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Figure 2.3: Total number of flowers produced by entomophilous plant species. 
Figure shows the total number of flowers recorded within plots on the Lower and Upper 
slope. Observations dates and plot locations were the same as in Figure 2.2. 
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Figure 2.4: Spatial and temporal variation in network specialization and nestedness. 
Variation (mean ± 1 SE) in plant-pollinator network (top) nestedness, NODF, and 
(bottom) specialization, H2’, over Slope location (Lower, Upper slope) and within-season 
period (Early, Peak, Late) span June to August 2011 in the Dalbay Valley, in northern 
Mongolia. Squares indicate networks on the Lower slope and diamond symbols indicate 
plots on the Upper slope. Different letters indicate significantly different means (Tukey’s 
HSD, p < 0.05). Slope had a significant effect on nestedness (see Table 2.4).
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CHAPTER THREE: THE EFFECTS OF GRAZING CESSATION ON 

POLLINATION SERVICES IN THE MONGOLIAN STEPPE 

 

3.1 Abstract 

Land use change, such as habitat loss and fragmentation can have large impacts 

on ecosystems. Specifically, biotic interactions can be disrupted and ecological services 

reduced. In particular, changes in historical grazing practices directly and indirectly 

impact wild pollination. While many lands have long been used as grazing pastures, 

changes in socio-economic conditions and lifestyles are resulting in land abandonment. 

We investigated how the removal of grazing pressure from the mountain steppe would 

alter forb and flower visitor communities. 

Canonical analysis of principle coordinates showed that plant and flower visitor 

communities differed significantly between plots where grazing was allowed and where 

grazing was excluded. Surprisingly, the exclusion of grazing did not affect overall forb or 

flower visitor taxonomic richness. Overall total flower abundance did not differ between 

treatments, but during the peak of the season, there was greater flower abundance in plots 

where grazing was excluded. Among the flower visitor insect orders observed, only 

Hymenopteran insect composition differed between treatments. There was no overall 

visitation difference among key individual insects. 

The forb and flower communities within historically grazed lands showed an 

immediate response to grazing cessation. Although forb community structure and flower 

abundance at the peak differed between treatments, total flower visitation remained 
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unaffected. The flower visitor community can buffer changes to the forb community and 

deliver consistent pollination service in the face of land use change. 

 

3.2 Introduction 

Land use change resulting in habitat loss, fragmentation, or over-exploitation, has 

large impacts on ecosystem services and is linked to declines in water availability, soil 

quality (Schroter et al. 2005), and species biodiversity (Kleijn et al. 2009). Furthermore, 

changes in land use practices alter plant communities, which directly and indirectly affect 

pollination. Pollination is an essential ecological service (Kremen et al. 2007) and 

reduced pollinator availability can threaten local plant diversity in natural systems (Potts 

et al. 2010) as well as cause a decline in yields in insect-pollinated crops (Garibaldi et al. 

2013). Thus, it is important to understand how land use change affects the number and 

diversity of pollinators and the services they provide (Winfree et al. 2011). 

Light to moderate grazing by domestic herds is a land use practiced in many 

systems, for millennia in some. In these systems, the cessation of grazing is better viewed 

as a disturbance and likely to bring about changes in plant-pollinator interactions. This is 

the case for the steppe in Mongolia, where we conducted this study. The Mongolian 

steppe has been subject to pastoralism since 800 B.C. (Barfield 1992). An astounding 

75% of the land in Mongolia is used for livestock grazing (Batima et al. 2008) but the 

Mongolian steppe grasslands are experiencing a drastic change in land use practices. The 

rural-to-city migration of people in Mongolia is resulting in the release of lands from 

grazing pressure (Morris and Bruum 2005). Such important changes can feed back to 
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affect plant communities but how grazing cessation affects wild pollination services is 

poorly understood. 

Cessation of grazing could alter pollination services through several mechanisms. 

First, it could alter plant community structure. Release from grazing pressure tends to 

reduce overall plant species diversity (Darwin 1859, Hansson and Hakan 2000, Pykala 

2003, Dullinger et al. 2003), largely by altering competitive interactions among plants, 

resulting in a switch of the dominant species (Marton et al. 2008). Without grazers to 

remove standing biomass, grazing cessation leads to taller and more erect plants 

(McNaughton 1984, Peco et al. 2005), which could obscure flowers and lead to a 

reduction in visitation (Dickson and Petit 2006). Lastly, there is no uniform effect on the 

abundance of forb species as species have been shown to increase as well as decrease due 

to grazing cessation (Peco et al. 2005). 

If grazing cessation alters the abundance and diversity of insect-pollinated 

flowers, we expect the abundance or composition of insect flower visitors to also change. 

Flower visitor species richness is positively related to flower abundance and species 

richness (Potts et al. 2003) and flower morphology diversity (Stang et al. 2006). Thus, 

changes in the forb community could also differentially affect insect-flower visitors. 

Some insects, such as bumblebees, have a capacity to learn complex morphologies, such 

as those of leguminous flowers (Raine and Chittka 2007) and, as such, could respond to 

changes in abundance of those flowers. Other flower visitors, such as short-tongued flies, 

should respond more to changes in the abundance of open flowers with more access 

pollen or nectar resources. 
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In this study we examine how the elimination of grazing in the Mongolian steppe 

alters forb flower production and insect flower visitation throughout the growing season. 

Our objective was to experimentally evaluate how grazing cessation altered (1) forb 

flower community composition, including flower abundance, and (2) insect flower visitor 

community composition and number of visits. A better understanding of how grazing 

cessation alters wild pollination service will provide valuable insight for how future land 

use changes will affect ecosystem functioning. 

 

3.3 Materials and methods 

Study site 

This study was conducted 12 June to 12 August 2012 on the south-facing slope in 

the Dalbay River Valley in northern Mongolia (51°01.405' N, 100°45.600' E, altitude 

1670m). The average annual temperature is -4.5 °C (Nandintsetseg et al. 2007), with 

average monthly temperatures ranging from -21 °C (Jan.) to 12°C (July). Regionally, the 

average annual precipitation over the last 40 years is 265 mm (Namkhaijantsan 2006). An 

onsite meteorological station recorded 228 mm of rain fall June to August (pers. comm. 

