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Abstract
Due to anthropogenic activities, tropical rain forests face many challenges in
sustaining biodiversity and maintaining global climates. This project examines how forest
successional status affects community composition of saproxylic cerambycids, which, as
early colonists of moribund trees, have an important role in nutrient cycling. In the
lowland rain forest of Costa Rica, thirty-nine trees in five plant families (Fabaceae,
Lecythidaceae, Malvaceae, Moraceae, and Sapotaceae) were sampled in a mosaic of oldgrowth and secondary forest. They yielded 3545 cerambycid individuals in 49 species.
Species richness was almost identical in old growth and secondary forest; but abundance
was higher in old-growth. This was largely because several cerambycid species, which
appear to be both host and old-growth forest specialists, reached high densities within
old-growth forest patches but seldom colonized apparently suitable trees within
secondary forest. Overall, community structure was most strongly influenced by host
plant species; within most plant families it was also impacted by forest structure.
Moraceae was the exception, presumably because the focal tree species was abundant in
both old-growth and secondary forest. This study suggests that even small areas of oldgrowth forest can act as refuges for specialized forest species, but that secondary forest
may inhibit dispersal. The vulnerability of specialized saproxylic insects to land use
change will be linked to the ability of their preferred host trees to disperse to and persist
in disturbed habitats.

