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Abstract

There is overwhel ming evidence that Eartho

activities, which has led to a rise in global temperatures, changes to the water cycle, the
cryosphere, the oceans, and atmospheric circulation. These changes in tteehadieanitiated

an unpredictable increase in the frequency of extreme weather events, such as flooding. The
ecological impacts of extreme weather events are often difficult to study due to their rarity and
unpredictability. In 2012, the University of @shdo Museum of Natural History (UCMNH)
Entomology Section established 11 plots along-aml8 stretch of the St. Vrain Greenway in
Longmont, CO and collected wild bees from these plots over the field season (Mactdber).

In 2013, the site was heayilmpacted by a catastrophic flood. Bees were resampled in 2014 to
assess the immediate flood impacts on the wild bee community. This report on the finding of
those results indicates that at least 206 bee species (morphospecies) have been ident#ied to da
Both bee richness and abundance were negatively impacted by the 2013 flood.

The Entomology Section is requesting to sample the same 11 plots again in 2020, to
provide a unique dataset of the pn@ost, and recovery stages of the wild bee commualityng
the St. Vrain Greenway in relation to the catastrophic flood in 2013. Due to the rarity and
unpredictability of catastrophic weather, little is known about its impact on wild bee
communities. With this unique dataset, we are able to assess thésimipeatastrophic flooding
on wild bee and plant communities and, in turn, provide recommendations for their restoration.
Ultimately, these findings could help in mitigating the impacts of predicted increases in
catastrophic weather associated with futlimate change.
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Introduction

Humaninduced environmental change is a dominant factor affecting biological communities,
altering not only global temperatures, but also hydrological cycles, weather patterns, and the
frequency and intensity of extreme weather events (IPCC 2018). Famgasimuch of the
southwestern United States is anticipated to experience longer and more intense droughts (Seager et
al. 2007), while globally, the potential for severe flooding has increased, likely due to heavy rain
events (Milly et al. 2002). Moreoventeractions between intense weather events could occur
(Staudt et al. 2013), such as severe flooding in fire scars as a result of prolonged drought. Risks to
human health and welleing posed by the consequences of changing climate can come from direct
harm (McMichael et al. 2006) but also indirectly through changes in ecosystem structure (Grimm et
al. 2013) and the services they provide (Nelson et al. 2013). Pollination is an extremely important
ecosystem service and is critical for human well beingrgoug reliance on pollinators for food and
agriculture. How changes in severe weather events will affect pollinator communities and the plants
which rely on them are only beginning to be studied. To do requires both historical context (i.e., data
on the edemic bee fauna, the ecologies of species within it, and their distributions) and comparative
studies. The former is rare, and the latter is difficult to execute as we cannot manipulate extreme
weather events on large scales. However, extreme weathesevénh e ms el ves can be u:
experimentsod to study the effects of catastroph

Riverine and floodplain habitats are important for many bees. For example, many crucial
floral resources, such as willows, are onlyrfdwalong rivers, especially in arid regions. Moreover,
rivers and streams also provide nesting habitat foimssiting species, such as vertical banks and
open sandbars. However, surprisingly Ilittle is
apparent adaptations to flooding, such as resins or secretions to waterproof cells that are provisioned
below the water table (Roubik and Michener 1980; Cane 1997). However, such adaptations may be
insufficient during extreme weather events and catastragftacts of flooding (even on flood
adapted species) have been reported (Fellendorf
pollinators (Gallai et al. 2008), further study of their response to flooding could help inform
conservation and restoratiofiats, which is crucial in light of changes in climactic events and the
resulting consequences on local communities (Stein et al. 2013).