B. Boldgiv). Permafrost occurs in the region but is not present on the south-facing slope, 

where this study was conducted. 

The most abundant species by plant cover are sedges (e.g. Carex spp.) and grasses 

(e.g. Festuca lenensis, Koeleria macrantha; see Spence et al. 2014 for more detailed 

information regarding the plant community). The forb community consists of primarily of 

perennial species (e.g. Thymus gobicus, Aster alpnius, Galium verum) and few annual 

species (e.g. Dontostemon itegrifolius). There is also a variety of flower morphologies: 
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zygomorphic and closed (e.g. Astragalus mongholicus), actinomorphic (e.g. Potentilla 

sericea), and open composite capitula (e.g. Aster alpinus). The forb community is also 

diverse in their stature ranging from prostrate species (e.g. Thymus gobicus) to erect and 

tall (e.g. Thalictrum minus, > 20 cm). The site is used as grazing pastures by nomadic 

herders in the region. Grazing at the site typically occurs during autumn through spring. 

The primary grazers are yaks, cows, and horses but also include goats and sheep. 

Design 

 Our design makes use of permanent observation plots rather than temporary 

transects, providing greater consistency for tracking forb community composition, flower 

abundance of different species, and insect visitation. We established twelve 2 × 2 m 

observation “plots” on the south facing slope (1670 m A.S.L.) in early August 2011. 

Experimental “treatments” consisted of grazed and ungrazed plots that were paired into 

six blocks. To simulate the complete cessation of grazing, each ungrazed plot was located 

within a 9 × 9 m fenced area that excluded livestock grazing throughout the year. Each 

grazed plot was located within a 3 × 9 m area, where fences excluded grazers between 

June and August but were removed to allow grazers access to the area for the remainder 

of the year. Each block was spaced approximately 30 m apart. 

Observations 

 Flower visits made within plots were observed at three different time “periods” 

throughout the day: 830-1200, 1200-1530, and 1530-1900 for a total of 216 hours over 

the season. A single observation was made for 30 minutes and all 12 plots were observed 

once in each daily time period over four consecutive days. Four-day observation sets 

were separated by one or two days when no observations were made. Two consecutive 
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four-day observation sets were combined to create an observation “round” for the 

purpose of statistical analysis. We completed a total of six eight-day rounds for this 

study. 

At the beginning of each 30-minute observation session, the total number of 

flowers in anthesis within the plot was counted for each species. Inflorescences, such as 

the capitulum of Aster alpinus and Scabiosa comosa, were counted as individual flower 

units. If a plot did not contain any flowers in anthesis, the plot was not included. 

Observations were made by standing within 0.5 m of the plot but changing positions to 

observe the plot from all four sides. For relative abundance of flowers and flower visitors 

see Appendices C.1 and C.2. 

Sampling 

 Each flower insect visitor was observed and a successful flower visit was 

recorded if it met three criteria: (1) landed on a flower or inflorescence for at least three 

seconds, (2) touched anthers or stigmas, and (3) probed for collected nectar or pollen. We 

considered an insect as probing for nectar or pollen if it moved into the flower head or 

down to the base of an open flower. To minimize disturbance to flowers and other 

visiting insects within the plot, visitors were caught after they left the center of the plot 

area. Fewer than 20 individual insects meeting the three criteria were not captured and 

thus, the visits from these insects were not recorded. Two conspicuous and easily 

identifiable butterfly species and two ant species were captured, positively identified, and 

released outside of the plot area after observations of that plot were finished. All other 

pollinators were killed in diethyl ether and pinned (vouchered specimen deposited at the 

Department of Entomology of the Academy of Natural Sciences, Philadelphia). 
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Statistical analyses 

For the community level analysis, we analyzed a community matrix for forbs 

containing 33 species and separately analyzed a community matrix for flower visitors 

containing 32 insect families using canonical analysis of principal coordinates (CAP; 

modified implementation of CAP described by Anderson and Willis 2003) using R-3.0.3 

(R Core Team 2014) with the “vegan” package (Oksanen et al. 2013). Both forb and 

flower visitor community data matrices consisted of 205 rows, with each row 

corresponding to a unique observation of a plot for each grazing status, period, and 

round. Observations of plots with no flowers in anthesis were omitted from both the forb 

and flower visitor community matrices. Dissimilarity distances were calculated using 

Bray-Curtis dissimilarity index (Faith et al. 1987). To examine if any of the insect orders 

had differential responses to the grazing treatments, the flower visitor community was 

also analyzed by insect order, after omitting the single visitor representing Hemiptera. 

Each CAP analysis was followed by a permutation ANOVA with 999 

permutations to examine the effects of several factors: grazing, round, plot, and their 

interactions. The permutation ANOVA for the flower visitor community included the 

scores of the first two axes from a NMDS ordination of the forb community data as 

covariates. For both the forb and flower visitor matrices, we included all observations 

where there was at least one flower in anthesis. There were plots that contained flowers in 

anthesis but did not receive any visits. This meant that there were zeroes included in the 

flower visitor community matrix. To calculate dissimilarity distances using Bray-Curtis 

we added 1 × 10-5 to any cell with a zero. The data for the forb community and insect 

flower visitor community were raw counts and were square-root transformed. 
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Further analyses were conducted to determine whether flower abundance of 

individual forb species’ and total number of visits from insect families was affected by 

the grazing treatments. We selected six forb species and six insect families with the 

highest average correlation with the first two CAP axes of their respective community 

level CAP analyses. Separate split-block ANOVAs were performed on the flower 

abundance for each forb species and number of visits for each insect family. The data 

were unbalanced, thus the model only included the main effects of grazing treatment, 

round, and time period, with plot as a random factor. The fit of the mixed ANOVA 

models were evaluated using the R package “lme4” (using restricted maximum 

likelihood, Bates et al. 2014) and p values were calculated using Satterthwaite’s 

approximation with the package “lmerTest” (Kuznetsova et al. 2014). p-values were 

adjusted for multiple comparisons (n = 6) using Bonferroni correction. 