Key words: Osa Peninsula; deforestation; forest succession; Lecythidaceae; saproxylic
insects; forest specificity; host associations; Neoeutrypanus mutilatus; Gorybia tibialis.
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Introduction
Forests around the world are disappearing rapidly or being fragmented due to
changes in land use. The Food and Agriculture Organization of the United Nations (FAO)
defines forests as land with tree crown cover of more than 10 percent and an area of more
than 0.5 hectares. There are about 4 billion hectares of forests worldwide, covering 31 %
of the total land mass (FAO, 2010). Despite their important biological and economic
functions, forest clearance has increased dramatically around the globe since the
industrial era. FAO (2010) estimated that about 16 million hectares of forest were lost
each year between 1990-2000. Due to an increased effort to plant trees and through
natural regeneration, forest loss was reduced to 13 million hectares annually between
2000-2010.
Historically, alterations in forest structure have been most severe in temperate
regions. However, within the past 50 to 100 years, deforestation rates have been higher in
developing countries in the tropics. This makes a disproportionate impact on biodiversity,
because tropical forests occupy only an estimated 7 % of the Earth’s land area, but
sustain more than half of plant and animal species (Laurance, 1999). Achard et al. (2002)
estimated that approximately 1.15 billion hectares of humid tropical forest existed in
1990, but between 1990 and 1997, about eight million hectares were lost each year.
Southeast Asia experienced the highest rates of deforestation in the 1990s (Sodhi et al.,
2010). The American tropics had lower deforestation rates, but 2.5 million hectares of
forest were still lost each year (Achard et al., 2002; Miettinen et al., 2011).
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Forest Succession
Although deforestation rates remain high, there are now efforts to reforest some
of the cleared lands. In addition, as agricultural lands are abandoned, tropical secondary
forests are predicted to increase in area (Guariguata & Ostertag, 2001). The process in
which woody vegetation re-grows after complete clearing of forests due to agriculture or
other human activities is known as secondary forest succession (Guariguata & Ostertag,
2001). Secondary forests provide new environmental niches that favor the establishment
of herbaceous vegetation and woody pioneer species, instead of the species that
characterize mature forests (Liebsch et al., 2008). Pioneer species germinate when
exposed to full sun, or in canopy gaps where sunlight reaches the ground for part of the
day (Swaine & Whitmore, 1988). In the Neotropics, some of the most common pioneer
genera are Cecropia (Urticaceae), Vismia (Hypericaceae), and Ochroma (Malvaceae)
(Chazdon et al., 2007).
Pioneers have special characteristics that enable them to be the first colonizers
after major disturbances. They have leaves with higher biomass per unit area and higher
photosynthetic rates, low wood density resulting from rapid growth, and invest more in
root mass (Gelder et al., 2006). Furthermore, they reach reproductive maturity more
rapidly but have short life spans (Lieberman & Lieberman, 1987). Pioneer species are
more likely to produce large numbers of wind-dispersed seeds. Pasture species with
animal-dispersed seeds were either already present in the pastures as remnant trees, or are
present in the adjacent forest (Aide et al., 2000). Early stage secondary forests (of less
than 20 years) differ significantly from old-growth tropical forests in structure, species
richness, and species composition. The process of secondary succession varies depending
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on the forest type, previous land use, soil type, and the surrounding landscape (Madeira et
al., 2009), but generally moves towards complexity, and secondary forests eventually
resemble primary forests in both structure and function (Liebsch et al., 2008). Structural
characteristics of a regenerating forest sometimes become similar to old-growth forests in
as little as 40 years, with the most rapid increases in tree density and basal area within the
first 25 years (Aide et al., 2000). Some secondary forests may take at least 50 to 80 years,
or more than a century, to regain the structural characteristics of a primary forest (DeWalt
et al., 2003; Finegan, 1996; Liebsch et al., 2008; Luna et al., 1999).
Old- growth forests have trees with high variation in stem diameter, and large logs
on the ground. The canopies are dense and gaps open frequently (Guariguata & Ostertag,
2001). Trees that are the major component of structural diversity in old-growth forests are
shade-tolerant, and sometimes referred to as “climax” species. The seeds of old-growth
forest species are able to germinate, and their seedlings survive, in the shade created by a
full canopy (Swaine & Whitmore, 1988); the seeds are large, often dispersed by birds and
mammals, and germinate in response to rainfall rather than sunlight (Denslow, 1987).
Primary forest species have lower rates of photosynthesis and respiration; they maintain a
positive carbon balance only under low radiation (Silvestrini et al., 2007). These trees are
slow-growing with longer pre-reproductive periods; they invest more in chemical
defenses against herbivores and pathogens than the pioneer species (Cates & Orians,
1975; Guariguata & Ostertag, 2001).
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Habitat Impacts on Insect Diversity and Abundance
Insects account for approximately 57 % of all described species and are
particularly species rich in tropical rainforests (Grimaldi & Engel, 2005; Stork, 1997). A
longstanding hypothesis proposes that species-rich communities will have more
ecologically specialized species, promoting coexistence (Erwin, 1982). Microhabitats
with unique microclimates and food resources support different cohorts of consumers,
depending on their mobility, interspecific competition, natural enemies, and feeding
preferences (Brown et al., 1997). Wardhaugh et al. (2013) found that different feeding
guilds of insects are not randomly distributed, but assemble on those microhabitats that
are likely to provide preferred living conditions and the highest concentrations of food
sources.
Variation in forest structure influences both the biotic and abiotic conditions in
ways that potentially affect insect communities. Modified habitats affect species
interactions and ecological associations, which are critically linked to ecosystem
dynamics and stability. Tylianakis et al. (2005) found that forest and abandoned coffee
agroforestry systems had a higher diversity of bees and wasps than intensive cropping
systems. Most species were considered forest specialists. In a tropical dry forest in Brazil,
Neves et al. (2014) documented an increased abundance of insect herbivores from
intermediate and late successional plots. Species richness of the sap-sucking guild also
increased along the successional gradient.
However, other studies recommend conserving habitats at intermediate stages of
succession, as similar insect communities were observed in these habitats and in oldgrowth forests (Chazdon, 2008; Norden et al., 2009). Nyafwono et al. (2014) investigated
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the community structure of fruit-feeding butterflies across a successional gradient in an
Afro-tropical rainforest in Uganda; they found the highest species richness and
abundance in habitats of intermediate succession (~25 years), followed by late
succession, and the lowest in forest of early successional stage (~10 years). Similar
patterns were found in the tiger moth communities in an Ecuadorian forests, where
secondary succession (~40 years) supported the highest diversity, followed by sites of
late succession, and the understory of primary forests (Hilt & Fiedler, 2005). In a tropical
dry forest in Brazil, the species richness and abundance of dung beetles were highest in
habitats in the intermediate stages of succession (26 years after disturbance), followed by
late succession (no records of disturbance for the last 50 years), and lowest in early stage
(pasture abandoned for approximately 10 years) (Neves et al., 2010).
Ecological Specificity
Tropical forests are a logical starting place to study insect host specificity,
because high specificity is considered a fundamental mechanism for maintaining high
diversity in the tropics (Novotny, 2005). Tropical insect herbivores are commonly
assumed to have narrower host ranges than temperate ones (Coley & Barone, 1996).
Caterpillars in the tropics feed on significantly fewer host species, genera, and families
than the ones found at higher latitudes (Dyer et al., 2007). Plant defenses and natural
enemies are proposed to be among the main factors promoting host specialization in the
tropics. Narrow diet breath is also a result of high plant diversity in the tropics; and
diverse plant lineages tend to support more specialized herbivores (Forister et al., 2015).
Insects also select different microhabitats; specific environmental conditions and
resources are distributed at different levels in the forest, sustaining various cohorts of
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species along a vertical gradient (Basset et al., 2003). Leaf-mining moths in the genera
Phyllonorycter and Cameraria are more abundant in the lower crown than in the upper
crown of their host trees (Brown et al., 1997). In a tropical lowland rainforest in
Indonesia, 59 % of the beetle species with stratum preference were found in the canopy,
while only 5 % were specific to ground stratum (Davis et al., 2011).
Saproxylic Insects
Saproxylic species comprise a diverse and species rich group with important
ecological value (Grove, 2002). The saproxylic guild includes species that depend on
moribund or dead trees during some part of their life cycle; or “are involved in or depend
on the fungal decay of the wood, or on the product of that decay” (Alexander, 2008;
Grove, 2002). They are particularly vulnerable to changes in land use. Many European
saproxylic species are listed as threatened or near threatened on the national Red List due
to reduction in dead wood in managed habitats (Sverdrup-Thygeson et al., 2014).
Community composition and specialization of saproxylic insects may vary
between sites, due to differences in resource availability, host plant defense mechanisms,
and biotic interactions (Ødegaard, 2006). In a European deciduous forest, the saproxylic
fauna was dominated by generalist species, with only a small portion showing host-tree
preferences (Milberg et al., 2014). In a subtropical forest in China, Wu et al. (2008) found
that host specificity decreased with increased wood decay. In the Neotropics, Ødegaard
(2006) documented higher species richness and host specialization in a wet forest than in
a dry forest; within each forest, saproxylics in the canopy were more specialized than
those on the ground.
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Cerambycidae is the largest family of saproxylic beetles, with more than 35,000
described species in nine subfamilies (Leschen & Beutel, 2014; Peris-Felipo et al., 2011);
they make major contributions to wood decomposition and nutrient recycling. Adults use
a variety of chemical cues for host allocation and mating (Allison et al., 2004), which
often occurs upon the host. In species that colonize moribund trees or branches, females
lay eggs on or within the bark of freshly dead or damaged trees. The larvae often feed at
the cambium layer of the wood, creating galleries and tunnels that may later be used by
other decomposing organisms (Tavakilian et al., 1997).
Cerambycids, like other saproxylic insects, have habitat and microhabitat
preferences. In Italy, Gobbi et al. (2012) found that species richness was influenced by
elevation. Along a gradient from 800 to 2200 meters, the highest diversity occurred in
low and mid elevations, where a mosaic of agro-silvo-pastural land uses sustained high
beetle diversity. In Spain, Peris-Felipo et al. (2011) assessed the diversity of cerambycids
in four habitats: Quercus forest, Pinus forest, mixed forest and herbaceous landscapes or
habitats. The Pinus forest had the highest species richness and diversity of cerambycids,
possibly due to the presence of plant species required by large number of cerambycid
species. In Switzerland, the herbaceous fringe habitat supported a higher number of
cerambycid species and individuals than forest and shrub habitats. This may be due to the
abundant flowering plants that attracted cerambycids that mate on flowers, rather than the
host tree (Wermelinger et al., 2007).
Host associations and ecological specificity are critical niche components.
Because cerambycids spend most of their life cycles underneath bark, species that
colonize dying trees that vary in chemistry may develop specific associations with the
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host (Berkov & Tavakilian, 1999). In French Guiana, there was a 3:1 ratio of specialist to
generalist species, although the ratio varied by plant family (Tavakilian et al., 1997).
Specialists were defined as species with ! 90 % of their host records from the same plant
taxon; more than half of the specialists colonized trees in the same family, and < 4 %
depended on a single host species. Host plant preferences appear to be fairly consistent
over several years of samples (Berkov & Tavakilian, 1999; Fassbender et al., 2014; Lee
et al., 2014).
Cerambycids also appear to select specific microhabitats for oviposition and
larval development. Neto et al. (2006) observed that Oncideres cerambycids in
Southeastern Brazil cut a slit into the bark for oviposition and the larvae feed on the wood
parenchyma tissue. In an oak forest in Czech Republic, Cerambyx cerdo preferred to
oviposit in trunks close to the ground (Albert et al., 2012). In French Guiana, the most
abundant cerambycids associated with the Brazil nut family made a seasonal change in
stratum. They were disproportionately associated with ground stratum during the dry
season. During the rainy season cerambycids were almost exclusively associated with
canopy stratum branches, while the ground stratum branches were colonized by
saproxylic Curculionidae (Berkov & Tavakilian, 1999; Fassbender et al., 2014; Lee et al.,
2014).
Habitat management affects the diversity and distributions of saproxylic insects;
increased host and habitat specialization in the tropics would leave them particularly
vulnerable to global change (Grove & Stork, 1999; Maeto et al., 2002; Ødegaard, 2006).
Host plant communities are strongly impacted by forest successional status, as well as
climatic and attitudinal gradients (Basset et al., 2001). Specialists are more susceptible to
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the loss of tree species, or rapid changes in microclimate following forest fragmentation
(Basset et al., 2001; Laurance et al., 2011; Stork et al., 2009).
Objectives
The objectives of this study were to explore community structure of cerambycid
beetles in tropical forests of different successional stages (old-growth and secondary). I
hypothesized that forest of both successional stages would have similar species richness
and abundance, because the secondary forest in Osa Conservation is 25 years old, and
resembles habitat of intermediate succession with relatively high resource heterogeneity.
Ecological specificity should be higher in old-growth forest: specifically, I anticipated
increased host specificity in old-growth forest due to high investment in and a wider
variety of chemical defense; and increased stratification because of distinctive
microclimate conditions between the canopy and the ground strata in old-growth forests.
In addition, I hypothesized that the community structure of cerambycids would be
distinct in each forest type due to differences in microclimate and plant community
composition in old-growth and secondary forest.
Methods
Study Region and Beetle Rearing
This study was conducted at Osa Conservation, in the lowland tropical humid
forest of the Osa Peninsula, SW Costa Rica (Puntarenas Province), 8.476˚N/8.407˚W.
The Osa Peninsula contains the largest intact lowland rainforest remaining in Central
America (Wilson et al., 2011). Corcovado National Park, which protects a large amount
of mature forest, covers approximately 39 % of the peninsula. Areas outside of the park
are fragments of modified forests surrounding plantations, pastures, and small patches of
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old-growth forests (Sanchez-Azofeifa, 2002). Altitudes range from sea level to 745
meters. Mean annual rainfall is approximately 5500 mm, with the rainy season between
May and November; and dry season lasting from December to April (Cornejo et al.,
2012). The average temperature is 25° C. The study site contained a forest mosaic, in
which patches of old-growth forest were surrounded by secondary forest approximately
25 years old.
The study was initiated during the transition from dry to rainy season, in April
2013. I sampled 39 tree individuals, representing nine species in five families (Fabaceae,
Lecythidaceae, Malvaceae, Moraceae, and Sapotaceae). The Osa Peninsula represents the
northern distribution limit of many South American tree lineages (Mori, 2011), and focal
plant families were selected because they were well sampled in both relatively
undisturbed forest in French Guiana (Tavakilian et al. 1997) and more mature secondary
forest in Panama (Berkov, unpubl. data). Osa botanist Reinaldo Aguilar located and
determined the tree species. Most target species were not equally abundant in both forest
types, so we selected species in each family based on their availability within either oldgrowth or secondary forest (Table 1).

