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Abstract: Identifying species responsible for crop damage is an important fi rst step in 
developing management strategies. Previous studies have surveyed bird species fl ying 
through cherry orchards but have not documented which species were consuming cherries. 
We conducted traditional surveys and behavioral observations in orchards of sweet cherries 
(Prunus avium) and tart cherries (Prunus cerasus) in Michigan during 2010 to compare results 
from the 2 techniques. American robins (Turdus migratorius) were detected most frequently 
during sweet cherry surveys, while behavioral observations showed that cedar waxwings 
(Bombycilla cedrorum)  consumed more sweet cherries than did robins. Chipping sparrows 
(Spizella passerina) were the most commonly detected species during tart cherry surveys, 
while observations showed that American robins and common grackles (Quiscalus quiscula) 
consumed the most tart cherries. Although observational work is more labor-intensive 
than surveys, observations are more likely to provide accurate information on the relative 
importance of fruit-consuming species.
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Loss of fruit crops to birds is a signifi cant 
problem (Virgo 1971, Dolbeer et al. 1994, Simon 
2008). In addition to outright consumption, birds 
damage fruit, leading to reduced quality and 
increased susceptibility to pests and pathogens 
(Pritt s 2001). Cherry losses in Michigan were 
reported at 17% several decades ago (Stone 
1973). Equivalent and higher losses have been 
reported in other studies for sweet cherries 
(Prunus avium) and tart cherries (Prunus cerasus; 
Guarino et al. 1974, Tobin et al. 1991, Curtis et 
al. 1994). 

Bird-induced losses can have profound 
economic impacts for cherry growers. The 
top 10 cherry-exporting nations produce a 
collective annual yield valued at greater than $1 
billion (Food and Agriculture Organization of 
the United Nations 2007). The costs associated 
with bird damage in just 7 states in the United 
States were estimated in the tens of millions 
of dollars annually, both in actual fruit losses 
and eff orts to deter birds (U.S. Department of 
Agriculture 1998). Despite these costs, research 
to address the issue of bird damage to fruit has 
been limited (e.g., Stone 1973, De Grazio 1978, 
Avery et al. 1993, Berge et al. 2007, Conover 

and Dolbeer 2007) and piecemeal, hindering 
the systematic development and evaluation of 
eff ective bird management techniques. 

Critical components of wildlife damage 
control programs include identifying the 
species causing the damage and understanding 
the ecology of the problem species (Dolbeer 
et al. 1994, Tracey et al. 2007). In this study, 
we documented the diff erent bird species 
consuming cherries, as well as characteristics 
of their foraging behavior in orchards. 
Previous studies to identify bird pests on 
cherries utilized surveys of birds fl ying into 
orchards or perched on fruit trees (Guarino et 
al. 1974, Tobin et al. 1991, Curtis et al. 1994). A 
limitation of these studies is that they simply 
documented the presence of a species in an 
orchard and did not quantify actual damage to 
the fruit caused by each species. Assessing the 
amounts of fruit consumed by diff erent bird 
species by actually observing birds’ foraging 
behavior is a critical fi rst step in developing 
eff ective bird management techniques (Virgo 
1971, Boudreau 1972, Tourenq et al. 2001). The 
objectives of our study were to: (1) compare 
results from traditional bird surveys and 
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behavioral observations with regard to the 
impact of diff erent bird species on cherries; and 
(2) document components of foraging behavior, 
including group size and location of birds 
within trees that may infl uence fruit damage 
levels and guide development of management 
techniques.

Study area
The study was conducted in 4 tart and 5 sweet 

cherry orchards in Leelanau County, Michigan, 
during the summer of 2010. All of the orchards 
were under conventional management regimes 
for insect and disease control throughout the 
study. The orchards did not have bird deterrent 
techniques in place, with the exception of 
American kestrel (Falco sparverius) nest boxes 
that were mounted in, or immediately adjacent 
to, four of the orchards. Kestrels may deter 
birds from orchards because they occasionally 
take birds as prey (Smallwood and Bird 2002), 
although their impact on bird damage levels 
has not been rigorously tested and was not the 
focus of the present study.

