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Ahstmrt. Inwcricide fogging i\ M e n  used tn document snhrnpod sprcier richnew in fnrc~t cnnopie?, hut 
~h i c  techniqrlc may not cffcctively sanlple invcnchrarcs th:it iire conceiled within a variety nB mi- 
cmhnhitatk. We quantilicd thc C~!'CEIF ni' figping on invenrhralcz in canopy epiphy~c mxr\ of a C o w  
Rican cloud Tortst hv cxtn~cti~ig ;~~lhrnpd'r  I'mm 18 paired prc- :~nd p~t-t'ngping \:impleh. Mcan 
ahund:~ncc and mtrrpharpcr.ics nchnev\ of living ibnhmpndc wcrc respclivcEy rcduccd by 37 :~nd 30% in 
cpiphytu material :~t'tcr fog~ing. h n ~  nirrql nyanisrns ~unpivcd thc. trc;ltmcn!. Relalive :~hundnncc~ of mninr 
t:lxn wtrc un:~ffc~cv~cd hy fneging. Herhiv(rrc\ wcrc Icks ahuntl:tnl n f  c r  fngpinp thdn t~thcr rmphic gmups. 
and the median htxly lenptll r j l  nan-nli~c srthrupculc pmcnt In cprphpcr wa< signiliuanlly criluller after 
fogging. Ex:lmin:ition c~fwvm po\t-r~>gging mmplcs ~howcrl that many nnhrnpdf killcrl hy inwc~icidc 
rcniaincd lrappcrl within the epiphyte maturinl. Thcsc n.si12iv pn)vidc the Arrt quvntiz:~li!.c :Iswscrnent ore 
spc i  tic mnlpr>nt.nt oC arhorcal :~nhmprxl birxl~venity ihnt E\ misccd hy zhr fogging technique. 

Introduction 

F o g i n 2  tree crowns with pyrethrin insecticide le.g., Erwin and Scott 1980 Erwin 
1983 is a popular method for cotlectin_p anhmpods fmm forest canopies around the 
world (Stork et nl. 1997). This technique is relatively efficient. generating a large 
survey of arboreal rnacrnarthropodv with minimal t iine expenditure (Erwin 1995: 
Stork et al. 19C17). However, tree crowns. especially in tropical forests. include a 
variety of rnicronrthropodq (e.g.. Acarinn. Collembola) and microhahitats kg., bark 
crevices. tree holes. epiphyte5, humus pockets) that may not he effectively sampled 
hy fogsing (Adiq et ill. 10X4; Stork and Hammond 19W': Walter and Eehan-Pelletier 
1999). To our knowledge. no studies have qi~antitied the fraction of nrlhmpod 
diversity missed by fogging or  the effects of fogging on the ;~rthmpods in specific 
arborenl rnicrohsthitats. 

Epiphytes are a maior microhahitat component of neotropical forest c:tnopies. 
accountlny for >33% uclf the plant spccies. >S% of the total vegetative biomass, and 
>S(l% of  the nt~trient capital i n  some locations (Gentry and Dadson 1987: Coxson 
and Nildkarni 1995: Rndgers and Kitching t98R: Nadknrni et al. 2nt)O). In the 



montane forest5 nf Costa Rica, for example, bryophytes (mostly liverworts and 
mosses) and small ferns form a dense covering of low-storuse vegetation on the 
woody portions ol'trees leg., Clark et al. 1998: Gradstein 2000). In clld or 'primary' 
forests of this region. centuries of vegetative growth and concomitant accumulation 
of dead organic matter have resulted in developn~ent of thick carpet-l i ke epiphyte 
mais on thc upper ~urfnces of branches (Nadkarni 1 98 1 : Vance and Nadkarni 1990: 
Clark and Nadkami 2000). Epiphytes are also typically diverse and abundant on 
relatively youne tree5 in secondary formts ( Nadkarni and Wheelwright 2000). but. 
mats are generntly much thinner in [his setting. 

Re~ardless of age and mat thickness, the vegetative portions of non-vascular 
epiphytes rend to contain a large variety of very small arthropdq. especially mites 
(Acarina. mostly Orihafidn) and Collernhola (Walter and Rehan-Pelletier 1994; 
Winchwter el  nl. 3999; Yannviak and Nadkarni 2001 ). Prior studies on this system 
showed rhnt primary forest epiphyte mals %upport more arthropod lnorphospecies 
than secondary forest mats (Yanovfak and Nadkarni 200 I ). These invertebrates 
often occur in Eo_czine c ample^ (Walter and Rehnn-Felletier 1999). hut most are 
concealed within the epiphyte mat vegetation and are IikeIy to k mksed by 
insecticide fo?. Similarly. the diverqe arthropd as~emhlnges within the litter and 
humic material associated with epiphytcs (c.g.. Nadknrni and Lnngina 1990; 
R d g e r s  and Kirchiny 1498) are prohtbly missed by fogging. 

