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ABSTRACT

Only 113 species in 43 gencra of Alticinae are recorded in the lirerature from Costa Rica. The
Arthropods of La Selva project (ALAS) carried out a quantitative inventory of the Alticinae at the La
Selva Biological Station, a rainforest site in the Atlantic lowlands of Costa Rica. In addition, collcctions
were examined for addirional alticine material for Costa Rica as a whole. The quantitative inventory
yielded 3221 specimens from Malaise traps, 2260 from canopy fogaing, and 203 from miscellaneous
other methods. A total of 247 species in 68 genera was obtained. The abundance distribution was
bimodal, deviating from a lognormal by aa overabundance of rare species. Canopy fogging was mote
efficient than Malaise trapping when compared on a per sample basis, but Malaise traps were far more
efficient than canopy fogging on a per individual basis. Thus, over a long rime Malaise trapping is mote
cfficient. There was broad overlap in the species compositon of the twe sampling methods, and com-
bining methods did not improve efficiency over single methols. Fogging multiple species of trees
captured species at a higher rate than fogging single specics when species accumulation curves were
compared on a per individual basis, but nos when compared on a per sample basis. Richness estimates
did not stabilize as sample size increased, and the species accumulation curve was logarithmic, with no
evidence of approaching a plateau. However, final richness estimates were only 10-15% higher than
ohserved species richness, and the singlerons curve was beginning to decline. Adding addirional records
from elsewhere in Costa Rica, there arc about 350 species in 89 gencra known from the country as a
whole. This study recorded 10 genera new to Central America and 47 new o Costa Rica, Based on this
study we predict there may be 1000 species of Alticinae in Costa Rica. Al} Central American countries

certainly have a much higher actual diversity than is recorded in the literature.

RESUMEN

En la literatura de Costa Rica unicamente se han registrado 112 especies de 43 géncros de Alticinae.
El proyecto Artropodos de La Selva (ALAS), realizé un inventario cuantitativo de los Alticinae enla
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Estacion Biolégica La Selva, localizada en el bosque tropical Nuvioso, en las tierras bajas del atfantico
de Costa Rica. Ademas, se examinaton colecciones para incluir material adicional de los Alticinge.
El inventario cuantitativo di un resulrado de 3,221 especimenes en trampas de Malaise, 2260
especimences de la fumigacion del dosel, y 203 obtenidos por otros métodos, Un total de 247 especies
en 08 géneros fueron obtenidos. Ta distribucién de abundancia fue bi-modal, desvidndose de
logaritmo normal por la sobre abundancia de especies raras. La fumigacion dei dosel fue mgs eficiente
que las trampas de Malaise cuando COMPpRramos por muestra, pero las trampas de Malaise fueron
mucho mis eficientes que la fumigacion del dosel cuando comparamaos a nivel de individuos, De
este modo a largo plazo las trampas de Malaise son mas efectivas. Obtuvimos un amplio traslape en
la compuosicién de las especies de los dos métodos de muestreo, v s los combinamos esto no ayuda
a la eficacia sobre mérodos individuales. La fumigacion de multiples especies de drboles registré una
alta proporcion de especics comparada con la fumigacion de arboles de la misma especie, cuando
las curvas de acumulacion fueron comparadas a nivel individual, pero no cuando las comparamos a
nivel de muestra . Las estimaciones de riqueza no se estabilizaron cuando incrementamos ef tamafio
de muestra, y la curva de acumulacién de especies fue logaritmica, sin ninguna evidencia de que
alcance la estabilidad. Sin embargo, las estimaciones finales de riqueza fueron de 10-15% mds alras
que la observada en la rigueza de las especies, y la curva de “singletons” empez6 a declinar, Adadiendo
registros adicionales de otros lados de Costa Rica, encontramos que hay cerca de 350 especies en 89
géneros conocidos para todo el pais. Basado en éste estudio predecimos que hay cerca de 1000
especies de Alticinae en Cosea Rica. Todos los paises Centroamericanos poseen una diversidad mas
alta de la que se indica en a literatura.

INTRODUCTION

The Chrysomelidae are a major component of tropical arthropod biodiversity (Wagner, 2000,
and the flea beetles (Alticinae) comptise the largest subfamily. These highly diverse, phytophagous
insects have important ecological roles as abundant herbivores, and many species have become
important agricultural pests that affect human welfare. Detailed knowledge of species-level diversity
pattcrns is important for conservation biology, natural product development, biodiversity monitoring,
community ccology, and systematics research. Costa Rica is attempting to develop such knowledge
through a nation-wide biodiversity inventory carried out by the Instituto Nacional de Biodiversidad
(INBio). An important contribution to INBio’s national inventory effort is the Arthropods of Ta
Selva project {ALAS, Longino, 1994}, which provides inventories for many arthropod taxa at one
lowland rainforest site, La Selva Biological Station, This long-term, large-scale inventory is a
collaboration of locally-trained people (parataxonomists) and taxonomic specialists from many
institutions. We contribute to this effort by reporting here a detailed assessment of alticine diversity.

