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Characterization of the bee
community and pollination
network in a southeastern
U.S. pine savanna
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and Cinnamon Dixon?
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Although the fire-maintained pine savannas of the southeastern U.S. Coastal
Plain are recognized for their plant diversity, pollinators associated with these
ecosystems remain comparatively understudied. Here we present the results
from a season-long effort to record bee-flower interactions at a single site in
Florida. We collected 93 bee species (out of an estimated 117) from 79 flower
species, with a total of 446 unique interactions. Bee richness and the number of
interactions exhibited a bimodal pattern, dipping in mid-summer before an
estimated peak in October. The most important floral resources changed
throughout the season as did the composition of bees, with the spring and fall
periods being particularly distinct. We found that pollen specialists (that collect
pollen from a single family of plants) and pollen generalists accounted for a
similar proportion of bee species over the entire season. However, pollen
generalists outnumbered pollen specialists in the spring and summer before
reversing in the fall. Pollen specialists visited significantly fewer plant species and
families than pollen generalists and many were collected exclusively from their
host family. This was particularly the case for aster specialists active only during
the fall. We estimate that between 18.3-25.8% of the local bee fauna depends
directly on the overstory trees for nesting habitat including dead wood and resin.
Two management recommendations can be made based on these results. First,
because fall is the period of peak floral abundance and bee richness, including
many late-season aster specialists, it is probably the least favorable time for
prescribed fire. Second, considering that a significant proportion of native bees
depend on dead wood for nesting, it is important to retain standing dead trees
and fallen wood whenever possible.
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Introduction

The pine savannas of the southeastern U.S. support an
outstanding diversity of endemic species. These ecosystems are
highly fire-adapted, requiring a return interval of about two years to
maintain pine dominance, open stand conditions, and diverse
understory vegetation. Pine savanna ecosystems, dominated by
longleaf pine (Pinus palustris Mill.) with smaller components of
shortleaf pine (P. echinata Mill.), slash pine (P. elliottii Engelm.),
and other fire-tolerant tree species, came to dominate the
southeastern Coastal Plain 7500-5000 ybp in response to a
warming climate, frequent lightning ignitions from convective
thunderstorms, and anthropogenic burning (Van Lear et al,
2005). Whereas pine savanna ecosystems covered 370,000 km?
within this region prior to colonization by western European
countries, they currently occupy a small fraction of their
historical range (Frost, 2006) and many remain degraded from a
history of agriculture and other soil disturbance, fire exclusion,
logging, or invasion by exotic or off-site species. Ongoing efforts to
preserve and restore native pine savannas are critical for conserving
such iconic and vulnerable species as the red cockaded woodpecker,
gopher tortoise, venus flytrap, and many others.

Southeastern pine savannas are recognized for their understory
plant diversity which can reach up to 40 species per m” and include
many endemic taxa (Peet and Allard, 1993; Walker, 1993). Roughly
three quarters of plant species in these systems are pollinated by insects
(Folkerts et al., 1993). Pollinator communities of Coastal Plain savannas
are distinct from those of other southeastern ecoregions (Ulyshen et al,,
in press) and have been the focus of numerous studies, ranging from the
creation of species checklists (Bartholomew et al., 2006), efforts to better
understand the life histories of focal species, comparisons among land
use histories (Ulyshen et al., 2020; Dixon et al,, 2022), and investigations
into the effects of management activities (e.g,, prescribed fire, thinning)
(Breland, 2015; Moylett et al., 2019; Odanaka et al., 2020; Ulyshen et al,,
2021, 2022). However, even some of the most basic questions about
these communities remain unanswered. For example, although several
studies have recorded pollinators visiting particular species of flowers
(Deyrup and Menges, 1997; Hamon et al,, 2018), efforts to document
entire pollination networks are lacking. Similarly, the specific resource
requirements of species comprising pollinator assemblages remain
largely unestablished. Such basic descriptive information is of critical
importance to fully understanding the nature of these communities and
how best to conserve them.

