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HOW WELL DO BARN OWL NEST BOXES WORK IN ATTRACTING BARN OWLS 
IN THE WILLAMETTE VALLEY 

J.A. Gervais and W.C. Young III 

Introduction 
Voles are herbivorous rodents that are distributed throughout 
the mid-to-upper latitudes of the northern hemisphere.  In many 
areas, vole species have become serious crop pests because of 
their ability to adapt to human-altered landscapes.  Damaged 
crops include alfalfa, clover, potatoes, commercial forests, or-
chards, and row crops (Vertrees 1961, Myllymaki 1977, Getz 
et al. 1987, Jacob 2003).  

Voles are famous for their regular cycles at northern latitudes, 
but at the middle latitudes of western Oregon, vole dynamics 
are much less predictable and the fluctuations vary in both 
frequency and amplitude.  Vole population fluctuations may 
sharply influence other species in grassland communities 
(Sundell et al. 2004, Gervais et al. 2006, Howe et al. 2006).  
Their presence is particularly problematic in agricultural sys-
tems, because they are a native species whose populations 
support many other species of wildlife, including predatory 
birds, mammals, and snakes. 

The species that is most responsible for crop damage in the 
Willamette Valley of Oregon is the endemic gray-tailed vole, 
Microtus canicaudus (Verts and Carraway 1998).  Gray-tailed 
vole populations seem to reach high densities every 5 to 8 
years, although this has not been carefully studied.  They can, 
however, be associated with substantial crop damage.  In 2005, 
the estimated losses to the grass seed industry alone were 35 
million dollars, and damage was also sustained by nursery 
crops, orchards, and vineyards (Christie 2005).  Recently, zinc 
phosphide baits have been registered for use in grass grown for 
seed in Oregon under Federal Fungicide, Insecticide and Ro-
denticide Act Section 24(c) Special Local Needs labeling. 

The use of rodenticides to control gray-tailed vole populations 
in the grass seed fields of western Oregon has been controver-
sial because of potential risk to non-target organisms such as 
over-wintering Canada geese.  Finding other control strategies 
such as enhancing vole predator populations may reduce the 
risk to non-target wildlife and potentially reduce control costs. 

Natural predators may help substantially in reducing and con-
trolling pest populations.  The Willamette Valley supports 
populations of breeding barn owls (Tyto alba), American kes-
trels (Falco sparverius), red-tailed hawks (Buteo jamaicensis), 
northern harriers (Circus cyaneus), and other raptors.  The 
winter population is even greater, with rough-legged hawks 
and other raptors arriving from outside the region.  In addition 
to the raptors, herons (Ardea herodias) occur in the valley and 
prey upon voles.  Of all the avian predators, however, barn 
owls are the most focused on rodents in general and voles in 

particular.  In addition, they have responded readily to habitat 
enhancement in the form of nest boxes in other countries and 
other regions of the U.S.  This research was initiated to en-
hance barn owl activity in grass seed fields. 

Methods 
A total of 80 barn owl boxes were deployed on three growers’ 
fields in the vicinity of Shedd and Coburg, Oregon in 2007 and 
2008 (Figure 1).  Nest boxes were made of plywood and 
mounted on posts 10 feet above the ground.  Boxes featured an 
interior wall that shielded occupants from daylight, and pre-
vented great-horned owl predation of the nests. 

 

Figure 1. Nest box installed along field border in Shedd, 
Oregon. 

 

Fields were chosen because they were in seed production at the 
start of the study, had well-defined borders, and offered bor-
ders with and without tree cover.  Boxes were placed so that as 
much as possible, each field offered equal numbers of boxes in 
the open and along a wooded edge.  Areas with known nesting 
great-horned owl pairs were avoided.  Field management has 
been variable, although most fields were initially planted in 
perennial grass grown for seed.  Minor crops included annual 
ryegrass, clover, wheat, and vegetables grown for seed.  A few 
perennial grass fields have been replanted in annual ryegrass or 
wheat over the course of the study.  None of the study fields 
were tilled.  Residue management was variable although none 
of the study fields were burned, and most were left with crop 
residue following harvest. 