 To determine the effect of grazing cessation on the total flower abundance 

throughout the season, we used ANOVA using restricted maximum likelihood to 

examine the main effects of grazing treatment, round, time period, with plot as a random 

factor. The model was fully factorial with the four-way interaction removed as it is 

included in the error term. We then further examined the round × grazing treatment using 

orthogonal contrasts. These analyses were done using JMP 10.0 (SAS Institute, Cary, 

NC) on count data that were square-root transformed to meet assumptions of normality. 

 

3.4 Results 

Forb community 
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The grazing treatments significantly altered the forb flowering community 

composition (Table 3.1). The ungrazed plots had greater flower production than the 

grazed plots (Fig. 3.1). Individual forb species flower abundance change varied in 

response to the grazing treatment (Fig. 3.2). Certain forb species only occurred in one or 

the other grazing treatment: three forb species were exclusive to grazed plots while 

another three were only found in ungrazed plots. Surprisingly, exclusion of grazing did 

not significantly affect forb species richness. Finally, the effect of the grazing treatment 

on forb community composition varied over the progression of the growing season 

(grazing × treatment, Table 3.1). 

 While the exclusion of grazing had a strong community level effect, among the 

forb species we examined individually, only two of the forb species responded to the 

grazing exclusion (Table 3.2; Fig. 3.3; Appendix C.2 and C.3). Flower abundance for 

Thalictrum minus (Ranunculaceae) was lower in grazed plots (ANOVA F3,46 = 16.3, p < 

0.001) while Thymus gobicus (Lamiaceae) was greater (ANOVA F4,74 = 31.9, p < 0.001). 

Overall, we observed a total of 33 forb species and recorded a total of 54,434 flowers. 

While individual flower production differed between grazing treatments, the total flower 

abundance across all forb species did not differ across treatments (F1,10 = 3.3, p = 0.10) 

but there was a significant treatment × round interaction (F5,23 = 3.0, p = 0.03). There was 

greater number of flowers produced in plots where grazing was excluded but only during 

the peak of the season (Fig. 3.4). 

Community of flower visitors  

 Like the forb community, the community composition of insect flower visitors 

was significantly affected by the grazing treatment (Table 3.1). Grazed plots received a 
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greater number of visits compared to ungrazed plots (Fig. 3.5), despite the greater number 

of flowers produced in ungrazed plots. Further analysis by insect order revealed that 

while the overall flower visitor community composition was altered by the grazing 

treatments, only the composition of the order Hymenoptera was significantly altered by 

the grazing treatment. The majority of families within Hymenoptera visited the grazed 

plots more than the ungrazed plots. The absolute number of visits made by the different 

insect groups was not different between grazing treatments as the majority of the flower 

visitors only showed a difference of 10 visits or fewer between treatments (Appendix C.4 

and C.5). Of the six insect families exclusively observed in grazed plots, half were 

Dipteran. Whereas of the five families exclusively observed in ungrazed plots, three of 

them were Lepidopteran. 

While grazing treatments altered insect visitor community composition and 

grazed plots received slightly more visits, none of the six flower visitor families we 

examined made significantly different number of visits to either treatment. There was a 

trend of Muscid flies visiting the grazed plots more than the ungrazed ones (Table 3.3; 

Fig. 3.6). Additionally, the total number of visits to the treatment plots did not differ 

(F1,10 = 0.23, p = 0.64) but there was a significant period × treatment interaction (F2,69 = 

0.23, p = 0.02), with the middle period receiving the most visits only in plots where 

grazing was excluded. Overall, we observed a total of 983 flower visits made by 32 insect 

taxa. 
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3.5 Discussion 

Our results demonstrate that removal of consistent livestock grazing from a 

historically grazed system alters forb community composition and flower abundance 

without eliciting major changes in overall insect flower visitor abundance. While 

previous studies have examined the impact of introducing livestock grazing, in our study 

site, the cessation of grazing, rather than introduction, is the disturbance. This is an 

important as many rural and nomadic pastoral practices are transitioning towards a more 

sedentary and urban lifestyle in Mongolia. 

Forb Community 

The pressure that grazing exerts on plant communities is significant. Grazing is 

known to promote prostrate plants (McNaughton 1984, Peco et al. 2005) and lead to 

greater flower abundance (Vulliamy et al. 2006). Yet surprisingly, flower abundance 

during the peak of flower production was greater in plots where grazing was removed. 

The greater flower abundance in the ungrazed plots was mainly attributed to Thymus 

gobicus (Lamiaceae), which was particularly abundant during the middle of the summer 

growing season. We expected a prostrate species such as Thymus gobicus to flourish in 

grazed plots while other more erect and taller species to have an advantage in ungrazed 

plots. 

There are two likely explanations for T. gobicus producing more flowers in 

ungrazed plots. One possible explanation may be related to grazing intensity. First, plots 

that experience light grazing intensity produced the greatest number of flowers, compared 

to intermediate and heavy levels of grazing (Yoshihara et al. 2008). Despite, the presence 
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of other more erect and taller species in our system (e.g. Gallium verum) that appear to be 

likely candidates to increase flower production without grazing, perhaps the immediate 

release from grazing at our field site emulates favorable levels of disturbance for T. 

gobicus. Second, T. gobicus’ woody tissue is exposed during the non-summer seasons, 

thus our year-round grazing exclusion protects T. gobicus from non-summer grazing, 

which may have resulting in greater vegetative growth. 

Since grazing exerts a strong force on plant communities, taller, more erect plants 

should do well with grazing removed. Yet again, we observed Thalictrum minus 

(Ranunculaceae) to be contrary to our expectations. T. minus is an erect forb species with 

flowers at a height between 20 cm and 50 cm above the ground (pers. obs.). Despite this, 

T. minus responded to the removal of grazing by producing fewer flowers. This may be 

attributable to light availability and, consequently, the lack of resources to produce 

flowers. In plots where grazing was excluded, litter accumulated and may act to shade 

plants, which may lead to decreased flower number (Kim et al. 2011). While the flowers 

of T. minus rise above almost all other species in our system, the vegetative component is 

short and low to the ground. Furthermore, the leaves of T. minus are small and compact, 

which may leave the plant particularly susceptible to shading. Additionally, shading and 

albedo reflectance by litter leads to lower soil temperatures, which have been found to 

reduce flower abundance (Spence et al. 2014). 

