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Abstract 

Grassland bird conservation should be a priority in the northeastern United States 

because many grassland species have declined since 1966. During 2004 and 2005, l 

examined rates of depredation on artificial grassland bird nests in two cool season 

grasslands, I (98 ha= large) and C (8.5 ha= small), at Iroquois National Wildlife Refuge 

(INWR). I established 50 m by 50 m gridded study plots in each grassland. One artificial 

nest was randomly placed in each grid section, and baited with a House Sparrow (Passer 

domesticus) egg; half of the nests also received a clay egg to aid in identification of nest 

predators. Concurrently, I searched for and monitored real nests of Savannah Sparrows 

(Passercu/us sandwichensis) and Bobolinks (Dolichonyx oryzivorus). Vegetation 

measurements included percent cover, total hits of vegetation on a narrow aluminum rod 

and Robel pole scores. I trapped small mammals to determine small populations of 

species that potentially depredate nests, and I used characteristic bite marks left in the 

clay eggs to identify nest predators. The larger I field consistently exhibited a greater 

proportion of successful nests than the smaller C field. Daily survival rates of artificial 

nests averaged 0.914. The most frequently identified small mammal nest predator, based 

on clay egg bite mark identification, was Micro/us pennsylvanicus, which was also the 

most frequently caught small mammal. In I field successful nests had significantly greater 

cover, higher Robel scores, and higher total hits of vegetation. In C field, there was a 

trend towards greater cover being related to greater nest success. Binomial logistic 

regression suggested that for nests in I field, year and the year*Robel interaction 

significantly affected nest success: 2004 nests, and those with higher Robel scores, were 

more successful: Year*distance to forest edge and year*cover interactions approached 

II 



significance; nests placed in 2004 that were further from the forest edge and with more 

cover tended to be more successful. ln C field, year and distance to nearest hedgerow 

were the most important variables, although neither was significant and only year 

approached significance; nests in 2004 tended to be more successful than in 2005. Results 

from my study support much published data, and indicate that grassland bird nest success 

is greater in larger fields. Although artificial nest success increased with vegetative cover 

and density, these results should not be taken to indicate that managers should attempt to 

increase grassland density and height too much; common grassland birds in the Northeast 

nest preferentially in relatively low vegetation ( < I m high). My data is consistent with 

results from other studies that suggest that when managing for grassland birds, one 

should focus on not mowing too frequently, and not mowing until after nestlings have left 

the nest by mid July. Ideally, grassland habitat patches should be greater than 50 ha ( 125 

acres) in size, with shapes that minimize edge effects. Leaving some dry vegetation litter 

that can subsequently serve as cover may be beneficial as well (Swanson 1998). 
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Introduction 

In the northeastern United States, many grassland species have declined since 

1966 (Hunter et al. 200 l , Norment 2002, Sauer et al. 2005). Further, many grassland bird 

species have fairly low population levels throughout much of North America (Norment 

2002). Rates of habitat loss are increasing, compounding the problem of grassland bird 

species decline (Vickery and Herkert 2001 ). Brennan and Kuvlesky (2005) suggested that 

afforestation, fragmentation, the replacement of prairie vegetation with agricultural 

landscapes, and deterioration of rangelands in the western United States all contribute to 

the widespread and ongoing decline of grassland birds in North America. Similarly, 

grassland birds may be declining in part due to the presence of ecological traps. An 

ecological trap is created when, "in an environment that has been suddenly altered by 

human activities, an organism makes a maladaptive habitat choice based on formerly 

reliable environmental cues, despite the availability of higher quality habitat" (Schlaepfer 

et al. 2002), where birds would likely have greater nest success. For instance, a grassland 

bird may choose a nesting site based on habitat cues indicating a quality habitat, but then 

experience nest failure when humans mow or harvest the area for agricultural purposes 

(Schlaepfer et al. 2002) .. Thus, to manage for the declines in grassland bird populations, 

we need data on grassland bird responses to habitat quality. 

In addition to abundance data, one needs demographic data, such as nesting 

success, to adequately describe the sensitivity of grassland birds to habitat fragmentation 

(Winter and Faaborg 1999) and other issues of habitat quality. Also, density and 

abundance data may not be good indicators of habitat quality (Van Home 1983, Vickery 

et al. 1992). Survival and production characteristics of the species in a particular area 



should be assessed when measuring habitat quality of that area (Van Home 1983 ). Thus. 

examining the nesting success of grassland birds is one of the tools important in 

identifying critical areas of concern in grassland bird conservation. However, naturally 

occurring grassland bird nests may be difficult to observe in large numbers: real bird 

nests take a lot of time to find and are difficult to locate (Moore and Robinson 2004). In 

addition, real nests are not often found in a treatment area in numbers large enough to 

perform powerful statistical analyses (Moore and Robinson 2004). Given these problems 

with real bird nests, artificial nests can be useful. However, Moore and Robinson (2004) 

found that artificial nests do not always reliably predict predation rates on real nests, and 

thus concluded that artificial nests should only be used if researchers are able to show 

that there is a negligible bias between predation measures on real and artificial nests. 
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Despite the problems sometimes associated with artificial nest studies, they can be 

of value. Faaborg (2004) stated that artificial nests may be of some value in specific 

cases, such as when it is not possible to find enough real nests for meaningful data 

collection. Davison and Bollinger (2000) found that patterns of nest predation when using 

realistic woven-grass artificial nests and real nests corresponded well over time, as well 

as across fields. Further, Ardizzone and Norment (1999) found that predation rates for 

artificial nests and natural nests were similar in warm-season and cool-season grassland 

habitats at Iroquois National Wildlife Refuge (INWR) in 1994 and 1995. Artificial nests 

may thus offer realistic estimates of patterns of predation on real nests. 

Interpretation of artificial nest experiments may be complicated, since artificial 

nests may have an unnatural appearance and positioning, as well as lacking activity by 

parents and nestlings (Haskell 1995). Using artificial nests that look as realistic as 



possible may be an important aspect of artificial nest studies that accurately reflect 

predation patterns on real nests (Davison and Bollinger 2000). AJso whenever feasible. 

artificial nest experiments should be supplemented with data from real nests, in order to 

determine whether observed patterns reflect biological reality, and whether rates of 

predation by different species are correctly estimated (Heske et al. 2001 ). 

Artificial nest experiments involve the use of real bird eggs. Japanese Quail 

(Coturnix coturnix) eggs have often been used in artificial nest studies because they are 

the smallest eggs commercially available in large quantities (DeGraaf and Maier 1996). 

However, Japanese Quail eggs may be too large or thick-shelled for small potential 

predators to consume (Maier and DeGraaf 2000). House Sparrow (Passer domesticus) 

eggs are often the ideal eggs to use in artificial nest experiments because they are similar 

in size and shell thickness to the eggs ·of many passerines, especially those of many 

Neotropical migrants (DeGraaf and Maier 200 I). In addition, House Sparrows are an 

introduced species in North America, and are not protected by any state or federal laws. 