Two topics concerning pollinator resource requirements are of
particular relevance to managers. The first involves the diet breadth
of bees. While Folkerts et al. (1993) suggested most bees associated
with the longleaf pine ecosystem visit a wide range of floral hosts for
either nectar or pollen (termed polytropic), the proportion of bees
that specifically collect pollen from many vs. few hosts (polylectic
vs. oligolectic, see Robertson, 1925) remains unknown.
Observations of floral visitation alone may overestimate polylecty
as some bees are known to visit more species for nectar than for
pollen (Pekkarinen, 1997). Many bees are adapted to the pollen of
particular plant lineages and cannot develop on pollen from
unrelated plants (Praz et al., 2008). Efforts to estimate pollen
specialization are challenged by the fact that sufficient data to
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make such designations are available for less than 5% of bee
species globally (Wood et al., 2023). However, the North
American fauna is better understood and predictive models that
take into account flower visitation, occurrence, and phylogenetic
data show promise (Smith et al., 2024). Because pollen specialists
are inherently more sensitive to any alteration in resource
availability, efforts to identify such species, and to understand
which plant species they require and at what time of year, can be
beneficial to managers. For example, pollinator species may be more
sensitive to prescribed fire at certain times of year if it results in a
phenological mismatch between when they are active and when
their preferred floral resource is available.

The second topic of particular importance to mangers concerns
utilization of tree-derived resources by bees. A large fraction of bees
found in broadleaf forests are likely forest dependent (Smith et al,
2021), meaning they require a resource restricted to forests at some
point during their life cycle. Such resources can include the nectar
or pollen produced by broadleaf trees or dead wood used by many
species for nesting. There is growing evidence that eastern
deciduous forests of the U.S. provide important floral resources to
bees in the canopy (Urban-Mead et al., 2021, 2023), and recent
work from southeastern forests suggests that forest bee diversity
increases as the diversity of flowering trees increases (Traylor et al,
2024). By contrast, forest bee diversity within the Piedmont has
been shown to decrease as the amount of pine in the surrounding
landscape or as a proportion of local basal area increases (Traylor
et al., 2024; Ulyshen et al., in press). Such patterns raise questions
about the value of pine trees to bee assemblages. Although pines
probably do not provide useful floral resources to these insects
(Pernal and Currie, 2000), they do provide nesting resources in the
form of dead wood and resin. However, no previous effort has been
made to estimate what proportion of the bee fauna in pine savannas
depend on tree-derived nesting resources.

Here we characterize the bee community and pollination
network (i.e., bee-flower interactions) based on direct sampling
from flowers throughout the growing season in a native pine
savanna in Florida. We aim to 1) identify which plant species
support the greatest diversity of bees and how this varies
throughout the year, 2) determine what proportion of native bee
species are pollen specialists vs. generalists and how consistent
observed floral visits are with pollen specialization, 3) document
seasonal changes in pollinator networks, including changes in bee
species richness, the number of interactions between bees and
flowers, and the relative species richness of pollen specialists and
generalists, and 4) estimate what proportion of bee species requires
tree-derived resources for nesting.

Methods
Study area

The study area and sampling methods used in this study are
described in Ulyshen et al. (2023). Briefly, we worked in an area of

pine savanna measuring less than half a square kilometer on Tall
Timbers Research Station in Leon County, Florida (Supplementary
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Figure SI). The site has no known history of plowing or other
agricultural disturbance. The site has high plant species richness,
with an average of 75 species per 100 m? (KR and CD unpublished
data). The open savanna-like conditions have been maintained by
biennial prescribed fire since 1990 when the research station first
acquired the property. Although the overstory trees consisted
primarily of mature shortleaf pine (Pinus echinata), bee sampling
mostly took place within eight 0.4 ha blocks where longleaf pine was
planted in the 1990s and is mixed with shortleaf pine in the canopy.
In 2019 each block was subdivided into four 0.1 ha square plots that
had been randomly assigned to one of four season of fire treatments:
winter (January), spring (March-April), summer (June), or fall
(September-October). Although testing the effects of season of fire
on bee communities was the original purpose of our sampling, the
resulting dataset offers a special opportunity to study the pollinator
network in a southeastern U.S. pine savanna.