While our results demonstrate a direct effect on forb community structure in terms 

for flower abundance, we did not detect a response in the species richness of the 

flowering species. Herbivory has long been thought to increase species richness in 

grasslands (Olff and Ritchie 1998). Communities released from grazing pressure tended 
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to decrease plant species diversity (Hansson and Hakan 2000, Pykala 2003, Stefan et al. 

2003), but these studies took into account all plant species, not just forb species. Our 

study site may be different than most since the plots are high altitude and dominated by 

perennial forbs, with only a one annual species, Dontostemon integrifolius. Results from 

a lowland study show that there may be greater native perennial forbs species in ungrazed 

sites (Hayes and Holl 2003). At high elevations this may not be the case. As elevation 

increases, perennial forbs tend to shift towards a more conservative life history strategy 

and allocate resources for reproduction later than their low elevation counterparts (von 

Arx et al. 2006). Built into a strategy for longevity of high altitude herbaceous species 

may mean that they are more tolerant of disturbances, particularly one that the 

community has been subjected to for centuries. Another explanation for the lack of 

change in species richness could be that grazing, although consistent through time, is low 

in intensity and does not illicit a strong response when grazing was removed from the 

system. 

Community of flower visitors  

Overall, the flower visiting community appears to buffer changes to the forb 

community composition and flower abundance. Given the change in forb community 

structure, as expected, the flower visitor community structure differed between grazing 

treatments but there was no change in the overall number of flower visitation. This may 

have been due to redundancy of functional groups in the community, such as the presence 

of multiple taxa that forage on pollen and/or nectar. When one flower visitor drops out, 

another may take its place (Brittain et al. 2013). 
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Additionally, different insect taxa are known to respond to grazing differently 

(Sjodin et al. 2008). Many of the nectar foraging insects are Hymenopteran. While 

overall insect visitation to the ungrazed plots was not significantly different, 

Hymenopteran insects visited grazed plots slightly more than ungrazed plots. A 

consequence of grazing cessation is the accumulation of litter that would otherwise be 

removed by grazers (Spence et al. 2014). The litter may have obscured many of the small 

prostrate forb species. Thus, even with the greater number of flowers in the grazed plots, 

the height of the litter may have obscured many of the flowers from potential visitors 

(Dickson and Petit 2006). 

Lastly, although there were a greater number of flowers produced in the ungrazed 

plots during the peak of the season, there was no commensurate increase in insect flower 

visitation to these plots. Thus the forb community where grazing was excluded received 

fewer visits per flower, even with the additional investment of resources towards 

reproduction. As a result, T. gobicus, which is not self-compatible (unpublished data), 

received little to no marginal gain for the resource investment towards flower production 

triggered by the removal of grazing. 

Other Considerations  

The scope of our study was to assess the immediate impact of grazing cessation 

from a system that has been historically grazed through nomadic pastoral practices. 

Although there may be further considerations for length of time since abandonment, 

studies examining formerly grazed lands abandoned for at least 10 years found they were 

not different from actively managed grasslands in terms of plant species richness and 

insect abundance (Sjodin et al. 2008). Even within a shorter timeframe, we detected 
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significant differences in community composition between treatments. Another 

consideration is that the primary grazers at our study site are horses, cows, and yaks. 

Grazing behavior from livestock can alter light availability (Bullock and Marriott 2000). 

Certain livestock, such as cows and horses, mainly forage on grasses, while goats and 

sheep tend to selectively forage on forbs (Yoshihara et al. 2008b). Had there been greater 

grazer diversity, diet breadth may have been increased, resulting in a more severe direct 

effect on the forb community after cessation (Rook et al. 2004). 

In our system, grazing occurs in the fall and winter. The season in which grazing 

predominantly occurs can affect plant species richness and community composition 

(Bullock et al. 2001). This may be because summer and spring grazing has stronger direct 

effects on plant and flower visitor communities. Traditionally, herders divide parcels of 

land for grazing at the different seasons (Sneath 2001). Thus, there is the possibility of an 

interaction between livestock type, plant and pollinator communities, and seasonality. 

Furthermore, our site is unusual in that sheep and goats typically dominate livestock 

abundance (J. Gelhaus, pers. comm.). Consumption of flowers by grazers is more likely 

during the spring and summer, which may lead to reduced floral resource availability for 

pollinators in the season (Sugden 1985). Additionally, nesting sites for active flower 

visitors may be trampled, thus leading to greater insect mortality and reducing ability of 

insects to visit flowers (Sugden 1985). 

Conclusion 

The results from this study suggest that there is an immediate and direct impact on 

the forb community by removing grazing from a historically grazed system. Despite this, 

overall flower visitation to plots was unaffected, even though flower visitor community 
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composition differed between grazing treatments. Land abandonment is a serious 

problem and cessation of grazing pressure is a likely land-use change scenario the 

Mongolian landscape faces if current trends continue (Morris and Bruum 2005). These 

results emphasize the need to study how long-term grazing exclusion impacts plant and 

pollinator communities. Moreover, the change in grazing practices may interact with 

future climate change to further alter forb community composition, such as reduce 

species richness (Spence et al. 2014). These results may offer hope in the face of global 

land use change, that although the taxonomic composition was altered by grazing 

cessation, insect visitation to the forb community was not. Our results highlight the need 

for further examination of land use change in countries that similar to Mongolia to better 

understand how important ecosystem services, such as pollination, interacts with socio-

economic changes. 
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Table 3.1: Effects of grazing exclusion on the number of pollinator visits. Results of 
permutation test from the community level CAP analysis of total flower abundance and 
flower visitors examining the main effects of grazing exclusion (Treatment), within-
season temporal effects (Round), Plot, and the Treatment × Round interaction. Flower 
visitors were further analyzed by insect order. Percentage indicates the amount of total 
variation explained by the first two CAP axes. NMDS1 and NMDS2 are scores from the 
first two axes of an NMDS analysis of the forb community. These scores were added as 
covariates to account for forb community composition in the analyses of flower visitors. 
 

