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RESOURCE ABUNDANCE AND DISTRIBUTION DRIVE BEE VISITATION 

WITHIN DEVELOPING TROPICAL URBAN LANDSCAPES 
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Abstract—Urban landscapes include a mix of biotic and anthropogenic elements that can interact with and 
influence species occurrence and behaviour. In order to outline the drivers of bee (Hymenoptera: Apoidea) 
occurrence in tropical urban landscapes, foraging patterns and community characteristics were examined at a 
common and broadly attractive food resource, Tecoma stans (Bignoniaceae). Bee visitation was monitored at 120 
individual resources in three cities from June 2007 to March 2009. Resource characteristics, spatial distribution, and 
other local and regional landscape variables were assessed and then used to develop descriptive regression models of 
forager visitation. The results indicated that increased bee abundance and taxon richness consistently correlated with 
increased floral abundance. Resource distribution was also influential, with more spatially aggregated resources 
receiving more foragers. Individual bee guilds had differential responses to the variables tested, but the significant 
impact of increased floral abundance was generally conserved. Smaller bodied bee species responded to floral 
abundance, resource structure, and proximity to natural habitats, suggesting that size-related dispersal abilities 
structure occurrence patterns in this guild. Larger bees favoured spatially aggregated resources in addition to 
increased floral abundance, suggesting an optimization of foraging energetics. The impact of the urban matrix was 
minimal and was only seen in generalist feeders (African honey bees). The strongly resource-driven foraging 
dynamics described in this study can be used to inform conservation and management practices in urban landscapes.  
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INTRODUCTION 

Bees (Hymenoptera: Apoidea) and other pollinators are 
facing global survival challenges that are attributed in part to 
local anthropogenic change (NRC 2007). Land use 
intensification, particularly in the form of agricultural and 
urban development, has been shown to diminish the nesting 
and foraging habitats of native bees, resulting in decreases in 
abundance and changes in pollinator function (Kremen et al. 
2002; Buchmann & Ascher 2005). In recent years, 
Northwestern Costa Rica has experienced an increase in 
urban development linked to growth in tourism, international 
business, manufacturing, and agriculture. Changes in bee 
community composition that correspond to local 
fragmentation have already been recorded (Frankie et al. 
1997) and are particularly evident at the edge of urban 
development (Frankie et al. 2009a). Investigating how bees 
respond to urbanization is imperative given the ever-
increasing rate of landscape conversion and their importance 
as pollinators to nearly 90% of tropical floral species 
(Ollerton et al. 2011) and over 30% of the crops that make 
up the human diet (Buchmann & Nabhan 1996).  

Recent studies focusing on urban bees have documented 
species occurrences (Owen 1991; Frankie et al. 2002), 
examined community composition with respect to general 

land use patterns (Saure 1996; McIntyre & Hostetler 2001; 
Cane et al. 2006; Nates-Parra et al. 2006; Matteson et al. 
2008), and evaluated trends in floral host usage and 
preferences (Hismatsu & Yamane 2006; Antonini et al. 2006; 
Frankie et al. 2005). Although it is clear that bees are resident 
and abundant in some urban landscapes, field observations 
and published works show their distribution to vary. Nearby 
cities in the same regional landscape can have significantly 
different resident bee faunas (Frankie et al. 2009b). Within 
individual cities variability in bee community structure has 
been noted in different land use types, such as residential areas 
(Winfree 2007) and community gardens (Matteson et al. 
2008), and with respect to the size and age of habitat 
remnants (Cane et al. 2006). Changes in bee community 
structure (Lui & Koptur 2003) and absolute bee numbers 
have also been recorded along urban-natural gradients (Ahrne 
et al. 2009), as have seasonal transitions driven by shifts in 
resource availability (Cane et al. 2005).  

Both landscape context and local site variables can 
influence bee occurrences and foraging patterns. In the highly 
modified landscapes of central Europe the overall landscape 
composition was found to be more influential in determining 
honey bee occurrences than site-specific variables (Steffan-
Dewenter & Kuhn 2003). A similar trend was reported by 
Heard et al. (2007) for bumble bees foraging within different 
agro-environments. Nearness to intact forest habitat was also 
noted to be more important than local land management in 
determining the number of bees expected at local coffee 
plantations in the tropical dry forest of Costa Rica (Brosi et 
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al. 2007). In contrast, Collevatti et al. (2000) showed that the 
quality and quantity of resources present at a patch 
determined foraging patterns, irrespective of the local 
landscape. Bee assemblages are functionally diverse and factors 
that impact the community might not necessarily have 
analogous effects on individual groups and species. For 
example, Jha and Vandermeer (2009) recorded contrasting 
responses to resource variables and local habitat variables 
between native bees and non-native honey bees foraging in 
coffee plantations in central Mexico. Foraging patterns might 
also be driven by different variables in natural and 
anthropogenic systems, but they have yet to be investigated in 
sufficient detail to make generalized statements. 

