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Executive Summary 
 

FIA-FSP Project Number: Y092232 

Title: Effects of livestock grazing in southern interior wetlands: interactions with amphibians, 

benthic macroinvertebrates, vegetation, and breeding waterfowl 

Project start date: April 1, 2007 

Length of project: 3 years 

 

Project Rationale 

Wetlands provide numerous environmental and economic benefits, including wildlife 

habitat, regulation of water regimes, filtration of polluted water, and production of forage crops 

(Mitsch and Gosselink 2000). Functional wetlands are considered especially critical as habitat 

for breeding waterfowl (Weller 1999). Wetland ecosystems are strongly determined by the 

abiotic environment, especially site hydrology and chemistry (Keddy 2000, Mitsch and 

Gosselink 2000); however, livestock grazing can be a significant and pervasive stressor on 

wetlands. For example, grazing removes biomass, compacts soil, and adds nutrients. These 

factors have all been shown to negatively affect wetland functions, such as water quality, 

biodiversity, productivity, plant competitive interactions, and waterfowl breeding success 

(Kantrud 1986, Rader and Richardson 1994, Powell et al. 2000, Martin and Chambers 2001, 

Steinman, et al. 2003, Kauffman et al. 2004, Marty 2005). Understanding how grazing influences 

these complex interactions is critical for maintaining the biodiversity and productivity of 

wetlands and thereby sustaining their habitat and forage production values. 

 

Objectives and Hypotheses 

The overall objective of this research is to understand linkages between waterfowl 

breeding use of wetlands and livestock grazing intensity, especially as mediated by grazing-

related changes to wetland vegetation and aquatic invertebrate communities. Specific hypotheses 

are: 

 

Vegetation 

1. Livestock grazing affects wetland vegetation composition, leading to an increase in 

ruderal and grazing-tolerant species (e.g., annuals/biennials) and a decrease in sensitive 

and grazing-intolerant species (e.g., palatable and perennial species). 

2. Livestock grazing affects wetland vegetation structure, with increased grazing resulting in 

reduced biomass and litter and a decrease in the abundance of structurally robust species, 

such as tall emergent wetland plants, that provide habitat cover to wildlife. 

 

Aquatic Invertebrates 

1. Heavy livestock grazing pressure will decrease the diversity and richness of aquatic 

invertebrate taxa in these wetlands. 

2. The greatest aquatic invertebrate taxa diversity and richness will be found in wetlands 

subjected to an intermediate level of cattle disturbance. 
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Breeding Waterfowl 

1. Livestock grazing negatively affects waterfowl breeding pair use, primarily mediated 

through its effects on wetland emergent vegetation structure and aquatic invertebrate 

communities. 

2. Wetland hydrology is likely to play a more important role than livestock grazing in 

limiting waterfowl brood use of wetlands. 

 

 

Overview of 2008 Accomplishments 

We have made progress this year in understanding the effects of livestock grazing on all 

three of our target taxa: breeding waterfowl, wetland vegetation, and aquatic invertebrates. For 

waterfowl, we modeled breeding waterfowl use of wetlands in relation to site- and landscape-

level predictors. For vegetation, we examined associations between plant functional groups and 

grazing intensity and initiated two different manipulative experiments to better understand the 

mechanisms whereby livestock grazing influences wetland vegetation. For aquatic invertebrates, 

we described associations between the aquatic invertebrate community and livestock use of 

wetlands. We also installed groundwater monitoring wells at sample wetlands in 2008 and 

tracked pond water levels over the field season. 

 

Breeding Waterfowl 

Breeding pair and brood surveys were conducted at all wetlands in 2008. Sample dates 

ran from May 1 to August 11. We expanded on our previous modeling efforts (limited to wetland 

size and aboveground vegetation biomass) to include water chemistry and landscape variables. 

Generalized linear models were used to evaluate associations between predictor variables and the 

numbers of breeding pairs and broods. We used a negative binomial distribution with a log link 

function to characterize the error term. This allowed us to use maximum likelihood estimates for 

model coefficients and confidence intervals while accounting for overdispersion in the data. 

Thirty-two a priori candidate models were considered to describe breeding waterfowl abundance 

(Table 1). We used the Akaike Information Criterion in an information-theoretic approach to 

select the best model (Burnham and Anderson 2002). Separate analyses were conducted for 

cavity nester, dabbler, and diver breeding pairs and broods in 2006 and 2007 (except for cavity 

nester broods in 2006). Table 2 shows the best model selected for each waterfowl group in each 

year. Wetland size was significantly associated with waterfowl breeding use in all models. 

Vegetation biomass was consistently associated with diver breeding use in both years and for 

cavity-nester broods in 2007. Sulfate and pH levels as well as buffer road and wetland density 

were significant for some waterfowl groups, showing a negative association, but were not 

consistent between years. We did not estimate the effect size for coefficients of these models as 

we consider this a preliminary analysis. We expect that the incorporation of macroinvertebrate 

data into this modeling process will yield different (and more insightful) models. 

