" BioOne COMPLETE

Bee (Hymenoptera: Apoidea: Anthophila) Functional
Traits in Relation to Sampling Methodology in a
Restored Tallgrass Prairie

Authors: McCravy, Kenneth W., Geroff, Ray K., and Gibbs, Jason
Source: Florida Entomologist, 102(1) : 134-140

Published By: Florida Entomological Society

URL.: https://doi.org/10.1653/024.102.0122

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Functional traits are characteristics of individuals that affect fitness,
and can determine species persistence and contribution to ecosystem
functioning, the processes that sustain ecosystems (Violle et al. 2007).
Species diversity does not directly determine ecosystem functioning,
but rather indirectly determines functioning through the cumulative
contributions of traits present in these species (Cadotte et al. 2011).
Loss of biodiversity may result in decline of ecological functioning
(Hooper et al. 2012), particularly if these losses are concentrated in
particular functional groups with similar ecological niches (Flynn et al.
2009). Whereas identification of important functional traits has pro-
gressed most rapidly for plants (Diaz et al. 2007), trait analyses also
have played important roles in studies of certain animal taxa, including
hover flies (Schweiger et al. 2007), ground beetles (Barber et al. 2017),
birds (Newbold et al. 2013), fish (Pont et al. 2006), and bees (Moretti
et al. 2009; Williams et al. 2010; Forrest et al. 2015; Blitzer et al. 2016;
Bartomeus et al. 2018).

Bee (Hymenoptera: Apoidea: Anthophila) functional
traits in relation to sampling methodology in a restored
tallgrass prairie

Kenneth W. McCravy"*, Ray K. Geroff*, and Jason Gibbs®

Abstract

Analysis of functional trait composition can provide insights into effects of habitat alteration on ecological functioning of particular taxa. However,
assessments of functional trait composition may be affected by the sampling methodology used. We assessed functional trait composition of bees
(Hymenoptera: Apoidea: Anthophila) collected using 4 sampling methods (elevated bowl traps, ground-level bowl traps, Malaise traps, and vane
traps). Functional diversity, as measured by functional dispersion (mean distance between individual species and the community centroid in multidi-
mensional trait space), did not vary among sampling methods. Fourth corner analysis revealed statistically greater representation of solitary species
and above-ground nesting species than expected in ground-level bowl traps. Polylecty was strongly associated with Malaise traps. Body length was
negatively associated with Malaise traps and positively associated with vane traps. Our results suggest that sampling of bee functional traits can be
method-dependent, and this should be considered in assessments of functional trait composition.

Key Words: functional composition; lecty; trait diversity; trap bias

Resumen

El analisis de la composicidn del rasgo funcional puede proporcionar informacion sobre los efectos de la alteracidn del habitat en el funcionamiento
ecoldgico de ciertos taxones. Sin embargo, la evaluacion de la composicion del rasgo funcional puede verse afectado por la metodologia de muestreo
utilizado. Evaluamos la composicion del rasgo funcional de las abejas (Hymenoptera: Apoidea: Anthophila) recolectadas utilizando 4 métodos de
muestreo (trampas de cubetas elevadas, trampas de cubetas a nivel del suelo, trampas Malaise, y trampas en forma de una veleta). La diversidad
funcional, medida por la dispersion funcional (distancia media entre las especies individuales y el centroide de la comunidad en el espacio de rasgo
multidimensional), no varié entre los métodos de muestreo. El analisis de cuarto esquinas revel6 una representacion estadisticamente mayor de
especies solitarias y especies de anidacion sobre el suelo de lo esperado en trampas de cuencas a nivel del suelo. La polilectia fue fuertemente aso-
ciada con las trampas Malaise. La longitud del cuerpo se asocié negativamente con las trampas Malaise y se asocié positivamente con las trampas
en forma de una veleta. Nuestros resultados sugieren que el muestreo de los rasgos funcionales de las abejas puede ser dependiente del método, y
esto se debe considerar en las evaluaciones de la composicion del rasgo funcional.

Palabras Clave: composicidn funcional; lectia; diversidad de rasgos; sesgo de trampa

Jersey and eastern Pennsylvania, USA (Bartomeus et al. 2018).
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Bees play an ecologically essential role as pollinators, and functional
diversity may increase the proportion of flowers pollinated, seed set, and
other measures of pollination success. For instance, Blitzer et al. (2016)
showed that bee functional group diversity (based on nesting habits,
sociality, and body size) was associated with increased seed set, and de-
creased pollen limitation in commercial apple farms. Several studies also
have suggested that bee species composition and associated functional
traits respond to habitat alteration. Forrest et al. (2015) showed that farm-
land supports lower bee functional diversity than do natural habitats, and
Moretti et al. (2009) found that bee functional composition shifted in re-
sponse to fire in temperate forest. Functional traits have been shown to
be useful as predictors of bee species responses to a variety of habitat
alterations (Williams et al. 2010), although bee traits were weak and in-
consistent predictors of response to variation in land use practices in 49
sites across 3 crop systems (watermelon, cranberry, and blueberry) in New
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McCravy et al.: Bee functional traits and sampling methods

