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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 



40 Mewin, Rentmeester, and Nadkami 

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. 
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