Two techniques were used to assess bird 
activity in orchards. Surveys, similar to those 
used in previous studies, occurred between 
0630 and 0700 hours when observers moved 
slowly through orchards and recorded all birds 
observed in cherry trees. The second technique, 
behavioral observation,  was conducted between 
0700 and 1030 hours and between 1800 and 
2000 hours. During the observations, observers 
walked through orchards searching for birds. 
When a bird was detected in a cherry tree, the 
observer kept the bird in sight for as long as 
possible and recorded the number of cherries 
eaten or damaged (hereaft er, consumed) by the 
bird, the number of conspecifi cs in the same 
tree during the observation (i.e., group size) 
and whether the bird foraged in the top or 
bott om half of the tree canopy. When the bird 
fl ew from the tree or was lost from sight, that 
observation ended, and the observer began to 
search for another bird. The low height of most 
trees (<5 m) and the relatively open nature of 
the orchards and foliage within trees made 
observations relatively easy to conduct. Birds 
foraging in the interior of trees were somewhat 
more diffi  cult to observe than those foraging on 
the ends of branches. However, observers were 

still able to record their foraging behavior. We 
divided the number of cherries consumed by 
the duration of the observation time to calculate 
the number of cherries consumed per minute. 

Surveys took place before behavioral 
observations and, so, could have infl uenced 
observations. Birds sometimes fl ew to another 
tree in the same orchard when humans walked 
by but rarely left  the orchard altogether. Given 
this minor response to humans, we do not 
believe surveys strongly infl uenced results 
from behavioral observations.

The total size of the orchards used for surveys 
and observations were 4.0 ha for sweet cherry 
orchards (n = 5; range = 0.6–1.1 ha) and 2.3 ha 
for tart cherry orchards (n = 4; range = 0.2–0.8 
ha).

We conducted surveys from June 15 to July 
9, 2010, and behavioral observations from June 
2 to July 9, 2010, for sweet cherries and from 
June 14 to July 9, 2010, for tart cherries. Early 
observations focused on sweet cherries because 
they ripen earlier than tart cherries, and earlier-
ripening fruits suff er the greatest bird damage 
(Tobin et al. 1991). June drop, the point at which 
cherry trees abort fruits that will not mature, 
began approximately June 14, 2010. Aft er June 
drop, the remaining fruit ripens rapidly. We 
conducted 9 hours of surveys and 119 hours of 
behavioral observations in sweet cherries and 
7 hours of surveys and 57 hours of behavioral 
observations in tart cherries. 

Data analysis
Data for group size and the number of 

cherries consumed per minute did not meet the 
normality assumption necessary for ANOVA. 
Therefore, we used non-parametric Wilcoxon 
2-sample tests to make pair-wise comparisons 
of group size and cherries consumed per minute 
for the 3 species most commonly observed 
consuming sweet cherries: cedar waxwings 
(Bombycilla cedrorum), American robins (Turdus 
migratorius), and common grackles (Quiscalus 
quiscula). We used group-size data only from 
observations during which ≥1 cherry was 
consumed. Data from very short observations 
resulted in high numbers of cherries consumed 
per minute. For example, 1 bird observed for 
only 2 seconds consumed 1 cherry, which 
resulted in a value of 30 cherries consumed per 
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minute. Because birds observed 
for a minute or more never showed 
such a rate of consumption that 
high, we used observations only 
where birds were observed for ≥1 
minute in the species comparisons 
of cherries consumed per 
minute. We report means ± SDs.

