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Studies in Avian Biology No. 19:122-127, 1999. 

EXPERIMENTAL ANALYSIS OF NEST PREDATION IN A 
NEW YORK GRASSLAND: EFFECTS OF HABITAT 
AND NEST DISTRIBUTION 

CHARLES D. ARDIZZONE AND CHRISTOPHER J. NORMENT 

Abstract. Depredation of artificial avian ground nests was studied in 1994 and 1995 on cool-season 
and warm-season grasslands in western New York State. The study examined the effects of habitat 
type and distance from forested edge on nest success in adjacent fields. Two experiments were con- 
ducted. The first examined the effects of nest distribution on nest success. Experimental predation 
rates were highest at the field-forest boundary, although there was no correlation between predation 
rate and distance from edge. Overall predation rates for cool-season grasslands differed significantly 
between years, with predation rates being higher during the 1995 field season. The second experiment 
examined the effects of dense nesting cover on nest success. Predation rates for nests in dense nesting 
cover varied among distance classes in 1995 but not in 1994; predation rates were also higher in 1995 
than in 1994. Experimental rates of nest predation were similar in pasture/cool-season grasslands and 
warm-season grasslands in both years, suggesting that dense cover did not improve productivity of 
ground-nesting birds. Indirect evidence suggested that the primary predators along the forest-field 
boundaries were mammals, with birds and small mammaIs most frequently depredating nests away 
from the edge. This study suggests that dense nesting cover does not increase nesting success for 
small passerines on our study site. 

ANALISIS EXPERIMENTAL DE DEPREDACI6N DE NIDOS EN UN PASTIZAL EN 
NUEVA YORK: LOS EFECTOS DEL HABITAT Y DE LA DISTRIBUCItlN 
DE NIDOS 

Sinopsis. Se estudi6 la depredation de nidos avicolas artificiales en suelo durante 1994 y 1995 en 
pastizales de la estacion fresca y de la estacion calida en el este de1 estado de Nueva York. El estudio 
examino 10s efectos de1 tipo de habitat y de la distancia desde el limite de1 bosque en el Cxito de 10s 
nidos en campos adyacentes. Se hicieron dos experimentos. El primer0 reviso 10s efectos de la dis- 
tribucion de nidos en el Cxito de 10s nidos. Las tasas experimentales de depredation fueron mayores 
en el limite de1 campo con el bosque, aunque no hubo correlation entre la tasa de depredacidn y la 
distancia de1 limite. Las tasas totales de depredation para 10s pastizales de estacion fresca difirieron 
significativamente entre aiios, con las mayores tasas de depredacidn durante el period0 de investigacidn 
de 1995. El Segundo experiment0 reviso 10s efectos de cobertura densa de 10s nidos en el Cxito de 10s 
mismos. Las tasas de depredation para 10s nidos en la cobertura densa variaron en las diferentes clases 
de distancia en 1995 pero no en 1994; tambien las tasas de depredation fueron m&s altas en 1995 que 
en 1994. Las tasas experimentales de depredation de nidos fueron similares en prados/pastizales de 
estacion fresca y pastizales de estacion cllida en 10s dos aiios, lo que indica que la cobertura densa 
no mejoro la fertilidad de las aves que anidaron en el suelo. Evidencia indirecta indico que 10s 
depredadores principales a lo largo de1 limite entre el campo y el bosque fueron mamfferos, y que 
aves y mamiferos pequefios depredaron 10s nidos fuera de1 limite con m&s frecuencia. Este estudio 
seftala que la cobertura densa de nidos no incrementa el exito de 10s nidos para las pequefias aves 
paseriformes en el area de nuestro estudio. 

Key Words: artificial nests: grassland birds; nest success; New York; predation. 

Populations of several neotropical migrant song- able grassland habitat, in part by increasing hab- 
birds have declined in many regions of North itat fragmentation (Herkert 199 1, Warner 1994). 
America since the mid- to late 1970s (Robbins Wildlife managers traditionally encouraged 
et al. 1989). Significant negative trends have landscape fragmentation to maximize the 
been noted for grassland and early successional amount of habitat interspersion and edge (Faa- 
bird species at regional and continental scales borg et al. 1993). Many biologists considered 
(Robbins et al. 1986, Hagan et al. 1992, Hussell the edge between two adjacent habitat types to 
et al. 1992, James et al. 1992, Herkert 1995). be a positive feature of the landscape for wildlife 
One of the most important factors contributing (Kremsater and Bunnell 1992), and wildlife ref- 
to the decline of grassland nesting birds is breed- uge managers often created as much edge as 
ing-ground habitat loss (Herkert 1991, Warner possible with little concern for the effects of 
1994). This habitat loss has been attributed to these actions on nongame birds (Noss 1983). 
changing land-use practices that have dramati- More recently, wildlife biologists have chal- 
tally reduced the amount and quality of avail- lenged the idea that edge benefits most wildlife 

122 



NEST PREDATION-Ardiuone and Norment 123 

and have begun reexamining the effects of edge 
on neotropical migrant landbirds (Reese and 
Ratti 1988, Yahner 1988). 