Inventory and monitoring using arthropods can often be more informative than using vertebrates,
because invertebrates are often more seasitive indicatorss of environmental change and usually consist
of more diverse species assemblages. Too often diversity studies and resulting planning for
conservation or sustainable use concentrates on well-known groups (e.g., mammals, birds, and plants)
and have ipnoted the most diverse (“hyperdiverse™) organisms (e.g., arthropods, nematodes, and
fungi) (Colwell and Coddington, 1994), More knowledpe of the correlation between the well-known
and hyperdiverse groups is needed before the “indicator group” strategy can be refiably applied to
biodiversity surveys and estimates (Colwell and Coddington, 1994). Good inventoty information
about invertebrates can be very useful for management and planning in conservation efforts and
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arcas, nssessing the sustainable use of natural resources, and measuring changes in an ccosystem in
response to atural processes or buman activides (Kremen ef o, 1993). Some invertebrate groups
can be more cffective indicators than sthers and Alticinae offer great potential, not oniy because of
their high diversity, but also because of the relatively close association with their food plants. However,
a requirement for an effective indicator group is that they can be readily and accurately identified to
the species level. This is still a steep challenge for Neotropical Alticinac because of few specialists,
few reliably determined collecdons, few monographs and keys, and lack of casy accessibility to
good coliections.

There are many implications of diversity studies in tropical rainforests. Tt is well known that
much of the world’s biological diversity resides in tropical rainforests, especially in the canopies of
such forests, and that much of this diversity consists of species and even geneta previously unknown
to science. Therefore, putely from the perspective of discovery such surveys arc fascinating and
exciting, Many models, predictions and attempts at application of the results of diversity surveys
and inventorics have been made with the goal of conservaton, Some studies have applied the
cesults of diversity studies to statistical modcling and others have used them to demonstrate optimam
and effective sampling methods for estimating biological diversity (Longino and Colwell, 1997).

For hyperdiverse taxa, intensive local inventories are a valuable starting point for understanding
diversity at larger spatial scales. There are a variety of reasons why it is important to know local
specics tichness or diversity, including the study ot geographical patterns of species richness,
chronological changes in species richness, causes of tropical diversity, altitudinal changes in diversity,
and application to conservation issues and sustainable use (Tongino, & af 2002). Ecologists have
devised methods for estimating species richness hased on quantitative sampling (Soberdn and Llorente,
1593, Colwell and Coddingron, 1994), bur traditional methodologics of collecting species information
in the field have been inconsistent and non-quantitative (Colwell and Coddington, 1994, Longino ¢
al, 2002). Many studies of species diversity have relied on abserved specics richness, which is always
an underestimate of true community richness. Most diversity studies use limited sampling technigues
carricd out over a limited amount of fime, which results in obscrved richness being far lower than
true community richness.

Since the carly 1980s there have becn many attempts t© estimate the global species richness of
inseces. For many of the stndies on which the estimates have been based in tropical rainforests the
main sampling method has been eanopy fogging (Brwin, 1982). Subsequently there has also been
significant debate as o whether the global estimates of specics richness are accurate {Gaston, 1991,
Erwin, 1991). These global estimates usually rely on assumptions of host specificity of insect
herbiveres, assumptions that are rarcly tested. Novouny and Bassct (2000) have made significant
progress in revealing patterns of host specificity in chrysomelid communitics. They conducted 2
three-vear study in Papua New Guinea, in which they sampled from thousands of trecs and carried
out extensive feeding tests on live material. More recently Novotny ef al (2002) indicates that most
herbivores in tropical forests have lower host specificity than assumed in maay previous species
richness/abundance studies. Cur study does not address host plant relationships, but relies almost
entirely on various mass-sampling techniques.

In a quantitative survey of the ants of La Sclva, Longino ¢ al (2002) emphasized that it is
difficult to estimate species richness for diverse faunas without a major sampling cffort. They found
that when single methods were examined, a high proportion of species were rare, species accumuiation
curves did net appear asymptotic, various richness estimates failed to stabilize, and the richness
estimates were usuallv much higher than the observed richness. In contrast, when multipie sampling
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methods were employed, the proportion of rare species declined, and the specics accumulation
curve showed signs of approaching an asymptote. Richness estimates still did not stabilize, but they
did closely converge with obscrved richness (i.¢., no more than 6% above observed). Longino e o/
(2002) proposed that convergence of essmated and observed specics richness was g good indicator
of inventory completeness. Specialized collecting by an ant cxpert (Longino} was an important
method. Longino found 293 of 437 species, a higher proportion than any other single methaod,
Quantitatively structured sampling was good for estimating relative abundance of common species,
but undet-represented many species duc to the limired scope and number of methods. Speciatized
collecting, actually the non-quantitative application of many methods, made it unlikely that there
was a large pool of rare, unscen species at La Selva, Thus, 2 combinaton of non-quantitative specialist
{taxonomist) collecting and quantitatively structured sampling resulted in a relatively complete
Inventory.

In surveys, inventories and other biological diversity studies the subject of species rarity is often
discussed, but its cavse is srill somewhat enigmatic. Rarity is often quantified in terms of singletons
(species known from one specimen), doubletons (specics known from two specimens), uniques
{species known from one sample, regardless of how many individuals occur in cach sample), and
duplicates (species known from two samples). Richness estimares are highly influenced by rare
specics, and often an atcempt is made to partition rare species into low density clements of local
communities and thosc that somehow do not belong (“tourists™),

Longino ¢ a/. (2002) wsed natural history and distribution data to classify a number of the unique
ant species as geographic or methodological “edge’ species, the former being common outside of
La Selva but rare on the property itself, and the lagter possibly common at La Selva but not casily
captured with any of the methods used. They also pointed out that species rare in ecalogical sampics
are ofeen not rare to muscum taxonomiss. For taxonomists, rare species are often methodological
edge species. Tt was striking how many of the La Selva uniques were known from additional collections
outsicde of La Selva. Only 7 of 437 ant species were known from only one cailection in the world.