        Flower Visitors (insect order) 

 
Terms 

Flower 
abundance

Flower 
visitors

Coleoptera Diptera Hymenoptera Lepidoptera

   36% 18% 56% 26% 35% 34% 
  Treatment (T) 0.001 0.014 0.566 0.733 0.001 0.766 
  Round (R) 0.001 0.001 0.001 0.001 0.001 0.327 
  Plot (P) 0.001 0.001 0.001 0.001 0.039 0.096 
  T x R 0.001 0.169 0.633 0.84 0.436 0.856 
  T x P 0.001 0.031 0.046 0.228 0.212 0.769 
  R x P 0.001 0.001 0.343 0.228 0.001 0.123 
  T x R x P 0.001 0.001 0.198 0.051 0.118 0.221 
  NMDS1  0.229 0.291 0.016 0.199 0.602 
  NMDS2  0.307 0.395 0.009 0.147 0.715 
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Table 3.2: Comparison of flower abundance between grazed and ungrazed plots. 
ANOVA results (p values) comparing total flower abundance in grazed and ungrazed 
plots for six forb species. Table shows p values adjusted by Bonferroni correction. 

 

Plant species p-value 
Arenaria capillaris 0.99 

Aster alpinus 0.99 
Bupleurum bicaule 0.32 

Galium verum 0.19 
Thalictrum minus < 0.001 

Thymus gobicus < 0.001 
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Table 3.3: Comparison of pollinator visits between grazed and ungrazed plots. 
ANOVA results (p values) comparing total flower visitors to grazed and ungrazed plots 
for six insect families. Table shows p values adjusted by Bonferroni correction. NS: p  > 
0.10 

 
Insect family p-value 

Apidae 0.99 
Formicidae 0.99 
Halictidae 0.99 
Muscidae 0.08 
Syrphidae 0.37 

Tachinidae 0.99 
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Figure 3.4: Overall flower abundance throughout the vegetative growth season.  
ANOVA used to test the effect of different summer time points (Round) and grazing 
exclusion on flower abundance. The square symbol indicates the mean flower abundance 
for the grazed treatment and the triangle symbol indicates the mean flower abundance for 
the ungrazed treatment. Values shown are square-root back-transformed and bars 
represent back-transformed 95% confidence interval. ** indicates a significant difference 
in flower abundance between grazing treatments (orthogonal contrast, F2,51 = 5.87, p = 
0.005). 
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Figure 3.5: The difference in flower visits made by insects between grazed and 
ungrazed plots. Number of flower visits made by insect groups (insect family or 
morpho-species) represented as a (A) proportion of total visits and (B) as the absolute 
difference. Positive values indicate greater visits in grazed plots, negative values indicate 
greater number of visits in ungrazed plots, and zero indicates no difference in the number 
of visits between grazed and ungrazed plots. 
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Figure 3.6: Number of insect visits between grazed and ungrazed plots. Separate 
ANOVAs for the number of insect visits. Analyses were conducted for six insect families 
observed visiting flowers. The six families chosen had the highest average correlation 
with the first two axes of the forb community CAP analysis. Means are square-root back-
transformed and bars represent back-transformed 95% confidence interval. p values 
shown have been adjusted for multiple comparisons by Bonferroni correction (n = 6). NS: 
p > 0.05. 
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DISCUSSION 

 

The consistent delivery of wild pollination services is of great concern. Wild 

pollination is a critical service that helps to maintain plant biodiversity (Kay and Sargent 

2009) and is economically important for crops (Kremen et al. 2007, Garibaldi et al. 

2013).  Predicted changes in climate will introduce new variability to ecosystems, 

affecting temperature-dependent services, such as pollination (Memmott et al. 2007).  It 

is critical to identify current sources of variability in wild pollination and work at the 

appropriate scale (Levin 1992, Chave 2013) for projecting the effects of future climate 

change (Rader et al. 2013, Bartomeus et al. 2013). 

Our results highlight the importance of incorporating spatial and temporal 

variation when studying the stability of pollination services. Many studies focus on 

network topologies without considering the role of plant and pollinator dynamics over 

space and through time. Consequently, datasets are rife with instances where links 

between particular pollinators and particular plant species are not seemingly observed. 

The primary issue with aggregating data without temporal or spatial variation is the 

conflation of links between species that do not occur with those links between species 

that cannot occur. While plants and pollinators may co-occur in space and time there are 

factors, such as nutritional requirements and foraging behavior, which prevents 

interactions. But plants and pollinators may not interact because they do not co-occur in 

space or time. Thus, important aspects of pollination services, such as stability, may be 

misunderstood. 
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The pollination services that a plant community receives are not uniformly 

distributed spatially, even within local landscapes, as shown in Chapter 1 and 2. Although 

the plant communities at both slope locations sharing more than 50% of the species 

within their plant communities, there was a stark difference in visitation and networks 

specialization among the two slope locations. The heterogeneity of plant community 

composition is one important factor for determining the spatial distribution of pollination 

services. Within plant populations, the quantity and quality of flower rewards, such as 

nectar varies (Leiss and Klinkhamer 2005). In our system, the differences in pollinator 

communities that service plant communities is primarily due to the heterogeneous 

distribution of plants that produce relatively large quantities of nectar. These plants tend 

to be leguminous and concentrated on the Upper slope. Thus, the spatial distribution of 

forb species and their flower abundances strongly influence the plant-pollinator network 

specialization and the pollination visits servicing the plant communities. 

Despite work that suggests the composition of plant and pollinator communities 

minimally affects network topology, our system shows certain measures of network 

stability are influenced by spatial differences in community composition. Previous work 

documented relatively stable network topologies despite large amounts of turnover in the 

specific plant-pollinator interactions (Petanidou et al. 2008). But our results suggest that 

not all network indices are equally affected by differences in community composition 

across space. However, we believe our results are consistent with past studies. The 

consistency of network topology is likely a consequence of functionally redundant 

species that take the place of species that are no longer present. In other words, networks 

tend to maintain their network architecture, despite the loss of a pollinator species, if 



 

84 
 

there is similarity in foraging behavior or spatial distribution between the species being 

lost and the replacement species (Weiner et al. 2013). In our system, network nestedness 

was significantly greater on the Lower slope than on the Upper, but specialization did not 

differ among the two slope locations. 