In this report, we use a catastrophic flooding event in 2013 along the Front Range of
Colorado, USA, to 1) assess fingpacts of this type of extreme weather event on pollinator
communities; 2) identify groups of pollinators that are particularly vulnerable to catastrophic
flooding; and 3) explore how this extreme flooding event could changepmémtator interactions
The results presented here are preliminary but represent ongoing research that we hope to continue
into 2020. First, we provide background on both the diversity and natural history of bees in our focal
set of sites, as well as the catastrophic floodienethat impacted them. Second, we compare bee
abundance and diversity prend postflood. We then use ecological traits to explore guild and
taxonomic group response to flooding. Finally, we explore future research goals to help understand
how such exeme weather events impact plgatlinator interactions. Ultimately, these findings will
help managers and conservationists determine how best to mitigate the potential impacts of such
massive flooding events on pollinator communities.
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Background

History of Boulder County bee research

Pollinator research in Colorado and specifically Boulder County is tied to a long history
of bee researchers working at the University of Colorado Museum of Natural History (UCMNH).
It started in 1904 when T.D.A. and.® Cockerell moved to the city of Boulder and began
collecting bees, depositing many voucher specimens in the Entomology Section of the UCMNH.
In 1907, T.D.A. Cockerell wrote his first comprehensive introduction to the bees of Boulder
County (Cockerell 207). While T.D.A. Cockerell was a professor at University of Colorado he
focused much of his research on bees. He mentored many University of Colorado students and
one young high school student (the extremely\ketwn, Charles Michener) who traveledm
California to spend a summer working with Cockerell. T.D.A Cockerell described over 6,000
bee species and published over 3900 papers during his career (Weber 1965). One of those
students, Charles Hicks, specifically worked on Boulder County beelss(H826). Another
student at University of Colorado in the early 1930s was Url Lanham. Lanham grew up in
Longmont collecting insects, particularly bees, that are deposited in the Entomology Section of
the UCMNH.

Foll owing t he Cowmkmeversty df Goforadb,eHogo Radeck, the f r o
director of the UCMNH continued the study of bees in the area. Url Lanham returned to
UCMNH in the late 1960s as curator of Entomology and focused his research on bees, primarily
in Colorado. In 1989, Deane Borgevas appointed Curator of the Entomology Section.
Virginia Scott was hired in 1994 as the Entomology Collections Manager and focused her
research on Colorado bees. In 2007, The National Academies published a volume on the Status
of Pollinators in NorttrAmerica that lists Boulder, Colorado as an area ripe for resurvey (NRC
2007), due to the comprehensive collection of specimens from the previous 100 years. Kearns
and Oliveras undertook some bee studies in Boulder County in the 2000s, (Kearns and Olivera
2009a, 2009b). In 2011, Scott published an updated treatise on the bees of Colorado (Scott et al.
2011), followed by a paper focusing on Boulder County bees (Goldstein and Scott 2015).
Adrian Carper joined the En-Dmm@dly ipousingendeéei on 6 s
communities in the Eastern Plains and Front Range portions of Colorado.

Bee biology and natural history

To put the local bee community into context it is important to understand something
about bee diversity, not only their taxonomy, but also their many and varied life history traits.
Different bee species vary widely in behaviors and life history patt@naisthus, react to the
environment or, important here, changes in their environment, very differently. Taxonomically,
bees are extremely diverse. Worldwide there are over 20,000 bees and North America is home to
some 4,000 bee species (Ascher 2020). 9Atebee species known to occur in Colorado (Scott
et al 2011) fall into six families, which includes 562 species known to occur in Boulder County
(Goldstein and Scott 2015). To explore community dynamics, bee species are often grouped into
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guilds based oshare biologies dynamics (see Table 1). For example, only a minority of bee
species (9.4%) are social, including bumble bees and honeybees. Most bee species, however,
(77.4%) are solitary, with each female constructing her own nest, provisioning itoNéh phe
collects from flowers, and laying eggs in that nest. The remaining bee species (13.2%) are
parasites of other bee species, laying their eggs in the nests of other bees (Danforth et al. 2019).
Bees also vary in their floral preferences; somespparticularly social bees, are generalist
foragers, collecting pollen and nectar from plants in many different families. Other species are
specialists, foraging from members of only one plant family, and in some cases, only one
species. Plants that hanany specialist bee species associated with them include willows,
cacti, squashes, and sunflowers, although these same plants attract a number of generalist
pollinators, as well. Nesting habitat is an important trait of bee species' biology that is often
overlooked. While honeybees usually live in rraade hive boxes and bumble bees often live in
old mouse burrows or tree cavities, about-tiviods of our nesting bee species nest in the

ground, either digging their own tunnels ofusing tunnels in the gund. About onghird of

our nesting bees create nests in pithy twigs (sumac, rose, brambles) or wood. Most twig/wood
nesting species use preexisting tunnels such as those made by beetle larvae, however, some
species dig their own tunnels in twigs or woo
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Table 1. Bee families known to occur in Boulder County, Colorada@long with the number of species and life history traits.
(Goldstein and Scott 2015).