Sampling

As detailed in Ulyshen et al. (2023), two collectors followed a
standardized protocol to net bees off flowers once a month from
February to November 2022. During this period, prescribed fires
were applied to the 0.1 ha plots according to the schedule described
above, with winter plots being burned about one month before the
study began. Nearly all plants in the community are perennial and
rapidly resprout and often flower soon after burning in late winter
through summer, so well-developed vegetation was always present
in at least three of the four plots within each block. Only specimens
judged to be actively foraging for pollen or nectar (based on
observed behavior) were collected, and flowers were identified on
site or from photographs and field notes. Sampling took place only
during favorable weather (sunny or partly cloudy skies) between the
hours of 9:30 am to 5:30 pm. Each collector spent 20 min (Feb, Mar,
Aug, Oct, and Nov) or 25 min (Apr, May, Jun, Sep) sampling bees in
each plot. In July, due to stormy weather, the plots within half the
blocks were each sampled for a total of 40 min while the others were
sampled for only 30 min. In November, only one collector visited
the plots. Finally, some additional opportunistic sampling took
place near the plots and we include those data in the current
network analysis for completeness. In total, the data presented here
resulted from more than 220 person-hours. Sampling took place on
the following dates: February 22-24, March 20-21, April 19-29,
May 16-18, June 13-15, July 13-14, August 6-10, September 12-15,
October 19-21, and November 7-8. Bees were identified to species
using published (Mitchell, 1960, 1962; Gibbs, 2011) and online
(discoverlife.org) keys as well as an established reference collection.
Voucher specimens are deposited in the first author’s
research collection.

Bee species were classified as pollen specialists (i.e., species that
consume pollen from only a single family of plants), generalists, or
parasites, based on information from the literature when available.
For other species, diet breadth was predicted using a random forest
model based on trait, phylogenetic, and visitation data compiled for
682 bee species native to the United States (Smith et al., 2024).
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Analysis

All analyses were performed in R (Team, 2022). We pooled data
by month to examine seasonal changes in bee-flower networks,
including the number of interactions, the number of bee species,
and the relative number of pollen specialist and generalist bees.
Because our goal was to record the pollination network as
completely as possible, data from the opportunistic sampling
outside the main study plots were included in this analysis. To
adjust for differences in sampling effort among months, we
calculated the Chaol richness estimator using the rareNMtests
package (version 1.2) (Cayuela and Gotelli, 2014) for each month
separately. We used the same method to estimate the total number
of bee species present at our study site after combining data from all
months. Chaol adjusts the observed number of species based on the
number of taxa represented by just one or two specimens. We used
the bipartite package (version 2.19) to create figures showing
interactions between the different bees and flowers for each
month separately.

To investigate how bee community composition changed
throughout the season, we performed non-metric multidimensional
scaling (NMDS) on a Bray-Curtis distance matrix using the vegan
package (version 2.6.4) (Oksanen et al., 2007). We only included the
data collected from the season of fire plots in this analysis. We
grouped data by month pairs (Feb-Mar, Apr-May, Jun-Jul, Aug-Sep,
Oct-Nov), and bee abundance data were Hellinger-transformed (i.e.,
relativized by species maximum) prior to analysis. Then, to determine
if any taxa were strongly associated with one or more of the month
pairs, we performed indicator species analysis using the multipatt
function in the package indicspecies (version 1.7.14) (De Caceres
etal,, 2016). This test produces values ranging from 0 (no association)
to 1 (complete association).

Finally, we used the Wilcoxon ranked sum test to compare the
number of hosts visited by pollen specialists and generalists. This
test was performed separately for the number of flower species and
families visited.

