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Abstract  
 
Pollinators provide essential ecosystem services for agricultural landscapes as well as the 
reproduction of wild flowers in forested habitats. Forestry practices rapidly alter natural 
ecosystems and can thus be a potential threat to already declining wild pollinator populations.   
This project aims to determine if three forestry management practices, old growth, strip cutting 
and clear cutting impact pollinator diversity and their community structure, as well as aims to 
compare collection methods and observe general patterns in pollinating communities. 
Pollinators were collected for 10 weeks in the summer of 2016, in an area of Montebello, QC, 
that was recently impacted by forestry. The two methods used to collect pollinators were 
collecting flower visitors and setting out yellow pan traps. These insects were then sorted by 
order and three groups of insects beetles (Coleoptera), true bugs (Hemiptera) and bees 
(Hymenoptera:Apoidea) were identified. The diversity of the three management techniques 
was analyzed using four diversity indices, species richness, Shannon index, Simpson index and 
inverse Berger-Parker index. The community structure was plotted using an NMDS ordination 
plot and plant-pollinator interactions were observed with interaction plots. In general, the 
diversity among the three forest management sites was not found to be significantly different, 
except for the Simpson diversity index which found a difference in diversity between old 
growth communities and strip cut communities. The community composition was also found to 
be significantly different indicating that species between forest management techniques are 
generally unique to that habitat.  There were more plant-pollinator interactions in the strip cut 
and clear cut sites than in old growth sites, however all three sites showed evidence that non-
native flower species were visited by the most number of pollinator species. Unlike past studies 
which show that forestry positively impacts the diversity of bees, this study suggests there is no 
difference in the pollinator diversity after forestry. However, this study highlights the 
importance of habitat heterogeneity in forested communities as different groups of pollinators 
rely on resources found in clear cut, strip cut and old growth habitats.  
 



Introduction 
 
Insect pollination is of the most valuable services that ecosystems provide as it is crucial for the 
reproduction of wild flowers and responsible for over 75% of crops consumed by humans 
(Allsopp et al. 2008, Cariveau et al. 2013, Mace et al. 2012). In natural ecosystems such as 
forests and meadows, insects pollinate over 78% of flowers in temperate zones and 94% of 
flowers in the tropics (Ollerton et al. 2011). Understory herbaceous plants, the main diet items 
of herbivores, are most dependent on insect pollinators in these forested habitats (Gilgert et al. 
2011). Additionally, wild pollinator declines often cause a reduction of wild flower diversity as 
fewer pollinators correlate with fewer plants reproducing (Biesmeijer et al. 2006). A diverse set 
of pollinators also pollinate plants more efficiently as some pollinators are preferentially 
attracted to a certain plant species (Memmott 1999, Loweinstein et al. 2015).  
 
Insect pollinators are generally classified as domestic pollinators or wild pollinators. 
Domesticated pollinators, such as the European honey bee (Apis mellifera) are highly managed 
by humans in artificial hives and are  

generally used to pollinate agricultural crops (Aizen and Harder 2009). Contrarily, wild 
pollinators are a diverse group that are not managed by humans (Faegri & Van Der Pijl 
2013).The most efficient wild pollinators are bees (Order: Hymenoptera: Apoidea) which are 
then followed by the butterflies and moths (Order: Lepidoptera) (Gilgert et al. 2011 ). Flies 
(Order: Diptera) are also considered important wild pollinators since they are the most 
abundant of groups, but they are less efficient than bees (Jauker et al. 2012, Fishbein and 
Venable 1996). Beetles (Order: Colleoptera) are thought to be the first insect pollinators, but 
are also generally not highly efficient (Proctor and Yeo 1996, Thien et al. 2000). Finally, some 
true bugs (Order: Hemiptera) are also considered potential pollinators as they visit flowers 
regularly to consume pollen and mate, but of all orders previously mentioned they are the least 
efficient pollinating species (Albano et al. 2009, Ishida et al. 2009, Wheeler 2001).  

In the past 20 years, there has been a growing concern for the fate both wild and domestic 
pollinators as bee keepers, farmers and researchers have noticed a decline in both abundance 
and species richness (Aizen and Harder 2009, Henry et al. 2012, Potts et al. 2010). Although one 
definitive cause in a decrease in pollinators has not been discovered it is suspected that many 
sub-lethal causes interact which then cause a decline in population health and productivity 
(Rundlöf et al. 2015, Tylianakis 2013). The north-east of the United States has observed up to a 
50 % reduction in wild bee species in the last 120 years (Burkle et al. 2013). The continuing 
decline of pollinators could significantly diminish the ecosystem services provided which are 
raising serious concerns for both global food security and maintenance of forested habitats 
(Dicks et al. 2013). 
 
