 40 m plot rhat ha< not been harvested since 
the time of planting, yielding a rotal of six 
per block (1 8 plors rotall (Fig. I). Trees were planr- 
ed in evenly spaced rows, so thar cach tree was 
equidistanr '(2 'm) fmm irs six nearest nrighbors. 
The  mcan numbcr of trees pet plot was 106 ? 23 
(SD) in the young plots and 75 r 3 in the old 
plors. The mean diameter (std) of trccs was 3.1 cm 
(0.19) i n  the young stands and 1 5.4 crn (0.21) in 
the old stands. 

In the young stands, nonvascular epiphyres 
(hsyophyes and lichens) accounted for 93  to 99 
percent of the epiphyte biomass: bromcliads made 
up less than I pcrccnt of the epiphyte biomass (M. 
Menvin & S. Rentmcester, pen. obs.). I n  the old 
stands, bromeliads were the dominant cpiphytes, 
accounring for 70 to 75 percent of the epiphyre 
hiomass in Cordia and Ccdwh plots and cn 90 to 
95 percent in thc Hyerunimn plots (A. Reich, pen. 
comrn.). 

BROMEI.IAD D I F T R I A P F I I O N . - U ~ ~ ~ ~  binoculars and a 
spotting scope, we identified all individual bro- 
rneliads on cach tree to species. Given thar juveniles 
of many hrornetiads arc very small, quite similar, 

and were obscrved From the ground, there was 
some uncertainty for this size class. Our analyses. 
however, arc hased on biomass, and so this may 
nor be as criticaI as the largcr individuals for which 
identification was more straightforward. For clonal 
planrs ( e . ~ .  , Gramnin ntonostncIyn). we counted 
each tank as an "individual." The 25 individual 
bromeliads that could not be identified to species 
accounted for less than I percent OF the [oral; wc 
excluded rhew from the analysts. Vouchers are 
hnuscd at The Evergreen Srate College Herbarium. 

RROME~ IAI, HioMArr  AN^ I I:AF ARI:A.-We assigned 
each individual bromeliad to a si7c class (small, 5- 
<15 cm ralI: medium, 15-€25 cm; largc, 225 
cm) . Because two species ( G. monostnrhyn and Vrie- 
scn gI~diu(fl#m) made up the clcnr majoricy of the 
epiphytic Lromeliadr, we quantified biomass and 
leal' area of these separarely and combined biomass 
and Eeaf area mcasurernents of all the orher hro- 
mcliad species (pooled and labclcd 'bther bromc- 
liads"). Ten individuals from each of thc three sizc 
classes of G, mnnostncbn and of I.C &dioiipnrn 
were desrructivcly samplcd. Recently fallen hro- 
meliads (by assessing thr freshness of their appear- 
ance and by obscrring newly fallen planrs during 
our frequent visits to thc site) were also collected 
opporricnistically and measured. For rhe orhcr hro- 
rn~liad species. 17 plnnrs wcrc measured for the 
small and largc size classes, and 4 individuals wcrc 

sampled For the rncdium s i x  CJBSS. 
We measured frcsh leaf area with a lcaf area 

merer (Li-Cor 3 100, Lincoln. Nebraska). Plants 

- - - - 

TARLE 2. Mcun torn/ ihmmrlind biomnrr (dme) nnd I q f  firm (rdr'tm) in rlw 4- nrtd 8-yrrrr-nh' plofi. Strrnhd 
druintions n n  in p r l n n t i ~ a t ~ .  I.mm drnotc siLpifiranr d~j$Cmnrc ( P  < 0.01) auit/>in nn agr slrr~i 

Rromcliad Riornnw Rrnmeliad Leaf Arca 

Host rrce saecics 
4-ycar+old 8-year-old 4-year-old R-vcar-old 

nlors nlors oloa nlots 
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were then oven-dried to constant mass at 70°C for 

24 hours and biomass was recorded. We calculated 

the mean whole-plant hiomms and the mean leaf 

area of  whole plants for cach size class scparatcly 
for G. monostaclytz, V ghdi~lifl'ootn, and other bro- 

meliads. We mulriplied rhtse values by the density 

o f  hromeliads in each size class to estimate the roral 

bromeliad h iornm and bromeliad leaf area an a 

per plot basis. We also caaculctted bromeliad bio- 
mass and leaf a m  on a per tree basis by summing 
menwremcnts of all o f  rhe brometiads on each 
stern. 