A variety of sampling methods are available for assessing bee
assemblages, including bowl! traps (sometimes called “pan traps”),
Malaise traps, and vane traps. Bowl traps used in bee sampling are
usually plastic bowls, with blue, white, and yellow colors typically
used. Bowl traps are generally placed on the ground in insect sur-
veys, but are sometimes elevated to match surrounding vegetation
(Leong & Thorp 1999; Hopwood 2008; Tuell & Isaacs 2009; Droege et
al. 2010; Geroff et al. 2014; Shapiro et al. 2014). Both Malaise traps
(Townes 1972; Bartholomew & Prowell 2005; Ngo et al. 2013; Geroff
et al. 2014; McCravy et al. 2016; McCravy & Ruholl 2017) and vane
traps (Stephen & Rao 2005; Kimoto et al. 2012; Geroff et al. 2014;
Buchanan et al. 2017; McCravy & Ruholl 2017) are flight interception
traps that also have been used effectively in collecting bees. There is
evidence that elevated and ground-level bowl traps, Malaise traps,
and vane traps vary in the abundance and species composition of
bees collected (Geroff et al. 2014; Joshi et al. 2015). Because species
richness and diversity are major foci in assessments of bee conser-
vation status, it is important that such methodological variation be
recognized. However, as with more traditional measures such as spe-
cies richness and diversity, particular sampling methodologies may
produce biased estimates of functional trait composition of bee com-
munities as well. For instance, Gonzalez et al. (2016) found that bowl
trap height can produce biased estimates of bee body size in unman-
aged grass and wild carrot-dominated areas in northwestern Turkey,
and bee body size and proportions of oligolectic and parasitic species
varied with the sampling method in northwestern USA bunchgrass
and forb-dominated prairie (Rhoades et al. 2017). There is evidence
that eusocial bees are more attracted to blue and white bowl traps,
whereas non-eusocial bees are more attracted to yellow (Sircom et
al. 2018). In the desert southwestern USA, native bee species asso-
ciated with creosote bush, Larrea tridentata (DC) Coville (Zygophyl-
laceae), were poorly represented in bowl traps compared to aerial
netting (Cane et al. 2000). In Michigan and Pennsylvania, USA, apple
and sour cherry orchards, blue vane traps collected an assemblage of
largely non-crop visiting bees that was different from that collected
via aerial netting on crop flowers (Gibbs et al. 2017b).

In this study, we compare the performance of 4 bee-sampling
methods (elevated bowl traps, ground-level bowl traps, Malaise traps,
and vane traps) with respect to 4 functional traits: body length (as a
measure of body size), lecty, sociality, and nest location. Body size and
lecty are associated with dispersal capabilities and foraging behavior
in bees (Greenleaf et al. 2007), and these traits have been used to as-
sess responses of bees to habitat changes. Nest location is also habitat-
dependent and thus can be affected by habitat disturbance. Informa-
tion on potential sampling bias associated with these traits could be
important when considering the experimental design of studies aiming
to assess bee communities using these functional traits.

Materials and Methods

This study was done in an approximately 12 ha restored tallgrass
prairie at the Alice L. Kibbe Field Station (40.3660°N, 91.4070°W),
Western lllinois University in Hancock County, lllinois, USA. As part of
an assessment of bee sampling methods by Geroff et al. (2014), bees
were collected from 9:00 AM to 6:00 PM on 6 d (based on weather
conditions) during each of the 4 sampling periods in 2010: early Jun,
mid-Jul, late Aug, and late Sep-early Oct. Four sampling methods were
employed: bowl traps (elevated 1 m using wooden posts), bowl traps
(ground level), Malaise traps, and vane traps. Bowl traps were 354 mL
colored plastic bowls (Hallmark, Kansas City, Missouri, USA). Malaise
traps were standard Townes-style (Sante Traps, Lexington, Kentucky,
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USA). Vane traps (SpringStar, Inc., Woodinville, Washington, USA) were
suspended from shepherd hooks with the top of the collection jar 1
m above the ground. Traps were deployed in a transect of 20 plots,
with 5 plots per trap type. Each plot consisted of 3 elevated bowl traps
(1 each of blue, white, and yellow), or 3 ground-level bowl traps (1
each of blue, white, and yellow), or 1 Malaise trap, or 4 vane traps (2
each of blue and yellow). Within plots with multiple traps, traps were
located 5 m apart, and plots were separated by 25 m. Trap types were
randomly assigned to plots, and trap color positions were randomly
assigned within plots. Geroff et al. (2014) provided further details on
the study site and design.

Before analysis, males (10.1% of total captures) were excluded
from the data set because of sex-related differences in body lengths,
and because females are the primary foraging and nest-building sex.
Three data matrices were constructed: (1) a main matrix, with bee spe-
cies and their counts as columns, and plots as rows; (2) a second ma-
trix, specifying a sampling method for each plot; and (3) a trait matrix,
with traits as columns and bee species as rows. Four traits were used
that reflect important aspects of bee ecology, behavior, and natural
history, and for which information is widely available for most bee spe-
cies in the literature: body length (a quantitative variable, expressed in
mm), sociality (categorical: social or solitary), nest location (categori-
cal: aboveground or belowground), and lecty (categorical: oligolectic
or polylectic). Communal bees were classified as ‘solitary,” so sociality is
actually a measure of division of labor. Information on these traits was
obtained from Mitchell (1960, 1962), LaBerge (1967, 1971, 1973, 1977,
1989), Bouseman and LaBerge (1979), Michener (2007), Gibbs (2010),
and Gibbs et al. (2017a), or predicted based on phylogeny (Gibbs et al.
2012; Danforth et al. 2013). The mean value was used where a range
was given for body length.

For each of the 4 sampling methods, functional dispersion, a mea-
sure of functional diversity, was calculated for each plot. Functional
dispersion is the mean distance between individual species (weighted
by relative abundances) and the community centroid in multidimen-
sional trait space (Laliberté & Legendre 2010). Because the traits in-
clude categorical variables, the species X trait matrix was represented
as a series of principal coordinate axes based on a Gower distance ma-
trix, with correction for negative eigenvalues (Legendre & Anderson
1999). The Kruskal-Wallis test was performed to compare functional
dispersion among sampling methods.

Fourth corner analysis was used to examine relationships between
sampling methods and traits of the bee species collected. This analy-
sis allows analysis of bivariate linear associations between quantita-
tive and categorical species traits and explanatory variables (sampling
method), based on the relative abundances of the species that link
these traits and variables. For pairs of categorical variables, fourth cor-
ner analysis calculates a log-likelihood ratio G-test. For mixed pairs of
categorical and quantitative variables, fourth corner analysis produces
an R-value (equivalent to a correlation value) and D-value. The D-value
is a measure of the degree of clustering of the quantitative variable
within levels of the categorical variable (Peck 2016).