The goal of this study is to achieve a better understanding 
of how resource characteristics and local landscape variables 
structure the foraging patterns of bees in urban ecosystems. 
The following analysis aims to: (1) describe and model the 
factors that are influencing bee visitation to food resources in 
a tropical dry forest urban system and (2) to examine these 
factors at the community level and in terms of individual bee 
guilds to see if congruent or contrasting patterns emerge. The 
system of bees visiting Tecoma stans, a common and 
preferred food resource in this region, is used as a model. 
Distance to wildland habitats, proximity to other landscape 
features (riparian areas and open space), land use type 
(residential versus commercial), local resource characteristics 
(floral abundance and life form), and resource distribution are 
examined for their effect on abundance and richness. Within 
the mix of variables that might be influencing resource usage 
in cities are those that are unique to urban landscapes, such as 
residential and commercial land use and the separation of a 
site from the wildland habitat by the urban matrix. A parallel 
focus of this analysis is to determine to what extent these 
‘urban’ factors impact bee resource usage.  

 

MATERIALS AND METHODS 

Site description 

The cities of Liberia (10°37'47"N, 85°26'18"W), 
Bagaces (10°31'34"N, 85°15'18"W), and Cañas 
(10°25'36"N, 85°05'28"W) lie in a row along Central 
America Highway 1 in the Guanacaste province of Costa 
Rica. These three cities are characteristic of urban 
development in the region, displaying a trend of increasing 
peripheral growth due to increased commercial and residential 
demands. Liberia covers 7.97 km2, Bagaces covers 0.76 km2, 
and Cañas covers 2.98 km2. The most recent census data puts 
the urban population of Liberia, the provincial capital, at 
34,469; Bagaces at 3,645; and Cañas at 16,512 (INEC 
2000).  

Regional landscape classification 

Tropical dry forest was the dominant habitat in this 
region prior to urbanization and agricultural development. 
Today, habitat has been fragmented to varying degrees by 
cattle ranching, agriculture, and commercial development, 
however there are remnant areas of savannah. Ranching was 
dominant around both Bagaces and Liberia, but these two 
cities were also in closer proximity to a network of biological 
reserves and conservation areas. Cañas was surrounded by 
more intensive irrigated agriculture.  

Urban landscape classification 

A combination of satellite images, GIS data, and ground 
observations were used to code urban land use and landscape 
characteristics. Appendix I provides the summary statistics 
and abbreviations for the variables used. All spatial 
calculations were preformed in ArcMap 9.3 © (ESRI Inc. 
2009, Chicago IL). The Near Feature tool was used to 
calculate the distance of each T. stans to the wildland-urban 

 FIG 1: A common street view 
showing two T. stans resources within 
the urban matrix (Cañas, Costa Rica). 
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interface (D WUI) and nearest riparian area (D RIP). The 
Nearest Neighbour tool was used to find the closest con-
specific T. stans individual. The number T. stans individuals 
within radii of 10 m, 50 m, and 100 m were calculated by 
constructing corresponding buffer polygons and using the 
Points in Polygon tool in the Hawth’s Tools package. 
Proximity to open space (OPEN) was coded as present when 
the floral resource was on or adjacent to a city block that 
contained unmanaged open spaces (e.g., large yards, vacant 
lots) and public parks or fields. A residential classification 
(RES) was given when the dominant use on the block was 
either single or multifamily housing. A commercial 
designation (COM) was given when the dominant use 
consisted of either public or private business, shopping, 
government offices, banks, and parking lots. 

Floral resource characterization 

The yellow trumpet tree, Tecoma stans Kunth 
(Bignoniaceae) is a common mass-flowering woody perennial 
found across Costa Rica, and much of the tropics. The native 
range in the Americas extends from the south central and 
southeastern United States (Arizona to Florida) down into 
Argentina (Hammel 2005; Zuchowski 2007). T. stans was 
ubiquitous and well distributed in the three landscape studied 
here and multiple morphologies were common due to 
variation in pruning and management. Although T. stans 
produces flowers year-round, the most intense flowering 
occurs between November and March. Fig. 1 depicts a 
common residential street view where multiple T. stans 
resources are present within the urban matrix.  