To provide continuity with the breeding waterfowl models that we presented previously 

and to informally compare variation between years, we also analyzed dabbler and diver breeding 

pair and brood abundance in relation to wetland size and the amount of bare ground. We had 

used vegetation biomass as a predictor variable previously; however, we did not collect 

vegetation biomass data in 2008. Bare ground is our primary measure of grazing intensity, and it 
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is strongly negatively associated with aboveground vegetation biomass (F1, 34 = 55.7, R
2
 = 0.62, 

p < 0.0001). To aid the interpretation of bare ground in regression models, we rescaled its values 

so that they vary between 0 and 100. We used negative binomial generalized linear models as 

described above.  

For these models, we found that both wetland size and bare ground were significantly 

associated with the number of dabbler broods as well as the number of diver breeding pairs and 

broods (Table 3). For dabbler breeding pair abundance, when both predictor variables were 

included in the model, the estimated scale parameter did not converge; therefore, for this group 

we only considered wetland size as a predictor variable. For dabbling ducks, a 10 percent 

increase in wetland size was associated with a positive difference of 6.1 percent in the number of 

breeding pairs and a positive difference of 8.6 percent in the number of broods. A 10-unit 

increase in bare ground was associated with a 7 percent decrease in the number of dabbler 

broods. For diving ducks, a 10 percent increase in wetland size was associated with a positive 

difference of 6.6 percent in the number of breeding pairs and a positive difference of 6.5 percent 

in the number of broods. A 10-unit increase in bare ground was associated with a 3 percent 

decrease in the number of both breeding pairs and broods for diving ducks. 

These results are in contrast to our findings in 2006 and 2007, where, using vegetation 

biomass as a surrogate for grazing intensity, we found no association between biomass and 

dabbler breeding abundance. When we reanalyzed the 2007 data using bare ground instead of 

biomass, we found the same patterns in effect sizes and significance as the 2008 analysis. We did 

not reanalyze our 2006 data as it included only a subset of study wetlands. 

We chose to use vegetation biomass as a surrogate for grazing intensity over bare ground 

because we thought that it would have a more direct influence on breeding waterfowl. The lack 

of a significant association between biomass and dabbler breeding use, especially broods, was 

surprising and contradictory to our initial hypothesis. We thought that grazing-related changes to 

the aquatic invertebrate community were potentially significant and had not yet been 

incorporated into our models. It is possible that bare ground, which is a more direct measure of 

livestock use than vegetation biomass, may better incorporate latent variables, such as aquatic 

invertebrate community composition or abundance, that are important to waterfowl. In the next 

year we will include aquatic invertebrate variables into our candidate models to directly test the 

relative importance of the aquatic invertebrate community to waterfowl breeding use of 

wetlands. We will also reconsider what landscape-level predictor variables to include in our 

candidate models. 

 

Vegetation 

Our previous results have demonstrated a very strong association between grazing 

intensity and wetland vegetation. As we reported in 2006 and 2007, multivariate ordination 

analysis showed that vegetation community structure and composition was very strongly 

influenced by livestock grazing. This year we expanded our analysis by evaluating the response 

of plant functional groups to grazing pressure. We also initiated two manipulative experiments to 

better understand the mechanisms whereby livestock grazing is influencing wetland vegetation. 

 

Analysis of Plant Functional Groups 

We constructed groups of species based on unique combinations of four functional 
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attributes: life history (annual or biennial, perennial), architecture (rhizomatous, non-

rhizomatous), height (tall, short), and growth form (forb, graminoid). The rhizomatous category 

included species with rhizomes and stolons as well as creeping species that develop nodal roots. 

The break between tall and short species was 50 cm. Species were classified into groups based 

on the Provincial floristic standard (Douglas et al. 1998-2002). Some of the resulting group 

categories, such as annual graminoids, did not have sufficient numbers of species within them for 

analysis and were not considered. Functional groups evaluated were tall and short non-

rhizomatous annual forbs, tall and short non-rhizomatous perennial forbs, tall rhizomatous 

perennial forbs, tall and short non-rhizomatous perennial graminoids, and tall rhizomatous 

perennial graminoids. 

Associations between plant functional groups and grazing intensity were evaluated with 

generalized linear mixed models using the glmer function in the lme4 package for the R 

statistical environment (Bates et al. 2008, R Development Core Team 2008). We modeled the 

probability of occurrence of each functional group in a quadrat as a logistic regression with 

wetland zone, bare ground, and their interaction specified as fixed terms while intercepts were 

allowed to vary as a function of site, which was included as a random term. We also included a 

quadratic term for bare ground to account for a unimodal response to grazing. 

