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BEES AND WASPS

The insect order Hymenoptera, which includes
sawflies, ants, wasps, and bees, consists of nearly

Abstract—Flower-visiting bees and wasps (Hymenoptera: Apoidea, Pompiloidea,
Scolioidea, Tiphioidea, and Vespoidea) provide essential services in agricultural and
urban systems, and ecological functions in natural ecosystems. Understanding the
population trends, resource requirements and preferences, ecological challenges,
and how to manage these species better requires increased surveys and
standardized monitoring efforts for both groups. A monitoring program performed
at various scales that provides ecological data is a prerequisite to managing either
bees or wasps for conservation or crop pollination purposes. Methods to survey
and monitor bees and wasps can be accomplished by a variety of means, depending
on the researchers’ aims and goals. Herein, we discuss the importance of 1)
evaluating populations of threatened and endangered bee and wasp species, 2)
detecting and identifying pollinators of crops, 3) identifying and managing wasp
species for use as biological control agents, 4) surveying the ranges of non-native
bees and wasps, and 5) utilizing bees and wasps as biological indicators. We also
discuss strategies for the selection of surveying and monitoring tools and
methodologies best suited to specific goals and situations in beneficial
Hymenoptera research. Our hope is that this review will lead to additional
bee/wasp survey and monitoring programs and assist researchers with selecting
tools and methodologies for the purpose of better understanding these beneficial
insects.
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Bees (Hymenoptera: Apoidea) are efficient and
important pollinators. They survive on a diet of
pollen and nectar and have developed
morphological and behavioural adaptations to

150,000 species that fill numerous ecological niches
(Huber 2009). The Hymenoptera comprise a wide
breadth of feeding habits ranging from
phytophagous to  parasitic/parasitoid and
predators. They are important as plant pollinators,
pest control agents, and seed dispersers, thus
providing food for humans (e.g., honey) and other
organisms. They can even act as pest species of
various plants.

139

facilitate the collection and transfer of pollen
(Thorp 1979, 2000). Flowers attract bees with
rewards of nectar, pollen, essential oils, and plant
resins. Bees use pollen as their primary source of
protein, particularly during the larval growth
phase, while nectar is their source of
carbohydrates. Some bees use oils during mating
and for larval food, and others use plant resins as
building materials for their nests (Michener 2007).
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As bees forage for these necessities, they transfer
pollen from plant to plant, thus increasing fruit set,
seed set, and genetic diversity (Crane 1990; Neff &
Simpson; 1993; Delaplane & Mayer 2000; Abrol
2012). Many fruit, vegetable, and seed crops, as
well as crops providing human medicines, fibres,
fuels, and livestock forage, are directly dependent
on the pollination services bees provide (Delaplane
& Mayer 2000; Allen-Perkins et al. 2022).

Flower-visiting wasps (Hymenoptera:
Apoidea, Pompiloidea, Scolioidea, Tiphioidea, and
Vespoidea) primarily visit flowers to gather nectar
and hunt for prey, sometimes leading to plant
pollination (Shuttleworth & Johnson 2009). Many
wasps are also beneficial biological control agents
as parasitoids or predators of arthropods (Evans &
Eberhard, 1970). Parasitoid wasps oviposit on a
host arthropod, and development of the parasitoid
offspring into an adult is fatal to the host (Gauld &
Bolton 1988). Predatory social wasps collect,
masticate, and deliver small arthropods to the
developing larvae in their colonies. Solitary wasps
paralyze and collect small arthropods that they
place into a preexisting tunnel that they have
selected for a nest; they then oviposit on the
motionless arthropod and seal the nest as their
final act of parental care (Evans & Eberhard 1970).
Prey foraging and parasitic behaviours exhibited
by wasps are natural ecological services that can
help to control herbivorous insect pests (Gould &
Jeanne 1984; Shaw & Hochberg 2001; Rogers &
Potter 2003; Frank & McCoy 2007; Brock et al.
2021).

Under these circumstances, bees and wasps
contribute to the function of natural and
agricultural ecosystems. Unfortunately, not
enough information is known about many of these
beneficial insects to predict their population
trajectories (Meiners et al. 2019). This is a critical
knowledge gap given that this information can be
used to identify endangered populations of bees
and wasps, develop conservation programs for
them, determine their contributions to agriculture,
etc. For example, scientists have a good sense of the
size of the managed population of western honey
bees (Apis mellifera L., 1758) in the United States.
Annual surveys conducted by The Bee Informed
Partnership (http://beeinformed.org) and the
United States Department of Agriculture (USDA)
National =~ Agricultural  Statistics  Service
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(https://www.nass.usda.gov/) help us understand

the high loss rates of managed honey bee colonies
and their overall population trajectory. These data
allow researchers to identify trends in colony
losses and this helps direct further research into
identifying problems and developing solutions.
Most other bee species are not managed by
beekeepers who otherwise would act as stewards,
tracking and supporting their populations when
necessary. Instead, the research community often
learns about a particular species only after its
population has declined to the point where its
existence is in jeopardy.

In this review, we discuss the importance of
surveys and monitoring programs for 1)
evaluating populations of imperilled bee and wasp
species, 2) documenting and finding bee and wasp
crop pollinators, 3) identifying and utilizing wasps
for biological control agents, 4) evaluating the
ranges of non-native bees and wasps, and 5)
employing bees and wasps as biological indicators
of habitat quality. Furthermore, we identified bees
and wasps that have been evaluated as imperilled
species or for which there were unsatisfactory data
to make a conservation status determination. We
note beneficial hymenoptera that have been
documented to pollinate crops and could serve as
commercially managed pollinators. We also
review a wide range of literature from various
pollinator studies and compiled a series of
methodologies and tools for researchers to
consider when developing their own projects. We
hope this review will spark and support future
research efforts for observing these beneficial
hymenopterans, tracking their population trends,
and noting any challenges that we may help them
overcome.

REASONS FOR SURVEYS AND MONITORING PROGRAMS

The terms ‘survey’ and ‘monitoring’ are often
erroneously used interchangeably but do have
different meanings. A survey is a set of
observations made in a set time period typically by
following a standardized protocol (Goldsmith
2012). Surveys of bees and wasps are usually done
to document the presence/absence of species
within a given area or visitors to specific plant
species (e.g., flower visitors). Alternatively,
monitoring generally refers to a set of surveys
accomplished periodically to ascertain changes
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over time (e.g., population trends, variability of
bee and wasp species in given locations, etc.)
(Goldsmith 2012).

Monitoring programs are established for a
variety of reasons, all of which are applicable to
bees and wasps. Often, they are established in
response to a crisis as a method of tracking the
progress of natural resource conservation or
restoration efforts, as well as evaluating the
outcomes of these efforts. If a population or natural
community is determined to be threatened or in
decline, then monitoring is key to developing and
executing a conservation plan. Monitoring is also
helpful when comparing long-term population
trends in response to environmental or ecological
variables. Monitoring programs are most often
initiated when the resource of concern is highly
valued economically, socially, or intrinsically
(McComb et al. 2010). They are often designed to
help policy makers and managers make informed,
fact-based decisions. That said, long-term
monitoring programs require investments of time,
money, and effort which must be justified prior to
the initiation of the program and validated after
the program begins. Alternatively, making
observational surveys about bees and wasps can
provide some important information regarding
ranges, natural histories, and interations with
crops and other plants.

In this section, we discuss why bee/wasp
surveys and monitoring programs are important,
including for (1) the conservation of threatened
and endangered bees and wasps, (2) identifying
and managing bees and wasps as beneficial insects
in agricultural settings, and (3) tracking the spread
of introduced bees and wasps.

THREATENED AND ENDANGERED BEES AND WASPS

During the 1990’s, researchers worldwide
became increasingly concerned about pollinator
diversity (Batra 1995; Byrne & Fitzpatrick 2009).
Following a series of meetings, the International
Pollinator Initiative (IPI) was created in 2000. The
IPI’s Plan of Action outlined several objectives,
including the monitoring of pollinator decline, its
causes, and its impact on pollination services, the
resulting increase of taxonomic information, an
economic valuation, and conservation promotion
(Byrne & Fitzpatrick 2009). Brown & Paxton (2009)
state that the greatest obstacle to advancing
pollinator conservation is the dearth of good data

on species distributions and abundance. Possibly
the most data deficient area is Africa, where very
little collecting activity has occurred, in part due to
political and infrastructural problems (Eardley et
al. 2009); however, data are lacking even in North
America (Berenbaum et al. 2007; Woodard et al.
2020; Vigueira et al. 2023).

European researchers outlined the status of all
European bees (Nieto et al. 2014). By summarizing
existing data, they found that an alarming 9.2% of
1,942 European bee species are considered
endangered. Even more troublesome, this does not
account for the 56.7% of European species for
which data are deficient, making assessment of
their status impossible.

It seems obvious that conservation of bee
species around the globe is necessary. However,
there are several impediments to invertebrate
conservation, most of which are related to a lack of
data on the life history, population dynamics, and
ecological importance of invertebrate species
(Cardoso et al. 2011). Furthermore, monitoring
pollinators beyond the bloom period of crops is an
important, but often-overlooked, necessity. For
example, crops that need insects for pollination
services rely on healthy pollinator populations that
depend on resources outside the blooming period.
To conserve populations of bees and wasps, it is
necessary to identify all of their resource
requirements during all seasons, not just their food
requirements during crop bloom (Patricio-Roberto
& Campos 2014). This is especially important
because the basic biology of some bees and wasps
predisposes them to endangered status because of
their specific requirements for a particular host,
food source, nesting situation, etc. (Box 1). For
instance, solitary and parasitic bees and predatory
wasps are at higher trophic levels than their prey
and will be reliant on unpredictable resources or
have consistently limited populations if their prey
abundance fluctuates (La Salle & Gauld 1993).
Pollination ecologists have noted declines in bee
abundance and species richness since the 1980s
(Williams 1986; Buchmann & Nabhan 1996;
Matheson et al. 1996; Allen-Wardell et al. 1998;
Kearns et al. 1998; Mola et al. 2021), including
many documented declines among non-managed
bees and wasps (Day 1991; Banaszak 1995;
Buchmann & Nabhan 1996; Shaw & Hochberg
2001; Biesmeijer et al. 2006; Ellis et al. 2006;
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YELLOW-FACED BEES (HYLAEUS SPP. FABRICIUS,
1793), A CASE STUDY

Through monitoring efforts, threats to endangered
Hawaiian yellow-faced bees (Hylaeus spp.) have been
identified and work is underway to mitigate these
challenges. While monitoring the bees in artificial nest
blocks, researchers determined that the yellow-faced
bees are often invaded by ants (none of which are
native to the Hawaiian Islands) (Magnacca & King 2013;
Graham et al. 2021). The artificial nest blocks were then
protected using a sticky ant-proofing barrier
(Tanglefoot) which has helped provide ant-free
nesting opportunities for the endangered, native
pollinators (Graham et al. 2021). Through monitoring, it
was also discovered that introduced bees are
potentially competing for resources with the native
bees, by utilizing the same size holes in the same
coastal plants for nesting and foraging on the same
flowers (Magnacca & King 2013; Graham et al. 2021).
Citizen science projects are now being implemented to
help identify populations of endangered Hawaiian
yellow-faced bees (https://www.inaturalist.org/
projects/pollinators-in-paradise) and the rusty patched
bumble bee (https://www.bumblebeewatch.org/).
These citizen science projects have the potential to
increase our understanding of known populations of
these endangered species and help to drive
conservation efforts where most needed.

Fitzpatrick et al. 2007; Magnacca 2007; Cameron et
al. 2011; Magnacca & King 2013; Graham et al.
2021; among many others). The summary of
European data only drives this point home, with
one of the major gaps in knowledge being
identified as a shortage of data provided by long-
term surveys (Nieto et al. 2014). Additionally, how
conservation actions affect biodiversity trends is
largely unknown and little research exists that
connects local conservation efforts with large-scale
biodiversity trends (Kleijn et al. 2011). Despite the
enormity of the project, bee and wasp species need
to be surveyed and monitored regionally,
nationally, and globally for decisions to be made
about their conservation management needs.

The high gross loss rate of colonies of managed
honey bees in parts of the world was easily
detectable by the network of beekeepers who
monitor their own colonies closely. However,
comparatively fewer individuals currently
monitor populations of native bees or wasps. For
many years, the only data collected were by
entomologists who studied a particular species or
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group of bees or wasps, thus potentially skewing
the existing population data with collector,
location, and species biases (New 2012).
Independent studies show declines of specific bees
and wasps in specific locations detected by focused
research over a given time (Box 2), representing a
snapshot of the status of the bee and wasp species
under investigation. However, the conservation
needs of most bees and wasps are unknown due to
insufficient monitoring (La Salle & Gauld 1993;
Kearns et al. 1998; Shaw & Hochberg 2001, Meiners
et al. 2019), and additional data are urgently
needed. Long-term monitoring programs can help
identify challenges to species success and
population trends that can be used to assess and
direct conservation efforts.

THREATENED BEES AND WASPS

Museum records of insect collection data have
provided insight into bee species of concern that are
candidates for conservation assessment. For instance,
the species richness of northeastern Bombus Latreille,
1802 was found to have decreased by 30% over a 140-
year timeframe, with three species: B. affinis Cresson,
1863, B. pensylvanicus (De Geer, 1773), and B. ashtoni
(Cresson, 1864) showing a “rapid, recent, population
collapse” (Bartomeus et al. 2013). In another study,
voucher specimens from museum and personal
collections revealed that since the early 1990’s the
majority of 770 eastern North American bee species
had been detected at least once, while 37 species had
not been detected at all (Colla et al. 2012). These
findings were qualitative and do not provide evidence
against declines of these detected species, nor do they
imply that extinctions among the 37 undetected
species did or did not occur. However, this study does
provide a short list of eastern North American bee
species on which to focus when assessing conservation
needs (Colla et al. 2012). Alternatively, Koh et al. (2016)
used a spatial habitat model and land-cover data to
show that modeled wild bee abundance declined
across 23% of area in the United States between 2008-
2013. This study also highlighted that most of the
modeled wild bee declines occurred in response to
changing land-use; row crops taking the place of
natural habitats.

Like most insects, bees and wasps are
underrepresented in red lists and conservation plans
(Byrne & Fitzpatrick 2009; Zamin et al. 2010; Cardoso et
al. 2011). Among the 84 insect species listed as
threatened or endangered under the United States
Endangered Species Act, there are only eight bee
species which include seven endangered Hawaiian
yellow-faced bees: Hylaeus anthracinus (Smith, 1853),
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H. longiceps (Perkins, 1899), H. assimulans (Perkins,
1899), H. facilis (Smith, 1879), H. hilaris (Smith, 1879), H.
kuakea Magnacca & Daly, 2003, and H. mana Magnacca
& Daly, 2003, all listed in 2016; and the Rusty Patched
Bumble Bee: Bombus dffinis, listed in 2017. No
additional bee or any wasp species are currently listed,
even though many other bee and wasp species are
known to be very rare, declining, or likely extinct
(Shepherd et al. 2005; USFWS 2016, 2017, 2017a). Many
regions, countries, and even entire continents are not
well represented in the red lists reviewed. For instance,
red listed bees or wasps of Africa, Central America,
South America, and parts of Asia are underrepresented
or not represented at all compared to those listed for
Europe and North America. This anomaly is probably
due to a lack of sampling and monitoring effort within
these regions.

Figure 1 presents the current review (2023) of red listed
bees from the International Union for Conservation of
Nature (IUCN) database. The IUCN assesses the
conservation status of species on a global scale. Using
the IUCN database (https://www.iucnredlist.org/),
hundreds of bees are listed as endangered, threatened
or data deficient (Figure 1). However, only two wasp
species were listed as endangered (Ichneumonidae:
Syrphoctonus morio (Hellén, 1949); Aphelinidae:
Encarsia estrellae Manzari & Polaszek, 2002 and two
listed as near threatened (Sphecidae: Tachysphex
pechumani Krombein, 1938; Braconidae: Phaedrotoma
sanmiguelensis (Fischer, 2001)); exemplifying the lack
of information on wasps. Despite the IUCN attempt at
documenting rare bees and wasps, many
rare/endangered species are not listed and, thus, much
more work must be done before an accurate global list
can be generated (e.g., the 7 Hylaeus species are not
listed in the IUCN). Additionally, the majority of bees
listed in the IUCN database are classified as data
deficient, exemplifying the need for increased and
better monitoring systems. Despite the [IUCN assessing
species on a global scale, the information their
database contains is dependent on researchers. Thus,
taxa in some areas (e.g., Europe) are well documented
whereas other areas are largely unknown.

BEES FOR CROP POLLINATION PURPOSES

Observing bee species that pollinate crops will
help identify potential species that could be used
as a managed pollinator. Approximately 75% of
food crops rely on animals (e.g., bees) for
pollination services (Klein et al. 2007), thus,
exemplifying the need to understand population
trends for honey bees and other animal pollinators.
Pollination has become an industry unto itself,
with beekeepers and commercial bee suppliers
selling or leasing honey bees to growers whose
pollination needs are more than can be satisfied by
the local wild bee population (Delaplane & Mayer
2000). The western honey bee is the most

commonly managed pollinator (Delaplane &
Mayer 2000), but its North American and
European managed populations experience
sporadic high gross loss rates due to pests,
pathogens, pesticides, queen quality, and nutrition
(vanEngelsdorp et al. 2009; Potts et al. 2010). The
number of managed honey bee colonies in North
America has declined to 2.7 million as of 2021,
down from nearly 6 million hives in the 1940s
(Pettis & Delaplane 2010; NASS 2022). The many
problems facing managed honey bees underscore
the importance of native bee communities, only a
fraction of which are currently managed as crop
pollinators despite the fact that alternative bees are
often more efficient pollinators than honey bees
(Sedivy & Dorn 2014; Campbell et al. 2018a). Kleijn
et al. (2015) found that a few wild bee species were
common in agricultural systems. Thus, survey
efforts can be developed to help identify pollinator
species that might be manageable for crop
pollination purposes or to help develop
population management programs for common
pollinator species. This is especially important
given that crop production in some areas (such as
the United States — Reilly et al. 2020) is frequently
limited by a lack of pollinators.