Our current knowledge of alticine diversity is based on a history of collecting by taxonomists
tather than quantitative inventorics. There are over 500 genera of Alticinae and probably 8,000
speeies worldwide, OF these, over 230 genera have been described from the Neotropical Region
(Seeno and Wilcox, 1982), The only key to Neotropical genera was done by Scherer (1962). However,
since then about 50 new genera have been described, making even genus-level determinations
extremely difficult. Faunal records for Costa Rican Alticinae have gradually accumulated over time.
In the Biologia Centrali Americana, Jacoby (1884-1892) recorded 16 genera and 38 species. In the
Coleopterarum Caralogus, Heikertinger and Csiki (1939-1940) recorded 16 genera and 39 species.
Wilcox (1975) recorded 29 gencra and 514 species. Based on all the previous literature Furth and
Savini (1994, 1998) listed 41 genera and 107 species. Furth (1998) added 3 Blepbaride Chevrolac
species records, Savini (1999} added Heskertingerella marini Bechyné and Bechyné, Duckett and Moya
(1999) described Procadica fica, and Savini and Farth 2001y added Nevsphaeraderma coerslea {Jacoby),
raising the total number of recorded species to 113, Furth and Saviai (1996, 1998} listed the following
Alticinae diversity from some other Central American countries: Panama with 70 genera and 270
specics; Mexico with 75 grenera and 391 species; und 2 total from ali Central America of 113 genera
and 884 specics. Thesc totals were taken from previous catalogues, checklists, monographs, revisions
and othet taxonomic publications,

As for most arthropod groups, telatively little comprehensive new ficldwork had been artempted
in order to more accurately or realistically understand the Aiticinae diversity of Costa Rica. Nor
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have there been many afiempts to survey museum collections in order to determine this diversity
based on various collecting events of many entomologists over time. Large numbers of undetermined
Alticinae reside in many institutional collections and in private collections. Part of this is because
this largest subfamily of the Leaf Beetles (Chrysomelidac) is very confused nomenchaturally and
taxonomically and very few specialists can even reliably determine correct generic names much less
specific ones. So the quantity of undetermined Alticinae continues to grow in collections and few
specialists have ied to do significant sorting, Point surveys of alticine diversity are few. Farreli and
Frwin (1988) found 126 commaon species of chrysomelids at a single site in Peru, but 64 (mostly
Alticinae) could not even be identified to genus.

We present here an analysis of the alticine fauna of La Selva, based on an intensive program of
structured sampling, and we review the knowledge of the fauna for Costa Rica as a whole. The
results reveal how little we know of the Neotropical alticine fauna in general, and suggest efficient
sampling methods for future surveys.

METHODS

Study Site

The study site is La Sclva Biological Station (Heredia, Costa Rica) [84° 01"W, 107 26°N]. It consists
of a lowland tropical rainforest of about 1500 hectares with clevations from 50-150 meters and a
mean annual rainfall of 4 metess. The habitat is a mosaic of lowland rainforest, second growth
forest of various ages and abandoned pastures {(McDade ¢ al, 1993).

Project ALAS

The Alticinac inventory was conducted as past of Project ALAS (hitp:// Viccroy.ecb.uconn.cdu.ALAS/
ALAS.htmi), Project ALAS 15 a large collaborative effort to survey the arthropods of La Selva
Biological Station. A generalized set of sampling methods bas been applied to a wide range of
arthropod taxa, from spiders and mites to many groups of Coleoptera, Diptera, Lepidoptera and
Hymenoptera, Field sampling and sample processing has been catried out largely by a resident staff
of four persons (including the third author) recruited from communities surrounding La Selva and
trained in entomological technigues (pArataxonomists, seass Janzen, 1991). A relational database of
collection, specimen, and identification data is managed using the biodiversity database application
Biota (Colwell, 1996). This on-going project is a collaboraton with the Instituto Nacional de
Biodiversidad in Costa Rica (INBio, Gamez, 1991). All specimens resulting from this project are
labeled with INBio barcodes (in addition to standard locality labels). Specimens are deposited in the
INBio collections facility in Santa Domingo de Heredia, Costa Rica, with the exception of those
distributed to 1axonomic specialists or collaborators, following INBio and Costa Rican regulations.

Sampling Methods in this Study

Malaise traps. A program of quantitative sampling was initiated in March 1993, Sixteen areas
were sclected on a La Selva station map, stratified by soil type (alluvial vs. residual) and forest type
(primary vs. secondary). This design yielded four replicates for cach soil and forest type combination.
Sites were casily accessible from a trail system, but widely dispersed. A Malaise erap (Marris House,
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with black vertical panel and white roof) was erected in each area. Malaise traps are open-sided tents
with a collecting head in which flying or crawling arthropods are trapped and accumulate, The
collecting head was 2 plastic bottle containing 75% ethanol. Malaise traps were placed in light gaps
and potential flyways and maintained from March 1993 to March 1994, for a towl of 13 months, At
the beginning and the middle of each month, the collecting bottle with accumulated arthropods was
removed and replaced with a fresh bottle of ethanol. After the first two months four distant traps
were changed to a monthly sampling regime, resulting in a few one-month samples, but these are
less than 5% of the processed samples. New traps were installed and a second series of Malaise
samples was taken from June 1995 until June 1996. The traps were installed at the same sites as
previously, excluding the 4 most distant sites, This sampling program yielded a total of 664 samples.
Finally, a single Malaise trap was installed in a recent treefall gap near the laboratory in 1999, from
which 6 samples were processed.