The frequency of occurrence of all nine functional trait-based groups evaluated was 

strongly associated with the amount of bare ground. Except for tall rhizomatous perennial 

graminoids, all groups examined showed a unimodal response to grazing (positive coefficients 

for the linear bare ground term, negative coefficients for the quadratic term, Table 4). The 

predicted frequency of occurrence of most of these groups peaked at intermediate values of bare 

ground. The predicted frequency of occurrence at high and low values of bare ground was quite 

different among groups, however, as was the effect size. Predicted occurrence frequencies 

increased between low and high values of bare ground for tall and short non-rhizomatous annual 

forbs as well as tall and short non-rhizomatous perennial graminoids. Frequencies decreased for 

tall and short non-rhizomatous perennial forbs, although the magnitude of these changes was 

very slight, except for short non-rhizomatous perennial forbs in the wet meadow zone, which 

occurred at higher frequencies and saw a proportionately greater decrease. Tall rhizomatous 

perennial forbs also decreased with the effect especially pronounced in the wet meadow zone. 

The response of short rhizomatous perennial forbs differed between wetland zones, with a strong 

decline in the wet meadow and a slight increase in the marsh. In contrast to the unimodal 

response of most groups, tall rhizomatous perennial graminoids, which contained most of the 

dominant plant species in both zones, had no positive association with increased bare ground 

(Table 4). Although interaction terms between bare ground and wetland zone were significant for 

five of the groups, differences in slopes did not translate into significantly different outcomes, 

except for tall and short rhizomatous perennial forbs, as described above. 

The effect size of bare ground on the predicted frequency of occurrence was also quite 

variable between groups. Short non-rhizomatous annual forbs, tall rhizomatous perennial forbs, 

tall non-rhizomatous perennial graminoids, and tall rhizomatous perennial graminoids all had 

showed changes in predicted occurrence greater than 20 percent, as did short rhizomatous 

perennial forbs and short rhizomatous perennial graminoids in the wet meadow zones. 

Based on models and previous studies, we expected groups comprising of annuals, short 

statured, and rhizomatous species would be favored by increased grazing intensity. The results 
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for some of the functional trait-based groups were consistent with our expectations. For example, 

annual forbs (all of which were non-rhizomatous) occurred at higher frequencies with increased 

bare ground. This trend, however, was much stronger for short annual forbs than for tall ones. 

The frequency of all other forb groups, however, declined overall with increased grazing 

intensity, except for short rhizomatous perennial forbs in the marsh zone, which increased 

slightly. The strongest declines occurred for rhizomatous perennial forbs in the wet meadow and 

were more pronounced for tall than short species. This is contrary to our expectations, as we 

predicted that rhizomatous species would perform better than non-rhizomatous species. 

Similarly, the association between grazing intensity and the frequency of non-rhizomatous 

perennial graminoids was positive overall. The frequency of occurrence of tall rhizomatous 

perennial graminoids declined with increasing grazing intensity and was the only group not to 

show some positive association with grazing. It is likely that the reduction of this competitively 

dominant group would provide opportunities for less competitive species, especially if they were 

unpalatable or had attributes that allowed them to either avoid or tolerate grazing pressure. This 

may explain the increase of tall and short non-rhizomatous perennial graminoid groups, 

important species of which (Puccinellia nuttalliana and Hordeum jubatum, respectively) have 

been shown to tolerate grazing pressure (Schroder et al. 2002), and in the case of Hordeum, be 

well adapted to colonize disturbed substrate (Badger and Ungar 1991). 

 

Manipulative Field Experiment 

To explore mechanisms whereby livestock grazing might influence wetland vegetation, 

we initiated a manipulative field experiment at two of the wetlands sampled from our 

observational study. Both sites occur in the Long Lake chain of wetlands in Lac du Bois 

Provincial Grasslands Protected Area. These wetlands are either fully or partially fenced (one site 

has a few cattle access points) and have not been grazed by livestock for several years. At both 

sites, we laid out a 10 x 12 grid of 0.5 x 1.0-m permanent plots placed 0.5 m apart. The midpoint 

of the grid was centered on the wet meadow-marsh boundary such that five rows of 12 plots 

were placed in each wetland zone. Each plot received one of four clipping treatments: control 

(unclipped), clipped once in early June, clipped once in early June, July, and August, and clipped 

once in early August. All vegetation in the plot was clipped to a height of 4 cm. Each suite of 

treatments was randomly applied three times within each row of plots. At each plot we measured 

elevation relative to the wet meadow-marsh boundary. We sampled vegetation in 0.5 x 0.8-m 

quadrats within plots. Quadrats were divided into 40 0.1 x 0.1 cells and the number of cells 

occupied by each plant species was recorded. Aboveground biomass was sampled from one of 

four non-overlapping 0.1 x 0.1-m sample frames adjacent to the vegetation quadrats. Vegetation 

and biomass were sampled in early June, July, August, and September. Next year we will also 

include a soil compaction/pugging treatment. 