There are many examples in which managed
alternative bees have provided pollination services
along with or instead of honey bees. Some
recognized examples include several bumble bee
species (Bombus spp.) (Velthuis & van Doorn 2006;
Vergara 2008; Campbell et al. 2017a; Abbate et al.
2023), several mason bees (Osmia Panzer, 1806)
(Batra 1978; Maeta & Kitamura 1981; Yoshida &
Maeta 1988; Maeta et al. 1990; Torchio 1990;
Torchio 1991; Sekita et al. 1996, Da-Yong & Long-
Shi 2007; Lee et al. 2008; Matsumoto & Maejima
2010; Boyle et al. 2020), and two bees used for
pollination of alfalfa for seed, the alfalfa leafcutting
bee (Megachile rotundata (Fabricus, 1787)) (Bohart
1972; Pitts-Singer & Cane 2011) and the alkalki bee
(Nomia melanderi Cockerell, 1906) (Rauf et al. 2021).
The latter is also the only intensively managed
ground-nesting solitary bee in the world (Cane
1997, 2008). Over 100 other potentially manageable
bees have been found visiting crops and some have
been tested globally on a variety of crops
(Supplementary Table S1). Of these, over 25% are
tunnel-nesting solitary bees, which are well suited
for management because their nests can be moved
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Figure 1. Number of bee species that are listed by the International Union for Conservation of Nature (IUCN) as vulnerable (VU),

near threatened (NT), endangered (EN), and critically endangered (CR) in 2023.
East Asia: China, Japan, North Korea, South Korea, Mongolia, Taiwan, Hong Kong, Macao

South & Southeast Asia: Bangladesh, Bhutan, Brunei, Myanmar, Cambodia, India, Indonesia, Laos, Malaysia, Maldives, Nepal,
Philippines, Singapore, Sri Lanka, Thailand, Timor-Leste, Vietnam, British Indian Ocean Territory, Disputed Territory

North Asia: Russia, Belarus, Moldova, Ukraine

West & Central Asia: Afghanistan, Armenia, Azerbaijan, Bahrain, Cyprus, Georgia, Iran, Iraq, Israel, Jordan, Kazakhstan, Kuwait,
Kyrgyzstan, Lebanon, Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Syrian Arab Republic, Tajikistan, Turkey, Turkmenistan,

United Arab Emirates, Uzbekistan, Yemen

and manipulated much more easily than can the
nests of ground-nesting species.

In general, monitoring for possible crop
pollinators should aim to 1) determine species
composition for a given area, 2) evaluate the status
and health of pollinator species and populations
over time, and 3) determine pollinator species’
pollination efficiency for crops and native plants.
Bosch & Kemp (2002) emphasize the importance of
monitoring in the form of field surveys when
seeking pollinator species with potential for
management. Not only does monitoring help
identify potential pollinators, but it also provides
information about the pollinators” phenology and
pollination efficiency. This information is vital to
determining if a particular pollinator will be a
good match to the crop of interest and also how
easily the pollinator might be managed (Bosch &
Kemp 2002: Sedivy & Dorn 2014).

A good example of how valuable monitoring
can be when seeking to augment pollination is
presented by Sheffield et al. (2008), who, along
with comparing habitats for suitability for tunnel-
nesting bees, sought to identify native bee species
that could possibly be managed for pollination.
The authors monitored 23 sites in Nova Scotia,
Canada for tunnel-nesting bees for three years
using trap-nests (artificial nest sites for
cavity/tunnel nesting bees/wasps). Of the 18 native
tunnel-nesting bee species that were trapped,
Osmia tersula  Cockerell, 1912 showed great
promise as a pollinator of apple orchards due to its
commonality during apple bloom and its
attractiveness to apple flowers for pollen. This
example highlights one way of addressing
pollination deficiencies through the identification
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of pollinator species, via observational surveys
and monitoring programs, that are candidates for
management.

WASPS AS BIOLOGICAL CONTROL AGENTS

Monitoring programs can also be useful for
discovering and managing wasp species for
biological control purposes. Van Driesche &
Bellows (1996) define biological control as “the use
of parasitoid, predator, pathogen, antagonist, or
competitor populations to suppress a pest
population, making it less abundant and thus less
damaging than it would otherwise be.” Three
primary methods of biological control are used:
conservation, augmentation, and introduction. It is
possible that the infested area already contains
natural enemies in sufficient numbers, in which
case the biological control plan would implement
appropriate conservation strategies (Van Driesche
& Bellows 1996; Riley & Ciomperlik 1997; Shepard
& Braun 1998; Semeao et al. 2012). If numbers are
insufficient, augmentation of these enemies should
be considered. In this case, the biological control
plan then includes determining how to mass rear,
release, and manage populations of the most
effective natural enemies (Van Driesche & Bellows
1996; Dias et al. 2014). However, if the pest’s
natural enemies are not present or not known, the
biological control program centers on the
discovery and introduction of useful natural
enemies (Van Driesche & Bellows 1996). Of the
three approaches, introduction has been the most
successful (Hajek and Eilenberg 2018) and is
commonly used against non-native, invasive pests
(Kenis et al. 2017).

There are several methods used for monitoring
predatory and parasitic wasps in the context of
biological control. This could lead to the discovery
of new biological control agents. Typically, the
method for developing a biological control
program begins with accurate identification of the
pest species, either weed or insect. Following this,
its natural enemies need to be ascertained (Van
Driesche and Bellows 1996), at which point
monitoring becomes important.

Predatory and parasitic wasps rely on other
arthropods as prey or hosts for their offspring, and
many of these relationships could potentially be
utilized for biological control of pest species.
Nearly all of the known solitary wasps are highly

host-specific and very few attack beneficial insects
(Evans & Eberhard 1970). In many cases, the prey
choice is specific to each wasp species or particular
genera, in which case the wasp can be used as a
biological control agent (De Bach & Rosen 1991).
Many social wasps prey upon insects of economic
importance and in some agricultural regions, these
wasps are considered valuable control agents
(Evans & Eberhard 1970). Parasitic wasps were
reported as the biocontrol agent in over 65% of all
successful cases of biological control of pest insect
species due to their host specificity and the ease
with which they are incorporated into biological
control programs (De Bach & Rosen 1991).
Nevertheless, many parasitic Hymenoptera
remain undescribed (La Salle & Gauld 1992), but
possibly could be identified in well-structured
surveys and monitoring programs, leading to their
use in the control of agricultural pests or invasive
species.

A few monitoring strategies can be helpful for
the discovery of wasps that can be used as
biological control agents. One strategy is to collect
specimens of an insect pest species and its eggs
from its native range and rear them in the
laboratory in hopes of discovering parasitoids that
emerge (Legner & Bellows 1999). A second
strategy is surveying the pest’s native range or
another infested area (Legner & Bellows 1999) for
potential natural enemies using sweep nets or
using a trapping method such as sticky cards or
bowl traps.

Monitoring strategies are also useful after the
development of biological control programs. It is
important to monitor the dispersal, distribution,
and abundance of parasitoids after their release as
biological control agents (Fraser et al. 2008;
Zappala et al. 2012; Bockmann et al. 2015),
sometimes both before and after parasitoid release
(Purcell & Messing 1996; Bruck & Lewis 1998;
Ayalew & Hopkins 2013), to ensure program
success. It can also be important to monitor
phenological traits such as seasonal population
levels (Jewett & Carpenter 2001), which can help
assess synchronicity with the host (Bakowski et al.
2013) and assist with the timing of pesticide
sprayings (Udayagiri et al. 1997). Monitoring
parasitoid populations is also useful following
pesticide treatments (Longley et al. 1997; Frost et
al. 2015) or ecological disturbances (Maeto et al.
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2009). Lewis & Martin (1990) discuss the
importance of continued monitoring of parasitoid
populations to ensure that desirable traits are
maintained and suggest the development of
semiochemicals, which parasitoids often use for
locating their hosts, to enhance the monitoring
component of biological control programs.

The practice of collecting pests in the field and
rearing them in the lab is not used only during
natural enemy discovery. A similar strategy has
been used to monitor pest and naturally occurring
parasitoid populations when deciding if parasitoid
augmentation or introduction is necessary, or if
conservation will be sufficient (Riley & Ciomperlik
1997; Shepard & Braun 1998; Semeao et al. 2012).
This method has also been used after the decision
was made to augment the parasitoid population.
Larvae have been gathered in the field and lab
reared as a way to monitor parasitism rates before
and after parasitoid release (Ayalew & Hopkins
2013).

MONITORING TO TRACK NON-NATIVE BEES AND WASPS

Invasive species are among the greatest threats
to local biodiversity (Wilson 1999; Brown & Paxton
2009). Introductions can happen naturally or due
to the actions of humans, both purposefully and
accidentally. The most common entrance points
for introduced species are major ports and these
are monitored for incidental transportation of
exotic species; however, solitary bees and wasps
can be unseen while nesting in small tunnels (Cane
2003). Bees and wasps are beneficial insects in
agricultural and natural ecosystems. In fact, some
managed bees (e.g., Apis mellifera) in the United
States are introduced species. Honey bees and
bumble bees, as well as social wasps (e.g. Vespa
velutina Lepeletier, 1836, the Asian hornet), tend to
be successful in non-native lands, presumably
because of their sociality and associated traits
(Moller 1996; Chapman & Bourke 2001; Goulson
2003; Beggs et al. 2011). However, more than half
of the introduced bee species in the United States
are tunnel-nesting bees, mostly Megachilidae
(Russo 2016). This may be attributed to the fact that
these bees nest in tunnels in plants, wood, and
other common materials which are easily
distributed compared to ground-nesters, lending
them to both purposeful and accidental
introduction. Geslin et al. (2017) provides a useful
review of some of the effects commonly employed
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pollinating bees (e.g., honey bees, bumble bees,
tunnel-nesting bees, etc.) have on plant-pollinator
interactions. However, outside of their native
ranges, introduced species can negatively impact
local ecosystems. In these cases, monitoring is
critical for detecting and tracking non-native
species of bees and wasps.

Monitoring programs for introduced bee and
wasp species are important for multiple reasons.
First, introduced bees and wasps may outcompete
native species for food and nesting habitat. Second,
introduced species may spread pathogens to
alternative hosts. Third, introduced bees and
wasps may aid in the spread of invasive plants via
pollination. Finally, invasive wasps may shift
host/prey species and cause unintended changes to
native food webs. Thus, knowledge of when and
where non-native bees and wasps are found is
paramount avoiding deleterious ecological
consequences.

Introduced bees may compete for food with
native  pollinators such as  butterflies,
hummingbirds, and other bees (Kearns et al. 1998;
Goulson 2003; Roubik & Villanueva-Gutierrez
2009; Brockerhoff et al. 2010; Inoue & Yokoyama
2010). Furthermore, many introduced bees that are
able to establish successfully and spread are
polylectic, putting native oligolectic bee species at
a disadvantage (Gross 2001; Goulson 2003). Other
sources of competition for food include size
differences, with larger bees often foraging earlier
than and flying farther for resources than smaller
bees (Gathmann and Tscharntke 2002; Greenleaf
et al. 2007). Smaller bees, in turn, may have the
advantage when resources are scarce or when the
landscape is dominated by plants with small
flower morphologies. Introduced social species,
such as honey bees, may also have an advantage
because they can communicate resource locations,
whilst solitary bees and wasps have no assistance
with foraging (Moller 1996; Goulson 2003).
However, it is not always clear how introduced
species interact with native fauna due to the many
behavioural and biological differences that may
exist among species (Minckley et al. 2003).

Introduced wasps can have impacts similar to
those of introduced bees. At high densities,
invasive arthropod generalist predators such as
the common wasp, Vespula vulgaris (L., 1758), have
very significantimpacts, including reducing native
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prey species, preying on nestling birds, competing
with native arthropods for honeydew, and causing
other ecosystem disruptions (Matthews et al. 2000;
Brockerhoff et al. 2010; Gardner-Gee & Beggs 2013;
Burne et al. 2015). There is also the potential for
introduced wasps to shift or broaden prey or host
choice to native or beneficial arthropods
(Brockerhoff et al. 2010; Choi et al. 2012; Monceau
et al. 2013; Couto et al. 2014). There are many
reports of invasive wasps outcompeting native
wasps for food resources (Gamboa et al. 2002;
Wilson & Holway 2010; Downing 2012). Improved
monitoring systems are needed to help quell the
increase of invasive wasps such as the many
Vespidae species (e.g., northern giant hornet
(Vespa mandarinia Smith, 1852) that continue
spreading worldwide (Beggs et al. 2011, Zhu et al.
2020). Competition for nesting resources can also
be an issue between introduced and native
bees/wasps (Chapman & Bourke 2001; Goulson
2003). This has been shown to be the case in Japan
where an introduced species of bumblebee has the
same nest requirements as those of the native
bumblebees (Inoue et al. 2008; Inoue & Yokoyama
2010). In the United States, Megachile sculpturalis
Smith, 1853 has been shown to compete with
native carpenter bees (Xylocopa virginica (L., 1771))
for their nesting sites (Laport & Minckley 2012,
Roulston & Malfi 2012). Introduced small
carpenter bees (Ceratina Latreille, 1802) and
yellow-faced bees (Hylaeus) have been found using
the same size nest in the same coastal plants as
native Hawaiian yellow-faced bees and may be
contributing to the decline of some species of
endangered  Hawaiian  yellow-faced bees
(Magnacca & King 2013; Graham et al. 2021). In
these cases, monitoring programs may benefit the
native bees by exposing potential population
declines early and allow for timely conservation
efforts.

Bee/wasp introductions may also spread
pests/pathogens to alternative hosts. As more
knowledge is acquired about pathogen and pest
spread between both  congenerics and
heterogenerics, there is particular concern for wild
bees (Chapman & Bourke 2001; Goulson 2003;
Brown & Paxton 2009; Williams & Osborne 2009).
For example, introduced bumble bees have
introduced parasites and pathogens to native bee
populations in many areas (Goka 2010; Goulson
2010). Furthermore, the spread of honey bees

globally has led to the widespread distribution of
honey bee pests and pathogens (Boncristiani et al.
2021), many of which are now found to be
associated with other bees (Mallinger et al. 2017).

Exotic bees can also affect native plant
populations, either increasing or decreasing seed
set (Kearns et al. 1998; Chapman & Bourke 2001;
Gross 2001; Goulson 2003; Stokes et al. 2006;
Dohzono et al. 2008; Goka 2010; Roubik &
Villanueva-Gutierrez 2009; Hermansen et al. 2014).
Furthermore, exotic bees, including intentionally
introduced honey bees and bumble bees, pollinate
exotic plants more often or more efficiently than do
native wild bees, potentially leading to or
exacerbating weed problems (Kearns et al. 1998;
Chapman & Bourke 2001; Stout et al. 2002;
Goulson 2003; Magnum & Sumner 2003; Simpson
et al. 2005, Morales & Aizen 2006; Abe et al. 2011).
Some non-native plants, such as introduced figs,
did not become weedy until their pollinators, in
this case, fig wasps, were introduced as well
(Kearns et al., 1998). Alternatively, surveys have
shown exotic bee species aiding in the pollination
of endangered plants (Campbell et al. 2016a) and,
thus, may provide some beneficial services.
Monitoring areas with exotic bees present as well
as areas with high potential for exotic bee
spread/introduction would help to conserve
ecosystems by allowing appropriate control
measures and conservation efforts.

Despite all of this, sharing habitat does not
necessarily mean that species share resources.
Niche overlap, and even more so competition, may
be hard to demonstrate (Pickett & Wenzel 2000;
Goulson 2003; Minckley et al. 2003), but possibly
could be shown in monitoring programs.
Experimental approaches can provide some of the
most convincing evidence of competition (Moller
1996, Thomson 2004, 2006), but few experimental
studies have been conducted, perhaps due to a lack
of feasibility or the need for preliminary evidence
in the form of survey data. Monitoring co-existing
species and the spread of non-native species can
help researchers and conservationists determine
when an overlap may be occurring and help
ascertain what the impact is on native species
(Pickett & Wenzel 2000; Gross 2001; Ishii et al. 2008;
Inoue & Yokoyama 2010; Kato & Kawakita 2004).
Often, it is not obvious if competition is occurring,
either due to fluctuations in resources or
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populations, making more long-term monitoring
of introduced species and co-existing natives
necessary (Moller 1996; Kearns et al. 1998;
Minckley et al. 2003; Magnacca & King 2013;
Graham et al. 2021). Additionally, short-term
monitoring may not accurately represent species
competition. For example, in a ten-year study of
the invasive paper wasp Polistes dominulus (Christ,
1791) and the native P. fuscatus (Fabricius, 1793),
early monitoring indicated that the exotic wasp
would displace the native wasp, but after several
years, the displacement decreased (Miller et al.
2013).

Monitoring the presence and establishment of
non-native insects and tracking the population
spread is critical for understanding the impact of
these species, whether beneficial or detrimental
(Cane 2003; Brown & Paxton 2009; Roubik &
Villanueva-Gutierrez 2009; Sheffield et al. 2010).
Indeed, some make the argument that introduced
species have conservation potential to fill the roles
of the ecological services that are lost with
declining, extinct, or endangered species
(Schlaepfer et al. 2011; Sanguinetti & Singer 2014).
Nevertheless, long term monitoring of exotic
species is important, as often there is a lag between
the introduction of a species and the growth of its
population to problematic levels (Brockerhoff et al.
2010). Additionally, long term monitoring affords
researchers the ability to differentiate between
weather-influenced and other population
fluctuations. Shorter studies could arrive at vastly
different conclusions, simply based on the period
of time in which they were conducted. Due to the
lack of basic knowledge of many native bee and
wasp species, baseline data including basic
biology, distributions, and abundance for native
bees and wasps are necessary if the impacts of
exotics are to be measured accurately (Moller 1996;
Kearns et al. 1998; Minckley et al. 2003; Brown &
Paxton 2009; Perrard et al. 2009) and if control
programs are to be successful (Ishii et al. 2008;
Kadoya et al. 2009).

BEES AND WASPS AS BIOINDICATORS

Bees and wasps are being increasingly used as
bioindicators and sentinel species, thus
necessitating monitoring programs to ascertain
species’ presence and abundance in an area. Many
studies that examine land-use changes or habitat
quality inspect the overall bee or wasp community
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or a certain bee guild (e.g., tunnel/cavity nesting
bees) within an ecosystem. For example, cavity
nesting bee and wasp abundance and diversity
measures have been utilized as bioindicators for
ecological change or habitat quality in agricultural
and forested landscapes (Tylianakis et al. 2004)
with species richness declines occurring in
fragmented landscapes (Tscharntke et al. 1998).
Cavity nesting bee and wasp communities have
also been monitored to determine whether
wildflower plots planted within agricultural land
can potentially augment beneficial bee and wasp
abundance and diversity (Campbell et al. 2017b).
Additionally, cavity nesting bee and wasp species
richness have been examined within grasslands
that had varying livestock grazing pressures, with
ungrazed pastures containing significantly more
bee and wasp species (Kruess and Tscharntke
2002). Most cavity nesting wasps are predators of
many agricultural pests and may act as biological
control agents and can be used as an indicator of
predator/prey interactions (Tscharntke et al. 1998).

Overall bee and wasp communities have been
successfully used for monitoring ecological
change. For example, bee and wasp communities
can act as a bioindicator for forest health by
documenting how forest management techniques
affect bee and wasp biodiversities (Campbell et al.
2007; Rubene et al. 2015; Campbell et al. 2018b).
Bee and wasp diversity and abundance have also
been monitored after removal of invasive shrubs
within forested habitats (Hanula and Horn 2011).
Additionally, bee and wasp communities have
been utilized to examine forest fragmentation
(Brosi et al. 2008) and row-cropping switchgrass
within large monocultures of pine (Campbell et al.
2016b). Alternatively, habitat loss, grazing,
logging, and changes in agriculture caused by
anthropogenic activities can also be monitored by
using bees as an indicator group (Winfree et al.
2009).