Orchard characteristics
We gathered information on 

basic orchard characteristics from 
owners or managers (Table 1). 
To quantify percentages of land-
cover types around the orchards, 
we used data from the 2010 
Michigan Cropland Data Layer for 
Leelanau County, Michigan (U.S. 
Department of Agriculture 2010), 
which incorporates a 2010 census 
of 53 crop types with non-crop land 
cover data from the 2001 National 
Land-cover Database (Homer et 
al. 2007). Orchards were spatially 
identifi ed using GPS coordinates 
of a single position within each orchard. We 
created a 300-m buff er zone around each of 
these positions. Twenty land-cover classes were 
identifi ed in the buff er zones ,including 10 crop 
and 10 non-crop classes. Land-cover class areas 
within the buff ers were tabulated using the 
Spatial Analyst Tool in ArcMap (Environmental 
Systems Research Institute 1999–2010) and were 
converted to percentages of total buff er area. 
We report the land-cover types comprising at 
least 80% of each buff er (Table 1). 

Results
Survey detections

We observed 13 bird species during the 
surveys conducted in orchards of sweet 
cherries: American robins (Turdus migratorius), 
the most commonly detected; black-capped 
chickadees (Poecile atricapillus); cedar waxwings 
(Bombycilla cedrorum); chipping sparrows 
(Spizella passerina); and American crows (Corvus 
brachyrhynchos). These bird species accounted for 
approximately 80% of all detections (Figure 1). 
American robins, black-capped chickadees, and 
chipping sparrows were the most commonly 
detected in tart cherry orchards, accounting for 
approximately 79% of all detections (Figure 1).

Foraging patterns from behavioral 
observations

During behavioral observations, we observed 
7 species consuming sweet cherries. Cedar 
waxwings consumed nearly 5 times as many 
sweet cherries as did American robins and 
common grackles (Quiscalus quiscula; Figure 2). 
American robins, cedar waxwings, and common 
grackles were observed consuming tart cherries 
during behavioral observations (Figure 2). 

Birds were observed consuming sweet 
cherries more oft en than tart cherries. During 
119 hours of behavioral observations in sweet 
cherries, we observed 180 birds in sweet cherry 
trees; 103 of those individuals consumed a 
total of 179 cherries. Ninety-fi ve of the 103 
individuals were observed in the top half of the 
tree, seven in the lower half and 1 individual 
bird foraged in  both the top and bott om halves 
of the tree. During 57 hours of observations in 
tart cherries, we observed 47 birds in tart cherry 
trees; seven of those individuals consumed a 
total of 11 tart cherries. All 7 individuals were 
observed consuming cherries in the top half of 
the tree.

Cedar waxwings and American robins 
consumed similar numbers of sweet cherries 

Figure 1. Percentage of total detections of various bird species 
detected during surveys in sweet and tart cherry orchards in Lee-
lanau County, Michigan, 2010.



286 Human–Wildlife Interactions 6(2)

per minute (1.0 ± 0.6 and 1.0 ± 0.5, respectively, 
Wilcoxon 2-sample test, Z = 0.51, P = 0.61, n = 
50). Cedar waxwings and common grackles 
also consumed similar numbers of sweet 
charries per minute (grackles: 1.3 ± 1.1, 
Wilcoxon 2-sample test, Z = 0.57, P = 0.57, n 
= 49), as did grackles and robins (Wilcoxon 
2-sample test, Z = -0.04, P = 0.97, n = 19). 

Group size
Cedar waxwings were observed in 

signifi cantly larger conspecifi c groups ( = 4.2 
individuals ± 3.8 SD) when consuming sweet 
cherries than either common grackles (2.6 ± 4.6) 
or American robins (1.2 ± 0.5), while group sizes 
of robins and grackles were not signifi cantly 
diff erent (Wilcoxon 2-sample tests, Z = -4.13, P 

< 0.001, n = 80; Z = -5.07,  P < 0.001, n = 79; Z = 
-0.47, P = 0.64, n = 37, respectively).

Discussion
If this study had used only survey data, we 

likely would have concluded that American 
robins were more important sweet cherry 
consumers than were cedar waxwings. In 
contrast, behavioral observations showed 
that cedar waxwings consumed many times 
more sweet cherries than American robins 
did (Figure 2). In addition, mean group size 
of foraging cedar waxwings was signifi cantly 
higher than common grackle group size and 4 
times that of American robins. These fi ndings 
suggest that waxwings should be the fi rst target 
of bird management eff orts in sweet cherries in 
the study region. 

