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Traits and Functional Diversity of a Hyperdiverse
Bee Assemblage Are Linked to Aridity
By
Benjamin Turnley

B.A., Biology and Environmental Science, Central College, 2020
M.S., Biology, University of New Mexico, 2022

Abstract

Climate change in the American Southwest is altering the composition of species
assemblages. However, the resulting patterns in mean trait values and functional diversity are
poorly understood. Bees assemblages in Southwestern drylands are exceptionally diverse,
and vary greatly in their morphologic traits. In this study we focused on two questions: Have
community-weighted mean trait values shifted over time and/or with aridity, consistent with
the hypothesis that aridification is driving bee assemblage change? Has the functional
diversity of the Sevilleta bee assemblage declined over time and/or with aridity, consistent
with the hypothesis that pollination services could be declining? To address these questions,
we utilized 16 years of abundance data for 33 focal bee species at the Sevilleta National
Wildlife Refuge (NM, USA), combined with measurements of a suite of morphological
traits. Our results show that changes in aridity are associated with changes in the functional

composition of a hyperdiverse bee assemblage.
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Introduction

Bee species diversity and/or abundance is in decline (Colla et al., 2012; Kazenel et
al., in prep.). According to data from the Global Biodiversity Information Facility, global bee
species richness has progressively decreased since the 1990s (Zattara & Aizen, 2021).
Climate change, disease, insecticides, and habitat loss all seem to be key pressures driving
bee declines (Goulson et al., 2015; Cariveau & Winfree, 2015; LeBuhn & Luna 2021).
Understanding these changes in bee diversity and abundance is critical because ecosystems
rely on the pollination services that bees provide. Roughly 80% of wild plant species rely on
insect pollination, of which is primarily from wild bees (Thormann et al., 2013). Therefore,
maintaining bee diversity is crucial for maintaining plant diversity (Biesmeijer et al., 2006).

Despite their importance, little is known about trends in bee traits. Understanding
these trends is important because trait values have been shown to be highly influential over
ecosystem processes (Mokany et al., 2008). Temporal trends in community-weighted mean
(CWM) trait values can give clues to the drivers of assemblage change. For example, if
warming and drying conditions favor species that are particularly arid-adapted, a shift
towards arid-adapted community-weighted trait means over time is expected. For bees,
different aspects of morphology, physiology and behavior impact their performance under
climate change (Roquer-Beni et al., 2020), with different bee species exhibiting different
thermal and desiccation tolerances (Burdine & McCluney, 2019). Traits such as body size
and color might help bees mitigate the impacts of a warming climate (Kazenel et al., in prep;
Pereboom & Biesmeijer, 2003).

Functional diversity describes the value and range of species traits that have an

impact on ecosystem productivity, stability, dynamics, or operation (Tilman, 2001). Since



functional diversity relates to ecosystem function, it can provide relevant information that
species diversity alone cannot (Cadotte et al., 2011). However, little is known about trends in
bee assemblage functional diversity over time, particularly whether it is declining. The lack
of such information for bees is not unusual, as there are very few examples of studies that
have examined temporal trends in functional diversity for any biotic community. One such
study has documented nonlinear increases in bird functional richness and functional evenness
from 1970-2011 in the United States (Barnagaud, et al, 2017).

Temporal trends in functional diversity metrics can provide information about
potential changes in ecosystem services (Greenop et al., 2021). Because a decline in a species
that shares redundant traits in an assemblage might have less ecosystem-level impact than a
functionally unique species, functional diversity metrics are expected to be more closely tied
to ecosystem services than are standard species diversity metrics (Tilman, 2001). Increases in
pollination are better explained by increases in bee functional diversity than increases in bee
species diversity (Friind et al., 2013). Furthermore, maintaining a functionally diverse bee
assemblage helps to ensure a wide breadth of plants can be pollinated. In a two-year
experiment in France, experimental plots pollinated by a pollinator assemblage with high
functional diversity ended up containing 50% more plant species than plots pollinated by a
pollinator assemblage with low functional diversity (Fontaine et al., 2006). Additional
evidence suggests that fruit set and seed set in plants increase with bee assemblage functional
diversity (Martins et al., 2015). Several bee traits are associated with pollination potential.
For example, elevated levels of hairiness allow for greater pollen loads to be carried (Goulnik

et al., 2020), and large body size has a similar effect (Kerr et al., 2019). Wing size also may



impact a bee’s pollination capabilities, as larger wings increase potential foraging distances
(Westphal et al., 2006) and thus pollen transport distances.