The differences in network indices suggest that, effectively, the plant 

communities at the two slope locations differ in their strategy to attract pollinators. The 

community on the Lower slope is structured to maximize stability through generalist 

pollinators such as Diptera. A consequence of nested organization is the redundancy of 

functions within networks (Blüthgen and Klein 2011). As a result, the increased network 

nestedness confers increased network resilience by protecting against network collapse 

due to species loss (Aizen et al. 2012, Astegiano et al. 2015). In contrast, the plant 

community on the Upper slope consists mainly of leguminous forb species that primarily 

receive visits from specialist bumblebees. The networks on the Upper slope experience 

the trade-off between increased specialization, which leads to decreased ability to recover 

from perturbations (Clavel et al. 2010) and increased efficacy of pollination services 

(Johnson and Steiner 2000). Thus, the spatial variation in plant-pollinator communities 

leads to differences in network stability within the landscape. 

This variation we observed in Chapter 1 and 2 may be influenced by a 

combination of plant community composition and variation in air temperature. But what 

mechanism can explain this variation?  Throughout the season there is considerable 

variation in air temperature throughout the season. Optimal foraging and activity 

temperatures differ between insect species (Vicens and Bosch 2000). Moreover, size is 

positively correlated with heat loss (Pereboom and Biesmeijer 2003). Also, at higher 
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elevations, certain pollinators, such as bumblebees, tend delay their emergence closer to 

the peak flowering period (Pyke et al. 2011). This underlying mechanism driving the 

temporal variation in the community composition of plants and pollinators should also 

impact the network stability. 

One important consequence of the temporal dynamics observed in plant-pollinator 

interactions is the variation in the network specialization. In Chapter 2 we observed 

bumblebees visiting nectar producing forbs, primarily leguminous species and were 

positively related to network specialization. The combination of increased network 

specialization and narrow foraging niche of the bumblebee indicates that the 

Hymenoptera-plant interactions may be such that the pollinators are functionally 

complementary (Blüthgen and Klein 2011). Therefore, our results suggest that network 

vulnerability varies for groups of pollinators depending on the time within the season. 

Diptera, which are present throughout the season, may be more resilient against 

perturbations compared to Hymenoptera visitors, which only occur in a limited stretch 

throughout the season. But this temporal variation in network vulnerability may not hold 

in all systems. For networks with perennial forb species, they can persist without insect-

mediated pollination whereas annuals persist through pollination and their seed bank. 

High species turnover within plant and pollinator communities but consistent 

number of visits has been previously documented over space (Carstensen et al. 2014) and 

time (Petanidou et al. 2008) but not in the context of disturbances. This pattern is likely 

related to the selection of certain types of plants and pollinators in this community. 

Diptera, such as Syrphidae (i.e. hover-flies), have been shown to be effective pollinators 

(Ssymank et al. 2008). However, the foraging behavior of Diptera flower visitors tend to 
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be restricted to pollen produced by flowers (Goulson and Wright 1998). While the 

community composition of pollinators differed between plots that were grazed and plots 

where grazing was excluded, the Diptera species new to either of the communities were 

functionally redundant. Similar to the pollinators, the forb community consists primarily 

of species with low-levels of nectar but open and accessible anthers for insects to forage. 

Thus, the specific species composition may have changed but functional redundancy 

resulted in consistent pollinator visits despite the cessation of grazing. 

The challenge to better understanding community level interaction networks is to 

identify the underlying sources of variation of indices. Understanding ecological reasons 

why interactions do not or cannot occur is critical to mitigating loss of pollination 

services (i.e. forbidden links; Jordano et al. 2003). In addition to spatial and temporal 

barriers, the absence of an interaction between two partners may be determined by their 

functional or evolutionary relationship. The functional trait framework relates phenotypic 

traits to ecologically relevant functions (Lavorel et al. 1997). Using this framework, 

researchers are able to study phenotypic traits, such as corolla depth and proboscis length, 

to test relationships between interactions and these functional traits (Rodríguez-Gironés 

and Santamaría 2007, Stang et al. 2009, Junker et al. 2013). 

Phylogenetic redundancy can mitigate the adverse effects that pollinator loss have 

on wild plant-pollinator communities (Memmott et al. 2007, Potts et al. 2010). Changes 

in temperature and land-use will not act on all species uniformly (González-Varo et al. 

2013) and some pollinators will be differentially vulnerable.  Consequently, predicting 

the disruption of pollination service is difficult.  One way to ensure pollination success is 

to increase the number of pollinator species visiting a given plant (Blüthgen and Klein 
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2011, Brittain et al. 2013).  Increasing the number of pollinator species also increases the 

likelihood that the suite of pollinators visiting a given plant is phylogenetically diverse, or 

phylogenetically complementary.  Thus, due to the differential response of pollinators to 

disturbances, plant species with phylogenetically diverse pollinators will be less 

vulnerable to losses of pollinators than plant visited by less phylogenetically diverse 

pollinators. 

Phylogeny can explain morphological characters in plants and pollinators 

(Johnson et al. 1998), thus, phylogenetic distance should be used when analyzing plant-

pollinator interactions. For instance, among pollinators, how does phylogenetic distance 

correlate with the suite of plant species that the pollinators visit?  We may expect co-

occurring, closely related pollinators to differentiate plant visitation to minimize intra-

clade competition. While we may expect closely related pollinators that occur at different 

times to share plant clades they visit. If phylogenetic relatedness among pollinators or 

plants is strongly related to the types of visits or visitors, phylogenetic can increase 

biodiversity while ensuring pollination services. 

Based on previous population-level studies, evolutionary history may inform 

expectations of pollinator phylogenetic diversity. Some plant families receive visits from 

a wide number of pollinator species, such as Asteraceae, while other families, such as 

Orchidaceae generally have low diversity of visiting species (Johnson and Steiner 2000). 

Evolutionary lineage is also used to explain high correlations between certain plant 

species and groups of pollinators, such as orchids and bees (Pauw 2006). Furthermore, 

functional trait clustering within a community, such as bumblebee proboscis length, is 

strongly correlated with phylogenetic clustering (Harmon-Threatt and Ackerly 2013), 
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which suggests traits that explain pollinator visitation patterns may be conserved within 

lineages. Despite population-level data of phylogenetic patterns of visitation, at the 

community level, closely related pollinators were not more likely to visit the same plant 

species (Rafferty and Ives 2013). One problem with inferences made from populations is 

the influence of plant community composition and relative species abundance on 

visitation patterns. Thus far, only a handful of studies have considered phylogeny to 

explain plant-pollinator interactions (Rezende et al. 2007, Chamberlain et al. 2014). 