Boxes were visited in late March-early May each year to assess 
occupancy.  Use was determined either with an infrared cavity 
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probe or by opening the box briefly to determine contents.  
Boxes were also visited in December-February of each year, 
for maintenance and clean-out.  One box post was broken by a 
tractor boom and not replaced, but all other boxes either re-
mained erect or were reinstalled if damaged by field operations 
or flooding for the duration of the study period, which lasted 
through the summer of 2010.   

Nest box contents and signs of use were noted during all visits.  
Bird species using boxes were determined if possible, and all 
contents were carefully described.  The ground below each nest 
boxes was searched for pellets or droppings that might indicate 
use either as a roost or perch.  Use by perching diurnal raptors 
also was recorded.   

Nest box coordinates were estimated using a Garmin GPS76, 
and imported into a Geographic Information System (GIS) for 
analysis.  We used the Willamette Valley Land Use/Land 
Cover geospatial data set (updated 2001, 
http://www.nwhi.org/index/gisdata#Willamette%20Valley%20
Specific%20GIS%20Data) to estimate landscape vegetation 
characteristics.  Landscape characteristics were selected based 
on previous studies of barn owls and the particular features of 
the study area.  Landscape characteristics measured included 
distance to the nearest contrasting habitat edge in meters, the 
amount of forest edge along agricultural fields within 110 
yards (100 meters), 1010 yards (1 km), and 2188 yards (2 km) 
of the nest box, and amount of forest area measured in hectares 
within those distances of the nest box.  Characteristics were 
compared between boxes that were used for either roosting or 
nesting by barn owls and all other boxes.  Boxes used and not 
used by kestrels were compared similarly.  Habitat features 
used in the analysis were selected based on reported habitat use 
by radio-tagged barn owls in other studies (Colvin 1984, 
Taylor 1994). 

Results 
Overall, box use by nesting kestrels and barn owls was low.  
Half the boxes were installed in winter of 2007.  In the summer 
and fall of 2008, the remaining 40 boxes were installed in the 
Coburg region.  No use was recorded in 2008.  Subsequent 
monitoring revealed 3 barn owl nests in 2009 and 2 in 2010 
(Figures 2 and 3).  Two of the 3 nests in 2009 failed and were 
abandoned.  Both were identified after they failed by the pres-
ence of decayed young owls in the nest box.  One of these nests 
failed in the nestling period following the death of one of the 
adult owls.  One of the 2 nests in 2010 also failed from un-
known causes, although the remaining nest appeared to suc-
cessfully fledge young.   

A total of 5 kestrel nests were initiated during 2009 and 2010 
(Figures 2 and 3).  Three nests belonging to kestrels in 2010 all 
failed, although an additional 4 boxes appeared to be used as 
roosts.  Two kestrel nests found in 2009 also failed.  These 
were identified after the nesting season by the presence of 
abandoned eggs in the box.  An additional 4 boxes were docu-
mented to be kestrel roosts in 2010.  Because roosting may 

leave little sign, it is expected that roosting activity was greatly 
underestimated for both species. 

Unfortunately, the biggest beneficiaries of the box network 
were European starlings (Sturnus vulgaris), which consistently 
used a quarter of the boxes for nesting each year.  Two addi-
tional passerine nests whose builders were not identified were 
also found in 2010.   

Of the boxes that were used by barn owls, most were located 
along open fencerows with no woody or shrubby vegetation or 
narrow field borders with little woody vegetation.  One box 
along a fencerow bordering a forested patch contained a single 
barn owl pellet in 2009, and in 2010 a box along a hedgerow 
with isolated ash trees was used as a roost by a male owl.  This 
box was 0.65 miles away from an active nest.  Sample sizes are 
too small to reveal clear patterns (Table 1); point estimates of 
habitat features are similar between the used and unused nest 
boxes. 

