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We investigated spidw assemblages in trees at three cloud 
forest sites and in trees isolated in pasture habitat in 
Monteverde, Costa Rica. Spiders were collected from two 
forest types (primary and secondary) within each forest site, 
and at two different levels (canopy and understory) within 
forest types and the pasture. They were identified to family 
or genus level and assigned to morphospecies. Araneidae and 
Linyphiidae were the most commonly collected families at 
all locations. Although spider abundance and morphospecies 
richness did not differ between forest types, perhaps due to 
their close proximity, these parameters were generally lower 
in the forest canopy than in the understory. Relative abun- 
dances of nearly all common spider families also diflered 
between canopy and understory levels within forests, 
suggesting that distinct sub-assemblages exist. However, 
spider abundance and morphospecies richness did not differ 
between canopy and understory in pasture trees. Spiders were 
generally more abundant and more diverse in the pasture than 
the forest, possibly due to its lower elevation or its greater 
habitat complexity in the form of vascular epiphytes. 

Se investigaron las comunidades de ararias en tres sitios de 
bosque nuboso y en hrboles de potrero en Monteverde, Costa 
Rica. Las araiias heron recogidas de dos tipos de bosque 
(primario y secundario) en cada sitio, y a dos niveles (copa 
de Arboles y sotobosque) en cada t i p  de bosque y en irboles 
del potrero. Fueron identificadas a1 nivel de familia o genero 
y clasificadas corno morfoespecies. Las farnilias Araneidae 
y Linyphiidae eran las mis cornlines. La abundancia y can- 

tidad de morfogspecies no variaban entre 10s dos tipos del 
bosque, tal vez porque 10s dos tipos de bosque eshjvieron 
proximos. Adernb, la abundancia y cantidad de morfoespe- 
cias eran menos en la copa de arbboles que en el sotobosque. 
La abundancia proporciona1 de casi todas las familias 
com6nes tambien era diferente entre 10s dos niveles, el cual 
puede indicar que existen comunidades distintas. No se 
encontraron diferencias en la abundancia y cantidad de mor- 
foespecies entre 10s dos niveles de arboles en el potrero. De 
todas maneras, las arafias eran mis abundantes y nhs diver- 
sas en el potrero que en el bosque, posiblemente porque el 
potrero tiene menos altura y tiene una estructura mas com- 
pleja en la forma de epifitas vasculares. 

Keywords: canopy, cloud forest, Costa Rica, disturbance, 
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Introduction 
Organisms inhabiting tropical forests are influenced by a 
variety of abiotic factors that vary in time and space (e.g., 
Altee, 1926). SeveraI of these factors (e.g., light availability, 
wind speed, relative humidity) change predictably from 
canopy to ground, resulting in a vertical gradient of condi- 
tions (e-g., Parker, 1995; Richards, 1996). This gradient 
potentially influences the distributions of many forest- 
dwelling species and species assemblages, including 
mammals (e.g., Emmons, 14951, lizards (Reagan, 1993, 
insects (e.g,, Papageorgis, 1975; Nadkarni & Longino, F 990; 
Yanoviak, 1999; Basset et al., 2001), and spiders (e.g., 
Turnbull, 1973; Valderrama, 2000). 
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Anthropogenic factors also influence species distributions 
in forests. Forest conversion for agriculture and timber pro- 
duction has had large scale, well-publicized effects on bio- 
diversity. climate, and geomorphology (e.g., Wilson, f 988; 
UNDP et al.. 2000; Lawton et al., 2001 ). The secondary 
vegetative growth that follows such disturbance generally 
supports different arthropod assemblages from relative1 y 
undisturbed forests (e.g., Lawton et a].. 1998: Floren & 
Linsenmair, 1999: Wagner, 2000). 

Although montane forests are among the most threatened 
tropical habitats (UNDP et al., 2000), very little research has 
specifically addressed the ecological effects of disturbance 
in these systems (but see Pounds et al., 1999: Nadkarni & 
Wheelwright, 2000). Moreover, little or no baseline data exist 
for many montane taxa which may be good indicators of 
ecosystem disturbance and global change (but see Lawton et 
al.. 1998). In  this paper, we report on the patterns of distribu- 
tion of one major component of  the invertebrate fauna - the 
spiders - within a montane landscape of Costa Rica. Our spe- 
cific objective was to determine if the abundance, morphos- 
pecies richness, and taxonomic composition of spiders differ 
among forest types (primary vs, secondary). sitcs (study 
plots within forest types), levels within forests (canopy vs. 
understoty). and habitats (forest vs. pasture). 