We plan to continue this experiment into 2009.  After the final harvest, we will use 

generalized linear models to evaluate the effects and interactions of clipping and compaction 

treatments and elevation on species composition, frequency of functional groups and biomass.  

 

Mesocosm Experiment 

Similar to the manipulative field experiment, we will use mesocosms to evaluate the 

effects of clipping, soil compaction, and water level on a wetland plant community. We have 
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established twenty-eight 152 x 91 x 61 cm mesocosms with a seed mix of 20-30 wetland species 

using local wetland soil. Soil depth in the mesocosms is sloped and ranges from 50 to 30 cm with 

water levels maintained at 40 cm. We will manipulate defoliation (clipped, unclipped) and soil 

compaction (compacted, uncompacted) in a split-plot design with seven replicates for each 

treatment combination. We will measure plant species abundance and biomass as well as 

community diversity and invisibility. We plan to continue this experiment into 2009, with 

manipulations beginning in the spring 2009 and a final harvest in Fall 2009.  Preliminary 

analysis will be completed by December 2009 

 

 

Aquatic Invertebrates – 2007  

Aquatic Invertebrate Sampling and Analysis 

Aquatic invertebrates were sampled over a two week period in late May/early June and 

again at the beginning of July.  Sample timing was chosen to correspond with waterfowl nesting 

and brood rearing (Harrison pers. comm. 2007).  Six independent survey sites were randomly 

selected for each of the 30 wetlands during both sampling periods.  Samples were taken one 

metre from shore (where possible) and at a minimum water depth of 10.2 cm and a maximum of 

40.2 cm.  A total of five sweeps, 40 cm in length, were collected using a rectangle frame 250 μm 

mesh net (area of net opening was 0.1 m
2
) within an L 40 cm x W 47 cm x H 61 cm aluminum 

enclosure.  The substrate was agitated to a depth of approximately 5 cm with a garden rake prior 

to sweeping with the net.  This allowed for the collection of benthic invertebrates as well as those 

within the water column.  Water depth was recorded in order to determine the number of 

organisms per litre of water.  All samples were placed in Whirlpak bags and preserved with 70% 

ethanol for later examination. A total of 360 samples were collected between the two sampling 

sessions.  At the conclusion of each sampling period, conductivity and pH were measured using 

an YSI multiprobe at three randomly selected sites in each wetland.   

Invertebrate samples were subsampled using two different sized (15.2 cm x 15.2 cm and 

20.3 cm x 25.4 cm) Caton subsampling trays (Caton 1991).  Subsamples were removed from the 

sample material using a 3X power magnifying lamp until a target of 100 individuals was 

reached.  An additional 20% (for a total of 120) was sorted to account for damaged organisms 

and ensure that at least 100 specimens could be identified to the genus level.  Once the target 

number of organisms was reached, the remainder of the subsample was sorted.  The entire 

sample was then searched for large/rare taxa that were greater than 0.5cm and found in less than 

10% of the sample.  All macroinvertebrates were sorted and enumerated to the order level and 

where possible to the family level.    

Wetlands were categorized into low, moderate and high grazing intensities.  Grazing 

intensity was determined by Jones et al (2007) who performed principal components analysis 

(PCA) on the physical attributes of the wetlands.  His resulting PC1 data was used to classify the 

wetlands into the three grazing intensity categories.  One-way ANOVA was used to test for 

disturbance effects on invertebrate abundance and diversity. 

 

Preliminary Results 

Invertebrates were identified to the family level if possible at the time of sorting; 

however, most organisms were sorted to the coarser level of order or class.  Table 5 lists the taxa 
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found in the 2007 samples.  Due to the laborious nature of the benthic invertebrate samples we 

were unable to process all of the samples collected.  The wetland samples were prioritized to 

ensure that a full range of grazing intensities was represented in the final data set.  A total of 138 

samples (72 May/June and 66 July) were processed from 17 wetlands. 

The range of mean invertebrate densities was quite variable within and amongst study 

areas stressing the importance of examining richness and diversity in these wetlands (Table 6).  

The Shannon-Weiner Diversity Index was used to characterize the diversity of the invertebrate 

community at the order level amongst the three categories of disturbance.  Invertebrate diversity 

was highest in the most disturbed wetlands for both the May/June and July sampling sessions 

(Figure 1).  Significant differences were detected between lightly and heavily (p = 0.003) and 

moderately and heavily (p = 0.034) disturbed wetlands in May/June.  July results were similar 

with significant differences between low and high (p = 0.00) and moderate and high (p = 0.026) 

disturbance categories.   