All of the results presented in this dissertation serve as a reminder that the 

conservation of wild pollination services is still a daunting challenge. The Mongolian 

steppe is one of the largest areas of contiguous grassland ecosystems in the world. This 

work was carried out in an area that has been disproportionately impacted by climate 

change (Namkhaijantsan 2006) while the terrestrial system is undergoing extensive land-

use change (Morris and Bruun 2005, Batima et al. 2008). Since 2002, there has been an 

astonishing  12%  reduction in grassland vegetation that coincided with the increase in 

animal herd sizes used for agriculture (Hilker et al. 2014). The Eurasian grasslands face 

grave challenges to maintain all of their ecosystem services. 

Our work shows the considerable variation in pollination services across space 

and different temporal scales. The vulnerability of networks is not consistent through 

space and time, with groups of pollinators differentially influencing the network stability. 

Furthermore, while the cessation of grazing resulted in changes to the community 

composition of plants and pollinators, the absolute number of visits made to the plant 

community did not change. Broadly, these results suggest that perturbations may not 

uniformly affect pollination services. Further studies should incorporate the natural 
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spatial and temporal variation of plant and pollinator communities to fully account for 

vulnerabilities in a vital ecosystem service. 
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CONCLUSION 

 

My dissertation research focuses on accounting for “hidden” sources of variation 

within plant-pollinator networks. To do this, I compiled spatially and temporally 

structured datasets of plant-pollinator interactions in northern Mongolia. I first 

documented the spatial and temporal variation in community composition of plants and 

pollinators. I also tested the relationship between biotic factors, flower abundance and 

total number of visits, and air temperature. I then examined the spatial and temporal 

variation of two network indices that represent components of stability: specialization 

and nestedness. Finally, I studied how the cessation of grazing altered the plant and 

pollinator communities. In the historically grazed lands of Mongolia, the cessation of 

grazing, which may occur through land abandonment, is the likely land-use change that 

the steppe faces. I compared the plots where grazing was excluded with the plots where 

grazing was allowed to continue. 

 

My primary findings of my dissertation research are: 

1. The influence of temperature on pollinator visits is dependent upon the position 

within a landscape, even locally. On the Upper slope, both air temperature and 

flower abundance equally explained flower visits to the forb community while on 

the Lower slope only air temperature was important. 

2. Diptera visitors to flowers form a core functional group of pollinators that is 

positively associated with network nestedness. Nestedness is positively associated 

with resistance to the collapse of plant-pollinator networks when species are 



 

91 
 

removed from the network. Hymenoptera visitors to flowers form a core 

functional group of pollinators that is positively associated with network 

specialization. Specialization is negatively associated with network stability. 

3. Due to the spatial and temporal variation in the community composition and 

abundance of plants and pollinators, Hymenoptera visitors of flowers may be 

considered network “cheaters.”  This is because Hymenoptera pollinators in our 

system are specialists, which destabilizes the network but allows them to 

efficiently forage. 

4. The cessation of grazing, while altering the community composition and 

abundance of plants and pollinators, does not alter the total number of visits a forb 

community receives. 
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APPENDIX 
Appendix A: Chapter One 
 
Table A.1: Start and end dates for each observation round. 

Round Start Date End Date 
1 13-Jun-2011 17-Jun-2011 
2 20-Jun-2011 23-Jun-2011 
3 24-Jun-2011 26-Jun-2011 
4 01-Jul-2011 04-Jul-2011 
5 06-Jul-2011 09-Jul-2011 
6 14-Jul-2011 17-Jul-2011 
7 20-Jul-2011 23-Jul-2011 
8 25-Jul-2011 28-Jul-2011 
9 30-Jul-2011 02-Aug-2011 
10 04-Aug-2011 07-Aug-2011 
11 09-Aug-2011 11-Aug-2011 
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Table A.2: Flower abundance for each plant family and insect visits for each order on the 
Lower and Upper slope.  Numbers reflect total flower abundance or insect visits observed 
across the entire season for all plots within each slope. 
 

 Lower Slope Upper Slope 

Plant family  
(floral abundance) 

  

Apiaceae 3,014 484 
Asteraceae 4,946 10,503 
Boraginaceae 113 109 
Brassicaceae N/A 337 
Caryophyllaceae 974 684 
Dipsacaceae 348 N/A 
Fabaceae 517 5,953 
Gentianaceae 51 N/A 
Iridaceae 3 32 
Lamiaceae 7,372 1,912 
Liliaceae N/A 2,189 
Orobanchaceae N/A 3,141 
Plantaginaceae 3,805 N/A 
Ranunculaceae 2,825 1,047 
Rosaceae 993 376 
Rubiaceae 3,438 N/A 
   
Insect order (visits) Lower Slope Upper Slope 
Coleoptera 6 0 
Diptera 250 31 
Hymenoptera 233 324 
Lepidoptera 84 18 
   
Air Temperature (°C) Lower Slope Upper Slope 
Minimum 6.382^ 5.668^ 
Maximum 34.863# 32.201# 

 
^ Round 5, Period 1; # Round 6, Period 3. For specific 
dates, please see Table A.1. 
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Table A.3: Total flower abundance for each observation Round. Plots were observed in 
northern Mongolia in 2011 spanning June to August. For exact dates, please see Table 
A.1. 

 Floral Abundance 
Round Lower Upper

1 1,194 1,886
2 1,642 1,601
3 7,68 1,289
4 2,298 2,155
5 5,153 2,620
6 7,282 2,892
7 4,424 4,307
8 2,606 4,285
9 1,814 3,307
10 761 1,777
11 457 648

Total 28,399 26,767
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Table A.4: Mean diurnal (± SE) air temperature for observations plots on the Lower and 
Upper slope. Air temperatures were recorded by HOBO recorders (Pro v2; Onset 
Computers, Bourne, MA, USA). The air temperatures were averaged among all plots 
within each slope location for each round. For specific dates, please see Table A.1. 
 