For fourth corner analysis, species with fewer than 3 non-zero
cells were excluded to reduce sparsity, and values for each species
were then relativized by the maximum value to reduce heterogeneity
and the effect of dominant species. To eliminate decimal values for
analysis of categorical variables, these values were then transformed
via multiplication by 100 and rounded to the nearest whole number
(Peck 2016). To test the null hypothesis that species were distributed
according to preference for sampling method but independently of
their traits, randomization by entire columns (species) was done (Dray
& Legendre 2008), with the Benjamini and Hochberg (1995) P-adjust-
ment for false discovery rate.
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All analyses were done using PC-Ord, version 7 (MjM Software De-
sign, Gleneden Beach, Oregon, USA; McCune & Mefford 2016), except
for the Kruskal-Wallis test, which was done using Sigma Plot, version
13 (Systat Software, Inc., San Jose, California, USA).

Results

One hundred eleven bee species were collected during the study.
See Geroff et al. (2014) for a complete list of species and abundances
per sampling method. After exclusion of males, 99 species remained.
Median functional dispersion was 0.906 for elevated bowl traps, 0.890
for ground-level bowl! traps, 0.882 for Malaise traps, and 0.951 for
vane traps. There was no significant difference in functional dispersion
among the 4 methods (H = 4.451; df = 3; P =0.217).

After exclusion of species with fewer than 3 non-zero cells, 58 spe-
cies remained for fourth corner analysis. See Table 1 for a list of these
species and their functional traits. Globally, there was a significant re-
lationship between the sampling method and sociality (G = 910.02;
P = 0.038). Among individual methods, there was a significant asso-
ciation between ground-level bowl traps and sociality (solitary: P =
0.040; social: P = 0.043), with greater representation of solitary bees
(and lower representation of social bees) than expected (Table 2). This
result was driven to a great extent by the relatively low incidence of
social Lasioglossum (Hymenoptera: Halictidae) in ground-level bowl
traps. Of 15 species of social Lasioglossum, only 6 (40%) were repre-
sented in ground-level bowl traps, vs. 15 in elevated bowl traps, 15 in
Malaise traps, and 10 (66.7%) in vane traps. Bombus (Hymenoptera:
Apidae) also were poorly represented in ground-level bowl traps. Of
the 4 species of Bombus combined, ground-level bowl traps accounted
for only 3 of 35 trap plot occurrences (Bombus griseocollis [DeGeer]
in 2 ground-level bowl trap plots and Bombus impatiens Cresson in 1
ground-level bowl trap plot). Overall, 20 of 32 species (62.5%) collected
in ground-level bowl traps were solitary, vs. 29 of 51 species (56.9%) in
elevated bowl traps, 24 of 45 species (53.3%) in Malaise traps, and 23
of 41 species (56.1%) in vane traps.

There was a significant global relationship between sampling
method and nest location (G = 1144.21; P = 0.039). A significant asso-
ciation between ground-level bowl traps and nest location was found
(belowground: P = 0.024; aboveground: P = 0.024), with greater repre-
sentation of above-ground nesting species (and lower representation
of below-ground species) than expected (Table 3). Again, Lasioglossum
and Bombus were important drivers of this pattern. Only 6 of 15 below-
ground nesting Lasioglossum were represented in ground-level bowl
traps. Only 1 of these 6 species was solitary, indicating substantial over-
lap of results for nest location and sociality. Likewise, the below-ground
nesting Bombus were poorly represented in ground-level bowl traps
as described above. Melissodes (Hymenoptera: Apidae) also contrib-
uted to the significant result for ground-level bowl traps, as well as the
relatively low P-values for Malaise traps. All 5 Melissodes (all solitary
below-ground nesters) were absent from ground-level bow! traps and
Malaise traps, but all were present in elevated bowl traps, as well as
vane traps. Overall, 13 of 32 species (40.6%) collected in ground-level
bowl traps were above-ground nesters, vs. 15 of 51 species (29.4%) in
elevated bowl traps, 17 of 45 species (37.8%) in Malaise traps, and 13
of 41 species (31.7%) in vane traps.

There was a significant global relationship between sampling
method and lecty (G = 1076.62; P = 0.029). There was a significant
association between Malaise traps and lecty (polylectic: P = 0.024; oli-
golectic: P = 0.024), with greater representation of polylectic species
(and lower representation of oligolectic species) than expected (Table
4). All 3 oligolectic Melissodes, as well as Peponapis pruinosa (Say) and
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Svastra obliqua (Say) (both Hymenoptera: Apidae), were absent from
Malaise traps, but present in 2 of the 3 other trap types. Overall, 1 of
45 species (2.2%) collected in Malaise traps were oligolectic, vs. 2 of
32 species (6.3%) in ground-level bowl traps, 6 of 51 species (11.8%) in
elevated bowl traps, and 5 of 41 species (12.2%) in vane traps.