Here, we examine aridity and temporal trends in the trait values and functional
diversity of a hyper-diverse bee assemblage in the southwestern US. The region is
experiencing both drying and warming (Rudgers et al., 2018; Maurer et al., 2020). Our study
pairs new data collection on bee traits with an existing long-term bee abundance dataset
spanning 2002-2019 (Wright et al.; Kazenel et al. 2020; Kazenal et al. in prep). We ask: (1)
Have community-weighted mean trait values shifted over time and/or with aridity, consistent
with the hypothesis that aridification is driving bee assemblage change? And, (2) Has the
functional diversity of the Sevilleta bee assemblage declined over time and/or with aridity,

consistent with the hypothesis that pollination services could be declining?



Fig. 2

Has the functional diversity of the Sevilleta bee assemblage declined over time and/or with
aridity?
None of the functional diversity indices showed any significant changes over time

during the spring season (FRic p=0.1694, FEve p=0.4167, FDiv p= 0.9062). During the
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monsoon, FRic was the only functional diversity index to show a significant change over
time, and displayed a positive linear relationship (Fig. 3) (FRic p=0.00366, FEve p=0.9728,
FDiv p=0.07381).

FRic was the only functional diversity index to significantly change with spring
season aridity, and was best described by a cubic model (FRic p= 0.0004919, FEve=
0.07122, FDiv= 0.7992). Similarly, FRic was also the only functional diversity index to
display a significant change with the monsoon season aridity, and was best fit with a positive
linear relationship in which functional richness increased in hotter and drier conditions (FRic

p=0.022, FEve p= 0.2688, FDiv p=0.521).

Fig. 3
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Discussion

Our analyses of 16 years of bee assemblage data for 33 focal species at the Sevilleta
suggest that both community-weighted mean trait values and functional richness are sensitive
to aridity. However, spring and monsoon season aridity impacted each season’s bee
assemblage differently. For many CWM traits, climate extremes in either direction lead to
increased trait values for the spring assemblage. Whereas during the monsoon season,
increases in aridity led to increased trait values. This study also shows that Functional
richness of the bee assemblage at the Sevilleta increased with aridity. Overall a trait-based

approach allows us to examine the functional dynamics of assemblage change.

Aridity and Temporal Trends

All significant changes in CWM trait values due to spring aridity were best fit with
convex quadratic models. In these models low trait values were found during typical aridity
scenarios. High CWM trait values were found in years that are hotter and drier than usual and
in years that were cooler and wetter than normal. For the monsoon season, most trait values
had positive linear relationships with aridity. Previous research at the Sevilleta has
documented that aridity at this site has increased since 1900 (Rudgers et al., 2018). Since
higher CWM trait values for both season’s assemblages are linked with aridity, we expect
corresponding increases in CWM trait values over time. However, we do not document any
examples of CWM trait increased over the length of our study. Although aridity has changed
significantly since 1900 at the Sevilleta, it has not changed over the length of the current
study (2002-2019) (Appendix Figure 4, Appendix Figure 5). Over a longer duration of time,

we expect that increases in aridity will lead to increases in CWM trait values in the future.
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Trends in Community Weighted Trait Values
Body Size

On average larger bodied bees were comparatively more abundant during hotter and
drier monsoon seasons. At first glance, previous research suggests that this trend could be
explained by physiological constraints due to bees’ surface area to volume ratio (Willmer &
Stone, 1997). Since the body surface is the site of water loss, and the internal volume is the
site of water storage, insects with a high surface area to volume ratio lose water more rapidly
(Kiihsel et al., 2017). Larger bees have a smaller surface area to volume ratio, and thus may
be better at retaining water and selected for with increased aridity. Additionally, small bees
heat up more quickly than larger bees (Pereboom & Biesmeijer, 2003). However, with bees
from the Sevilleta, Kazenel et al (in prep.) have shown that body size does not correlate with
desiccation tolerance. It is therefore unlikely that water retention is the reason why large-
bodied species reach higher abundances with increased aridity in our system.