Table 1. Characteristics of orchards in which bird surveys and observations were conducted in Lee-
lanau County, Michigan, 2010.

Orchard 
name

Tree 
age 
(yrs)

Tree 
density 
(per ha)

Average 
canopy 
height (m)

Average 
canopy 
width 
(m)

Cultivars Root stocks 80% 
Land covers1

Sweet cherries
Bahle 22 247 4.9 4.3 Emperor Francis, Gold 

Cavalier, Sam, Ulster
Standard Developed, 

cherries, 
grassland

Mawby 23 247 4.9 4.3 Emperor Francis, Gold, 
Ulster

Standard Cherries, 
alfalfa

Grant 15 247 4.6 3.7 Emperor Francis, 
13N739, 13688 
(WhiteGold),13N109, 
13481, Beta, 47127, 
471

Standard Decidu-
ous forest, 
developed, 
woody 
wetlands, 
cherries

Send 12 272 4.6 3.7 Emperor Francis, 
Sam, Ulster, Gold

Standard Cherries, 
developed

Station 14 340 6.1 4.6 Emperor Francis, Ul-
ster, Gold, Napoleon, 
Rainier

Standard Cherries, 
alfalfa, grass-
land

  Tart cherries
Bahle 30 336 4.3 3.7 Montmorency Standard Developed, 

cherries, 
grassland

Mawby 16 336 4.3 3.7 Montmorency Standard Cherries, 
deciduous 
forest

Shugart 17 319 4.3 3.7 Montmorency Standard Cherries
Station 15 360 6.1 4.6 Balaton, Montmor-

ency
Standard Cherries, 

alfalfa, 
grassland, 
developed

1All orchards had mowed grass as the understory.
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In tart cherries, results from the surveys and 
the observations correspond in that American 
robins were commonly detected and observed, 
particularly if we discount survey detections 
of species that are primarily insectivorous and 
granivorous, like black-capped chickadees and 
chipping sparrows. Common grackles, however, 
were not detected during tart cherry surveys, 
although they were observed consuming 
cherries during behavioral observations. Thus, 

the observations provided a more 
accurate picture of which species 
were consuming tart cherries 
than the survey data. Overall, 
bird consumption of tart cherries 
was lower than consumption of 
sweet cherries, which may be 
generally explained by the earlier 
ripening of sweet cherries (Tobin 
et al. 1991) and their higher sugar 
content (Stevens and De Bont 
1980). We spent fewer hours and 
traversed fewer ha in tart cherries 
than in sweet cherries, but we do 
not believe this introduced any 
systematic bias in our results. 
However, we caution that yields 
and quality of tart cherries 
were low in 2010 (Agricultural 
Marketing Service 2011), likely 
because cold weather reduced 
pollination, so our results might 
underestimate the typical extent 
of bird damage. 

Most foraging birds were 
observed in the top half of the trees’ 
foliage. Thus, fruit damage may 
be unequally distributed in trees, 
which corresponds to previous 
work documenting spatial patt erns 
in bird damage (Somers and 
Morris 2002, Tracey and Saunders 
2010). These results indicate that 
damage assessments focused 
on the lower, easily accessible 
(to humans) branches of cherry 
trees may underestimate overall 
damage, based on the species we 
documented as important cherry 
consumers. 

Our study demonstrates the 
value of observations in ranking 

species as to their relative impact on fruit crops. 
Simple surveys of bird presence in orchards, 
vineyards, or fi elds are unlikely to provide 
enough information to guide bird management 
eff orts. The additional information gained 
through observations, including which species 
consume fruits, fruit consumption rates, group 
size, and foraging locations, will be critical 
to management eff orts. For example, some 
frugivorous bird species, as European starlings 

Figure 2.  Number (a) and percentage (b) of sweet and tart cher-
ries consumed by various bird species during behavioral observa-
tions in orchards in Leelanau County, Michigan, 2010.



