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Figure 2.2. Study blocks from 2015-2017 (black dots) in relation to Prairie Pothole Region and 
waterfowl pair densities in the Bakken formation of northwest North Dakota. Duck pairs per 
square mile data obtained from the HAPET office in Bismarck, ND.  

 
2.2.2. Field Methods 
 

We attempted to search for nests on at least two 32-ha grassland replicates on each of the 

28 plots (7 in each intensity category) during peak breeding season (late April to early July) in 

2015, 2016, and 2017. Nest searches occurred during the morning hours (Gloutney et al. 1993) 

every three weeks using a chain-drag method (Klett et al. 1986). The chain-drag method is used 

to search for duck nests in grassland habitat by systematically pulling a ~60 m steel chain 

between two all-terrain vehicles (ATVs), subsequently flushing a hen from her nest. Once a nest 

was located, we flagged the vegetation 4 meters north of the nest bowl (Hein and Hein 1996) and 
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Table 2.1. Covariate definition and data sources used in nest success analysis. Road data was 
obtained from https://www.dot.nd.gov/business/gis-mapping.htm <accessed on July 7, 2018> 
and well data was obtained from https://www.dmr.nd.gov/oilgas/mprindex.asp <accessed on July 

4, 2018>.  

Covariate Description Data Sources Used 

active.iso Isopleth based on active wells Nest data; Active wells (NDIC) 

AgeFound Julian date when nest was found Nest data 

initiation Julian date hen-initiated nest (one egg in nest) Nest data 

m500 Number of wells within 500m buffer of nest Nest data; Active wells (NDIC) 

m1000 Number of wells within 1000m buffer of nest Nest data; Active wells (NDIC) 

m1500 Number of wells within 1500m buffer of nest Nest data; Active wells (NDIC) 

m2000 Number of wells within 2000m buffer of nest Nest data; Active wells (NDIC) 

m2500 Number of wells within 2500m buffer of nest Nest data; Active wells (NDIC) 

m3000 Number of wells within 3000m buffer of nest Nest data; Active wells (NDIC) 

m3500 Number of wells within 3500m buffer of nest Nest data; Active wells (NDIC) 

m4000 Number of wells within 4000m buffer of nest Nest data; Active wells (NDIC) 

near.ctyrd Distance in meters to nearest county road  Nest data; Roads (ND DOT) 

near.mjrd Distance in meters to nearest major road  Nest data; Roads (ND DOT) 

near.well Distance in meters to nearest active well  Nest data; Active wells (NDIC) 

robel Robel pole vegetation measurement in inches Nest data 

species waterfowl species Nest data 

year year of data collection Nest data 
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checked for all nests. While this is reasonable for depredated nests when the true fate date is 

unknown, hatch date is estimable based on candling eggs in the field.  Therefore, for hatched 

nests, I estimated the fate date based on the last incubation stage recorded and set the last present 

and last checked date as the same day to prevent an over estimation of exposure days. I 

combined all three years of data and modeled the DSR of each nest as a function of age of nest 

when found, nest initiation date, species, year, Robel pole measurement when the nest was found 

and various oil and gas metrics such as distance to nearest active oil well, county road, and major 

road, active oil well intensity, and number of wells at various distances (from 500 to 4000 meters 

in 500-meter increments) from each nest.  I evaluated each model of nest survival for each 

parameter individually and dredged all possible combinations of the top models that were well-

supported based on AICc scores (Johnson and Omland 2004, Ringelman et al. 2018). Models 

within 2 AICc units with additional parameters when compared to other models were considered 

uninformative (Arnold 2010). All nest survival analyses were calculated in R (version 3.5.0).  

2.3. Results 

 
2.3.1. Nest Data Collection 

 
From 2015 to 2017, we searched for nests on 8,657 hectares across five counties and 

found 4,774 duck nests (Figures 2.6., 2.7., 2.8., Tables 2.2. and 2.3.). By order of abundance, 

Blue-winged Teal, Gadwall and Mallard species made up 75% of nests found. Other species 

included Northern Shoveler, Northern Pintail, Lesser Scaup (Aythya affinis), American Wigeon 

(Mareca americana), Green-winged Teal (Anas carolinensis), Canvasback (Aythya valisineria), 

and Redhead (Aythya americana) species in decreasing order of abundance. 
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Figure 2.6. Study plots in relation to active wells in 2015, enlarged for visibility and zoomed in to 
core survey area. Intensity categories were control (no well pads), low (1 well pad), medium (2-3 
well pads), and high (>3 well pads). 
 

