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Abstract—Research on diurnal plant—pollinator interactions indicates that a small number of generalist plants
provide a disproportionately high amount of floral resources to pollinating insects. Identifying these generalist plants
would help prairie restoration specialists select species that will provide forage for the majority of pollinator taxa.
Field research in three Canadian fescue (Festuca hallir) prairie preserves that were at most 3.3 km away from each
other was conducted in 2014 and 2015 to create pooled, weighted, plant—insect visitor matrices for each site. Using
these matrices, generalization (G) scores were calculated for each plant species to help assess their importance to
wild insect visitors as this method controls for differences in insect abundances over the year. The three species with
the highest average generalization scores were Solidago rigida, Erigeron glabellus and Symphyotrichum laeve. Species
accumulation curves were created to determine how many plant species would need to be present before most
pollinator taxa would have at least one acceptable forage species. This research indicates that the 16 plant species
(33% of the total) with the highest average generalization scores were visited by 90% of the observed pollinator
taxa. To detect exceptionally attractive plant species while accounting for natural differences in abundance, we
calculated the insect, bee and fly visitation rates per inflorescence. There was several specialized plant species that
were visited frequently by bees. Most of these specialized p]ants had purple or yellow, tubular flowers, and bloomed

in mid to late summer when bee populations were most numerous.
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INTRODUCTION

Fescue prairie is a unique North American grassland
formation dominated by Festuca halli (Coupland &
Brayshaw 1953; Coupland 1961). Interest in conserving and
restoring Canada’s fescue prairies is increasing due to the
relative rarity of this ecosystem; agricultural conversion,
industrial activity and exotic species encroachment have
drastically reduced the amount of native prairie remaining.
Complete restoration of all species that were native to an
ecosystem is the ideal end goal as literature suggests that the
more species present, the greater the resiliency of the
community (LaBar et al. 2014). Due to the short growing
season and potential for both late spring and early fall frosts
in the northern prairies, using locally-adapted seeds is
recommended to avoid phenological mismatching (Chuine
2010). Currently, the seeds of native grasses are the ones
most commonly available from commercial seed growers in
western Canada. Unfortunately, grasses are less important to
pollinators than plants that offer large amounts of nectar.
The addition of insect-pollinated herbs or shrubs to seed
mixes is needed to ensure that pollinators will be attracted to
restored areas (Menz et al. 2011). Some plants may be
exceptionally attractive to pollinators; research is needed to

identify them.
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Research on plant—pollinator interactions has found that
some plants are super-generalists that act as the skeleton of
an ecosystem (Jordano et al. 2003; Bascompte & Jordano
2007). Essentially, super-generalists enable less common
species to persist (Memmott et al. 2004; Saavedra et al.
201IT). Usually these super-generalist plants are visited by a
wide diversity of insect taxa due to their large floral displays,
radially symmetrical flowers and easily accessible nectar (Elle
et al. 2012; Koski et al. 2015). Ecological theory suggests
that including super-generalist plants in a seed mix will result
in a more diverse and stable plant—pollinator community
than adding species at random (Montoya et al. 2012; LaBar
et al. 2014; Harmon-Threatt & Hendrix 2015). As a result,
plant—pollinator interaction matrices are increasingly being
used to help identify the most important plants for
restoration purposes (Forup et al. 2008; Devoto et al. 2012;
Montoya et al. 2012; Russo et al. 2013). Indeed, including
the most generalized plants to restoration seed mixes does
increase pollinating insect diversity and abundance over
randomly chosen mixes (LaBar et al. 2014; Kremen &
M’Gonigle 2015; M'Gonigle et al. 2015).

Following Isaacs et al. (2009) note that regional research
efforts are needed to identify the best native plant species to
support the pollinator communities in each region, the goal
of this study was to identify plant species most attractive to
pollinators to use for restoration of Canada’s fescue prairies.
To conduct our evaluation we collected plant—pollinator
interaction data from three fescue prairie preserves in south
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western Manitoba during the summers of 2014 and 2015.
To identify the super-generalist plant species, and make it
easier to compare species with a different number of
available insect pollinators, we calculated a generalization
score (G) for each species developed by Medan et al. (20006).
This generalization score takes into account not just the
number of insect-visiting taxa (S), but their resource usage
(RU) (i.e. the proportion of all available insect taxa that visit
the plant), and evenness (E). Plants with high generalization
scores are visited equally by a large number of the available
insect taxa compared to plants with low generalization
scores, which tend to be visited by only a few insect taxa and
thus are more specialized. We identified the species with the
highest generalization scores in these fescue prairies and
considered them to be top candidates for inclusion in fescue
prairie seed mixes. However, Harmon-Threatt and Hendrix
(2015) and Russo et al. (2013) noted that there are certain
specialist plants (often legumes) that are visited very
frequently by bees and may be important to include in a seed
mix to support these insects. Further, it is possible that plant
density will affect the G score simply by increasing the
likeliness that an encounter will be observed or that insects
will visit that plant species. Therefore, we also determined
the visitation rate per inflorescence (instead of the rate per
plot) by all the pollinators, by just bee taxa, and by just ﬂy
taxa. We created species accumulation curves (Ebeling et al.
2008) to help determine how many of the most generalized
plants would have to be added to a seed mix before most
insect taxa (90%) had at least one plant species to forage on.
Lastly, we graphed the phenology of all plant species