Instead of examining the overall bee or wasp
communities, many studies utilize specific bee or
wasp species (indicator species) to make inferences
about habitat quality. Bee and wasp abundances or
health of particular species can be used to detect
environmental pollution (Celli & Maccagnani
2003), issues with genetically modified plants, and
the spread of invasive plants and animals (Kearns
et al. 1998). Honey bees have been used for
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environmental monitoring since the early 1980s,
where they have been implemented to monitor
pesticides, heavy metal pollution, and radioactive
contamination (Porrini et al. 2002). Bumble bees
and other managed bees have been increasingly
used as indicator species for insecticide risks
(Scott-Dupree et al. 2009; Laycock et al. 2012, 2014).
Alternatively, wasps have not been utilized as
indicator species as frequently as bees. However,
many social wasp species (Vespidae) have also
been shown to be good potential ecological
indicators (Urbini et al. 2006; de Souza et al.2010;
Brock et al. 2021). Other wasps, such as some
sphecids, have been suggested as having potential
to be good biodiversity indicators (Gayubo et al.
2005). Thus, utilizing bee and wasp species for
biomonitoring has many potential and promising
applications. Most species are readily identifiable,
and many correlations can be made regarding
ecological health based on abundances and species
richness.

MONITORING METHODS

Many tools and programs are available for
studying bees and wasps, and the researcher’s
choice is dictated by the purpose of monitoring
(Table 1). Ideally, monitoring methods should be
selected for the collection of unbiased data that can
be widely replicated over space and time. For
example, some methods favour general or specific
types of bees and wasps while excluding others,
thus leading to spurious results. Methods may also
generate incidental collection of non-target bees or
wasps. Variable methods used at the same location
and time of day or season will often lead to
dissimilar results as many bees and wasps are
either more or less detectable depending on the
method used. Ultimately, many factors may be
important when choosing a monitoring method,
factors such as cost, labour intensiveness, etc.

One common goal of monitoring programs is to
catalogue the abundance and diversity of bees or
wasps within a given locale or on a particular crop.
Many tools and methods should be used in tandem
in order to maximize the potential of collecting
data on all the representative species within a
given area and minimize the potential of missing
cryptic or rare species (Silveira 2004). The use of
multiple trap types will allow for a more
comprehensive representation of the bee fauna

(Geroff et al. 2014; Campbell et al. 2023). Whether
using a passive or non-passive trapping method,
the study site should also be monitored in variable
conditions (e.g., varying temporal and climatic
conditions) to ensure adequate, unbiased
sampling. The initial dataset collected may
provide a benchmark for future studies but is
essentially a snapshot of the bees and wasps in a
given place at a given time and detected with a
given set of tools (Magurran et al. 2010). By
monitoring the same location or crop over multiple
seasons and with replicated methods, the collector
may be able to interpret the data as changes in the
population dynamics of the pollinator community.

Alternatively, the goal may be to find and learn
more about a particular bee or wasp species.
Verifying the existence of a species in a given area
may be important when tracking endangered or
non-native species. Studying the natural history of
a particular species may be important when
developing conservation or management plans.
Monitoring can be useful for learning about a
species’ nesting, foraging, or host preferences, its
associations with conspecifics and heterospecifics,
its predators and parasites, and many other life-
history traits. In such cases, it is helpful to use a
method best suited to detecting the particular bee
or wasp of interest, in order to increase the
likelihood of encountering the target species in the
wild. For instance, if the bee or wasp is known to
nest in tunnels in wood or hollow stems, trap
nesting or the use of artificial nest sites may be the
best monitoring method (e.g, Roubik &
Villanueva-Gutierrez 2009; Graham et al. 2021).
Droege (2015) provides an excellent overview of
bee collecting techniques and how to manage a bee
collection properly. Overall, the monitoring
method is dependent on the goals of the project,
but the use of multiple monitoring methods over
long periods of time will provide the most accurate
survey of bees and wasps within an ecosystem.

We list in Table 1 a summary of the many tools
and methods useful for monitoring bees and
wasps. It serves as a helpful reference for the
selection of monitoring strategies and the
pros/cons associated with each. The purpose of
Table 1 and this portion of the review is to give
researchers an introduction to the wide breadth of
bee and wasp monitoring methods and sources to
seek additional details related to experimental



150

Graham et al.

J Poll Ecol 33(9)

Table 1. A summary of the many tools and methods useful for monitoring bees and wasps. “Collector Variability” refers to the likelihood that the data quality may vary by collector.

Method Summary Mode of Primarily Collects ~ Collector Considerations Cons Benefits Selected References
Capture Variability
Aspirators/ collector collectedinto  bees or wasps; medium avoid using inhalation ~ some mark-release- Paulson 2005 Stephen & Rao
vacuum inhales or container social or aspirators where individuals may  recapture; avoids 2007
collector vacuums live gregarious; small pesticides may have be too fast or handling
specimen into a adults been sprayed evasive specimen
container
Bait stations a station attracted to bees butmaybe low stations need to be may not be attracts local Spurr 1995 1996; Vaudo et al.
containing an bait station used for wasps more attractive than visited by some  foragerstoa 2012; Human et al. 2013
attractive local resources species predetermined
resource is observable area
observed for
visitation
Baited traps/ trap with fallinto oris bees or wasps; low attractants can be may be messy olfactory Caron & Morse 1972; Meagher
sticky trap airborne stucktotrap  adults attracted designed to be target  and difficult to attractiveness & Mitchell 1999; Landolt et al.
volatile as the to a particular specific or to replicate  curate studies; social 2000
attraction pheromone or a specific odour specimens i.e. bees and wasps
method volatile sticky traps
Bee-lining a specimen is leads social bees but high establishing a beeline ~ may be difficult  allows for the Visscher & Seeley 1989; Breed
followed to a collector to may be used for may require the use of  with fast flying discovery of nest et al. 1999; Vaudo et al. 2012;
nest nest wasps or a bait station or bee or small sites in the field Human et al. 2013
gregarious box specimens
nonsocial species
Bowl/ dish/ coloured vessel  drownin mostly bees low evaporation; potential for standard method De Souza & Campos 2008;
pan/ Moericke  partially filled soapy water some wasps; specimens must be species bias; with low Leong & Thorp 1999; Cane et
trap with soapy foraging adults carefully washed and potential for collector bias; al. 2000; Silveira 2004;
water dried post collection over collection low cost; easy Bartholomew & Prowell 2005;
set up Campbell & Hanula 2007;
Wilson et al. 2008
Digital macro-  photos or video  photos or bees or waspsin  medium image quality and some defining allows for review  Gaglianone 2000; Steen et al.
photos/ video video any lifestage resolution can vary ID features not and ID remotely 2011; Deguines et al. 2012;
capture collected and greatly visible in most and at a later Campbell et al. 2014

analyzed

images

time
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Method Summary Mode of Primarily Collects ~ Collector Considerations Cons Benefits Selected References
Capture Variability
Flight vertical wall of hit wall and mostly wasps, low those sprayed with not suitable for  collects a wide Masner & Goulet 1981; Noyes
intercept trap black terylene fallinto kill jar ~ some bees; flying insecticide reportedto  most bees; may  variety of flying 1989; Ulyshen et al. 2010
into which adults increase results be damaged or  adults; good for
insects fly and blown overin detecting
fall into kill jars unfavourable parasitoid wasps
weather
Fluorescent dyes are used data can be used for low some dyes transferred  dye can over- allows for Johansson 1959; Stockhouse
pigment to track flower collected via both bees or at different rates estimate or studies on pollen  1976; Adler & Irwin 2005; Van
visitation dyes spread wasps depending on under-estimate  depositions and Rossum et al. 2011
from flower visitation transfer as well
to flower as movement
Fumigation/ Insecticide Insecticide mostly wasps in low potentially negative non-targets samples Erwin 1989; Noyes 1989;
fogger sprayed sprayed collection effects including non-  killed obtained are Simandl 1993
reviewed target kills and over expected to
collection correlate
abundance and
diversity
Harmonic a trans-ponder Movement can be used for low varying degrees of may limit flight tracks bee or Osborne et al. 1999; Pasquet
radar/ radio is attached data captured both bees or detectability and ability wasp movement et al. 2008; Wikelski et al. 2010;
telemetry via radar wasps; potential strength throughout Hagen et al. 2011
size limits environment
from nest to
forage and back
Insect net net swept swept into bees or wasps; medium various net types may be too fast ~ mark-release- Paulson 2005; Stephen & Rao
through the air  net flying or foraging available (i.e. mesh, or evasive recapture; 2007
or vegetation adults canvas, canopy, etc.) targeted or
random
Light trap mercury vapor,  attracted to mostly wasps, medium different light sources  potentially detecting Wolda and Roubik 1986;
UV, broad light and some bees; will have variable expensive; nocturnal wasps ~ Roubik and Wolda 2001;
spectrumorany captured nocturnal results; best used in requires power  and bees Kelber et al. 2006

number of light
sources

complete darkness

source; bulbs
can get very hot
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Method Summary Mode of Primarily Collects  Collector Considerations Cons Benefits Selected References
Capture Variability
Linear Collector travels  photos or bees or wasps high can be standardize, variable walking economic and Drummond & Stubbs 1996;
transects alongarouteor data flying or on random or variable speeds, allows division of  Nielsen et al. 2011; Campbell et
for atime flowers or nests detecting areainto smaller  al.2018a
abilities of portions
collectors
Malaise trap net trap fly into net mostly wasps, low many styles and types  not suitable for  collects a variety ~ Bartholomew & Prowell 2005;
designed to climb to the some bees; flying available; different most bees; of flying adults; Campbell & Hanula 2007;
collect flying topinto a adults color mesh may damaged or good for Fraser et al. 2008
insects funnelled produce variable blown overin detecting
container results bad weather parasitoid wasps
Quadrat/ visual ~specimens/data photos or bees or wasps high can be standardized, can be difficult inexpensive and Drummond & Stubbs 1996;
plot collected from data flying or on random or variable to adequately allows for the Nielson et al. 2011
within a set flowers or nests sample all division of an
area visitorsina area into smaller
vegetationrich  portions
habitat
Sensor/ pass sensor that monitors used mainly for low wide range of accuracy some Buckley et al. 1978; Morandin
monitor tracks motion bees but could electrically, optically variable instruments et al. 2001; Campbell et al.
specimens activity be used for or mechanically between record size and 2005
crossing a set wasps controlled movement  instruments and  velocity;
point sensors specimens, correlate activity
need set point with
of entry/exit environmental
and temporal
data
Trap nest/ holes drilled in collected mostly wasps, low potential nest site unattractive to central hub of Krombein 1967; Frankie et al.
artificial nest wood, clay; from or some bees; all variables such as certain species activity; provides  2002; Silveira 2004; Campbell
site pithy or hollow  observed in lifestages height, size hole, habitat etal.2017b
stems, tubes, nesting material
straws, etc. material
Vane trap coloured fall into mostly bees, low non-destructive if unattractive or baited or Caron & Morse 1972; Stephen
hanging funnel funnelled some wasps; checked often; wide ineffective for unbaited; easy & Rao 2005 2007; Prendergast
trap container foraging adults range of shapes, sizes, some species, set up and et al. 2020 Campbell et al. 2023
opaqueness and can be transport

colour

expensive
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Method Mode of Primarily Collects ~ Collector Considerations Cons Benefits Selected References
Capture Variability
Visual counts/ observed on bees or wasps; high potential bias towards  unable to low cost; non- Frankie et al. 2002; Silveira
sight ID observes and flowers foraging adults large or colourful identify certain  invasive; 2004
individuals; time of species without  potential for
day, weather variables  preserved pollination
specimen observation
Wing wing venationis  wing primarily bees, medium images must be emerging potential for Steinhagen et al. 1997, 20071;
morphology used toidentify  venationdata however system captured in a specific technology that  both automated  Arbuckle et al. 2001; Hall 2011;
is linked to could be way to be usable; is not fully ID and Eimanifar et al. 2018
GIS data expanded to provides results only developed monitoring

include wasps

for species of which
wing data is inputted
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design. However, we do caution that the majority
of literature in this area has been accomplished in
Europe and North America (but see Prendergast et
al. 2020) and we can only assume that these same
methods would be efficient in other areas that may
contain different genera. In general, monitoring
methods can be classified into a few broad
categories: (1) observational and direct bee/wasp
sampling, (2) utilizing passive traps, and (3)
monitoring with citizen science programs. Below
are some details on a few of the more commonly
used methods for monitoring bees and wasps.

OBSERVATIONAL AND DIRECT BEE/WASP SAMPLING

Some monitoring methods lend themselves
particularly well to certain monitoring objectives
and situations. Observational data have been
collected visually by researchers in the field, using
nets, photos, or video to determine the primary
pollinators of a particular plant of interest (e.g.,
Gross 2001; Stout et al. 2002; Minckley et al. 2003;
Simpson et al. 2005, Abbate & Campbell 2013;
Campbell et al. 2014; Hermansen et al. 2014;
Campbell and Morphew 2022), to examine plant-
pollinator interactions, to evaluate niche overlap
(Gardner-Gee & Beggs 2013), to determine non-
native species populations, and to investigate
interspecies competition (Pickett & Wenzel 2000;
Minckley et al. 2003; Kato & Kawakita 2004;
Morales & Aizen 2006; Dohzono et al. 2008; Ishii et
al. 2008; Kadoya et al. 2009; Perrard et al. 2009; Abe
et al. 2011; Downing 2012). Data can be collected
through observations on a specific flowering plant,
a community of plants, or throughout an entire
habitat or ecosystem. Observing flowering plants
is helpful for collecting foraging, resource use,
predator interactions, and sometimes mating or
nesting data. Areas where nesting is occurring or
via natural or artificial nest sites can provide a focal
point to gain observational data on nest
provisioning, immature development, and nest
success. We do caution that sweep netting of
insects can have a large collector bias if careful
training is not accomplished prior to
implementation. Additionally, the method of
sweep netting can be done in many different ways
(e.g., specific number of sweeps, targeted sweep
netting of plants, etc.) and little research has been
done to determine best methods for various
hymenopteran groups (Pei et al. 2022).

J Poll Ecol 33(9)

A common practice in biological control
scenarios is the employment of sentinel eggs to
monitor parasitism and dispersal rates (Abell et al.
2014; Jennings et al. 2014). Eggs from the target
pest are strategically spaced throughout the area of
interest. Depending on the pest species, the eggs
may be monitored in the field visually for signs of
parasitism or may have to be retrieved after a few
days and reared in the lab.

Other predatory wasps are often monitored by
using baited traps. Baits used can include beer
(Porporato et al. 2014), fermented brown sugar
(Brown et al. 2014), fruit juice (Monceau et al.
2015), fish or meat (Masciocchi et al. 2013;
Monceau et al. 2015) or a combination of these
ingredients. Targeted insects that land on the baits
are usually collected directly with sweep nets.
Other direct collection methods include insect
vacuums (Riley & Ciomperlik 1997; Stephen and
Rao 2007) and canopy fogging/fumigation (Potts et
al. 2005).

PAsSIVE TRAPS

Passive trapping involves setting up traps and
collecting the contents after a certain amount of
time. Depending on the goal of the research,
passive traps can be active for short amounts of
time (e.g., hours) or utilized for long periods (e.g.,
weeks). Although some passive traps may be more
‘passive’ than others (McCravy 2018), all attempt
to collect a subset of the bee or wasp fauna from a
given area. Some of the more common passive
traps used for bee and wasp collection are yellow
sticky cards, coloured pan traps, vane traps,
Malaise traps, and trap-nests. Below are additional
details for some of the commonly used passive
traps.

Yellow sticky cards are often chosen for
monitoring both naturally occurring and released
parasitoid populations or other predators like
syrphid flies, and occasionally bees (Longley et al.
1997; Udayagiri et al. 1997; Bruck & Lewis 1998;
Burgio and Sommaggio 2007; Zappala et al. 2012;
Larsen et al. 2014; Bockmann et al. 2015; Biella et al.
2022). There are several advantages to using
yellow sticky cards for monitoring. Sticky cards
are inexpensive, easy to use, and do not require a
large time investment for deployment or
processing (Larsen et al. 2014). They enable
monitoring of multiple species simultaneously
(Bruck & Lewis 1998; Udayagiri et al. 1997) and
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allow for concurrent monitoring of both pest and
control species (Bruck & Lewis 1998). The
effectiveness of sticky cards and other styles of
traps can often be enhanced using lures such as sex
pheromones (Zappala et al. 2012) and other
infochemicals (Dias et al. 2014). Although sticky
cards catch insects indiscriminately, it is fairly easy
to focus on only the wasps that are caught without
an increase in processing time. Yellow sticky cards,
as opposed to other coloured cards, are
particularly attractive to many species of
hymenopterans (Udayagiri et al. 1997; Larsen et al.
2014). However, bees and wasps collected with
yellow sticky cards can be damaged when
removed making identification more difficult (Gill
and O’'neal 2021).

Coloured pan traps, often called bowl traps, are
another commonly used tool to monitor released
and naturally occurring bee and wasp populations
(e.g., Purcell & Messing 1996; Campbell & Hanula
2007; Bakowski et al. 2013; Larsen et al. 2014). Pan
traps can be made in a variety of sizes and are filled
with a liquid such as soapy water that breaks
surface tension and drowns attracted insects. Some
colours have been shown to be more successful in
certain environments; therefore, pan traps are
usually deployed in an assortment of colours to
maximize the diversity of insects captured
(Campbell & Hanula 2007). Yellow, blue, and
white are the primary colours that have been used
in previous studies (Campbell & Hanula 2007;
Geroff et al. 2014). Coloured pan traps have also
been utilized within forest canopies; allowing for
spatial  differences in bee and wasp
diversity/abundance to be detected (Nuttman et al.
2011; Campbell et al. 2018b). Like sticky cards, pan
traps are inexpensive and can be used in
conjunction with lures to enhance detection of the
target species while decreasing non-target bycatch.
One potential drawback using pan traps is that
they are biased towards collecting smaller bees
(e.g., Lasioglossum Curtis, 1833) and may under
sample larger bodied bees (Campbell et al. 2023).

Blue and yellow vane traps are becoming more
popular and have been used to monitor bees and
wasps (Stephen and Rao 2007; Kimoto et al. 2012;
Geroff et al. 2014; Campbell et al. 2023). These traps
are advantageous because they are sturdy and can
be easily hung at different heights and, in general,
can be left for longer periods of time because they

withstand weather events better than other passive
traps. However, unlike coloured pan and sticky
traps, they are expensive, especially if many traps
are desired for a project.

Other commonly used tools for monitoring
bees and wasps are Malaise traps (Matthews et al.
2000; Campbell and Hanula 2007, Fraser et al. 2008;
Frost et al. 2015) which are basically flight intercept
traps. Malaise traps are primarily used without
any attractant (e.g., color, scent, etc.) and generally
collect fewer bees and wasps compared with pan
traps (Campbell and Hanula 2007; Bartholomew
and Prowell 2005). Additionally, because Malaise
traps usually contain no attractant, they are
generally considered a more passive trap
compared to other passive trapping methods.
However, Malaise traps are indiscriminate and
higher bycatches can be expected Malaise traps are
also not known to collect large numbers of bees or
wasps (Campbell and Hanula 2007) and, thus,
having the traps active for long periods of time
may be necessary to assess hymenopteran
communities.