Globally, there was a significant association between sampling
method and body length (F = 986.85; P = 0.001), with significant clus-
tering within Malaise trap (D = 0.206; P < 0.001), i.e., low variation
of data points around the mean. Malaise traps showed a significant
negative association (R = -0.290; P < 0.001), and vane traps a signifi-
cant positive association (R = 0.306, P < 0.001) with body length, i.e.,
relative to the other sampling methods, body length of collected bees
is less for Malaise traps and greater for vane traps. Bombus were rela-
tively poorly represented in Malaise traps. Bombus auricomus (Robert-
son) was absent from Malaise traps but appeared in 6 other trap plots,
whereas Bombus bimaculatus Cresson appeared in 1 Malaise trap of
5 total plots, B. griseocollis in 3 Malaise traps of 14 total plots, and B.
impatiens in 2 Malaise traps of 10 total plots. Eucerine bees (Eucera ha-
mata (Bradley), Melissodes spp., P. pruinosa, and S. obliqua) also were
absent from Malaise trap collections. Eucera hamata (Bradley) (Hyme-
noptera: Apidae) was collected in all 3 of the other trap types. All 5
species of Melissodes were collected exclusively in elevated bowl traps
and vane traps, as was P. pruinosa, whereas S. obliqua were collected
only in elevated and ground-level bowl traps. On the other hand, Bom-
bus were well represented in vane traps, as were the eucerines with
the exception of S. obliqua. Among the 4 species of Bombus combined,
vane traps accounted for 16 of 35 trap plot occurrences, and among
the 5 species of Melissodes, 15 of 26 trap plot occurrences. Among
the very short-bodied (< 5 mm) species Hylaeus mesillae (Cockerell),
Lasioglossum illinoense (Robertson), Lasioglossum imitatum (Smith),
and Lasioglossum weemsi (Mitchell) (all Hymenoptera: Apidae), vane
traps accounted for only 3 of 24 trap plot occurrences.

Discussion

Results of this study suggest that overall trait diversity of bees (as
measured by functional dispersion) in this restored tallgrass prairie
habitat does not vary substantially with the sampling method. Howev-
er, fourth corner analysis indicates that particular traits are strongly as-
sociated with individual sampling methods. In particular, ground-level
bowl traps, probably the most commonly used bee trapping method,
were significantly associated with relatively high representation of
solitary bees and above-ground nesting bees. Somewhat surprisingly,
these patterns were driven largely by the absence of over half of Lasio-
glossum species from this trap type. Lasioglossum have been collected
in great abundance in ground-level bowl traps in several studies (Toler
et al. 2005; Wilson et al. 2008; Droege et al. 2010). Geroff et al. (2014)
collected 189 Lasioglossum in ground-level bowl traps, but 167 (88.4%)
of these were the very abundant Lasioglossum versatum (Robertson)
that also was collected in large numbers (> 2,000) in Malaise traps and
vane traps. The low incidence of Bombus in ground-level bowl traps is
not surprising and has been noted by Roulston et al. (2007).

Gonzalez et al. (2016) found that bowl traps that were elevated
70 cm collected larger bees (based on intertegular distance) than did
ground-level bowl traps, and Rhoades et al. (2017) found that ground-
level bowl traps collected smaller bees (again based on intertegular
distance) than did blue vane traps and net collecting (elevated bowl
traps were not used in the study). We found no evidence of an effect
of bowl trap height on collected bee body size (based on body length).

Malaise traps were significantly associated with polylecty and were
negatively associated with body length, whereas vane traps were posi-
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Table 1. Traits of bee species collected using 4 sampling methods (elevated bowl traps, ground-level bowl traps, Malaise traps, and vane traps) in a west-central
Illinois restored tallgrass prairie. See Gibbs et al. (2017a) for citations for species traits.

Genus & species Body length (mm) Sociality Nest location Lecty
Agapostemon

sericeus (Forster) 10.00 Solitary Belowground Polylectic

virescens (F.) 11.00 Solitary Belowground Polylectic
Andrena

commoda Smith 11.00 Solitary Belowground Polylectic

cressonii Robertson 11.00 Solitary Belowground Polylectic

imitatrix Cresson 10.00 Solitary Belowground Polylectic

robertsonii Dalla Torre 9.00 Solitary Belowground Polylectic

wilkella (Kirby) 11.00 Solitary Belowground Oligolectic
Anthophora

abrupta Say 14.50 Solitary Belowground Polylectic

terminalis Cresson 12.25 Solitary Aboveground Polylectic
Apis

mellifera L. 12.00 Social Aboveground Polylectic
Augochlora

pura (Say) 8.00 Solitary Aboveground Polylectic
Augochlorella

aurata (Smith) 5.50 Social Belowground Polylectic
Augochloropsis

metallica (F.) 9.00 Social Belowground Polylectic
Bombus

auricomus (Robertson) 19.00 Social Belowground Polylectic

bimaculatus Cresson 13.50 Social Belowground Polylectic

griseocollis (DeGeer) 13.75 Social Belowground Polylectic

impatiens Cresson 12.25 Social Belowground Polylectic
Calliopsis

andreniformis Smith 7.00 Solitary Belowground Polylectic
Ceratina

calcarata Robertson 7.25 Solitary Aboveground Polylectic

dupla Say 7.00 Solitary Aboveground Polylectic

mikmagi Rehan & Sheffield 7.00 Solitary Aboveground Polylectic

strenua Smith 5.75 Solitary Aboveground Polylectic
Eucera

hamata (Bradley) 16.50 Solitary Belowground Polylectic
Halictus

ligatus Say 9.00 Social Belowground Polylectic
Heriades

carinata Cresson 7.00 Solitary Aboveground Polylectic

variolosa (Cresson) 6.00 Solitary Aboveground Polylectic
Hoplitis

pilosifrons (Cresson) 7.50 Solitary Aboveground Polylectic

producta (Cresson) 8.00 Solitary Aboveground Polylectic

spoliata (Provancher) 11.00 Solitary Aboveground Polylectic
Hylaeus

affinis (Smith) 5.50 Solitary Aboveground Polylectic

mesillae (Cockerell) 4.25 Solitary Aboveground Polylectic
Lasioglossum

birkmanni (Crawford) 6.00 Solitary Belowground Polylectic

cattellae (Ellis) 5.34 Social Belowground Polylectic

cinctipes (Provancher) 8.00 Social Belowground Polylectic

coeruleum (Robertson) 6.18 Social Aboveground Polylectic

coriaceum (Smith) 9.00 Solitary Belowground Polylectic

cressonii (Robertson) 6.00 Social Aboveground Polylectic

fuscipenne (Smith) 9.00 Solitary Belowground Polylectic

hitchensi Gibbs 5.19 Social Belowground Polylectic

illinoense (Robertson) 4.70 Social Belowground Polylectic

imitatum (Smith) 4.18 Social Belowground Polylectic

obscurum (Robertson) 5.37 Social Belowground Polylectic

oceanicum (Cockerell) 6.72 Social Belowground Polylectic

smilacinae (Robertson) 6.60 Social Belowground Polylectic
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Table 1. (Continued) Traits of bee species collected using 4 sampling methods (elevated bowl traps, ground-level bowl traps, Malaise traps, and vane traps) in a
west-central Illinois restored tallgrass prairie. See Gibbs et al. (2017a) for citations for species traits.