Fogging. Canopy fogging was done using the general procedures of Frwin (1983), Adis et a/
(1984, and Stork (1988). During the 19931994 sampling period, eighteen trees were selected for
canopy fogging: six individual trees of the most common tree species at La Sclva (Pentacicthra macroloba
(Willd) O. Krze., Fabaceae), six individual trecs of a species of intermediate abundance (1irola
koschnyi Warb., Myristicaceae), and one individual each of trees from six additionat families. Six areas
were chosen on a La Selva station map, such that the areas were dispersed across the available
primary forest, and at the same time accessible from the trail system, In each area three trees were
selected: a Pentaclethra, a 1/irola, and one of the six unique specics. Trees were chosen that had large
crowns, little overlap with adjacent crowns, and good access for climbing, The three trees in a group
were usually fogged on consecutive days, and the 6 groups were fogged at approximately two-
month intervals over one calendar year. A second set of fogging samples was obtained in October
and November of 1994. Seven scts of three trees were fogged, all compressed into this two-month
period instead of spread over a year. Again each group of three contained a Pentaciotira macroloba, a
Virota koschnyi, and a distinct species in the “other” category. Finally, a set of six samples was taken
in late December 1999 and early January 2000. These were from diverse species in a varety of
families, all from one area in primary forest,

Arthropods were captured in funnels slung beneath tree crowns. Ropes were strung from trunk
to trunk between the focal tree and neighboring trees to form an irregular network 2-3m high above
ground level. Forty funnels, each intercepting an area of 1 squate meter, were suspended from these
ropes, distributed as evenly as possible in the area beneath the crown of the focal tree. The funnels
were composed of ripstop nylon mounted on a metal hoop, with a threaded ring at the bottom for
the attachment of a plastic sample bottle. Palm leaves and other vegetation immediately above the
funnels were clipped ot bent back, but otherwise the understory vegetation was left intact. Funnels
were left upside down on the ground overnight to avoid accumulation of debris before fogging,
Before dawn the next morning the funnels were re-suspended and the bottles filled with 75% ethanol.
An operator climbed to the first branches at the base of the crown, 15 to 20m above ground level,
and commenced fogging at about 0600hrs. We used a Golden Eagle DynaFogger, on setting 6, to
fog 3.8 | of Pyrethrins 123 insecticide (Summit Chemical Co.). This is a 3% solution of a natural
pyrethrin insecticide with synergists, in a petroleum distillate cartier. The operator gradually fogged
in a 360 degree circle, attempting to cover the crown evenly. Following fogging, a two-hour drop
time was allowed, after which the sides of the funnels were washed down with ethanol and the
bottles were collected. Fogging events were classified into three “treatments” related to trec species:
Pentaciethra macroloba, Virola koschnyi, and “diverse” (comprising many species of trees from many
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families). At the time of this analysis 29 fopging events had been processed: 7 Pentaclethra macroioba,
9 Virola koschuys, and 13 diverse.

Other. A few specimens were hand collected or netted by the ALAS staff and visiting sclentists.
A few specimens werc collected at lights and one in a Berlese sample. The first author collected at
La Selva by selective sweeping of the vegetation for several days 1o August of 1989 and for 2 days
in January 1995,

Species Identification

The first author identified the ALAS samples first to genus using published literature on the
Neotropical Alticinae fauna as well as an unpublished key to genera. In addition specimens were
determined to genus or species by comparlson to types of reliably identified specimens from a
variety of institutional collections. Many identifications were possible because of the indefinite loan
to the first author of M. Jacoby specimens in the E.C. Bowditch Collection (Museum of Comparative
Zoology, Harvard University). Specimens wese identified to actual species name or to geaus name
with a morphospecies name (e..g., ~Acallepitrix DF-002). Such morphospecics names were used
consistently throughout the study and vouchers are deposited both at INBio and the U. S, National
Muscum of Natural History (USNMNH). Unique vouchers are temporarily maintained by the first
author for further identifications and until cither more specimens are discovered or the project is
coneluded, in which case uniques will be deposited at IN Bio, Generic author names can be found in
Furth and Savini (1996, 1998).

In addition to the ALAS project specimens, the first author has examined and determined
specimens from additional collections at INBio and USNMNH, both from La Selva and from
clsewhere in Costa Rica. These additional collections add notable genus and species records to the
knowledge of the Alticinae diversity of Costa Rica.

Inventory Efficiency and Richness Estimation

Data were analyzed using the program EstimateS (Version 5, R. K. Colwell, http://
viceroy.eeb.uconn.edu/estimates). This program calculates species aceumulation curves and associated
values for a varicey of richness estimators, presenting the mean of a user-designated number of
random re-orderings of the samples. Species accumulation curves were “sample-based rarefaction
curves” (sensi Gotelli and Colwell, 2001) and were examined based on number of samples (a measure
of specics density) and number of individuals (a measure of species richness) (Gotelli and Colwell,
2001). Inventory efficiency was investigated using the combined curve method of Longino and
Colwell (1997). Species accumulation curves for Malaise samples, fogging samples, and the two
methods combined were examined, In like manner, the three fogging treatments were compared
with the combined curve method. The fogging treatments were also compared with respect to
within-sample measutes of diversity, using 1-way ANOVA. Two variables were examined: number
of specics, and number of species following rarefaction. Rarefaction was calculated using the Coleman
cquation, with each fogging sample rarefied to the sample size (number of individuals) of the
smallest fogging sample.