observed to determine the ﬂowering sequence and detect any

gaps.
MATERIALS AND METHODS

Study Sites

Three prairie conservation sites in the Aspen Parkland
Ecoregion south of Riding Mountain National Park,
Manitoba were surveyed: Elk Glen (50.849444°N,
100.819417°W), Cleland (50.830693°N, 100.788083°W)
and Crown (50.834333°N, 100.787750°W). The plots at
Elk Glen were 2.8 to 3.3 km away from the plots at the
Cleland and Crown sites; plots at the latter two sites were all
within 600 m of each other. The soils in this area are
moderately calcareous consisting of mainly sand and silt
derived from glacial till. The sites contain mainly mixed
wood forests with some fescue prairie patches; past grazing
practices are thought to have reduced the fescue grass
component in the Riding Mountain region (Trottier 19806).
As the prairies nearest the roads were heavily invaded by
non-native species such as Bromus inermis and Poa pratensis,
our choices regarding plot locations were limited to areas
that were accessible only by foot, which constrained the
number of plots that could be surveyed in a day. There are at
least 155 vascular plant species that occur in the area, but
many of these species are found in the wetlands or forested
parts of the sites. The close proximity of the sites means that
the climate and landscapes were similar. The Elk Glen and
Cleland sites are owned and managed as nature preserves by

the Nature Conservancy of Canada (NCC) but both were
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previously grazed by cattle, the latter as recently as 2013.
The Crown land is managed by the Manitoba government
for wildlife and agricultural values and may have been
historically grazed by cattle several decades ago. As there
were some differences in the plant communities due to their
grazing history, they were all considered separate sampling
sites.

Vegetation Surveys

In 2014, we established six 4 m?* permanent plots in each
of the three sites on flat to gently sloping land. Small plots
rather than transects were chosen to enable: (I) future
comparison of these data with other Manitoba timed
pollinator surveys in tall-grass prairie (Robson 2008, 2013),
(2) observations of interactions between less common plants
and insects (Gibson et al. 20I1), and (3) calculation of
visits/inflorescence in a reliable way. The plots were
randomly selected and at least 10 m apart. In 2014, sampling
was conducted for four consecutive days per site, which was
repeated four times in mid-June, -July, -August and -
September (16 days total). In 2015, sampling was conducted
on the previously established plots for four consecutive days
per site, repeated four times at the beginning and at the end
of June, in early July and in late August (16 days total). In
total 15 more plant species were observed in 2015 than in
2014 as a result of conducting the surveys on different
calendar days. Plant richness and number of inflorescences of
each species in the plots was recorded each sampling day.

Floral Visitor Surveys

Flower-visiting insect sampling occurred on the same
days and in the same plots as the vegetation surveys: four
consecutive days for four months in each of 2014 and 2015
for a total of 32 days. Each plot was surveyed for 10 minutes
each sampling day thus the total time spent surveying was 96
hrs. Due to natural variability in abundance, some plant
species were present in more plots than others and thus were
observed for a longer period of time. Surveys were conducted
between 09:30 and 17:00 when insect foraging activity is at a
maximum (Kevan & Baker 1983) thus nocturnal insects were
not observed. During the survey periods the mean
temperature recorded at the nearest Environment Canada
weather station (i.e. Brandon, MB) was 17.7°C (i 0.9 SE),
the mean relative humidity 53.0% (& 1.9 SE) and the mean
wind speed 10.0 km/hr (£ 0.62 SE). The order in which
the plots were visited was randomized each day. Some of the
flower-visiting insects (e.g. crabronid wasps in the genus
Ectemnius) may have been predators of other flower-visiting
insects. Regardless of whether the wasps were foraging for
pollen, nectar or prey, they were considered potential
pollinators and their visitations recorded. Ambush bugs
(Phymata spp.) and crab spider (Misumena spp.) visits were
not recorded as they remain stationary on one inflorescence
for a long time and thus were unlikely to act as pollinators.

All insect visitations to any inflorescence in the plot were
recorded but the quality of the visit was not assessed and
therefore may not have resulted in pollination of the plant.
However, even if an insect visit did not fulfill the
reproductive goal of the plant, the plant was probably

important for the insect’s survival; this is an aspect of plant—
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pollinator interaction that we wanted to capture. The first
time an insect taxon was observed a specimen was obtained
and given a unique collection number. When the same (or
what appeared to be a very similar) taxon was observed later
on, the collection number was used to link that insect visit to
the plant. Although this technique does not allow for
complete identification “on the wing” (resulting in an
underestimate of insect taxa) it does enable evaluation of
insect visitation frequency, which was then used to determine
the visitation rate for each plant species by all insect taxa, by
bees only and by flies only (Parachnowitsch & Elle 2005).
All insect voucher specimens were identified by zoologists
using reference specimens at the Manitoba Museum (MM)
and the Wallis Roughley Entomology Museum in
Winnipeg, Manitoba; the specimens were deposited in
MM’s zoology collection.