Results

We collected a total of 93 bee species (Supplementary Table S1)
from 79 species of flowers (Supplementary Table S2), with a total of
446 unique bee-flower interactions. Based on Chaol, the total bee
richness at our study site was estimated to be 117 species with a 95%
confidence range of 101-165. We observed a distinct mid-summer
dip in the number of bee-flower interactions as well as bee richness,
with peaks occurring in April and October (Figure 1). Chaol
estimates of bee richness are generally in agreement with a mid-
summer dip and with bee richness reaching a low point in July
(Figure 1). The most important floral resources, in terms of the
number of visiting bee species, varied from month to month
(Table 1, Figures 2-4). In February, for example, most of the
collected bee species and individuals came from Gelsemium
sempervirens (L.) J. St.-Hil. whereas Baptisia alba (L.) Vent.
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became the most important floral resource by March. Top species in
April, May, and June were Rubus cuneifolius Pursh, Tephrosia
virginiana (L.) Pers., and Callicarpa americana L., respectively. A
variety of floral resources dominated later in the year, but, by
October and November, members of Asteraceae (e.g., Helianthus
angustifolius L., Chrysopsis mariana (L.) Elliot, Pityopsis aspera
(Shuttlw. ex Small) Small) became the most visited flowers.
Although the bee species observed visiting flowers of the most
plant species also varied throughout the year (Table 1, Figures 2-4),
several were commonly among the highest ranked species. For
example, Ceratina sp. was either the first or second most interactive
bee taxon from February through June. Similarly, Lasioglossum
reticulatum (Robertson) was one of the top three most interactive
species for five of the months.

Our NMDS ordination (stress=0.18) revealed distinct seasonal
changes in bee composition, with the early spring (Feb-Mar) and
fall (Oct-Nov) faunas being particularly distinct (Figure 5). Based
on indicator species analysis, 37 bee species were strongly associated
with one or more of the month pairs (Supplementary Table S4).
Three species were associated with the earliest months (Feb-Mar)
(Eucera dubitata (Cresson), Habropoda laboriosa (Fabricius), and
Osmia sandhouseae Mitchell), whereas eleven were associated with
the fall months (Oct-Nov). These were Agapostemon splendens
(Lepeletier), Andrena accepta Viereck, Andrena fulvipennis
(Smith), Bombus bimaculatus Cresson, Melissodes boltoniae
Robertson, M. dentiventris Smith, M. druriellus (Kirby),
Paranthidium jugatorium (Say), Pseudopanurgus labrosiformis

- Interactions -G Pollen specialists
- Chaot
= Bee species

- Pollen generalists

75

50
>
Q
O
25
0
5
=
w 1.0
2os
805
5
(%] Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Month
FIGURE 1

Total number of observed bee-flower interactions and the richness
of all bees, pollen generalists, and pollen specialists by month.
Chaol estimates of bee richness are also shown. The lower graph
shows changes in relative sampling effort over the same period

of time.
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Cresson, P. solidaginus Robertson, and P. rugosus Robertson
(Supplementary Table S4). All but three of these fall-associated
species are known to be pollen specialists of Asteraceae, and the
others were either collected exclusively (B. bimaculatus and P.
jugatorium) or mostly (A. splendens) from this family
(Supplementary Table S3).

Based on the literature and model predictions, 38 and 37 of the
species collected in this study are pollen specialists and generalists,
respectively. Of these classifications, 23 are model predictions.
Another six species are parasitic and the remaining 12 species
remain unclassified. Among the 25 species with known pollen
specialization, 80% are specialists of Asteraceae (Supplementary
Table S1). On average, species classified as generalists and specialists
visited 6.2 + 1.3 and 3.0 + 0.6 species of flowers, respectively, a
significant difference based on the Wilcoxon ranked sum test
(W=920, p=0.02). The numbers of plant families visited by
generalists and specialists were 3.7 * 0.6 and 1.7 + 0.2,
respectively, also a significant difference (W=1025.5, p<0.001). Of
the 50 most frequently captured bee species (represented by at least
five specimens), twelve are known to be pollen specialists. Ten of
these were captured exclusively from their known host family
(Supplementary Table S3). Only one of these specialist species,
Svastra atripes (Cresson), was captured more often on non-host
families. We caught a greater number of pollen generalist species
than specialists throughout the spring and much of the summer, but
more specialist species were collected than generalists beginning in
October (Figure 1).