The equation used to calculare the relarive in- 
crease (4  in brorncliad biomass and leaf area in rhe 
old plots relarivc ro the young plots on a per tree 
basis was o - y(y = i, whcrc o and y are hiomass 

or lcaF area values in the old and young plots, rc- 
spectivel y. 

TKIX R~CWIASS AND LFAI. AKFA.-TO assess the pm- 
portion of bmrneliad biomass relative to the other 

vegetative components o f  the ecosystem, we used 

dam from previous sampling in rhe plors (J. Ewel, 

pers. comm.). In  t 395, six or seven trees per plot 

wcre harvested i n  the young plors, and in 1999, 
nnc tree per plot was harvested in the old srands. 
Trees had bccn fclled and components were sorted 
into the categories of "wood" and "foliage." The 
former group included stcms, branches, and ra- 
chiscs or petioles. Foliage w3s measured with a leaf 

area meter using fresh leaves. All plant material was 
oven-dried to constant mass. Allomctric data from 
these measurements wcre used ro calculate 5999 
biomass and leaf-area values on a per tree l-mis (T. 
Colc, pers. comm.). 

S m n s n c ~ ~  A N A ~  vsi.s.-Four- and eight-year-old 

plors were treated as separate populations for anal- 

ysis. We tested for differences in mean hiomaqs and 
mean leaf area i n  the young and old plots following 

the ANOVA procedures tor a randomi7l hlock 
design (Sokal & Rohlf 138 1 ). This nested test w a  
based on mean response per plor wirh sample size 

of three. Hosr species was neared as a fixed effect 
and block as a random effect. The hypothesis of 
equal rcsponsc on all host species was tested as 
mean squares rrmtrnrnt over mean squares residu- 

FIGURE 2, Tutal Icaf area as a function o f  whole plant 
hio m a s  in G~~zrnnitin rnnnortd$c&, Vn'rse~ ,dndio/iflom. 
and nrhcr hromclind species in cxperimentnl plantntion~ 
ar LiF Sclva. 

500 

Biomass (g) 
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T A R E  3. Medn biomnsr tg/~rccl ~ r r d  fruf nrm Im'ftwr) of rpiphvtir bmn~clindr i n  4- nnd 8-y~r-old pbrs. T h r p r r m t  
toftid o y t d  spr~+irr is in p~Irrnl/~cs~% Lrtttrs ~ P I I O I P  s i p $ r ~ ~ l t  d~frwnccr (P < f).Ot) a t t f o ~ ~ f  brattr~/iffd tnxrl 

ruirl~in J~ogt grrrrr oj'n rinplr ~p-. 

Biomass 

4-ycar-old plots A-year-nld plots 

Host rrcc s p ~ i c s  G~izmnnin Vriirsm Othcr ~ I I Z I ~ I R J ? ~ ~ ~  Vricsrn Orhcr 

Hymninm ~lc/~orr~eoides 0.7 (71 )' 0.3 (25P <On I (4 )a  27 (28)' 66 (70)" 2 (2)' 
CrdrcIit obrrrrn 2 197)d < I  <0.1(2Ih 13 (6h)a 4(21)" 1(5)& 
C n d ~ n  al/~odnm 7 (95)+' 0.2 (2)" 0.2 (?)Ir 41 (HR)' 5 ( 1 0 ) ~  1 (2)' 

4-ymr-old plors 8-yar-old plots 

Hosr rrcc species Crmmnin Vrirm Or her Grrztnfinifi Yricstw Other 

Hycrnnimn nkchotnmidrj 77 (71)a 28 (25P 4 (4)' 3287 (381.' 5234 (6 1 jh 124 ( 1  )' 
CpArpn odorntn 175 (97)" 3 (ah 2 (lIh 1336 /7hIA 326 (I 9)h 85 (SF 
Grdk ntliodom 683 (953' 1 h (21h 1 R [2)h 21 16 (821.' 4 14 ( 1  6)'' 45 (2Ic 

als. Tukcy's mu1 riple-range pai rwise comparisons dicnrrlk (L.) Gsiseh., Cnropsis junc@iin Ma & 
werc used ro idcnrif) differences among means. WercktC, C, sesril~yflrn (Ruir ex P x )  M a .  Gtrz- 
Statisrical analyses of me~sirred and derived values mnni'n linpihm (L.) Mv.. Ti//nndrin anceps Lodd., 
were pcrforrned with SAS {SAS 1389) and SPSS 1: bulrinsn Hook., T f~r~~coidrs Rrongn., and 7: 
(Green et n/. 2000). prttinosa SW. 