No published stutlies have specilically exilmined the rnicn)distribution of ar- 
thropods in non-vascular epiphytcs. However. Usher and Booth ( 1984) showed thnt 
arthmpod distributions vary predictably within turf mosses. which are superficially 
qitnilnr lo mat-forming epiphytes. I t  is pmbahle that some taxa and trophic groups 
(c.g.. herbivorous beetles) are more ahundant in the upper vegetative layers of 
epiphyte mats. whereas nthers (e.g.. saprophytic mites) are more common in the 
underlyin? dead organic material. Thus. effects of fogsing could differ nrnony major 
taxn or trophic gmups. 

Body F ~ Z C  distribution within an sssemh3age may also influence the composi tion 
of ltrthroprrd samples ahtnined hy fogginy. The small size of rnost arthropods liviny 
inside epiphyte mats makes them unlikely to appear in fogging knock-down 
qnrnples. bec:lusc the majority of dead individuall; probably remain trapped within 
the mats. Moreover. some arthropod5 (especially microrlrthropods) that fill l from the 
epiphytes may drift out of the collection zone (Floren and Linsenmnir 20M)). 
Several studies have q~eant ified body size patterns in ecological survey< of canopy 
arthropods (c .~ . .  Basset 1997). hut none has examinetl the differential eff cacy of 
foyging based on arfhmpd body size. 

Wc dcsiened this study to quantify the effects of insecticide fo_cpin~ on arthropotl 
itssemhlngcl; living in epiphyte mats, in  a Costa Rican montane fore5t. We tested the 
null hypotheuir; thnt frigging: would have no effect on characteristics of arthropod 
assemhla~es i n  epiphyte mats. Rased on the alternative hypothesis of a measurable 
fo_rgin~ effect. wc predicted that: I I ) fogging would significant1 y reduce arthropod 
species richncsc; and rthundance i n  epiphyte mats: ( 2 )  efVects of  fo_rginy would dillkr 
between primary and secondary forest types; ( 3 )  rns?ior arthropod taxa or lrophic 
groupl; would not bc equally affected by fogging: (4)  larger arthroporls would he 



more susceptible to frigging: and ( 5 )  most arthmpdq in epiphyte mats would die in 
s i m  instead of falling inro fogging knock-down funnel$. We tested these predictions 
by extracting. counrin~. and rneilsuring arthropods from epiphyte mat samples 
coflected before and after fogging selected tree crowns in primary and secondary 
forests. 

Methods 

This study was conducted in the Monteverde Cloud Forest Preserve (MCFP). 
Cordillera de Tilarrin. Costa Rica 1 1 0°20' N, 84'45' W). The research forest at the 
MCFP falls within the lower montane wet tbrest life zone ( H a k r  2!W)O). I t  is lncated 
on the Rci tic slope of the Continental Divide at ca. 1500 rn elevation and receives 
an avenge of 2500 rnm of seasonal rainfall per year. The region a l w  receives 
substantial I > 1 O(H1 mm) precipitation in the form of cloud moisture wind-driven 
mist (see Nadkami and Wheelwright (2000) for additional site details). 

We fogged five trees with insecticide in primary forest and five trees in secondary 
forest at the MCFP between 15 and 20 May 2001 as par? of a larger prr?iect ( J .  
Gerine, N. Nadkarni. and S. Yanoviak, unpi~blished data). To our knowled_ce, this 
study ir; the first attempt at fogging trees in a neotropical cloud forest. The crown of 
each tree was fogged for 3 min with a 1 % pyrethrin formulation (Pyrethrins Fogging 
Concentrate 1-2-3, Summit Chemical Cn.. Baltimore. Maryland). Insecticide was 
diqpersed using a portable fogger (Curtis Dyna-Foy, Ctd.; model 2610E. Series 3 )  
set on a formulation flow rate ofca. 29 I l h  and 25 prn particle size (dial position '5'; 
cf. Erwin 1983). 

The Fo_cger Wac; equipped with a radio-controlled trigger and a guide rope attached 
to the exhaust nnxzte, and was suspended from a pulley over a high branch 
Fnllowing techniques described in more detail elsewhere (Erwin 1983; Stork and 
Harnmond 1997: Gering and Crist 21KK)). Dispersal of insecticide thrnughout each 
tree crown was accomplished by mtating the Ihggcr rhmugh a circular arc. Ten 1 .O 
m' circular collection l'unnels. each fifred with a plastic jar containing 70% ethanol. 
were placed in the understory heneath each tree before fogging (see Stork and 
Hammond (1997) for photos of the same equipment as wed in this study). All 
fogging was conducted hetween 7.00 and 10.00 A.M. followed by a 2 h anhmpnd 
dmp time. 