Nearly three quarters of the sampled bee species nest either
within the soil or at the ground surface (Supplementary Table S1). It
is not possible to determine exactly how many species depend on
trees for nesting, but at least 15 species (including a species of
Heriades, ten species of Megachile, two species of Osmia, and two
species of Xylocopa), and perhaps as many as 22, nest in dead wood.
Additionally, two species of Anthidiellum are known to build nests
out of resin collected from trees. Thus, between 18.3-25.8% of the
local bee species collected in this study can be considered dependent
on overstory trees for nesting.

Discussion

To our knowledge, this study represents the first effort to record
species-level interactions between bees and flowers over an entire
season in a southeastern pine savanna. We recorded 93 bee species
(out of an estimated total of 117 species) within a sampling area
measuring no more than half a square kilometer, showing that such
savannas can support a high diversity of bees. Our observations
likely represent only a small fraction of the bee-flower interactions
that occur at our small study site (Chacoff et al., 2012), and network
interactions are likely to vary considerably from year to year. For
example, researchers previously reported that even species that
appear to be restricted to a single host one year can function
more like generalists over larger periods of time (Petanidou et al,
2008). Such findings suggest that many bees respond
opportunistically to available resources and, as a consequence,
pollinator networks may be less sensitive to disturbances than
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TABLE 1 Top three most interactive bee and plant species by month
with the total number of partner species (and total number
of observations).

Gelsemium sempervirens 6
Feb Ceratina sp. 3(5) (L.) J. St.-Hil. (43)
Bombus
impatiens Cresson 2(2) Oxalis dillenii Jacq. 4 (4)
Lasioglossum Crocanthemum
reticulatum 2 carolinianum
(Robertson) (10) (Walter) Spach. 1(1)
Pityopsis aspera (Shuttlw.
ex Small) Small 1(1)
12
Mar | Ceratina sp. 6 (8) Baptisia alba (L.) Vent. (179)
Lasioglossum
reticulatum 7
(Robertson) 4 (9) Vaccinium virgatum Aiton (36)
Augochloropsis 3
metallica (Fabricius) (11) Oxalis dillenii Jacq. 5(8)
Bombus 3
impatiens Cresson (12)
Eucera 3
dubitata (Cresson) (126)
Osmia inspergens
Lovell and Cockerell 3(3)
Augochloropsis 8 22
Apr metallica (Fabricius) (24) Rubus cuneifolius Pursh (103)
8 Tephrosia virginiana 13
Ceratina sp. (28) (L.) Pers. (42)
Augochloropsis 5 11
sumptuosa (Smith) (17) Baptisia alba (L.) Vent. (18)
7 Tephrosia virginiana 16
May  Ceratina sp. (11) (L.) Pers. (111)
Lasioglossum 12
pectorale (Smith) 6 (9) Mimosa quadrivalvis L. (60)
Megachile 6 8
petulans Cresson (38) Polygala polygama Walter (17)
9 9
Jun Ceratina sp. (21) Callicarpa americana L. (75)
Augochloropsis 6 Stylisma patens 8
metallica (Fabricius) (51) (Desr.) Myint (21)
5 7
Halictus poeyi/ligatus (28) Silphium asteriscus L. (26)
Megachile
petulans Cresson 5(5)
Lasioglossum
reticulatum 8
Jul (Robertson) 5(8) Silphium asteriscus L. (12)
Megachile Vernonia 5
mendica Cresson 4 (6) angustifolia Michx. (12)
Halictus poeyi/ligatus 2 (3) Solidago altissima L. 3(7)
(Continued)
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TABLE 1 Continued