Increased isolation and fragmentation of 
breeding habitats can increase nest parasitism 
and nest predation (Wilcove 1985, Terborgh 
1992). Nest predation is a primary source of nest 
loss for many avian species, accounting for a 
majority of all losses across a wide diversity of 
species, habitats, and geographic locations 
(Ricklefs 1969; Martin 1992, 1993). Depreda- 
tion of avian nests may vary with habitat (An- 
dren and Angelstam 1988, Picman 1988), extent 
of habitat fragmentation (Wilcove 1985, Yahner 
and Scott 1988), degree of concealment provid- 
ed by vegetation (Bowman and Harris 1980, 
Sugden and Beyersbergen 1986), and distance 
from edge (Gates and Gysel 1978, Wilcove 
1985). Because increased predation along edges 
may cause species to reproduce well below lev- 
els necessary to maintain adequate population 
levels (Wilcove 1985), a full understanding of 
edge effects is needed if bird populations are to 
be managed successfully (Reese and Ratti 1988, 
Yahner 1988, Yahner and Scott 1988). In a re- 
view of 14 artificial- and 7 natural-nest predation 
studies, Paton (1994) concluded that more data 
are needed on nest predation rates between 100 
and 200 m of the field-forest ecotone and that 
artificial nests should be placed at smaller incre- 
ments (20-25 m) to quantify threshold edge ef- 
fects. Because fragmentation and loss of grass- 
land habitat, and concurrent creation of edge, are 
ongoing processes in New England and New 
York State (U.S. Department of Agriculture 
1936-1991, Bollinger and Gavin 1992), we un- 
dertook this study to gather data on how nest- 
predation rates are affected by proximity to 
field-forest boundaries in two grassland habitat 
types in New York. 

METHODS 

Field work was conducted at the Iroquois National 
Wildlife Refuge (NWR), administered by the U.S. Fish 
and Wildlife Service, and at adjacent New York State 
wildlife management areas, administered by the New 
York State Department of Conservation. Together 
these areas comprise approximately 8,000 ha and con- 
tain a mosaic of habitat types including pastures/cool- 
season grasslands, warm-season grasslands dominated 
by switchgrass (Panicurn spp.), old fields, marshes, fal- 
low fields, deciduous forests, and wetlands. Grasslands 
ranging in size from less than 1 ha to 98 ha occur in 
some upland portions of the refuge and adjacent state- 
owned lands. Although the primary management ob- 
jective of Iroquois NWR is to provide optimum con- 
ditions for resting, feeding, and nesting waterfowl (Ir- 
oquois NWR 1990), grassland habitats in the area sup- 
port breeding populations of Savannah Sparrows 
(Passerculus sandwichensis), Bobolinks (Dolichonyx 
oryzivorus), Eastern Meadowlarks (Sturnella magna), 

and Northern Harriers (Circus cyaneus). Many poten- 
tial nest predators occur on the refuge and adjacent 
state-owned lands. Potential mammalian nest predators 
include raccoons (Procyon loror), weasels (Mustela 
spp.), red foxes (Vulpes vulpes), and striped skunks 
OMephifis mephitis; Iroquois NWR 1990). Potential 
avian nest predators include Blue Jays (Cyanocirta 
cristafa) and American Crows (Corvus hrachyrhyn- 
chos; Iroquois NWR 1990). 