Specics richness was estimated with two estimators: fitting of the Michaclis-Menten equation to
the smoothed species accumulation curve and the Abundance-based Coverage Estimator (ACE)
(Colwell and Coddington 1994, Chazdon ef o/ 1998, and see the EstimateS website for references
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and calculation methods). Richness estimates were evaluated by plotting them as a fuaction of
sample size, with presence of a plateau being indicative of a reliable richness estimate, and convergence
with observed species richness being a measure of inventory completencss {e.g, Longino ef o/,

2002,

RESULTS

This survey more than doubled the known diversity of Costa Rican Alticinae, at both the generic
and species level (Tables 1 and 2). Generic diversity rose from 43 previously known genera to 89
reported here (Table 1). Of these 46 new genera, 3 are new to science, 10 new to Central America
(8 from La Selva) and 33 are new to Costa Rica { 26 from La Selva). From Table 1, of the 10 genera
new to Central America are: Andiroba Bechyné and Bechyné; Calipeges Clark; Chaparena Bechyné (not
recorded from La Setva); Coroicona Bechyné; Egleraltica Bechyné and Bechyné; Laxgprosopus Guerin;
Palmaraltica Bechyné; Paralacticoides Bechyné and Bechyné (not recorded from La Selva); Rodear Clark;
and Stenophyma Baly. And of the 33 genera new to Costa Rica, 7 are not recorded from La Selva:
Aerocyum Jacoby, Calliphron Jacoby; Euphenges Clark; Hydmosyne Clask; Lacpatica Bechyné and Bechyng;
and Megarus Jacoby; Octegonotes Drapiez. In addition, the following 12 genera have been previously
recorded from Costa Rica (Furth and Savini, 1996, 1998, Furth, 1998), but were not found at 1a
Selva duting the current ALAS Project sampling: Ayalzia Bechyné and Bechyné; Bépharida Chevrolat;
Cacoscelis Chevrolas; Chalatenanganya Bechyné and Bechyné; Diphasiaca Chevrolar; Distigmoptera Blake,
Hylodromus Clark; Macrobaltica Bechyné; M. egistops Boheman; Pedifia Clark; Psendogona Jacoby; and
Resistenciana Bechyné. Specimens of all the above genera ate represented in the collections of INBio
and/or USNMNH.

Species richness rose from 113 species recorded for the country as a whole to 247 species and
morphospecies known from La Selva alone (Table 2). Only 11 of the La Selva species wete previously
recorded from Costa Rica. Even though most of the species from La Selva have only a morphospecies
name, the first author believes that almost all of these are not conspecific with any of the species in
the same genera previously recorded from Costa Rica. Adding records of additional species exarmnined
in collections but not known to occur at La Selva, the total for Costa Rica is about 350 species.

The Total column of Table 2 indicates species abundance with a typical pattern for rich tropical
taunas with a few common species and many “rare” species, represented by either a single (singleton)
specimen or by 2 (doubleton) specimens,

There were relatively few “abundant” species (more than 200 specimens captured): “Apbthona”
robusta; Genaphthona transversicollis; Glenidion jacobyi (Bechyné); H. cikertingerelia DT-001; Hypoiampsis DF-
001; and Neothona DF-001. It is pethaps not surptising that two of these belong to the two most
diverse Neotropical genera of Alticinac Heikertingerelia and Hypolampsis (Furth, unpublished), and
many species were represented by relatively few specimens.

Of the 74 species that can be considered as “rare”; 26 specics were tepresented by singletons
(uniques) and 48 species by doubletons. Fig 4 demonstrates the situation of the rare and very rare
species (doubletons and uniques, respectively). The doubletons continue to increase slightly and the
uniques decline slightly with increased sampling, It is also interesting that the total of singletons is
continually higher than that for doubletons. Until the host plant relationships of the Alticinae of La
Selva are better understood or until host plant testing of the species is conducted along with the
sampling, especially for canopy fogging, it will be difficult to discern the cause or reasons for the
rare and very rare species there. As demonstrated by this and other SUTVEYS, rare species are a
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Table 1, Genera of Altcinae currently known from Costa Rica. This list was compiled from previous litera-
ture records (Furth and Savini, 1996, 1998 and included references), the ALAS quantitative sampling program,
additional hand collecting by the seniot author and others, and additional examination of museum collections
at INBio and USNMNH. An “x” in the La Selva column indicates genera known from La Selva. An“x"inthe
Costa Rica colums indicates genera known from Central America but newly reported for Costa Rica. An “x”
in the Central America column indicates genera known from the Americas but newly reported for Central
America. An “x” in the New Genus column indicates genera new to science. A number of genera (e.g., Ayalaia,
Chatatenanganya, erc.) have no “x” indication in any of the columns, this is because these genera have been
recorded in the literature as being from Costa Rica, but were not found in this study of La Selva.

* “ dphibona” is not considered as a separate genus because it actually belongs to another genus of the Aphtho-
nini {sersz Bechyné) included here.

Genus La Selva Costa Rica Central America New Genus

Acallepitris X X
Acanthomycha
Acrocysm X

B

Alagodasa
Allschroma
Andiroba
Aphthona*
Asphaera
Ayalaia
Bellacincta X X

Blepharida

Brasilapbibona x x

Cacoscelss

Calipages X X
Calliphron

Centralaphthona

Cerichrestus

Wow M M M
"

Chaztocnema
Chalatenanganya
Chaparena
Coraicona
Cyriylus
Dinaltica
Diphaltica
Diphauntaca
Disonycha x

Distigmaptera

Egleraltica X x
Epitrix
Epitrix A
Euphenges
Escartematopus
Exoeeras
Genaphthona
Gloia
Glenidion

oMo omoM

o
L]

I
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Table 1. Continued.