Bees Plants

Lasioglossum

apopkense (Robertson) 2(2)

Lasioglossum

weemsi/leviense 2 (6)

Megachile

georgica Cresson 2 (4)

Megachile

petulans Cresson 2(7)

Megachile

texana Cresson 2 (4)

Melitoma taurea (Say) 2 (4)

Lasioglossum

reticulatum 4 9
Aug (Robertson) (45) Rhus copallinum L. (106)

Augochloropsis 3 Chamaecrista fasciculata

metallica (Fabricius) (48) (Michx.) Greene 3(3)

Lasioglossum 3

apopkense (Robertson) (11) Helianthus hirsutus Raf. 3(5)

Melissodes Sabatia angularis

comptoides Robertson 3 (4) (L.) Pursh 3(3)

Silphium asteriscus L. 3(6)

Lasioglossum

reticulatum 9 Pityopsis aspera (Shuttlw. 11
Sep (Robertson) (34) ex Small) Small (29)

Augochloropsis 8 Sericocarpus tortifolius 11

metallica (Fabricius) (54) (Michx.) Nees (27)

Lasioglossum 7 10

apopkense (Robertson) (17) Solidago arguta Aiton (36)

Augochloropsis 10 21
Oct metallica (Fabricius) (41) Helianthus angustifolius L. (149)

Bombus 9 Chrysopsis mariana 18

impatiens Cresson (24) (L.) Elliot (88)

Augochloropsis 5 Pityopsis aspera (Shuttlw. 9

sumptuosa (Smith) (11) ex Small) Small (28)

Bombus 5

bimaculatus Cresson (15)

Augochloropsis 5 11
Nov | metallica (Fabricius) (14) Helianthus angustifolius L. (37)

Augochloropsis Chrysopsis mariana 10

sumptuosa (Smith) 5(8) (L.) Elliot (57)

Agapostemon 4 Pityopsis aspera (Shuttlw. 8

splendens (Lepeletier) (10) ex Small) Small (17)

Note that more than three species are listed in the case of a tie.

once thought. Given such variability, the networks presented here
should be viewed only as snapshots in time from a single location.
However, several important insights into southeastern pine bee
communities can be gleaned from these observations and are
discussed below.
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FIGURE 2

Observed pollination networks for February, March, and April 2022. See Supplementary Tables S1, S2 for species abbreviations.

The seasonality of southeastern pine savanna bee communities
appears to be more complicated than previously understood, with
the number of bee species and network interactions exhibiting
peaks in both the spring and fall, with a dip in mid-summer. This
bimodal pattern contrasts with the single June peak reported across
multiple Coastal Plain forests and savannas by Ulyshen et al. (in
press). There are several possible explanations for this discrepancy.
First, sampling effort was not consistent across months in the
current study and was somewhat lower in July and August than
in the months before or after. This may have contributed to the
observed mid-summer dip in the number of bee species and
interactions (Figure 1). However, it should be noted that this dip
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was corroborated by our Chaol richness estimates, which are less
sensitive to differences in sampling effort. Another possibility is that
our sampling under-represented bee diversity in mid-summer when
high temperatures may have acted as a filter on the foraging bee
assemblage. Although we did notice a marked reduction in mid-day
bee activity on the hottest days in July and August, the fact that the
downward trend began in May during milder conditions indicates
that weather conditions alone cannot explain these patterns.
Differences in sampling method may also have resulted in
dissimilar observed seasonality patterns between studies. For
example, the study by Ulyshen et al. (in press) involved pan traps
which are known to under-sample certain taxa (Cane et al., 2000)
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FIGURE 3

Observed pollination networks for May, June, and July 2022. See Supplementary Tables S1, S2 for species abbreviations.

and to be less effective during periods of high floral abundance
(Baum and Wallen, 2011). Finally, that previous study did not
extend beyond September and thus missed the peak fall blooming
period. Whatever the explanation, the fact that October had the
highest Chaol richness estimate of all months, and eleven bee
species were strongly associated with October and November,
shows that fall is a particularly important time of year for bees in
southeastern U.S. pine savannas.