Artificial nest sites (also referred to as trap-
nests) are often used to monitor populations of
non-native and native wasps and bees (Krombein
1967; Tscharntke et al. 1998; Gamboa et al. 2002;
Miller et al. 2013; Graham et al. 2021). They work
by providing nesting sites for local bees and/or
wasps, sites that can be monitored visually or
using traps. Artificial nest sites can be constructed
from various materials depending on the objective
of the project. Commonly used materials include
cut reeds (e.g., bamboo), clay or ‘cob’” structures,
and wooden blocks with pre-drilled holes of
varying diameters (Graham et al. 2014; 2015).
Artificial nests can be constructed incorporating
transparent or translucent materials to allow the
researcher to view the developing bees or wasps
without opening the nest. For instance, using
tubing as ‘sleeves’ or ‘inserts’ in holes drilled into
wood allows the researcher to remove the tube and
view the bee or wasp nest developing within it. It
is important to recognize that bees or wasps may
show a preference for or avoidance of a particular
material; likewise, some materials may cause
unintended effects that could impact the bee or
wasp development success rate. Bees and wasps
have varying developmental times, and it is
possible to have multiple generations in a single
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season. Correspondingly, it is best to monitor these
on a weekly or biweekly basis in order to avoid
missing data points regarding when the nest was
created and when developing bees emerge.
However, some bees or wasps may overwinter or
go into a longer diapause than others depending
on species and climate. The nests containing them
may seem inactive or even the individuals dead.
Yet, given enough time and the right conditions,
individuals may still emerge from the nests.
Additionally, tunnel diameter can be a
determining factor for many wasps and artificial
nest sites could be designed to monitor certain
species and with proper guidance can be
monitored by citizen scientists (Graham et al. 2014;
Campbell et al. 2017b). An obvious bias with trap
nests is that they cannot be used to collect ground-
nesting bees or wasps and should be used in
concert with additional monitoring methods if a
complete  assessment  of  hymenopteran
communities is desired.

CITIZEN SCIENCE PROGRAMS

Citizen science and public surveys have also
been used as interesting monitoring approaches
and can result in the collection of a large amount
of useful data (Masciocchi & Corley 2012). Projects
involving volunteers who collect data are
becoming more common and allow researchers to
collect data over large areas and time (Cohn 2008).
Additionally, utilizing citizen scientists allows
researchers to reduce costs but also boosts
educational and recreational benefits for
volunteers (Bonney et al. 2009). Data generated by
volunteers have generated a wealth of knowledge
allowing researchers to construct species
distributions and seasonal cycles (Dickinson et al.
2012). Many of the monitoring methods discussed
earlier and in Table 1 can be utilized by volunteers
or citizen scientists to assist with survey efforts.

Monitoring programs that involve volunteers
have been used to track invasive bumble bee
(Bombus terrestris (L., 1758)) spread in Japan
(Kadoya et al. 2009), to assist with bee surveys
(Kremen et al. 2011), and to measure pollination
success by weighing fruit and counting seeds from
garden crops (Kleinke et al. 2018). Additionally,
conservation efforts can also be enhanced with the
use of volunteers. For example, Graham et al.
(2014) utilized hundreds of volunteers to construct
and monitor artificial nesting habitats (e.g., trap-
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nests) throughout Florida and beyond. This project
contributed over 10,000 potential nest sites for bees
and wasps, thus, illustrating the potential for
gaining conservation benefits with the use of
volunteers.

Despite these citizen science successes, there
are limitations. For example, in one monitoring
program, trained volunteers identified fewer than
half of the bees identified by professional
researchers, and thus, the utility of bee
observational data may be restricted to the
detection of community level changes rather than
abundance of specific bee species (Kremen et al.
2011). Roy et al. (2016) used 13,000 school children
(ages 7-11) to monitor diversity and abundance of
bumblebees and received over 26,000 bumblebee
sightings but also had a high rate of
misidentifications. However, correct insect
identifications can increase over time for
volunteers if citizen science projects interject
collaboration and communication with other
volunteers (Deguines et al. 2012, 2018). Thus,
citizen science projects can be useful when
examining community level patterns (Kremen et
al. 2011; Ratnieks et al. 2016). Despite any
drawbacks, volunteers involved with bee-related
citizen science projects have been greatly
motivated to assist simply to learn about bees
(Domroese & Johnson 2017; Mason and Arathi
2019). The accuracy and dependability of citizen
science data may be enhanced by training
volunteers more thoroughly and utilizing high
quality photographs or some other line of evidence
for observational records to be verified (Roy et al.
2016). Websites and online keys devoted to bee and
wasp species’ ranges and identifications such as
‘Discover
Life’(https://www.discoverlife.org/20/q?search=A
poidea) and ‘Canadian Journal of Arthropod
Identification”  (https://cjai.biologicalsurvey.ca/)

have utilized many photographs of bees, wasps,
and other insects - which are verified by
taxonomists and can readily be used by citizen
scientists. Although this type of citizen science is
not always an organized monitoring effort, these
data have elucidated many bee ranges and
distributions.
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CONCLUSION

Bees and wasps provide critical ecological
services ~ within  agriculture and  urban
environments and ecological functions in natural
ecosystems. Both bees and wasps contribute to the
pollination of the majority of flowering plants and
parasitoid/predatory wasps can help control
unwanted insect pests. Accurate and replicable
monitoring of these beneficial hymenopterans has
not been attempted in many areas around the
globe and for most bee and wasp species.
Nevertheless, monitoring efforts should be a
priority due to the potential of declining bee and
wasp abundances or ranges in many areas. Not
only can population trends over time be detected
with solid monitoring efforts, but the extent of
non-native bee and wasp dispersal and the
potential development of other managed
pollinators and biological control agents would be
enhanced with monitoring programs. Multiple
monitoring methods exist for bees and wasps and
can be tailored to the species of interest or the
overall goals or research questions of the project.
For example, sweep netting bees and wasps off
flowering plants and crops can give insight into
which insects provide pollination services whereas
utilizing passive trapping can allow relative
measures of abundance and richness among areas
over time. All monitoring methods have biases
(e.g., pan traps collect more smaller bees than large
bodied bees). Additionally, other certain collecting
or monitoring methods may be more appropriate
for certain habitats or questions that are being
asked. Thus, in many cases, utilizing multiple
monitoring/collecting methods will minimize
biases and allow for more accurate assessments of
hymenopteran statuses. Another criterion that
may dictate how hymenopterans are monitored is
whether researchers are asking questions that have
a regional or specifc scope rather than a broader
goal. For instance, if specific questions regarding
plant and hymenopteran interactions are of
interest, utilizing some sort of sweep netting or
direct observational method should be used rather
than a passive collecting method. In summary,
collecting and/or assessing hymenopterans can be
accomplished with a variety of means and with
some forethought, a researcher can design a
rigorous assessment of hymenopterans based on
the research questions.

ACKNOWLEDGEMENTS

The authors acknowledge funding provided by the
United States Department of Agriculture -National
Institute for Food and Agriculture Specialty Crop
Research Initiative (http://nifa.usda.gov), from project
2012-01534:  Developing  Sustainable Pollination
Strategies for U.S Specialty Crops and Syngenta as part
of the Operation Pollinator initiative. We thank Mary
Bammer and Steven Pelkey for assisting with literature
searches.

AUTHOR CONTRIBUTION

Concept and design JRG, JDE, & JWC, data collection
JRG, JWC, AT, & CSS, writing JRG & JWC, contributed
edits and approval for publication JDE, CSS, & AT.

DISCLOSURE STATEMENT

The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT

The data used to write portions of this article are
available as a supplement to this article, see below.

APPENDICES

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

Table S1. Literature compilation of wild bees that have been
shown to pollinate crops.

REFERENCES

Abbate A, Campbell JW (2013) Parasitic beechdrops
(Epifagus virginiana): A possible ant pollinated plant.
Southeastern Naturalist 12:661-665. https://doi.org
/10.1656/058.012.0318

Abbate AP, Campbell JW, Williams GR (2023) Artificial
pollination of kiwifruit (Actinidia chinensis Planch. var.
chinensis) (Ericales: Actinidiaceae) results in greater
fruit set compared to flowers pollinated by managed
bees (Apis mellifera L. (Hymenoptera: Apidae) and
Bombus impatiens Cresson (Hymenoptera: Apidae)).
Journal of Economic Entomology 114:1234-1241.
https://doi.org/10.1093/jee/toab075

Abe T, Wada K, Kato Y, Makino S, Okochi I (2011) Alien
pollinator promotes invasive mutualism in an insular
pollination system. Biological Invasions 13:957-967.
https://doi.org/10.1007/s10530-010-9882-9

Abell KJ, Bauer LS, Duan JJ, Van Driesche R (2014).
Long-term monitoring of the introduced emerald ash
borer (Coleoptera: Buprestidae) egg parasitoid, Oobius
agrili (Hymenoptera: Encyrtidae), in Michigan, USA
and evaluation of a newly developed monitoring



http://nifa.usda.gov/
https://doi.org/10.1093/jee/toab075
https://doi.org/10.1007/s10530-010-9882-9

158 Graham et al.

technique. Biological Control 79:36-42. https://doi.org/
10.1016/j.biocontrol.2014.08.002

Abrol DP (2012) Pollination biology: biodiversity
conservation and agricultural production. Springer
Dordrecht, New York.

Adler LS, Irwin RE (2005) Comparison of pollen transfer
dynamics by multiple floral visitors: experiments with
pollen and fluorescent dye. Annals of Botany 97:141-
150. https://doi.org/10.1093/aob/mcj012

Allen-Perkins A, Magrach A, Dainese M, Garibaldi LA,
Kleijn D, Rader R, Reilly JR, Winfree R, Lundin O,
McGrady CM, Brittain C, Biddinger DJ, Artz DR, Elle
E, Hoffman G, Ellis JD, Daniels J, Gibbs J, Campbell JW,
Brokaw J, Wilson JK, Mason K, Ward KL, et. al (2022)
CropPol: A dynamic, open and global database on crop

pollination. Ecology 103: e3614 https://doi.org/
10.1002/ecy.3614

Allen-Wardell G, Bernhardt P, Bitner R, Burquez A,
Buchmann SL, Cane JH, Cox PA, Dalton V, Feinsinger
P, Ingram M, Jones CE, Kennedy K, Kevan P,
Koopowitz H, Medellin R, Medellin-Morales S,
Nabhan GP, Pavlik B, Tepedino V, Torchio P, Walker S
(1998) The potential consequences of pollinator
declines on the conservation of biodiversity and
stability of food crop yields. Conservation Biology
12:8-17. https://doi.org/10.1046/j.1523-1739.1998.
97154 .x

Arbuckle T, Schroder S, Steinhage V, Wittmann D (2001).
Biodiversity informatics in action: identification and
monitoring of bee species using ABIS. In: Proc. 15th Int.
Symp. Informatics for Environmental Protection (Vol.
1, pp. 425-430). ETH Zurich.

Ayalew G, Hopkins R (2013) Selecting the right
parasitoid for the environment in classical biological
control programs: the case of Diadegma semiclausum
(Hymenoptera: Ichneumonidae) and Plutella xylostella
(Lepidoptera: Plutellidae) in the Kofele Highland of
Ethiopia. Biocontrol Science and Technology 23:1284—
1295. https://doi.org/10.1080/09583157.2013.827153

Banaszak ] (1995) Changes in fauna of wild bees in
Europe. Bydgoszcz: Pedagogical University.

Bartholomew CS, Prowell D (2005) Pan compared to
malaise trapping for bees (Hymenoptera: Apoidea) in
a longleaf pine savanna. Journal of the Kansas
Entomological Society 78: 390-392. https://doi.org
10.2317/0409.24.1

Bartomeus I, Ascher ]S, Gibbs ], Danforth BN, Wagner
DL, Hedtke SM, Winfree R (2013) Historical changes in
northeastern US bee pollinators related to shared
ecological traits. Proceedings of the National Academy
of Sciences of the United States of America 110: 4656-
4660. https://doi.org/10.1073/pnas.1218503110

Batra SWT (1978) Osmia cornifrons and Pithitis
smaragdula, two Asian bees introduced into the United
States for crop pollination. In Proceedings of the 6th

J Poll Ecol 33(9)

International Symposium on Pollination. Maryland
Agricultural Experiment Station Special Miscellaneous
Publication 1:307-312.

Batra SWT (1995) Bees and pollination in our changing
environment. Apidologie 26:361-370. https://doi.org/
10.1051/apido:19950501

Beggs JR, Brockerhoff EG, Corley JC, Kenis M,
Masciocchi M, Muller F, Rome Q, Villemant C (2011)
Ecological effects and management of invasive
Vespidae. Biocontrol 56:505-526. https://doi.or
10.1007/s10526-011-9389-z

Berenbaum M, Bernhardt P, Buchmann S, Calderone N,
Goldstein P, Inouye DW, Kevan P, Kremen C, Medellin
RA, Ricketts T, Robinson GE, Snow AA, Swinton SM,
Thein LB, Thomspson FC (2007) Status of pollinators in
North America, The National Academies Press,
Washington, DC.

Biella P, Tommasi N, Guzzetti L, Pioltelli E, Labra M,
Galimberti A (2022) City climate and landscape
structure shape pollinators, nectar and transported
pollen along a gradient of urbanization. Journal of
Applied Ecology 59:1586-1595. https://doi.org/10.1111
1365-2664.14168

Biesmeijer JC, Roberts SPM, Reemer M, Ohlemiiller R,
Edwards M, Peeters T, Schaffers AP, Potts SG,
Kleukers R, Thomas CD, Settele J, Kunin WE (2006)
Parallel Declines in Pollinators and Insect-Pollinated
Plants in Britain and the Netherlands. Science
313(5785):351-354.
https://doi.org/10.1126/science.1127863

Bockmann E, Hommes M, Meyhofer R (2015) Yellow
traps reloaded: what is the benefit for decision making
in practice? Journal of Pest Science 88:439-449.
https://doi.org/10.1007/s10340-014-0601-7

Bohart GE (1972). Management of wild bees for the
pollination of crops. Annual Review of Entomology
17:287-312.
010172.001443

Boncristiani H, Ellis JD, Bustamante T, Graham ], Jack C,
Kimmel CB, Mortensen A, Schmehl DR (2021) World
honey bee health: the global distribution of western
honey bee (Apis mellifera L.) pests and pathogens. Bee
World  98(1):22 - 6.  https://doi.org/10.1080
0005772X.2020.1800330

Bonney R, Cooper CB, Dickinson ], Kelling S, Phillips T,
Rosenberg KV, Shirk ] (2009) Citizen science: a
developing tool for expanding science knowledge and
scientific literacy. BioScience 59:977-984.
https://doi.org/10.1525/bi0.2009.59.11.9

Bosch J, Kemp WP (2002). Developing and establishing
bee species as crop pollinators: the example of Osmia

spp.- (Hymenoptera: Megachilidae) and fruit trees.
Bulletin of Entomological Research 92(1):3-16.

https://doi.org/10.1146/annurev.en.17.



https://doi.org/%0b10.1016/j.biocontrol.2014.08.002
https://doi.org/%0b10.1016/j.biocontrol.2014.08.002
https://doi.org/10.1093/aob/mcj012
https://doi.org/%0b10.1002/ecy.3614
https://doi.org/%0b10.1002/ecy.3614
https://doi.org/10.1046/j.1523-1739.1998.97154.x
https://doi.org/10.1046/j.1523-1739.1998.97154.x
https://doi.org/10.1080/09583157.2013.827153
https://doi.org/10.2317/0409.24.1
https://doi.org/10.2317/0409.24.1
https://doi.org/10.1073/pnas.1218503110
https://doi.org/10.1051/apido:19950501
https://doi.org/10.1051/apido:19950501
https://doi.org/10.1007/s10526-011-9389-z
https://doi.org/10.1007/s10526-011-9389-z
https://doi.org/10.1111/1365-2664.14168
https://doi.org/10.1111/1365-2664.14168
https://doi.org/10.1126/science.1127863
https://doi.org/10.1007/s10340-014-0601-7
https://doi.org/10.1146/annurev.en.17.010172.001443
https://doi.org/10.1146/annurev.en.17.010172.001443
https://doi.org/10.1080/0005772X.2020.1800330
https://doi.org/10.1080/0005772X.2020.1800330
https://doi.org/10.1525/bio.2009.59.11.9

May 2023 Observing bees and wasps 159

Boyle NK, Artz DR, Lundin O, Ward K, Picklum D,
Wardell GI, Williams NM, Pitts-Singer TL (2020)
Wildflower plantings promote blue orchard bee, Osmia
lignaria (Hymenoptera: Megachilidae), reproduction in
California almond orchards. Ecology and Evolution
10:3189-3199. https://doi.org/10.1002/ece3.5952

Breed MD, Mcglynn TP, Sanctuary MD, Stocker EM,
Cruz R (1999). Distribution and abundance of colonies
of selected meliponine species in a Costa Rican tropical
wet forest. Journal of Tropical Ecology 15:765-777.
https://doi.org/10.1017/50266467499001169

Brock RE, Cini A, Sumner S (2021) Ecosystem services
provided by aculeate wasps. Biological Reviews
96:1645-1675. https://doi.org/10.1111/brv.12719

Brockerhoff EG, Barratt BIP, Beggs JR, Fagan LL, Kay
MK, Phillips CB, Vink CJ (2010) Impacts of exotic
invertebrates on New Zealand’s indigenous species
and ecosystems. New Zealand Journal of Ecology
34:158-174.

Brosi BJ, Daily GC, Shih TM, Oviedo F, Duran G (2008)
The effects of forest fragmentation on bee communities
in tropical countryside. Journal of Applied Ecology
45:773-783. https://doi.org/10.1111/j.1365-
2664.2007.01412.x

Brown RL, El-Sayed AM, Unelius CR, Suckling DM
(2014) Attraction of the invasive social wasp, Vespula
vulgaris, by volatiles from fermented brown sugar.
Entomologia Experimentalis et Applicata 151:182-190.
https://doi.org/10.1111/eea.12183

Brown MJF, Paxton R] (2009) The conservation of bees: a
global perspective. Apidologie 40:410-416.
https://doi.org/10.1051/apido/2009019

Bruck DJ, Lewis LC (1998) Influence of adjacent
cornfield habitat, trap location and trap height on
capture numbers of predators and a parasitoid of the
European corn borer (Lepidoptera: Pyralidae) in
central Iowa. Environmental Entomology 27:1557-
1562. https://doi.org/10.1093/ee/27.6.1557

Buchmann SL, Nabhan GP (1996) The forgotten
pollinators, Island Press, Washington, D.C.