Habitat loss and habitat modification are suspected as a potential driver in most cases of wild 
pollinator declines (Klauser and Peduzzi 2007). When a virgin habitat is converted to 
agricultural or urban landscapes, the abundance and species richness of wild flowers decreases 
which subsequently leaves pollinating insects with reduced food availability. Modification of 
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habitats can also destroy nests or limit viable nesting sites which halts reproduction of the 
insects (Tylianakis 2013, Potts et al. 2010).  

The forestry industry contributes to substantial habitat modification in Canada as 
approximately 100 000 km2 of forests are cut down each year due to increasing demands for 
wood products (Natural Resources Canada 2016).  Due to the obvious losses in biodiversity, the 
forestry industry has been moving toward more sustainable techniques, in hopes to improve 
forest regeneration and protect the wildlife that rely on these habitats (Drever et al. 2006). In 
order to determine which techniques are least detrimental, impact assessments are completed 
before and after forests are harvested. Included in these assessments are often species of high 
concern, economic value or biological indicators of healthy ecosystems (Mace et al. 2012).  
Since pollination is an important service provided for both humans and for the maintenance of 
diverse ecosystems, pollinator communities should also be considered when determining 
sustainable forestry practices (Maleque et al. 2009).  

This study focuses on how pollinating communities have been impacted by forestry techniques. 
The two forestry management techniques on the property, clear cutting and strip cutting will 
be compared with old growth forests which act as a control (Doyon et al. 2005, Thompson et al. 
2014).  
  
The clear cut technique is used when large areas of forest need to be removed. This method 
mimics large scale natural disturbance, since the forest floor is completely exposed to sunlight 
(Lencinas et al. 2014). In contrast, a strip cut management practice cuts forests in alternating 
strips leaving intact forest between cuts. The advantages of strip cutting are that the forest 
regenerates faster due to the buffer system alternating the deforested area (Graham-Sauvè et 
al. 2013). The habitat created by the two previously mentioned techniques vary greatly from 
old growth forests. Old growth forests have not been disturbed by forestry and are thus often 
used as a control treatment (Lencinas et al. 2014).  Although they provide important habitats 
for many species, the vegetation in old growth forests is often dominated by large trees which 
shade the forest understory (Romey et al. 2007). 
 
Due to the large shaded areas in old growth forests, pollinator abundance and diversity tend to 
be lesser than in open areas.  These open areas are often able to hold more wildflowers as 
more sunlight is available. Additionally, open areas are often warmer which can contribute to a 
greater productivity for the insects. Both strip cuts and clear contain large open areas which 
both tend to have more wild flowers and warmer microclimates than shaded areas. These 
management techniques thus have been found to increase the abundance and species diversity 
of bees (Devoto et al. 2012, Steffan-Dewenter et al. 2002, Romet et al. 2007, Winfree et al. 
2007). However, clear cut and strip cut sites tend to also have a great abundance of non-native 
flowers which may outcompete native flowers. Therefore, the pollinators will have an 
abundance of food due to the surge of non-native flowers, but may be hindering the natural 
succession of the forest (Hengstum et al. 2014, Thompson et al. 2014). In some cases, these 
non-native flowers in clear cut and strip cut areas may actually distract native bees from 



pollinating native flowers and thus decrease the abundance of native flowers reproducing 
(Drever et al. 2006, Potts et al. 2010). 
  
Additionally, strip cut and clear cut communities have less available wood debris for pollinator 
nesting sites than old growth habitats. The woody debris is especially important for solitary 
bees, beetles and true bugs as they need a moist woody environment to reproduce. Studies 
observing bee diversity have concluded that leaving remnant wood on the ground after forestry 
will help the wood nesting bees but will impair some wild flowers from growing (Steffan-
Dewenter et al. 2002). However, studies on the impact of forestry on beetles and true bugs 
have yet to make any meaningful recommendations.  
 
The objectives of this research are firstly, to compare pollinator diversity in each of the forest 
management technique in order to determine if one management type creates habitat that 
increases pollinator abundance and species richness. The second objective is to observe when 
the most common pollinator species are most abundant as this may provide insight to when 
pollinating communities are most vulnerable. The third objective is to compare the community 
structure and species composition in the three management techniques in order to determine 
if different pollinators are in all treatments. Lastly, the two collection methods will be 
compared in order to determine if one method is generally better at collecting the most species 
or most individuals. This study observed pollinators from the orders Coleoptera, Hemiptera and 
Hymenoptera: Apoidea. The purpose of this study is to ultimately examine if the forestry 
management techniques alter the pollinator communities at Kenauk Nature.  