 

 
Figure 2.7. Study plots in relation to active wells in 2016, enlarged for visibility. Intensity 

categories were control (no well pads), low (1 well pad), medium (2-3 well pads), and high (>3 
well pads). 
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Figure 2.8. Study plots in relation to active wells in 2017, enlarged for visibility. Intensity 
categories were control (no well pads), low (1 well pad), medium (2-3 well pads), and high (>3 
well pads). 

 
Table 2.2. Block, replicate, number of nests and hectare totals for 2015, 2016, and 2017 field 
seasons. 

  2015 2016 2017 

Category Blocks Reps #Nests Hectares Blocks Reps #Nests Hectares Blocks Reps #Nests Hectares 

Control 7 23 498 858 8 23 333 879 6 18 254 661 

Low 6 13 268 426 7 15 209 519 7 18 341 630 

Medium 8 20 532 582 9 22 455 708 10 26 625 875 

High 8 22 484 728 13 31 392 1004 11 24 383 787 

Total 29 78 1,782 2,594 37 91 1,389 3,110 34 86 1,603 2,953 
 

Table 2.3. Nest totals for 2015, 2016, and 2017 field seasons by duck species and abundance. 

Species 2015 2016 2017 Total 

Blue-winged Teal 615 367 442 1,424 

Gadwall 313 394 407 1,114 

Mallard 408 290 345 1,043 

Northern Shoveler 151 109 143 403 

Northern Pintail 168 103 102 373 

(table cont’d.) 
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Species 2015 2016 2017 Total 

Lesser Scaup 32 71 107 210 

American Wigeon 73 43 40 156 

Green-winged Teal 19 12 14 45 

Canvasback 0 0 3 3 

Redhead 3 0 0 3 

Total 1,782 1,389 1,603 4,774 

 
2.3.2. Nest Survival  

 Initially, I analyzed all parameters individually and ranked these values by AICc score 

(Table 2.4.). My top-ranked model, nearest major road (near.mjrd), showed nests found closer to 

interstate, US and ND highway systems had higher survival rates than nests found further away 

(Table 2.5. and Figure 2.9.). Specifically, near.mjrd, held 99.3% of the AICc weight (Table 2.4.). 

I dredged all possible combinations from the top six models based on AICc score (Table 2.5.). 

This resulted in considerable model uncertainty. My top model was a combination of isopleth 

(active.iso), age of nest when found, near.mjrd, year and species and my second top model was a 

combination of active.iso, age of nest when found, near.mjrd, nearest active well (near.well), 

year and species. However, the simplest model, a combination of age found, near.mjrd, year, and 

species was competitive and only differed by not including oil development parameters, 

active.iso and near.well. Therefore, I conclude that active.iso and near.well were uninformative 

parameters and my third ranked model was the most parsimonious fit to the data. In addition, 

models including other quantitative metrics of oil and gas development (e.g., number of wells) 

were highly correlated and not well supported (Table 2.7.). Furthermore, nest initiation was not a 

well-supported parameter in my models. Overall, survival varied by species, year and the age of 

the nest when found: nests found later in incubation (AgeFound) had higher survival than nests 

found earlier in incubation (Table 2.6. and Figure 2.10.). The most common waterfowl species 

found were Blue-winged Teal, Gadwall, Mallard, Northern Shoveler, and Northern Pintail 
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species in decreasing order of abundance. All species coefficient confidence intervals bounded 

zero and in my univariate models held 1% of the AICc weight. Therefore, any species effect was 

relatively weak.  I used model averaged coefficients to account for model uncertainty. 

Table 2.4. Highest supported single-parameter models ranked by AIC values for all years. 

Parameter Deviance AICc ∆AICc Weight 

near.mjrd -5242.1 10488.2 0.0 0.993 

species -5241.1 10498.2 10.0 0.007 

year -5254.1 10514.1 26.0 0.000 

near.well -5258.1 10520.3 32.1 0.000 

AgeFound -5258.2 10520.3 32.2 0.000 

active.iso -5261.6 10527.2 39.0 0.000 

m1500 -5264.0 10532.1 43.9 0.000 

m4000 -5264.3 10532.5 44.4 0.000 

m2000 -5264.5 10532.9 44.8 0.000 

near.ctyrd -5264.6 10533.3 45.1 0.000 

robel -5264.7 10533.4 45.3 0.000 

m2500 -5264.8 10533.5 45.4 0.000 

m3000 -5264.8 10533.6 45.4 0.000 

m3500 -5264.8 10533.6 45.5 0.000 

m500 -5265.1 10534.3 46.1 0.000 

m1000 -5265.5 10535.0 46.9 0.000 

initiation -5265.6 10535.2 47.0 0.000 

 

Table 2.5. Model selection from top dredged models ranked by AIC value.  