Table 1. Plants sampled on the Osa Peninsula, Costa Rica, 2013-2014.
Plant Family
Fabaceae
Lecythidaceae
Malvaceae
Moraceae
Sapotaceae
Total N = 39

Plant Species
Lonchocarpus macrophyllous Kunth
Tachigali tessmannii Harms
Eschweilera biflava S.A.Mori
Gustavia brachycarpa Pittier
Apeiba tibourbou Aubl.
Luehea seemannii Triana & Planch
Castilla tunu Hemsl.
Pouteria torta (Mart.) Radlk.

Species
Abbr. a
LM
TT
EB
GB
AT
LS
CT
PT

Old-growth
–
4
4
4
4
–
4
3
23

Secondary
4
1
–
2
2
4
4
–
16
!#"
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Plant species abbreviations used in this study.
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Arborist Christopher Roddick climbed and severed bait branches. One bait branch
was cut from each tree, in which the basal section (approximately 10 cm x 75 cm) was
severed and suspended into the canopy of the host tree; the remainder of the branch was
left on the ground. For each tree, the branches were photographed, GPS coordinates and
the DBH were recorded, and the height at which the canopy bait branch was suspended
was measured using a TruPulse 200 rangefinder (Appendix I). Both the canopy and
ground branches were exposed to saproxylic insects for approximately three months, until
late June, 2013. Upon the collection of the bait branches, the ground stratum branch was
cut into three thick segments with dimensions similar to that of the canopy bait, and six
thin segments (approximately 3 cm x 75 cm). The branch segments were then placed into
rearing cages constructed from No-Seeum netting. The thick canopy bait was placed into
an individual cage, three thick ground baits were put in one cage, and the six thin baits
were kept in a separate cage. The cages were monitored daily for emerged adult insects
from July 2013 through August 2014, when the emergences had tapered off. All emerged
adults were collected and preserved in 100 % EtOH, then transported to the City College
of New York.
I separated the cerambycids into morphospecies, and dry-mounted a synoptic
collection. Species were initially identified using photographs available at the
Cerambycidae Catalog:
https://apps2.cdfa.ca.gov/publicApps/plant/bycidDB/wdefault.asp?w=n (Bezark, 2015).
They were subsequently determined by Larry Bezark, or by comparing specimens to ones
previously reared in Panama and determined by Miguel Monné (MNRJ).
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Data Analysis
Species richness and abundance
I computed sample-based species accumulation curves for each forest type
(EstimateS v. 9.1.0), with host plant individuals as samples. Samples in secondary forest
were extrapolated to 23 to accommodate unequal samples (23 trees in old-growth forest
vs. 16 in secondary forest). The confidence intervals were generated with 100
randomizations. To compare abundance between the two forest types, I used the
goodness-of-fit (G) test to determine if the total number of cerambycids collected in each
forest type was proportional to branch biomass (estimated as the number of branches
sampled). I also calculated Simpson’s inverse diversity index by forest type (EstimateS),
and calculated evenness as

1/D
, where 1/D is the reciprocal Simpson’s index, and S is
S

the number of species.
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Ecological specificity
To assess specificity to a particular forest type and stratum, I used Sm (specificity
to microhabitat), and to assess host plant specificity I used the HSk (host specificity to
plant family k) (May & Beverton, 1990; Wardhaugh et al., 2013). These indices assign
each species into one of three categories (specialist, preference, or generalist) based on
the proportion of individuals collected from the “preferred” microhabitat (Sm) or host
plant (HSk). For cerambycid species represented by at least five individuals, HSk and Sm
were calculated as:
Sm and HSK = N individuals from the preferred microhabitat or host
Total N individuals
• For host plant family specificity, I used the proportions from Wardhaugh et al. (2013):
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Specialist: HSk ! 0.9
Preference: 0.5 " HSk < 0.9
Generalist: HSK <0.5
• Because there were only two categories for forest type (old-growth vs. secondary) and
stratum (canopy vs. ground), I modified the limits for preference and generalist
categories:
Specialist: Sm ! 0.9
Preference: 0.75 " Sm < 0.9
Generalist: Sm <0.75
For each specialization category, I used goodness-of-fit (G) tests to determine if
abundance was proportional to species richness within each forest. When assessing forest
specificity, for old-growth forest I included the individuals classified as specialist or
preference for old-growth forest; and for secondary forest I included the individuals
classified as specialist or preference for secondary forest. For host specificity, I combined
the abundances of specialist or preference species for all plant families within each forest.
To assess stratification, I corrected for the uneven samples between ground and canopy
by dividing the abundance at the ground by four (with six thin branches considered
equivalent to one thick branch). Specialist and preference categories were calculated for
ground and canopy combined.
I conducted indicator species analysis (PC-ORD, v.6) to observe its consistency
with the HSK and Sm analyses. This method incorporates both the species’ constancy and
abundance to propose species that might be considered indicators for a particular
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category. The indicator value (IV) was calculated using the Dufrêne and Legendre (1997)
method.
I used analysis of variance (ANOVA) followed by host-hoc Tukey HSD pair-wise
comparisons (JMP-SAS v. 5) to determine if there were significant differences in mean
abundances among the three specialization categories in each forest type. Abundance data
were log (x + 1) transformed to improve normality prior to the analysis. Tukey
comparisons were considered significant at p = 0.05.
Community structure
I conducted nonmetric multidimensional scaling (NMS) analysis (PC-ORD v. 6)
to reflect an overall host sample ordination as a response to the redundant pattern of
covariation in the original species sample dataset. Species present in fewer than two
samples were excluded, and general relativization was applied to dataset to rescale the
weight of rare and abundant species. Bray-Curtis Sørensen was selected as distance
measure.
To investigate the potential impact of forest type on cerambycid distributions
within plant families, I used two-way cluster analysis (PC-ORD v. 6), followed by multiresponse permutation procedures MRPP (PC-ORD v. 6) to obtain statistical evaluations
of the differences between the forest groups and degree of heterogeneity within groups.
Species present in fewer than two samples, or represented by fewer than five individuals,
were eliminated from the analysis. General relativization was applied to dataset prior to
the analysis. I used the Sørensen (Bray-Curtis) distance measure and group average as
linkage method. The family Sapotaceae was excluded because we were not able to locate
any trees in secondary forest.
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Results
Species richness and abundance
I reared a total of 3545 cerambycids belonging to 49 species in two subfamilies
(Cerambycinae, seven species, and Lamiinae, 42 species; Appendix II). Species richness
was almost identical in old-growth forest (40 species) and secondary forest (39 species;
Figure 1).