Genus & species Body length (mm) Sociality Nest location Lecty
subviridatum (Cockerell) 5.28 Social Aboveground Polylectic
timothyi Gibbs 6.10 Social Belowground Polylectic
truncatum (Robertson) 7.00 Social Belowground Polylectic
versatum (Robertson) 5.92 Social Belowground Polylectic
weemsi (Mitchell) 4.57 Social Belowground Polylectic

Megachile
gemula Cresson 13.50 Solitary Aboveground Polylectic
mendica Cresson 12.00 Solitary Aboveground Polylectic

Melissodes
agilis Cresson 12.75 Solitary Belowground Oligolectic
bimaculatus (Lepeletier) 14.00 Solitary Belowground Polylectic
comptoides Robertson 12.75 Solitary Belowground Polylectic
desponsus Smith 12.75 Solitary Belowground Oligolectic
trinodis Robertson 11.50 Solitary Belowground Oligolectic

Peponapis
pruinosa (Say) 13.25 Solitary Belowground Oligolectic

Svastra
obliqua (Say) 15.25 Solitary Belowground Oligolectic

Table 2. Numbers of social and solitary bees (unrelativized and relativized by
the maximum) collected using 4 sampling methods in a west-central Illinois re-
stored tallgrass prairie, with P-values. EBT: elevated bowl trap; GBT: ground-lev-
el bowl trap; MT: Malaise trap; VT: vane trap. Global G-value =910.02; P = 0.038.

Trap type Trait # of Bees Relativized # of bees ~ P-value
EBT Social 453 22.22 0.450
EBT Solitary 226 32.26 0.470
GBT Social 248 6.32 0.043
GBT Solitary 144 25.64 0.040
MT Social 2,226 33.02 0.106
MT Solitary 297 35.52 0.114
VT Social 209 14.82 0.236
VT Solitary 225 33.07 0.221

tively associated with body length. Of the 4 sampling methods in this
study, Malaise traps appear to be the least dependent on active color-
based attraction of bees and may collect relatively fewer specialist
bees that are attracted to particular flower colors. All 14 indicator spe-
cies for Malaise traps in the study of Geroff et al. (2014) were polylec-
tic. It is possible that larger bees, that are presumably stronger, more
active fliers, are more adept at avoiding the Malaise traps altogether,

Table 3. Numbers of aboveground and belowground-nesting bees (unrelativized
and relativized by the maximum) collected using 4 sampling methods in a west-
central lllinois restored tallgrass prairie, with P-values. EBT: elevated bowl trap;
GBT: ground-level bowl trap; MT: Malaise trap; VT: vane trap. Global G-value =
1,144.21; P = 0.039.

Trap type Trait # of bees Relativized # of bees  P-value
EBT Aboveground 169 14.86 0.326
EBT Belowground 510 39.62 0.308
GBT Aboveground 141 19.36 0.024
GBT Belowground 251 12.60 0.024
MT Aboveground 304 28.57 0.078
MT Belowground 2,219 39.97 0.086
VT Aboveground 169 14.00 0.385
VT Belowground 265 33.89 0.367
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Table 4. Numbers of oligolectic and polylectic bees (unrelativized and relativized
by the maximum) collected using 4 sampling methods in a west-central lllinois
restored tallgrass prairie, with P-values. EBT: elevated bowl trap; GBT: ground-
level bowl trap; MT: Malaise trap; VT: vane trap. Global G-value = 1,076.62; P
=0.029.

Trap type Trait # of bees Relativized # of bees  P-value
EBT Oligolectic 17 5.32 0.483
EBT Polylectic 662 49.16 0.464
GBT Oligolectic 3 2.08 0.429
GBT Polylectic 389 29.88 0.385
MT Oligolectic 19 1.58 0.024
MT Polylectic 2,504 66.96 0.024
VT Oligolectic 30 9.49 0.072
VT Polylectic 404 38.40 0.077

or escaping from them before entering the collection container. The
positive association of vane traps with body length was not surprising.
Vane traps, particularly blue vane traps, are known to be especially
effective in collecting larger bees, such as bumble bees and eucerine
bees (Stephen & Rao 2005; Kimoto et al. 2012; Geroff et al. 2014;
Buchanan et al. 2017; Gibbs et al. 2017b; McCravy & Ruholl 2017),
particularly long-tongued bumble bees such as B. auricomus (Gibbs et
al. 2017b). The light reflectance of blue vane traps may attract these
bees by mimicking that of their preferred host plants (Joshi et al. 2015;
Gibbs et al. 2017b).

Analysis of functional traits is being increasingly used to evaluate
effects of land-use changes on bee diversity and conservation. Our re-
sults provide additional evidence that functional traits represented in
bee samples can vary depending on the sampling method used, and
this should be considered in such studies. For instance, studies ex-
amining bee foraging ranges and effects of habitat fragmentation on
bees should consider the potential body size biases associated with
sampling methodology, because bee body size and foraging range are
known to be associated (Greenleaf et al. 2007). The quality of these
data is dependent on reliable sampling.