Parameters Deviance AICc ∆AICc Weight 

active.iso+AgeFound+near.mjrd+year+species -5201.4 10428.9 0.0 0.475 

active.iso+AgeFound+near.mjrd+near.well+year+species -5201.3 10430.7 1.8 0.191 

AgeFound+near.mjrd+year+species -5203.5 10430.9 2.0 0.170 

AgeFound+near.mjrd+near.well+year+species -5202.8 10431.6 2.7 0.121 

active.iso+near.mjrd+year+species -5205.9 10435.9 7.0 0.014 

active.iso+near.mjrd+near.well+year+species -5205.8 10437.7 8.8 0.006 

active.iso+AgeFound+near.mjrd+species -5207.9 10437.8 8.9 0.005 

near.mjrd+year+species -5208.0 10438.0 9.1 0.005 

near.mjrd+near.well+year+species -5207.3 10438.6 9.7 0.004 

AgeFound+near.mjrd+species -5209.4 10438.7 9.9 0.003 

AgeFound+near.mjrd+near.well+species -5208.7 10439.4 10.5 0.002 

active.iso+AgeFound+near.mjrd+near.well+species -5207.7 10439.5 10.6 0.002 

active.iso+near.mjrd+species -5212.5 10445.0 16.1 0.000 
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Table 2.6. Coefficient values for the top-ranked models of nest survival. 

Parameter Coefficient Lower CI Upper CI 

Intercept 3.073675 3.001596 3.145754 

near.mjrd -0.000032 -0.000040 -0.000023 

SpeciesAMWI 0.262112 -0.184376 0.708601 

SpeciesBWTE 0.167520 -0.222686 0.557726 

SpeciesGADW 0.155733 -0.236232 0.547699 

SpeciesLESC -0.060368 -0.486414 0.365678 

SpeciesMALL -0.130392 -0.522419 0.261636 

SpeciesNOPI -0.144628 -0.554460 0.265205 

SpeciesNSHO 0.220995 -0.188050 0.630040 

Year2016 -0.043827 -0.141439 0.053786 

Year2017 0.186562 0.090085 0.283038 

near.well -0.000013 -0.000020 -0.000007 

AgeFound 0.014440 0.007052 0.021828 

active.iso -0.003097 -0.005267 -0.000926 

m1500 0.009678 -0.001090 0.020446 

m4000 0.002109 -0.000421 0.004639 

m2000 0.006353 -0.001863 0.014569 

near.ctyrd -0.000010 -0.000023 0.000003 

robel 0.005189 -0.002282 0.012659 

m2500 0.003658 -0.001830 0.009147 

m3000 0.002714 -0.001389 0.006817 

m3500 0.002095 -0.001142 0.005332 

m500 0.017111 -0.017224 0.051447 

m1000 0.004546 -0.012457 0.021548 

initiation 0.000479 -0.002336 0.003293 

 

Table 2.7. Coefficient values for the top-ranked models from dredge. 

Parameter Coefficient Lower CI Upper CI 

Intercept 3.029599 2.580971 3.478227 

active.iso -0.002170 -0.004427 0.000088 

AgeFound 0.011340 0.003873 0.018808 

near.mjrd -0.000028 -0.000038 -0.000018 

Year2016 -0.034424 -0.133505 0.064657 

Year2017 0.141340 0.041610 0.241071 

speciesAMWI   0.166506 -0.283056 0.616067 

speciesBWTE 0.135003 -0.256478 0.526485 

speciesGADW 0.062843 -0.331599 0.457286 

(table cont’d.) 
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Parameter Coefficient Lower CI Upper CI 

speciesLESC -0.186422 -0.615557 0.242714 

speciesMALL -0.216940 -0.611131 0.177252 

speciesNOPI -0.204568 -0.616073 0.206938 

speciesNSHO 0.135504 -0.275358 0.546367 

near.well -0.000003 -0.000011 0.000005 

 

 
Figure 2.9. Overall nest survival in relation to distance to a major road across all species from 
2015 to 2017 with upper and lower 95% confidence intervals.  
 

 
Figure 2.10. Overall nest survival in relation to age when nest found of all species from 2015 to 
2017 with upper and lower 95% confidence intervals.  
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2.4. Discussion 

The majority of studies have reported negative impacts on wildlife populations due to oil 

and gas activity. However, I found that typical metrics such as wells and roads did not negatively 

affect waterfowl nest success across multiple spatial scales (Table 2.7.). Furthermore, my top-

ranked model, major roads showed a positive relationship with nest success and held 99.3% of 

the weight from my univariate models; nests closer to major roads had higher survival rates. 

Overall, survival varied by species, year and age of nest when found: nests found later in 

incubation (AgeFound) had higher survival than nests found earlier in incubation (Table 2.6. and 

Figure 2.10.).  