Spiders are an appropriate focal group for studies of ver- 
tical distribution patterns and effects of disturbance. They are 
ecolo_picaIly important as abundant mid-level predators in 
forest food webs (Xlrnbull, 1973; Wise, 1993; Halaj et al., 
2000). are generally easy to locate and collect (Kaston, 
197R). and are sensitive to variation in a variety of habitat 
characteristics (Turnbull. 1973; Wise. 1993). Some of  these 
characteristics include forest canopy structure (Halaj et a]., 
1998, 2000). prey size and availability (Enders. 1974; 
Greenstone, 1944; Halaj et al., 1998), and local environ- 
mental conditions such as light, wind, and humidity (e.g., 
Enders, 3 977; Biere & Uetz, 198 1 ). 

The structure of spider assemblages and factors influenc- 
ing spider diversity are relatively poorly studied in tropical 
regions (but see Coddington & Levi, 1991; F16rez. 1999). 
Even less is known of the spiders of tropical montane regions 
(e.g., Hansom, 2000) and spiders o f  tropical forest canopies 
(Russell-Smith & Stork, 1 994; Basset. 200 I ). Ecological 
information for most groups can be found only as comments 
in taxonomic surveys (e.g.. Zuiiiga, 1980; Nentwig, 1993). 
Exceptions include studies by Bwskirk and Buskirk (1976) in 
montane forests of Costa Rica, Basset et al. ( 1992) in lowland 
forest canopies of Cameroon, and Valderrarna (2000) in 
Cofombian cloud forest. 

In this investigation, wc predicted that more spiders and 
more spider morphospecies would be found in primary forest 
due ro ~ t s  greater structural complexity relative to secondary 
forest (measured in terms of precipitation storage capacity; 
Clark et al.. 2000). Montane forest canopies are subject to 
continuous disturbance in the form of wind rain. and desic- 
cation (Parker. 1995; Clark et at.. 2000). Thus. we predicted 
that the calmer conditions in the understory would promote 

greater spider abundance and rnorphospecies richness than 
the more turbulent canopy. Finally, we predicted that spider 
assemblages of remnant forest trees in a pasture would be 
similar between canopy and understory because, unlike 
primary and secondary forest stands, environmental condi- 
tions appear to be relatively homogeneous from ground to 
tree crowns in this setting. Wc did not make predictions 
regarding variation in spider taxonomic composition among 
ecological factors. 

Materials and methods 

This study was conducted in the Montwerde region of Costa 
Rica (Cordillera de Tilaritn. 10°20'N, 84'45'W; Fig. 1) 
between 15 September and 15 December 2000, which cor- 
responds to late wet season and early transition season (Clark 
et a]., 2000). Precipitation is mainly in the form of wind- 
blown mist and clouds, and mean monthfy temperatures 
range from 14-2Q°C (see Nadkarni & Wheelwright (2000) 
for details about the region). 

Fig. 1 .  Location o f  the Monteverde region within Costa Rica 
(inset) and study sites within Monteverde (W) Solid lines indicate 
principal roads. Scale bar = approx. 1 km. 
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Forest sites were selected based on our ability to access their crowns 

We sampled spiders from three montane forest sites: the 
Monteverde Cloud Forest Preserve (hereafter, 'MCFP'); 
private property adjacent to the Santa Elena Cloud Forest 
Reserve owned by Mario Solano (hereafier, 'Mario's'): and 
the Canadian Biological Station (hereafter, 'Station". All 
three sites exist within a 5 km radius (Fig. I) .  The MCFP and 
Station forests are located at 1500-1 600 rn elevation, and 
Mario's is at approximately 1700m. This elevation range 
includes the lower montane wet forest (1450-1600 m) and 
lower montane rain forest (1 55&1850m) life zones (Haber, 
2000). 