In addition to baiting nests with real eggs in artificial nest experiments, one can 

use clay eggs to aid in identifying nest predators. It is necessary to identify nest predators 

and their relative impact on nest success in order to make effective conservation and 

management decisions (Heske et al. 2001 ). Each species in the range of nest predators, 

including large mammals, small mammals, snakes, and birds, make characteristic bite 

marks on the clay eggs. Small rodents make little puncture marks while avian predators 

characteristically make a single large puncture mark or parallel lines (Davison and 

Bollinger 2000). Multiple, medium-sized puncture marks are characteristic of large 

mammalian predators (Davison and Bollinger 2000). 

3 
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In 2004 and 2005 I examined rates of predation on artificial grassland bird nests 

in two fields at the INWR in Genesee and Orleans Counties in New York State. The 

overall goal of my study was to determine ifthere was any correlation between nest 

success and nest distance from edge or characteristics of the vegetation surrounding the 

nest. I also looked at small mammal populations to determine if there was a relationship 

between small mammals depredating the nests and small mammals trapped in the larger 

of the two fields. Further, I followed real nests of Savannah Sparrows (Passerculus 

sandwichensis) and Bobolinks (Dolichonyx oryzivorus) to supplement data gathered from 

the artificial nests. I analyzed my data to explore possible relationships between rates of 

depredation and distance from edge(s), and between rates of depredation and height and 

density of vegetation surrounding each nest, with the goal of suggesting management 

strategies to benefit grassland-breeding birds at INWR. 



Methods 

Study Area 
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The primary study area consisted of two cool season grasslands located at 

Iroquois National Wildlife Refuge (INWR) in Genesee and Orleans CoWlties, NY . 

Regional climate temperature averages for May and JWle are 13.9 °C and 18.8 ° , and 

precipitation averages for May and JWle are 8.5 cm and 9.7 cm, as reported by the New 

York State Climate Office website (2006). Field work was between 25 May and 30 June 

in 2004 and 2005. In the larger field, calJed the 'I' field (98 ha), I used an area of 

approximately 1.25 km by 0.5 km. ln the northern section of this field 1 set up a 250 m by 

500 m grid. Approximately 4 km away, in the smaller 'C' field (8.4 ha), I used a 150 m 

by 200 m area. For each field, the nearest edge parallel to the grid lines was less than 40 

m away. In each year, I ran two trials per field, with one exception; in 2004, 1 did not 

include a second trial for the smaller field due to the limited number of House Sparrow 

eggs that I was able to obtain. 

Common plant species foWld in these cool season grasslands include birdsfoot 

trefoil (Lotus comiculatus), slender vetch (Vicia tetrasperma), English plantain 

(Plantago lanceolata), curly dock (Rumex crispus), northern snow bedstraw (Galium 

borea/e), water foxtail (A/opecurus geniculatus), timothy grass (Phleum pratense), 

orchardgrass (Dacty/is glomerata), sweet vernal grass (Anthoxanthum oderatum) and 

redtop (Agrostis alba). For a list of common plant species I identified see Appendix 1. 

For a list of species of mammals which are possible nest predators at INWR see 

Appendix 2 (Fish and Wildlife Service 2006). 
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Eggs and Artificial Nests 

House Sparrow eggs were collected to bait artificial grassland bird nests. House 

Sparrow eggs have an oval to long-oval shape and on average measure 21.64 mm in 

length by 15.55 mm in width and an average mass of 2.82 g (Lowther and Cink 1992). 

These eggs were chosen because they have a similar size, shape and coloration to 

Savannah Sparrow eggs, which are ovate to short-ovate, and range from 19.4 mm to 21 .0 

mm in length by 14.6 mm to 15.4 mm in width, depending on location (Wheelright and 

Rising 1993). House Sparrow eggs were collected from nests in and near Monroe 

County, New York. The eggs were stored in a sodium silicate solution to preserve 

freshness (DeGraaf and Maier 2001 ). The solution was prepared by dissolving 0.1 g of 

sodium silicate powder in I L of distilled water. Eggs in solution were then stored in a 

refrigerator between 8 and 9° C. Just before placement of eggs in field, I rinsed them with 

regular tap water. 

Initial preparations for fieldwork also included making clay eggs similar in size, 

shape and color to the House Sparrow eggs. I used a cream colored, non-toxic modeling 

clay and a fine point brown Sharpie marker. After shaping the egg, I used the marker to 

create small irregular streaks and spots. Following this, I made smears by rolling the 

marked egg in the palm or lightly rubbing it with my fingers. 

The artificial nests used in this study were 10 cm wide, 5 cm deep wicker baskets 

lined with dry grass (Davison and Bollinger 2000). The grass was placed in a circular 

pattern within the wicker basket to cover the majority of the wicker. 



Artificial Nest Trials 

To establish the sample plots, I set up grid lines in the 1 and C fields. each 

containing 50 m x 50 m sections. In the larger I field I set up 6 parallel lines (A through 

F), each marked by 53 cm wire flags numbered 0 to 11. In the smaller C field I set up 4 

paral1el lines (A through D), each marked by wire flags numbered 0 to 4. Both the lines 

and the wire flags within each line were placed 50 m apart, thus creating 50 m by 50 m 

sections. 
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One nest was placed per 50 m by 50 m section in each of the two study fields. I 

used a random number table to determine the x and y coordinates for placing the nest in 

each section. The x and y coordinates were measured with a range finder for distances 

greater than 20 m and with a measuring tape for shorter distances. The number of each 

nest corresponded with the number ori the wire flag from which I made the 

measurements. During the first trial of 2004 I attempted to re-locate nests using only the 

initial placement measurements. To aid in finding nests and decreasing damage to 

surrounding vegetation in later trials, locations of the x and y coordinates were marked 

with 76 cm yellow wire flag with fluorescent orange flagging tied to it. In areas of 

particularly high vegetation, fluorescent orange flagging was also tied to nearby 

vegetation. Once the wire flag was placed at the randomly chosen x-y coordinates, I went 

3 m to the NE, SE, SW, or NW and placed the nest. The four directions were used 

equally. 

In 2004, trials took place from 25 May to 14 June and 15 June to 30 June. In 

2005, trials lasted from 25 May to 9 June and 14 June to 29 June. Each trial was as close 

to 15 d as conditions permitted, to match the nest building and incubation period of 



Savannah Sparrows (Wheel.right and Rising 1993). For each 15-d trial, the following 

procedure was adhered to as closely as weather conditions permitted. 

On day one, I placed an artificial nest cup lined with dried grasses within each 

section, as described above. Nests remained empty for 3 d, to simulate actual bird 

breeding habits. On day four, I placed a single House Sparrow egg within each nest ; half 

of the nests (every other nest placed) also received a clay egg. Nests were checked every 
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3 d until day 15. While placing and checking nests, I tried to approach the nests from a 

different direction each time so as to not make "dead-end trails" leading to the nests. 

Each nest was marked "successful" or "failed," depending on whether the House Sparrow 

egg was undamaged or depredated. 

Vegetation Measurements 

As soon as possible after day 15 of each trial, I took vegetation height and density 

measurements at each nest site. I took all measurements to ensure consistent readings. 

The first set of vegetation measurements required the use of two meter sticks and an 

aluminwn rod that was 4 mm in diameter and 90 cm tall. I placed the aluminum rod at 10 

cm intervals along I m transects in each of the four cardinal directions, centered on the 

nest. I then counted the nwnber of times the vegetation touched the aluminum rod, 

recording these measurements as number of hits. At each 10 cm interval I also measured 

vegetation height to the nearest cm. 