Buckley GA, Davies LG, Spindley DT (1978). A bee
counter for monitoring bee activity and bee behaviour.
British Journal of Pharmacology 64(3): 475.Burgio G,
Sommaggio D (2007) Syrphids as landscape
bioindicators in Italian agroecosystems. Agriculture,
Ecosystems & Environment 120:416-422.
https://doi.org/10.1016/j.agee.2006.10.021

Burne AR, Haywood ], Lester, PJ] (2015) Density-

dependent effects of an invasive wasp on the
morphology of an endemic New Zealand ant.
Biological Invasions 17:327-335 https://doi.org/
10.1007/s10530-014-0731-0

Byrne A, Fitzpatrick U. (2009) Bee conservation policy at
the global, regional and national levels. Apidologie
40:194-210. https://doi.org/10.1051/apido/2009017

Cameron SA, Lozier JD, Strange JP, Koch JB, Cordes N,
Solter LF, Griswold TL (2011) Patterns of widespread
decline in North American bumble bees. Proceedings
of the National Academy of Sciences 108:662—667.
https://doi.org/10.1073/pnas.1014743108

Campbell JM, Dahn DC, Ryan DA (2005). Capacitance-
based sensor for monitoring bees passing through a
tunnel. Measurement Science and Technology 16:2503-
2510. https://doi.org/10.1088/0957-0233/16/12/015

Campbell JW, Abbate A, West NM, Straub L, Williams
GR (2023) Comparing three collection methods for
pollinating insects within electric transmission rights-

of-ways.  Journal of Insect  Conservation,
https://doi.org/10.1007/s10841-023-00460-4

Campbell JW, Kimmel CB, Bammer M, Stanley-Stahr C,
Daniels JC, Ellis JD (2018a). Managed and wild bee
flower visitors and their potential contribution to
pollination services of low-chill highbush blueberry
(Vaccinium corymbosum L.; Ericales: Ericaceae). Journal
of Economic Entomology 111:2011-2016.
https://doi.org/10.1093/jee/toyv215

Campbell JW, Viguiera C, Viguiera P, Hartgerink JE,
Greenberg CH (2018b) The effects of repeated
prescribed fire and thinning on bees, wasps, and other
flower visitors in the understory and midstory of a
temperate forest in North Carolina. Forest Science, 64:
299-306. https://doi.org/10.1093/forsci/fxx008

Campbell JW, O’Brien ], Irvin JH, Kimmel CB, Daniels
JC, Ellis JD (2017a) Managed bumble bees (Bombus
impatiens) (Hymenoptera: Apidae) caged with
blueberry bushes at high density did not increase fruit
set or fruit weight compared to open pollination.
Environmental Entomology 46:237-242.
https://doi.org/10.1093/ee/nvx044

Campbell JW, Smithers C, Daniels, JC, Ellis JD (2017b)
Trap nesting wasps and bees in agriculture: a
comparison of sown wildflower and fallow plots in
Florida. Insects 8(4):107; https://doi.org/10.3390
insects8040107.

Campbell JW, Campbell BE, Kimmel CB, Galvan P
(2016a). Observations of Insect Visitors to Price’s
Potato Bean (Apios priceana (Fabaceae)) in North
Alabama, USA. Plant Ecology and Evolution 149:316-
318. https://doi.org/10.5091 /plecevo.2016.1232

Campbell JW, Miller DA, Martin JA (2016b) Switchgrass
(Panicum virgatum) intercropping within managed
loblolly pine (Pinus taeda) does not affect wild bee

communities. Insects 7(4):62; https://doi.org/10.3390
insects7040062

Campbell JW, Hanula JL, Waldrop TA (2007) Effects of
prescribed fire and fire surrogates on floral visiting
insects of the Blue Ridge province of North Carolina.



https://doi.org/10.1002/ece3.5952
https://doi.org/10.1017/S0266467499001169
https://doi.org/10.1111/brv.12719
https://doi.org/10.1111/j.1365-2664.2007.01412.x
https://doi.org/10.1111/j.1365-2664.2007.01412.x
https://doi.org/10.1111/eea.12183
https://doi.org/10.1051/apido/2009019
https://doi.org/10.1093/ee/27.6.1557
https://doi.org/10.1016/j.agee.2006.10.021
https://doi.org/%0b10.1007/s10530-014-0731-0
https://doi.org/%0b10.1007/s10530-014-0731-0
https://doi.org/10.1051/apido/2009017
https://doi.org/10.1073/pnas.1014743108
https://doi.org/10.1088/0957-0233/16/12/015
https://doi.org/10.1007/s10841-023-00460-4
https://doi.org/10.1093/jee/toy215
https://doi.org/10.1093/forsci/fxx008
https://doi.org/10.1093/ee/nvx044
https://doi.org/10.3390/insects8040107
https://doi.org/10.3390/insects8040107
https://doi.org/10.5091/plecevo.2016.1232
https://doi.org/10.3390/%0binsects7040062
https://doi.org/10.3390/%0binsects7040062

160 Graham et al.

Biological Conservation 134:393-404. https://doi.org/
10.1016/j.biocon.2006.08.029

Campbell JW, Starring AM, Smith GL (2014) Flower
vistors of Hymenocallis coronaria (Rocky Shoals spider-
lily) of Landsford Canal state park-South Carolina.
Natural Areas Journal, 34:332-337. https://doi.or
10.3375/043.034.0316

Campbell JW, Hanula JL (2007) Efficiency of malaise and
colored pan traps for collecting flower visiting insects
from forested ecosystems. Journal of Insect
Conservation  11:399-408.  https://doi.org/10.1007
510841-006-9055-4

Campbell JW, Morphew AR (2022) Pollination biology
and insect visitation of pasqueflower (Ranunculaceae:
Pulsatilla patens spp. multifida) in the Little Missouri
National Grasslands of North Dakota. Prairie
Naturalist Special 1:1-10.

Cane JH (1997) Ground-nesting bees: the neglected

pollinator resource for agriculture. In: Richards, K W
(Ed.) Pollination: from theory to practice. Acta
Horticulture 437:309-324. https://doi.org/10.17660
ActaHortic.1997.437.38

Cane JH (2003) Exotic nonsocial bees (Hymenoptera:
Apiformes) in North America: ecological implications.
In: Strickler, K V; Cane, ] H (ed.). For nonnative crops,
whence pollinators of the future? Thomas Say
Publications in Entomology: Proceedings of the
Entomological Society of America, Lanham, MD.

Cane JH (2005) Pollination potential of the bee Osmia
aglaia for cultivated red raspberries and blackberries
(Rubus:  Rosaceae). HortScience  40:1705-1708.
https://doi.org/10.21273/HORTSCI.40.6.1705

Cane JH (2008) A native ground-nesting bee (Nomia
melanderi) sustainably managed to pollinate alfalfa
across an intensively agricultural landscape.
Apidologie = 39(3):315-323.  https://doi.org/10.1051
apido:2008013

Cane JH, Minckley RL, Kervin L] (2000). Sampling bees
(Hymenoptera: Apiformes) for pollinator community

studies: pitfalls of pan-trapping. Journal of the Kansas
Entomological Society 73:225-231.

Cardoso P, Erwin TL, Borges PA, New TR (2011) The
seven impediments in invertebrate conservation and
how to overcome them. Biological Conservation
144:2647-2655.
https://doi.org/10.1016/j.biocon.2011.07.024

Caron DM, Morse RA (1972). Attraction of Japanese
beetle traps to honey bees, bumble bees, and other
Apoidea. Environmental Entomology 1:272-274.
https://doi.org/10.1093/ee/1.3.272

Celli G, Maccagnani B (2003) Honey bees as

bioindicators of environmental pollution. Bulletin of
Insectology 56:137-139.

J Poll Ecol 33(9)

Chapman RE, Bourke AFG (2001) The influence of
sociality on the conservation biology of social insects.
Ecology Letters 4:650-662. https://doi.org/10.1046
j.1461-0248.2001.00253.x

Choi MB, Martin SJ, Lee JW (2012) Distribution, spread,
and impact of the invasive hornet Vespa velutina in
South Korea. Journal of Asia-Pacific Entomology
15:473-477. https://doi.org/10.1016/j.aspen.2011.11.004

Cohn JP (2008) Citizen science: Can volunteers do real
research? AIBS Bulletin. 58:192-197. https://doi.org/
10.1641/B580303

Colla SR, Ascher JS, Arduser M, Cane ], Deyrup M,
Droege S, Gibbs J, Griswold T, Hall HG, Henne C, Neff
J, Jean RP, Rightmyer MG, Sheffield C, Veit M, Wolf A
(2012) Documenting persistence of most eastern North
American bee species (Hymenoptera: Apoidea:
Anthophila) to 1990-2009. Journal of the Kansas
Entomological Society 85:14-22.  https://doi.org
10.2317/]KES110726.1

Couto A, Monceau K, Bonnard O, Thiéry D, Sandoz JC
(2014) Olfactory attraction of the hornet Vespa velutina
to honeybee colony odors and pheromones. PLoS One
9:€115943. https://doi.org/10.1371/journal.pone.
0115943

Crane E (1990) Bees and Beekeeping: science, practice
and world resources. Cornell University Press, Ithaca,
New York.

Day MC (1991) Towards the conservation of aculeate
Hymenoptera in Europe. Strasbourg: Council of
Europe Press; Nature and Environment Series 51:77

Da-Yong ], Long-Shi L (2007) The activity of wild and
orchard Osmia cornifrons. Chinese Bulletin of
Entomology 44:275-276.

Deguines N, de Flores M, Lois G, Julliard R, Fontaine C
(2018) Fostering close encounters of the entomological
kind. Frontiers in Ecology and the Environment
16:202-203. .https://doi.org/10.1002/fee. 1795

Deguines N, Julliard R, de Flores M, Fontaine C (2012)
The Whereabouts of Flower Visitors: Contrasting
Land-Use Preferences Revealed by a Country-Wide
Survey Based on Citizen Science. PLoS One 7:e45822
https://doi.org/10.1371/journal.pone.0045822

Dias VS, Stuhl C, Sivinski J (2014) Effects of a fruit and a
host-derived compound on orientation and oviposition
in Utetes anastrephae, a little studied Opiine braconid
(Hymenoptera) parasitoid of Anastrepha spp. fruit flies

(Diptera: Tephritidae). Biocontrol Science and
Technology  24:1412-1424.  https://doi.org/10.1080/
09583157.2014.943655

De Bach P, Rosen, D (1991) Biological control by natural
enemies. Cambridge University Press Archive,
Cambridge, UK.

De Souza L, Campos MJDO (2008). Composition and
diversity of bees (Hymenoptera) attracted by Moericke



https://doi.org/%0b10.1016/j.biocon.2006.08.029
https://doi.org/%0b10.1016/j.biocon.2006.08.029
https://doi.org/10.3375/043.034.0316
https://doi.org/10.3375/043.034.0316
https://doi.org/10.1007/s10841-006-9055-4
https://doi.org/10.1007/s10841-006-9055-4
https://doi.org/10.17660/ActaHortic.1997.437.38
https://doi.org/10.17660/ActaHortic.1997.437.38
https://doi.org/10.21273/HORTSCI.40.6.1705
https://doi.org/10.1051/apido:2008013
https://doi.org/10.1051/apido:2008013
https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1093/ee/1.3.272
https://doi.org/10.1046/j.1461-0248.2001.00253.x
https://doi.org/10.1046/j.1461-0248.2001.00253.x
https://doi.org/10.1016/j.aspen.2011.11.004
https://doi.org/%0b10.1641/B580303
https://doi.org/%0b10.1641/B580303
https://doi.org/10.2317/JKES110726.1
https://doi.org/10.2317/JKES110726.1
https://doi.org/10.1371/journal.pone.0115943
https://doi.org/10.1371/journal.pone.0115943
https://doi.org/10.1002/fee.1795
https://doi.org/10.1371/journal.pone.0045822
https://doi.org/10.1080/09583157.2014.943655
https://doi.org/10.1080/09583157.2014.943655

May 2023 Observing bees and wasps 161

traps in an agricultural area in Rio Claro, state of Sao
Paulo, Brasil. Theringia. Série Zoologia 98:236-243.
https://doi.org/10.1590/S0073-47212008000200012

De Souza MM, Louzada ], Eduardo Serrao J, Cola
Zanuncio ] (2010) Social wasps (Hymenoptera:

Vespidae) as indicators of conservation degree of
riparian forests in Southeast Brazil. Sociobiology
56:387-396.

Delaplane KS, Mayer DF (2000) Crop pollination by
bees. University Press, Cambridge, UK.
https://doi.org/10.1079/9780851994482.0000

Dickinson Jl, Shirk J, Bonter D, Bonney R, Crain RI,
Martin J, Phillips T, Purcell K. (2012) The current state
of citizen science as a tool for ecological research and

public engagement. Frontiers in Ecology and the
Environment. 10:291-297.  https://doi.org/10.1890
110236

Dohzono I, Kunitake YK, Yokoyama J, Goka K (2008)
Alien bumble bee affects native plant reproduction
through interactions with native bumble bees. Ecology
89:3082-3092. https://doi.org/10.1890/07-1491.1

Domroese MC, Johnson EA (2017) Why watch bees?
Motivations of citizen science volunteers in the Great

Pollinator Project. Biological Conservation 208:40-47.

Downing H (2012) Nest parameters of Polistes and
Mischocyttarus  species (Hymenoptera: Vespidae)
before and after detection of the invasive wasp, Polistes
dominula in western South Dakota and Wyoming.
Journal of the Kansas Entomological Society 85:23-31.
https://doi.org/10.2317/JKES111011.1

Droege S (2015) The very handy manual: how to catch
and identify bees and manage a collection.

https://www.pwrc.usgs.gov

Drummond FA, Stubbs CS (1996). Sampling bee
populations in lowbush blueberry in Maine. In VI
International Symposium on Vaccinium Culture
446:101-108.
https://doi.org/10.17660/ActaHortic.1997.446.14

Eardley CD, Gikungu M, Schwarz MP (2009) Bee
conservation in sub-Saharan Africa and Madagascar:
diversity, status and threats. Apidologie 40:355-366
https://doi.org/10.1051/apido/2009016

Eimanifar A, Brooks SA, Bustamante T, Ellis JD (2018).
Population genomics and morphometric assignment of
western honey bees (Apis mellifera L.) in the Republic of
South Africa. BMC genomics 19(1):615.
https://doi.org/10.1186/s12864-018-4998-x

Ellis JS, Knight ME, Darvill B, Goulson D (2006)
Extremely low effective population sizes, genetic
structuring and reduced genetic diversity in a

threatened bumblebee species, Bombus sylvarum
(Hymenoptera: Apidae). Molecular Ecology 15:4375-
4386. https://doi.org/10.1111/1.1365-294X.2006.03121.x

Erwin TL (1989). Canopy arthropod biodiversity: a
chronology of sampling techniques and results. Revista
Peruana de Entomologia 32:71-77.

Evans, HE; Eberhard, M W (1970) The wasps. University
of Michigan Press, Ann Arbor, MI

Fitzpatrick U, Murray TE, Paxton R], Breen ], Cotton D,
Santorum V, Brown MJF (2007) Rarity and decline in
bumblebees — a test of causes and correlates in the Irish
fauna.  Biological =~ Conservation  136:185-194.
https://doi.org/10.1016/j.biocon.2006.11.012

Frankie GW, Vinson SB, Thorp RW, Rizzardi MA,
Tomkins M, Newstrom-Lloyd LE (2002) Monitoring:
an essential tool in bee ecology and conservation.
Pollinating bees-the conservation link between

agriculture and nature. Ministry of Environment.
Brasilia 187-198.

Frank JH, McCoy ED (2007) The risk of classical
biological control in Florida. Biological Control
41(2):151-174. DOI: 10.1016/j.biocontrol.2007.01.006.
https://doi.org/10.1016/j.biocontrol.2007.01.006

Fraser SE, Dytham C, Mayhew PJ (2008) The
effectiveness and optimal use of Malaise traps for
monitoring parasitoid wasps. Insect Conservation and
Diversity = 1(1):22-31.  https://doi.org/10.1111/.1752-
4598.2007.00003.x

Frost CM, Didham RK, Rand TA, Peralta G, Tylianakis
JM (2015) Community-level net spillover of natural
enemies from managed to natural forest. Ecology
96:193-202 https://doi.org/10.1890/14-0696.1

Gaglianone MC (2000). Behavior on flowers, structures
associated to pollen transport and nesting biology of
Perditomorpha  brunerii and Cephalurqus anomalus
(Hymenoptera: Colletidae, Andrenidae). Revista de
Biologia Tropical 48:89-99.

Gamboa GJ, Greig EI, Thom MC (2002) The comparative
biology of two sympatric paper wasps, the native
Polistes fuscatus and the invasive Polistes dominulus
(Hymenoptera, Vespidae). Insectes Sociaux 49:45-49.
https://doi.org/10.1007/s00040-002-8278-y

Gardner-Gee R, Beggs JR (2013) Invasive wasps, not
birds, dominate in a temperate honeydew system.
Austral Ecology 38:346-354. https://doi.org/10.1111
].1442-9993.2012.02412.x

Gathmann A, Tscharntke T (2002) Foraging ranges of
solitary bees. Journal of Animal Ecology 71:757-764.
https://doi.org/10.1046/j.1365-2656.2002.00641.x

Gauld L Bolton, B (1988). The hymenoptera. Oxford
University Press, New York, NY.

Gayubo SF, Gonzélez JA, Asis JD, Tormos ] (2005)
Conservation of European environments: the
Spheciformes wasps as biodiversity indicators
(Hymenoptera: Apoidea: Ampulicidae, Sphecidae and
Crabronidae). Journal of Natural History 39:2705-2714.
https://doi.org/10.1080/00222930500114095



https://doi.org/10.1590/S0073-47212008000200012
https://doi.org/10.1079/9780851994482.0000
https://doi.org/10.1890/110236
https://doi.org/10.1890/110236
https://doi.org/10.1890/07-1491.1
https://doi.org/10.2317/JKES111011.1
https://www.pwrc.usgs.gov/
https://doi.org/10.17660/ActaHortic.1997.446.14
https://doi.org/10.1051/apido/2009016
https://doi.org/10.1186/s12864-018-4998-x
https://doi.org/10.1111/j.1365-294X.2006.03121.x
https://doi.org/10.1016/j.biocon.2006.11.012
https://doi.org/10.1016/j.biocontrol.2007.01.006
https://doi.org/10.1111/j.1752-4598.2007.00003.x
https://doi.org/10.1111/j.1752-4598.2007.00003.x
https://doi.org/10.1890/14-0696.1
https://doi.org/10.1007/s00040-002-8278-y
https://doi.org/10.1111/j.1442-9993.2012.02412.x
https://doi.org/10.1111/j.1442-9993.2012.02412.x
https://doi.org/10.1046/j.1365-2656.2002.00641.x
https://doi.org/10.1080/00222930500114095

162 Graham et al.

Geroff RK, Gibbs J, Mccravy KW (2014) Assessing bee

(Hymenoptera: Apoidea) diversity of an Illinois
restored tallgrass prairie: methodology and
conservation considerations. Journal of Insect
Conservation  18:951-964. https://doi.org/10.1007
s10841-014-9703-z

Geslin B, Gauzens B, Baude M, Dajoz I, Fontaine C,
Henry M, Ropars L, Rollin O, Thébault E, Vereecken NJ
(2017) Massively Introduced Managed Species and
Their Consequences for Plant-Pollinator Interactions.
Advances in Ecological Research 57:147-199.
https://doi.org/10.1016/bs.aecr.2016.10.007

Gill, KA, O'neal ME (2015) Survey of soybean insect
pollinators: community identification and sampling
method analysis. Environmental Entomology 44:488-
498. https://doi.org/10.1093/ee/nvv001

Goka K (2010) Introduction to the Special Feature for
Ecological Risk Assessment of Introduced Bumblebees:
Status of the European bumblebee, Bombus terrestris, in
Japan as a beneficial pollinator and an invasive alien
species. Applied Entomology and Zoology 45:1-6.
https://doi.org/10.1303/aez.2010.1

Goldsmith FB (2012) Monitoring for conservation and
ecology (Vol. 3). Springer Science & Business Media.