 Mean Air Temp °C ± SE 

Round Lower Slope Upper Slope 

1 18.2 ± 0.1 18.7 ± 0.2 
2 17.6 ± 0.1 17.9 ± 0.2 
3 16.8 ± 0.2 16.9 ± 0.2 
4 19.1 ± 0.1 18.1 ± 0.3 
5 15.7 ± 0.1 14.6 ± 0.3 
6 24.5 ± 0.1 24.7 ± 0.3 
7 20.6 ± 0.1 19.4 ± 0.2 
8 15.8 ± 0.1 14.5 ± 0.2 
9 20.5 ± 0.1 19.3 ± 0.2 
10 18.5 ± 0.2 17.5 ± 0.2 
11 16.9 ± 0.1 15.7 ± 0.1 
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Appendix C: Chapter Three 
 
Appendix C.1: Relative forb flower abundance of the forb species found in treatment 
plots.  Filled in bars indicate the six species with the highest average correlation with the 
first two CAP axes of the forb community level analysis. 
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Appendix C.2: Relative number of visits, grouped by insect family and morphologically 
similar unidentified insect flower visitors.  Filled in bars indicate the six families with the 
highest average correlation with the first two CAP axes of the flower visitor community 
level analysis. 
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Appendix C.3: Effects of grazing and time on flower abundance. The results are from an 
ANOVA of the total flower abundance for six forb species. The main effects included 
were Treatment (two levels: Grazed and Ungrazed), Period (three levels: morning, miday, 
late afternoon), and Round (six sampling points throughout the summer). Interaction 
terms were not included in the model due to missing data. Corrected p is the p-value after 
sequential Bonferroni adjustment (number of comparisons = 6), respectively. 
 

Plant species  Round Period Treatment

Arenaria capillaris SS 129.571 1.913 1.937 
 df 3, 111.08 2, 111 1, 111.15 
 F 31.0268 0.6656 1.3805 
 p <0.0001 0.516 0.2425 
 Corrected p <0.0001 1 1 
     

Aster alpinus SS 165.056 0.914 1.204 
 df 3, 83.795 2,83.195 1, 85.978 
 F value 25.7247 0.1977 0.5656 
 p <0.0001 0.821 0.454 
 Corrected p <0.0001 1 1 
     

Bupleurum bicaule SS 68.231 1.493 5.608 
 df 3, 90.226 2, 89.222 1, 89.949 
 F 15.3038 0.4581 3.8476 
 p <0.0001 0.63396 0.05291 
 Corrected p <0.0001 1 0.31746 
     

Galium verum SS 145.57 0.69 106.91 
 df 4, 24.999 2, 24.999 1, 24.999 
 F 1.8038 0.0036 5.2144 
 p 0.15967 0.9964 0.03117 
 Corrected p 0.95802 1 0.18702 
     

Thalictrum minus SS 108.049 1.078 37.794 
 df 3, 46.232 2, 45.823 1, 48.241 
 F 16.2704 0.3615 18.119 
 p <0.0001 0.6986 <0.0001 
 Corrected p <0.0001 1 <0.0001 
     

Thymus gobicus SS 3691.1 9.2 1258.2 
 df 4, 74.04 2, 73.746 1, 75.617 
 F 31.874 0.086 39.475 
 p <0.0001 0.9179 <0.0001 
 Corrected p <0.0001 1 <0.0001 
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Appendix C.4: Variance for the random effects. The table lists the percent of variance 
component for Plot and the Residual from the ANOVA presented in Appendix C.3. 
 

Plant species Plot Residual 
Arenaria capillaris 55.22% 44.78% 

Aster alpinus 30.89% 69.11% 
Bupleurum bicaule 16.43% 83.57% 

Galium verum 0% 100% 
Thalictrum minus 66.53% 33.47% 

Thymus gobicus 67.08% 32.92% 
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Appendix C.5: Effects of grazing and time on pollinator visits. The results shown are 
from an ANOVA of the total flower abundance for six forb species. See Appendix C.3 
for further explanation of the analysis and model terms. 
 

Insect family Round Period Treatment 
Apidae SS 0.73264 0.09177 0.08567 

 df 2, 34.614 2, 34.679 1, 35.328 
 F 1.36084 0.18091 0.8353 
 p 0.2698 0.8353 0.5598 
 Corrected p 1 1 1 
  

Formicidae SS 4.0286 0.06 0.088 
 df 5, 91.267 2, 89.457 1, 92.979 
 F 3.9382 0.1729 0.4402 
 p 0.002804 0.841503 0.508671 
 Corrected p 0.016824 1 1 
  

Halictidae SS 1.09686 0.03385 0.00418 
 df 4, 17.164 2, 17.639 1, 16.574 
 F 17.164 17.639 16.574 
 p 1.60533 0.11026 0.03138 
 Corrected p 0.2182 0.8962 0.8616 
 SS 1 1 1 
  

Muscidae SS 0.47478 0.19704 0.49024 
 df 4, 27.989 2, 27.989 1, 27.989 
 F 1.2311 1.5083 7.0743 
 p 0.32027 0.23874 0.01279 
 Corrected p 1 1 0.07674 
  

Syrphidae SS 0.58792 0.80428 0.36812 
 df 5, 88.972 2, 88.972 1, 88.972 
 F 1.2189 4.0882 3.5615 
 p 0.30692 0.02002 0.0624 
 Corrected p 1 0.12012 0.3744 
  

Tachinidae SS 4.1998 0.0199 0.0315 
 df 5, 56.298 2, 56.481 1, 56.834 
 F 8.0248 0.0855 0.3009 
 p < 0.0001 0.9182 0.5855 

 Corrected p < 0.0001 1 1 
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Appendix C6: Variance components for random effects. The table lists the percent of 
variance component for Plot and the Residual from the ANOVA presented in Appendix 
C.5. 
 

Insect family Plot Residual
Apidae 22.08% 77.92% 

Fomicidae 0.22% 99.78 
Halictidae 18.54% 81.46% 
Muscidae 0 100 
Syrphidae 0 100 

Tachinidae 18.12% 81.88% 
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