Data Analysis

The daily inflorescence density at each site was calculated
by counting the number of inflorescences of each species in
each plot, dividing by the plot area (4 m?) and averaging the
values of all plots. The average inflorescence density at all
three sites over the length of the study (32 days) for each
species was then calculated. Using the density data we
created a phenology graph. To do this, we determined the
calendar day (from pooled 2014 and 2015 data) when each
plant species began and ceased blooming in our plots.
Differences in flowering times from year to year are known
to vary in this region due to differences in snow cover, spring
temperatures and late frosts, thus bloom times should only
be considered approximate. Further, as we did not conduct
the surveys every single day, the length of the flowering
period is likely slightly longer than indicated.

For each of the three sites the data were used to create
two year cumulative, weighted (i.e. by the number of visits
recorded) plant—insect visitor matrices. These matrices were
used to calculate a generalization (G) score (Medan et al.
20006) for each plant species using pooled data over two
years (Appendix I)to facilitate comparison between them as:

G=RUXE
Where
RU (Resource use) is:

# of visiting insect taxa

RU =
# of available insect taxa

E (evenness) is:
_ —2ip; "Inp;
InS

where pi/ is the proportion of all interactions

E

corresponding to the /th individual visiting insect of a given
plant, and S'is the total number of individual insects visiting
it. When evenness is maximal, E is equal to 1 and when it
approaches 0, interaction frequencies are very unequal. When
a plant had only one insect visitor, the index could not be
computed because it required dividing by zero; these plants
were excluded from the analysis. The available insect taxa
were all the taxa observed at that site at any time over the
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two year study. The G scores from each site were then
averaged to get a single G score for each plant species.
Although pooling the data over two years obscures some of
the variation, we believe the results reflect the core of the
most common insect visitors and interactions in this area.
When a plant flowered at more than one site, the overall G
score was the average of all the scores. The G, RU and E
scores varied between O and I. Low G scores indicated
specialists while higher ones indicated generalists. All plants
were ranked according to their G scores. If two species had
the same G score, the plant that was visited at a higher rate
by all insects was listed first. We then graphed species
accumulation curves using Microsoft Excel where the plants
were arranged in decreasing order of their G scores. The
cumulative number of insect taxa that visited the
accumulative number of plant species was determined using
the matrix data. These data were used to determine the
minimum number of plant species that would need to be
added to an ecosystem to ensure that most (~90%) insect
taxa had at least one preferred forage plant species.

The density of each plant species at the sites was
different, which obscured evaluation of their importance to
the insect visitors. To address this, we calculated the insect
visitation rate per inflorescence to reduce the chance that
density was affecting the results. The visitation rates are the
averages over the number of days the plant was in flower.
We also calculated the bee and fly visitation rates per
inflorescence to determine which plant species were
particularly attractive to them. We used linear regression
analysis to determine the relationship between plant density
and G, and plant density and insect visitation rate per
inflorescence by all insects, by bees only and by flies only.
Logarithmic transformations to homogenize variances were
applied to the data. These statistical tests were performed
using Analyze-it software (Analyze-it Software Ltd. 2009).
The percentage of all visits each insect taxon made at each
site was determined using pooled data from 2014 and 2015,
and then averaged when the taxon occurred at more than one
site. Lastly, we obtained lists of species available from local
Canadian seed suppliers to determine which plants are
currently available for use in restorations.

RESULTS

During the study, a total of II0 insect taxa were
observed visiting the flowers of 48 forbs and/or shrubs
found within the study plots (Appendix II). The average
generalization score of all 48 plant species was 0.07 with the
highest value 0.19 and the lowest 0.01 (Tab. I). Solidago
rigida had the highest G score and received the greatest
number of insect visitor taxa (38). Erigeron glabellus has the
second highest G score even though it was visited by fewer
insect taxa than Symphyorrichum laeve and Solidago
nemoralis due to a greater evenness. Three of the species
with the highest G scores also had high insect visitation rates
per inflorescence: Solidago rigida, S. canadensis and
Symphyotrichum laeve. Solidago rigida and Symphyotrichum
laeve were also visited frequently by bees. However, many of
the plant species with the highest visitation rates had
relatively low G scores (< 0.00) including: Cirsium
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TABLE I.  Average generalization scores (QG), insect visitation rates, number of insect visitor taxa (S), and inflorescence (infl.) density and

flowering period data for vascular plant species in three fescue prairie sites in southern Manitoba (sorted by G score then insect visitation rate). Plant
species with only one insect visitor were excluded. Numbers in bold are the ten highest values for that variable.