Gould WP, Jeanne RL (1984) Polistes Wasps
(Hymenoptera: Vespidae) as Control Agents for
Lepidopterous =~ Cabbage  Pests.  Journal  of
Environmental Entomology 13:150-156.
https://doi.org/10.1093/ee/13.1.150

Goulson D (2003) Effects of introduced bees on native
ecosystems. Annual Review of Ecology, Evolution, and
Systematics 34:1-26. https://doi.org/10.1146/annurev.
ecolsys.34.011802.132355

Goulson D (2010) Impacts of non-native bumblebees in
Western Europe and North America. Applied
Entomology and Zoology 45:7-12. https://doi.org/
10.1303/aez.2010.7

Graham JR, Campbell JW, Plentovich S, King CB (2021)
Nest architecture of an endangered Hawaiian yellow-
faced bee, Hylaeus anthracinus (Hymenoptera:
Colletidae) and potential nest-site competition from
three introduced solitary bees. Pacific Science 75:361-
370. https://doi.org/10.2984/75.3.5

Graham JR, Willcox E, Ellis JD (2015) The potential
management of a ground-nesting, solitary bee:
Anthophora abrupta (Hymenoptera: Apidae). Florida
Entomologist ~ 98:528-535.  https://doi.org/10.1653
024.098.0220

Graham JR, Tan Q, Jones LC, Ellis JD (2014) Native Buzz:
Citizen scientists creating nesting habitat for solitary
bees and wasps. Florida Scientist 1:204-218.

Greenleaf SS, Williams NM, Winfree R, Kremen C 2007.
Bee foraging ranges and their relationship to body size.

J Poll Ecol 33(9)

Oecologia 153:589-596. https://doi.org/10.1007/s00442-
007-0752-9

Gross CL (2001) The effect of introduced honeybees on

native bee visitation and fruit-set in Dillwynia
juniperina (Fabaceae) in a fragmented ecosystem.
Biological Conservation 102:89-95. https://doi.or
10.1016/50006-3207(01)00088-X

Hagen M, Wikelski M, Kissling WD (2011). Space use of
bumblebees (Bombus spp.) revealed by radio-tracking.
PloS one 6(5): €19997. https://doi.org/10.1371
journal.pone.0019997

Hajek AE, Eilenberg ] (2018). Natural enemies: an

introduction to biological control. Cambridge
https://doi.org/10.1017

University Press.
9781107280267

Hall C (2011). Automated approach to bee identification
from wing venation (Doctoral dissertation, Ph. D.
thesis, University of Wisconsin).

Hanula JL, Horn S (2011) Removing an invasive shrub
(Chinese privet) increases native bee diversity and
abundance in riparian forests of the southeastern
United States. Insect Conservation and Diversity 4:275-
283. https://doi.org/10.1111/j.1752-4598.2011.00131.x

Hermansen TD, Britton DR, Ayre DJ, Minchinton TE
(2014) Identifying the real pollinators? Exotic
honeybees are the dominant flower visitors and only
effective pollinators of Avicennia marina in Australian
temperate mangroves. Estuaries and Coasts 37:621—
635. https://doi.org/10.1007/s12237-013-9711-3

Huber JT (2009) Biodiversity of Hymenoptera. In: Foottit
RG, Adler P. Insect Biodiversity: Science and Society.
1st edition ed. Oxford, UK: Wiley-Blackwell.

Human H, Brodschneider R, Dietemann V, Dively G,
Ellis JD, Forsgren E, Jensen AB (2013). Miscellaneous
standard methods for Apis mellifera research. Journal of
Apicultural Research 52:1-53. https://doi.org/10.3896
IBRA.1.52.4.10

Inoue MN, Yokoyama J (2010) Competition for flower
resources and nest sites between Bombus terrestris (L.)
and Japanese native bumblebees. Applied Entomology
and Zoology 45:29-35.  htips://doi.org/10.1303
aez.2010.29

Inoue MN, Yokoyama J, Washitani I (2008)
Displacement of Japanese native bumblebees by the
recently  introduced  Bombus  terrestris  (L.)
(Hymenoptera:  Apidae), Journal of Insect
Conservation  12:135-146.  https://doi.org/10.1007,
s10841-007-9071-z

Ishii HS, Kadoya T, Kikuchi R, Suda S, Washitani I (2008)
Habitat and flower resource partitioning by an exotic

and three native bumble bees in central Hokkaido,
Japan. Biological Conservation  141:2597-2607.
https://doi.org/10.1016/j.biocon.2008.07.029



https://doi.org/10.1007/%0bs10841-014-9703-z
https://doi.org/10.1007/%0bs10841-014-9703-z
https://doi.org/10.1016/bs.aecr.2016.10.007
https://doi.org/10.1016/bs.aecr.2016.10.007
https://doi.org/10.1093/ee/nvv001
https://doi.org/10.1303/aez.2010.1
https://doi.org/10.1093/ee/13.1.150
https://doi.org/10.1146/annurev.ecolsys.34.011802.132355
https://doi.org/10.1146/annurev.ecolsys.34.011802.132355
https://doi.org/10.1303/aez.2010.7
https://doi.org/10.1303/aez.2010.7
https://doi.org/10.2984/75.3.5
https://doi.org/10.1653/024.098.0220
https://doi.org/10.1653/024.098.0220
https://doi.org/10.1007/s00442-007-0752-9
https://doi.org/10.1007/s00442-007-0752-9
https://doi.org/10.1016/S0006-3207(01)00088-X
https://doi.org/10.1016/S0006-3207(01)00088-X
https://doi.org/10.1371/journal.pone.0019997
https://doi.org/10.1371/journal.pone.0019997
https://doi.org/10.1017/9781107280267
https://doi.org/10.1017/9781107280267
https://doi.org/10.1111/j.1752-4598.2011.00131.x
https://doi.org/10.1007/s12237-013-9711-3
https://doi.org/10.3896/IBRA.1.52.4.10
https://doi.org/10.3896/IBRA.1.52.4.10
https://doi.org/10.1303/aez.2010.29
https://doi.org/10.1303/aez.2010.29
https://doi.org/10.1007/s10841-007-9071-z
https://doi.org/10.1007/s10841-007-9071-z
https://doi.org/10.1016/j.biocon.2008.07.029

May 2023 Observing bees and wasps 163

Jennings DE, Duan J], Larson KM, Lelito JP, Shrewsbury
PM (2014) Evaluating a new method for monitoring the
field establishment and parasitism of Oobius agrili
(Hymenoptera: Encyrtidae), an egg parasitoid of
emerald ash borer (Coleoptera: Buprestidae). Florida
Entomologist 97:1263-1265. https://doi.org/10.1653
024.097.0339

Jewett DK, Carpenter JE (2001) Seasonal abundance of
pupal parasitoid, Diapetimorpha introita (Hymenoptera:
Ichneumonidae). Florida Entomologist 84:50-54.
https://doi.org/10.2307/3496662

Johansson TS (1959). Tracking honey bees in cotton
fields with fluorescent pigments. Journal of Economic
Entomology 52: 572-577. https://doi.org/10.1093
jee/52.4.572

Kadoya T, Ishii HS, Kikuchi R, Suda SI, Washitan I (2009)
Using monitoring data gathered by volunteers to
predict the potential distribution of the invasive alien
bumblebee Bombus terrestris. Biological Conservation
142:1011-1017.
https://doi.org/10.1016/j.biocon.2009.01.012

Kato M, Kawakita A (2004) Plant—pollinator interactions
in New Caledonia influenced by introduced honey
bees. American Journal of Botany 91:1814-1827.
https://doi.org/10.3732/ajb.91.11.1814

Kearns CA, Inouye DW, Waser NM (1998) Endangered
mutualisms: the conservation of plant-pollinator

interactions. Annual Review of Ecology and
Systematics 29:83-112. https://doi.org/10.1146
annurev.ecolsys.29.1.83

Kelber A, Warrant EJ, Pfaff M, Wallén R, Theobald JC,
Wrcislo WT, Raguso RA (2006). Light intensity limits
foraging activity in nocturnal and crepuscular bees.
Behavioral Ecology 17: 63-72. https://doi.org/10.1093
beheco/arj001

Kenis M, Hurley BP, Hajek AE, Cock MJW (2017)
Classical biological control of insect pests of trees: facts
and figures. Biological Invasions 19:3401-3417.
https://doi.org/10.1007/s10530-017-1414-4

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. https://doi.org/10.1673/031.012.10801

Kleijn D, Winfree R, Bartomeus I, Carvalheiro LG, Henry
M, Isaacs R, Klein AM, Kremen C, M'gonigle LK, Rader
R, Ricketts TH (2015). Delivery of crop pollination
services is an insufficient argument for wild pollinator
conservation. Nature Communications 6:7414.

Kleijn D, Rundloéf M, Scheper J, Smith HG, Tscharntke T
(2011). Does conservation on farmland contribute to
halting the biodiversity decline? Trends in ecology &
evolution 26:474-481.

j.tree.2011.05.009

https://doi.org/10.1016

Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter 1,
Cunningham SA, Kremen C, Tscharntke IS. (2007)
Importance of pollinators in changing landscapes for
world crops. Proceedings of the Royal Society B:
Biological Sciences 274: 303-313. https://doi.org/
10.1098/rspb.2006.3721

Kleinke B, Prajzner S, Gordon C, Hoekstra N, Kautz A,
Gardiner M (2018). Identifying Barriers to Citizen
Scientist Retention When Measuring Pollination
Services. Citizen Science: Theory and Practice 3(1):2.
https://doi.org/10.5334/cstp.99

Koh1, Lonsdorf E, Williams N, Brittain C, Isaacs R, Gibbs
J, Ricketts T (2016) Modeling the status, trends, and
impacts of wild bee abundance in the United States.
Proceedings of the National Academy of Sciences USA
113:140-145. https://doi.org/10.1073/pnas. 1517685113

Kremen C, Ullman KS, Thorp RW (2011) Evaluating the
quality of citizen-scientist data on pollinator

communities. Conservation Biology 25:607-617.
https://doi.org/10.1111/1.1523-1739.2011.01657.x

Krombein KV (1967) Trap-nesting Wasps and Bees: Life
Histories, Nests, and Associates. Washington,
Smithsonian. https://doi.org/10.5962/bhl.title.46295

Kruess A, Tscharntke T (2002) Grazing intensity and the
diversity of grasshoppers, butterflies, and trap-nesting
bees and wasps. Conservation Biology 16:1570-1580.
https://doi.org/10.1046/7.1523-1739.2002.01334.x

Landolt PJ, Smithhisler CS, Reed HC, Mcdonough LM
(2000). Trapping social wasps (Hymenoptera:
Vespidae) with acetic acid and saturated short chain
alcohols. Journal of Economic Entomology 93:1613-
1618. https://doi.org/10.1603/0022-0493-93.6.1613

Laport RG, Minckley RL (2012) Occupation of Active
Xylocopa wvirginica Nests by the Recently Invasive
Megachile sculpturalis in Upstate New York. Journal of
the Kansas Entomological Society 85:384-386.
https://doi.org/10.2317/0022-8567-85.4.384

Larsen NJ, Minor MA, Cruickshank RH, Robertson AW
(2014).  Optimising  methods  for  collecting
Hymenoptera, including parasitoids and Halictidae
bees, in New Zealand apple orchards. Journal of Asia-
Pacific Entomology 17:375-381.  https://doi.org
10.1016/j.aspen.2014.03.004

La Salle ], Gauld ID (1992) Parasitic Hymenoptera and
biodiversity crisis. Redia-Giornale Di Zoologia 74:315-
334.

La Salle J, Gauld ID (1993) Hymenoptera: their diversity,
and their impact on the diversity of other organisms. In
La Salle, J; Gauld, I D (ed.), Hymenoptera and
Biodiversity. CAB International, Wallingford, UK.

Laycock I, Lenthall KM, Barratt AT, Cresswell JE (2012)
Effects of imidacloprid, a neonicotinoid pesticide, on

reproduction in worker bumble bees (Bombus


https://doi.org/10.1653/024.097.0339
https://doi.org/10.1653/024.097.0339
https://doi.org/10.2307/3496662
https://doi.org/10.1093/jee/52.4.572
https://doi.org/10.1093/jee/52.4.572
https://doi.org/10.1016/j.biocon.2009.01.012
https://doi.org/10.3732/ajb.91.11.1814
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1093/beheco/arj001
https://doi.org/10.1093/beheco/arj001
https://doi.org/10.1007/s10530-017-1414-4
https://doi.org/10.1673/031.012.10801
https://doi.org/10.1016/j.tree.2011.05.009
https://doi.org/10.1016/j.tree.2011.05.009
https://doi.org/%0b10.1098/rspb.2006.3721
https://doi.org/%0b10.1098/rspb.2006.3721
https://doi.org/10.5334/cstp.99
https://doi.org/10.1073/pnas.1517685113
https://doi.org/10.1111/j.1523-1739.2011.01657.x
https://doi.org/10.5962/bhl.title.46295
https://doi.org/10.1046/j.1523-1739.2002.01334.x
https://doi.org/10.1603/0022-0493-93.6.1613
https://doi.org/10.2317/0022-8567-85.4.384
https://doi.org/10.1016/j.aspen.2014.03.004
https://doi.org/10.1016/j.aspen.2014.03.004

164 Graham et al.

terrestris). Ecotoxicology 21:1937-1945. https://doi.org/
10.1007/510646-012-0927-y

Laycock I, Cotterell KC, O'shea-Wheller TA, Cresswell
JE (2014) Effects of the neonicotinoid pesticide
thiamethoxam at field-realistic levels on microcolonies
of Bombus terrestris worker bumble bees. Ecotoxicology
and Environmental Safety 100:153-158. https://doi.org/
10.1016/j.ecoenv.2013.10.027

Legner EF, Bellows TS (1999) Exploration for natural
enemies. in: Bellows, T S.; Fisher, T W (ed.) Handbook
of biological control. Academic Press, San Diego.
https://doi.org/10.1016/B978-012257305-7/50052-7

Lee SB, Seo DK, Choi KH, Lee SW, Yoon HJ, Park HC,
Lee YD (2008) The visited insects on apple flowers, and
the characteristics on pollinating activity of pollinators
released for pollination of apple orchards. Korean
Journal of Apiculture 23:275-282.

Leong JM, Thorp RW (1999). Colour-coded sampling:
the pan trap colour preferences of oligolectic and
nonoligolectic bees associated with a vernal pool plant.
Ecological Entomology 24:329-335. https://doi.org/
10.1046/j.1365-2311.1999.00196.x

Lewis WJ, Martin WR (1990) Semiochemical for use with
parasitoids: status and future. Journal of Chemical
Ecology. 16:3067-3089. https://doi.org/10.1007,
BF00979613

Longley M, Jepson PC, Izquierdo J, Sotherton N (1997).
Temporal and spatial changes in aphid and parasitoid
populations following applications of deltamethrin in
winter wheat. Entomologia Experimentalis Et
Applicata  83:41-52.  https://doi.org/10.1046/].1570-
7458.1997.00155.x

Maeta Y, Kitamura T (1981) Pollinating efficiency by
Osmia cornifrons (Radoszkowski) in relation to required
number of nesting bees for economic fruit production.
Honeybee Science, 2:65-72.

Maeta Y, Okamura S, Hisafumi U (1990) Blueberry
pollinators of south-western Japan, with pollinating
behaviors of major species. Chugoku Kontyu 4:15-24.

Maeto K, Noerdjito WA, Belokobylskij SA, Fukuyama K
(2009) Recovery of species diversity and composition
of braconid parasitic wasps after reforestation of
degraded grasslands in lowland East Kalimantan.
Journal of Insect Conservation, 13:245-257.
https://doi.org/10.1007/s10841-008-9164-3

Magnacca KN (2007) Conservation status of the endemic
bees of Hawai'i, Hylaeus (Nesoprosopis) (Hymenoptera:
Colletidae). Pacific Science 61(2):173-190.
https://doi.org/10.2984/1534-
6188(2007)61[173:CSOTEB]2.0.CO;2

Magnacca KN, King CBA (2013) Assessing the presence
and distribution of 23 Hawaiian yellow-faced bee
species on lands adjacent to military installations on
O'ahu and Hawai'i Island. Technical Report No. 185.

J Poll Ecol 33(9)

Pacific Cooperative Studies Unit, University of
Hawai'i, Honolulu, Hawai'i.

Magurran AE, Baillie SR, Buckland ST, Dick JM, Elston
DA, Scott EM, Smith RI, Somerfield PJ, Watt AD (2010)
Long-term datasets in biodiversity research and
monitoring:  assessing change in ecological
communities through time. Trends in Ecology &
Evolution 25(10): 574-582. https://doi.org/10.1016
j.tree.2010.06.016

Mallinger RE, Gaines-Day HR, Gratton C (2017) Do
managed bees have negative effects on wild bees? A
systematic review of the literature. PloS one
12(12):e0189268.
https://doi.org/10.1371/journal.pone.0189268

Masciocchi M, Corley ] (2012) Distribution, dispersal
and spread of the invasive social wasp (Vespula
germanica) in Argentina. Austral Ecology 38:162-168.
https://doi.org/10.1111/7.1442-9993.2012.02388.x

Masciocchi M, Pereira AJ, Lantschner MV, Corley JC
(2013) Of volcanoes and insects: the impact of the
puyehue-cordén caulle ash fall on populations of
invasive social wasps, Vespula spp. Ecological Research
28:199-205 https://doi.org/10.1007/s11284-012-1004-y

Masner L, Goulet H (1981) A new model of flight-
interception trap for some Hymenopterous insects.
Entomological News 92:199-202.

Mason L, Arathi HS (2019) Assessing the efficacy of
citizen scientists monitoring native bees in urban areas.
Global Ecology and Conservation 17, e00561.
https://doi.org/10.1016/j.gecco.2019.e00561

Matheson A, Buchmann SL, O'toole C, Westrich P,
Williams JH (1996) The conservation of bees. Academic
Press, London, UK.