Previous work has indicated that T. stans attracts a wide 
range of bee species from multiple feeding, social, and size 
guilds that account for approximately 10% of the local 
wildland bee species diversity (Wojcik 2009). The majority 
of these bee species are in the genus Centris and have been 
observed to collect both pollen and nectar (see Wojcik 
2011). The pollination system of T. stans in Central America 
has yet to be studied in detail. Work from South America 
identified Centris tarsata Smith and Exomalopsis fulvofasciata 
Smith as effective pollinators in Brazil (Silva et al. 2007). The 
size and behaviour of the most abundant visitor to T. stans in 
Northwestern Costa Rica, C. eurypantana Snelling, suggest 
that it could be an effective pollinator (pers. obs.). Other large 
bodied species such as Ephicharis elegans and Eulema sp. 
could be potential pollinators, but are not common visitors. 
Halictus and Lasioglossum species that visit this resource do 
not appear to be effective pollinators based on their size and 
behaviour (pers. obs.).  

A survey of each city catalogued all visible T. stans 
individuals using a hand-held GARMIN Vista C etrex GPS 
unit. In total, 147 individuals were marked, of which 120 
were easily accessible from public land and were used in the 
study. Each individual resource was photographed digitally 
for visual reference, character coding, and resource metric 
estimation. Height (HEIGHT) and crown width (CROWN) 
at the widest part of the crown were estimated from the 
referenced photographs to the nearest 25 cm. Each individual 
was also coded into three life form classes (SHRUB, 
HEDGE, or TREE) depending on shape and growth habit. 

A stratified sub-sample of the canopy was used to 
estimate the number of flowers (FLW) per individual T. 
stans. The canopy of each resource was fractioned into a 
manageable sector based on overall size (2, 4, 8, or 10 
sectors); this fraction was then used as an expansion factor 
(k). The total number of inflorescences (i) in one randomly 
selected sector was counted. A subsample (n = 5) of 
inflorescences was used to calculate the average number of 
flowers per inflorescence (ƒ). The calculated average number 
of flowers per inflorescence was then multiplied by the 
number of inflorescences and the expansion factor as follows: 
FLW = ƒ x i x k. In the case of some individual resources 
with very few flowers the total number of flowers was 
enumerated using a census. 

TAB 1: Bee species comprising the taxonomic categories used for 
analysis and model development. The relative occurrence of each 
species in the cities of Bagaces, Cañas, and Liberia is indicated as 
common (C), rare (R), or known from a single record (S) based on 
collections made over the study period. 

Species Location 
 Bacages Cañas Liberia 

Solitary Large    
Ancyloscelis sp. R - R 
Augochlora nigrocyanea 
Cockerell 

C C C 

Centris aethyctera Snelling C C - 
Centris eurypatana Snelling C C C 
Centris heithausi Snelling C C - 
Epicharis elegans Smith - - C 
Euglossa viridissima Friese C C C 
Eulema sp. S - C 
Xylocopa fimbriata Fabricius R C C 
Xylocopa subvirescens 
Cresson 

- - C 

Solitary Small    

Agapostemon nasutus - - S 
Halictus lutescens Friese C C C 
Lasioglossum Dialictus sp.1 - C - 
Lasioglossum Dialictus sp.2 - C - 

Native Eusocial     

Nannotrigona perilampoides 
Cresson 

C C C 

Plebeia frontais Friese R - R 
Tetragonisca angustata Lep. C - C 
Trigona fulviventris Guérin-
Méneville 

C C C 

Non-native Eusocial     

Apis mellifera scutellata 
Latreille 

C C C 
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Bee monitoring and identification 

Bee visitation was documented from June 2007 to March 
2009. Visitor abundance and richness were measured at each 
resource within a standardized one by one metre square 
observation frame that was visually projected onto an easily 
observable and unobstructed area of the floral resource. The 
visitation rates of bees to all of the flowers within this visual 
frame were recorded for the duration of three minutes. Eight 
evenly spaced counts occurred throughout the day between 
0800h and 1400h in order to account for temporal variability 
in bee occurrence (see Wojcik 2011). Samples were repeated 
across multiple days (at least four) and in both the wet and 
dry seasons. Bees were identified on-the-wing to one of four 
categories: large solitary, small solitary, native eusocial, or 
non-native eusocial bees. A list of the species that comprise 
each taxonomic category and their documented occurrences in 
each city is presented in Tab. 1. Bee identification was assisted 
by Laurence Packer and Jason Gibbs of York University, 
Toronto, Canada and by Ricardo Ayala of Universidad 
Nacional Autónoma de México.  