RESULTS 
BROMPI 1An t'C)MS4lINI.TY C:O%{I'IISI'I.ION AM17 \TRlI<:- 

~u~r. -We counrd and identified 6759 individual 
cpiphpic bromeliads on 716 trees (mean density 
= 9.4ltree). Thc two most abundant vascular epi- 

phyte species, G mnnostar/yfi and t: ghdioliflorn, 
accounred for 6649 individuals (98% of all hro- 
metiads). The eight other spccies werc Aechrnrn MI- 

and small size cla~scs, a/~dio/iflnmt was cansis- 

rcntly larger than G, mnnosr~rt~in, hut rhere was 
little diffcrencc for thc medium size class. Plants in 

thc 'btlicr hrorneliadi' category were consisrenrly 
srnallcr than b o t l ~  species (Tihle 1). The biomass 
and Icaf area of all bmrncliad s i x  classes showed a 
strong linear relationship ((7. m n n o s t u c l ~ ~ ,  Rl = 
0.980. P < 0.001: b! Rlndio/@om, R-! = 0.972, P 

TAR LE 4. Medn biomns~ ~ / I I H E J  mtd Iecf { d / r r r r )  afrpiphym, rind pf7~ropl7~tr J ; r l  nnd rtwod in 4- ~ I A  R 
wnr-old plots. 7 % ~  spi&tr . f i / i ~ a  of t l~r  ppci-cerrr ~rtrnlr rnlnl plor-lrwlj~lin~- i$ in pmrntlrpsrs. ~l~ornpfivtr 
.hinr?t",< <l,,t/ Itfir flwa ~/,,td dzw .fi,on 1. Eflwl Qf*. r,,n1,n,). 

4-ymr-old plots 8-year-old plots 

Phnrnphyte Phorophyrc 
Epiphytc Epiphyrt 

Host rrcc specic~ I'clliagc Fnl iage Wood I Fol i a p  Wood 

eytrnnimn ~ldronrroidrr 
CidwIn d o r m  
Grdin ~IIimdnrn 

Leaf Area 

4-year-nld plots 8-y<%r-nlJ plrm 

Host tree species Epiphyrcs I'horophvrcs Epiphvrer P h ~ r n p l w t c ~  
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Bromehd Leaf Area 

Biomass 

i ooa -I 

Hyermima Cedrela Cordia Hyeronjma Cedrela Cordia 

Phorophyte Rllar 
Biomass 

2 500 - 
; 5 400 - - 
2 300 - 
2 zoo 4 

I 

Hyeronima Cedrala Cordia 

Hyeronima Cedrela Codia 

FIGURE 4. Thc m a n  diffcrencu in brorncliad and hosr 
trce leaf area herwwn 4 and 8 ycars of growth relative rn 
the 4-ymr-old plor valuc. Norc rhzt graphs have different 
S ~ I C S .  

Ph-e Stem 
Bimass 

< 0.0001; "orher brornetiads," /8 = 0.360, P < 
0.000I; Fig. 2). 

H(?.cI '1-RFF. EFPFCrrS ON nROMCt lAtJ R1OMA.M AN13 LFAF 

m~~.-There was a pronounced hosr tree species 
effect on  total brorncliad biomass and leaf area in 
both the young (I' = 0.034) and old plots (P = 
0.006). T h e  order of  "host tree preference'' difirerl 
berwcen the p u n g  and the old stands, a phenom- 
enon that has not been previously docurnenred. In 
thc young plots, hromeiiads an Cordin rrces (P = 
0.0001) Iiad significantly greater biomas~ and leaf 
area than did the Lromeliads in the Crdwh and Hyt- 

Hyemnima Cedrela Cordia 

FIGURE 3. Thr mc-n diffcrcncc. in hromcliad biomass, 
and host trcc toliar and srrm biomass, bcnvrc~~ 4 and B 
years of growth wlrrivc ro rhc 4-ycar-old plot value. Note 
rhar graphs haw diffcrcnr smlcs. 
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TARLF, 5. At,m,p dr:p I(IC+JI ( I / ~ u )  of rpiphym it1 tmpitul&w<t kbi~ilarr (rnodifi>d f i m  HnF~rdr cr al. 199.3: Comn 
& Nmikdrtti I YY5). Nit = r1n3 rrprlrd. 