Matthews RW, Goodisman MA, Austin AD, R Bashford
R (2000) The introduced English wasp Vespula vulgaris
(L) (Hymenoptera: Vespidae) newly recorded invading
native forests in Tasmania. Australian Journal of
Entomology 39:177-179. https://doi.org/10.1046/j.1440-
6055.2000.00173.x

Matsumoto S, Maejima T (2010) Several new aspects of
the foraging behavior of Osmia cornifrons in an apple
orchard. Psyche 2010 (384371): 1-6.
https://doi.org/10.1155/2010/384371

McComb B, Zuckerberg B, Vesely D, Jordan C (2010)
Monitoring animal populations and their habitats: a

practitioner's  guide. CRC  Press 296 pp.
https://doi.org/10.1201/9781420070583

McCravy K (2018). A review of sampling and
monitoring methods for beneficial arthropods in
agroecosystems. Insects 9(4):170. https://doi.org
10.3390/insects9040170

Meagher Jr RL, Mitchell ER (1999). Nontarget
Hymenoptera collected in pheromone-and synthetic



https://doi.org/10.1007/s10646-012-0927-y
https://doi.org/10.1007/s10646-012-0927-y
https://doi.org/%0b10.1016/j.ecoenv.2013.10.027
https://doi.org/%0b10.1016/j.ecoenv.2013.10.027
https://doi.org/10.1016/B978-012257305-7/50052-7
https://doi.org/10.1046/j.1365-2311.1999.00196.x
https://doi.org/10.1046/j.1365-2311.1999.00196.x
https://doi.org/10.1007/BF00979613
https://doi.org/10.1007/BF00979613
https://doi.org/10.1046/j.1570-7458.1997.00155.x
https://doi.org/10.1046/j.1570-7458.1997.00155.x
https://doi.org/10.1007/s10841-008-9164-3
https://doi.org/10.2984/1534-6188(2007)61%5b173:CSOTEB%5d2.0.CO;2
https://doi.org/10.2984/1534-6188(2007)61%5b173:CSOTEB%5d2.0.CO;2
https://doi.org/10.1016/j.tree.2010.06.016
https://doi.org/10.1016/j.tree.2010.06.016
https://doi.org/10.1371/journal.pone.0189268
https://doi.org/10.1111/j.1442-9993.2012.02388.x
https://doi.org/10.1007/s11284-012-1004-y
https://doi.org/10.1016/j.gecco.2019.e00561
https://doi.org/10.1046/j.1440-6055.2000.00173.x
https://doi.org/10.1046/j.1440-6055.2000.00173.x
https://doi.org/10.1155/2010/384371
https://doi.org/10.1201/9781420070583
https://doi.org/10.3390/insects9040170
https://doi.org/10.3390/insects9040170

May 2023 Observing bees and wasps 165

floral volatile-baited traps. Environmental Entomology
28:367-371. https://doi.org/10.1093/ee/28.3.367

Meiners JM, Griswold TL, Carril OM (2019) Decades of
native bee biodiversity surveys at Pinnacles National

Park highlight the importance of monitoring natural
areas over time. PLoS One, 14(1), p.e0207566.
https://doi.org/10.1371/journal.pone.0207566

Michener CD (2007) The Bees of the World. The Johns
Hopkins  University =~ Press;  2nd edition.
https://doi.org/10.56021/9780801885730

Miller GL, Donnelly CR, Gamboa GJ (2013) A ten-year
comparative study of the population dynamics and
parasitoidism in the native paper wasp Polistes fuscatus
and the invasive P. dominulus. Insectes Sociaux 60:49-
56. https://doi.org/10.1007/s00040-012-0264-4

Minckley WL, Marsh PC, Deacon JE, Dowling TE,
Hedrick PW, Matthews W], Mueller G (2003) A
conservation plan for native fishes of the lower
Colorado River. BioScience 53:219-234.
https://doi.org/10.1641/0006-
3568(2003)053[0219:ACPFNF]2.0.CO;2

Mola JM, Richardson LL, Spyreas G, Zaya DN, Pearse IS
(2021) Long-term surveys support declines in early

season forest plants used by bumblebees. Journal of
Applied Ecology 58:1431-1441. https://doi.org/10.1111
1365-2664.13886

Moller H (1996) Lessons for invasion theory from social
insects.  Biological =~ Conservation. 78:125-142.
https://doi.org/10.1016/0006-3207(96)00022-5

Monceau K, Maher N, Bonnard O, Thiéry D (2015)
Evaluation of competition between a native and an
invasive hornet species: do seasonal phenologies

overlap? Bulletin of Entomological Research 105:462-
469. https://doi.org/10.1017/50007485315000280

Monceau K, Arca M, Leprétre L, Mougel F, Bonnard O,
Silvain JF, Maher N, Arnold G, Thiéry D (2013) Native
prey and invasive predator patterns of foraging
activity: the case of the yellow-legged hornet predation
at European honeybee hives. Plos One 8:66492
https://doi.org/10.1371/journal.pone.0066492

Morales CL and Aizen MA (2006) Invasive mutualisms
and the structure of plant-pollinator interactions in the
temperate forests of northwest Patagonia, Argentina.
Journal of Ecology 94:171-80 https://doi.org/10.1111
1.1365-2745.2005.01069.x

Morandin LA, Laverty TM, Kevan PG (2001) Bumble bee
(Hymenoptera: Apidae) activity and pollination levels

in commercial tomato greenhouses. Journal of
Economic Entomology 94:462-467.
https://doi.org/10.1603/0022-0493-94.2.462

NASS (2022) Honey. Report of the National Agricultural
Statistics Service, Agricultural Statistics Board, United
States Department of Agriculture. [online] URL:
http://www.nass.usda.gov,

Neff JL, Simpson BB (1993) Bees, pollination systems and
plant diversity. In: La Salle, J; Gauld, I D (ed.),
Hymenoptera and Biodiversity. CAB International,
Wallingford, UK.

New TR (2012) Hymenoptera and conservation.
Chichester, West Sussex, UK.

Nielsen A, Steffan-Dewenter I, Westphal C, Messinger
O, Potts SG, Roberts SP, Woyciechowski M (2011).
Assessing bee species richness in two Mediterranean
communities: importance of habitat type and sampling
techniques.  Ecological =~ Research  26:969-983.
https://doi.org/10.1007/s11284-011-0852-1

Nieto A, Roberts SPM, Kemp J, Rasmont P, Kuhlmann
M, Garcia Criado M, Biesmeijer JC, Bogusch P, Dathe
HH, De la Rua P, De Meulemeester T (2014) European
red list of bees. Publication Office of the European
Union, Luxembourg.

Noyes JS (1989). A study of five methods of sampling
Hymenoptera (Insecta) in a tropical rainforest, with
special reference to the Parasitica. Journal of Natural
History 23:285-298. https://doi.org/10.1080
00222938900770181

Nuttman CV, Otieno M, Kwapong PK, Combey R,
Willmer P, Potts SG (2011) The utility of aerial pan-
trapping for assessing insect pollinators across vertical
strata. Journal of the Kansas Entomological Society
84:260-270. https://doi.org/10.2317/IKES110319.1

Osborne JL, Clark SJ, Morris R], Williams IH, Riley JR,
Smith AD, Reynolds AS, Edwards AS (1999). A
landscape-scale study of bumble bee foraging range
and constancy, using harmonic radar. Journal of
Applied Ecology 36:519-533. https://doi.org/10.1046
1.1365-2664.1999.00428.x

Pasquet RS, Peltier A, Hufford MB, Oudin E, Saulnier J,
Paul L, Knudsen JT, Herren HR, Gepts P (2008) Long-
distance pollen flow assessment through evaluation of
pollinator foraging range suggests transgene escape
distances. Proceedings of the National Academy of
Sciences  105:13456-13461.  https://doi.org/10.1073

pnas.0806040105

Patricio-Roberto GB, Campos MJO (2014) Aspects of
Landscape and Pollinators-What is Important to Bee
Conservation? Diversity 6:158-175 https://doi.org/
10.3390/d6010158

Paulson GS (2005). Handbook to the construction and
use of insect collection and rearing devices: a guide for
teachers with suggested classroom applications.
Springer Science & Business Media.

Pei CK, Hovick TJ], Duquette CA, Limb RF, Harmon JP,
Geaumont BA (2022) Two common bee-sampling
methods reflect different assemblages of the bee
(Hymenoptera: Apoidea) community in mixed-grass
prairie systems and are dependent on surrounding
floral resource availability. Journal of Insect



https://doi.org/10.1093/ee/28.3.367
https://doi.org/10.1371/journal.pone.0207566
https://doi.org/10.56021/9780801885730
https://doi.org/10.1007/s00040-012-0264-4
https://doi.org/10.1641/0006-3568(2003)053%5b0219:ACPFNF%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2003)053%5b0219:ACPFNF%5d2.0.CO;2
https://doi.org/10.1111/1365-2664.13886
https://doi.org/10.1111/1365-2664.13886
https://doi.org/10.1016/0006-3207(96)00022-5
https://doi.org/10.1017/S0007485315000280
https://doi.org/10.1371/journal.pone.0066492
https://doi.org/10.1111/j.1365-2745.2005.01069.x
https://doi.org/10.1111/j.1365-2745.2005.01069.x
https://doi.org/10.1603/0022-0493-94.2.462
http://www.nass.usda.gov/
https://doi.org/10.1007/s11284-011-0852-1
https://doi.org/10.1080/00222938900770181
https://doi.org/10.1080/00222938900770181
https://doi.org/10.2317/JKES110319.1
https://doi.org/10.1046/j.1365-2664.1999.00428.x
https://doi.org/10.1046/j.1365-2664.1999.00428.x
https://doi.org/10.1073/pnas.0806040105
https://doi.org/10.1073/pnas.0806040105
https://doi.org/10.3390/d6010158
https://doi.org/10.3390/d6010158

166 Graham et al.

Conservation 26:69-83. https://doi.org/10.1007/s10841-
021-00362-3

Perrard A, Haxaire J, Rortais A, Villemant C (2009)
Observations on the colony activity of the Asian hornet
Vespa  velutina  Lepeletier 1836 (Hymenoptera:
Vespidae: Vespinae) in France. Annales de la Société
Entomologique de France 45:119-127.
https://doi.org/10.1080/00379271.2009.10697595

Pettis JS, Delaplane KS (2010) Coordinated responses to
honey bee decline in the USA. Apidologie 41(3):256-
263. https://doi.org/10.1051/apido/2010013

Pickett KM, Wenzel JW (2000) High productivity in
haplometric colonies of the introduced paper wasp
Polistes  dominulus ~ (Hymenoptera: = Vespidae;
Polistinae). Journal of the New York Entomological
Society 108:314-25. https://doi.org/10.1664/0028-
7199(2000)108[0314:HPIHCO]2.0.CO;2

Pitts-Singer TL, Cane JH (2011) The Alfalfa Leafcutting
Bee, Megachile rotundata: The World's Most Intensively
Managed Solitary Bee. Annual review of Entomology
56:221-237.
120709-144836

Porporato M, Manino A, Laurino D, Demichelis S (2014)
Vespa velutina Lepeletier (Hymenoptera Vespidae): a
first assessment two years after its arrival in Italy.
Redia 97:189-194

Porrini C, Ghini S, Girotti S, Sabatini A G, Gattavecchia
E, Celli G (2002) Use of honey bees as bioindicators of
environmental pollution in Italy. In: Devillers ], Pham-
Deleguel M (eds) Honey Bees: Estimating the
Environmental Impact of Chemicals. pp 186-247.
https://doi.org/10.1201/9780203218655.ch11

https://doi.org/10.1146/annurev-ento-

Potts SG, Biesmeijer JC, Kremen C, Neumann P,
Schweiger O, Kunin WE (2010) Global pollinator
declines: trends, impacts and drivers. Trends in
Ecology & Evolution 25(6):345-353.
https://doi.org/10.1016/j.tree.2010.01.007

Potts SG, Kevan PG, Boone JW (2005) Conservation in
Pollination: Collecting, surveying and monitoring. Pp.
401-434. In Dafni, A. and P. Kevan (eds.), Pollination
ecology: a practical approach. Enviroquest,
Cambridge, Canada. 590 pp.

Prendergast KS, Menz MH, Dixon KW, Bateman PW
(2020) The relative performance of sampling methods
for native bees: an empirical test and review of the
literature. Ecosphere, 11(5), p.e03076. https://doi.org/
10.1002/ecs2.3076

Purcell MF, Messing RH (1996) Ripeness effects of three
vegetable crops on abundance of augmentatively
released Psyttalia fletcheri (Hymenoptera: Braconidae)
improved sampling and release  methods.
Entomophaga  41:105-115.  https://doi.org/10.1007,
BF02893297

J Poll Ecol 33(9)

Ratnieks FL, Schrell F, Sheppard RC, Brown E, Bristow
OE, Garbuzov M (2016) Data reliability in citizen
science: learning curve and the effects of training
method, volunteer background and experience on
identification accuracy of insects visiting ivy flowers.
Methods in Ecology and Evolution 7:1226-1235.
https://doi.org/10.1111/2041-210X.12581

Rauf A, Saeed S, AliM, Tahir, MHN (2021) Comparative
Efficiency of Native Insect Pollinators in Reproductive
Performance of Medicago sativa L. in Pakistan. Insects,
12(11),1029. https://doi.org/10.3390/insects12111029

Reilly JR, Artz DR, Biddinger D, Bobiwash K, Boyle NK,
Brittain C, Brokaw J, Campbell JW, Daniels ], Elle E,
Ellis JD, Fleischer SJ, Gibbs J, Gillespie RL, Gundersen
KB, Gut L], Hoffman G, Joshi N, Lundin O, Mason K,
McGrady CM, Peterson SS, Pitts-Singer TL, Rao S,
Rothwell N, Rowe L, Ward KL, Williams NM, Wilson
JK, Isaacs R, Winfree R (2020) Crop production in the
USA is frequently limited by a lack of pollinators.
Proceedings of the Royal Society B 287:20200922.
https://doi.org/10.1098/rspb.2020.0922

Riley DG, Ciomperlik MA (1997) Regional population
dynamics of whitefly (Homoptera: Aleyrodidae) and

associated parasitoids (Hymenoptera: Aphelinidae).
Environmental Entomology 26:1049-1055.
https://doi.org/10.1093/ee/26.5.1049

Rogers ME, Potter DE (2003) Biology and conservation
of Tiphia wasps, parasitoids of turf-infesting white

grubs. International Conference on Turfgrass
Management and Science for Sports Fields 661:505-510.
https://doi.org/10.17660/ActaHortic.2004.661.67
Roubik DW, Villanueva-Gutiérrez R (2009) Invasive
Africanized honey bee impact on native solitary bees:

a pollen resource and trap nest analysis. Biological
Journal of the Linnean Society 98:152-160.
https://doi.org/10.1111/7.1095-8312.2009.01275.x
Roubik DW, Wolda, H. (2001) Do competing honey bees
matter? Dynamics and abundance of native bees before

and after honey bee invasion. Population Ecology
43:53-62. https://doi.org/10.1007/PL00012016

Roulston T, Malfi R (2012) Aggressive eviction of the
eastern carpenter bee (Xylocopa virginica (Linnaeus))
from its nest by the giant resin bee (Megachile
sculpturalis ~ Smith). Journal of the Kansas
Entomological Society 85(4):387-388.
https://doi.org/10.2317/0022-8567-85.4.387

Roy HE, Baxter E, Saunders A, Pocock MJ (2016) Focal
plant observations as a standardised method for
pollinator monitoring: Opportunities and limitations
for mass participation citizen science. PloS one
17;11(3):e0150794.
https://doi.org/10.1371/journal.pone.0150794

Rubene D, Schroeder M, Ranius T (2015) Diversity
patterns of wild bees and wasps in managed boreal
forests: effects of spatial structure, local habitat and



https://doi.org/10.1007/s10841-021-00362-3
https://doi.org/10.1007/s10841-021-00362-3
https://doi.org/10.1080/00379271.2009.10697595
https://doi.org/10.1051/apido/2010013
https://doi.org/10.1664/0028-7199(2000)108%5b0314:HPIHCO%5d2.0.CO;2
https://doi.org/10.1664/0028-7199(2000)108%5b0314:HPIHCO%5d2.0.CO;2
https://doi.org/10.1146/annurev-ento-120709-144836
https://doi.org/10.1146/annurev-ento-120709-144836
https://doi.org/10.1201/9780203218655.ch11
https://doi.org/10.1016/j.tree.2010.01.007
https://doi.org/10.1002/ecs2.3076
https://doi.org/10.1002/ecs2.3076
https://doi.org/10.1007/BF02893297
https://doi.org/10.1007/BF02893297
https://doi.org/10.1111/2041-210X.12581
https://doi.org/10.3390/insects12111029
https://doi.org/10.1098/rspb.2020.0922
https://doi.org/10.1093/ee/26.5.1049
https://doi.org/10.17660/ActaHortic.2004.661.67
https://doi.org/10.1111/j.1095-8312.2009.01275.x
https://doi.org/10.1007/PL00012016
https://doi.org/10.2317/0022-8567-85.4.387
https://doi.org/10.1371/journal.pone.0150794

May 2023 Observing bees and wasps 167

surrounding landscape. Biological Conservation
184:201-208.
https://doi.org/10.1016/i.biocon.2015.01.029

Russo L (2016) Positive and negative impacts of non-
native bee species around the world. Insects, 7(4), p.69.
https://doi.org/10.3390/insects7040069

Sanguinetti A, Singer RB (2014) Invasive bees promote
high reproductive success in Andean orchids.
Biological Conservation 175:10-20. https://doi.org/
10.1016/j.biocon.2014.04.011

Schlaepfer MA, Sax DF, Olden JD (2011) The Potential
Conservation Value of Non-native Species.
Conservation Biology 25:428-437. https://doi.org/
10.1111/4.1523-1739.2010.01646.x

Scott-Dupree CD, Conroy L, Harris CR (2009) Impact of
currently used or  potentially useful insecticides for
canola  agroecosystems on Bombus  impatiens
(Hymenoptera:  Apidae), = Megachile  rotundata
(Hymentoptera: Megachilidae), and Osmia lignaria
(Hymenoptera: Megachilidae). Journal of Economic
Entomology  102:177-182.  https://doi.org/10.1603
029.102.0125

Sedivy C, Dorn S (2014) Towards a sustainable
management of bees of the subgenus Osmia
(Megachilidae; Osmia) as fruit tree pollinators.
Apidologie 45:88-105. https://doi.org/10.1007/s13592-
013-0231-8

Semeao A, Martins JC, Pican¢o MC, Chediak M, Da Silva
EM, Silva GA (2012) Seasonal variation of natural
mortality factors of the guava psyllid Triozoida limbata.
Bulletin of Entomological Research 102:719-729
https://doi.org/10.1017/S0007485312000338

Sekita N, Watanabe T, Yamada M (1996) Population
ecology of Osmia  cornifrons  (Hymenoptera:
Megachilidae) in natural habitats. Bulletin of the
Aomori Apple Experiment Station 29:17-36.