Statistical analysis 

The average number of bees and the average number of 
different taxon groups recorded per three-minute count were 
calculated for each resource from all of the counts taken 
during the entirety of the study period. The visitation rates of 
each bee group, the abundance, and the taxon richness were 
compared between the three cities using multivariate 
ANOVA followed by pairwise comparisons with Tukey’s 
HSD in order to determine if parallel patterns existed in each 
landscape. A Bonferroni adjusted α of 0.016 (0.05/3) was 
used to reduce Type I error.  

The averaged count data were checked for normality 
using both normal-quartile plots and the Shapiro-Wilk test. 
The untransformed data plotted within a normal distribution, 
with some wobble at the ends of the distribution, but the 
results from the Shaprio-Wilk test were less then p = 0.05, 
indicating a deviation from the normal distribution. 
Subsequent standard data transformations were performed 
(log, square root, arcsine, etc.), but neither the plotted fit nor 
the Shaprio-Wilk statistic changed significantly. Given the 
large size of the data set (n > 30), a decision was made to use 
the untransformed data for the analysis. An analysis of 
covariance was used to assess the independence of the 
variables in their description of bee visitation patterns. The 
variable CROWN was found to be highly correlated with 
FLW and was removed from the regression analysis. The 
remaining thirteen variables were independent in their 
explanation of the data. Regional and city specific descriptive 
models were generated for abundance, taxon richness, solitary 
bees (large and small) and eusocial bees (native and non-
native), and for each individual bee group (large solitary bees, 
small solitary bees, native eusocial bees, and non-native 
eusocial bees) using backward stepwise regression with p = 
0.10 as the entrance criterion and p = 0.05 as significant. A 
total of 32 models were generated in this manner. Model 
selection was based on significant improvement in fit (r2 
value) and ∆AIC, favouring simpler models with fewer 
variables when significant changes were not present in the 

analytical metrics. All of the statistical analyses were 
performed in SPSS 16.0 (© Chicago IL 2007). 

RESULTS 

General and site-specific foraging patterns 

Patterns of overall abundance and richness varied 
significantly between the three cities (F2,2083 = 4.94, p = 0.007 
and F2,2083 = 19.50, p = 0.000, respectively). Abundance 
ranged from 0 to 32 bees observed per count, with a mean of 
3.55 ± 1.01 (mean ± S.E) and was highest in Liberia. 
Richness ranged from 0 to 4 bee types per count, with a mean 
of 1.35 ± 0.73 and was again higher in Liberia. Pairwise 
comparison with Tukey’s HSD indicated that large native 
solitary bees (F2 = 18.68, p = 0.000), small native solitary 
bees (F2 = 24.52, p = 0.000), and native eusocial bees (F2 = 
35.91, p = 0.000) exhibited significantly different mean 
foraging rates in at least one city comparison, often with 
Cañas differing from both Liberia and Bagaces (see Tab. 2). 
Non-native eusocial bees (African honey bees) had 
significantly different occurrences in each city (F2 = 38.50, p 
= 0.000); they were highest in Liberia, intermediate in 
Bagaces, and lowest in Cañas (Tab. 2). Variability between 
the three cities validated the development of site- and guild-
specific foraging models. 

Community foraging models 

 Increasing resource abundance positively influenced the 
abundance and richness of foragers attracted to individual T. 
stans resources across the entire (all city) sample. The number 
of flowers per T. stans individual (FLW: t = 5.48, p = 
0.000) and the number of other T. stans resources within a 
10 metre radius (CON-SP 10: t = 1.99, p = 0.049) were 
globally significant drivers of bee abundance at a site. Overall 
taxon richness was influenced only by the total number of 
flowers per resource (FLW: t = 6.92, p = 0.000). A city-
specific analysis of the drivers of bee visitation revealed 
further variability between the study sites. The summary of 
the multivariate regression models constructed for the bee 
community (total abundance and taxon richness) is displayed 
in Tab. 3, with more detailed models available in Appendix 
II.  