Genus La Selva Costa Rica Central America New Genus

Heikertingerella
Heikertingeria
Homotyphus
Hydmosyne

oM oM

Hylodronus

Hypolampsis X
Lagpatica
Leptophyia
Longitarsus
Loxaprosopus
Lupraea
Macrobaltica
Margaridisa X

Mepasus X
Megistops
Mesodera
Menopricra
Monoplatini
Monotatly-like
Nasigona
Neodiphatlaca
Neaspbaerodermea
Neothona
Notogona
Qctogonotes X
Qmaphoita

Palmaraltica X X

wooM oM M

I
»

LI A

Panchrestus
Paralacticoides X
Parasypbraca X

Parchicola
Pedilia
Phenrica
Phylacticus
FPhysimerus
Platiprosopas
Plectotetra
Piendogona
Procadica

A e

E

Resistenciana
Rbinotmetus
Roicss
Sparnus
Sphacronychus
Stepnea
Stenophyma
Strabala

E -
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Table 1. Continued.

Genus La Selva Costa Rica Central America New Genus

Styrepitrix X
Syphrea
Systena
Tetragonotes
Trichaltica
Varicosa
Walterianella
Total Genera 68 33 10 3
Grand Total: 89

MoMoH oM R oW

Table 2. Alticine species known from La Selva Biological Station. Trap bias (“M” for Malaise traps, “F” for
canopy fogping) was exarnined with a binomial test for cach species, with the binomial probability equal to the
proportion of all individuals across all species in canopy fogging sampies (0.41). * = p<0.05,** = p<0.01, ***
= p<0,001. “Other” indicates species captured by methods other than Malaise traps and fogging, including
hand collecting by the senior author.

Species Fogging Malaise Toral Trap Bias Other
Acallgpitriz DF-001 1 5 G +
Acallepitrie DF-002 0 2 2 +
Acanthonycha DF-001 2 3 5

Acanthonycha DF-002 0 1 1

Acanthonycha DEF-003 0 0 0 +
Alagoasa DT-001 0 0 0 +
Alagoasa DF-002 ¢ 5 5 +
Alagoase DF-003 2 ¢ 2 +
Alagoase DF-004 0 0 0 +
Alagoasa gemmata (Jac.) 0 0 0 +
Alagoasa moutana (Jac.) 44 101 145 Y +
Allochroma basalis (Jac.) 1 12 13 M*

Allachroma DF-001 19 1 20 | Sk

Allochrosra DE-G02 0 1 1 Y +
Allochroma DF-004 8 0 8 Frexx +
Allochroma DF-005 0 1 1 +
Allochroma DF-006 7 0 7 F**

Alblochrama DTF-007 0 1 1

Allochroma DF-008 1 0 1

Allochroma guatersalensis Jac. near 7 O 7 F**

Andiroba DE-001 0 141 141 Y Rt +
Andiroba DF-001A 0 10 10 Mok +
Andireba DF-002 0 14 14 MFHE

Andiroba DF-003 0 9 9 M**

Andireba DF-004 0 50 50 Mok* +
Hphihona rebusta © (Jac) 36 165 201 M#r* +
Asphaera DF-001 8 3 11 P +
Asphaera DF-002 0 0 0 +
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Table 2. Continued.

Species Fogging Malaise Total Trap Bias Other
Asphaera DF-003 0 4 4

Aiphaera DF-004 0 1 1

Asplaera DF-005 1 0 1

Asphavia nobiliata (Fab,) 14 147 161 b R +
Asphasra reichies (Har.) (1 3 3 +
Bellacineta clarks (Jac.) 17 21 38 +
Brasifaphthona DF-001 0 17 17 M***

Brasilapbthona DE-002 0 17 17 i Rk +
Brasilaphthona DE-003 0 0 0 +
Brasilaphthona DF-004 3 0 3

Brasifaphihona DE-005 ] 4 4 +
Brasilaphttona DF-006 3 3 G

Brasilaplhthona 13F-007 3 17 20 v*

Brasilaplbthana palpalis (Jacy (9) (t 1 1 +
Calipeges DF-001 3 1 4 +
Centralaphthona DF-001 0 i 1

Centralaphthora DF-002 1 2 3

Centratgphibona DF-003 0 1 1

Cerichrestus clarks Jac. 0 14 14 oY% i +
Cereehrestns DF-001 U] 14 14 Y R +
Cerichrestns DF-002 0 1 1

Cerichrestns DF-003 0 7 7 M*

Cerichresins DF-004 0 2 2 +
Chaetocnema DF-001 0 6 6 M* +
Chaetocnema DF-002 1 1 2 +
Chactocnema DTF-003 0 1 1

Chactocnema DF-004 0 1 1 +
Chaetocnema DEF-005 0 1 1

Chaetocnena DE-006 1] 0 0 +
Chaetocnema DF-007 0 0 0 +
Corgicona DF-001 92 15 107 | Sk

Cyrsyius DE-002 0 9 9 Mi** +
Cyreylus DF-003 0 11 11 M*F +
Cyrsylus recticollis Jac. () 0 25 25 MH** +
Dyinaltica DE-001 93 36 129 A

Dinaltica DE-AK)2 { 62 62 MH#*

Dipbaltica DF-001 0 17 17 Y R +
Disonycha DEF-001 0 0 0 +
Disonycha trifasciata Clark 0 0 0 +
Egleraltica DF-001 14 7 21 F*

Epitriss DF-001 1 4 5 +
Epitrise DEF-002 0 1 1 +
Epitrisc DF-003 0 0 0 +
Epitrix DF-004 0 2 2

Epitrix: DF-005 0 0 ¢ +
Eipitrix DE-006 0 1 1 +
Epitrize DF-007 0 0 0 +
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Table 2. Continued.