The next measurement required the use of a 50 cm by 50 cm sampling frame. I 

placed it over the area of each nest, with the nest in the center, taking care to minimize 

interference with the vegetation. I then estimated the percent vegetation cover, using 



modified Daubenmire cover estimates: A: 0-5, Bl: 5-15, 82: 15-25, C: 25-50 D: 50-75, 

E: 75-95, F: l 00 percent cover (Bollinger 1995). 
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The last measurement I took was with a Robel pole (Robel et al. 1970), also 

known as a height-density pole. For this, I removed the nest and stuck the sharp bottom 

end of the Robel pole where the nest had been. I recorded vegetation height-density using 

methods in Robel et al. ( 1970). 

Real Nests 

As part of this research I also searched for the real nests of Savannah Sparrows, 

and I found several Bobolink nests in the process as well. Both male and female 

Savannah Sparrows make a chipping noise as a warning, but only males sing. I used 

behavioral cues including the sounds of the birds to locate nests, which are often very 

well hidden and covered by some grass canopy. 

Once a nest was found, I marked it with a wire flag 5 m to the north or south of 

the nest location. I took meticulous notes and made a sketch of the area to aid in finding 

the nest again. When possible, I made note of the age of the nest based on number of eggs 

or development and number of nestlings. A nest is incubated for about 11 d, with one egg 

laid per day (Wheelright and Rising 1993). Thus, I could add the number of eggs or 

chicks to get the age of the nest. Nestlings that are 0 to I d old have their eyes closed and 

have pink skin with black along the capital and spinal tracts. At 3 d, primary feathers are 

present. At 4 d, contour feathers emerge on the legs, back and abdomen. At 4 or 5 d, the 

nestling's eyes open. Soon after that they leave the nest (Wheelright and Rising 1993). 

As with the artificial nests, real grassland bird nests were checked every 3 d, and 

were marked as successful or failed. Nests were determined successful if eggs hatched 



and fledglings sUJVived long enough to leave the nest Nests were determined failed if 

eggs did not hatch after the appropriate amount of time or if eggs or fledglings were 

depreciated. Vegetation measurements were taken after all the real nests were empty or 

failed. 

Small Mammal Trapping 
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I trapped small mammals using Sherman live traps (foldable, Model LFA, size 7.6 

cm wide x 8.9 cm high x 22.9 cm Jong) along two transect lines to see if the mammals 

trapped represented the mammals depredating the nests. I placed a total of 74 mammal 

traps along two lines (36 and 38 traps). The first line was approximately 30 m south of 

the A line of I field, outside the grid, and the second was 45 m south of the A line of the I 

field, also outside the grid. For each line, wire flags were placed 15 m apart. Traps were 

placed approximately l m away from each wire flag, in no particular direction or 

orientation. I put a handful of polyester batting and a small amount of oats in each trap to 

provide warmth and nourishment for any captured small mammals. I checked traps early 

in the morning on 3 or 4 d during each of the 15-d periods of checking nests to help 

minimize trap mortality. 

In addition to the Sherman traps, I placed 15 pitfall traps for trapping shrews at 

approximately every other wire flag along the first mammal trap line. Pitfall traps were 

placed approximately 1 m east of the wire flag. To position the pitfall traps, I dug a hole 

in the ground large enough to hold the small bucket ( 14 cm diameter across the bottom, 

15.5 cm diameter across the top, 16 cm deep). I placed the bucket in the hole, filling in 

the spaces around the bucket with some of the removed dirt. I also put approximately 1 or 



2 tablespoons of shrimp pellets and a few dried crickets in each bucket in an attempt to 

provide nourishment for any captured shrews. 

Identification of Bite Marks in Clay Eggs 
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I used skulls of the four most likely small mammalian predators to make several 

marks on model clay eggs to aid in identification of the bite marks left in the clay eggs. 

These skulls came from a white-footed mouse (Peromyscus /eucopus), masked shrew 

(Sorex cinereus), shorttail shrew (Blarina brevicauda), and meadow vole (Microtus 

pennsylvanicus). Two independent observers looked at each model egg to learn 

identifying characteristics of the bite marks of each small mammalian predator. 

Peromyscus leucopus teeth had a diameter of approximately 1 mm and had a single 

upside down U shaped curve at the bottom of the bite mark. Sorex cinereus teeth had a 

similar U shape at the bottom of the bite mark, but its teeth had a smaller diameter of 

approximately 0.5 mm per tooth. Blarina brevicauda teeth had a fairly straight line at the 

bottom of the bite mark, and the diameter of each tooth was approximately 0. 7 mm. 

Microtus pennsylvanicus bite marks had two adjacent U shapes at the bottom of the bite 

mark, and each tooth had a diameter slightly larger than I mm. 

Once confident in their abilities to identify the marks made by these different 

mammals, the observers independently looked at the animal-marked eggs and determined 

the most likely predator. The observers compared their determinations and found that 

they agreed on the identification of the bite marks on all evaluated eggs. 

Statistical Analyses 

I calculated the proportion of successful artificial nests, termed apparent nest 

success, (number successful/ number placed) for the I and C fields. I also used a Chi-
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Square test to compare nest success across fields, years, and trials. I also calculated small 

mammal trap success by dividing the nwnber trapped by the number of traps available, 

determined by (nwnber of traps set* number of nights)- nwnber of traps closed and 

empty, thus unavailable. 

For the four species of egg predators identified in the I field of INWR 

(Peromyscus leucopus, Sorex cinereus, Blarina brevicauda, and Micro/us 

pennsylvanicus), I calculated the median distance of the nests with a damaged egg from 

the forest edge using a K.ruskal-Wallis test in Minitab Release 14 Statistical Software 

Version 14.20 (Minitab 2005). A Chi-Square test was also done to determine if the 

presence of a clay egg in a nest affected nest success. I performed this test for each trial 

for I field, as well as all four trials combined. I calculated daily survival probabilities 

(Mayfield 1975) for artificial nests and real Savannah Sparrow and Bobolink nests using 

software available at the Patuxent Wildlife Research Center website (Program Mayfield; 

Hines 2006). 

I used several types of univariate analyses in Minitab 14 to examine relationships 

between individual predictor variables and the response variable, nest success. In 

addition, I compared vegetation cover and height and density between fields, years and 

trials. All predictor variables were checked for normality using a normality test in 

Minitab 14. If variables were not normally distributed, I transformed them in an attempt 

to make them normally distributed. I used an arcsin squareroot transformation for cover 

data because they were proportional, and a log10 transformation for all other variables 

(Zar 1999). I then performed t- tests for variables that were normally distributed, and 



Kruskal-Wallis tests for variables that were not normally distributed. When reporting 

data, I back-transformed means and medians into the fonnat of the original data. 
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I investigated which variables were most important in determining survival 

probability for artificial nests in I and C fields using binary logistic regression in Minitab 

14. Survival probabilities were modeled by coding survival days as "success" and 

exposure days as "trials." In the I field, I tested for main effects of year (y), date (d), 

distance to forest edge (dfe), Robel (r), total hits (th), and cover (c). Year and date were 

modeled as factors, while all others were modeled as covariates. I also examined all 2-

way interactions between these variables, and three 3-way interactions (y*d*r, y*d*th 

and y*d*c). A complete list of all main effects and interactions included in the models for 

I is given in Appendix 3. 