In early June of 1994 and 1995 we conducted two 
experiments to determine how predation rates on art- 
ficial nests are affected by proximity to field-forest 
boundaries and habitat type. Our first experiment ex- 
amined the relationship between distance from the for- 
est edge and nest success. In 1994 and 1995 we placed 
2 1 transects of 7 artificial nest cups each perpendicular 
to the forest-field boundaries in pastures and cool-sea- 
son grasslands, which are planted with native and in- 
troduced cool-season grasses that generally produce 
the major portion of their growth in winter and early 
spring. These pastures/cool-season grasslands ranged 
in area from 33 to 98 ha. The transects were separated 
from each other by at least 100 m. Artificial nest cups 
were placed 0, 25, 50, 75, 100, 125, and 150 m from 
the edge. Since markers may guide predators to nests 
(Picozzi 1975), nest cups were not marked in any way; 
instead, a small section of flagging was placed 5 m to 
one side of the beginning of each transect to facilitate 
relocation. Artificial nest cups were commercial wicker 
canary (Se&us sp.) nest cups (10.5 cm wide, 5 cm 
deep), each containing one Common Quail (Coturnix 
corurnix) egg. All eggs were mottled to some degree. 
Nest cups were checked once, at the end of 15 d, 
which is approximately the combined egg-laying and 
incubation period of many small passerines. We con- 
sidered nests depredated if an egg was destroyed or 
removed from the nest cup. 

Our second experiment examined effects of dense 
nesting cover on nest success. At Iroquois NWR, dense 
nesting cover occurs in small (<8 ha) warm-season 
grasslands, planted primarily in switchgrass, which 
produces most or all of its growth in late spring or 
summer and is usually dormant in winter. Experimen- 
tal protocol followed that used in the first experiment. 
Transects were placed perpendicular to boundaries be- 
tween forests and adjacent warm-season grasslands, 
were marked in a similar manner as in the first exper- 
iment, and were separated from one another by 100 m. 
Artificial nest cups were placed at 25-m increments. 
The small size of available warm-season grasslands 
limited the number of nest cups placed in each field 
and the distance of nest cups from the edge; all nest 
cups thus were within 100 m of the field-forest edge. 
Nest cups contained one Common Quail egg and were 
checked at the end of the 15-d period. Because of the 
small size of the warm-season grasslands, comparisons 
between the different habitats could have been con- 
founded by area effects. In an attempt to partially con- 
trol for area effects, comparisons of between-habitat 
predation rates included only those nests located 50 m 
or less from edge. This included most (80%; N = 122) 
of the nests placed in cool-season grasslands. 

In addition to conducting artificial nest experiments, 
we also conducted intensive nest searches to locate 
grassland bird nests, from which natural predation 
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FIGURE 1. Nest-predation rates for artificial nests in 
pastures/cool-season grasslands at Iroquois NWR, Al- 
abama, New York, 1994-1995. N = 21 at each dis- 
tance for each year. 

rates could be compared to rates for artificial nests. 
Once located, each nest was marked with a numbered 
flag 5 m north of the nest. We revisited nests every 3- 
4 d until the nesting attempt ended. During each visit 
we recorded the number of eggs and/or nestlings in the 
nest and checked for the presence of brood parasitism 
by Brown-headed Cowbirds (MoMhrus ater). Natural 
nests were considered successful if they fledged at 
least one young. 

After all nesting attempts were completed, we re- 
turned to each nest to record local habitat character- 
istics. We recorded the height of vegetation at the nest 
cup and measured the height of vegetation surrounding 
the nest, sampling at l-m increments along 5-m tran- 
sects extending outward from the nest cup in the four 
cardinal directions (north, south, east, and west). At 
each sampling point we recorded the maximum height 
of vegetation. We also took Robel-pole measurements 
in the four cardinal directions to help determine the 
density of vegetation surrounding the nest (Robe1 et 
al. 1970). 

Between-year and between-habitat effects were an- 
alyzed using x2 tests. The percentage of nests depre- 
dated at each distance in pastures/cool-season grass- 
lands was analyzed using Spearman’s rank correlation 
coefficient to determine if nest distribution had any 
effect on predation rates. Significance level was set at 
cx = 0.05. 

RESULTS 

Results of the first experiment showed that 
predation rates were highest at forest-field 
boundaries in both years. In 1994, 43% of all 
nests located at the edge were destroyed, and in 
1995, 57% of all nests at the edge were de- 
stroyed (Fig. 1). Although predation rates were 
highest where the two habitats met, distance 
from edge was not related to nest-predation rates 
in any consistent manner; however, small sample 
sizes may have limited the power to detect pat- 
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FIGURE 2. Nest-predation rates for artificial nests in 
warm-season grasslands at Iroquois NWR, Alabama, 
New York, 1994-1995. Sample sizes are indicated 
above bars. 

terns in the data. Predation rates for 1994 dif- 
fered significantly (x2 = 16.24, df = 6, P = 
0.0125) among the different distances; however, 
there was no significant correlation between pre- 
dation rate and distance (r, = -0.324, P > 0.05). 
In 1995 predation rates did not differ signifi- 
cantly among distances (x2 = 4.311, df = 6, P 
= 0.635), and there was no significant correla- 
tion between predation rate and distance (r? = 
-0.073, P > 0.05). Overall predation rates in 
pastures/cool-season grasslands were signifi- 
cantly higher in 1995 than in 1994 (x2 = 10.59, 
df = 1, P = 0.001; Fig. 1). 