Invertebrate abundance results and statistical differences for the two sampling events are 

shown in Table 7.  In June, the total abundance of invertebrates was highest in wetlands that were 

lightly disturbed although no significant differences were found.  The abundance of invertebrate 

taxa was significantly affected by cattle disturbance in only a few cases.  Diptera (consisting 

mostly of Chironomidae) abundance was greatest in the least disturbed wetlands although only 

significant between the lightly and moderately disturbed groups (p = 0.006).  Zygoptera 

(Odonata) were also most numerous in the low disturbance class with significant differences 

between the low and high (p = 0.041) and low and moderate (p = 0.043) categories.  Gastropoda 

showed a contrasting response to cattle disturbance with greatest numbers present in the heavily 

disturbed category and significant changes between lightly and heavily (p = 0.00) and 

moderately and heavily   (p = 0.005) disturbed groups.   

July samples followed a similar pattern with Diptera (Chironomidae) and Zygoptera 

(Odonata) most abundant in wetlands with low disturbance and more Gastropods present in 

highly disturbed wetlands. No statistical differences were detected for these taxa; however, 

significant changes in abundance for two other taxa were discovered.  Coleoptera and 

Oligochaeta were most numerous in highly disturbed wetlands with significant differences 

between low and high (p = 0.002; p = 0.001) and moderate and high (p = 0.005; p = 0.037) 

disturbance groups.  

Specific conductance readings were recorded in June and July for each pond using an 

YSI multi-probe.  Table 8 shows the mean specific conductance values (from samples processed 

for invertebrates) across the four study areas.  Six of the wetlands had extremely high readings 

and samples that were collected from those wetlands were not processed.  As a result, these 

wetlands were not included in the table. Aquatic invertebrates are varied in their tolerance to high 

specific conductance values, and wetlands with high values will have a different community 

composition.  For example, one of the ponds in the Hamilton Commonage had a July reading of 

20.62 mS/cm.  Brine shrimp (genus Artemia) were found residing in this pond and not in any of 

the other ponds.      

 

Discussion 

The preliminary results demonstrate that a reduction in grazing disturbance does not 

necessarily equate to an enhanced aquatic invertebrate diversity. The expectation that high cattle 
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disturbance decreases community diversity was not supported by these data.  Diptera, which are 

generally more tolerant of poor water quality and habitats, were more abundant in lightly 

disturbed wetlands with conditions to the contrary.  Presumably, it should be more difficult for 

invertebrates to live in a highly disturbed environment which would result in a lower overall 

diversity.   

Zygoptera did follow an expected pattern with decreased abundance in more disturbed 

wetlands.  In Alberta, Hornung & Rice (2003) found that adult odonate species richness 

decreased with cattle grazing due to the removal and trampling of vegetation.  Similarly, Foote 

and Hornung (2005) suggested that reducing the height of key wetland plant species decreased 

odonate diversity by reducing nocturnal roosts, ovipositing substrates and wind shelter. 

If taxa present in a disturbed system are numerous, diversity may not be as important as 

abundance. Cox et al (1998) found that when high densities of invertebrates were present, 

mallard ducklings had greater weight gain and faster growth rates.  Our study showed that 

Gastropods, an important prey item for certain species of breeding waterfowl during specific 

times of the year, were significantly more abundant in highly disturbed wetlands.  Use of 

wetlands by cattle may be managed for waterfowl resources if invertebrate densities (waterfowl 

food), increase as a consequence of disturbance.    

The effects of cattle disturbance on the aquatic invertebrate community may not be 

accurately portrayed by the 2007 results due to the taxonomic levels examined, differences in 

wetland classes, and disturbance intensity measurements used for analysis.  All analyses were 

performed on taxa at the coarse level of order, class or family.  Further identification to the genus 

or species level may be more successful at detecting small differences between disturbance 

categories.  The disturbance categories used were determined by examining the wetmeadow zone 

for measures of disturbance.  These measures may not be suitable for comparing aquatic habitats 

and other possible in-wetland measures of disturbance are currently being explored. 

Diversity differences may not reflect disturbance regimes and instead may be as a result 

of the differences in wetland classes.  This study examined class 4 and 5 wetlands which were 

grouped together for analysis.  Wetlands of different classes have different flooding cycles with 

some having periodic drying while others remain permanently flooded.  The flooding regimes 

are important in determining the aquatic invertebrate community composition.  Some species are 

adapted to periodic drying while others require continuous flooding to complete their life-cycles.  

The 2008 analysis will be grouped by wetland class to avoid this issue.    

 

Aquatic Invertebrates – 2008 

Aquatic Invertebrate Sampling and Analysis 

New sampling and processing techniques were explored this year to expedite the sample 

processing time.  Rather than collecting one large sample of the substrate and water column 

combined, aquatic invertebrates were collected using two different methods.  Sweep net samples 

were used to collect those invertebrates in the water column and at the surface (nektonic 

community), while those organisms found in or on the surface of the substrate (benthic 

community) were captured in core samples.  Smaller benthic samples alleviated the need to 

subsample, which was very time consuming in 2007. The separate collection of the nektonic 

community in the water column increased sorting efficiency as the samples were relatively 

‘clean’ to sort through compared to samples including substrate.   
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Six sweep samples were collected per wetland during each sampling session.  Samples 

were collected 2 metres from the wetted edge of the wetland using a 500μm D-frame net placed 

just above the substrate surface and rapidly pulled vertical to the water surface.  Water depth was 

measured at sweep site to determine organisms/m
3
.  Organisms were placed in Whirlpak bags 

with 70% ethanol for later processing.   