Three small patches of mat-forming epiphytes (each patch ca. 5 X 5 crn and 
100-200 rnl volume) were collected from the cmwn of each of three focal trees in 
each forest type <20 h before foggins ( I ?  = 18: 3 epiphyte samples X 3 trees X 2 
forest types). These pre-fogging sample$ were representative of the diversity of 
ma!-forming epiphyte morphologies present in each tree. Samples were taken fmm 
branchcs and hranch sections that were most likely ta receive a substantial npplica- 
tion of  inqecticide based on the location of fogger guide mpes. To standardize 
samples ns milch as pos~ihle. collections from both forests were restricted to smaller 
branches (<20  cm diameter) with epiphyte mats <3  cm En total thickness. An 
additional ~hree  epiphyte patches were collected from the crown of each tree 2-3 h 



after fogging (11  = 18 epiphyte samples). Each post-fogging sample was taken Fmm 
the same region of the same epiphyte mat as the pre-fogging sample, so that pre- and 
post-fogginp samples could be treated as pairs for analysis. 

Secondary forest epiphyte samples were coltected from three C r ~ t r o . ~ l ~ g i s  mr- 
st~di[~nrr 0. Berg ex Triana ( Melastnmntaceae). This species comprises 95% of the 
stems in secondary forests in the region ( N. Nadkarni. unpublished data). Primary 
forest samples were collected From two Ocotpn tnudrr;ii Stnndl. ( Lauraceae) and one 
Powrsrirr /i~.~siroIo Cmnquist (Sapotnceae): both species are common in the MCFP 
(Nadkarni et al. 1995: Haber et al. 1996). Tree crnwns were accessed using the 
single-line climbing technique (Perry 1978). 

Arthropods were extracted from epiphytes in the laboratory using a ~ e r i e s  of 
TulEgren funnels (60 W incandescent bulb, 17 cm funnel diameter. 12-1 8 h). 
Extracted specimen5 were examined under a stereoscope ( I O-40X magnification). 
sorted to rnorphospecies within higher taxa (Oliver and Bcattie 1 9%). counted. and 
stored in 70% ethanol for future study. Voucher specimens are currently being 
examined by tzrxonomists. A reference collection was deposited at the MCEP 
laboratory. Followin_g arthropod exlraction, epiphyte samples were dried at 60 "C for 
24 h and weighed no the nearest 0.001 g on :I Fisher@ 7301A balance. 

After they wem processed in funnels and dried, seven post-fogging epiphyte 
samples were examined under the stereowope to quantify the fraction of arthropods 
that had died in sittt. Arthropods found in these samples were added to the original 
data gathered I'rom Tullgren funnel extraction. The augmented post-fogsing data 
were compared to their companion pre-fogging data to determine i f  dil'l'erences 
before anrl after fogging could be accounted for by nrthropds trapped dead in the 
epiphyte material. Due to time constraints, we did not similarly search the pre- 
fogying samples for dead arthropods. However, we previously examined collections 
of epiphyte material fnllowin_g TuElgren extraction for other studies nf this system 
(Yanoviak and Nadknrni 200 1 ). In all cases. the abundance of arthropnds thar died 
within [Ire sample ( i t . ,  d u r i n ~  the extraction process) was << 1 % of  total arthropod 
abundance. 

Body size differences were assessed by measurine all arthropods in nine wndom- 
ly selected pre-fogging samples and their pmt-fogging pairs under a stereoscope 
fitted with a reticle. We used total hody length (measured to the nearest 0.05 mrn on 
the longest body axis, excluding appendages) as an estimate of overalI body size for 
each individual. The median hody size in each sample was used for analyses. We 
also counted the number of non-mite herbivores. predators. and omnivore% (includ- 
ing scavengers and saprophages) in these sarnpleq to determine effects of fogging on 
diffeent nwphic levels. Trophic assignments were based on information in general 
texts such as Borror el. al. ( 1989). 

Except where noted in Results, anhropnd assemblage variables and median body 
size were compared between pre- and post-fogging samples using paired I-tests. We 
simi lnrly analyzed differences in sample mass. because the abundance and diversity 
of arthropodr; in bryophytes and associated dead organic matter are often correlated 
to the quantity of material collected (e.g.. Booth and Usher 1984). All data were 
tested Ibr normality using Kolrnogomv-Smirnov tests applied to ungmuped dam 
