We have three alternate hypotheses for the pattern of larger-bodied bees being
comparatively more abundant during hotter and drier monsoon seasons. First, competition
dynamics may be at play, in which larger bees have an advantage over smaller bees during
arid monsoon seasons when floral resources are scarcer and perhaps more highly guarded.
Anthidium bees, a large-bodied genus present in our system, are known to guard floral
resources (Danforth, 2007). Second, the particular details of floral resource availability may
matter. In more arid monsoon seasons there might be fewer small forbs blooming, which will
negatively impact the bee species that rely on these plants. However, regardless of aridity,

Cactaceae are likely to bloom during the monsoon season (pers. obs.) At the Sevilleta, there
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are several large-bodied bee species such as Diadasia rinconis and Diasasia australis that are
cacti (Cactaceae) specialists (Sipes & Tepedino, 2005). This could mean that the large-
bodied Diadasia species that rely on this consistent resource might make up a greater stake in
the composition of the assemblage during arid years, especially as forb-reliant species
struggle, thus driving up the average bee size. In fact, over the course of this dataset, the
percentage of the monsoon bee assemblage consisting of Diadasia rinconis and Diasasia
australis increases linearly with aridity (p= 0.01963). With climate change, we might
continue to see larger bees having a proportionally greater stake in the Sevilleta monsoon
season assemblage. Finally, strong positive correlations between all traits measured in this
study (Appendix Table 2) could mean that large body size itself is not favored during more
arid monsoon seasons, but instead that a correlated trait, such as greater lightness or wing
size, is favored. This final possibility applies as well to the traits discussed below.
Wing Size

During the monsoon season CWM wing size has decreased over the length of our
dataset, but has increased with aridity. Over longer periods of time we expect that trends in
aridity will drive CWM wing size up. One reason why species with larger wings might be
favored with increased aridity is that increases in bee wing size have been linked to enhanced
foraging range capabilities (Westphal et al., 2006). In arid years floral resources are likely to
be spread more sparsely on the landscape. Having large wings with greater flight range
capabilities might be advantageous in reaching scarce flowers.
Lightness

The average bee color was lighter during arid monsoon seasons and darker on

average in cooler monsoon seasons. It is possible that being lighter colored and absorbing

18



less solar radiation may give certain bees a fitness advantage over darker colored bees in hot
years. Previous research has shown that darker colored bees species warm up more rapidly
and have higher temperature excesses than lighter colored species (Pereboom & Biesmeijer,
2003). Additionally, even within the same species, darker morphs heat up faster than light
color morphs (Pereboom & Biesmeijer, 2003). Extreme heat during the monsoon season may
therefore limit darker colored bee abundance and activity in years with arid SPEI values.
Hairiness

Trends in hairiness were complex and varied with season (spring vs. monsoon) and
hair location (face vs. thorax). However, a common theme found in most analyses (Figs. 11,
2@, 21) was that hairier bees were relatively more abundant during the hottest and driest
years. Most bee hair in this study was lightly colored, and the cooling effect of light hair
color (vs. a darkly colored cuticle) could be more powerful than the insulating effect of hair.
It could be that only the most arid monsoon seasons apply enough pressure for this tradeoff
to have a big enough impact to alter assemblage composition. However, it is also possible
that face and thorax hairiness could allow bees to tolerate extremely hot temperatures as well.
Bee hair may protect against solar radiation hitting and warming the body directly,
potentially allowing heat to be absorbed farther from the body and allowing this heat to be
easily dissipated by natural or flight-induced wind. In some organisms, such as elephants,
hair is beneficial in cooling, especially with windy conditions (Myhrvold & Stone, 2012).
Further studies are needed to determine the mechanisms of why hairy species are apparently

favored under extreme aridity.
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Functional Diversity

Contrary to our hypothesis, we found that the functional diversity of this suite of bee
traits at Sevilleta has not decreased over time. Monsoon season functional richness was the
only index to show a significant change over time, and it has increased. When examining
trends between seasonal aridity and functional diversity indices, functional richness
displayed significant relationships across both seasons.