Six benthic cores (5.1 cm diameter by 10.2 cm deep) were sampled at the sweep site 

locations using a benthic hand corer.  An additional six random sites were selected on each 

wetland for a total of twelve sites per wetland.  Samples were placed in Whirlpak bags with 70% 

ethanol for later processing.   

Water chemistry and temperature are important parameters in determining aquatic 

invertebrate communities.  Specific conductance, pH and TDS were recorded at three locations 

on each pond using an YSI multiprobe.  Surface temperature was recorded at each sweep site 

using a digital thermometer.   

 

Preliminary Results 

As in 2007, 30 wetlands were sampled in spring (May/June) and 25 in the summer (July).  

Five of the wetlands became dry before the commencement of the second sampling session in 

July.  A total of 540 samples (180 sweeps and 360 cores) were collected during the spring and 

450 (150 sweeps and 300 cores) during the summer.  Live sorting of the sweep samples was 

planned to increase sorting efficiency; however, the collection of the core samples proved to be 

time consuming and difficult and as a result live sorting did not occur.  Faced with not enough 

time to process all of the samples collected, we decided to process class 4 wetlands as a priority.  

This will allow us to examine 17 wetlands with similar attributes and varying grazing pressures.  

Once samples have been processed and identified to the genus level, they will be weighed to 

determine biomass.  
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Table 1. Initial models considered to describe numbers of waterfowl breeding pairs and broods in relation to site- and landscape-

level predictors. 
 Candidate Models 

 

 

Predictor Variables 

wetland size 

+ vegetation 

wetland size 

+ water 

chemistry 

wetland size + landscape all variables 

Site-Level                                  

wetland area x x x  x x x  x x x x x x x x x x x x x x     x x x x x x 

relative frequency of tall 

emergent vegetation 

 x x x                             

aboveground vegetation 

biomass 

x  x x                       x x x x x x 

water chemistry: 

sulphate 

     x x x                   x      

water chemistry: pH     x  x x                         

Landscape-Level                                 

road length/ha of buffer: 

50-m buffer 

        x        x x  x x x x  x x  x   x x 

road length/ha of buffer: 

100-m buffer 

         x                       

% deciduous tree cover: 

50-m buffer 

          x      x  x x x x x x  x   x  x x 

% deciduous tree cover: 

100-m buffer 

           x                     

% deciduous tree cover: 

250-m buffer 

            x                    

% wetland: 500-m buffer              x    x x x    x x x    x  x 

% wetland: 1000-m 

buffer 

              x      x            

% wetland: 2000-m 

buffer 

               x      x           
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Table 2. Models that best describe the numbers of breeding pairs and broods of cavity-nesting, dabbling, and diving waterfowl in 

relation to site- and landscape-level predictors. Model selection was determined by Akaike Information Criterion. + / – indicate 

whether the associations between waterfowl abundance and predictor variables were positive or negative. 
 2006 2007 

 Cavity-

nesters 

 

Dabblers 

 

Divers 

 

Cavity-nesters 

 

Dabblers 

 

Divers 

Predictor Variables pairs pairs broods pairs broods pairs broods pairs broods pairs broods 

Site-Level             

wetland area + + + + + + + + + + + 

relative frequency of tall emergent 

vegetation 

           

aboveground vegetation biomass    + +  +   + + 

water chemistry: sulfate      –     + 

water chemistry: pH –       – –   

Landscape-Level            

road length/ha of buffer: 50-m buffer   –         

road length/ha of buffer: 100-m buffer  –          

% deciduous tree cover: 50-m buffer            

% deciduous tree cover: 100-m buffer            

% deciduous tree cover: 250-m buffer            

% wetland: 500-m buffer    –        

% wetland: 1000-m buffer            

% wetland: 2000-m buffer            
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Table 3. Coefficients, standard errors, and significance of model terms of the predicted 

relationship between 2008 waterfowl breeding use, wetland size, and bare ground based on 

negative binomial generalized linear models. * represent t-values significant at p<0.05, ** at 

p<0.01, and *** at p<0.001 
Model Terms β ± 1 se t Model Terms β ± 1 se t 

Dabbler Breeding Pairs Diver Breeding Pairs 

intercept 0.57 ± 0.16 3.43*** intercept 0.90 ± 0.22 4.14*** 

log(wetland area) 0.61 ± 0.13 4.56*** log(wetland area) 0.66 ± 0.17 3.90*** 

   bare ground -0.03 ± 0.01 -3.92*** 

      