Scientific name G (mean Insect? Bee? visitation  Diptera S (total #  Infl. density Flowering
+SE)! visitation rate  rate (mean visitation rate  of insect (mean period*

(mean visits visits infl,” (mean visits visitor #/ mZiSE>

infl.day" Iday'liSE) infl.day" taxa)

£SE) £SE)
Solidago rigida 0.1910.03 0.50%0.11 0.3510.08 0.1310.04 38 0.3410.11 M-L
Erigeron glabellus 0.15+0.06 0.19%+0.07 0.0710.02 0.09£0.05 22 0.16+0.04 E-M-L
Symphyotrichum laeve 0.I1410.01 041%0.09 0.3010.08 0.1010.03 31 04110.11 L
Solidago nemoralis 0.I1410.08 0.2310.09 0.1410.06 0.0810.04 32 0.5110.14 M-L
Linum lewisii 0.1410.0 0.1910.08 0.0810.04 0.0310.02 11 0.0710.02 E-M
Solidago canadensis 0.I121£0.01 0.31+0.09 0.1410.05 0.091+0.04 19 0.05+0.02 L
Campanula 0.12+0.04 0.07+0.01 0.06x0.01 0.010.0 20 0.3610.10 M-L
rotundifolia
Achillea millefolium 0.1210.02 0.0610.01 0.0210.01 0.04%0.01 20 0.3210.08 E-M-L
Symphoricarpos 0.12+0.03 0.03+0.02 0.01£0.01 0.0210.02 26 0.2910.09 M-L
occrdentalis
Apocynum 0.10£0.0 0.20%0.10 0.09%0.04 0.07%0.05 7 0.03%+0.01 M
androsaemifolium
Astragalus laxmannii 0.10+0.04 0.0910.06 0.07%0.06 0.010.0 14 0.361+0.14 M
Prunus virginiana 0.09%0.0 0.501+0.29 0.401+0.31 0.041+0.02 9 0.07%£0.03 E
Drymocallis arguta 0.09£0.03  0.23%£0.05 0.18+0.05 0.02%0.01 18 0.12%0.03 M
Rudbeckia hirta 0.09£0.03  0.22%0.06 0.06X0.04 0.16+0.06 18 0.12%0.03 M-L
Lathyrus venosus 0.09%0.0 0.12+0.07 0.11£0.06 0.010.0 6 0.03%+0.01 E-M
Cerastium arvense 0.09+0.01  0.06%0.02 0.0210.01 0.0310.02 11 0.1910.06 E
Symphyotrichum 0.0810.0 0.01£0.00 0.0+0.0 0.0110.01 6 0.7110.31 L
ericordes
Liarss ligulistylis 0.0710.04 0.24%0.12 0.18+0.09 0.0210.02 8 0.0310.01 L
Erigeron strigosus 0.07%0.0 0.15%+0.09 0.0+0.0 0.15+0.08 4 0.04%0.01 M
Vicia americana 0.07%0.0 0.I11+0.04 0.10%£0.04 0.02%0.02 6 0.10%£0.03 E-M
Cirsium drummondil 0.06X0.05 I1.18+04I1 1.17+041 0.010.0 10 0.02%0.01 E-M
Agastache foeniculum 0.06+0.03 0.4610.16 04510.16 0.0+0.0 10 0.0810.02 M-L
Monarda fistulosa 0.06+0.02 0.37%0.14 0.3210.12 0.0£0.0 12 0.16%0.05 M-L
Liatris punctata 0.0510.0 0.2210.08 0.11+0.06 0.0410.04 4 0.0410.02 L
Helianthus pauciflorus ~ 0.0520.0 0.19%0.08 0.10£0.07 0.16+0.06 4 0.041+0.02 L
Hedysarum boreale 0.05£0.0I 0.I18*0.05 0.181+0.05 0.010.0 5 0.23+0.07 M
Astragalus crassicarpus ~ 0.05 +0.04 0.15%0.04 0.04£0.03 0.010.0 7 0.17%0.06 E-M
Geum triflorum 0.05+0.02 0.05%+0.02 0.0510.02 0.0+0.0 7 0.5910.15 E
Zizia aptera 0.04+0.03  0.19%0.06 0.0610.02 0.1110.04 13 0.1210.05 E
Agoseris glauca 0.04+0.0I  0.22%+0.08 0.1310.07 0.0610.05 5 0.0210.01 M-L
Allium stellatum 0.04£0.02  0.04%0.03 0.04%0.02 0.01£0.01 4 0.041+0.02 L
Lithospermum 0.04£0.02 0.02%0.01 0.01£0.0 0.010.0 10 0.6810.22 E
canescens
Dalea purpurea 0.03£0.0I 0.79%+0.35 0.781+0.35 0.01£0.0 8 0.13%+0.05 L
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Table I continued.
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Scientific name G (mean Insect? Bee® visitation  Diptera S (total #  Infl. density Flowering
+SE)! visitation rate  rate (mean visitation rate  of insect (mean period*