In the C field, I tested for main effects of year (y), date (d), distance to nearest 

edge (dne), distance to road (dr), distance to nearest hedgerow (dnh), cover (c), Robel (r) 

and total hits (th). I also tested for all possible two-way interactions between these 

variables, excluding date interactions, as I only had one trial for C field in 2004. Also, 

because I only had one trial for C field in 2004, I could not analyze I and C fields 

together, as the data sets were different. A complete list of all main effects and 

interactions included in the models for C is given in Appendix 4. 

Model selection was performed using a backward stepwise process (Burnham and 

Anderson 2002). After running binary logistic regression on each model, I removed the 

least significant tenn. If the least significant term was a main effect, I also removed all its 

interactions. I repeated this process until all possible models had been examined. 
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I then calculated Akaike' s Information Criterion (AIC), AlC Corrected (AICc). 

AIC weight (wi) and differences between AIC (6i) for each model (Burnham and 

Anderson 2002). The best model for each field was determined by the lowest Al Cc value 

(Anderson et al. 2001 , Burnham and Anderson 2002). 
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Results 

ARTIFICIAL NESF STUDIES 

Apparent Nest Success, Artificial Nests 

The overall proportion of successful nests for I and C fields was 0.54 ( 134/24 7) 

(Table 1 ). For I field alone, the overall proportion of successful nests was 0.59 ( 125/211) 

(Table l ). By year in I field, proportions were 0.66 (69/105) for 2004 and 0.53 (56/l 06) 

for 2005 (Table 1 ). For C field alone, the overall proportion of successful nests was 0.25 

(9/36) (Table 1 ). By year in C field, proportions were 0.42 ( 4112) for 2004 and 0.17 

( 4/24) for 2005 (Table 1 ). I field consistently had a higher proportion of successful nests 

than C field. 

There were significant differences in nest success for I and C field overall Cx.2 = 

14.528, p < 0.001) and for 2005<:i=10.298, p = 0.001) (Table 2). Although differences 

between I and C fields were not significant in 2004 (Table 2), overall and for 2005, C 

field had significantly more unsuccessful nests than successful nests, while I field had 

significantly more successful nests than unsuccessful nests. Also, there were significant 

differences in nest success for I field when comparing trial one (May) and trial two (early 

June) for 2004 <i = 13.180, p < 0.001) and 2005 <i = 41.100, p < 0.001). In both 2004 

and 2005, trial one had fewer successful nests than trial two (Table 3). Also, there were 

significant differences in nest success for C field when comparing trial one and trial two 

for 2005 <:i = 4.800, p = 0.028) (Table 3), with more nests successful in trial two. 

Survival Probabilities, Artificial Nests and Real Nests 

I found six Savannah Sparrow nests in 2004, and 12 in 2005 (Table 4). I also 

found six Bobolink nests in 2004 and one in 2005 (Table 4). Daily survival probability 



16 

for Savannah Sparrows for the first trial of2004 was 0.9535 and for the second trial of 

2004 was 0.9146 (Table 4). Daily survival probability for Bobolinks for the first trial of 

2005 was 0.9541 (Table 4). I did not calculate daily survival probability for Bobolinks for 

the second trial due to the small sample siz.e. Eight out of ten daily survival rates of 

artificial nests and real nests for 2004 and 2005 were greater than 0.914 (Table 4). 

Generally, artificial nests had slightly lower daily survival rates than real nests (Table 4). 

Nests in C field tended to have lower daily survival rates than nests in I field (Table 4). 

PREDICTOR VARIABLES AND NFS/' SUCCESS 

Univariate analyses 

In I field, three vegetation predictor variables differed significantly between 

successful and unsuccessful nests. A Kruskal-Wallis test showed a significant 

relationship between cover and nest success in I field (H = 4.21, p = 0.040; Table 5); 

successful nests tended to have greater cover, although median values were the same for 

both groups. A Kruskal-Wallis test also showed a significant relationship between Robel 

measurements and nest success (H = 27.47, p < 0.001; Table 5, Fig. l); successful nests 

tended to have higher Robel measurements than unsuccessful nests. Total vegetation hits 

was also significantly greater in successful than unsuccessful nests (t = 4.43, p < 0.001; 

Table 5, Fig. 2). All other variables examined for I field, including distance to forest edge 

and distance to other edges, showed no significant relationship with nest success (Table 

5). 

For C field, univariate analyses showed no significant relationship between any 

vegetation variable and nest success (Table 6). However, cover approached significance 



(p = 0.073; Table 6), with successful nests having, on average, more cover (62.5%) than 

unsuccessful nests (37.5%). 
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Univariate analyses comparing vegetation cover at artificial nests between I and C 

fields showed no significant differences for trial one of 2004 or trial one of2005. 

However, there was a significant difference in cover between I and C fields for trial two 

of2005 (H = 10.00, p = 0.002; Fig. 3). I field had a greater median cover of 62.5 %, 

while C field had a median cover of 37.5 % (Fig. 3). Percent cover was significantly 

different when comparing similar trials across years per field, with greater cover in 2004 

than in 2005 (H = 4.88, p = 0.027; H = 19.48, p < 0.001; H = 6.32, p 0.012; Table 6). For 

instance, I field trial I in 2004 cover had a greater median value (62.5%) than I field trial 

I in 2005 (37.5%). Robel pole score measurements ofl field were significantly greater in 

2004 than in 2005 (t = 8.45, p < 0.001; t = 4.24, p < 0.00 I) but not in C field (Table 6). 

Multivariate modeling 

Of the models for I field investigated using binary logistic regression, Model 3 

best fit the data (Table 8). The variables included in Model 3 were year, distance to forest 

edge, Robel, cover, and all 2-way interactions between these variables (year*distance to 

forest edge, year* Robel, year*cover, distance to forest edge*Robel, distance to forest 

edge*cover, and Robel*cover). Of these, only year (p = 0.035) and year*Robel (p = 

0.010) were significant. Specifically, year 2004 and higher Robel scores were related to 

higher nest success. Year*distance to forest edge (p = 0.076) and year*cover (p = 0.097) 

approached significance. Also, nests located further from the forest edge were more 

likely to be successful, and nests with greater cover were more likely to be successful. 

For a complete list of variables associated with each model, see Appendix 3. 
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Of the models for C field investigated using binary logistic regression, Model 16 

best fit the data (fable 9). The factors involved in Model 16 were year and distance to 

nearest hedgerow. Neither of these variables was significant, although year (p = 0.075) 

approached significance; nests placed in 2004 were more likely to be successful than 

nests placed in 2005. For a complete list of variables associated with each model, see 

Appendix 4. 

SMALL MAMMALS 

The number of Micro/us pennsylvanicus trapped in 2004 was nine, which were 

captured over seven trapping nights using 74 traps (trap success= 0.018, Table 10). No 

shrews were caught in 2004 (Table 10). In 2005, I caught 23 Micro/us pennsylvanicus 

over 8 trapping nights (trap success = 0.040, Table 10). In 2005 I captured four Sorex 

cinereus and two Blarina brevicauda in the pit-fall traps (trap success for all shrews = 

0.05, Table 10). 