 
Methods 
 

Sampling Design  
 
The study was completed at Kenauk Nature, a forested property of 650 km2, in Montebello, 
Quebec. The forests are generally categorized as mixed forests, although some areas of the 
property were previously seeded with various coniferous trees. The vast majority of deciduous 
forests are dominated by Sugar Maple (Acer saccharum), whereas the majority of coniferous 
stands are White Spruce (Picea glauca). This property has been logged in different areas, thus in 
order to determine which method of harvest was used and when, a map produced by CERFO 
(Centre d'enseignement et de recherche en foresterie de Sainte-Foy inc) was consulted.  The 
map outlined areas of the property which have recently been clear cut, strip cut in 2010-2015 
as well as areas that were never cut. Subsets of these forests were visited and three sites were 
chosen for each forestry method studied.  
 
The geographic location and elevation (Figure 1, Appendix 1) were measured using a Garmin 
ETREX 20 GPS. The three clear cut sites were within the closest range of each other, as this was 
the only area of the property that had been completely cut down in 2015. Finally, the old 
growth areas were chosen by small openings in the canopy where flowers could grow. Since 



these were the most difficult to find, the old growth sites were likely the least similar as their 
flower composition and canopy cover differed across the sites.  
 
  

 
Figure 1. Map of the Kenauk Nature property. The clear cut sites are indicated in yellow and 
annotated with “CC”, the strip cut sites are indicated in blue and annotated with “SC” and the 
old growth sites are indicated in green and annotated with an “OG”. The elevation of each site 
is indicated after the site code and in appendix 1.  
 
Insects were collected from June 6th 2016 until August 12th 2016, thus sampling took place for 
most of the 2016 summer season. The two methods used to capture insects are described 
below.  
 

Pan trap method 
 
When first arriving at a site, a rectangle of 4 meters by 2 meters was measured. Then 6 yellow 
SOLO bowls were placed on the outline of this rectangle at 2 meter intervals, which created 2 
lines of pan traps that were 2 meters apart. Before a pan trap was placed on the ground, slits 
were punctured onto the sides of the trap, to eliminate excess water if it rained (Moreira et al. 



2016, Romey et al. 2007). Additionally, the pan traps were punctured with 15 cm nails in order 
to secure them to the ground.  
 
Each week, the pan traps were filled half way with soapy water. After 48 hours, the pan traps 
were collected and arthropods were strained from the water using a fine meshed cloth. The 
cloth and arthropods were placed in a plastic container with ethanol to temporarily preserve 
the specimens (Romey et al. 2007, Potts et al. 2010). Once the arthropods in all 54 pan traps 
were strained and preserved, the containers were emptied into a sorting tray and sorted 
according to taxonomic order. The orders accounted for were: Araneae, Hymenoptera, 
Hemiptera, Coleoptera, Diptera and Lepidoptera, all other specimens were classified as ‘Other’. 
The sorted specimens were counted, then placed in 1.5mL micro-centrifuge tubes and 
submerged in 70% ethanol.  
 
The specimens in the orders, Hymenoptera, Hemiptera, Coleoptera were identified to genus or 
species in the laboratory using a binocular stereoscopic microscope and insect keys (Romey et 
al. 2007). 
 

Netting method 
 

In addition to the pan trap method, the sites were visited for one hour of effort time on a dry 
day every week. Flowers were observed and any arthropod that came in contact with them was 
collected with a sweep net. This method is more specific to collecting pollinators and although 
it is more time consuming, it has been found to be more efficient than the pan trap method 
(Popic et al. 2013). Once an insect was collected, the date, site and species of flower it was 
found on was indicated on a label. The flower species were determined in the field using field 
guides or a specimen was picked and identified using Gleason and Cronquist (1963) key.  
 
The collected insects were placed in vials with their label and stored in the freezer. Each week, 
these insects were counted and pinned (Romey et al. 2007). These insects in the orders, 
Hymenoptera, Hemiptera and Coleoptera were identified to genus or species in the laboratory 
using a binocular stereoscopic microscope and insect keys (Romey et al. 2007). 
 

Data analyses  
 

In order to compare pollinator diversity in the three types of forest management techniques, 
the species that were collected over 10 times in a management technique were plotted 
according to their rank. This comparison gives insight on the most abundant species of each 
management technique and if the most abundant species are similar across all techniques.  
 