- 

Elemtlo~i  
I.+ouatiori Fowsr *Type ImE Bion~ass Srturcr 

Colornhia Upper Mimranc .37Rfl 44 Hrtfsrdc n nt. 1993 
CoZomhia Uppcr Monr:u~e 337n 1 L Vu~~cklnas 1390 
Ncw <;uinra Uplwr Mnntanc 1500 5.2 I idward~ & Lrubh I977 
71n7.?nia U~ipcr  Motirxnc 21 Sfl 13.7 P i ~ s  1080 
Cnsrn Rica Upper M n n ~ n c  1700 4.7 Nndknrni 19E4 
Cosra I11ra 1,nwcr Mnriratw 1550 33.0 Nadkrrni r~ (11. 2000 
'l'ali~ania Lowcr Mnnrerrc 1415 2.1 POcs 190 
Purrto Rico Luwet Montane 725 0.5 Weaver & Murphy 1990 
Rnama l'rcrnonranr 4flO4llo 1.4 C;ollcp PI ak 197 1 
Panama l.trwlnnd 2504>00 I .h C;nllcy rt rtl. 1971 
1 ~ ~ 1 i i ~ r n ~  KGv~ril~c 15n 0.0H I;olluy n dl. 1971 
Co~ta !iic.i Lowland R-yc-ar-old 30 0.0R A. Rricli, pcn,  comm. 

t l y rm~~tmn Planrarir~ri 
Brazil Moisr Fomr N R  0.5 Kling rt nl. 1975 
Cosra Kim Lowland A-year-old Ifl 0.04 A. Rcich. pcrs. comm. 

Corulii~ I'lantat iuri 
Costa Ricr tf iwlrnd 8-vear-old 30 0.01 A. Reich, pers. camrn. 

Lirlrrlrr I'Lntatinn 

mnimnplnts (Tal~lc 2). W/ithin the young Ctdrch nifira~itlygrearerbiomassandlrrafarcathanthebro- 
and f f y r r o n i t t ~ ~  plors. biomass and leaf arca wen. nor mt.1 bris in  the Cordin plnts (I' = 0.000 I). which 
significantly diffcrcnr (P = 0.671 ). In  the old plors, had siLmifianrly grcaccr hiomass and lcaf a m  than 
rhrr marl hiomass and leaf area wew greatest on t;cdar/n plors (I' = 0.0001; Table 2) .  
e y m n i m d ,  fnl Inwed by Cnrh and then CdreIn. There were significant differences (P > 0.01) 
The I~mrneIiads in the k$vmnimd plnts had a sig- in size and dizrrihution kenwen G. monostnc~n 

7'ARI.E 6. Spiplyrr ab~~z'Rwir (% m j  firid cpipI!yrrrl in cxnpiciilJmmr I~flbi~nts (tnadtfird,finr Gmhh ct al  . i M.3). 
/VI< = trot ~rl )~ntd.  

Mini-  
mum 

% 'Trtrc No. Trcr 
Elrvarlcln wirh 'lier., HcigI~r 

I.oc:ario~~ Forest l -yp Im) ep~phytcr Sri~died (m) Sourcc 

Cokra Kim I r~wln~td  30 1 00 40 7 Thts st1tdy 
IH-yr-old Hym~rirnn) 

COEI~ l t im I.uwland 30 95-18 4R 7 l i i s  srudy 
R-! r-old CPdwIln) 

Crrsrn Rita t snvland 30 Cfi-90 40 7 711is study 
(4-yr-olcl Lirdia) 

G3sr.1 l<ica L~wland 30 55-83 40 7 Tllis ~rudv 
( H-?r-c)ld C,>~rd~n) 