Because we have no independent estimate of the true number
and species composition of bees in a community, we have no refer-
ence with which to compare sampling results (Colwell & Codding-
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ton 1994; Droege et al. 2010). Such independent data are needed Buchanan AL, Gibbs J, Komondy L, Szendrei Z. 2017. Bee community of
badly, and can possibly be obtained through habitat manipulation commercial potato fields in Michigan and Bombus impatiens visitation

X Lo . K L to neonicotinoid-treated potato plants. Insects 8: 30. doi: 10.3390/in-
studies and studies incorporating marking of individual bees (Droege

sects8010030
et al. 2010). However, the variation in results of different sampling  cadotte MW, Carscadden K, Mirotchnick N. 2011. Beyond species: functional di-
methods documented here and elsewhere suggests that a combina- versity and the maintenance of ecological processes and services. Journal of
tion of sampling methods may provide a more complete picture of Applied Ecology 48: 1079-1087.

bee species and trait diversity. Incorporation of additional methods, ~ ane JH, Minckley RL, Kervin L. 2000. Sampling bees (Hymenoptera: Apiformes)
! for pollinator community studies: pitfalls of pan-trapping. Journal of the Kan-

parﬁFuIarIy acti.vg nettilj\g (sez?\rch-and-net, and sweep netting) would sas Entomological Society 73: 225-231.
provide an additional dimension to the data (Cane et al. 2000; Grun-  Cane JH, Sipes S. 2006. Characterizing floral specialization by bees: analytical
del et al. 2011). methods and a revised lexicon for oligolecty, pp. 99122 In Waser NM, Ol-

It also should be noted that functional traits can be difficult lerton J [eds.], Plant-Pollinator Interactions: From Specialization to Generaliza-
to measure and classify. Intraspecific body size measurements of tion. University of Chicago Press, Chicago, lllinois, USA.
: A I Colwell RA, Coddington JA. 1994. Estimating terrestrial biodiversity through ex-
worker bees can vary geographically (Skandalis et al. 2009), season- trapolation. Philosophical Transactions of the Royal Society of London B 345:
ally (Quezada-Eudn et al. 2011), and individually over the course 101-118.

of their adult life (Ledn-Contrera et al. 2006). Degrees of sociality Danforth BN, Cardinal S, Praz C, Almgida EAB, Michez D. 2013. The impact of mo-

range from that found in Apis, with thousands of workers per colo- Iecu.lar data on our understanding of bee phylogeny and evolution. Annual
A hl . Ui laid ith) (H . Review of Entomology 58: 57-78.

ny, 'tov UQO‘? OrOPS’S metallica (F.) fulgida (Smith) ( erlenoptera. Diaz S, Lavorel S, de Bello F, Quétier F, Grigulis K, Robson TM. 2007. Incorporating

Halictidae), in which an excavated nest had 1 worker (Gibbs 2017). plant functional diversity effects in ecosystem services assessments. Proceed-

By manipulating food resources, Ceratina calcarata Robertson (Hy- ings of the National Academy of Sciences, USA 104: 20684-20689.

menoptera: Apidae) can produce a dwarf worker, and so is poten-  Drays, Legendre P. 2008. Testing the species traits-environment relationships: the

. . . fourth corner problem revisited. Ecology 89: 3400-3412.
tially social (Lawson et al. 2017). The concept of lecty also is fraught Droege S, Tepedino VI, Lebuhn G, Link W, Minckley RL, Chen Q, Conrad C. 2010.

with complexity, and characterizations of lecty can involve fine- Spatial patterns of bee captures in North American bowl trapping surveys.
grained levels of classification (Cane & Sipes 2006). Further studies Insect Conservation and Diversity 3: 15-23.

are needed to increase our knowledge of bee natural history, clarify ~ Flynn DFB, Gogol-Prokurat M, Nogeire T, Molinari N, Trautman Richers B, Lin BB,
the role of trait analysis in studies of bee/habitat relationships, and Simpson N, Mayfield MM, DeClerck F. 2009. Loss of functional diversity under

ke inf d decisi di h fecti hodologi land use intensification across multiple taxa. Ecology Letters 12: 22-33.
make informed decisions regarding the most etfective methodologi- Forrest JRK, Thorp RW, Kremen C, Williams NM. 2015. Contrasting patterns in spe-
cal approaches to employ.

cies and functional-trait diversity of bees in an agricultural landscape. Journal
of Applied Ecology 52: 706-715.
Geroff RK, Gibbs J, McCravy KW. 2014. Assessing bee (Hymenoptera: Apoidea) di-

Acknowledgments versity of an lllinois restored tallgrass prairie: methodology and conservation
considerations. Journal of Insect Conservation 18: 951-964.
. o Gibbs J. 2010. Revision of the metallic species of Lasioglossum (Dialictus) in Cana-
We thank Sam Droege (US Geological Survey, Patuxent Wildlife da (Hymenoptera, Halictidae, Halictini). Zootaxa 2591: 342-346.
Research Center), Rob Jean (Environmental Solutions and Innova-  Gibbs J. 2017. Notes on the nests of Augochloropsis metallica fulgida and Mega-
tions, Inc.), Mike Arduser (Missouri Department of Conservation), and chile mucida in Central Michigan (Hymenoptera: Halictidae, Megachilidae).