Four different diversity measures were then calculated. First, the species richness of each site 
was determined by counting the number of pollinating species found at each site. The number 
of species was then plotted on a boxplot in order to compare each management type (R 
Development Core Team 2016).  Secondly, the Shannon diversity index was calculated for each 
site. The Shannon diversity index accounts for both the number of individuals collected as well 



as the species richness of that site in form of entropy. Thus if a site has a higher diversity, it will 
also have a higher Shannon diversity index (Beck & Schwanghart 2010, Romey et al. 2007). The 
formula for the Shannon Diversity index is: 

− ∑ 𝑝𝑖

𝑆

𝑖=1

ln 𝑝𝑖 

 

where pi is the proportion of individuals belonging to a species (i) (Jost 2006).  A boxplot 
demonstrating the differences in diversity among forest treatments was created in R (R 
Development Core Team 2016). The third diversity index calculated was the Simpson index. This 
Simpson index calculates the probability that two species collected will not belong to the same 
species. Therefore, if a a site has a high Simpson index, it also has a high diversity as there is a 
lesser chance that many individuals all belong to one species. The formula for the Simpson 
index is: 

1 −  ∑ 𝑝𝑖
2

𝑅

𝑖=1

 

where pi is the proportional abundance of a given species(i) (Jost 2006).   
Finally, the inverse Beger-Parker index was calculated which represents the inverse of 
proportional abundance of the most common species in a site. The Berger-Parker diversity 
index infers species evenness of a community since if the proportion of the most common 
species is high then we can infer that most individuals in a population will be the same species. 
Therefore, if the inverse of the Berger-Paker index is high, a community can be considered 
diverse as the most common species does not have a large proportional abundance. The 
formula for the inverse if the Berger-Parker index is: 

𝑁

𝑛𝑚𝑎𝑥
 

where N is the total number of individuals and nmax is the abundance of the most common 
species (Beck & Schwanghart 2010). All four diversity indices were tested for significant 
difference between forest management technique with an ANOVA (R Development Core Team 
2016).  
 
In order to compare when the most common pollinator species were most abundant, the data 
was first split by the insects’ order. Then the most common pollinating species were selected 
and the abundance sorted by collection date using a pivot table on EXCEL. A line graph was 
then made for each insect order which shows the abundance of a particular species for each 
collection week of summer 2016.  
 
To observe community structure of the three management techniques, all the samples 
collected throughout the summer were put on one spreadsheet and using the function 
functions aggregate (), each site was condensed into one row (Oksanen et al. 2016).  A non-
metric multidimensional scaling (NMDS) ordination plot was then created using the function 
metaMDS() in R (R Development Core Team 2016). The forest management techniques were 
tested for significance via a PERMANOVA using the “vegan” package (Oksanen et al. 2016).  To 



compare the pollination interactions that have been observed, an interaction plot was 
constructed for each management technique using the function plotweb() which is contained in 
the package “bipartite” in R (Dormann et al. 2009).  
 
The collection methods, the netting and pan traps, were compared by counting how many 
species were collected with each method as well as how many individuals were collected. This 
data was then sorted into management techniques so that a final histogram could be 
constructed in EXCEL, which compared both the management techniques and the collection 
methods (Potts et al. 2010).  
 
In order to determine if adequate samples were collected to obtain meaningful results, a 
rarefaction curve was created for each site using the package “vegan”. A Chao1 asymptotic 
species richness was also calculated in order to estimate the number of Hemiptera, Coleoptera 
and Apoidea species that are likely in the entire property (Chao 1984, Oksanen et al. 2016).  
 
Results 
 
Throughout the 10 sampling weeks, 1510 individual insects (Coleoptera,Hemiptera and 
Hymenoptera: Apoidea) were collected which belong to 126 species or genera (Appendix 2). Of 
these insects, 1005 individuals were identified as potential pollinators which belong to 70 
species or genera. The most common species collected was a Hemiptera nymph (Podisus 
brevispinus) which is not a pollinating species. The two next most common species, Neokolla 
hieroglyphica and Graphocephala coccinea are common leafhoppers that can also be found on 
flowers and thus potential pollinators (Overall and Rebek 2015).   
 
When only considering pollinating species, the first two most common species are the 
leafhoppers Neokolla hieroglyphica and Graphocephala coccinea, although these are followed 
by two common bumble bee species Bombus teranus and Bombus vagans which are very 
efficient pollinators (Gilgert et al. 2011). When comparing the most abundant pollinating 
species at each forest management technique, the most common species in the clear cut sites 
was Bombus ternarius at 62 individuals (Figure 2a) whereas Neokolla hieroglyphica was the 
most common in both the strip cut and old growth sites at 73 and 83 individuals respectively 
(Figure 2b, Figure 2c). Additionally, both the old growth and strip cut sites had Graphocephala 
coccinea as their second most abundant species. Neokolla hieroglyphica is the only species 
which was collected at least 10 times in all forest management techniques (Figure 2a, Figure 2b, 
Figure 2c). Other overlapping species are the Bombus vagans and Lasioglossum sp. as they are 
found in both the clear cut and strip cut sites (Figure 2a, Figure 2b). The family of plant bugs 
(Miridae sp.) was abundant in both the old growth and clear cut sites (Figure 2a, Figure 2c). 
Generally, most of the abundant species differed by the management technique, how ever a 
few species were found in all techniques.  
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Figure 2a. Rank-abundance plots for species with greater than 10 individuals collected in the 
clear cut sites.  
 