Kestrels did use some boxes along forested edges; the forested 
edge in one case was that of a riparian wet area with small ash 
trees less than 15 feet in height.  The patch was roughly rectan-
gular and measured 167 yards long by 128 yards wide.  A sec-
ond nest was located on a fence line between two fields.  The 
fence line supported a hedgerow with some small ash trees that 
were also less than 20 feet in height.  The very small sample of 
used boxes leads to extremely imprecise confidence intervals, 
and none of the specific characteristics examined appear to 
have been selected by the kestrels. 
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Figure 2. Box use by nesting barn owls and American 
kestrels near Shedd, Oregon, 2008-2010. 

 

 

Figure 3. Box use by barn owls and American kestrels near 
Coburg, Oregon, 2008-2010. 

 

 
 
 
Table 1. Summary statistics of GIS data for nest boxes used by barn owls near Shedd and Coburg, OR 2007-2010.  Measured 

variables included the amount of linear forest edge habitat in meters within 110 yards, 1010 yards, and 2188 yards of 
boxes, the distance to the nearest edge of different habitat type in meters, amount of forest area in acres within 100 m,  
1 km, and 2 km of the nest box.  UCL and LCL refer to upper and lower bounds of 95% confidence intervals.   

_________________________________________________________________________________________________________________________________________________________________ 

 Used   Not Used   
 Mean LCL UCL Mean LCL UCL 
_________________________________________________________________________________________________________________________________________________________________ 

Edge 110 yd 79 -140 297 128 86 168 
Edge 1010 yd 4122 2457 5786 5365 4648 6084 
Edge 2188 yd 12135 9474 16568 20556 18528 22582 
Dist to edge 292 9 576 297 229 366 
Forest 110 yd 0.40 -0.72 1.51 0.72 0.47 0.96 
Forest 1010 yd 29.60 4.60 54.59 34.94 27.50 42.38 
Forest 2088 yd 87.82 53.89 121.75 160.84 135.76 185.95 
_________________________________________________________________________________________________________________________________________________________________ 
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Table 2. Summary statistics of GIS data for boxes used by nesting American kestrels near Shedd and Coburg, OR 2007-2010.  
Measured variables included the amount of linear forest edge habitat in meters within 110 yards, 1010 yards, and 2088 
yards of boxes, the distance to the nearest edge of different habitat type in yards, amount of forest area in acres within 
110 yards, 1088 yards, and 2088 yards of the nest box.  UCL and LCL refer to upper and lower bounds of 95% confi-
dence intervals. 

_________________________________________________________________________________________________________________________________________________________________ 

 Used   Not Used   
 Mean LCL UCL Mean LCL UCL 
_________________________________________________________________________________________________________________________________________________________________ 

Edge 110 yd 58 -103 220 129 87 171 
Edge 1010 yd 4388 220 8555 5348 4648 6048 
Edge 2088 yd 19038 9156 28920 20153 18120 22187 
Dist to edge 404 -84 890 290 223 357 
Forest 110 yd 0.62 -1.09 2.30 0.72 0.47 0.96 
Forest 1010 yd 20.66 -10.08 42.30 35.53 28.12 42.97 
Forest 2088 yd 157.16 22.56 291.76 156.22 131.41 181.03 
_________________________________________________________________________________________________________________________________________________________________ 

 

Discussion 
Habitat changes within the Willamette Valley have included 
extensive loss of oak savannah habitat and bottomland forests.  
In addition, large barns with exposed beams and haylofts that 
once offered barn owls nesting and roosting opportunities have 
declined as farming practices have changed and livestock have 
largely disappeared.  Land use in recent decades has likely 
favored the gray-tailed vole by creating large blocks of grass-
land habitat, while removing cover for many of the predators 
that might otherwise work to keep vole populations in check.  
In addition, use of tile drains has likely improved the habitat 
quality for this species of vole by creating even larger expanses 
of the drier grassland it selects.  Loss of nesting habitat has 
been shown to affect barn owl populations elsewhere, such that 
providing nest boxes allowed populations to expand (Marti et 
al. 1979, Taylor 1994, De Jong 2009).  However, this attempt 
in the Willamette Valley to attract barn owls by providing nest 
boxes was not very successful.  Based on the low nest box oc-
cupancy during the study, nest sites do not appear to be limit-
ing barn owl populations within the Willamette Valley. 