A Kruskal-Wallis test showed no significant difference between the median 

distances of nests with damaged eggs from the forest edge across the four identified egg 

predators (Peromyscus /eucopus, Sorex cinereus, Blarina brevicauda, and Micro/us 

pennsylvanicus) in I field (p = 0.850; Tabl~ 11 ). 

The number of clay eggs depreciated by the four small mammal species we 

identified as egg predators ranged from four to 18 (Table 12). Eggs depredated by other 

species were placed into the following categories: having marks made by small or large 

mammals, birds, or unknown. I also recorded the number of eggs that were completely 

removed from the nest (Table 12). Fewer than 500/o of the predators that damaged eggs 

could be specifically identified. In general, mammals were more frequently identified as 
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nest predators than were birds, although a large percentage of eggs (33%) were removed 

from the artificial nests by unknown predators (Table 12). 

Presence of a clay egg had no significant effect on success rate of nests in I field, 

whether examined per trial or for all four trials together (Table 13). While trial two of 

2004 did approach significance ( p = 0.063; Table 13), two cells (unsuccessful nests for 

both clay egg present and no clay egg) had expected counts of less than five, indicating 

these results should be interpreted with caution. 
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Discussion 

Results from my study suggested that the larger field, I, generally exhibited a 

greater proportion of successful artificial nests and higher survival probabilities than the 

smaller field, C. Daily survival rates of artificial nests were lowest during trial one of 

2005 for both I and C fields. For all other artificial nests and real nests, daily survival 

rates were greater than 0.914, although values were often lower than expected, based on 

survival rates for Eastern Meadow Lark (Sturnella magna), Bobolink and Savannah 

Sparrow nests at INWR, which were at least 0.980 between 1994 and 2003 (Christopher 

Norment unpublished data). 

PREDICTOR VARIABLES AND NEST SUCCESS 

The univariate and multivariate analyses of relationships between predictor and 

response variables identify a number of factors that contributed to differences in nest 

success among and within fields and years, and which could be important in managing 

for increased grassland bird productivity. 

Univariate Analyses 

Univariate analyses showed a significant relationship between cover, Robel and 

total hits and nest success in I field. Thus, height and density of vegetation had the 

greatest effect on nest success in I field in 2004 and 2005. For C field, univariate analyses 

showed no significant relationship between any vegetation variable and nest success 

while cover approached significance. Several studies suggest that vegetative concealment 

or increased vegetative density is not related to nest success of artificial nests (Rivers et 

al. 2003; Ardizzone and Norment 1999). However, other researchers have found that nest 

concealment may be related to nest success. For instance, Clawson and Rotella (1997) 
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found that Conservation Reserve Program (CRP) fields with more structurally complex 

vegetation had higher artificial nest success. Also, Huhta (1995) found that direct cover, 

namely a branch, placed over artificial nests decreased nest depredation in a study area 

consisting primarily of forests and peat lands. Howard et al. (2001) found that daily 

artificial nest mortality (the opposite of nest success) decreased significantly with an 

increase in vegetation height in both short-grass prairie and CRP lands. Thus, while 

findings are mixed, dense vegetation appears to be positively related to nest success in 

many situations. 

Multivariate Modeling 

Robel and cover scores were found to be important in both univariate and 

multivariate analysis. Binary logistic regression performed for artificial nest survival 

probabilities in I field indicated that the best model included the factors year, distance to 

forest edge, Robel, and cover. Of these, year and year*Robel were the only significant 

terms. This suggests that year as well as height and density of vegetation was related to 

nest success, while distance to forest edge was not as important. 

In contrast, binary logistic regression performed for artificial nest survival 

probabilities in C field showed that the most important factors were year and distance to 

nearest hedgerow. While year approached significance, distance to nearest hedgerow did 

not. Perhaps in C field, cover was more evenly distributed than in I field (based on 

observation) and was thus not related to nest success. Possibly distance to nearest 

hedgerow was not significant because of the small size of C field. As discussed in the 

following section, habitat fragmentation, resulting in smaller patches of land such as in C 

field, can have negative effects on nest success. 



22 

When looking at nest success without regard to field size (using data from both I 

and C fields), the most important factor in determining nest success appeared to be year. 

For both fields, nest success was greater in 2004, perhaps due to the higher vegetation 

height and density in 2004. Clawson and Rotella ( 1997) also found that denser vegetation 

was related to artificial nest success in CRP fields, and that nest success varied with the 

time of year; nests initiated in May had an average of 44% nest success, which was lower 

than nest success for nests started in either June 1993 (57%) or June 1994 (63%). This 

temporal increase in nest success coincided with increased plant material being produced 

during the growing season. Clawson and Rotella (1997) hypothesize that this increased 

vegetative growth resulted in a decrease in predator efficiency. 

In general, more nests in 1 field were successful than unsuccessful, while the 

reverse was true in C field. There were clear significant differences in nest success 

between 1 and C fields for almost every comparison made, as well as between similar 

trials across years within each field, suggesting that conditions affecting nest success 

varied across fields, years and trials. The higher percentage of cover exhibited by I field , 

at least during trial 2 of 2005, may have contributed to the higher nest success observed 

in I field. The fields received more moisture during 2004 than 2005 due to higher levels 

of precipitation (May 2004: 115 mm, June 2004: 79 mm, May 2005: 32 mm, June 2005: 

62 mm), as reported by the National Oceanic and Atmospheric Administration website 

(2006). Also, overall, it appeared that I field retained more moisture from precipitation 

than C field (personal observation), especially near the forest edge where shade from the 

trees slowed evaporation and transpiration. Perhaps the different moisture levels between 

the two fields and the two years influenced vegetation growth, thus affecting nest 
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success; in 2004, vegetation grew quickly, while vegetation was low and grew slowly in 

2005. In addition, there was more vegetation growth during trial two of each year because 

of more time to grow. 

Area, Edge and Landscape Effects 

In addition to vegetation differences, the different sizes of I and C field may also 

have influenced nest success. In a review of the literature, Paton (1994) found that rates 

of depredation increased near edges in a majority of studies. Paton ( 1994) further stated 

that edge effects are most likely to occur within 50 m of an edge. Ardizzone and Norment 

( 1999) found that predation rates were greatest at forest-field boundaries at INWR in 

1994 and 1995. Further, Winter and Faaborg ( 1999) found that habitat fragmentation can 

negatively affect grassland birds. For some species this may only become evident when 

examining nest success, as opposed to studying species density for fragments of various 

sizes (Winter and Faaborg 1999). Distance to edge may be important for some species as 

well; nesting success of Henslow's Sparrows (Ammodramus hens/owii) decreased as 

distance to edge decreased (Winter and Faaborg 1999). Due to the small size of C field, 

no nest was farther than 118 m from the nearest edge. In contrast, a nest could be as far as 

250 m from the nearest edge in I field. Thus, C field may have experienced higher rates 

of nest predatio~ resulting in more unsuccessful nests, because nearly all nests were 

relatively close to an edge. Balent and Norment (2003) similarly found that large(> 8 ha) 

habitat fragments had significantly higher proportions of successful nests (0.59) for 