In each city, abundance patterns were driven by a mix of 
resource characteristics and land use variables, however, in 
each case, the number of flowers per individual resource 
remained significant (FLW: Bagaces, t = 2.82, p = 0.010; 
Cañas, t = 4.03, p = 0.000; Liberia, t = 4.10, p = 0.000). In 
Bagaces residential land use (RES; t = 2.27, p = 0.032) 
indicated increased bee visitor abundance; per count, on 
average 2.64 (± 1.16) more bees were attracted to resources 
that were on residential land compared to commercial land. In 
Cañas, proximity to open space (OPEN: t = 2.00, p = 
0.054) and an increasing distance from the wildland-urban 
interface (D WUI: t = 2.00, p = 0.054) positively correlated 
with increased bee abundance. In Liberia a shrub life form 
(SHRUB: t = 2.26, p = 0.028) was positively associated with 
increasing bee visitation, while open space was negatively 
associated (OPEN: t = -2.14, p = 0.037). 
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TAB 2: The results of 

multivariate ANOVA 
comparing the mean number of 
bee foragers per count at T. 
stans resources in the three 
sample landscapes: Bagaces (B), 
Cañas (C), and Liberia (L). 
Significant differences (p < 
0.016, Bonferroni adjusted) are 
indicated by the * symbol. 

 

 

City 
Comparison 

Diff. 
Std. 
Error 

 
p 

95% CI 

 Upper       Lower 

Abundance B vs C -0.609 0.202   0.003* -1.006 -0.212 
 B vs L -0.184 0.193   0.339 -0.562 0.194 
 C vs L 0.425 0.184   0.021 0.063 0.786 

Richness B vs C -0.218 0.056   0.000* -0.327 -0.109 
 B vs L -0.329 0.053   0.000* -0.433 -0.226 
 C vs L -0.111 0.051   0.028 -0.210 -0.012 

Large Solitary B vs C -0.773 0.148   0.000* -1.063 -0.482 
 B vs L -0.047 0.141   0.741 -0.323 0.230 
 C vs L 0.726 0.135   0.000* 0.462 0.990 

Small Solitary B vs C 0.538 0.082   0.000* 0.377 0.698 
 B vs L 0.133 0.078   0.088 -0.020 0.286 
 C vs L -0.405 0.075   0.000* -0.551 -0.258 

Native 
Eusocial  B vs C -0.521 0.076   0.000* -0.670 -0.373 

 B vs L 0.012 0.072   0.870 -0.129 0.153 
 C vs L 0.533 0.069   0.000* 0.398 0.668 

Non-native 
Eusocial  B vs C 0.110 0.039   0.004* 0.035 0.186 

 B vs L -0.191 0.037   0.000* -0.263 -0.119 
 C vs L -0.302 0.035   0.000* -0.370 -0.233 

The number of flowers per individual T. stans resource 
consistently correlated with increased forager richness. This 
was the singular factor that influenced patterns in Liberia 
(FLW: t = 4.49, p = 0.000) and Cañas (FLW: t = 3.64, p = 
0.001). Other variables including residential land use (RES: t 
= 3.76, p = 0.001) and distance to the wildland-urban 
interface (D-WUI: t = -2.33, p = 0.032) were important in 
Bagaces. Residential land use predicted almost one additional 
taxon to be present per observation compared to commercial 
land use. Forager richness was also higher on resources closer 
to the wildland-urban edge. 

Guild specific resource usage 

Solitary bees—Floral abundance was consistently 
positively correlated to increased solitary bee visitation in each 
city (FLW: Bagaces, t = 2.40, p = 0.025; Cañas, t = 4.67, p 
= 0.000; Liberia, t = 2.97, p = 0.004), but was not the only 
factor that drove visitation patterns. A summary of the 
foraging models developed for each guild is presented in Tab. 
3, with more detailed models presented in Appendix III. In 
Bagaces, residential land use significantly increased the 
number of solitary bees by 2.36 (±0.92) individuals per 
count compared to commercial land use (RES: t = 2.58, p = 
0.016). In Cañas, an increasing distance from the wildland-
urban interface (D WUI: t = 2.80, p = 0.001) and a tree life 
form (TREE: t = 2.68, p = 0.012) significantly positively 
increased solitary bee numbers. In Liberia, there was a 
negative association with solitary bee foraging rates and 
proximity to open space (OPEN: t = -2.10, p = 0.041) and a 
positive correlation with resources that were considered 
shrubs (SHRUB: t = 2.44, p = 0.018). When solitary bees 
were examined by functional size guilds more specific patterns 
became evident. 