Results of the second experiment showed that 
in 1994 there was no significant distance effect 
in warm-season grasslands (x2 = 6.74, df = 3, 
P = 0.081). In 1995, however, predation rates 
differed significantly among distances (x2 = 
11.95, df = 3, P = 0.008), being highest at field- 
forest boundaries. Overall predation rates in 
warm-season grasslands were significantly high- 
er in 1995 than in 1994 (x2 = 5.01, df = 1, P 
= 0.025; Fig. 2). 

Artificial-nest predation rates were similar in 
warm-season grasslands and pastureskool-sea- 
son grasslands in 1994 and 1995 (Table 1). 
Overall predation rates for nests located 50 m or 
less from the edge did not differ significantly 
between warm- and cool-season grasslands in 
1994 (x2 = 0.82, df = 1, P = 0.775) and 1995 
(x2 = 2.108, df = 1, P = 0.147). 

Predation rates for artificial nests and natural 
nests that we followed were similar (Table I). 
For example, in 1994 predation rates for artifi- 
cial nests were 16% in cool-season grasslands 
and 20% in warm-season grasslands, whereas 
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TABLE 1. PREDATION RATES ON ARTIFICIAL AND NATURAL NESTS IN GRASSLAND HABITATS AT IROQUOIS NWR, 
ALABAMA, NEW YORK, 1994-1995 

Habitat/specie3 

I994 1995 TOtalS 

% depredated N % depredated N % depredated N 

Artificial nests 

Cool-season grasslands/pastures 
Warm-season grasslands 

Savannah Sparrow nests 
Bobolink nests 

16 147 35 147 25 294 
20 50 40 52 30 102 
19 26 24 25 21 52 
33 24 60 10 41 34 

33% of Bobolink nests and 19% of Savannah 
Sparrow nests were depredated. 

DISCUSSION 

Several studies have demonstrated that nest 
predation decreases as distance from the forested 
edge increases (Gates and Gysel 1978, Wilcove 
1985, Paton 1994). In our study, however, there 
was no significant correlation between predation 
rate and distance from edge, although the high- 
est predation rates were observed at forest edge. 
This may be explained in several ways. First, a 
forest-grassland edge may function as a biolog- 
ical barrier and may concentrate predator activ- 
ity along the wooded edge (Bider 1968, Johnson 
and Temple 1990). Raccoons use edges as travel 
lanes, which may increase nest predation (Frit- 
zell 1978). Secondly, passerine nests may be de- 
stroyed incidentally as predators search for other 
prey items that are concentrated along edges 
(Vickery et al. 1992). 

Several studies have concluded that depreda- 
tion of avian nests may vary with habitat 
(Moller 1987, AndrCn and Angelstam 1988, Pic- 
man 1988). Rates of artificial-nest predation in 
our study, however, were very similar between 
grassland habitat types, suggesting that dense 
nesting cover in warm-season grasslands will 
not significantly improve the productivity of 
nesting passerines. Warm-season grasslands in 
the study area also support few grassland bird 
species and individuals (Norment et al. 1999). 

Significant increases in predation rates oc- 
curred in 1995 for both habitat types. These in- 

creases may be explained by the reduced density 
and height of vegetation in 1995 compared to 
1994. Spring weather in western New York was 
cooler in 1995 than in 1994. There was also con- 
siderably less spring rainfall in 1995 than in 
1994 (11.91 vs. 25.88 cm; SUNY Brockport 
Earth Science Dept., unpubl. data), leading to 
decreased vegetation growth. In our study area, 
most nest measurements related to height and 
density of vegetation were significantly smaller 
in 1995 than in 1994 (Table 2). Tall, dense veg- 
etational cover may provide olfactory, visual, 
and physical barriers between predators and 
nests of ground-nesting birds (Bowman and Har- 
ris 1980, Redmond et al. 1982, Sugden and Bey- 
ersbergen 1986). Many studies have found that 
reduced vegetational cover increases rates of 
nest predation (e.g., Wray and Whitmore 1979, 
Bowman and Harris 1980, Peterson and Best 
1987). Mankin and Warner (1992) found that 
rates of predation were strongly influenced by 
the level of nest concealment, regardless of the 
predator’s search strategy. The lower degree of 
concealment provided by vegetation in 1995 in 
our study site may have allowed predators to 
find more nests (e.g., Bobolinks; Table 1). Also, 
the winter of 1994-1995 was very mild; total 
snowfall was 171 cm compared with 358 cm in 
the winter of 1993-1994 (SUNY Brockport 
Earth Science Dept., unpubl. data). This may 
have allowed an increase in the number of mam- 
malian predators because of decreased winter 
mortality rates. 