Grasshopper Sparrows (Ammodramus savannarum) than small(< 8 ha) habitat fragments 

(0.25). Further, Jones (2000) found two much larger areas (650 and 240 ha) had even 

greater Grasshopper Sparrow nest success (0.64). 
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Historically, habitat edges were thought to have increased rates of predation 

(Batary and Baldi 2004). In a review of the literature, Lahti (2001) concluded that the 

majority of studies examining the relationship between nest predation and habitat edges 

have not supported the existence of any negative edge effect. In contrast, a meta-analyses 

of 64 nest predation studies, including the majority of those covered by Paton ( 1994 ), 

found support for a general pattern of increased nest predation at habitat edges (Batary 

and Baldi 2004). Thus effects of edges on rates of nest predation are not simple to 

predict, and complex interactions are important. This is consistent with my findings of no 

strong edge effect, although I did find that habitat fragmentation may affect nest success, 

as I field consistently had a higher proportion of successful nests than C field. Batary and 

Baldi (2004) suggested two alternative hypotheses for explaining increased rates of nest 

predation along edges, which are interrelated with the edge-effect hypothesis. One is the 

landscape-structure hypothesis, in which predation depends on the structure of the 

landscape, not necessarily on the edge alone. The other is the human-influence 

hypothesis, in which increased nest predation is related to human influences along 

anthropogenic edges. Placing artificial nest experiments in a landscape context and 

comparing naturally patchy and human-fragmented areas may help sort out the influences 

of the different hypotheses and help to explain my findings of no strong edge effect. 

Similarly, Howard et al. (2001) concluded that patterns of nest predation depend 

on complex interactions between habitat structure, landscape structure, and the predator 

community in short-grass prairie and CRP lands. Howard et al. examined three indices of 

habitat fragmentation and found no relationship between patch size (patches ranged from 

129 ha to 2331 ha) and nest mortality for artificial or real nests. In addition, nest mortality 



was not significantly related to distance from edge for artificial nests (Howard et al . 

2001 ). Perhaps nest depredation rates are only influenced below a particular patch size 

(Howard et al. 2001 ). 

Small Mammals 

25 

Perhaps another factor that influenced nest success across years was a greater 

number of small mammalian predators in 2005, as indicated by a higher trap success in 

2005 (0.018 in 2004 vs. 0.040 in 2005). Many of the identified egg predators were small 

mammals, thus an increase in small mammalian predators could have led to an increase 

in the number of eggs depredated. The four species of small mammals known to predate 

eggs did so without regard of distance from edge, according to my data. However, the 

small sample size for several of these species suggests these results should be interpreted 

with caution. Also, many nest predators were unidentified. Although my findings for 

small mammals did not show a strong edge effec~ perhaps large mammalian and bird 

predators behave differently, as Ardizzone and Norment ( 1999) found that predation rates 

were highest at the forest-field boundary. 

The number of clay eggs depredated by Microtus pennsy/vanicus was the highest 

of all identified species. Also, of the mammals trapped in I field, I captured mainly 

Microtus pennsylvanicus. Thus it appears that the most common small mammal in I field 

also depredated the most clay eggs. Winter et al. (2000) also found that small mammals 

were the most frequent artificial nest predators (50%) in a tall-grass prairie study, with 

mice (44%) as the main predators. Small mammals, including mice and voles, are often 

major predators of artificial nests that use clay eggs (Maier and Degraaf 2001 ). 
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While I found no significant relationship between the presence or absence of a 

clay egg on nest success, interestingly, many clay eggs were completely removed from 

the nest. Winter et al. (2000) also found that many clay eggs were removed from the nest, 

with 25% of clay eggs either missing or having unrecognizable marks. 

Management Implications and Recommendations 

Year, vegetation height and density variables, and patch size appeared to be the 

most important factors related to nest success in I and C fields in INWR in 2004 and 

2005. Higher, denser vegetation was related to increased nest success. ln contrast, 

Ardizzone and Norment (1999) found that dense nesting cover did not result in an 

increase in artificial nest success in INWR grasslands. Similarly, Norment et al. ( 1999) 

found that fields with shorter and less dense vegetation had a greater nwnber of 

individuals than fields with taller and denser vegetation. These seemingly contrasting 

findings may actually be a matter of scale; birds may respond to habitat characteristics 

and important habitat features differently depending on spatial scales, such as when 

comparing regional-scale and continental-scale responses (Wiens and Rotenberry 1981 ). 

Within a field with the type of vegetation preferred by grassland birds, grassland bird 

nests tend to be more successful in denser vegetation that provides more cover. However, 

grassland birds would not be as likely to nest in an area where vegetation is extremely tall 

and dense. Thus, when managing for grassland birds, one should not focus on increasing 

the height and density of vegetation too much. Instead, one should focus on not mowing 

too frequently, and not mowing until after nestlings have left the nest by mid July. 

Leaving some dry vegetation litter that can subsequently serve as cover may be beneficial 

as well (Swanson 1998). 
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Distance to edge did not appear to be as important a variable as expected in I and 

C fields in INWR in 2004 and 2005, particularly distance to forest edge in I field. Still, 

overall nest success was greater for I field than C field, indicating that patch size may be 

an important factor to consider when managing to protect grassland bird species such as 

the Savannah Sparrow. In a review of the literature, Lahti (2000) found that while the 

majority of studies do not support an edge effect, those that do suggest that in some 

situations edge may be important. In addition, Renfrew et al. (2005) found that nest 

density for several grassland nesting species (Savannah Sparrow, Grasshopper Sparrow, 

Bobolink and meadowlarks (Sturnella spp.)) increased as distance from edge increased. 

Similarly, Batary and Baldi (2004) found support for a general pattern of increased nest 

predation at habitat edges across a variety of geographical locations and vegetation types. 

Many researchers have found that protecting larger areas of habitat are important 

when managing for grassland bird species: Norment et al. ( 1999) found that grassland 

birds tended not to occur in fields < 5 ha. Also, the majority of the variance in grassland 

bird species richness and abundance was explained by the field area or variables 

correlated with field area. Balent and Norment (2003) concluded that it is important to 

protect large, continuous habitat patches for the conservation and management of 

Grasshopper Sparrows. Additionally, Helzer and Jelinski (1999) found that species 

richness was higher when patches are larger than 50 ha and are shaped so as to minimize 

the perimeter to area ratio, thereby decreasing edge effects. Herkert ( 1994) found that 

Henslow's sparrows were mostly found only in grasslands larger than 100 ha in Illinois. 

Further, Vickery et al. (1994) stated that when managing for rare grassland bird species, 

protected sites should be a minimum of I 00 ha, although preferentially 200 ha. Thus, 
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although my study did not specifically address nest success in relation to patch size my 

results support these findings, indicating that patch size and shape appear to be important 

factors affecting presence and abundance of grassland bird species; patch size and shape 

should be considered when managing for the protection of grassland bird species. When 

managing for grassland bird species, creating patches minimally 50 ha (Helzer and 

Jelinski 1999), preferably 100 ha to 200 ha in size (Vickery et al. 1994), should be a 

priority. In addition, these patches should be shaped to minimize edge effects (Helzer and 

Jelinski 1999). 
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Table 1 Proportions of successful artificial nests by year and field TNWR 2004 and 

2005. 