Bee Family Common name Species in Boulder | Sociality Pollen specificity Nesting location
County
Andrenidae Mining and Fairy bees | 129 species Solitary Generalists Ground
Specialists
Apidae Carpenter, Digger, 149 species Social Generalists Ground Twig/wood
Bumble, and Solit Specialist Caviti
Honeybees olitary pecialists avities
Parasitic
Colletidae Plasterer anilasked | 34 species Solitary Generalists Ground Twigs/wood
bees .-
Specialists
Halictidae Sweat bees 84 species Social Generalists Ground
Solitary Specialists (Wood)
Parasitic
Megachilidae Leafcutting and Masor| 165 species Solitary Generalists Ground Twigs/wood
bees . -
Parasitic Specialists
Melittidae Oil bees 1 species Solitary Specialists Ground




Methods

The St. Vrain Greenway Bee Surveys

After publication ofThe Bees of Colorad@&cott et al. 2011), Scott took on a more local
bee survey project. The St. Vrain Greenway became the focus of that study. Due to the nature
of the property, a continuousrBile, eastwest corridor, near water, with various surrounding
habitats (suburli mall, agriculture, sandy short grass prairie), it offered an interesting study
area with a diverse bee fauna. The 2012 survey consisted of sampling bees hgttiagct
roughly 1Gday intervals at 11 established plots from late March through eatbb€r. Log
sheets were kept where the following data were recorded: date (and duration of collecting), time,
weather, collectors, and plants on which specimens were sampled. Specimens were returned to
the lab, processed (pinned and labeled) as timeitiediand identified. It should be noted that
although 2012 was an extremely dry and hot summer, the water of the St. Vrain Creek created a
reservoir for flowering plants and foraging.



Figure 1. Delineation of 11 sampling sites in 204@d 2014
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Catastrophic flooding along St. VrainCreetk 6 Nat ur all Experi ment

Bet ween Sept 10th and 15th 2013, there was
Front Range (Kindelspire and Rochat 2013), where there were five consecutive days ef record
breaking precipitation (Gochis et al. 2013), expanding the stream to over a mile in some places.

A new channel was carved out in some areas. Huge amounts of debris, mostly trees, but also
coolers, staircases, household items, holiday decorations, and eVleaveaypdumpster were
deposited along the Greenway. Part of Golden Ponds and Issak Walton Pond were breached (see
Figure 2). While the 2012 St. Vrain Greenway bee survey was meant to bg@anrseirvey
investigating bee diversity, the unfortunate evefthe 2013 flood provided a unique research
opportunity to assess the impacts of catastrophic flooding on native bee communities. To our
knowledge, there have not been any studies conducted looking at bee comewahitgsponses
prior to and after aatastrophic flooding event. After a thorough literature review, we found
only two speciedevel publications assessing the impacts of extreme weather on bees and how
they survive inundation by water (Fellendorf et al. 2004, Cane 1997). Additionally atiecae

few bee species specially adapted to living under seasonally flooded grounds (Visscher et al.
1994; Roubik and Michener 1980).

Figure 2. The same view of the St. Vrain Greenway at Issak Walton Ponds in 2012 (pre
flooding) and 2014 (podtooding). Red dot is med to help orient the viewer.
Sr3% RN 57 VY ‘ 5 ) ‘ & -’ < .v\:.v PR L "'/:‘- SR —
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In 2014, we resurveyed the 11 plots established in 2012. Due to the destruction, and in
some cases obliteration of vegetation in certain areas, we added some additional trapping
methods (bluevanesaggn t r aps, and bee nesting blocks (Fi
We also received a Team UROPndergraduate Research Opportunities Proygrmant through
University of Colorado for the summer of 2014 to hire student assistants to collect eesspro
specimens (pinning and labelling). Since 2014, all specimens were identified to generic level
and select specimens were loaned out to taxonomists for expert species level identifications.
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In the summer of 2019, Jacob Unger, an undergraduate student, wrote an individual

UROP grant and received funding to work on this project. He helped with identifications and
updated all the specimen records with their current ideniicain our database. This enabled

us to move ahead with this project and afforded himledaéxperience. At the beginning of fall

semester 2019, Jess Mullins, a new graduate
t hesi

program, adopted this projectasthee b j ect of her master 6s
undergraduate students who helps with the 2014 survey. Her dedicated efforts have
reinvigorated this project.