Fig 1. Species accumulation of cerambycid species in old-growth and secondary forest.
Dashed lines represent upper and lower 95 % confidence intervals. In secondary forest,
the accumulation curve beyond the dot represents extrapolation.

Cerambycids were more abundant in old-growth forest (N = 2406) than secondary forest
(N = 1139); there were 20 % more individuals than would be expected in old-growth
forest, and 26 % fewer than would be expected in secondary forest (G = 80.82, df = 1, P
< 0.001, Figure 2).
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Fig 2. Cerambycid abundances in old-growth and secondary forest. Dashed lines show
the abundance expected if emergences were proportional to the number of host plants
sampled. (G = 195.36, df = 1, p < 0.001).
Secondary forest was more diverse due to higher evenness, with a Simpson’s inverse
mean index of 12.96, compared to 5.16 in old-growth forest (Table 2).

Table 2. Diversity statistics for cerambycid communities in old-growth and secondary
forest, sampled from N = 39 host plants.
Old-growth
Secondary
Species richness
40
39
Abundance
2406
1139
Simpson inv mean
5.16
12.96
Evenness
0.13
0.33

Ecological specificity
Of the 49 cerambycid species, 42 were represented by ! five individuals and
included in the specificity classifications (Table 3). Of these, six species were reared only
in old-growth forest, five species in secondary, and 31 species in both old-growth and
secondary forest (Table 3). Even when species were reared in both old-growth and
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secondary forest, abundances were generally not even; there were 10 old-growth forest
specialists and 11 secondary forest specialists. Overall, more than 73 % of the species
were in a forest specialist or preference category, but < 14 % were considered indicators
for forest type. Over half of the cerambycid species were plant family specialists for
Fabaceae (N = 7), Moraceae (N = 6), Malvaceae (N = 5), Lecythidaceae (N = 4) or
Sapotaceae (N = 1). Overall, almost 98 % of the species were in a plant family specialist
or preference category, and 57.1 % (mostly specialists) were also considered plant family
indicators (Table 3). There were only six canopy specialists and 10 ground specialists.
Overall, close to 67 % of the species were in a stratum specialist or preference category,
but < 10 % were considered indicators for stratum (Table 3). There were few significant
indicator values for forest type or stratum because most cerambycids had relatively
narrow host ranges; they were not sufficiently constant in an analysis based on both
abundance and frequency.
The nineteen host plant indicators with a preference/specialization for a forest
successional stage were evenly divided by forest type (Table 3). Eight host indicators
were preferentially associated with old-growth forest: N. mutilatus (N = 895), G. tibialis
(N = 475), Genus sp. 14 (N = 57), X. zonata (N = 52), T. albopunctata (N = 31), Genus
sp. 38 (N =38), Genus sp. 18 (N = 17), and T. vespoides (N = 5). These accounted for
almost 44 % of the total abundance. Ten host indicators were preferentially associated
with secondary forest: L. laeteguttatus (N = 150), C. chontalensis (N = 81), O. arietinus
(N = 55), N. polyspila (N = 25), S. laetabilis (N = 16), Genus sp. 31 (N = 12), O. glauca
(N = 11), Genus sp. 12 (N = 10), Anisopodus cf scriptipennis (N = 8), and P. mixtus (N =
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8). These accounted for < 11 % of the total abundance. Only two host plant indicators
were forest generalists: O. graphiptera and Ozineus sp. 15.
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Table 3. Cerambycid specialization in forest type, host plant, and stratum.
SPECIALIZATION
Subfamily
Tribe
Cerambycinae
Clytini
Hexoplonini
Neoibidionini
Piezocerini
Lamiinae
Acanthocinini

Acanthoderini

Species

N

Forest Typea

Host Plantb

Stratuma

Itaclytus justini
Genus sp. 18
Genus sp. 38
Gorybia tibialis
Tomopterus vespoides

49
17
19
475
5

Old-growth
Old-growth
Old-growth
Old-growth*
Old-growth

Fabaceae
Malvaceae*
Fabaceae*
Fabaceae*
Sapotaceae*

Generalist
Canopy
Ground
Generalist
Canopy

Amniscites cf pictipes
Anisopodus cf scriptipennis
Anisopodus varius
Leptostylus macrostigma
Lepturges laeteguttatus
Neoeutrypanus mutilatus
Nyssodectes roseicollis
Nyssodrysina haldemani
Nyssodrysina polyspila
Nyssodrysternum ocellatum
Oedopeza leucostigma
Ozineus arietinus
Genus sp. 14
Ozineus sp. 15
Ozineus sp. 22
Ozineus sp. 26
Sympagus laetabilis
Genus sp. 12
Genus sp. 44
Macronemus asperulus

13
8
222
243
150
895
250
43
25
76
37
55
57
93
6
39
16
10
9
86

Secondary
Secondary
Old-growth
Generalist
Secondary
Old-growth*
Generalist
Secondary
Secondary
Generalist
Old-growth
Secondary*
Old-growth
Generalist
Secondary
Secondary
Secondary
Secondary
Generalist
Secondary

Lecythidaceae
Moraceae*
Malvaceae
Lecythidaceae*
Malvaceae*
Lecythidaceae*
Lecythidaceae
Fabaceae
Moraceae*
Moraceae*
Lecythidaceae
Malvaceae*
Lecythidaceae*
Lecythidaceae*
Fabaceae
Malvaceae
Moraceae*
Moraceae*
Fabaceae
Malvaceae

Generalist
Ground*
Ground
Ground
Canopy
Generalist
Canopy
Ground
Generalist
Canopy
Ground
Canopy
Ground*
Generalist
Generalist
Generalist
Ground
Ground
Generalist
Generalist
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Acanthoderini
Anisocerini
Calliini
Colobotheini
Desmophorini

Mauesiini
Monochamini
Xenofreini

Oreodera glauca
Oreodera graphiptera
Steirastoma albiceps
Caciomorpha palliata
Callia albicornis
Colobothea cf cassandra
Colobothea chontalensis
Colobothea distincta
Estoloides longicornis
Genus sp. 35
Genus sp. 36
Genus sp. 45
Taurolema albopunctata
Ptychodes mixtus
Taeniotes scalatus
Genus sp. 31
Xenofrea zonata

11
258
8
21
15
5
81
30
20
24
28
5
31
8
27
12
52

Secondary
Generalist
Secondary
Generalist
Generalist
Secondary
Secondary
Generalist
Generalist
Old-growth
Generalist
Secondary
Old-growth
Secondary*
Generalist
Secondary*
Old-growth

Moraceae*
Lecythidaceae*
Malvaceae
Generalist
Moraceae*
Moraceae
Fabaceae*
Fabaceae
Malvaceae
Lecythidaceae
Malvaceae
Moraceae
Lecythidaceae*
Fabaceae*
Moraceae*
Fabaceae*
Lecythidaceae*

Canopy
Ground*
Ground
Canopy
Ground
Canopy
Canopy
Canopy
Generalist
Ground
Generalist
Ground
Canopy
Generalist
Ground*
Generalist
Generalist