There are a number of reasons that that may explain why the 
nest boxes in Shedd and Coburg only attracted a few pairs of 
owls.  The boxes themselves may not have been entirely suit-
able, or the habitat in which they were placed was not optimal.  
Owls in the area may have chosen to reuse old nests rather than 
relocate into the boxes.  The prey base may not have been suf-
ficient for the duration of the breeding season or possibly over 
winter.  Finally, the presence of predators or competitors may 
have prevented occupancy.  Each of these hypotheses will be 
discussed in turn. 

Patterns in nest-site use vary throughout the barn owl’s range.  
The likelihood that the same owls will use a nest site in multi-
ple years appears to vary from population to population.  A 
long-term study in Switzerland found that owls rarely stayed in 
the same pairings or at the same nest box from year to year 
(Altwegg et al. 2007).  However, fidelity to nest sites in Scot-

land was very high despite wide fluctuations in vole popula-
tions among years (Taylor 1994).  It is not clear what factors 
may underlie site fidelity, as barn owls in Scotland moved pri-
marily in response to the loss of a mate, and not to nest failure 
(Taylor 1994).  In burrowing owls (Athene cunicularia), adult 
dispersal in females occurred following the loss of the male, 
but both sexes were prone to dispersing if the previous nest 
attempt had failed due to predation (Catlin and Rosenberg 
2008).  Barn owl nests seem most likely to fail because of lack 
of food, which in Scotland is a highly variable resource.  It may 
be more advantageous in environments with highly dynamic 
food resources to remain on a known territory and wait for 
conditions to improve rather than relocate to a new unknown 
territory.  The reason for the difference in responses in dy-
namic environments, such as Scotland and Switzerland, is not 
obvious.  

Interestingly, the nesting attempts in the box network in the 
Willamette Valley occurred in the same or adjacent boxes be-
tween years.  In New Jersey, barn owls shifted into nest boxes 
from trees and other sites over three years, from 30% to 68% of 
all nesting attempts.  However, the number of nesting attempts 
remained stable through time (Colvin 1984).  In contrast, most 
nest boxes in Scotland remained unused, as the owls seemed to 
continue nesting in outbuildings, silos, and other structures as 
they had before boxes were available (Taylor 1994). 

Barn owls have been shown to adapt to a wide variety of hu-
man-provided nest sites, including hay bale piles, barns, church 
towers, and a wide variety of nest box types (Marti et al. 1979, 
Hegdal and Balaskiewicz 1984, Taylor 1994).  The box design 
used on this project has been used successfully by owls in the 
Willamette Valley by other conservation projects and in this 
study.  Although an eastern Oregon nest box project used 
boxes with shade structures attached, the cool spring climate of 
western Oregon would not seem to require the extra protection 
from heat gain.  Barn owls have a metabolic neutral zone of 
72.5-90.5 °F ambient temperature(Edwards 1987, Taylor 
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1994).  Even when clear weather develops over the western 
Willamette Valley in June and July, it seems unlikely that nest 
boxes become too warm for occupancy.  In addition none of 
the boxes in the study that were along the forest edge were 
used as nests and they were used only rarely as roosts.   

Barn owl fledglings seem to benefit from structure near the 
nest site that allows them to practice flying before they under-
take the first real attempt.  In Europe, researchers noted that 
nests in church steeples were less successful if these nests did 
not have access to the beams inside the building so that  the 
maiden attempt at flight had  to be straight out from the box 
entrance (Klein et al. 2007).  However, barn owls do not seem 
to select nest sites based on nearby perches for owlets learning 
to fly, as none of the boxes placed near trees were used.  Some 
of these nest boxes faced along the woodland edge, and would 
have allowed young owls the opportunity to hop from the box 
to a perch and back in the process of developing flight skills.  
Natural nests in tree hollows would have automatically af-
forded such an environment; no selection by the owls for 
perches near nest sites would have been necessary throughout 
most of their evolutionary history, and they may not recognize 
it as a feature they need to select. 