Figure 4. A drawer and closep of green sweat bee specimehgapostemosp. (family
Halictidae).
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Preliminary Results

Preliminary Analyses

To compare bee communities pead postlood we focused on netting conducted by
only one observer, Scott. While not standardized methodologically per se, she is a specialist bee
taxonomist, an experienced netter, and spent comparable effort in both years collecting at the
sites. To explore entire bee community response to flooding, we compared total netted bee
species richness between 2012 and 2014 using a Wekldass e ttest. [ flooding had
negative impacts on the entire community, we expected that total bee richness would decline
from 2012 to 2014. To explore whether particular groups of bees responded differently to
flooding, we used a linear mixed effect model with bee abnoel as the response variable and
year (pre or postflood), the family of bee (Apidae, Colletidae, etc.), and their interaction as
fixed effects. We included site as a random effect to account for multiple measures of bee
families on each site and avoidgudereplication. We also logransformed bee abundances to
meet the assumptions of normality. If particular families of bees were more susceptible to
flooding, we would expect to find a significant interaction between year and bee family, wherein
some fanilies are more negatively impacted than others.

Bee community summary

All bee specimens have now been identified to at least generic level (although some
species level identifications are still to come.) A total of 18,044 specimenseolieeted. Of
those, 1155noh ar get i nsects (beetles, wasps, fliesé¢)
labeled, databased, and housed at UCMNH. A total of 16,889 bees were collected during 2012
and 2014. The remainder of this report will focus on thdimese are also pinned, labeled,
databased, and housed at UCMNH. Summed across both years, there were at least 206
morphospecies that represent all bee families found in Boulder County (Table 2).
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Table 2. The number of specimens and morphospecies collected by bee family for both years
and all collecting methods combined.

Bee Family Number of specimens Minimum numbgr of
morphospecies

Andrenidae 1753 18

Apidae 3065 58
Colletidae 1525 15
Halictidae 9119 52
Megachilidae 1425 62
Melittidae 2 1

Total 16889 206

Most of the bees collected in this survey were native species with a few exceptions.
There were seventroducedbee species (not native to North America), all of which were known
to Colorado prior to this collecting, includingpis melliferaApidae(thewestern honeybee);
Hylaeus leptocephaluendHylaeus punctatu€olletidae; andAnthidium manicatunfeuropean
wool carder bee)Anthidium oblongatupMegachile apicalisandMegachile rotundatatfie
alfalfa leafcutting bee) Megachilidae. Additionally, we found megidentakpecies (native to
North America, but not to Coloraddombus vosnesenskindCentris lanosgApidae). Two
species were nestate recordfor Colorado, representing extensioaghie known ranges of
these beed:asioglossunsimplex Halictdae) andviegachile addendéMegachilidae).

While diversity was high, overall, the bee community was dominated by small social
sweat bees, family Halicticae. Two groupasioglossunsp. andHalictus tripartitusmade up
22% and 13%, respectively, of all captured specimens. Furthermore, 52 species were represented
by a single collected specimen, suggesting they may be locally rare (Figure 5). Three detailed
lists are included at the end of théport as Appendices. Appendix 1 is a list of the bee genera
collected, including the number of specimens collected (abundance), the number of species or
morphospecies identified, whether these are native or include introduced species, degree of
sociality, pollen (= floral visitation) specificity, nest site location and no#gpendix 2 is a list
of each bee species or morphospecies identified, noting the plants from which each species was
collected. Appendix 3 is a list of each of the plants we netted, fnoting all visiting bee
species.
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Figure 5. Rank abundance of all bee morphospecies collected.
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