Bold type indicates specialist, and non-bold indicates preference for the corresponding category. * = Indicator value with p < 0.05.
a
Species were determined as forest or stratum specialists if HSk and Sm ! 0.9; preference if HSk and Sm < 0.9, but ! 0.75; generalists if
HSk and Sm <0.75.b Species were determined as host specialists if HSk and Sm ! 0.9; preference if HSk and Sm < 0.9, but ! 0.5;
generalists if HSk and Sm <0.5.
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Compared to the proportions of species in each specialization category, both forest
specialists and host plant specialists were over-represented in old-growth forest (G = 820.71, df
= 2, p < 0.001; G = 647.86, df = 2, p < 0.001). Forest generalists, and species in the host plant
preference category, were over-represented in secondary forest (G = 113.38, df = 2, p <0.001; G
= 67.19, df =2, p < 0.001). Stratum generalists were over-represented in old-growth forest (G =
1194.70, df = 2, p <0.001), and beetles in the stratum preference category were over-represented
in secondary forest (G = 983.78, df = 2, p < 0.001, Figure 3).
In both forests, mean per-tree abundances were significantly higher in the host plant
specialist and preference categories than in the generalist category (Old-growth: p < 0.01,
Secondary: P <0.001, Figure 4). There were no significant differences among mean abundances
for forest type or stratum categories in either forest.
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Fig 3. Forest, host, and stratum specialization of cerambycid beetles. S = Specialist, P =
Preference, and G = Generalist. Actual abundances are represented by bars and expected
abundances, based on species richness, by dashed lines. (Forest type – Old-grwoth: G = 820.71,
df = 2, p < 0.001; secondary: G = 113.38, df = 2, p < 0.001. Host – Old-growth: G = 647.86, df =
2, p < 0.001; secondary: G = 67.19, df = 2, p < 0.001. Stratum – Old-growth: G = 1194.70, df =
2, p < 0.001; secondary: G = 983.78, df = 2, p < 0.001).
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Fig 4. Mean abundances for plant family specialists and preferences were significantly higher
than mean abundances of generalists. Standard errors are represented by error bars; significant
different values are labeled with different letters.
Community structure
NMS analysis indicated that host plant species was the most important factor shaping the
overall community structure of cerambycids (r2 = 0.25, Figure 5). A two-dimensional solution
with stress level of 16.122 was produced (p < 0.05). Most plant individuals clustered by family,
with the exception of the two species of Fabaceae: Lonchocarpus macrophyllous (LM, only
found in secondary forest,) was widely separated along the second axis from Tachigali
tessmannii (TT, found in old-growth forest). In Lecythidaceae, Gustavia brachycarpa (GB)
intergrades with Eschweilera biflava (EB). In Malvaceae, most specimens of Apeiba tibourbou
(AT) form a cluster adjacent to Luehea seemannii (LS). Moraceae, represented by the species
Castilla tunu in both old-grwoth and secondary forest, formed a single cluster.
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Fig 5. Two-dimensional NMS ordination of overall host samples by plant species (r2 = 0.25, p <
0.05). Plant family is shown by color; closed symbols represent old-growth forest; open symbols
represent secondary forest; codes show plant species (AT = Apeiba tibourbou, CT = Castilla
tunu, EB = Eschweilera biflava, GB = Gustavia brachycarpa, LM = Lonchocarpus
macrophyllous, LS = Luehea seemannii, TT = Tachigali tessmannii, PT = Pouteria torta).
In three of the four plant families represented in both old-growth and secondary forest,
the two-way cluster analyses indicated that cerambycid assemblages in the same forest type were
more similar than would be expected by chance. Beetles formed distinct clusters by forest type in
Fabaceae and Malvaceae (Figures 6a & 6c, MRPP: p < 0.05, a = 0.3699 and p < 0.05, a =
0.0772, respectively). For Fabaceae, two host plant indicators were reared preferentially from T.
tessmannii in old-growth forest, and two host plant indicators were reared preferentially from L.
macrophyllous in secondary forest. For Malvaceae, the old-growth forest specimens of A.
!&#

tibourbou were distinguished by one indicator species, while two indicators were preferentially
associated with secondary forest specimens. Within Lecythidaceae, the two old-growth forest
specimens of E. biflava and four old-growth forest specimens of G. brachycarpa each formed a
cluster well distinguished by different indicator species (two for EB and three for GB). One oldgrowth forest specimen of E. biflava clustered with the three secondary specimens (Figure 6b,
MRPP: p < 0.05, a = 0.1006). Moraceae was the only plant family in which tree specimens did
not cluster, even partially, by forest type (Fig. 6d), and there were no significant differences
among the groups (MRPP a = 0.0057: p > 0.05).
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P_AT
P_AT
P_AT
P_AT
S_LS
S_LS
S_AT
S_AT
S_LS
S_LS
M.asperulus
Ozineus sp. 15
L. laeteguttatus
A. pictipes
S. albiceps
Ozineus sp. 26

O. graphiptera

c.
Genus sp. 18
N. mutilatus
Genus sp. 36
A. varius
L. macrostigma
E. longicornis
O. arietinus
N. roseicollis

P_TT
P_TT
P_TT
P_TT
S_LM
S_LM
S_LM
S_LM
N. mutilatus
O. leucostigma
X. zonata
M. asperulus
C. palliata
N. roseicollis
O. graphiptera
Ozineus sp. 15
A. pictipes
C. distincta
Genus sp. 35
L. macrostigma
L. leucopygus
T. albopunctata

b.

d.
C. albicornis
N. roseicollis
N. ocellatum
A. scriptipennis
E. longicornis
N. polyspila
T. scalatus
Genus sp. 12
O. glauca

A. varius
Genus sp. 38
G. tibialis
Ozineus sp. 26
C. palliata
I. justini
N. haldemani
C. distincta
C. chontalensis
Genus sp. 31
P. mixtus
N. roseicollis

a.
P_EB
P_EB
P_EB
S_EB
S_GB
S_GB
P_GB
P_GB
P_GB
P_GB

P_CT
P_CT
S_CT
S_CT
P_CT
S_CT
S_CT
P_CT

Figure 6a - d. Figure 6a - d. Beetle communities were structured by forest type in Fabaceae,
Lecythidaceae, and Malvaceae, but not in Moraceae. a = Fabaceae (MRPP: p < 0.01), b =
Lecythidaceae (MRPP: p <0.05), C = Malvaceae (MRPP: p <0.01), d= Moraceae (MRPP: p >
0.05). Species codes (see Table 1) are preceded by OG (= Old-growth) or S (= secondary). Bold
type = significant indicators for plant family; red = reared preferentially in old-growth forest.
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Discussion
Humans have used and transformed tropical areas through various management practices.
To obtain a clear view of the current status of conservation in anthropogenic habitats, a deeper
understanding of the biodiversity in the actively modified landscapes is required. In my sample, I
found similar species richness of saproxylic cerambycids in old-growth and secondary forest,
with most species reared from branches in both successional stages. Other studies have also
documented similar species richness of the insect communities between habitats of intermediate
succession (approximately 20 years of regeneration from disturbance) and old-growth or
undisturbed habitats (Chazdon, 2008; Neves et al., 2010; Nyafwono et al., 2014). This
phenomenon may be explained by the intermediate disturbance hypothesis, proposed by Connell
(1978), in which intermediate levels of impact lead to highly localized species richness.
Secondary forests in Osa Conservation have regenerated for approximately 25 years from pasture
lands and represent considerable plant structural complexity, providing heterogeneous resources
and functional connectivity for many organisms. The study site was characterized by secondary
forests surrounding small patches of old-growth forest, which increases the connectivity and
species flow, promoting similar species richness.
Arthropod abundance is sometimes affected by habitat succession or changes in land-use,
but there do not appear to be universal patterns. Teodoro et al. (2011) found a higher spider
abundance in managed coffee agroforests than in pastures, and ant abundance was higher in
abandoned habitats than in managed habitats, but beetle abundance was not affected by land-use
type or other environmental factors. I observed a significantly higher abundance of cerambycids
in old-growth forest than in secondary forest. This was explained in part by the extremely high
abundance of several host plant indicator species in old-growth forests, such as N. mutilatus (N =
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895) and G. tibialis (N = 475), associated with E. biflava and T. tessmannii, respectively. I
propose that differences in abundance between forest types are correlated with ecological
specificity of these beetles. Host plant indicators with a preference for old-growth forest
accounted from almost 75 % of the 2406 cerambycids reared in old-growth forest. Host plant
indicators with a preference for secondary forest accounted for only 33 % of the 1139
cerambycids reared in secondary forest.
#