Great Lakes Entomologist 50: 17-24.
Gibbs J, Ascher JS, Rightmyer MG, Isaacs R. 2017a. The bees of Michigan (Hyme-
noptera: Apoidea: Anthophila), with notes on distribution, taxonomy, pollina-

Jared Ruholl (USDA, Farm Service Agency) for their contributions to
bee identifications; Jennifer Hopwood (The Xerces Society) for advice

on bee sampling; Mario Biondini (North Dakota State University) for tion, and natural history. Zootaxa 4352: 1-160.
assistance with interpreting results of fourth corner analysis; and an  Gibbs J, Brady SG, Kanda K, Danforth BN. 2012. Phylogeny of halictine bees sup-
anonymous reviewer for helpful comments on an earlier version of the ports a shared origin of eusociality for Halictus and Lasioglossum (Apoidea:

Anthophila: Halictidae). Molecular Phylogenetics and Evolution 65: 926-939.

manuscript. We also thank Prairie Biotic Research, Inc., and the De- Gibbs J, Joshi NK, Wilson JK, Rothwell NL, Powers K, Haas M, Gut L, Biddinger DJ,

partment of Biological Sciences, College of Arts and Sciences, Graduate Isaacs R. 2017b. Does passive sampling accurately reflect the bee (Apoidea:
Student Research and Professional Development Fund, University Re- Anthophila) communities pollinating apple and sour cherry orchards? Envi-
search Council, and the Foundation Office of Western lllinois University ronmental Entomology 46: 579-588.

Gonzalez VH, Park KE, Cakmak I, Hranitz JM, Barthell JF. 2016. Pan traps and bee
body size in unmanaged urban habitats. Journal of Hymenoptera Research
51:241-247.

Greenleaf SS, Williams NM, Winfree R, Kremen C. 2007. Bee foraging ranges and
their relationship to body size. Oecologia 153: 589-596.

Grundel R, Frohnapple KJ, Jean RP, Pavlovic NB. 2011. Effectiveness of bowl trap-

for providing funds in support of this study.

References Cited

Barber NA, Lamagdeleine-Dent KA, Willand JE, Jones HP, McCravy KW. 2017. ping and netting for inventory of a bee community. Environmental Entomol-
Species and functional trait re-assembly of ground beetle communities in ogy 40: 374-380.
restored grasslands. Biodiversity and Conservation 26: 3481-3498. Hooper DU, Adair EC, Cardinale BJ, Byrnes JEK, Hungate BA, Matulich KL, Gon-
Bartholomew CS, Prowell D. 2005. Pan compared to malaise trapping for bees zalez A, Duffy JE, Gamfeldt L, O’Connor MI. 2012. A global synthesis reveals
(Hymenoptera: Apoidea) in a longleaf pine savanna. Journal of the Kansas biodiversity loss as a major driver of ecosystem change. Nature 486: 105—-108.

Entomological Society 78: 390-392.

Bartomeus |, Cariveau DP, Harrison T, Winfree R. 2018. On the inconsistency of
pollinator species traits for predicting either response to land-use change or

functional contribution. Oikos 127: 306-315.

Benjamini Y, Hochberg Y. 1995. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. Journal of the Royal Statistical

Society B 57: 289-300.

Blitzer EJ, Gibbs J, Park MG, Danforth BN. 2016. Pollination services for apple
are dependent on diverse wild bee communities. Agriculture, Ecosystems

and Environment 221: 1-7.

Bouseman JK, LaBerge WE. 1979. A revision of the bees of the genus Andrena
of the Western Hemisphere. Part IX. Subgenus Melandrena. Transactions of

the American Entomological Society 104: 275-389.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Hopwood JL. 2008. The contribution of roadside grassland restorations to native
bee conservation. Biological Conservation 141: 2632-2640.

Joshi NK, Leslie T, Rajotte EG, Kammerer MA, Otieno M, Biddinger DJ. 2015. Com-
parative trapping efficiency to characterize bee abundance, diversity, and
community composition in apple orchards. Annals of the Entomological Soci-
ety of America 108: 785-799.

Kimoto C, Debano SJ, Thorp RW, Rao S, Stephen WP. 2012. Investigating temporal
patterns of a native bee community in a remnant North American bunchgrass
prairie using blue vane traps. Journal of Insect Science 12: 108. http://www.
insectscience.org/12.108

LaBerge WE. 1967. A revision of the bees of the genus Andrena of the Western
Hemisphere. Part I. Callandrena (Hymenoptera: Andrenidae). Bulletin of the
University of Nebraska State Museum 7: 1-316.



140

LaBerge WE. 1971. A revision of the bees of the genus Andrena of the Western
Hemisphere. Part IV. Scrapteropsis, Xiphandrena, and Rhaphandrena. Trans-

actions of the American Entomological Society 97: 441-520.

LaBerge WE. 1973. A revision of the bees of the genus Andrena of the Western
Hemisphere. Part VI. Subgenus Trachandrena. Transactions of the American

Entomological Society 99: 235-371.

LaBerge WE. 1977. A revision of the bees of the genus Andrena of the Western
Hemisphere. Part VIIl. Subgenera Thysandrena, Dasyandrena, Psamman-
drena, Rhacandrena, Euandrena, Oxyandrena. Transactions of the American

Entomological Society 103: 1-144.

LaBerge WE. 1989. A revision of the bees of the genus Andrena of the Western
Hemisphere. Part XllI. Subgenera Simandrena and Taeniandrena. Transactions

of the American Entomological Society 115: 1-56.

Laliberté E, Legendre P. 2010. A distance-based framework for measuring func-

tional diversity from multiple traits. Ecology 91: 299-305.

Lawson SP, Helmreich SL, Rehan SM. 2017. Effects of nutritional deprivation on
development and behavior in the subsocial bee Ceratina calcarata (Hyme-
noptera: Xylocopinae). Journal of Experimental Biology 220: 4456-4462.

Legendre P, Anderson MJ. 1999. Distance-based redundancy analysis: testing
multispecies responses in multifactorial ecological experiments. Ecological

Monographs 69: 1-24.

Ledn-Contrera FA, Imperatriz-Fonseca VL, Koedam D. 2006. Age-dependent mass
variation in the stingless bee Melipona quadrifasciata (Apidae, Meliponini).

Brazilian Journal of Morphological Sciences 23: 321-324.

Leong JM, Thorp RW. 1999. Colour-coded sampling: the pan trap colour prefer-
ences of oligolectic and nonoligolectic bees associated with a vernal pool

plant. Ecological Entomology 24: 329-335.