Nest survival may have increased near major roads because increased oil and gas traffic 

.can lead to roadkill mortality and area avoidance of typical mammalian nest predators. Francis 

et al. (2012) found that an increase in noise amplitude can positively influence avian nest 

survival through a reduction of predators in a noisy environment, and subsequently predation. 

Burr et al. (2017) reported that meso-mammal predator abundances were 6.9 times less likely to 

be in areas of higher oil and gas intensity and suggested this could be due to the increased 

infrastructure, vehicle traffic and the subsequent noise associated with oil and gas development. 

Furthermore, Sharp-tailed Grouse nests were 1.95 times more likely to succeed in areas of higher 

energy development suggesting this landscape is beneficial to nest survival. Therefore, it is 

plausible that a reduction in predator abundance and/or area avoidance could be driving this 

increase in nest survival. However, another plausible explanation is a shift in predator prey 

selection from waterfowl to another species, such as rodents leading to an increase in nest 

survival. Ackerman (2002) reported a positive correlation in areas of higher rodent abundance 

and Mallard nest survival suggesting a rodent buffer for duck nests. This study suggests that the 

relationship between duck nest survival and predators depends on predator abundance, location, 
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and behavior (i.e. how predators forage and food item preference), all factors that could be 

influenced by oil and gas development in my study area.  

While distance to major roads increased nest survival in my study, distance to nearest 

county roads was not well supported within my models. This could be because there were fewer 

major roads than county roads and presumably made it difficult to detect if any county roads 

were utilized more than major roads. In my study area, there were approximately 13 major roads 

total within a minimum boundary of five miles from each nest as compared to 5,169 county 

roads. While, Spiess (2017) reported that traffic counts of 300 to 400 mean daily vehicle passes 

have consistently occurred on unpaved county roads since the oil and gas boom began in 2007, it 

is plausible that major roads are used disproportionally more because they are multi-lane paved 

roadways lending to greater speeds and volumes of traffic. Therefore, further research on 

predator/prey interactions and variable traffic patterns of both major and county roads (including 

surface type) of intensely developed areas are needed.  

In addition, model averaged coefficients of nest survival varied by species and year. In 

my study, the most common waterfowl species found were Blue-winged Teal, Gadwall, Mallard, 

Northern Shoveler, and Northern Pintail species in decreasing order of abundance. All species 

coefficient confidence intervals bounded zero and in my univariate models held 1% of the AICc 

weight. Therefore, any species effect was relatively weak. Furthermore, nest initiation held the 

least amount of weight of all my models suggesting it was not an important predictor in nest 

success in my study. Variable nest survival by species and year is a common result in the 

literature due to differences in nesting chronology, habitat availability, nest site preference, and 

environmental variation (Klett et al. 1988, Crabtree et al. 1989, Beauchamp et al. 1996, Emery et 

al. 2005, Skone et al. 2016).  Yearly variation was most likely due to variable spring and summer 
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habitat conditions from 2015 to 2017. Total pond counts were variable with reported values of 

6.3 million ponds in 2015, 5 million ponds in 2016 and 6.1 million ponds in 2017 (U.S. Fish and 

Wildlife Service 2015, 2016, 2017). Furthermore, in July 2017, North Dakota was in an extreme 

to exceptional drought (Lindsey 2017) in my study area which could impact late nesters such as 

Lesser Scaup. Total continental breeding duck populations continually dropped from 2015 to 

2017 with 49.5 million in 2015, 48.4 million in 2016, and 47.3 million in 2017 (U.S. Fish and 

Wildlife Service 2015, 2016, 2017). In addition, Shaffer and Grant (2012) found that nest 

survival was rarely consistent among years, seasonally, or with age of nest. 

In my study, age of nest when found was shown to be important in my top dredged 

model with confidence intervals that did not bound zero. Nests found later in incubation had 

higher survival than nests found earlier in incubation. Other studies have found similar results for 

Mallards (Klett and Johnson 1982, Shaffer and Grant 2012) and suggest this could be due to the 

presence of hens at nests (as it relates to daily mortality rate; hens flushing from nests), 

differences in vulnerability to predation or both (Klett and Johnson 1982). Another possibility 

that could influence this is the rationale that nests found at older ages are biased toward higher 

survival (Johnson 1979).   

Overall, my study helps to determine the importance of specific oil and gas metrics (e.g. 

wells and roads) that may influence nest survival of waterfowl in the PPR. My analyses of nest 

survival indicated little detrimental effect of oil and gas development in relation to roads, wells, 

and intensity of development However, this does not account for possible declines in nest density 

or any potential area avoidance that could negatively influence waterfowl production. 
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