Dabbler Broods Diver Broods 

intercept 0.08 ± 0.39 0.19 intercept 0.52 ± 0.26 1.98* 

log(wetland area) 0.86 ± 0.34 2.49* log(wetland area) 0.65 ± 0.21 3.08** 

bare ground -0.07 ± 0.02 -3.17** bare ground -0.03 ± 0.01 -3.46*** 
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Table 4. Coefficients, standard errors, and significance of model terms of the predicted relationship between wetland zone, bare 

ground and their interaction based on generalized linear mixed models. Coefficients are on the logit scale; intercept terms are 

model averages across sites of the log odds of a functional trait-based group being present in the marsh zone when bare ground 

is zero. * represent z-values significant at p<0.05, ** at p<0.01, and *** at p<0.001 
Model Terms β ± 1 se z Model Terms β ± 1 se z Model Terms β ± 1 se z 

Tall non-rhizomatous annual forbs Tall non-rhizomatous perennial forbs Tall rhizomatous perennial forbs 

intercept -2.66 ± 0.24 -11.12*** intercept -3.10 ± 0.28 -11.21*** intercept -2.06 ± 0.20 -10.34*** 

zone 1.40 ± 0.17 8.32*** zone -0.23 ± 0.21 -1.08 zone 3.66 ± 0.16 22.46*** 

bare ground 0.63 ± 0.19 3.38*** bare ground 0.99 ± 0.30 3.29** bare ground 1.42 ± 0.18 7.86*** 

(bare ground)2 -0.13 ± 0.05 -2.69** (bare ground)2 -0.37 ± 0.10 -3.83*** (bare ground)2 -0.39 ± 0.05 -7.67*** 

zone:bare ground -0.06 ± 0.10 -0.55 zone:bare ground 0.16 ± 0.18 0.89 zone:bare ground -0.51 ± 0.10 -5.03*** 

         
Short non-rhizomatous annual forbs Short non-rhizomatous perennial forbs Short rhizomatous perennial forbs 

intercept -1.97 ± 0.18 -10.67*** intercept -3.62 ± 0.38 -9.58*** intercept -2.48 ± 0.21 -11.94*** 

zone 1.05 ± 0.15 7.21*** zone 2.58 ± 0.25 10.28*** zone 2.40 ± 0.16 15.35*** 

bare ground 1.07 ± 0.16 6.87*** bare ground 0.44 ± 0.22 2.00* bare ground 0.77 ± 0.16 4.14*** 

(bare ground)2 -0.14 ± 0.04 -3.50*** (bare ground)2 -0.21 ± 0.06 -3.81*** (bare ground)2 -0.16 ± 0.05 -3.32*** 

zone:bare ground -0.36 ± 0.09 -4.10*** zone:bare ground 0.20 ± 0.14 1.48 zone:bare ground -0.54 ± 0.10 -5.23*** 

         
Tall non-rhizomatous perennial graminoids Short non-rhizomatous perennial gramindoids Tall rhizomatous perennial graminoids 

intercept -2.10 ± 0.24 -8.78*** intercept -1.79 ± 0.34 -5.25*** intercept 3.29 ± 0.37 8.93*** 

zone 0.43 ± 0.15 2.91** zone 0.48 ± 0.17 2.90** zone 1.18 ± 0.26 4.47*** 

bare ground 1.35 ± 0.17 8.01*** bare ground 0.74 ± 0.17 4.30*** bare ground -0.46 ± 0.22 -2.11* 

(bare ground)2 -0.22 ± 0.04 -5.09*** (bare ground)2 -0.16 ± 0.04 -3.70*** (bare ground)2 -0.02 ± 0.05 -0.44 

zone:bare ground -0.22 ± 0.09 -2.38* zone:bare ground 0.16 ± 0.10 1.54 zone:bare ground -0.36 ± 0.12 -2.89** 
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Table 5.  Invertebrate taxa found in wetland ponds during 2007 sampling.  

PHYLUM CLASS ORDER FAMILY 

Arthropoda      Insecta Ephemeroptera Baetidae 

    Trichoptera   

    Diptera Chironomidae 

     Dixidae 

     Culicidae 

     Tipulidae 

     Chaoboridae 

     Ceratapogonidae 

    Hemiptera Gerridae 

     Notonectidae 

     Corixidae 

    Homoptera   

    Coleoptera    

    Odonata Suborder Zygoptera 

     Suborder Anisoptera 

    Thysanoptera   

    Lepidoptera   

  Entognatha Collembola   
Arthropoda           

(Subphylum Crustacea) Malacostraca Amphipoda   

  Arachnida      

  Ostracoda     

Mollusca Gastropoda Pulmonata Lymnaeidae 

      Planorbidae 

  Bivalvia     

Annelida Hirudinea     

  Oligochaeta     

Nematoda       

 

Table 6. Total mean density (organisms/m
3
) of all ponds in each study area and the range of pond mean 

densities (organisms/m
3
) for each study area during May/June and July in 2007. Values in parentheses 

indicate standard error. 