Cosm lLca L~(i\vId~id .30 40-70 40 7 ~tudy 
14-yr-old &rmnima) 

Cnsm Rica l ~ ~ w l a n d  30 5 4 5  40 7 This srridy 
(4-yr-otd C&W/,I) 

Ecuador Mrmta~ic 1710 96 52 6.5 Gruhh er nl, 1967 
F.cu3dor lmwlarld 380 60 41 6.5 Gn~hl )  PI nl. 196.7 
Rriri4i G t ~ y n a  l.nwl,tnd N R  38 55 14 Davis & Richards 1733-1734 
N i p r r  Lowl.~nJ N I1 24 75 5 liiclrartls 1930 
British (hyana Lowla~ld NU 16 19.3 5 Ilavis & Richards 1933-1 934 
N i ~ c r i a  l o~vlard NI1 15 hJ 5 Ilichanls 1979 
Sar~wnk Imvland Nit 13 ') I 8 Richards 1936 
S.mwak L.uwlnild N li I I 44 8 Richarrls 19.36 
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and I.: Rlndiol$om on host rrcer o f  rhc same species 
(Table 3). On Cordi~ and Cedreh plots of both 
ages, G. monortnc/yn was the most abundant spe- 

c i a ,  with a significantly higher biomass and leaf 
area. Vriestn gIndin/@m w s  rhc dorn inant species 
on old eyeronimn plors; hut in the young ~ lo ts ,  
there werc no significant differences berwc.cn any 
brorncl iad species. 

A(:l- 1-1 1.1 (-1% ON I-R1.l. AN[> FPIPHYI1. RTOMAS5 AN[) 

1 ! ~ \ r  ARI:~L-MOO~ accoi~nted for over 90 percenr 

of  the total aboveground trec hiomass in all plots. 

The tom1 tree biomass ("wood" pIus "foliage") and 
Icaf area in the young plats were greatest in Codin, 
followed by H'ronimn and CedwIn. The mean to- 

tal tree biomass. folinr biomass, and lea f  area per 
plot incrcascd with age, but the relative mapniciidc 

of these parameters shified between species. In the 
old plots, mean roraI rrcc hiomaw was grcatest in 
the Hyerntrinaa plots, followed hy the Cedwtn and 
Cordin plots {Table 4). The changes in host trcc 
foliage biomass represented incrcascs of 0.5- to 7 -  
fold (Fig. 3). For leaf arm, thc cE~anges haween 

Folrr- and eight-year plots represented increases of 
0.1 - to 6-fold (Fig. 4). 

Rctwcen bur  and eight years o f  trcc growth, 

thc mean hrorncliad biomass and leaf area per p!at 
increased dramatically with age o f  the srand. 
Changm in mean bromeliad biomass per plot hc- 
tween four and eight years o f  growth represented 
increases of 5- ro 46-Fold and changcs in mean 

bmmcliad Icaf area represented increases of  2- ro 
4fl-fold (Fig. 3 and 4). In thc young plots, Cordin 
trees supported the greatest hinmass and leaf area 

of  bromcliads. In thc old plots. however. & m n i -  
mn supported the greatest biomass and Ecaf nrca oF 
bromcliads. 

'There were positivc correlations between 

woody binrnnx< and hromcliad hiomass in young 
plots (R: = 0.4135, P = 0.0618) and old plots 
(Rz = 0.7408, P = 0.0023). In the young plots, 

the Cordin trees had the greatest woody hinmms 
and s~~pported rhc greamt hiornass o f  epiphytes. In 
thc old plots, however* the hTycmninin rrccs had the 
greatest wnody biomass and sltpporred the grcatest 

hromeliad biomass. Thc Hycmnimn trces m hibited 
trcmcndous growth relative to the orher two host 
rrcc spccics: their f o l k  biomass incrcascd 7-Fold, 

realy From armosphcric sources (we[ and dry de- 
position, N-fixation), and indirectly From soil-mot- 

ed sources (IirterblI intcrception. leachare. hark dc- 

composition. suspended humuslcarton: Renzing 
1390). Epiphytes havc physiological and morpho- 

logical attributes that buffer atmospheric inputs 
(Rcnzing 1995, Clark pt RS. 199H). These enhance 
nutrienr and water capnare and retenrion ac the 

ccowtcrn level (Pha 1980. 19H2; Nadkarni 19X 1 ; 
Coxson & Nadkarni 1395). Thcy can contribute a 
substantid proportion of thc total foliar biomass. 

which can exceed that of their host trees by as 
much as four rimes (Coxson 8c Nadkarni 1995). 
Epiphytes also provide animals with subsrantla1 re- 

sources for food and shelter (Nadkarni & Maceison 

1989). 