Large bees—The overall occurrence of large solitary bees was 
significantly positively correlated with the number of flowers 

that a resource had (FLW: t = 3.84, p = 0.000) and with the 
number of con-specific resources within 10 metres (CON-SP 
10: t = 2.23, p = 0.015); both are measures of resource 
aggregation. In Bagaces, the foraging rates of large solitary 
bees were significantly positively influenced by the total 
number of flowers per individual resource (FLW: t = 2.62, p 
= 0.018), residential land use (RES: t = 2.89, p = 0.002), 
and decreasing distance to riparian areas (D RIP: t = -3.44, p 
= 0.000). In Cañas, large solitary bee foraging rates were 
significantly positively correlated with resource characteristics 
(FLW: t = 3.32, p = 0.002 and TREE: t = 2.51, p = 0.018) 
and distance to the wildland-urban interface (D WUI: t = 
4.10, p = 0.000). In Liberia, only the number of flowers per 
individual resource (FLW: t = 2.00, p = 0.050) was 
significant, with more large solitary bees visiting resources 
with greater floral abundance.  

Small bees—The overall visitation rates of small solitary 
bees correlated significantly and positively with the number of 
flowers per individual resource (FLW: t = 3.06, p = 0.003) 
and with resource characteristics. Shrubs were preferred 
(SHRUB: t = 3.07, p = 0.003), with 0.63 (± 0.21) more 
visitors per observation noted on shrubs as compared to 
hedge- and tree-like growth forms. The influence of floral 
abundance on this guild was not consistent across the three 
cities. Cañas was the only city in which floral abundance per 
resource significantly increased small bee visitation (FLW: t 
= 4.27, p = 0.000); decreasing resource height (HEIGHT: t 
= -2.74, p = 0.010) was also a driving factor. In Liberia, a 
shrub life form (SHRUB: t = 3.10, p = 0.003) significantly 
positively correlated with small solitary bee visitation. An 
increasing distance from riparian areas (D RIP: t = 3.21, p = 
0.000) was the only significant descriptor of small solitary 
bee visitation in Bagaces; small bee numbers were inversely 
related to nearness to riparian habitats. 
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Eusocial bees—The local community of eusocial bees 
contains many native stingless bees (Nannotrigona 
perilampoides, Plebeia sp., Plebeia frontais, Tetragonisca 
angustata, Trigona fulviventris, and Trigona sp.), but also the 
non-native African honey bee (Apis mellifera scutellata). In 
the pooled city analysis, eusocial bees were positively 
influenced by the number of flowers per resource (FLW: t = 
5.97, p = 0.000) and by the distribution of con-specific 
resources within a 10 metre radius (CON-SP 10: t = 2.65, p 
= 0.009). Flowers per resource remained an important 
influence on visitation rates of eusocial bees in all of the study 
cities (FLW: Bagaces, t = 3.41, p = 0.002; Cañas, t = 2.72, p 
= 0.001; Liberia, t = 5.28, p = 0.000). In Bagaces the life 
form was significant, with hedges attracting more visitors than 
shrubs or trees (HEDGE: t = 1.86, p = 0.075), while in 
Cañas resource distribution (CON-SP 10: t = 1.94, p = 
0.062) was important, with more aggregated resources 
attracting more eusocial bees. In Liberia the location of the 
resource within the urban landscape correlated with increasing 
visitation (D WUI: t = 2.50, p = 0.015), with resources 
located closer to the perimeter receiving more visits.  

Native eusocial bees—Native eusocial bees were 
influenced exclusively by resource quantity (FLW: t = 3.25, p 
= 0.00) and distribution (CON-SP 10: t = 3.32, p = 0.049) 
in the pooled city sample. Floral abundance per resource 
remained significantly positively influential in Bagaces and 
Liberia (FLW: t = 2.35, p = 0.000 and t = 1.96, p = 0.055, 
respectively), but not in Cañas where proximity to open space 
(OPEN: t = 3.11, p = 0.004) and life form (HEDGE: t = 
2.02, p = 0.052) were the significant drivers of foraging rates.  