I anticipated greater stratification in old-growth forest because the closed canopy should

result in greater differences in microclimate, but stratum generalists were over-represented in
old-growth forest. Since many cerambycid species preferred a particular host, they might be less
selective about stratum. Furthermore, cerambycids may not consistently associate with only one
stratum. Lee et al. (2014) discovered that cerambycids in French Guiana shift strata, and
selectively colonized the branches in each stratum with optimal microclimate conditions; higher
abundance in the canopy stratum would be expected during the rainy season. A higher proportion
of cerambycids with a preference for canopy stratum was observed in secondary forest; this
might suggest higher drought tolerance, or a greater proportion of drought tolerant species found
in secondary growth habitats.
#

Cerambycid community structure was clearly impacted by the availability of different

host plants in old-growth and secondary forest. Of the nine indicator species associated with
trees in old-growth forest, five were indicators for Lecythidaceae, two for Fabaceae, one for
Malvaceae and one for Sapotaceae. Of the indicator species associated with trees in secondary
forest, five were indicators for Moraceae, three for Fabaceae, and two for Malvaceae. On the Osa
Peninsula, species in the families Lecythidaceae and Sapotaceae are poorly represented in
secondary forest (7.1 % and 9.4 %, respectively); species in Fabaceae are also rather sparsely
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represented (24.5 %), while species in the families Malvaceae and Moraceae are relatively wellrepresented (53.3 % and 63.4 %, respectively; (Cornejo et al., 2012). It is notable that the two
families most stringently restricted to old-growth forest, Sapotaceae and Lecythidaceae, are
associated with well-defined guilds of specialist cerambycids in old-growth forests of French
Guiana (Tavakilian et al. 1997).
Sapotaceae
Sapotaceae was represented by three specimens of Pouteria in old-growth forest, and
specimens were not encountered in secondary. The only Sapotaceae indicator, the bee mimic T.
vespoides (Linsley, 1959), did not emerge from any alternate host. It was also reared from
Sapotaceae in a more mature (approximately 80 year-old) secondary forest in Panama (Berkov,
unpublished data), and six additional species of Tomopterus were reared from Sapotaceae in
French Guiana (Tavakilian et al. 1997). In this study, T. vespoides was also one of few canopy
specialists. In Panama, it was reared from thin ground stratum branches exposed to full sun
during the dry season (Berkov, unpubl. data), suggesting that it is particularly tolerant of warm,
dry conditions.
Lecythidaceae
Lecythidaceae was represented by three specimens of Eschweilera and four specimens of
Gustavia in old-growth forest, and by one specimen of Eschweilera and two specimens of
Gustavia in secondary forest. All old-growth forest specimens of E. biflava yielded at least the
most abundant indicator species, N. mutilatus, while the Eschweilera in secondary forest yielded
cerambycids with broader host ranges. Neoeutrypanus mutilatus and X. zonata, the indicators
associated with Eschweilera, represent a species-poor subset of the specialists associated with
Lecythidaceae in French Guiana and Peru (Tavakilian et al. 1997; Berkov, unpubl. data).
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Gustavia brachycarpa was well colonized and had three indicator species in old-growth forest.
Two indicators in the genus Leptostylus had not been reared previously from Gustavia, but
Taurolema was reared from Gustavia in French Guiana. Gustavia is an early-diverging genus of
relatively small understory species, and in both French Guiana and Costa Rica, Taurolema was
associated with canopy stratum.
Fabaceae
Fabaceae was represented by Lonchocarpus in secondary forest and Tachigali in oldgrowth forest, with one specimen in secondary. The secondary Tachigali did not yield any
cerambycids at all, and was therefore excluded from the multivariate analyses. Among the
remaining samples, the faunas of Tachigali and Lonchocarpus were largely distinct. These tree
species are only distantly related (Caesalpinioideae vs. Papilionoideae) and are very different in
wood anatomy (InsideWood, 2004. http://insidewood.lib.ncsu.edu/search, 2 April 2015). In
French Guiana many cerambycids colonize a broad range of legumes (Tavakilian et al. 1997);
my results might have differed if the sample included species that were more similar. Gorybia
tibialis, the very abundant indicator for T. tessmannii, was reared from Tachigali versicolor in
Panama, and two additional species of Gorybia have been reared from the legume Swartzia in
Panama and French Guiana (Tavakilian et al. 1997; Berkov, unpubl. data).
Malvaceae
Malvaceae was represented by four specimens of Apeiba in old-growth forest (three on
an exposed ridge) and two in secondary, and four Luehea in secondary forest. Malvaceae
produced one indicator in old-growth, two in secondary. Ozineus arietinus, one of two indicators
for secondary forest, was reared from two species of Malvaceae in Panama (Berkov, unpubl.
data). In French Guiana, many of the cerambycids associated with Malvaceae have broad host
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ranges (Tavakilian et al. 1997); ironic because it was Erwin’s (1982) study of the disturbance
specialist Luehea seemannii, and assumption of herbivores specialized to this species, that fueled
many subsequent studies of host specificity in the tropics!
Moraceae
Moraceae was represented by four specimens of Castilla in each forest type. These were
well-distinguished from other host plants in the NMS ordination, but did not separate by forest
type. Every cerambycid included in the two-way cluster analysis emerged from trees in both oldgrowth and secondary forest, and all host plant indicators were reared preferentially in secondary
forest. The indicator Oreodera glauca, and the non-indicator Callia albicornis, were reared
consistently from Moraceae in Panama. In French Guiana, O. glauca appears to have a broader
host range, but this and other species of Oreodera are most frequently reared from host plants
that, like Castilla, have a conspicuous exudate.
Host plant indicators from old-growth forest belong, in many cases, to genera with most
of their diversity in South America (Gorybia, Neoeutrypanus, Taurolema, Tomopterus, and
Xenofrea). These species occasionally reached very high abundances in old-grwoth forest but
didn’t colonize trees in secondary forest, even when apparently suitable specimens were
available: this was observed for Eschweilera, Gustavia, Tachigali, and even Apeiba. Host plant
indicators from secondary forest belong, in many cases, to genera with a higher proportion of
their diversity north of South America (Anisopodus, Lepturges (Lepturges), Nyssodrysina,
Ozineus, Ptychodes, Sympagus). This may indicate that species in these genera are better able to
tolerate heterogeneous abiotic conditions.
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Conservation of Saproxylic Insects
Deforestation and habitat modification negatively influence the dynamics of many insect
groups (Turner, 1996; Vulinec, 2002). Saproxylics, an important guild of arthropods providing
many ecosystem services, are especially vulnerable to changes in land use because they depend
on ephemeral and patchily distributed resources. In regions where the saproxylic fauna is betterknown, many species have been red-listed and there are serious conservation concerns (Grove,
2002; Hjältén et al., 2012; Jonsell, Weslien, & Ehnström, 1997). Many saproxylic species have
specialized requirements regarding habitat condition, host range, substrate type, and / or wood
decomposition stage (Berkov & Tavakilian, 1999; Grove, 2002; Jonsell et al., 1997; Lindhe et
al., 2005; Wu et al., 2008). Specialist species are particularly vulnerable to negative impacts.
This may result in the disproportionate loss of certain insect lineages, including the early
colonists of moribund trees.
This study demonstrated that most cerambycid species on the Osa Peninsula prefer a
particular host plant. Some of the most densely colonized host plant species in old-growth forest
were poorly represented, and sparsely colonized, in secondary forest. In regenerating forests on
the Osa, Sandor & Chazdon (2014) found that areas surrounding “remnant” old-growth trees (left
in situ during land conversion) had more species of woody plants. This study suggests that such
remnant trees might not be colonized by specialized saproxylic insects, at least not until
secondary forests reach a fairly advanced stage of maturity. Host plant indicators that were
preferentially associated with old-growth forest, but missing from apparently suitable trees in 25
year old secondary forest, include T. vespoides (Pouteria), N. mutilatus and X. zonata
(Eschweilera), L. macrostigma, Genus sp. 14 and T. albopunctata (Gustavia), G. tibialis and
Genus sp. 38 (Tachigali), and Genus sp. 18 (Apeiba). Of these, only T. vespoides and G. tibialis
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were reared in a more mature secondary forest in the Panama (containing appropriate hosts, with
the exception of Eschweilera; Berkov, unpubl. data). Other than remnant trees in abandoned
pastures, the availability of old-growth species within regenerating forests will depend on
proximity to patches of old-growth forests, and the dispersal abilities of specific trees. On the
Osa Peninsula it appears that even small patches of old-growth forest can act as “warehouses”
that maintain a reasonably abundant “stock” of specialized species. Given adequate regeneration
time and improved forest connectivity, these patches should help preserve not only individual
species, but also highly specialized species interactions.
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Appendix I. Host plants sampled on the Osa Penisula, Costa Rica in 2013.