Most grassland habitats support a variety of 

TABLE 2. BETWEEN-YEAR DIFFERENCE IN NEST-SITE CHARACTERISTICS AT IROQUOIS NWR, ALABAMA, NEW YORK, 
1994-1995 

Bobolink 

Measurement 1994 1995 Pa 

Robe1 pole (x) 5.675 3.71 0.000 
Height of nest-site vegetation (cm; ii) 54.10 43.30 0.035 
Height of vegetation at nest (cm) 62.90 44.20 0.004 
% of nests successfulb 64.00 13.00 

A 2.sample t-test. 
b Apparent nest SUCC~SF--~~S~S fledging at least one young; percentages include nest abandonments. 

Savannah Sparrow 

1994 1995 Pa 

4.78 3.99 0.044 
44.80 46.40 0.700 
52.50 43.30 0.060 
79.00 71.00 
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predators that employ different foraging tech- 
niques and whose importance as nest predators 
may change annually (Gottfried and Thompson 
1978, Vickery et al. 1992). In our study, many 
of the artificial nest cups located nearest the 
edge were moved or disturbed, most likely by 
relatively large mammalian predators such as 
striped skunks, raccoons, and opossums (Didel- 
phis virginiana; Best 1978, Martin 1992). In 
contrast, most depredated nests away from the 
forest edge had not been disturbed and were 
missing only the egg, which suggests predation 
by snakes or birds (Best 1978, Picman 1988). 
Several depredated nests (N = 5) away from the 
field-forest boundary also contained punctured 
eggs, whereas others contained only eggshell 
fragments-damage most likely caused by small 
mammals or birds (Best 1978, Maxson and 
Oring 1978, Picman 1992). 

Haskell (1995) suggested that artificial nest 
experiments using quail (Coturnix) eggs are in- 
appropriate for investigating among-fragment 
differences in predation rates on nests of neotro- 
pical migrants because of the size differences 
between quail eggs and neotropical birds’ eggs. 
Quail-egg experiments may underestimate pre- 
dation rates because a quail egg’s larger size par- 
tially excludes known small-mouthed mamma- 
lian egg predators (Haskell 1995). This may be 
true for nest-predation studies in forested sites; 
however, only a small percentage (0.2%) of our 
depredated artificial nests showed evidence of 
predation by small-mouthed mammals such as 
mice (Peromyscus spp.), and we saw little evi- 
dence of small-mouthed mammal predation on 
natural nests. Other authors (e.g., Angelstam 
1986, Yahner and Voytko 1989) believe that in 
some situations artificial nests may actually be 
depredated at higher rates than natural nests be- 
cause adult birds associated with natural nests 
conceal eggs while incubating and often defend 
nests against potential predators. Although re- 
sults of artificial-nest predation experiments 
should not be generalized to predation rates on 
natural bird nests (Angelstam 1986, Roper 
1992), artificial predation rates may provide an 
estimate of relative predation rates, which in 
turn may be useful in determining future man- 
agement practices (Reitsma 1992, Paton 1994). 
In our study, predation rates for artificial and 
natural nests were similar. 

Although dense nesting cover may be bene- 
ficial for nesting waterfowl in some cases (Clark 
and Nudds 1991), our study suggests that it does 
not appear to increase nesting success for small 
passerines at Iroquois NWR. Birds nesting in 
dense nesting cover at Iroquois NWR, including 
Song Sparrows (Melospiza melodia) and Swamp 
Sparrows (M. georgiana), suffer higher rates of 

nest predation than do grassland birds nesting in 
cool-season grasslands (C. J. Norment, unpubl. 
data). In nests away from the immediate vicinity 
of the field-forest boundary, we found no con- 
sistent relationship between distance from edge 
and nest success. 
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