(mean visits visits infl,” (mean visits visitor #/ mZiSE>

infl.day" 'day! iSE) infl.day" taxa)

£SE) £SE)
Tragopogon dubius 0.0310.0 0.1310.12 0.0810.08 0.0410.04 2 0.0110.01 E
Gaillardia aristata 0.03£0.02 0.I12%+0.06 0.08%0.05 0.03%+0.03 4 0.02%0.01 M-L
Oxytropis campestris 0.03£0.0 0.I11+0.02 0.09%0.02 0.010.0 4 0.19%0.06 M
Galium boreale 0.03+0.02  0.04%+0.03 0.0110.0 0.0110.01 5 0.2710.09 M
Rosa acrcularis 0.02+0.0I  0.5510.26 0.021+0.01 0.5310.26 6 0.0310.01 E-M
Astragalus agrestis 0.02+0.0I  0.19%0.05 0.1610.02 0.0£0.0 3 0.0410.01 E
Penstemon gracilis 0.02£0.01 0.I14*0.11 0.14%0.10 0.010.0 3 0.02%0.01 M
Heuchera richardsoni;  0.02£0.01  0.11£0.04 0.11£0.04 0.010.0 4 0.02%0.01 E-M
Pediomelum 0.02£0.0I  0.I1%0.05 0.10%0.05 0.010.0 3 0.04%0.01 E-M
esculentum
Polygala senega 0.02£0.02 0.01£0.01 0.0+0.0 0.010.0 4 0.21+0.08
Fragaria virginiana 0.01£0.0I 0.01£0.01 0.01£0.0 0.010.0 2 0.0610.02

'G = generalization score. A G score (see Methods section for the formula) was calculated for each of the three sites using pooled data over two
years (Appendix 1) and averaged if the plant occurred at more than one site.

*Includes the visits by all insect taxa pooled over two years and averaged from all three sites.

“Includes only visits by bees (Hymenoptera) in the Andrenidae, Apidae, Colletidae, Halictidae and Megachilidae pooled over two years and averaged

from all three sites.

*E= Early (June), M=Mid (July), L= Late (August-September). Determined using pooled data over two years from all three sites.

drummondis, Dalea purpurea, Agastache foeniculum and
Monarda fistulosa. This is because these plants were visited
frequently by two of the most frequently observed insect taxa
- Bombus ternarius and B, sandersons (Tab. 2) - which
greatly decreased the evenness and consequently the G score.
Rosa acicularis was among the most frequendy visited plants
but its visitors were mainly root maggot flies (Drymeia sp.)

not bumblebees (Bombus spp.).

The average density of each plant varied from a high of
0.7 inflorescences/m? for Symphyotrichum ericordes to <
0.1 inflorescences/m? for Tragopogon dubius. Differences
in inflorescence density may have influenced the G scores as
these two variables were strongly positively correlated (y =
0.3393x + 2.202, R* = 0.2186, 2 < 0.001). This may be in
part because species with low densities were observed for less
time than more abundant plants, potentially decreasing the
number of insect visitor taxa observed and influencing the G
score. However, inflorescence density was not correlated
with the insect visitation rate per inflorescence (y = -
0.1839x + 2.6452, R? = 0.0287, P = 0.25), bee visitation
rate per inflorescence (y = -0.0224x + 24753, R? =
0.0004, P = 0.25) or fly visitation rate per inflorescence (y
=-0.0017x + 2.3504, R* = 6E, P=0.99) suggesting that
factors other than abundance are being used by some insects
to select plants. Indeed some species with low densities had
some of the highest visitation rates per inflorescence (e.g.
Prunus virginiana and Solidago canadensrs).

The insect taxa observed in this study belonged to five
orders: 7 beetle species (Coleoptera), 39 fly species

(Diptera), 3 bug species (Hemiptera), 39 bee, ant and wasp
species (Hymenoptera) and 22 butterfly and moth species
(Lepidoptera) (Tab. 2). The Hymenoptera consisted of
mostly bees (29 species), seven species of wasps, two species
of ants and one sawfly. On average, Bombus species together
made 54.7% of the visits at each site, with Bombus ternarius
alone responsible for over 32.0%. Bombus species also
visited the greatest number of plant species: 12.4% over the
whole course of the study on average compared to 3.7% for
all other taxa. The root maggot fly Drymera sp. was the most
frequently observed fly taxon making on average 3.8% of all
insect visits, mainly to Rosa acrcularis. Of the fly species
observed, the tachinid Peleteria sp. visited the highest
number of plant species (12). Most insect taxa (56.0%) were
observed in only one time period (e.g. early, mid or late
summer) but 28.0% were observed in two periods and
15.0% in all three. The taxa most frequently observed were
also the ones observed over the longest period of time.