Our findings suggest that pollen specialists may make up a
larger proportion of bee species in pine savannas than previously
thought (Folkerts et al., 1993). Based on published information as
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well as model predictions, we found bee species at our study site to
be about equally divided between pollen specialists and generalists,
with pollen specialists accounting for 50.7% of classified species.
Although pollen specialists are known to often visit non-host
flowers for nectar, they visited flowers of significantly fewer plant
species and families than pollen generalists in the current study.
Moreover, 83.3% of the most frequently captured pollen specialists
were captured exclusively from their known host family
(Supplementary Table S3). Consistent with previous studies
(Pelletier and Forrest, 2023), we found the relative number of
pollen specialists to increase later in the year. Of the eleven
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FIGURE 4

Observed pollination networks for August, September, October, and November 2022. See Supplementary Tables S1, S2 for species abbreviations

necessary for a large proportion of savanna bee species. We estimate

species found to be strongly associated with October and

that 18.3-25.8% of the bee species collected in this study depend on
trees for nesting habitat (e.g., cavities in dead wood) or for resin

November, eight were pollen specialists. All of these species are

specialists of Asteraceae, which underscores the key role this family

associated bees reported from the

used in nest construction. The upper end of this range is not much
of forest

below the 32%

plays in shaping the fall bee community in southeastern U.S.

pine savannas.

deciduous forests of the northeastern U.S (Smith et al, 2021).

Thus,

This study represents the first effort to quantify the importance

even though pine trees do not provide floral resources

of the pine overstory to savanna bee assemblages. Although the

beneficial to bees, they do provide many species with critical

openness of pine savannas creates an almost grassland-like

nesting resources. While beyond the scope of the current study,

understory, and floral resources are almost entirely confined to

another potential benefit of the pine overstory to bees concerns the

this layer, it is clear from our results that the pine overstory is

frontiersin.org

08

Frontiers in Ecology and Evolution


https://doi.org/10.3389/fevo.2024.1403602
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Ulyshen et al.

o
o
2 o
o
o o
0.51 A °
.
A . FebMar
[N o LA A A A AprMay
g ) N = Jundul
; 0.0 o o AugSep
u [l o OctNov
] O
A
a
o
o
-0.5
o o
o
-0.5 0.0 0.5 1.0
NMDS1
FIGURE 5

NMDS ordination depicting seasonal changes in bee composition.

role pine needles play as fuel for the fires so important to the
maintenance of savanna plant diversity (Kirkman et al., 2007). It is
probable that broadleaf trees, when present, provide further benefit
to bees in this system. For example, the flowers of many broadleaf
tree genera (including Acer, Liriodendron, Quercus, etc.) are known
to be visited by bees, and bee diversity has been shown to be
positively correlated with flowering tree diversity (Traylor et al,
2024). It is likely that riparian forests and other corridors or patches
of hardwood trees provide an additional benefit to bees within
Coastal Plain landscapes.

The results from this study have important implications for
managers. First, it is clear from our results that fall is a particularly
important time of year for bees including many late-season
Asteraceae specialists. Thus, in terms of impacts on pollinators,
fall may be the least favorable time of year for implementing
prescribed burns, as suggested by a previous analyses of these
data (Ulyshen et al., 2023). Our results also highlight the value of
pine trees to savanna bee assemblages. We estimate that as much as
one quarter of bee species may depend on trees for nesting
purposes. Because most of these nest in dead wood, ensuring an
adequate availability of standing and downed woody debris will
benefit this fauna.
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