Shaw MR, Hochberg ME (2001) The neglect of parasitic
Hymenoptera in insect conservation strategies: the

British fauna as a prime example. Journal of Insect
Conservation 5(4):253-263. https://doi.org/10.1023/
A:1013393229923

Sheffield CS, Griswold TL, Richards MH (2010).
Discovery of the Western Palearctic bee, Megachile
(Pseudomegachile) ericetorum
Megachilidae), in Ontario, Canada. Journal of the
Entomological Society of Ontario 141:85-92.

Sheffield CS, Kevan PG, Westby SM, Smith RF (2008)
Diversity of cavity-nesting bees (Hymenoptera:
Apoidea) within apple orchards and wild habitats in
the Annapolis Valley, Nova Scotia, Canada. The
Canadian Entomologist 140:235-249. https://doi.org/
10.4039/n07-058

Shepard BM, Braun SAR (1998) Seasonal incidence of
Liriomyza huidobrensis (Diptera: Agromyzidae) and its

(Hymenoptera:

parasitoids on vegetables in Indonesia. International
Journal of Pest Management 44:43-47 https://doi.org/
10.1080/096708798228518

Shepherd MD, Vaughan DM, Black SH (2005) Red List
of Pollinator Insects of North America. Cd-Rom
Version 1. The Xerces Society for Invertebrate
Conservation, Portland, OR.

Shuttleworth A and Johnson SD (2009) The importance
of scent and nectar filters in a specialized wasp-
pollination system. Functional Ecology 23:931-940.
https://doi.org/10.1111/].1365-2435.2009.01573.x

Silveira FA (2004) Monitoring Pollinating Wild Bees. In
Freitas, B M; Pereira, ] O P (ed.) Solitary Bees:
Conservation, Rearing and Management for

Pollination. Imprensa Universitaria, Ceara, Brazil.

Simandl J (1993). Canopy arthropods on Scots pine:
influence of season and stand age on community
structure and the position of sawflies (Diprionidae) in
the community. Forest Ecology and Management
62:85-98. https://doi.org/10.1016/0378-1127(93)90043-M

Simpson SR, Gross CL, Silberbauer LX (2005) Broom and
honeybees in Australia: an alien liaison. Plant Biology
7:541- 548. https://doi.org/10.1055/s-2005-865855

Spurr EB (1995). Protein bait preferences of wasps
(Vespula vulgaris and V. germanica) at Mt Thomas,
Canterbury, New Zealand. New Zealand Journal of
Zoology 22:281-289. https://doi.org/10.1080
03014223.1995.9518043

Spurr EB (1996). Carbohydrate bait preferences of wasps
(Vespula vulgaris and V. germanica) (Hymenoptera:
Vespidae) in New Zealand. New Zealand Journal of
Zoology 23:315-324. https://doi.org/10.1080
03014223.1996.9518090

Steen R, Aase O, Thorsdatter AL (2011). Portable digital
video surveillance system for monitoring flower-
visiting bumblebees. Journal of Pollination Ecology
5:90-94. https://doi.org/10.26786/1920-7603(2011)15

Stephen WP, Rao S (2005). Unscented color traps for
non-Apis bees (Hymenoptera: Apiformes). Journal of
the Kansas Entomological Society 78:373-380.
https://doi.org/10.2317/0410.03.1

Stephen WP, Rao S (2007). Sampling native bees in
proximity to a highly competitive food resource
(Hymenoptera: Apiformes). Journal of the Kansas
Entomological Society 80: 369-376.
https://doi.org/10.2317/0022-
8567(2007)80[369:SNBIPT]2.0.CO;2

Steinhage V, Arbuckle T, Schroder S, Cremers AB,
Wittmann D (2001). ABIS: automated identification of
bee species. In BIOLOG Workshop, German
Programme on Biodiversity and Global Change Status
Report, Bonn, pp. 194-195.

Steinhage V, Kastenholz B, Schroder S, Drescher W
(1997). A hierarchical approach to classify solitary bees



https://doi.org/10.1016/j.biocon.2015.01.029
https://doi.org/10.3390/insects7040069
https://doi.org/10.1016/j.biocon.2014.04.011
https://doi.org/10.1016/j.biocon.2014.04.011
https://doi.org/10.1111/j.1523-1739.2010.01646.x
https://doi.org/10.1111/j.1523-1739.2010.01646.x
https://doi.org/10.1603/029.102.0125
https://doi.org/10.1603/029.102.0125
https://doi.org/10.1007/s13592-013-0231-8
https://doi.org/10.1007/s13592-013-0231-8
https://doi.org/10.1017/S0007485312000338
https://doi.org/10.1023/A:1013393229923
https://doi.org/10.1023/A:1013393229923
https://doi.org/10.4039/n07-058
https://doi.org/10.4039/n07-058
https://doi.org/10.1080/096708798228518
https://doi.org/10.1080/096708798228518
https://doi.org/10.1111/j.1365-2435.2009.01573.x
https://doi.org/10.1016/0378-1127(93)90043-M
https://doi.org/10.1055/s-2005-865855
https://doi.org/10.1080/03014223.1995.9518043
https://doi.org/10.1080/03014223.1995.9518043
https://doi.org/10.1080/03014223.1996.9518090
https://doi.org/10.1080/03014223.1996.9518090
https://doi.org/10.26786/1920-7603(2011)15
https://doi.org/10.2317/0410.03.1
https://doi.org/10.2317/0022-8567(2007)80%5b369:SNBIPT%5d2.0.CO;2
https://doi.org/10.2317/0022-8567(2007)80%5b369:SNBIPT%5d2.0.CO;2

168 Graham et al.

based on image analysis. In Mustererkennung 1997
(pp.  419-426). Springer, Berlin, Heidelberg.
https://doi.org/10.1007/978-3-642-60893-3 45

Stockhouse RE (1976). A new method for studying
pollen dispersal using micronized fluorescent dusts.
American Midland Naturalist 96:241-245.
https://doi.org/10.2307/2424586

Stokes KE, Buckley YM, Sheppard AW (2006) A
modeling approach to estimate the effect of exotic
pollinators on exotic weed population dynamics:
bumblebees and broom in Australia. Diversity and
Distributions 12:593-600 https://doi.org/10.1111/.1366-
9516.2006.00239.x

Stout JC, Kells AR, Goulson D (2002) Pollination of the
invasive exotic shrub Lupinus arboreus (Fabaceae) by
introduced bees in Tasmania Biological Conservation
106:425-434 https://doi.org/10.1016/S0006-3207(02)
00046-0

Thomson D (2004) Competitive interactions between the
invasive European honey bee and native bumble bees.
Ecology 85(2):458-470. https://doi.org/10.1890/02-0626

Thomson DM (2006) Detecting the effects of introduced
species: a case study of competition between Apis and
Bombus. Oikos 114:407-418 https://doi.org/10.1111
j:2006.0030-1299.14604.x

Thorp RW (1979) Structural, behavioral, and
physiological adaptations of bees (Apoidea) for
collection pollen. Annals of the Missouri Botanical
Garden 66(4):788-812. https://doi.org/10.2307/2398919

Thorp RW (2000) The collection of pollen by bees. Plant
Systematics and Evolution 222:211-223. https://doi.org/
10.1007/BF00984103

Torchio PF (1991) Bees as crop pollinators and the role of
solitary species in changing environments. Acta
Horticulturae = 288:49-61.  https://doi.org/10.17660
ActaHortic.1991.288.3

Tscharntke T, Gathmann A, Steffan-Dewenter I (1998)
Bioindication using trap-nesting bees and wasps and
their natural enemies: community structure and
interactions. Journal of Applied Ecology 35:708-719.
https://doi.org/10.1046/j.1365-2664.1998.355343.x

Tylianakis J, Veddeler D, Lozada T, Lopez RM, Benitez
P, Klein AM, De Koning GH, Olschewski R, Veldkamp
E, Navarrete H, Onore G (2004) Biodiversity of land-
use systems in coastal Ecuador and bioindication using
trap-nesting bees, wasps, and their natural enemies.
Lyonia 6:7-15.

Udayagiri S, Mason CE, Pesek Jr JD (1997) Coleomegilla
maculata,  Coccinella  septempuncta  (Coleoptera:
Coccinellidae),  Chrysoperla  carnea  (Neuroptera:
Chrysopidae), and Macrocentrus grandii (Hymenoptera:
Bracondiae) trapped on colored sticky traps in corn
habitats. Environmental Entomology 26:983-988.
https://doi.org/10.1093/ee/26.4.983

J Poll Ecol 33(9)

Ulyshen MD, Soon V, Hanula JL (2010) On the vertical
distribution of bees in a temperate deciduous forest.
Insect Conservation and Diversity 3:222-228.
https://doi.org/10.1111/j.1752-4598.2010.00092.x

Urbini A, Sparvoli E, Turillazzi S (2006) Social paper
wasps as bioindicators: a preliminary research with
Polistes dominulus (Hymenoptera Vespidae) as a trace

metal accumulator. Chemosphere  64:697-703.
https://doi.org/10.1016/j.chemosphere.2005.11.009

USFWS (2016) Endangered and Threatened Wildlife and
Plants; Endangered Status for 49 Species from the
Hawaiian Islands; 81 FR 67786; 50 CFR 17; October 31,
2016. [online] URL: https://www.federalregister.gov
documents/2016/09/30/2016-23112/endangered-and-
threatened-wildlife-and-plants-endangered-status-for-
49-species-from-the-hawaiian (accessed March 2018).
USFWS (2017) Endangered and Threatened Wildlife
and Plants, Environmental Conservation Online
System, Insects. [online] URL: http://ecos.fws.gov,
tess public/pub/SpeciesReport.do?groups=I1&listingT

ype=L&mapstatus=1

USFWS (2017a) Endangered and Threatened Wildlife
and Plants; Endangered Species Status for Rusty
Patched Bumble Bee; 82 FR 3186-3209; 50 CFR part 17;
January 11, 2017. [online] URL:https://www.fws.gov/
midwest/endangered/insects/rpbb/pdf/FRFinalListing
RuleRPBB11Jan2017.pdf (accessed October 2018).

Van Driesche RG, Bellows Jr TS (1996) Biological
Control. Chapman and Hall, New York.
https://doi.org/10.1007/978-1-4613-1157-7

vanEngelsdorp D, Evans JD, Saegerman C, Mullin C,
Haubruge E, Nguyen BK, Frazier M, Frazier J, Cox-
Foster D, Chen Y, Underwood R, Tarpy DR, Pettis JS
(2009) Colony Collapse Disorder: A Descriptive Study.
PLoS ONE  4(8):e6481.  https://doi.org/10.1371
journal.pone.0006481

Van Rossum F, Stiers I, Van Geert A, Triest L, Hardy OJ
(2011). Fluorescent dye particles as pollen analogues

for measuring pollen dispersal in an insect-pollinated
forest herb. Oecologia 165:663-674. https://doi.org/
10.1007/s00442-010-1745-7

Vaudo AD, Ellis JD, Cambray GA, Hill M (2012). The
effects of land use on honey bee (Apis mellifera)
population density and colony strength parameters in
the Eastern Cape, South Africa. Journal of Insect
Conservation  16:601-611.  https://doi.org/10.1007,
s10841-011-9445-0

Velthuis HHW, van Doorn A (2006) A century of
advances in bumblebee domestication and the
economic and environmental aspects of its
commercialization for pollination. Apidologie 37:421-
451. https://doi.org/10.1051/apido:2006019

Vergara CH (2008) Environmental impact of exotic bees
introduced for crop pollination. Bee pollination in
agricultural ecosystems. (Eds) James, R R; Pitts-Singer


https://doi.org/10.1007/978-3-642-60893-3_45
https://doi.org/10.2307/2424586
https://doi.org/10.1111/j.1366-9516.2006.00239.x
https://doi.org/10.1111/j.1366-9516.2006.00239.x
https://doi.org/10.1016/S0006-3207(02)%0b00046-0
https://doi.org/10.1016/S0006-3207(02)%0b00046-0
https://doi.org/10.1890/02-0626
https://doi.org/10.1111/j.2006.0030-1299.14604.x
https://doi.org/10.1111/j.2006.0030-1299.14604.x
https://doi.org/10.2307/2398919
https://doi.org/10.1007/BF00984103
https://doi.org/10.1007/BF00984103
https://doi.org/10.17660/ActaHortic.1991.288.3
https://doi.org/10.17660/ActaHortic.1991.288.3
https://doi.org/10.1046/j.1365-2664.1998.355343.x
https://doi.org/10.1093/ee/26.4.983
https://doi.org/10.1111/j.1752-4598.2010.00092.x
https://doi.org/10.1016/j.chemosphere.2005.11.009
https://www.federalregister.gov/documents/2016/09/30/2016-23112/endangered-and-threatened-wildlife-and-plants-endangered-status-for-49-species-from-the-hawaiian
https://www.federalregister.gov/documents/2016/09/30/2016-23112/endangered-and-threatened-wildlife-and-plants-endangered-status-for-49-species-from-the-hawaiian
https://www.federalregister.gov/documents/2016/09/30/2016-23112/endangered-and-threatened-wildlife-and-plants-endangered-status-for-49-species-from-the-hawaiian
https://www.federalregister.gov/documents/2016/09/30/2016-23112/endangered-and-threatened-wildlife-and-plants-endangered-status-for-49-species-from-the-hawaiian
http://ecos.fws.gov/%0btess_public/pub/SpeciesReport.do?groups=I&listingType=L&mapstatus=1
http://ecos.fws.gov/%0btess_public/pub/SpeciesReport.do?groups=I&listingType=L&mapstatus=1
http://ecos.fws.gov/%0btess_public/pub/SpeciesReport.do?groups=I&listingType=L&mapstatus=1
https://www.fws.gov/midwest/endangered/insects/rpbb/pdf/FRFinalListingRuleRPBB11Jan2017.pdf
https://www.fws.gov/midwest/endangered/insects/rpbb/pdf/FRFinalListingRuleRPBB11Jan2017.pdf
https://www.fws.gov/midwest/endangered/insects/rpbb/pdf/FRFinalListingRuleRPBB11Jan2017.pdf
https://doi.org/10.1007/978-1-4613-1157-7
https://doi.org/10.1371/journal.pone.0006481
https://doi.org/10.1371/journal.pone.0006481
https://doi.org/10.1007/s00442-010-1745-7
https://doi.org/10.1007/s00442-010-1745-7
https://doi.org/10.1007/s10841-011-9445-0
https://doi.org/10.1007/s10841-011-9445-0
https://doi.org/10.1051/apido:2006019

May 2023 Observing bees and wasps 169

T L. Oxford University Press, Oxford, UK, 145-165.
https://doi.org/10.1093/acprof:0s0/9780195316957.003.
0009

Vigueira PA, Vigueira CC, Campbell JW, Ladner S,
Hayes G, Riser E (2023) Sexual dimorphism in excess
power index of four North American native bees
(Hymenoptera, Andrenidae, Apidae, and Halictidae).
Journal of Hymenoptera Research 96:121-128.
https://doi.org/10.3897/jhr.96.98652

Visscher PK, Seeley TD (1989). Bee-lining as a research
technique in ecological studies of honey bees.
American Bee Journal 129:536-539.

Wikelski M, Moxley ], Eaton-Mordas A, Lopez-Uribe
MM, Holland R, Moskowitz D, Roubik DW, Kays R
(2010) Large-range movements of neotropical orchid
bees observed via radio telemetry. PLoS one
5(5):e10738.
https://doi.org/10.1371/journal.pone.0010738

Williams PH (1986) Environmental change and the
distributions of British bumble bees. Bee World 67:50-
61. https://doi.org/10.1080/0005772X.1986.11098871

Williams PH, Osborne JL (2009) Bumblebee
vulnerability and conservation  world-wide.
Apidologie 40:367-387. https://doi.org/10.1051/apido
2009025

Wilson JS, Griswold T, Messinger OJ (2008). Sampling
bee communities (Hymenoptera: Apiformes) in a
desert landscape: are pan traps sufficient? Journal of
the Kansas Entomological Society 81:288-300.
https://doi.org/10.2317/JKES-802.06.1

Wilson EO (1999) The Diversity of Life. New Edition.
W.W. Norton and Company, New York, NY.

Wilson EE, Holway DA (2010) Multiple mechanisms
underlie  displacement of solitary Hawaiian

This work is licensed under a Creative Commons Attribution 4.0 License.

Hymenoptera by an invasive social wasp. Ecology
91:3294-3302. https://doi.org/10.1890/09-1187.1

Winfree R, Aguilar R, Vazques DP, Lebhuhn G, Aizen
MA (2009). A meta-analysis of bees' responses to
anthropogenic disturbance. Ecology 90:2068-2076.
https://doi.org/10.1890/08-1245.1

Wolda H, Roubik DW (1986). Nocturnal bee abundance
and seasonal bee activity in a Panamanian forest.
Ecology 67:426-433. https://doi.org/10.2307/1938586

Woodard SH, Federman S, James RR, Danforth BN,
Griswold TL, Inouye D, McFrederick QS, Morandin L,
Paul DL, Sellers E, Strange JP (2020) Towards a US
national program for monitoring native bees.
Biological Conservation 252:108821. https://doi.org/
10.1016/j.biocon.2020.108821

Yoshida A, Maeta Y (1988) Utilization of Osmia cornifrons
(Radoszkowski) as a pollinator of apples in south-
western Japan. Honeybee Science 9:1-6.

Zamin T, Baillie JEM, Miller R, Rodriguez JP, Ardid A,
Collen B (2010) National Red Listing beyond the 2010
target. Conservation Biology 24:1012-1020.
https://doi.org/10.1111/j.1523-1739.2010.01492.x

Zappala L, Campolo O, Grande S, Saraceno F, Biondi A,
Siscaro G, Palmeri V (2012) Dispersal of Aphytis melinus
(Hymenoptera: Aphelinidae) after augmentative
releases in citrus orchards. European Journal of
Entomology  109:561-568.  https://doi.org/10.14411

Zhu G, Gutierrez Illan J, Looney C, Crowder DW (2020)
Assessing the ecological niche and invasion potential
of the Asian giant hornet. Proceedings of the National
Academy of Sciences 117:24646-24648. https://doi.org/
10.1073/pnas.2011441117

ISSN 1920-7603


https://doi.org/10.1093/acprof:oso/9780195316957.003.0009
https://doi.org/10.1093/acprof:oso/9780195316957.003.0009
https://doi.org/10.3897/jhr.96.98652
https://doi.org/10.1371/journal.pone.0010738
https://doi.org/10.1080/0005772X.1986.11098871
https://doi.org/10.1051/apido/%0b2009025
https://doi.org/10.1051/apido/%0b2009025
https://doi.org/10.2317/JKES-802.06.1
https://doi.org/10.1890/09-1187.1
https://doi.org/10.1890/08-1245.1
https://doi.org/10.2307/1938586
https://doi.org/10.1016/j.biocon.2020.108821
https://doi.org/10.1016/j.biocon.2020.108821
https://doi.org/10.1111/j.1523-1739.2010.01492.x
https://doi.org/10.14411/eje.2012.070
https://doi.org/10.14411/eje.2012.070
https://doi.org/10.1073/pnas.2011441117
https://doi.org/10.1073/pnas.2011441117
https://creativecommons.org/licenses/by/4.0/