288 Human–Wildlife Interactions 6(2)

(Sturnus vulgaris), are unable to digest sucrose, 
a sugar not found in cherries and blueberries 
(Martinez del Rio et al. 1988). This result has led 
to suggestions that the development of high-
sucrose cultivars may be one strategy to reduce 
bird damage (Brugger and Nelms 1991, Brugger 
et al. 1993, Socci et al. 1997). In addition, a test 
of sucrose sprayed on blueberries showed that 
it might be a deterrent (Socci et al. 1997). Cedar 
waxwings, however, are able to digest sucrose, 
although ineffi  ciently (Martínez del Rio et al. 
1989), and the presence of sucrose in or on fruit 
may not reduce waxwing fruit consumption 
(Avery et al. 1995). Thus, the identifi cation of 
the relative impact of diff erent species on fruit 
will inform and guide management eff orts, 
particularly in the case of strategies that may be 
eff ective against some species and not others. 

We caution that the relative importance 
of diff erent bird species as consumers of 
particular crops will vary geographically and 
temporally. For example, cedar waxwings are 
not as abundant in western North America 
as in eastern North America (Gough et al. 
1998) and are likely to play less of a role as a 
consumer of cherries in the West compared to 
the East. Observations, such as those described 
here, will be important in documenting these 
types of geographic patt erns. Also, European 
starlings are signifi cant cherry pests in the 
western United States and Europe; anecdotal 
information, and previous reports from 
growers in our study region indicate that they 
are regularly seen in orchards. Given the lack of 
starling detections reported here, it is possible 
that starling numbers were particularly low in 
2010. Data from multiple years will be valuable 
in assessing the importance of various bird 
species over a longer time scale.

Although observational work tends to be 
more labor-intensive than surveys, we believe 
the added information far outweighs the 
costs and will be a valuable supplement to 
more commonly collected data, such as those 
on population sizes and distributions and 
time budgets (e.g., Peer et al. 2003). As an 
alternative to actual observers, investigators 
have successfully used video cameras to record 
bird activity in fruit crops. The feasibility of this 
method will depend on characteristics of the 
fruit, bird species, and the resources available to 
investigators (M. Grieshop, assistant professor 

of entomology, Michigan State University, 
personal communication).

Acknowledgments
We thank R. O’Connor and A. Bushong for 

fi eld assistance, and K. Mills and J. L. Lepard 
for administrative support. Thanks to F. Ott o, 
J. Grant, and M. Send for information and for 
allowing us access to orchards. The Berryman 
Fund provided funding for this work. 

Literature cited
Agricultural Marketing Service. 2011. Tart cher-

ries grown in the states of Michigan, et al.; 
fi nal free and restricted percentages for the 
2010–2011 crop year for tart cherries. Federal 
Register 76:10471–10476.Washington, D.C., 
USA, <http://www.gpo.gov/fdsys/pkg/FR-2011-
02-25/pdf/2011-4269.pdf>. Accessed April 5, 
2012. 

Avery, M. L., J. L. Cummings, D. G. Decker, J. 
W. Johnson, J. C. Wise, and J. I. Howard. 
1993. Field and aviary evaluation of low-level 
application rates of methiocarb for reducing 
bird damage to blueberries. Crop Protection 
12:95−100.

Avery, M. L., D. G. Decker, J. S. Humphrey, A. A. 
Hayes, and C. C. Laukert. 1995. Color, size 
and location of artifi cial fruits affect sucrose 
avoidance by cedar waxwings and European 
starlings. Auk 112:436−444.

Berge, A., M. Delwiche, W. P. Gorenzel, and T. 
Salmon. 2007. Bird control in vineyards using 
alarm and distress calls. American Journal of 
Enology and Viticulture 58:135−143.

Boudreau, G. W. 1972. Factors related to bird 
depredations in vineyards. American Journal of 
Enology and Viticulture 23:50−53.

Brugger, K. E., and C. O. Nelms. 1991. Sucrose 
avoidance by American robins (Turdus migra-
torius): implications for control of bird damage. 
Crop Protection 10:455−460.