 
Figure 2b. Rank-abundance plots for species with greater than 10 individuals collected in the 
strip cut sites. 
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Figure 2c.  Rank-abundance plots for species with greater than 10 individuals collected in the 
old growth sites. 

 
Figure 3.  Four boxplots showing different diversity indices. Figure 3a. Species richness for each 
forest management technique. Figure 3b. Shannon diversity index, accounting for species 
richness and species evenness for each forest management technique. Figure 3c. Simpson 
diversity, indicating the probability that two individuals collected will not belong to the same 
species, for each forest management technique. Figure 3d. Inverse Berger-Parker index, the 
inverse of the proportion of the most common species in the community, for each forest 
management technique.  
 
In the all four diversity indicies, the strip cut sites had the highest median diversity, the clear cut 
sites had the second highest median diversity and the old growth sites had the lowest median 
diversity (Figure 3).  

0

10

20

30

40

50

60

70

80

90

Neokolla hieroglyphica Graphocephala
coccinea

Augochlora pura Miridae sp. Hylaeus sp.

A
b

u
n

d
an

ce
 

Old growth pollinator species 



Throughout the entire summer 2016 season, the strip cuts also had the highest mean 
individuals caught (133) and highest mean species richness (44). The clear cuts and old growth 
sites had a similar mean number of individuals and mean species richness caught per site with 
107 individuals and 35 species and 104 individuals and 30 species caught respectively (Figure 
3a). The mean abundance and mean species richness were also not significantly different 
(p>0.05) among forest management treatments (Appendix 2).   
 
The strip cuts sites also had the highest mean Shannon diversity index (2.986) with the clear cut 
sites having a similar mean diversity values (2.832). The old growth sites had both the most 
variation in diversity as well as the lowest Shannon diversity (2.605). However, when testing for 
statistical significance with an ANOVA, the differences in diversity were not significant across 
sites (p>0.05) (Figure 3b).  
 
Although the strip cuts have the highest median Simpson diversity index, the clear cut sites 
actually have the highest mean diversity (0.924) (Figure 3c). The strip cuts have a similar mean 
diversity (0.915) whereas the old growth sites have the lowest mean Simpson diversity (0.890) 
(Appendix 2). The comparison in Simpson index with an ANOVA demonstrated there was a 
significant difference in Simpson diversity indices in the old growth and strip cut sites (p=0.03). 
The old growth and clear cut sites did not have significantly different Simpson diversity indices 
(p>0.05) and neither did the strip cut sites and clear cut sites (p>0.05).  
 
The Berger-Parker index describes the proportional abundance of the most common species, 
thus a high inverse of the Berger-Parker index describes a more even and thus diverse 
community. Unlike with the other diversity indices, all the forest management techniques have 
quite large variations in Berger-Parker indices among sites. The clear cut sites have the highest 
mean inverse Berger-Parker index (5.85) whereas the strip cut sites had the second highest 
mean inverse Berger-Parker index (5.15) (Figure 3d). The old growth sites overall had the lowest 
inverse Berger-Parker index (4.64) indicating that the most common species made up a large 
proportion of the total abundance (Figure 3d, Appendix 2). However, when testing for statistical 
significance with an ANOVA, the differences in diversity were not significant across sites 
(p>0.05).  
 
 



 
Figure 4a. Phenology of the two most abundant beetle species, Trichontinus assimilis and 
Chauliognathus pensylvanicus 
 
The two most common beetle species, the Flower beetle (Trichontinus assimilis) and the 
Goldenrod soldier beetle (Chauliognathus pensylvanicus) did not occur at the same time during 
the summer season of 2016. The Flower beetle was collected on average 2 or 3 times a week 
however, during the week of July 27th there was a large increase as 8 individuals were collected. 
Flower beetle individuals were not collected during the last two weeks of sampling. However, 
the Goldenrod soldier beetle was only collected during the last two weeks of sampling 
indicating they may be only present in the late summers (Figure 4a).  
 

 
Figure 4b. Phenology of the two most abundant truebug species, Neokolla hieroglyphica and 
Graphocephala coccinea. 
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Both leafhopper species, Neokolla hieroglyphica and Graphocephala coccinea at first appear to 
follow a similar phonological patterns since their populations peak during the weeks of July 11 
to July 18. However, Neokolla hieroglyphica population fluctuates throughout the entire 
sampling period, whereas Graphocephala coccinea only appears after July 4th and then its 
population declines after the week of July 27 (Figure 4b). 
 

 
Figure 4c. Phenology of four most abundant bee species, Bombus ternarius, Bombus vagans, 
Lasioglossum sp. and Andrena sp.. 
 