The species accumulation curve for all insect visitor taxa
indicates that most (90%) would have at least one
appropriate forage plant once 16 of the most generalized
plants were present (Fig. 1). Fly taxa reached the 90% point
after nine of the most generalized plant species were added,
and bees after 13 species. Figure 2 shows the flowering range
of all the plants observed being visited by insects during the
survey period. Of the 16 most generalized plant species (see
Table 1) seven began flowering in June, six in July and three
in August.
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fescue prairie sites in southern Manitoba were observed.

103

The time period when 20 insect visitor taxa with the highest percentage of visits and number of plant species visited (S) in three

Order Family Common Name Scientific Name Time Visits (mean S (total # of
period’ %/siteSE)?  plant species
visited)
Hymenoptera Apidae Tri-colored Bombus ternarius E-M-L 324%53 18
bumblebee
Hymenoptera Apidae Sanderson Bombus sanderson/  E-M-L 9.5*+1.7 21
bumblebee
Hymenoptera Apidae Nevada bumblebee Bombus nevadensis ~ E-M-L 4.8*+1.5 18
Diptera Muscidae Root maggot fly Drymeia sp. E-M 3.8*1.9 3
Diptera Tachinidae Tachinid fly Tachina sp. M-L 3.210.2 7
Hymenoptera Halictidae Sweat bee Augochlorella E-M-L 2.510.99 14
aurata
Hymenoptera Apidae Northern amber Bombus borealis E-M-L 2.510.86 13
bumblebee
Diptera Tachinidae Tachinid fly Chaetogaedia sp. L 2.510.95 7
Hymenoptera Apidae Yellow-banded Bombus terricola E-M-L 2.210.49 7
bumblebee
Diptera Bombyliidae Bee ﬂy Poecilanthrax L 1.910.60 8
alycon
Hymenoptera Apidae Confusing Bombus PFI‘P[(’XUS L 1.810.90 6
bumblebee
Diptera Tachinidae Tachinid fly Peleterra sp. L 1.610.20 12
Hymenoptera Megachilidae ~ Unarmed leaf-cutter ~ Megachile inermis E-M-L 1.6£0.51 10
bee
Hymenoptera Apidae Red-belted Bombus rufocinctus L 1.510.73 4
bumblebee
Diptera Syrphidae Hover fly Toxomerus E-M-L 1.310.08 11
geminatus
Hymenoptera Halictidae Sweat bee Lasioglossum E-M-L 1.310.58 10
succinipenne
Diptera Bombyliidae Bee fly Villa nigra L 1.310.43 3
Hymenoptera Megachilidae  Small-handed leaf- Megachile gemula E-M-L 1.24+0.33 10
cutter bee
Lepidoptera Lycaenidae Silvery blue Glaucopsyche E-M 1.2+1.10 8
lygdamus
Hymenoptera Andrenidae Miserable andrena Andrena miserabilis  E-M-L 1.210.39 6
Other Diptera n/a Flies 32 spp. E-M-L 11.6 27
Other n/a Bees 17 spp. E-M-L 8.0 29
Hymenoptera
(bees)
Other n/a Butterflies/moths 21 spp. E-M-L 7.6 25
Lepidoptera
Other n/a Ants/wasps 10 spp. E-M-L 2.6 12
Hymenoptera
(ants & wasps)
Coleoptera/ n/a Beedes/bugs 10 spp. E-M-L 2.6 9
Hemiptera

'E= Early (June), M=Mid (July), L= Late (August-September). Determined using pooled data over two years from all three sites.
*The % of visits was calculated for each taxa at each of three sites using pooled data over two years and averaged if the insect was seen at more than

one site.

DISCUSSION

The results of this study and many others (Forup et al.
2008; Devoto et al. 2012; Montoya et al. 2012; Russo et al.
2013) suggest that just a small number of the most

generalized entomophilous plant species supply most of the

insect pollinator taxa in a community with appropriate

forage. This likely has to do with the functional redundancy

of some plant species for the pollinator community
(Goldstein & Zych 2016). For example, many of the

legumes (e.g. Astragalus spp., Vicia americana, Hedysarum
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FIGURE 2.  Flowering phenology of 48 plant species in south western Manitoba observed over 102 calendar days ordered by earliest to latest

flowering period. The line indicates the flowering duration in the research plots using merged 2014 and 2015 survey data.
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boreale and Dalea purpurea) were visited by the exact same
suite of insect taxa. However, the aforementioned legumes
flower at different times so at least three species would be
needed to provide the insect community with consistent
leguminous forage over the year. This is important to
remember as restoration ecologists are often under pressure
to keep costs down. Wilkerson et al. (2014) found that
although using a seed mix with nine species had the highest
germination, cover and floral resources, it was not as cost
effective as a mix with only five species due to the higher
price. However, the actual diversity of pollinators was not
assessed in the Wilkerson study. Although adding fewer
species may be more cost effective, doing so may result in
inadequate floral resources: in our study less than 1% of all
early summer insect visits would have occurred if only the
top five plant species (in terms of their G scores) were
present. A lack of early blooming flowers inhibits the
development of healthy bumble bee colonies, which start out
in spring with a single queen (Goulson 2003; Goulson et al.
2015; Isaacs et al. 2009). By determining G scores and
preparing species accumulation curves with our data, we were
able to identify the minimum number of species that would
be needed to provide forage for most insect taxa over the
entire growing season.