Functional richness (FRic) was best fit with a cubic model regarding spring climate.
With this model functional richness is expected to be affected by interaction between the
mean and variance in climate. When the spring climate is drier than average, increased
variability leads to increases in the functional richness of the bee assemblage as there is a
nonlinear increase in FRic under the most arid conditions. However, when SPEI values are
cooler/wetter than average, increased climate variance leads to declines in FRic.

With monsoon season climate, FRic was best modeled with a positive linear
relationship in which functional richness increases with aridity. This suggests that the
dissimilarity between bee traits in the community are heighten in arid years, and in cooler
years, the bee community occupies less functional space. Having greater trait dissimilarity
between bee species in an assemblage likely means that a greater diversity of plants can be
pollinated. Functionally different bees can fill more niches and have the potential to fit with a
wider array of flowers (Frund et al., 2013). As drought severity in the American Southwest is
projected to increase over time (Cook et al., 2015), we expect to see functional richness
increase with time. This trend is already visible over the course of this dataset for monsoon

seasons (see Fig. 3), and we expect that this might continue into the future.
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Overall, this data suggests that increased arity among our observed climate range
does not seem to threaten the functional diversity of the Sevilleta bee assemblage, as FEve
and FDiv showed no change with climate, and the FRic increased with aridity. In this case, a
hot climate does not seem to be an environmental filter. Rather, diversity is being maintained
by the coexistence of species and niche differentiation across functional trait space. It is
possible that the redundancy of similar trait values across different species in these
assemblages may buffer against climate pressures drastically altering functional diversity

(Gallagher et al., 2013).

Conclusions

Here, we have documented that aridification is linked with community-level trait
change in a bee assemblage. As climate change intensifies in the American Southwest, we
expect that bee species with certain trait values could become more prevalent. With increased
aridity large, lightly colored, and hairy bee species might be favored over time. These
changes in the morphological composition of the Sevilleta bee assemblage could alter its

pollination capabilities, and is worth investigating further.
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Bee Abundance Data

Bee species abundance data across three different ecosystem types at the Sevilleta National
Wildlife Refuge is publicly available through EDI. It can be found using this link.
https://portal.edirepository.org/nis/mapbrowse?scope=knb-lter-sev&identifier=321

Bee Trait Data

Appendix Table 1. We measured ten individuals per trait (whenever possible) for each of
our 33 focal species. These values represent species’ average trait values.

Wing Coloration | Face Thorax Hindgut Water
Bee Species Body Size Size Lightness | Hairiness | Hairiness Length Content
Macrotera latior 4.45214969 | 4.505 9.595 16.508 10.228 38.7795331 | 60.2108112
Perdita callicerata 2.72045133 | 3.387 18.889 16.636 11.652
Perdita ignota 2.28965565 | 2.575 16.477 12.62 11.308
Perdita larreae 0.88862977 | 2.054 17.294 9.324 6.536
Perdita marcialis 1.19342499 | 1.885 15.989 7.848 4.908
Perdita semicaerulea 2.917223 3.642 14.876 14.952 12.428 43.8383944 | 67.4823519
Anthophora affabilis 57.3405183 | 38.917 | 47.035 38.36 56.572
Anthophora
lesquerellae 35.8649078 | 24.464 | 31.231 69 45.304
Anthophora montana 41.4074334 | 38.591 | 33.037 47.396 78.652
Anthophora porterae 60.9178716 | 46.68 47.216 75.512 63.392
Diadasia australis 31.0445112 | 28.956 | 24.883 30.392 52.224
Diadasia diminuta 12.8254358 | 11.336 | 30.707 46.688 26.84
Diadasia rinconis 29.2506447 | 26.511 19.722 33.84 23.712 40.9761672 | 65.0464179
Eucera lycii 31.7733495 | 28.477 | 27.98 34.112 42.02
Melecta pacifica 32.6294579 | 39.644 | 19.59 41.74 81.668
Melissodes tristis 18.932016 | 23.468 | 15.875 63.512 44.692 40.1834722 | 59.7143014
Colletes scopiventer 12.7132925 | 11.081 16.484 63.424 26.312
Agapostemon angelicus | 9.43353847 | 16.988 | 18.287 17.62 7.232 38.0782255 | 58.6248972
Agapostemon
melliventris 9.77203091 | 16.071 | 29.237 15 7.936 40.0066017 | 56
Halictus ligatus 7.05012876 | 12.401 17.737 19.856 9.284
Halictus tripartitus 3.37551736 | 5.272 13.541 16.628 6.3 44.3596038 | 59.0525182
Lasioglossum aff.
pervarum 1.81311887 | 2.92 16.233 12.94 3.672
Lasioglossum Dialictus
2 1.66724377 | 2.755 13.701 16.88 9.468
Lasioglossum
hudsoniellum 1.91787291 | 2.569 22.538 17.108 8.224 40.630496 | 58.1791418
Lasioglossum lusorium | 6.35520891 | 12.705 18.584 16.824 9.836
Lasioglossum
microlepoides 3.29001857 | 4.741 26.686 15.932 6.872
Lasioglossum morrilli 9.77956315 | 14.349 | 18.25 21.216 9.408
Lasioglossum
semicaeruleum 3.29883526 | 6.601 10.579 17.436 10.42 38.5473633 | 60.2862592
Lasioglossum sisymbrii | 8.5775419 | 13.117 | 20.509 25.364 13.844
Anthidium porterae 23.557083 | 21.181 | 20.408 40.604 144
Ashmeadiella meliloti 6.13540699 | 5.195 13.712 27.112 6.312
Osmia watsoni 17.4187375 | 12.869 | 22.628 33.58 47.912
Hesperapis larreae 2.4982924 | 7.482 25.102 25.384 10.56
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Appendix Table 2