Plant Family

Plant Species

Tree
IND

DBH
(cm)

Forest Type

Fabaceae

Lonchocarpus macrophyllous

35

38.10

Secondary

Fabaceae

Lonchocarpus macrophyllous

36

17.78

Secondary

Fabaceae

Lonchocarpus macrophyllous

37

40.64

Secondary

Fabaceae

Lonchocarpus macrophyllous

38

25.40

Secondary

Fabaceae

Tachigali tessmannii a

10

16.51

Secondary

Fabaceae

Tachigali tessmannii

13

121.92

Old-growth

Coordinates
N 08o23.975'
W 083o20.237'
N 08o23.975'
W 083o20.237'
N 08o24.008'
W 083o20.232'
N 08o24.007'
W 083o20.236'
N 08o24.382'
W 083o20.236'
N 08o24.472'
W 083o20.173'

Canopy Branch
Dimension (cm)
8.0 x 8.0 x 75
7.0 x 7.5 x 75
8.5 x 9.5 x 75
9.5 x 9.0 x 75
5.5 x 6.0 x 75
9.0 x 9.0 x 75

o

Fabaceae

Tachigali tessmannii

14

88.90

Old-growth

Fabaceae

Tachigali tessmannii

18

76.20

Old-growth

Fabaceae

Tachigali tessmannii

25

45.72

Old-growth

Lecythidaceae Eschweilera biflava

28

35.56

Old-growth*

Lecythidaceae Eschweilera biflava

29

33.02

Old-growth

Lecythidaceae Eschweilera biflava

31

45.72

Old-growth

Lecythidaceae Eschweilera biflava

32

15.24

Secondary

N 08 24.498'
W 083o20.158'
N 08o24.542'
W 083o20.135'
N 08o24.595'
W 083o19.799'
N 08o24.015'
W 083o20.461'
N 08o23.999'
W 083o20.471'
N 08o23.999'
W 083o20.471'
N 08o23.880'
W 083o20.375'

9.0 x 9.0 x 75
9.5 x 9.5 x 75
6.5 x 6.5 x 75
8.0 x 9.0 x 75
5.0 x 6.5 x 75
5.5 x 7.5 x 75
6.5 x 6.0 x 75
!"#

Lecythidaceae Gustavia brachycarpa

26

17.78

Old-growth

Lecythidaceae Gustavia brachycarpa

33

19.05

Secondary

Lecythidaceae Gustavia brachycarpa

34

20.32

Secondary

Lecythidaceae Gustavia brachycarpa

40

21.59

Old-growth

Lecythidaceae Gustavia brachycarpa

42

16.51

Old-growth

Lecythidaceae Gustavia brachycarpa

43

24.13

Old-growth

Malvaceae

Apeiba tibourbou

23

35.56

Old-growth

Malvaceae

Apeiba tibourbou

39

35.56

Secondary

Malvaceae

Apeiba tibourbou

44

15.24

Old-growth

Malvaceae

Apeiba tibourbou

49

25.40

Secondary

Malvaceae

Apeiba tibourbou

21

23.368

Old-growth

Malvaceae

Apeiba tibourbou

22

34.29

Old-growth

Malvaceae

Luehea seemannii

1

35.56

Secondary

Malvaceae

Luehea seemannii

2

60.96

Secondary

Malvaceae

Luehea seemannii

6

60.96

Secondary

N 08o24.591'
W 083o19.792'
N 08o23.887'
W 083o20.370'
N 08o23.887'
W 083o20.370'
N 08o24.284'
W 083o19.987'
N 08o24.311'
W 083o19.908'
N 08o24.319'
W 083o19.877'
N 08o24.626'
W 083o19.900'
N 08o24.220'
W 083o20.057'
N 08o24.405'
W 083o19.806'
N 08o24.338'
W 083o20.196'
N 08o24.621'
W 083o19.915'
N 08o24.620'
W 083o19.912'
N 08o24.273'
W 083o20.265'
N 08o24.300'
W 083o20.261'
N 08o24.337'
W 083o20.233'

9.5 x 9.5 x 75
7.0 x 7.5 x 75
7.0 x 7.0 x 75
9.0 x 7.5 x 75
6.5 x 7.0 x 75
8.0 x 9.0 x 75
8.5 x 8.5 x 75
No canopy branch
5.0 x 5.0 x 75
6.5 x 7.5 x 75
6.0 x 6.0 x 75
8.5 x 8.5 x 75