The four bee species collected, the Orange-belted bumblebee (Bombus ternarius), Half-black 
bumblebee (Bombus vagans), Sweat bee (Lasioglossum sp.) and the Mining bee (Andrena sp.) 
follow different phonological patterns throughout the summer season of 2016. The two 
bumblebee species increase in individuals collected each week and the maximum number of 
species collected occurred during the last week (Figure 4c). This trend may indicate that their 
populations are more abundant or more active in the late summer (Memmot et al. 2007). 
Contrarily, the two medium sized bee genera, the Sweat bee and Mining bees were collected 
frequently throughout the entire summer season yet, begin to decrease in numbers by the end 
of July (Figure 4c). This trend indicates that their population peaks in the middle of summer and 
they are either preparing to nest or reproducing by the end of the summer (Memmot et al. 
2007).  
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Figure 5. NMDS Ordination of pollinator communities with management types overlaid. The 
“CC” represents clear cut sites, the “SC” represents strip cut sites and the “OG” represents old 
growth sites.  
 
The forest management techniques explain over half the variation in the pollinator community 
data (r2 = 0.63). The ordination plot demonstrates that there is a significant difference (P<0.002) 
in the community composition of pollinators across the three management techniques when 
tested with PERMANOVA.  The species which are closer to the left of the first axis were 
generally found in more clear cut communities, whereas species near the right of the first axis 
are found more in old growth communities (Figure 5) The ellipses, representing a 95% 
confidence interval of each forest management technique, demonstrate that the clear cut and 
strip cut communities are clustered more tightly than the old growth communities indicating 
that there is more certainty in the communities that were forested (Figure 5). This is likely since 
the old growth sites were least similar to each other and thus had less consistent insect 
communities.  



Figure 6a. Clear cut forest management interaction plot. The boxes at the bottom represent the 
flower species being pollinated whereas the boxes at the top represent the pollinator species 
collected with the netting method. The thicker interaction lines indicate that the interaction 
was observed more frequently.  
 
There are many infrequent interactions that occur in the clear cut sites and only a few strong 
interactions. Bombus ternarius and Bombus vagans were both frequently recorded pollinating 
Hemp-nettle (Galeopsis tetrahit), a non-native and weedy mint species and 
Steeplebush(Spiraea tomentosa), a small native rose flower. One other strong interaction is 
Augochlorella striata pollinating Hawkweeds (Hieracium caespitosum). The flower which seems 
to have the most pollinators is Fly-trap dogbane (Apocynum androsaemifolium). Fly-trap 
dogbane is a short native bush with bright and fragrant flowers. Additionally, the pollinator 
which interacted with most flowers was Bombus ternarius, however this bumblebee was also 
the most abundant in the clear cut sites (Figure 6a).  
 
 



 
Figure 6b. Strip cut forest management interaction plot. The boxes at the bottom represent the 
flower species being pollinated whereas the boxes at the top represent the pollinator species 
collected with the netting method. The thicker interaction lines indicate that the interaction 
was observed more frequently. 
 
There are fewer strong interactions in the strip cut sites (Figure 6b) than in the previously seen 
clear cut sites (Figure 6a). The strongest pollination interactions occurred between Bombus 
ternarius and Chauliognathus pensylvanicus with native Grass-leaved goldenrod (Euthamia 
graminifolia). Also the beetle Macrodactylus subspinosus was often found pollinating the small 
rose species Meadowsweet (Spirea alba). The flower which was pollinated by the most species 
is the non-native Oxeye daisy (Leucanthemum vulgare)(Figure 6b). The oxeye daisy is a weedy 
species with large showy flowers that contain a lot of pollen. This non native plant is likely a 
good pollen reservoir for many native pollinators, but it may outcompete native plants 
(Thompson et al. 2014).  
 



 
Figure 6c. Old growth forest interaction plot. The boxes at the bottom represent the flower 
species being pollinated whereas the boxes at the top represent the pollinator species collected 
with the netting method. The thicker interaction lines indicate that interaction was observed 
more frequently. 
 
The old growth sites overall had the fewest interactions (Figure 6c) as they also had the fewest 
number of individuals collected with nets (Figure 7b). The strongest interactions were 
Augochlora pura with Grass-leaved goldenrod (Euthamia graminifolia) and Macrodactylus 
subspinosus with common Milkweed (Asclepias syriaca). The flower most commonly pollinated 
was Fleabane (Erigeron sp.) (Figure 6c). Fleabane is similar to the oxeye daisy in that is is a non-
native weedy species, and thus may also act as a pollen reserve for some species, but also 
outcompete native wild flowers (Thompson et al. 2014). 
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Figure 7a. Species richness collected in each management technique. The blue bars indicate 
that the pollinator was collected via the netting method whereas the orange bars indicate the 
pollinator was collected via the pan trap method.  
 