COMI*AHIFI)NS WI 1.1 I 1~1.1 11.11 ';I l.l:-~.-?he few studies 
of epiphytes in secondary forests havc mainly con- 
cerncd composition (Madison 1379. Yearon & 
Gladstone 1982). This is the first report o f  epi- 

phyte lea f  area for a tropical secondary forest; thus, 
we cannot compare our estimates o f  cornmuniry- 

level epiphyte leaf area to orlrer studies. Weaver and 

Murphy (1990). howcvcr, repntted the LA! of the 

entire rpiphyre community o f  a montane forest En 

Puerro liico as 0.30 rn'lrn2. 
The epiphyte hiornass values reporred in this 

study are considcrahly lower than rhose reported 
for total epiphyte Inad from primary forests (Table 
5). Epiphyte ahundnnct (measured hcrc a5 bio- 

mass) vnrics trcnlcndo~~sly along environmental 

gradients in the tmpic~. In comparison to tropical 
monnnc forests. lowland forests generally supporn 

a small epiphve biomass (Coxsnn % Nadkasni 

1995). Thc age o f  the host trce substrate appears 
to affect the number o f  epiphytes occupying the 

host tree. Our srudy was conducted in a very young 

stand composed of relatively short trees; thus, i t  is 
nor st~rprising that rhe biomass values are lower 

than primary Foresrs. Epiphytes arc more hetero- 
gcn~ously dispersed rhroua!iout our plots than has 
been documented in other studies. The percentage 

of the total number of surveyed rrees that support 

epiphytes in this srudy was within the range of orh- 

er sites (incIuding montane forests where epiphyres 

reach their Erearest diversity and abundance; Table 
/ I  o/. 

compared to biomass increases o f  0.5- and 2-Fold 
We documcntcd a tremendous increase in cpi- 

in the Cordin and Cedrela trccs, respectiveIy. 
phyre biomass hctwren four and e i ~ h r  years of . , . . 
growrh: chus, epiphytic biomass in our plots mav 

DISCUSSION reach IeveIs similar to other lowland primary forest 

Epirhres play important ecological mles in pri- sites over rime. The only published estimate of epi- 

m a y  tropinl forests. They acquire nutrients di- phyte biomass in a tropical lowland forest in Pan- 
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ama documented 1.6 rJha o f  epiphytes (Golley et 
dl. 1971); however, the steep incrczcs in epiphytic 
bromeIind biomass may not continuc at rlie same 
rare we docurnentcd between four and eight years 
of growth. It is possible we "caprured" thc cr~~cial 

seedling growth-vcgcrarive growth of thc epi- 
phytic plant population following initial seedling 

csrahtishmenr, and tliercfore, rates of increzc arc 

likelv to declinc when the popidation becomes sat- 

uraced. Further work at intermediate and later stag- 

es OF SUCCCSS~O~ in these plancarions is needcd to 

ascertain the amount o f  time it rakes to achieve an 

equilibrium in epiphyce biomass. 

Hc)n -I IW Fl.l.Erul s ON HROMYI IAI) ~ I ~ ~ A F F  ANI) t FA[. 

A U ~ A . - ~ ~ I  contrasr to most terrcstrinl plants, which 

arc rooted on static growth media, mcchanitally 

dependent epiphylres live on the relatively cphem- 
era1 and generally cxpandEng substrates of  growing 

trees. Trees pwsent a dynamic medium hccausc 
their surface arm i s  in constant flux duc to srcm 

growrh, bark shedding, and frequent branchfall, Ar 

rhc community lcvcl, especially in  late-successional 

forcsrs, host trec surface a m  availability may ulti- 

mately determine thc total cpiphyre biomass a 

stand can support. Changes in hosr stem surface 

area during fnrest development may directly influ- 

ence brorncliad biomass .tnd leaf area. Light avail- 

ability may also he imprnnr ,  as tank bromcliads 

require a combination o f  high light intensity with 

high humidity. Thc possibility that these hrorncli- 

ads may become shaded our as the canopy cInses 
should be considered. 