Study Area 
Sample 
Period 

# of Ponds per 
Study Area 

Total Mean 
Density 

(organisms/m
3
) 

Range of Mean Densities 
(organisms/m

3
) 

Campbell 
Range 

May/June n = 3 193.10 (48.21) 132.13 (63.34 ) - 288.28 (89.14) 

July n = 3 312.95 (127.77) 160.01 (20.99) - 566.72 (275.46) 

Rose Hill 

May/June n = 4 361.79 (122.75) 57.96 (19.41) - 592.33 (185.66) 

July n = 4 231.80 (38.09) 158.81 (32.19) - 339.02 (99.23) 

Lac Du Bois 

May/June n = 8 854.65 (149.71) 161.61 (40.91) - 1266.39 (202.20) 

July n = 8 347.32 (77.71) 29.87 (4.13) - 735.70 (94.77) 

Hamilton 

May/June n = 2 115.96 (33.41) 82.55 (12.80) - 149.37 (46.80) 

July n = 2 274.40 (74.79) 199.61 (67.96) - 472.99 (92.27) 
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Table 7. Differences in mean invertebrate abundance (for the most dominant taxa) and total mean 

abundance of organisms per m³ in wetlands with low, moderate and high cattle disturbance during 

sampling in May/June (a) and July (b) in 2007. Values in parentheses indicate standard error.  Bolded 

rows indicate taxa with significant differences amongst disturbance levels. Columns sharing the same 

letter are not significantly different at p<0.05. 
 

a) 

Class/Order/Family 

Cattle Disturbance  

Low Moderate High 

Diptera 457.9 (88.6) a 43.7 (14.0) b 130.4 (36.1) ab 

Chironomidae 441.5 (86.8) a 41.9 (14.1) b 116.6 (38.6) ab 

Odonata 37.8 (8.1) 9.5 (2.5) 4.3 (1.4) 

Zygoptera 36.4 (7.7) a 8.9 (2.4) b 3.1 (1.1) b 

Coleoptera 7.5 (1.7) 2.1 (0.5) 3.5 (1.2) 

Gastropoda 2.7 (0.6) a 4.5 (2.1) a 18.6 (7.7) b 

Hemiptera 3.7 (0.9) 2.1 (1.2) 3.5 (1.5) 

Amphipoda 14.5 (5.5) 3.7 (2.9) 4.0 (3.0) 

Ostracoda 83.3 (27.3) 211.8 (83.2) 59.2 (17.6) 

Oligochaeta 19.5 (7.1) 7.4 (2.4) 40.0 (17.4) 

Total Abundance 649.4 (104.9)  292.5 (82.7)  304.7 (62.1)  

 
b) 

Class/Order/Family 

Cattle Disturbance  

Low Moderate High 

Diptera 201.4 (22.5) 167.1 (43.9) 112.7 (17.9) 

Chironomidae  186.2 (21.7) 159.3 (43.0) 111.7 (17.8) 

Odonata  14.3 (6.3)  3.1 (0.8)  0.9 (0.3) 

Zygoptera  14.3 (6.3)  3.1 (0.8)  0.9 (0.3) 

Coleoptera  2.3 (0.4) a  2.4 (0.6) a 7.6 (3.1) b 

Gastropoda 5.9 (1.9)  2.0 (1.2) 6.8 (2.6) 

Hemiptera 2.4 (0.9) 5.9 (2.8) 0.7 (0.3) 

Amphipoda 17.4 (5.6)  59.4 (49.7) 10.6 (7.5) 

Ostracoda 11.9 (7.8)  22.8 (8.9) 10.8 (2.5) 

Oligochaeta  2.2 (1.1) a 9.7 (5.1) a 26.4 (9.1) b 

Total Abundance 292.2 (33.6) 315.5 (65.8) 187.2 (21.0) 
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Table 8.  Range of mean specific conductance (mS/cm) values for each study area during June and July 

in 2007. 

Study Area  Sample Period 
Mean Specific Conductance Range 

(mS/cm) 

Campbell Range  

June 1.52 - 3.26 

July 1.93 - 3.60 

Rose Hill 

June 1.50 - 6.66 

July 1.59 - 7.49 

Lac Du Bois 

June 1.01 - 7.94 

July 1.01 - 8.99 

Hamilton  

June 2.38 - 3.72 

July 2.61 - 5.14 
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Figure 1. Shannon-Wiener diversity index (H’) values for wetlands with low, moderate and high cattle 

disturbance during sampling in May/June (a) and July (b) in 2007. Bars sharing the same letter are not 

significantly different at p < 0.05.  Error bars represent standard error. 
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