 
Figure 7b. Pollinator abundance collected in each management technique. The blue bars 
indicate that the pollinator was collected via the netting method whereas the orange bars 
indicate the pollinator was collected via the pan trap method. 
 
When comparing collection methods, there was not one method that obviously collected more 
individuals or number of species. In the strip cut and clear cut sites, the netting method lead to 
a greater number of species collected whereas the the pan trap method collected more species 
in the old growth sites (Figure 7a). When comparing the number of individuals collected, the 
netting method lead to more individuals collected whereas in the strip cut sites and old growth 
sites, the pan traps collected more individuals (Figure 7b). The differences in number of 
individuals collected between methods was much greater than the differences in number of 
species.  
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Figure 8. Rarefication curve for each site where insects were collected. All species of insects 
identified were considered in this curve.  The “CC” represents clear cut sites, the “SC” 
represents strip cut sites and the “OG” represents old growth sites. 
       
Of all sites, the third old growth site was best sampled as the rarefication curve is nearing an 
asymptotic height, which would mean that even if we had sampled more, the number of 
species collected would not increase dramatically. The first and second old growth site are also 
nearing a maximum height on the curve although their maximum number of species collected 
would be lower than all the other sites. All the strip cut sites and clear cut sites have not 
reached an asymptotic height, indicating that these sites were not adequately sampled (Figure 
8).  
 
Of the 126 species collected for all the insects identified, 15 species were only collected twice 
whereas 53 species were only collected once. The asymptotic species richness was estimated to 
be 219 species (Chao 1984). This difference in estimated species richness and collected species 
richness further indicates that this property was potentially under sampled. 
 
 
 



Discussion 
  
The objective of this research was to determine if forestry impacted pollinator diversity and 
pollinator community composition. Secondary objectives include looking at species specific 
phenology as well as comparing collection methods. Overall, only one of the four diversity 
indices was found to have significant differences in two of the three management techniques, 
thus concluding that there is likely not a large difference in number of species and in abundance 
collected between strip cuts, clear cuts and old growth forestry practices (Figure 4).  
However, the community composition between the management techniques are significantly 
different, indicating that although they have similar diversity indices, the pollinating species are 
generally different in the three habitats following forestry management (Figure 5). This 
conclusion highlights the importance of habitat heterogeneity in an area as different habitats 
open up the potential for more niches to be filled and thus can support different types of 
pollinators (Rubene et al. 2015). This phenomenon can be seen when comparing the species 
across the three types of forest management types. The pollinators in the clear cut sites were 
mostly large bee species (Bombus sp., Apis mellifera, Megachile sp.) whereas the strip cut 
generally had medium sized bee species (Lasioglossium sp., Halictus sp., Andrena sp.) and the 
old growth generally had the most beetles (Trichontinus assimilis), truebugs (Neokolla 
hieroglyphica) and small green bees (Augochlora pura, Augochlorella striata) (Figure 4.).  
 
The differences in community structure may be from the amount of available sunlight as well as 
the abundance of fallen wood in a given site. The clear cut sites are fully exposed to sunlight 
which allows the seed bank in the soil to flourish. Additionally, since the clear cut sites do not 
have a previously established vegetation, weedy flowering species can grow in large colonies 
(Hengstum et al. 2013). These areas may be preferable to pollinators since there is often a 
greater abundance of pollen. Contrasting these areas are old growth forests where the canopy 
almost completely shades the forest floor which only permits shade tolerant flowers to grow 
(Devoto et al. 2012). However, decaying wood is more common in old growth forests since 
much of the wood is removed from a site following forestry. These decaying logs provide 
nesting habitat for many true bug, beetle and solitary bee species. The Hemiptera and 
Coleopterans also tend to be less capable of travelling vast distances, thus having a nesting 
habitat nearby may be vital to their survival and reproduction (Basilio et al.  2006). Due to their 
need for both flowering plants and woody habitat, an area that has been strip cut would ideally 
have the greatest abundance and species richness as seen in previous studies where removing 
patches of trees in a continuous landscape has increased bee abundance (Drever et al. 2006, 
Romey et al. 2007). Previous studies suggesting that forestry actually increases pollinator 
diversity have only looked at bee species (Devoto et al. 2012, Drever et al. 2006, Korpela et al. 
2015, Romey et al. 2007).  This research generally did not find a significant difference in 
diversity as forestry increases which may be because this study also collected pollinating true 
bugs and beetles which are more dependent on fallen wood.  
 