5.7 x 6.2 x 75
8.5 x 7.5 x 75
7.5 x 7.0 x 75
!$#

Malvaceae

Luehea seemannii

8

40.64

Secondary

Moraceae

Castilla tunu

3

27.94

Secondary

Moraceae

Castilla tunu

5

30.48

Secondary

Moraceae

Castilla tunu

7

30.48

Secondary

Moraceae

Castilla tunu

9

25.40

Secondary

Moraceae

Castilla tunu

11

101.60

Old-growth

Moraceae

Castilla tunu

15

35.56

Old-growth

Moraceae

Castilla tunu

16

38.10

Old-growth

Moraceae

Castilla tunu

19

45.72

Old-growth

Sapotaceae

Pouteria torta

12

76.20

Old-growth

Sapotaceae

Pouteria torta

17

91.44

Old-growth

Sapotaceae

Pouteria torta

27

63.50

Old-growth

Rubiaceae

Chimares b

4

50.80

Secondary

N 08o24.376'
W 083o20.253'
N 08o24.305'
W 083o20.265'
N 08o24.318'
W 083o20.240'
N 08o24.405'
W 083o20.229'
N 08o24.301'
W 083o20.336'
N 08o24.301'
W 083o20.191'
N 08o24.510'
W 083o20.154'
N 08o24.498'
W 083o20.137'
N 08o24.530'
W 083o20.116'
N 08o24.440'
W 083o20.199'
N 08o24.512'
W 083o20.129'
N 08o24.536'
W 083o19.948'
N 08o24.305'
W 083o20.265'

8.0 x 8.0 x 75
7.0 x 8.5 x 75
6.5 x 7.5 x 75
8.5 x 7.0 x 75
8.0 x 8.5 x 75
11.0 x 9.5 x 75
7.5 x 8.0 x 75
8.5 x 9.0 x 75
6.5 x 7.0 x 75
6.0 x 6.0 x 75
8.0 x 9.0x 75
6.0 x 7.0 x 75
7.5 x 7.5 x 75

N = 41 c
c

Total host trees sampled; a and b, trees excluded from data analyses because they failed to yield cerambycids.
!%#

Appendix II. N individuals of saproxylic cerambycids reared from each forest type, host tree species, and stratum on the Osa
Peninsula, Costa Rica in 2013-2014.
Cerambycid Species

CERAMBYCINAE
Clytini
Itaclytus justini (Chevrolat)
Hexoplonini
Genus sp. 18
Neoibidionini
Genus sp. 38
Piezocerini
Gorybia tibialis Martins
Rhinotragini
Chrysaethe aurantipennis (Giesbert)
Tomopterus vespoides White
LAMIINAE
Acanthocinini
Amniscites cf pictipes Bates
Anisopodus cf scriptpennis Giesbert
Anisopodus varius Melzer
Nyssodrysina haldemani (LeConte)
Leptostylus macrostigma Bates
Lepturges laeteguttatus Gmelin
Neoeutrypanus mutilatus (Germar)
Nyssodectes roseicollis Bates
Nyssodrys sp. 42
Nyssodrysina polyspila White
Nyssodrysternum ocellatum Bates
Oedopeda setigera Bates
Oedopeza leucostigma Bates

Forest
Type

Host Plant
Fab
LM TT

Lecy
EB
GB

Stratum

Mal
AT LS

Mor
CT

Sap
PT

C

G

N

OG

S

49

40

9

–

40

0

9

–

–

–

–

9

40

17

17

–

–

–

–

–

17

–

–

–

10

7

19

19

–

–

19

–

–

–

–

–

–

–

19

475

472

3

–

469

1

1

1

2

–

1

199

276

3
5

3
5

–
–

–
–

–
–

–
–

–
–

3
–

–
–

–
–

–
5

–
4

3
1

13
8
222
43
243
150
895
250
3
25
76
1
37

1
1
186
–
179
3
894
113
3
1
32
–
37

12
7
36
43
64
147
1
137
–
24
44
1
0

–
–
–
43
6
–
–
40
–
2
–
1
0

–
–
13
–
–
1
4
–
–
–
–
–
5

–
–
1
–
7
–
881
82
–
–
–
–
32

7
–
1
–
157
–
1
45
–
–
–
–
0

6
1
181
–
42
149
7
5
3
1
–
–
0

–
–
26
–
28
–
–
17
–
–
–
–
0

–
7
–
–
2
–
1
61
–
22
76
–
0

–
–
–
–
1
–
1
–
–
–
–
–
0

4
–
7
–
17
144
278
164
–
7
57
–
1

9
8
215
43
226
6
617
86
3
18
19
1
36
!&#

Ozineus arietinus Bates
Genus sp. 14
Ozineus sp. 15
Ozineus sp. 22
Ozineus sp. 26
Sympagus laetabilis Bates
Genus sp. 12
Genus sp. 44
Acanthoderini
Macronemus asperulus White
Oreodera glauca (Linnaeus)
Oreodera graphiptera Bates
Oreodera sp. 46
Steirastoma albiceps Bates
Anisocerini
Caciomorpha palliata White
Apomecynini
cf Rosalba obliqua
Calliini
Callia albicornis Bates
Colobotheini
Colobothea cf cassandra
Colobothea chontalensis Bates
Colobothea dispersa Bates
Colobothea distincta Pascoe
Desmophorini
Estoloides longicornis Breuning
Genus sp. 35
Genus sp. 36
Genus sp. 45
Mauesiini
Taurolema albopunctata Gounelle
Monochamini
Ptychodes mixtus Bates

55
57
93
6
39
16
10
9

10
52
38
–
6
2
2
4

45
5
55
6
33
14
8
5

–
–
11
3
1
–
–
5

2
–
–
–
6
–
–
–

–
1
6
–
–
–
–
–

–
53
71
2
–
–
–
3

17
–
1
–
–
–
2
1

35
3
4
1
32
–
–
–

1
–
–
–
–
16
8
–

–
–
–
–
–
–
–
–

36
–
21
1
8
1
–
2

19
57
72
5
31
15
10
7

86
11
258
1
8

20
2
80
–
–

66
9
178
1
8

1
–
6
–
–

1
–
–
–
–

27
–
43
–
–

1
–
168
–
–

3
–
7
–
2

48
–
32
1
6

–
11
1
–
–

5
–
1
–
–

16
8
12
–
–

70
3
246
1
8

21

14

7

2

5

7

2

–

4

1

–

11

10

1

1

–

–

–

–

–

1

–

–

–

1

–

15

4

11

–

–

–

–

2

–

13

–

–

15

5
81
1
30

–
4
1
14

5
77
–
16

–
77
–
15

–
–
–
–

–
4
1
–

–
–
–
14

–
–
–
–

–
–
–
–

5
–
–
1

–
–
–
–

5
49
1
19

–
32
–
11

20
24
28
5

10
22
12
–

10
2
16
5

1
–
–
–

–
–
–
–

3
–
–
–

–
13
–
–

8
11
16
–

3
–
1
–

5
–
11
5

–
–
–
–

4
–
5
–

16
24
23
5

31

31

–

–

–

–

31

–

–

–

–

30

1

8

0

8

8

0

0

0

0

0

0

0

2

6
!'#

Taeniotes scalatus Gemlin
Onciderini
cf Heschytypa turbida
Genus sp. 31
Xenofreini
Xenofrea zonata Bates
Total N

27

18

9

–

1

–

–

1

–

25

–

1

26

1
12

–
1

1
11

1
11

–
–

–
1

–
–

–
–

–
–

–
–

–
–

–
5

1
7

52
3545

52
2406

–
1139

–
234

–
566

52
1149

–
579

–
488

–
243

–
272

–
14

20
1159

32
2386

Forest Type: OG = Old-growth, S = Secondary; Host Plant: Fab = Fabaceae, LM = Lonchocarpus macrophyllous, TT = Tachigali
tessmannii, Lecy = Lecythidaceae, EB = Eschweilera biflava, GB = Gustavia brachycarpa, Mal = Malvaceae, AT = Apeiba
tibourbou, LS = Luehea seemannii, Mor = Moraceae, CT = Castilla tunn, Sap = Sapotaceae, PT = Pouteria torta; Stratum: C =
Canopy, G = Ground
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