Field Year Trial(s) Proportion of nests successful 

I and C 2004 and 2005 All 0.51 (1381271) 

I and C 2004 All 0.55 (781141) 

I and C 2005 All 0.46 (60/130) 

2004 and 2005 All 0.59 (125/2 l l) 

2004 land 2 0.66 (69/l 05) 

2004 0.49 (26/53) 

2004 2 0.83 ( 43/52) 

2005 land 2 0.53 (56/106) 

2005 0.21 (l l/52) 

2005 2 0.83 (45/54) 

c 2004 and 2005 All 0.22 ( 13/60) 

c 2004 0.25 (9/36) 

c 2005 1and2 0.17 (4124) 

c 2005 0.0 (0/12) 

c 2005 2 0.33 (4/12) 
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Table 2 Artificial nest success in I and C fields, INWR, 2004 and 2005. Statistically significant differences (p < 0.05) 

are shown in bold. 

Trial(s) I field C field "/. p 

Successful Unsuccessful Successful Unsuccessful 

Overall 125 86 9 27 14.528 < 0.001 

2004 69 36 5 7 2.679 0.102 

2005 56 50 4 20 I 0.298 0.001 
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Table 3 Artificial nest success in trial 1 and trial 2 in I and C fields, INWR, 2004 and 2005 . Statistically significant 

differences (p < 0.05) are shown in bold. 

Field Year Trial 1 Trial 2 :; p 

SucceHful Unsuccessful Successful Unsuccessful 

I 2004 26 27 43 9 13.180 < 0.001 

I 2005 11 41 45 9 41.100 < 0.001 

c 2004 5 7 

c 2005 0 12 4 8 4.800 0.028 
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Table 4 Daily survival probabilities of artificial, Savannah Sparrow and Bobolink nests, INWR, 2004 and 2005. Number of 

nests is shown in parentheses. 

Year I Early I Late C Early C Late Savannah Bobolink 

Sparrow 

2004 0.9521 0.9848 0.9331 -- 0.9535 0.9541 

(53) (52) (12) (6) (6) 

2005 0.8275 0.9849 .6312 .9146 0.9146 

(5 2) (54) (12) (12) (12) 
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Table 5 Univariate analyses for predictor variables, I field, INWR, 2004 and 2005 . Statistically significant differences (p < 0.05) are 

shown in bold. 

Variable Test Mean or Median of Mean or Median of Successful Test p 

Unsuccessful nests nests statistic 

Distance to nearest edge Kruskal-Wallis 52.0m 52.0m H = 0.30 0.584 

Distance to forest edge Kruskal-Wallis 283 .0 m 259.0 m H = 1.16 0.282 

Distance to road Kruskal-Wallis 302.0 m 326.0 m H = 1.16 0.282 

Distance to stream Kruskal-Wallis 125.5 m 131.0 m H= 0.23 0.631 

Distance to hedgerow Kruskal-Wallis 125.0 m 120.0 m H= 0.23 0.631 

Cover Kruskal-Wallis 62.5 % 62.5 % H = 4.21 0.040 

Robel Kruskal-Wallis 3.050 4.375 H = 27.47 < 0.001 

Total hits 2-Sarnple t 262.422 338.844 t = 4.43 < 0.001 
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Table 6 Univariate analyses for predictor variables, C field, INWR, 2004 and 2005. 

Variable Test Mean or Median of Mean or Median of Test statistic p 

Unsuccessful nests Successful nests 

Total hits Kruskal-Wallis 183.0 253.0 H = 1.59 0.207 

Cover Kruskal-Wallis 37.5 % 62.5 % H = 3.21 0.073 

Distance to nearest edge 2-Sample t 52.6 57.7 t = -0.42 0.683 

Distance to road 2-Sample t 88. l 114.9 t=-1.75 0.102 

Distance to nearest hedgerow 2-Sample t 69. l 57.7 t = 0.90 0.385 

Robel 2-Sample t 4.159 4.276 t = -0.27 0.792 
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Table 7 Univariate analyses of percent cover and Robel pole scores, INWR, 2004 and 2005. Statistically significant differences (p < 
0.05) are shown in bold. 

Field Trial Variable Test Mean or Median of trial Mean or Median of Test Statistic p 

in 2004 trial in 2005 

Cover Kruskal-Wallis 62 .5 % 37.5 % H = 4.88 0.027 

I 1 Robel 2-Sample t 3.9 2.3 t = 8.45 < 0.001 

2 Cover Kruskal-Wallis 62.5 % 62.5 % H = 19.48 < 0.001 

2 Robel 2-Sample t 4.9 4.0 t = 4.24 < 0.001 

c 1 Cover Kruskal-Wallis 62.5 % 37.5 % H = 6.32 0.012 

c 1 Robel 2-Sample t 3.7 4.3 t = 0.97 0.345 
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Table 8 Binary logistic regression for I field, INWR, 2004 and 2005, including AIC calculations. Best model is# 3. See 

Appendix 3 for a list of which parameters were used in each model. 

model # log·likelihood # parameten # obsen"ations GOF AIC AICc AIC differences Akaike weights 

1 -296.394 24 208 0 640.788 728.327 33.223 3.061E-08 

2 -300.491 17 208 0 634.982 695.138 0.034 0.493 

3 -319.172 10 208 0 658.344 695.104 0 0.501 

4 -336.992 6 208 0 685.984 709.874 14.770 < 0.001 

5 -342.336 3 208 0.182 690.672 704.215 9.110 0.005 
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Table 9 Binary logistic regression for C field, INWR, 2004 and 2005, including AIC calculations. Best model is# 16. See Appendix 

4 for a list of which parameters were used in each model. 

model #log-likelihood # parameten # obsenrations GOF AIC AICc AIC differences Akaike weights 

1 -88.244 29 36 0.696 194.488 1168.928 977.066 6.560E-213 

2 -88.256 28 36 0.781 192.512 990.062 800.200 1.671E-174 

3 -88.271 27 36 0.857 190.542 857.439 667.577 1.051 E-145 

4 -88.356 26 36 0.887 188.712 754.848 564.986 1.990E-123 

5 -88.622 25 36 0.905 187.244 674.078 484.217 6.884E-106 

6 -79.072 19 36 0.039 196.144 441.324 251 .462 2.398E-55 

7 -79.1 18 36 0.056 194.2 411 .247 221 .385 8.146E-49 

8 -79.164 17 36 0.065 192.328 384.656 194.794 4.843E-43 

9 -79.276 16 36 0.073 190.552 361.046 171.184 6.486E-38 

10 -82.062 12 36 0.06 188.124 294.455 104.593 1.871E-23 

11 -83.226 8 36 0.14 182.452 243.269 53.408 2.437E-12 

12 -83.26 7 36 0.178 180.52 232.097 42.235 6.499E-10 

13 -83.428 5 36 0.358 176.856 212.227 22.365 1.341E-05 

14 -83.645 4 36 0.396 175.29 203.563 13.701 0.001 

15 -84.335 3 36 0.42 174.67 196.504 6.642 0.035 

16 -85.02 2 36 0.372 174.04 189.862 0 0.964 
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Table 10 Trap success and trap mortality for small mammals INWR 2004 and 2005. 