In accordance with other studies, the old growth sites generally had few pollination interactions 
due to the number of wild flowers. The sites that were recently logged had many infrequent 
interactions and a few common interactions (Devoto et al. 2012, Memmott 1999).  In all three 



sites, the flowers pollinated by the most insect species were generally non-native plants (Figure 
6). These non-native plant species may be acting as a reservoir for native pollinators, as they 
contain pollen sources to rely on when native wild flowers are not in bloom (Winfree et al. 
2007). However, these non-native species may out compete native wild flowers since they can 
grow in large matted colonizes and eventually shading sunlight from the slower growing wild 
flowers. It is thus difficult to conclude if the introduction of non-native flowers in this area is 
beneficial or detrimental to pollinating communities, as they may temporarily provide a pollen 
source but also prevent native flower species from eventually establishing (Thompson et al. 
2014).  
 
When conducing a study across an entire season, it is often useful to observe at how pollinator 
populations change through the sampling season. Different groups of pollinators portrayed 
different phonological trends which may be interesting to investigate in future studies (Basillo 
et al. 2006). For example, two bumble bee species, Bombus ternarius and Bombus vagans 
increased in abundance each week and they were most abundant in the last week of sampling 
(Figure 4c). Although this study did not investigate why this occurred, future studies may 
include observing flower blooming fluctuations and when insect nesting occurs.  
 
This study used two different methods to collect pollinators, a passive pan trap method and an 
active netting method. Although both methods were successful at collecting pollinators, they 
both have advantages and disadvantages. The netting method was more specific in only 
collecting pollinators and was also more successful at catching more species and more 
individuals in the clear cut sites. However, this method collected fewer individuals in the strip 
cut sites and old growth sites. The pan trap methods collected more pollinators in the old 
growth and strip cut sites, however, this method is much less specific and also collected many 
non-pollinating species. In accordance with similar studies, this study suggests that using both 
methods are useful, but perhaps additional effort should be put into the netting method which 
would maximize the number of pollinators collected (Moreira 1996, Potts et al. 2010).  The use 
of a rarefaction curve is also essential in studies of diversity as it permits the researcher to 
know if adequate samples have been collected (Buddle et. 2005). In most sites additional 
sampling would have been necessary to better understand the pollinator communities.  
 
This study lead to new insights on the population dynamics of less traditionally studied 
pollinators such as beetles and true bugs. Although these pollinators are not as efficient as wild 
bees, they still provide important services in plant reproduction of forested habitats (Faegri & 
Van Der Pijl 2013). The main outcome of this study suggests that although the different forest 
management techniques did not alter pollinator diversity, forestry did impact the types of 
pollinators in each habitat. Therefore, in order to maximize all species of pollinators, open 
habitats which provide productive wild flowers should be maintained but old growth forest 
habitats which offer many resources for pollinators should also be conserved (Korpela et al. 
2014).   
 
 
 



Appendix  
 

Site  Latitude  Longitude Elevation 

Clear Cut 1 N45.755° 
 

 

W74.861° 220m 

Clear Cut 2 N45.754° 
 

 

W74.86° 220m 

Clear Cut 3 N45.752° 
 

 

W74.863° 220m 

Old Growth 1 N45.718° 
 

W74.844° 200m 

Old Growth 2 N45.755° 
 

W74.823° 200m 

Old Growth 3 N45.776° 
 

W74.806° 200m 

Strip Cut 1   N45.733° W74.87° 195m 

Strip Cut 2   N45.729° W74.869° 195m 

Strip Cut 3 N45.81° 
 

W74.845° 220m 

Appendix 1. Geographic location and elevation of the nine sites sampled. 
 

 

 Clear Cut Strip Cut Old Growth 

 Site 1 Site 2 Site 
3 

Total Mean Site 
1 

Site 
2 

Site 
3 

Total Mea
n 

Site 1 Site 
2 

Site 
3 

Total Mean 

Total 
Species 
Richness 

35 42 39 66 38 52 44 58 74 51.3 37 33 49 72 39.6 

Pollinator 
Species 
Richness 

32 39 34 61 35 47 37 48 52 44 31 20 41 40 30.6 

Total 
Abundance 

112 126 119 407 119 147 167 177 491 163.
6 

197 114 301 612 204 

Pollinator 
Abundance 

107 118 100 325 108.3 133 175 121 429 143 104 66 169 339 113 

Shannon 
Diversity 
Index 

2.840 2.941 3.1
0 

N/A 2.961 3.29
7 

2.608 3.379 N/A 3.09
5 

2.795 2.038 2.228 N/A 2.354 

Simpson 
Diversity 

Index 

0.915 0.912 0.9
45 

N/A 0.924 0.95
7 

0.842 0.947 N/A 0.91
5 

0.904 0.836 0.941 N/A 0.8936 

Inverse 
Berger-
Parker 
Index 

4.956 4.740 7.8
57 

N/A 5.851 7.31
5 

2.765 5.360 N/A 5.14
7 

4.065 3.090 6.750 N/a 4.635 

Appendix 2. Species abundance, species richness and diversity indices for each management 
technique and site. 
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