The ~ j w u n i m a  monoculcures exhibired a re!- 

atively large increase in woody hiomass compared 
to thc Cedwln and Cordin ptnts benveen fnur and 
eight ycars of growth. Tlicsc increases were posi- 

tivcly correlated with epiphyte abundance; howev- 

er, the dramatic increase in cpiphyre biomass and 
leaf area rhat we documcntcd cannor be explained 
by increased growing a m  alone. Indirea effecrs OF 
changes in thc light regime due tn srructural chang- 

es in tree canopies may also influence brorneliad 

distrih~rtion because heliophilic hromcliads react 

strongly to changes in light (Dcnzing 199n). As rhr 
canopy dcvetops, changes in leaf mo rp l i o l o~  and 
total leaf surE~ce area o f  the host tree may affect 

rhe distribution of epiphytes. For exarnplc, afccr 

four years o f  growth. reproductively mature Cordia 
trees are fulllJ deciduous in the wet season (July) 

ant! partially deciduous in the dry season a t  La Sel- 
va (February-April). Similarly, leaves of F+emniwm 
change morphologically. They range Fmni vcry 

large, broad leaves .~avcraging 280 cm2 at fnur p a r s  

of  agc to smaller leaves averaging BO cm2 when 
fully rnantrc (Hiremath 2000). which crcatc a dif- 
ferent light and rnoisrltrc regime that could potcn- 
rially affect the distrihution of  epiphytes. The ab- 
sence of  leaves on rhe Cordin trees undoubtcdly 

creates a drier, higher light micmclimate, which 

coi~ld affwr the estnhlishmcnc and growth of  epi- 

phytes. Although the Cordin plots had the highest 

hromeliad density in the young srands, thc light 

intensity may kcornc too high after eighr ycm-s. 

Conversclp the large leaves of' rhe young Hyrmtxi- 
ma trees create a darkcr undcrstnry than thc ddcr 

pIots. As the trees mature, the Laves bccornc small- 
er, which allows more light to penctratc thc canopy. 
Nntc that all o f  the trees supported bmmcliads. 

This Iiypathesis is supported hy thc inrcrspe- 
cific changcs in hromcliad distribution in rhe 
yaung and old plors. In the young plots of Hyp- 
ronimlz G rnonostar!yn had the I~igliesr rclarivc 
abundnce, bur within rhe old l+wrnnima I.! 
Rlrdio~lin dorninatcd the brorncfiad community. 
Such a dramatic change iin thc relative abundance 

of  I.: ghdinl$7om in the old Hycmnim plots over 

onty four years suggests rhar changes in microcn- 

vironmenr created by changes in luaf morpholog 

could s~tbsrantially influence rhc disrriburion and 
abundance OF diffcrcnr species o f  epiphytic bro- 
rneliads. Future srudies are needed to detcrminc 

how factors of  tree morphology, phenolow, and 
tree demography (following &a 1998 and Castro 

I-lernindez rr nl. in prcss) influence epiphyte estab- 

lishmenr and gmwth. 

h : c ~ t  0C;tcXl. IM1'L)Rl'ANC:t. 111: F P ~ T ' ~  wrl:s.-Estimating 

epiphyte biomass i s  onc approach ro messing thc 
magnitude to which the cpiphyte comrnun i~  af- 

fects ecosystem-tevel process=. Epiphytic brorncli- 

ads did not contribute a substanrial proportion of 
che roral stand biomass and leaf area in the exper- 
irncntal plots (c0.1-1.6%); however. the dramaric 

increase in epiphyte hiomass and leaf area between 

Four and eight years of p w r h  suggcsts that in four 
ycars, cpipliyres rapidly increxc in abundance fol- 

lowing initial colonization and thcmforc may pIay 

increasingly grcater roles in ecosystem fi~ncrion as 
plantations dcvclop. Further research is ncedcd ro 

assess cpipliyrc biomass and leaf 3rca and their 
hnctional relwancc at later s~~ccessional stagcs. 
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