McCravy KW, Geroff RK, Gibbs J. 2016. Malaise trap sampling efficiency for bees
(Hymenoptera: Apoidea) in a restored tallgrass prairie. Florida Entomologist

99:321-323.

McCravy KW, Ruholl JD. 2017. Bee (Hymenoptera: Apoidea) diversity and sam-
pling methodology in a Midwestern USA deciduous forest. Insects 8: 81. doi:

10.3390/insects8030081

McCune B, Mefford MJ. 2016. PC-ORD: Multivariate Analysis of Ecological Data,

Version 7. MjM Software Design, Gleneden Beach, Oregon, USA.

Michener CD. 2007. The Bees of the World, 2nd ed. Johns Hopkins University

Press, Baltimore, Maryland, USA.

Mitchell TB. 1960. Bees of the eastern United States. . [Introduction, Andrenidae,
Colletidae, Halictidae, Mellitidae]. Technical Bulletin, North Carolina Agricul-

tural Experiment Station 141: 1-538.

Mitchell TB. 1962. Bees of the eastern United States. Il. [Megachilidae, Antho-
phoridae, Apidae s.s.]. Technical Bulletin, North Carolina Agricultural Experi-

ment Station 152: 1-557.

Moretti M, de Bello F, Roberts SPM, Potts SG. 2009. Taxonomical vs. functional
responses of bee communities to fire in two contrasting climatic regions. Jour-

nal of Animal Ecology 78: 98-108.

Newbold T, Scharlemann JPW, Butchart SHM, Sekercioglu CH, Alkemade R, Booth
H, Purves DW. 2013. Ecological traits affect the response of tropical forest bird
species to land-use intensity. Proceedings of the Royal Society B: Biological

Sciences 280: 20122131. http://dx.doi.org/10.1098/rspb.2012.2131

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 25 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

2019 — Florida Entomologist — Volume 102, No. 1

Ngo HT, Gibbs J, Griswold T, Packer L. 2013. Evaluating bee (Hymenoptera: Apoi-
dea) diversity using Malaise traps in coffee landscapes of Costa Rica. Canadian
Entomologist 145: 435—-453.

Peck JE. 2016. Multivariate Analysis for Ecologists: Step-by-Step, 2nd ed. MjM
Software Design, Gleneden Beach, Oregon, USA.

Pont D, Hugueny B, Beier U, Goffaux D, Melcher A, Noble R, Rogers C, Roset N,
Schmutz S. 2006. Assessing river biotic condition at a continental scale: a Eu-
ropean approach using functional metrics and fish assemblages. Journal of
Applied Ecology 43: 70-80.

Quezada-Eudn JJG, Lopez-Velasco A, Pérez-Balam J, Moo-Valle H, Velazquez-
Madrazo A. 2011. Body size differs in workers produced across time and is
associated with variation in the quantity and composition of larval food in
Nannotrigona perilampoides (Hymenoptera, Meliponini). Insectes Sociaux
58:31-38.

Rhoades P, Griswold T, Waits L, Bosque-Pérez NA, Kennedy CM, Eigenbrode SD.
2017. Sampling technique affects detection of habitat factors influencing wild
bee communities. Journal of Insect Conservation 21: 703-714.

Roulston TH, Smith SA, Brewster AL. 2007. A comparison of pan trap and intensive
net sampling techniques for documenting a bee (Hymenoptera: Apiformes)
fauna. Journal of the Kansas Entomological Society 80: 179-181.

Schweiger O, Musche M, Bailey D, Billeter R, Dickotter T, Hendrickx F, Herzog F,
Liira J, Maelfait JP, Speelmans M, Dziock F. 2007. Functional richness of lo-
cal hoverfly communities (Diptera, Syrphidae) in response to land use across
temperate Europe. Oikos 116: 461-472.

Shapiro LH, Tepedino VJ, Minckley RL. 2014. Bowling for bees: optimal sample
number for “bee bowl” sampling transects. Journal of Insect Conservation
18:1105-1113.

Sircom J, Arul Jothi G, Pinksen J. 2018. Monitoring bee populations: are eusocial
bees attracted to different colours of pan trap than other bees? Journal of
Insect Conservation 1572-9753 (online). https://doi.org/10.1007/s10841-
018-0071-y

Skandalis DA, Tattersall GJ, Prager S, Richards MH. 2009. Body size and shape of
the large carpenter bee, Xylocopa virginica (L.) (Hymenoptera: Apidae). Jour-
nal of the Kansas Entomological Society 82: 30-42.

Stephen WP, Rao S. 2005. Unscented color traps for non-Apis bees (Hymenoptera:
Apiformes). Journal of the Kansas Entomological Society 78: 373-380.

Toler TR, Evans EW, Tepedino VJ. 2005. Pan-trapping for bees (Hymenoptera: Api-
formes) in Utah’s West Desert: the importance of color diversity. Pan-Pacific
Entomologist 81: 103-113.

Townes H. 1972. A light-weight Malaise trap. Entomological News 83: 239-247.

Tuell JK, Isaacs R. 2009. Elevated pan traps to monitor bees in flowering crop cano-
pies. Entomologia Experimentalis et Applicata 131: 93-98.

Violle C, Navas M-L, Vile D, Kazakou E, Fortunel C, Hummel |, Garnier E. 2007. Let
the concept of trait be functional! Oikos 116: 882-892.

Williams NM, Crone EE, Roulston TH, Minckley RL, Packer L, Potts SG. 2010. Eco-
logical and life-history traits predict bee species responses to environmental
disturbances. Biological Conservation 143: 2280-2291.

Wilson JS, Griswold T, Messinger OJ. 2008. Sampling bee communities (Hymenop-
tera: Apiformes) in a desert landscape: are pan traps sufficient? Journal of the
Kansas Entomological Society 81: 288—-300.