Sevilleta Bee Trait Correlation Matrix

o
£ R
g 2 g 5 I
» 0 e T &
> o = ()] —
g £ 5 § ¢
(0} = | w ~
1
BodySize 1 0.94 0.79 0.73 0.85 0.8
0.6
WingSize 1 0.7 0.7 0.87 0.4
0.2
Lightness 1 0.54 0.6 0
0.2
FaceHairiness 1 0.72 0.4
0.6
ThoraxHairiness 1 -0.8

Additional Traits

For traits that required fresh bees, we were able to collect 9 different bee species
(Agapostemon angelicus, Agapostemon melliventris, Diadasia rinconis, Halictus tripartitus,
Lasioglossum hudsoniellum, Lasioglossum semicaeruleum, Macrotera latior, Melissodes
tristis, Perdita semicaerulea). These species were all included in our main trait analyses as
well. These 9 species have 34,626 individuals in our Spring assemblage and 39,692
individuals in our Monsoon assemblage.
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0.1084). However, average hindgut length

8.608¢-06).

do not change significantly with spring aridity (p=0.2426, p=0.7678). Water content has not

changed over time during the spring (Spring: p

Appendix Figure 1. The community average hindgut length ratio, and average water content
ratio has declined significantly over time (p
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Appendix Figure 2. The community average hindgut length ratio, and average water content
both increase significantly with monsoon season aridity (p= 0.02478, p=5.309¢-06).
However, both of these traits have not changed significantly over time during the monsoon
season (p= 0.1663, p=0.1407)
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Appendix Figure 3. Wing loading examines the relationship between our body size and
wing size measurements. This metric represents a species mass divided by the area of the
wings. CWM wing loading values have not changed significantly over time (Spring: p=
0.6223, Monsoon= 0.9070). This trait increased significantly with aridity during the monsoon
season (p= 0.000484), but displayed no relationship with spring season climate (p= 0.2623).

Wing Loading Over Time and With Aridity
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Climate Data

Climate data for the Sevilleta National Wildlife Refuge is publicly available on EDI. It can
be found using this link.

https://portal.edirepository.org/nis/mapbrowse?scope=knb-lter-sev&identifier=1

Appendix Figure 4. Over the course of this study (2002-2019), spring aridity has not
changed significantly over time at our sites (P=0.7572, P=0.8129).

Annual Spring Season Inverse SPEI
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Appendix Figure 5. Over the course of this study (2002-2019), monsoon season aridity has
not changed significantly over time at our sites (P=0.2287, P=0.4008)
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