In addition to species with high generalization scores, it
may be beneficial to add more specialized plant species to a
seed mix if providing consistent forage for bees is desirable.
Several studies have shown that Bombus spp. preferred plants
with relatively deep nectar tubes (Stang et al. 2006; Forup et
al. 2008; Elle et al. 2012), and researchers have found that
adding such plants (particularly legumes) to restored areas
results in increased richness and abundance of this genus
(M’Gonigle et al. 2015; Carvell et al. 2011). Although four
of the top ten plant species most frequently visited by bees
were among the 16 most generalized plants, six species were
not. These six plants had purple flowers and short to long
nectar tubes that could only be accessed by relatively longer-
tongued insects: Cirsium drummondis, Dalea purpurea,
Agastache  foeniculum, Monarda fistulosa, Hedysarum
boreale and Liatris ligulistylis. The differences in the species
with the highest G scores and insect visitation rates per
inflorescence are due to bee preferences for the
aforementioned flowers. In general, plants with the highest
visitation rates were visited mainly by bees but one species
was frequently visited by flies: Rosa acicularss. This rose had
a low G score but a high visitation rate mainly due a species
of Drymera that swarmed the flowers once they bloomed,
quickly removing all pollen. Therefore, specialized plant
species should not be discounted for inclusion in wildflower
plantings, if they are frequently visited. The visitation rate
per inflorescence was thus a valuable metric to identify
popular species.

Unfortunately, two of the plant species with the highest
generalization scores appear to be currently unavailable from
Canadian native seed supply companies (NPSS 2013):
Astragalus laxmannii and Cerastium arvense. Seeds of these
species are likely unavailable because they are difficult to
harvest or germinate (Baskin & Baskin 1998). Further, seeds
from the plant with the highest visitation rate per
inflorescence  (Cirsium  drummondii) —appear to be
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unavailable as the plant is uncommon and, due to its prickly
leaves, not generally considered a desirable plant (although
its popularity with bees may encourage restoration specialists
to reconsider it). In the event these plants cannot be
acquired, potential substitutes that flower in the same season
with slightly lower G scores or visitation rates, and are visited
by a similar subset of pollinators, could be selected instead.
For example, Geum triflorum or Astragalus crassicarpus
could be substituted for Cerastriuum arvense as they all flower
at the same time. Possible substitutes for the mid-summer
species -Astragalus laxmannii and Cirsium drummondii- are
two leguminous species: Vicra americana and/or Hedysarum
boreale. Spreading native hay is another possible strategy to
introduce propagules for a restoration (Donath et al. 2007),
but this may be difficult due the high number of invasive

plants present in most fescue prairies.

There are several limitations of this study that need to be
considered. Although moths are important pollinators in
northern ecosystems (MacGregor et al. 2015), nocturnal
insect activity was not monitored and, as a result, the
importance of some plant species was Iikely underestimated.
In addition, the 48 plant species were not observed for an
equal length of time due to their natural variability in
abundance. The possibility for modification to the G score
to adjust for differences plant abundance was not addressed
in the original reference (Medan et al. 2006), so additional
observations are needed for the rarer species. An assumption
was made that if these plants are grown as part of a prairie
restoration, the insect taxa that were observed under natural
conditions would eventually begin to inhabit the site.
However, some studies comparing plant—pollinator
communities in restored habitats have found that although
they eventuaﬂy function in a similar way, species
composition between sites was somewhat different, possibly
due to habitat differences (Forup and Memmott 2005;
Forup et al. 2008; Menz et al. 2011; Tarrant et al. 2012).
Further, there are strong temporal variations in insect
pollinator composition from year to year (Dupont et al.
2009; MacLeod et al. 2016; CaraDonna et al. 2017). Thus,
a restored prairie may not have the exact same composition
as a native reference community. However, Forup et al.
(2008) argues that restoration success should be based less
on pollinator composition and more on functional similarity.
This is because increased species richness may not be
strongly correlated with functional diversity (Mayfield et al.
2010; Cadotte et al. 20II). Assessing the functional
diversity of an ecosystem is increasingly being used to help
set restoration goals (Thorpe & Stanley 2011; Giannini et al.
2016) and assess community health (Cadotte et al. 201T).