Non-native eusocial bees—Floral abundance per resource 
was a clear and consistent factor in describing African honey 
bee occurrence in each city (FLW: Bagaces, t = 2.63, p = 
0.015; Cañas, t = 1.82, p = 0.072; Liberia, t = 6.77, p = 
0.000), but landscape variables also correlated significantly in 
some cities. Residential land use had a particular significant 
positive association with increased occurrence in Liberia 
(RES: t = 3.21, p = 0.002), as did an increasing distance 
from the wildland (D WUI: t = 4.39, p = 0.000); neither of 
these variables impacted local native bee species.  

 
 
 
 
 
 
 
 
 
 
 
 
TAB 3: Summary of the pooled 

and individual city bee visitation 
models for the total community 
(abundance and taxon richness) and 
the individual bee guilds that are 
using T. stans as a pollen and nectar 
resource in the small and developing 
urban landscapes of Guanacaste, 
Costa Rica. All of the variables 

shown are significant at the α = 
0.05 level unless indicated by (‡) 

where they are significant at α = 
0.08. Variable abbreviations are as 
follows: FLW = total flowers, 
CON-SP 10 = the number of other 
T. Stans within a 10 metre radius of 
the sampled resource, RES = 
residential land use, OPEN = 
proximity to open space, D WUI = 
distance to the wildland-urban 
interface, and D RIP = distance to 
riparian areas. The life form of the 
resource is indicated as a TREE, 
SHRUB, or HEDGE. The + or – 
sign next to the variable in 
parenthesis indicates the direction 
of correlation. The explicit models 
for each taxon group are presented 
in Appendices II and III. 

 

 All Cities Bagaces Cañas Liberia 

Community: 

Abundance (+) FLW 

(+) CON-SP 10 

(+) FLW 

(+) RES 

(+) FLW 

(+) OPEN‡ 

(+) D WUI‡ 

(+) FLW 

(-) OPEN  

(+) SHRUB 

Richness (+) FLW (+) FLW 

(+) RES 

(-) CON-SP 10 

(-) D WUI 

(-) SHRUB 

(+) FLW 

 

(+) FLW 

 

Guilds: 

Solitary (+) FLW (+) FLW 

(+) RES 

(+) FLW 

(+) D WUI 

(+) TREE 

(+) FLW 

(-) OPEN  

(+) SHRUB 

Large (+) FLW 

(+) CON-SP 10 

(+) FLW 

(+) RES 

(-) D WUI 

(-) D RIP 

(+) FLW 

(+) D WUI 

(+) TREE 

(+) FLW 

(-) OPEN  

Small (+) FLW 

(-) OPEN  

(+) SHRUB 

(-) D RIP 

 

(+) FLW 

(-) HEIGHT 

 

(+) SHRUB 

 

Eusocial (+) FLW 

(+) CON-SP 10 

(+) FLW 

(+) HEDGE‡ 

(+) FLW 

(+) CON-SP 10‡ 

(+) FLW 

(+) D WUI 

Native  (+) FLW 

(+) CON-SP 

(+) FLW 

 

(+) OPEN 

(+) HEDGE‡ 

(+) FLW‡ 

(-) RES 

Non-native (+) FLW 

(+) RES 

(+) D WUI 

(+) FLW 

(+) D RIP 

(+) FLW‡ (+) FLW 

(+) RES 

(+) CON-SP 10 

(+) D WUI 
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DISCUSSION 

Bees using T. stans as a pollen and nectar source in the 
urban landscapes of Northwestern Costa Rica preferentially 
visited resources with more abundant flowers, irrespective of 
their location in the urban landscape. The importance of 
characteristically anthropogenic variables was minimal, 
indicating that bees were generally not influenced by the 
urban matrix. Similar trends highlighting the greater 
importance of floral resources are emerging from studies 
conducted elsewhere (Colla et al. 2009; Werrell et al. 2009; 
Matteson & Langellotto 2010), further supporting the idea 
that the constructed elements of the urban landscape generally 
do not interfere with the occurrence and foraging of bees. 
The preferences of individual functional bee groups examined 
in this study are generally consistent with this trend, but also 
indicated that organism size and other life history 
characteristics are responsible for some unique responses to 
modified habitats.  

Solitary bees are the dominant and most diverse 
assemblage of bees in the tropical dry forest (Frankie & 
Vinson 2004). Larger solitary bees have been documented to 
preferentially visit flowering trees, while smaller bodied 
species visit more herbaceous forms (Frankie & Vinson 
2004). Within urban environments both size guides can be 
found visiting similar resources (Wojcik 2009). In this study, 
large bees responded with increased foraging at T. stans 
individuals with more flowers and at those that were clustered 
with other con-specifics – both are measures of resource 
aggregation at different scales. The occurrence of large bees in 
these landscapes may be influenced by the principals of 
energetics and optimal foraging. Larger species with increased 
metabolic needs have been shown to pattern their resource 
visitation to favour nearby patches of flowers, optimizing the 
energy required for flight with that acquired from nectar 
(Heinrich 1979).  