Brugger, K. E., P. Nol, and C. I. Phillips. 1993. 
Sucrose repellency to European starlings: will 
high-sucrose cultivars deter bird damage to 
fruit? Ecological Applications 3:256−261.

Conover, M. R., and R. A. Dolbeer. 2007.  Re-
ducing juvenile starling damage to small fruit 
through the use of live-traps and translocation. 
Human–Wildlife Confl icts 1:258–266.

Curtis, P. D., I. A. Merwin, M. P. Pritts, and D. V. 
Peterson. 1994. Chemical repellents and plas-



289Cherries • Lindell et al.

tic netting for reducing bird damage to sweet 
cherries, blueberries, and grapes. HortScience 
29:1151−1155.

De Grazio, J. W. 1978. World bird damage prob-
lems. Proceedings of the Vertebrate Pest Con-
ference. 8:9−24.

Dolbeer, R. A., N. H. Holler, and D. W. Hawthorne. 
1994. Identifi cation and control of wildlife dam-
age. Pages 474−506 in T. A. Bookhout, edi-
tor. Research and management techniques 
for wildlife and habitats. The Wildlife Society, 
Bethesda, Maryland, USA.

Environmental Systems Research Institue 1999–
2010. ArcMap: Release 10.0. Environmental 
Systems Research Institute Inc. Redlands, 
California, USA.

Food and Agriculture Organization of the United 
Nations. 2007. Food and agricultural commodi-
ties production. Rome, Italy, <http://faostat.fao.
org/site/339/default.aspx>. Accessed August 
22, 2012.

Gough, G. A., J. R. Sauer, and M. Iliff. 1998. Patux-
ent bird identifi cation infocenter. Patuxent Wild-
life Research Center, U. S. Geological Survey, 
Laurel, Maryland, USA, <http://www.mbr-pwrc.
usgs.gov/id/framlst/infocenter.html>. Accessed 
April 5, 2012.

Guarino, J. L., W. F. Shake, and R. W. Schafer. 
1974. Reducing bird damage to ripening cher-
ries with methiocarb. Journal of Wildlife Man-
agement 38:338–342.

Homer, C., J. Dewitz, J. Fry, M. Coan, N. Hossain, 
C. Larson, N. Herold, A. McKerrow, J. N. Van-
Driel, and J. Wickham. 2007. Completion of the 
2001 national land cover database for the co-
terminous United States. Photogrammetric En-
gineering and Remote Sensing 73:337–341.

Martinez del Rio, C., B. R. Stevens, D. E. Daneke, 
P. T. Andreadis. 1988. Physiological corre-
lates of preference and aversion for sugars in 
three species of birds. Physiological Zoology 
61:222–229.

Martínez del Rio, C., W. H. Karasov, and D. J. 
Levey. 1989. Physiological basis and ecologi-
cal consequences of sugar preferences in Ce-
dar Waxwings. Auk 106:64–71.

Peer, B. D., H. J. Homan, G. M. Linz, and W. J. 
Bleier. 2003. Impact of blackbird damage to 
sunfl ower: bioenergetic and economic models. 
Ecological Applications 13:248–256.

Pritts, M. P. 2001. Bye bye birdie: repelling birds 
from fruit plantings. New York Quarterly 9: 
5−7.

Simon, G. 2008. A short overview of bird control in 
sweet and sour cherry orchards—possibilities 
of protection of bird damage and its effective-
ness. International Journal of Horticultural Sci-
ence 14:107−111.

Smallwood, J. A., and D. M. Bird. 2002. The birds of 
North America online: American kestrel (Falco 
sparverius) Cornell Lab of Ornithology. Ithaca, 
New York, USA, <http:// bna.birds.cornell.edu/
bna/species/602doi:10.2173/bna.602>. Ac-
cessed  April 4, 2012.

Socci, A. M., M. P. Pritts, and M. J. Kelly. 1997. Po-
tential use of sucrose as a feeding deterrent for 
frugivorous birds. HortTechnology 7:250−253.

Sokal, R. R., and F. J. Rohlf. 1995. Biometry: the 
principles and practice of statistics in biologi-
cal research. Freeman, New York, New York, 
USA.