Considering all our data and the aforementioned studies,
we propose one possible species list for fescue prairie
restoration (Tab. 3). It includes 16 of the most generalized
plants, plus four that are more specialized but frequently
visited:  Agastache foeniculum, Dalea purpurea, Monarda
tfistulosa and Rosa acicularss. All of the species in Tab. 3
were also among the top ten most generalized plants at the
individual sites except one (Liatris ligulistylis). The plants on
this list are in eight families: Asteraceae (7 species), Rosaceae
(4), Fabaceae (3), Lamiaceae (2), and one species each in the

Apocynaceae, Campanulaceae, Caprifoliaceae and Linaceae.
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TABLE 3. Suggested minimum fescue prairie seed mix, and data regarding the expected insect community that would be supported by it.

Flowering Species Insect taxa Insect visits Most attracted insect taxa!

period (cumulative #)'  (cumulative % )"

Early Geum triflorun?’ 7 2.0 Eusocial & solitary bees
Prunus virginiana 13 3.0 Beetles & bees
Rosa acicularis 18 4.2 Flies & solitary bees
Lathyrus venosus 21 4.5 Butterflies & eusocial bees
Linum lewisir 30 5.5 Flies & butterflies

Early-mid Apocynum androsaemifolium 35 59 Solitary bees & flies
Drymocallis arguta 41 7.6 Solitary bees & beetles
Vicia amerrcana’ 42 9.1 Butterflies & eusocial bees

Mid Rudbeckia hirta 53 10.9 Flies & butterflies
Achillea millefolium 61 124 Beetles & flies
Campanula rotundifolia 67 14.5 Solitary & eusocial bees
Erigeron glabellus 68 16.5 Flies & butterflies
Monarda fistulosa 69 20.1 Eusocial bees & butterflies
Symphoricarpos occidentalis 74 25.8 Flies & eusocial bees

Late Solidago rigida 86 43.3 Flies & beetles
Agastache foeniculum 86 45.6 Eusocial & solitary bees
Solidago canadensis 90 47.2 Beetles & solitary bees
Solidago nemoralis 96 55.5 Beetles & flies
Symphyotrichum laeve 98 69.7 Eusocial bees & flies
Dalea purpurea 98 77.6 Eusocial bees & butterflies

'Based on 2014-2015 insect visitation observations in fescue prairie.

“This species is a suggested substitute if seeds of Cerastium arvense are unavailable from commercial Canadian seed suppliers

*This species is a suggested substitute if seeds of Astragalus [axmannir are unavailable from commercial Canadian seed suppliers

Three of the species were shrubs (i.e. Prunus virginiana,
Symphoricarpos occidentalis and Rosa acicularis) and the
remainder are herbaceous. Almost 90% of all insect taxa
observed visited at least one of the 20 plants on this list. All
of the major insect flower visitor groups (i.e. eusocial &
solitary bees, beetles, butterflies and flies) would have at least
one plant they favoured in each flowering period (i.e. early,
early-mid, mid and late summer). Many of the species we
recommended were previously noted as being important
pollen and nectar sources for pollinators in North America
including: Agastache foeniculum, Campanula rotundifolia,
Dalea  purpurea, Monarda fistulosa, Prunus virginiana,
Solidago  spp.,  Symphoricarpos  occidentalis  and
Symphyotrichum spp. (Isaacs et al. 2009; Mader et al. 2011;
Evans 2013). Substitutions could, of course, be made to
accommodate different environmental conditions but care
should be taken to select species that flower at the same time
and support a similar insect community. For example, Liarris
ligulistylis could be added instead of Dalea purpurea where
the soils are relatively moist as the latter species appears to be
less tolerant of such conditions (Anderson & Schelthout
1980). Differences in seed availability may also affect the
precise mix. This seed mix should be considered the
minimum number of forb/shrub species for any fescue
prairie restoration. The addition of other plant species may
be important to meet other restoration goals, such as
increasing the total plant richness or providing appropriate

floral resources for rare pollinators such as oligolectic bees
(Sheffield et al. 2014) or butterflies such as Danaus
plexippus (Landis 2014). Additional research on pollination
in fescue prairie is needed to: (1) identify pollinators of plant
species we missed, (2) determine the plant species required
by rarer pollinators, (3) determine if there is regional
variability in the pollinator community, and (4) determine
what role landscape variability may have on pollinator
nesting.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the financial support of the
Nature Conservancy of Canada and The Manitoba Museum
Foundation Inc. Thanks to the Government of Manitoba for
permitting research on their lands. We are grateful for Manitoba
Museum staff and volunteer assistance with specimen processing.
Special thanks to Sarah Semmler for preparation and identification
of insect specimens. We are also grateful to the reviewers of this
manuscript for their thoughtful comments, which greatly improved
our paper.

APPENDICES

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

APPENDIX L. Generalization scores (G) for vascular plant
species in three fescue prairie sites in southern Manitoba.
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APPENDIX II.  Two-year pooled plant—insect visitor matrix
in three fescue prairie sites, Manitoba.
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