Year Species Trap Success Trap Mortality 

2004 Microtus pennsylvanicus 0.018 0.002 

2004 Shrew 0.000 0.000 

2005 Microtus pennsylvanicus 0.040 0.012 

2005 Shrew (Sorex cinereus, Blarina 0.05 0.025 

brevicauda) 

• OH.,; 
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Table 11 Kruskal-Wallis test of median distance of nests with a damaged egg from forest edge 

by species, p = 0.850, INWR, 2004 and 2005. 

Species predating egg Number of eggs with 

bite marks in I field 

Peromyscus /eucopus 4 

Sorex cinereus 3 

Blarina brevicauda 4 

Micro/us pennsylvanicus 17 

Median distance of nests with a 

damaged egg from forest edge (m) 

175 

325 

250 

175 
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Table 12 Number of clay eggs damaged by nest predators, INWR, 2004 and 2005. 

Species Name Number of Eggs 

Peromyscus leucopus 4 

Sorex cinereus 4 

Blarina brevicauda 4 

Microtus pennsylvanicus 18 

Unknown, small mammal 14 

Unknown, large mammal 5 

Unknown, bird 8 

Unknown, other 9 

Eggs removed from nest 33 
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Table 13 Chi-Square tests for relationship between probabilities of nests depreciated and presence of clay egg, 

I field, INWR, 2004 and 2005 . 

Trial(s) Clay egg present No clay egg x p 

Successful Unsuccessful Successful Unsuccessful 

2004, Trial 1 12 16 13 12 0.443 0.506 

2004, Trial 2 21 2 16 7 3.453 0.063 

2005, Trial 1 5 21 6 20 0.115 0.734 

2005, Trial 2 25 3 20 6 1.484 0.223 

All trials combined 63 42 55 45 0.524 0.469 
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Figure l Boxplot of Robel measurements for nests in I field for years 2004 and 2005, both 

trials. For success: 0 =nest unsuccessful, 1 =nest successful. Median Robel measurement for 

unsuccessful= 3.1 , median Robel measurement for successful= 4.4. The center 50% of values 

fall within each box, with the center line representing the median. The whiskers extend to the 

highest and lowest values within the upper and lower limits of the 95% confidence interval. The 

'*' symbol represents outliers. 
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Figure 2 Boxplot of total hits per nests.in I field for years 2004 and 2005, both trials. For 

success: 0 =nest unsuccessful, 1 = nest successful. Median total hits for unsuccessful = 262, 

median total hits for successful= 339. The center 50% of values fall within each box, with the 

center line representing the median. The whiskers extend to the highest and lowest values within 

the upper and lower limits of the 95% confidence interval. The'* ' symbol represents outliers. 
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Figure 3 Cover comparison of I and C fields for trial 2 of 2005, INWR. Median cover for C 

field= 37.5%, median cover for I field= 62.5%. 



Appendices 

Appendix 1 Common plant species I identified in Iroquois National Wildlife Refuge. 

Family Species 

Asclepiadaceae 

Asteraceae 

Caryophyllaceae 

Convolvulaceae 

Dipsacaceae 

Fabaceae 

Filicinae 

Poaceae 

lridaceae 

Plantaginaceae 

swamp milkweed (Asclepias incarnata), common milkweed 

(Asclepias syriaca), white milkweed (Asclepias variegata) 

yellow hawkweed/king devil (Hieracium pratense), orange 

hawkweed/devil's paintbrush (Hieracium aurantiacum), oxeye 

daisy (Chrysanthemum leucanthemum), goldenrod (Solidago 

spp.), common dandelion (Taraxacum officinale), black-eyed 

susan (Rudbeclda hirta), yarrow (Achillea millefolium), daisy 

fleabane (Erigeron annuus), chicory (Chicorium intybus) 

deptford pink (Dianthus armeria) 

hedge bindweed (Convolvulus sepium) 

teasel (Dipsacus sylvestris) 

birdsfoot trefoil (Lotus corniculatus), lesser trefoil/ shamrock/ 

least bop clover (Trifolium dubium), red clover (Trifolium 

pratense), white clover (Trifo/ium repens), slender vetch (Vicia 

tetrasperma) 

sensitive fem/ bead fem (Onoclea sensibilis) 

water foxtail (Alopecurus geniculatus) 

yellow flag (Iris pseudacorus), blue flag (Iris versico/or), 

common blue-eyed grass (Sisyrinchium montanum) 

english plantain (P/antago /anceolata) 
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Polygonaceae 

Primulaceae 

Ranunculaceae 

Rosaceae 

Rubiaceae 

Scrophulariaceae 

Typhaceae 

Apiaceae 

curly dock (Rumex crispus) 

moneywort (Lysimachia nummularia) 

common buttercup (Ranunculus acris) 

rough-fruited cinquefoil (Potentilla recta), meadowsweet 

(Spirea latifo/ia) 

northern snow bedstraw ( Galium boreale) 

turtlehead (Che/one glabra) 

narrowleaved cattail (Typha angustifo/ia) 

queen anne's lace (Daucus carota) 
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Appendix 2 Possible egg predator species at INWR (Fish and Wildlife Service, 2006). 

Order 

MarsupiaJia 

Insectivora 

Rodentia 

Carnivora 

Species 

Virginia opossum (Didelphis virginiana) 

masked shrew (Sorex cinereus), shorttail shrew (Blarina brevicauda) 

eastern chipmunk (Tamias striatus), woodchuck (Marmota monax) deer 

mouse (Peromyscus maniculatus), white-footed mouse (Peromyscus 

/eucopus), meadow vole (Microtus pennsylvanicus), Norway rat (Rattus 

norvegicus), house mouse (Mus musculus) 

coyote (Canus latrans), red fox (Vu/pes vulpes), gray fox (Urocyon 

cinereoargenleus), raccoon (Procyon lotor), shorttail weasel (Muste/a 

erminea), longtail weasel (Mustelafrenata), mink (Mustela vison), 

striped skunk (Mephitis mephitis), river otter (Lutra canadensis) 

Passeriformes American crow (Corvus brachyrhynchos) 
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Appendix 3 List of variables used for each binary logistic regression model in I field, INWR 

2004 and 2005 . Y =year, D = date, DFE = djstance to forest edge, R = Robel, Tb = total hits and 

C =cover. 

Model# Parameters 

I Y, D, Dfe, R, Tb, C, Y*D, Y*Dfe, Y*R, Y*Tb, Y*C, D*Dfc, D*R, D*Th. 

D*C, Dfe*R, Dfe*Th, Dfe*C, R*Th, R*C, Th*C, Y*D*C, Y*D*Th, Y*D*R 

2 Y, D, Dfe, R, C, Y*D, Y*Dfe, Y*R, Y*C, D*Dfe, D*R, D*C, Dfe*R, 

Dfe*C,R*C,Y*D*C, Y*D*R 

3 Y, Dfe, R, C, Y*Dfe, Y*R, Y*C, Dfe*R, Dfe*C, R*C 

4 Y,Dfe,C,Y*Dfe,Y*C, Dfe*C 

5 Y,C,Y*C 
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