Species Fogging Malaise Total Trap Bias Other
EpitrinA DT-001 15 15 30

FpiiniA DE-002 0 17 17 S i +
Fpitrize DE-003 U 3 3

FpitrixA DE-004 0 14 14 Mpx*

Fxariematopus DE-002 0 2 2

Fixoreras DF-001 2 75 75 M*H*

Exogeras DEF-002 0 45 45 M*** +
Exocerar DF-003 0 15 15 % i

Lixgeeras DF-004 3 5 8

fzxeceras DE-005 0 1 1

Genaphithona DE-(01 14 92 106 Mr**

Genaphthona transversicollis (Jac.) near ) 213 213 Mr**

Givia DF-001 3 10 13 +
Glenidion jacoliyi (Bech.) 216 116 332 | S +
Heikertingerella DE-001 203 233 436 F*

Heikertinperstla DF-002 3 7 10

Heikertingereffa DF-003 9 3 12 F*

Heikertinperella DF-004 0 1 1

Hezkertingerella 1DF-005 2 0 2

Heikertingerela DE-006 0 1 1

Heikertingerefla DEF-007 15 78 93 |\ s +
Heikertingerella DF-008 2 15 17 M**

Heikertingerella DF-009 (%) 0 0 0 +
Heikertingerella DF-010 109 35 144 | S

Heikertingerelle DF-011 44 26 70 | Sk +
Heikertingerelta DF-012 57 16 73 | Cal

Heikertingeretia DTF-013 0 4 4

Heifeertingerella DF-014 1 P 10 M

Helkertingerefla DF-015 7 14 21

Heikertingerefla DF-016 13 1 14 [t

Heikertingerefle DE-017 1 0 1

Heikertingerella DF-018 0 2 2

Heikertingerella DT-019 4 1 5

Heikertingerela DEF-020 0 b 0 +
Heikertingeretfa 1IF-021 1 1

Heikertingerefla DF-022 1 0 1

Heikertingerefla marini Bech & Bech. 0 6 G M* +
Heikertingeria DF-001 0 8 8 M*

Heikertingeria IDF-002 1 7 3

Heikertingerta DF-003 2 1 3 +
Homesyphus DF-001 0 0 0 +
Homopyphus DF-002 12 0 12 | Sl

Homotyplhas DE-003 0 4 4

Homotyphas DFE-004 0 2 2

Homotypbas DF-005 0 2 2

Homopyphus DE-006 1 0 1

Henrotyphus DFE-007 0 2 2 +
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Table 2. Continued.

Species Fogging Malaise Total Trap Bias Other
Honrotypbns DF-008 0 1 1

Hypolampsis DE-001 289 16 305 | S

Hypaigmpsis DF-002 Q 11 11 M* +
Hypolampsis DFE-003 1 3 4

Hypolampsis DF-004 0 4 4 +
Hypolampsis DE-005 7 1 8 p* +
Hypolampsis DF-006 12 6 18 F*

Hypolampsis DE-007 0 6 6 M*

Hypolampsis DF-007A 0 0 0 +
Hypolampsis DF-008 0 2 2 +
Hypolampsis DF-009 2 2 4

Hypolampsis DF-010 1 4 5

Hypolampsis DF-011 5 1 6

Hypolampsis DE-012 1 0 1

Hypalanpsis DF-013 0 0 ] +
Hypolanipsis DF-014 0 1 1 +
Hypolampsis DE-015 0 12 12 M+

Hypolampsis DF-016 1 0 1

Hypolampsis DE-017 G 0 6 Frx

Leptoplysa DF-001 1 2 3

Lepropbysa DF-002 0 1 1

Longitarius DF-001 2 3 5 +
Longitarsus DF-002 0 2 2 +
Laongitarsns DF-003 ¢ 1 1

Longitarsns DE-004 ] 0 0 +
Laoxogprosgpus DE-001 8 2 10 F*

Loxaprosapsr DF-002 0 5 5

Laupraea DF-001 0 2 2 +
Lapraea DF-002 42 1 43 Foex

Lupraea DF-003 79 2 81 Freek

Lupraca DF-004 G 36 42 Mok

Lupraca DXF-005 19 10 29 | S

Lupraca DF-006 5 9 14

Lupraca DF-007 18 2 20 ok

Lupraea DF-008 3 2 5

Lupraea DE-009 0 1 1 +
Lupraea DF-010 0 2 2

Lupraea IDF-011 0 U] 0 +
Lupraca subragosa (Jac,) near 46 1 47 e +
Margaridisa DF-001 0 0 0 +
Margaridisa matagra (Bech,) (7) 5 28 33 ME** +
Mesodera fulvicollis Jac. near ] 36 36 MHx +
Monomacra chontalensis (Jac.) o 6 6 M* +
Monomacra DF-001 8 5 13 +
Maonomacra DF-002 0 1 1

Monenacra viokacea {Jac.) 0 13 13 Mok * +
Monoplatini new genus 82 ! 83 | Sl
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‘Table 2. Continued.