Somers, C. M., and R. D. Morris.  2002. Birds and 
wine grapes: foraging activity causes small-
scale damage patterns in single vineyards. 
Journal of Applied Ecology 39:511–523.

Stevens, J., and A. F. de Bont. 1980. Choice by 
starlings (Sturnus vulgaris L.) among different 
cherry cultivars. Agricultura 28:421−436.

Stone, C. P. 1973. Bird damage to tart cherries 
in Michigan. Proceedings of the Bird Control 
Seminar 6:19–23.

Tobin, M. E., R. A. Dolbeer, C. M. Webster, and 
T. W. Seamans. 1991. Cultivar differences in 
bird damage to cherries. Wildlife Society Bul-
letin 19:190−194.

Tourenq, C., S. Aulagnier, L. Durieux, S. Lek, F. 
Mesleard, A. Johnson, J.-L. Martin. 2001. Iden-
tifying rice fi elds at risk from damage by the 
greater fl amingo. Journal of Applied Ecology 
38:170−179.

Tracey, J., M. Bomford, Q. Hart, G. Saunders, 
and R. Sinclair. 2007. Managing bird damage 
to fruit and other horticultural crops. Bureau of 
Rural Sciences, Australian Government, Can-
berra, Australia.

Tracey, J., and G. R. Saunders. 2010. A technique 
to estimate bird damage in wine grapes. Crop 
Protection 29:435−439.

U. S. Department of Agriculture. 1998. Fruit wild-
life damage. National Agricultural Statistics 
Service. Washington, D.C., USA, <http://usda.
mannlib.cornell.edu/usda/nass/fwd/wild0599.
pdf>. Accessed April 5, 2012.

U. S. Department of Agriculture. 2010. National 
agricultural statistics service cropland data 



290 Human–Wildlife Interactions 6(2)

RACHAEL A. EATON is a doctoral student 
in the Department of Zoology and the program of 

ecology, evolution-
ary biology and be-
havior at Michigan 
State University. 
She received a B.S. 
degree in biology 
from the University 
of St. Thomas. Her 
research interests 
include behavioral 
and landscape ecol-
ogy with emphases 
in avian foraging be-
havior and predator-
prey interactions. 

CATHERINE A. LINDELL is an associate pro-
fessor in the Department of Zoology and the Center 

for Global Change 
and Earth Observa-
tions at Michigan 
State University. She 
received her B.A. 
degree from Yale Uni-
versity and her Ph.D. 
degree from Har-
vard University. Her 
research interests in-
clude integrated pest 
management in fruit 
cropping systems, 
tropical biology, and 
restoration ecology.

ERIN M. LIZOTTE is an integrated pest manage-
ment educator with Michigan State University Extension.  

She received her B.S. degree 
from Michigan Technologi-
cal University and her M.S. 
degree from Michigan State 
University.  Her research and 
outreach interests include 
integrated pest management 
in fruit cropping systems.

NIKKI L. ROTHWELL works as the district 
horti cultural educator with Michigan State University Ex-

tension and as the coor-
dinator of the Northwest 
Michigan Horti cultural 
Research Stati on. She 
received a B.S. degree in 
biology and chemistry 
from Western Michi-
gan University, an M.S. 
degree from Michigan 
State University, and a 
Ph.D. degree from the 
University of Massachu-
sett s–Amherst, both in 
entomology.  Currently, 
she works with cherry, 

apple, and winegrape growers in northwest Michigan 
where she conducts applied research and outreach 
programming based on local and statewide needs. Her 
research interests include tree fruit training and irrigati on 
systems, pest management strategies, and horti cultural 
modernizati on.

layer. Published crop-specifi c data layer. U.S. 
Geological Survey. Available at <http://data-
gateway.nrcs.usda.gov/GDGHome.aspx>. Ac-
cessed April 25, 2012.

 Virgo, B. B. 1971. Bird damage to sweet cherries 
in the Niagara Peninsula, Ontario. Canadian 
Journal of Plant Science 51:415–423.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