Small bees in this study were more likely to visit T. stans 
resources with abundant flowers, but were also influenced by 
the life form of the resource, foraging in larger numbers on 
lower-growing resources that were shrubs. Vertical 
stratification was recorded by Roubik (1993) in the canopy 
of tropical forests near this study region and is suggested as a 
strategy to reduce direct competition. The observed 
preference for lower-growing resources could indicate that 
smaller bees are employing vertical stratification in an effort 
to reduce competition and exploit resources that larger species 
are not visiting. The proximity of a food resource to open 
space, riparian areas, and the wildland-urban interface (edge 
of the city) also correlated significantly with the number of 
small solitary bees recorded. Distance-based foraging 
responses in small bees in these landscapes could be due to 
dispersal limitations. The dispersal range from nest to food 
sites of small bees is thought to be 250 metres (Greenleaf et 
al. 2007), but this is likely a maximum capability and not an 
optimum range as indicated by Zurbuchen et al. (2010) who 
found reduced fitness effects as nest distance increased from 
food sources within this range. Areas of nearby natural habitat 
present more nesting opportunities for species such as 
Agapostemon nasutus and Halictus lutescens that commonly 
nest in the ground (Michener 2000), and these species would 

preferentially forage on more proximal T. stans resources to 
improve fitness. 

The importance of urban variables 

Certain landscape and habitat characteristics are unique to 
cities. Urban fauna must interact with features that wildland 
species do not experience, which leads urban ecologists to 
question if these unique urban habitat elements have a 
significant or corresponding unique effect on resident species. 
Although the results of this study generally indicated little to 
no influence from anthropogenic variables, residential land 
use was shown to have a significant and large impact on one 
particular group of bees, African honey bees, nearly doubling 
their occurrence. Residential areas have been noted by many 
authors as sites of increased bee richness due to the diversity 
of the floral resource base located in ornamental gardens 
(Tommasi et al. 2004; Frankie et al. 2005; Winfree et al. 
2009). Others have found that floral richness per se does not 
strictly correlate with individual species occurrence patterns in 
gardens (Werrel et al. 2009) as most bees possess narrow 
feeding ranges (Michener 2000) or restrict daily foraging to 
specific plants (Heinrich 1979). In this study, only generalist 
species displayed significantly increased abundance rates at 
residential garden sites, supporting findings that indicate 
floral diversity patterns do not universally increase bee 
occurrence.  

Characteristics of the urban matrix and peri-urban 
landscape may have a unique or combined influence on bee 
visitation within guilds that respond to different spatial scales. 
Steffan-Dewenter et al.’s (2002) examination of bees in 
complex landscapes indicated heterogeneous and equally 
complex responses that were scale depended and guild-
specific; similar responses might be occurring in the urban 
systems studied here. Bagaces and Liberia have the most 
similar patterns of per count bee visitation and species 
occurrences and both cities are situated within a similar 
regional land use dominated by cattle grazing and punctuated 
by native dry forest remnants. Cañas is different, sitting in the 
centre of agricultural intensification. On a finer scale, Bagaces 
and Liberia are interspersed with more streams and riparian 
areas while Cañas has a higher density of housing units, but 
also has more managed public parks. Given the city-specific 
variability seen in this study, it is the author’s opinion that 
generalizing the responses of bees to ‘urban’ areas is 
premature. Few studies have compared multiple urban 
landscapes, and fewer still have focused on meso- and micro-
scale landscape characteristics, especially in tropical systems. 
The trends outlined here provide a starting point to further 
studies of comparative bee ecology and behaviour in a rapidly 
growing landscape type. 
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APPENDICES 

Additional supporting information may be found in the 
online version of this article. 

APPENDIX I: The resource and landscape variables used in 
backward stepwise regression model development. 

APPENDIX II: The backward stepwise regression models 
describing bee visitor abundance and taxon richness at T. stans 
resources and across all of the and at each individual study site.  

APPENDIX III: The backward stepwise regression models 
describing the occurrence individual guilds at T. stans resources and 
across all of the cities and at each individual study site. 
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