Each site consists of relatively large tracts of primary 
forest surrounding 1-5ha patches of secondary forest that 
have replaced abandoned pastures. Primary forest within the 
MCFP has been protected for >50 years and has received 
minimal direct anthropogenic disturbance during the past 
several centuries. Forests outside the MCFP have been vari- 
ously disturbed, and our 'primary' forest designation at the 
Station and Mario's was based en stand composition and 
structure, as well as oral history from local residents. Primary 
forests at all sites range fmm ca. 150 to >400 years in 
age and are characterized by high me species diversity. 
They have complex, multi-layered vegetation structure with 
canopies ca. 25m above the ground. Secondary forest 
patches at all sites are 30-50 years old, are dominated by 
Conostep'a spp. (Melastomataceae) trees, and have relatively 
flat canopies 1 5-1 7m in height. Vegetation in the secondary 
forests is more sparse than in the primary forests, and is 
mainly confined to two strata: the understory (up to 3 rn) and 
the me crowns (1 5-20 m). 

We collected spiders from the crowns and understory 
trunks of five trees in each forest type at each forest site (n 
= 60 samples; 5 trees x 2 levels x 2 forest types x 3 sites; 
Table 1). Within each site. study trees were 1500m apart and 

Table 1. Trce species used for spider collecn 
research sites. 

using the single-rope technique (Pew 1978). Understory 
spiders were collected from the trunks and attached vegeta- 
tion of the trees up to a height of 2m. Collections in the 
canopy focused on the trunk, accessible branches, and asso- 
ciated vascular epiphytes above the first major fork in each 
tree crown (above 1 Om in all cases). Each canopy or under- 
story trunk sample consisted of a 30 min intensive search of 
that portion of the tree, during which as many spiders as pos- 
sible were collected by hand. Time spent moving between 
branches within tree crowns was not included in the 30min 
collection period. Bark crevices and trunk cavities were 
searched with a flashlight. We used this technique because it 
is equally or more efficient than trapping or sweep netting for 
spider surveys (Turnbull, 1973; Fi~rez,  1999). Collections 
were conducted during morning or afternoon hours, with the 
majority taken between 08:OO and 12:QO. We did not collect 
spidtm during heavy rain. 

Spiders were fixed in Oudeman's fluid (Bomr  et al., 1989: 
13 1 ) at the time of collection to preserve coloration and 
prevent stiffening. After r24hr in the fixative, individuals 
were identified to family and genus (when possible) with 
keys of Kaston (1978), Nentwig (1993), and Roth (1993), 
and assigned to morphospecies (Oliver & Beanie, 1996). All 
identifications and rnorphospecies assignments were done by 
the same person (GK) for consistency. Spiders were trans- 
ferred to 70% ethanol for storage, and a complete reference 
collection was deposited at the MCFP research laboratory. 
Higher classifications used in this paper follow Nentwig 
( 1993). 

Bullpen pastuse 

In addition to the three forested sites, we collected spiders 
(as described above) from five Orotea tonduzii (Cauraceae) 

in primary and secondary forests at the three 

Tree Station Mario '5 MCFP 

Primary Fowsr 
1 Pouterin wfinrlato~ Supirrm rigidifolir~m~ Fictrs luemkheimii' 
2 Pot~terio mfici~lata' Supirrm rigidifolitrm" F;CIFS ~t~erckh~imi i '  
3 QIIEWII.~ ro~-rtr~ata" Sopirim riRidifolizrmU Ocotea rond1r:ii1 
4 Porrieria retic~r!afn' G~ruwa londrrrii9 Ocor~a foridtcii3 
5 Golrlonia hrand~geei~ /?CII.T CMS.F~I IS~ 'NI~  Ocnrea fondzr:iii 

Seconday Forest 
I Hampea uppndiculara4 Conosregin rrrfi.~cen.? Hampea appendiarla~os 
2 Pct~eo omcricnna' Conosregia n!@.~cen.$ Hampea appendict,lofa4 
3 Canosrcgio oerstediana5 Corrostegia rtrfc.~c~n.8 Cnnos~~gia oersrcdiana5 
4 C o n o s r ~ ~ ~ a  oersredianur Conostegia rt!fcscens5 Cnnosregia oersrriand 
5 Cone~tqia oer,~ferlrana' Canostp~ia nrrr.Fcen.9 Conoskgia oersrediano" 

a Sapotaceae; 'Moraceae; ' Lauraceae; Malvaceae: Melastomataceae; '" Rgaceae; 7Theaceae; 
Meliaceae: 'E~~horbiaceae. 
