15

Species Fogging Malaise Total Teap Bias Other
Mounetalla-like (near) DE-001 23 5 28 ) Rl +
Menvtalia-like (near) DF-002 2 1 3

Monotalla-like (neas) DF-003 i 2 2

Nasigona DF-001 0 2 2 +
Neodiphaniaca genda Beeh.&Bech. 2y 0 47 47 i Sl
Neosphaeroderna coertilea (Jac) 0 2 2 +
Neothona DE-001 185 67 252 [rx

Notogona DF-00 4 0 4 F*

Owiophoita aequinoctialis (Linn.) 3 83 80 M*** +
Oueaphoita clerica (Frichs) 5 1 6

Palmaraltica DE-001 0} 0 0 +
Panclirestus denticoflis Blake 4 4 8

Parasyphraca DF-001 (near minuta) 7 66 73 M***

Parasyplbraca DT-002 17 86 103 (1% o +
Parasyplraca DF-003 4 71 75 % Rl +
Farasypbraea DF-004 14 3 17 [rrxx

Paragypbraea minuty (Jac.) 3 30 33 1Y e +
Parchicola DE-(61 1 5 G +
Parchicola DF-002 0 2 2 +
Parchicola DF-003 0 0 0 +
Phenrica DF-001 0 1 1 +
Phenrica DF-002 0 1 1 +
Phenrica DF-003 0 2 2

Phylacticus major Jac. 1 0 1

Plytacticus usintatns Clark 2 16 18 M** +
Phlysinerns DF-001 6 4 10

Platiprosepns DEF-001 7 0 7 Fr*

Plaiiprosepus 1ITF-002 0 1 1

Plectotetra DE-0 0 2 2

Procadica bifaiciata Jac. 0 9 9 M** +
Procadica straminea Har. near & 9 9 M** +
Rhbinotwretns DF-01 & 0 0 +
Rbinotaretus DEF-002 0 1 1

Rbinotmetas DE-003 0 6 ¢ M*

Rbunetnetas DF-004 1 12 1. M

Rbinotmetns DF-005 6 4 10

Roicus DE-001 (n.sp.) 0 2 2 +
Redens DF-002 (n.sp) 0 0 0 +
Sparnus apicalis Jac. (n.sp.) near 0 1 1 +
Sparnns chiviguiensis Jac. (7) 0 1 1

Sparans DF-001 1 0 1

Sparnns DF-002 i d 1

Sparnus DE-003 10 0 10 [k

Sparnus DE-004 1 0 1

Sparnus flavicollis Jac. 2 0 2

Spbhaeronyehus DEF-001 9 3 12 F*

Sphacronychus DF-002 1 7 8
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Table 2. Continued.

Species Fogging Malaise Total Trap Bias Other
Sphaeronyehus puncticollis (Jac.) near 25 7 32 et

Stegnea DEF-001 h 13 13 M#ok*

Stenoplyma nodesta Weise (7) 78 4 82 [k

Strabala subcostata (Jac.) 0 0 0 +
Styrepitrisc bogueronica Bech.&Bech. 0 62 62 Mpx

Syphrea DF-001 6 14 20 +
Syphrea DE-002 0 15 15 Mk +
Sypbrea DF-003 0 0 0 +
Syphrea DF-004 0 11 11 M**

Sypbrea DF-005 4 5 9

Sypbrea DF-006 0 1 1

Sypbrea DF-007 0 2 2 +
Syphreq DF-008 0 2 2

Syphrea DE-009 0 3 3 +
Systena DE-001 0 5 3 +
Systena DF-002 0 2 2 +
Tetragonotes DF-001 16 3 19 FoF*

Trichaltica DF-001 2 2 4

Trichaltica varialbilis (Jac.) 1 36 37 M+ +
Varicoxa clarki (Jac) () 0 ¢ 0 +
Varicoxa minuta (Jac.) 24 67 9 pM**

Vaticoxa astnlata centralis Bech, 0 36 36 V% +
Walterianella DF-001 0 0 0 +
Woalterianella DF-002 0 0 0 +
Walterianella DTF-003 0 0 0 +
Walterianellz DF-004 2 1 3 +
Watrerianella DF-005 0 2 2 +
Walterianello DF-006 0 2 2

Walterianella DF-007 2 0 2

Walterianelia ocnlata (Fabr) 6 10 16

Walterianella tenwicincta (Jac.) 3 0 3

Total Individuals 2260 3221 5481

Total Species 112 191 216 114

Grand Total Species: 247

significant part of rainforest ecology, albeit often difficult to study, and should be viewed as a
potentially separate and informative aspect of the rainforest community for more targeted study
{Novotny and Basset, 2000}.

The first author collected over 63 species in 1989 and 1995, ten of these were only collected
then, they are represented in Table 2 by a +: Chaetornerma DF-006; Chaetocnersa DF-007; Disonycha
trifasiiata Clark; Epitriss DF-007; Hypolampsir DF-007A; Longitarsws DF-004; Laupraea DF-011; Margaridisa
DF-001; Parchicola DF-003; and S#rabala subcostata (Jacoby).

The abundance distribution for aldcines at La Selva cleatly reveals a mode at the fourth octave
{Fig. 1). However it does not appear symmetrically lognormal. There is an overabundance of rare
species in the lowest octave, resulting in a secondary peak.