The boxes in this study were mounted on relatively short poles, 
whose height was selected based on success of nest boxes in-
stalled elsewhere, available materials, and for ease of installa-
tion, monitoring, and maintenance in addition to cost.  Al-
though potential for nest predation by raccoons has been sug-
gested for the use of nest cavities well above the ground 
(Taylor 1994), boxes on short poles have been successfully 
used in eastern Oregon and in the Central Valley of California 
(personal observation).  The height of the box alone therefore 
does not seem to be a deciding factor in use although it might 
possibly affect rates of nest success in some circumstances. 

The boxes may have been too vulnerable to predators for the 
owls to use them, or predators caused nests to fail.  Barn owls 
in North America must deal with predators that don’t exist in 
many other parts of the species’ range.  In the Willamette Val-
ley, raccoons in particular may be able to climb to a nest box.  
However, female barn owls attend eggs and young chicks 
nearly continuously until the male’s ability to feed her and the 
young begins to decline, at about the time the oldest chick is 
roughly two weeks of age (Taylor 1994, Durant et al. 2004).  
Barn owls begin incubation at the onset of laying, so that 
young hatch at roughly 2-day intervals (Taylor 1994).  The 
youngest owlet may be only a few days old when the female 
begins hunting, but the oldest chicks may have the ability to 
defend at least themselves from most intruders.  No more spe-
cific information was found regarding nest predation.  Rac-
coons and opossums would be the only two likely nest preda-
tors in this study area.  However, it would seem that nest pre-
dation is more of a reason for nest failure rather than nest site 
selection. 

Great-horned owls have also been recorded to be predators on 
barn owls, and could raid a nest and kill either the female or the 
young.  For this reason, the boxes in this study had a small 
entrance hole and included an interior wall that shields the back 
and side of the nest box, so that a great-horned owl could not 
reach in and extract any barn owls inside.  Great-horned owls 
may still attack adult owls, and one nest in this study failed 
apparently upon the death of the adult male.  The body was 
found on the ground below the nest box.  It was too decom-
posed to determine cause of death, but attack by another owl or 
other large raptor is possible.  Barn owls and great-horned owls 
rely on different prey bases, and although the potential for in-
terspecific aggression exists, it is not clear how much of a 
threat this is, and whether barn owls respond to it while select-
ing nest sites. 

Boxes may not be as attractive as natural nest sites, but barn 
owls have a long and clear pattern of adapting to and even se-
lecting artificial structures for nesting and roosting.  Barn owls 
use outbuildings within the Willamette Valley.  There are rela-
tively few large trees on the study area.  The presence of natu-
ral cavities of sufficient size for a barn owl and young would 
be even less common, suggesting that the lack of adoption of 
the nest boxes is not a result of an abundance of nest site 
choices. 

The boxes were installed along the edges of fields, so that in 
most instances each study field included boxes in the open and 
along the edge of a forested area, usually a riparian zone with 
relatively small, young trees.  Barn owls appear to use forest 
edge habitat extensively for foraging in agricultural areas 
(Hegdal and Balaskiewicz 1984, Taylor 1994).  Boxes were on 
average within 350 yards of such edge habitat (Table 1).  Barn 
owls in North American have been shown to fly several miles 
from roost or nest sites to reach hunting sites (Hegdal and 
Balaskiewicz 1984).  Distance to suitable foraging habitat does 
not seem to be prohibitive. 

The presence and location of nest sites is only one of several 
requirements for barn owl population persistence within a re-
gion.  An appropriate prey base must also be present.  Barn 
owls prey mostly on small mammals, with a particular empha-
sis on voles (Taylor 1994, Arim and Jaksic 2005, Bernard et al. 
2010).  Barn owl population dynamics are linked to that of 
their main prey species, the voles, in that numbers of nesting 
pairs is correlated to vole abundance (Taylor 1994, Altwegg et 
al. 2003).  When food is abundant, owls may produce multiple 
broods in a year.  The likelihood that the owls will produce 
second broods in a year increases with the age of the adults 
(Altwegg et al. 2007).  Although barn owls rely heavily on 
small mammals in general and voles in particular, seasonal and 
annual changes in prey abundance are reflected in their diet 
(reviewed in (Taylor 1994).  Barn owls in Scotland took more 
shrews and mice when voles occurred in low numbers, and 
captured a wider range of prey in the absence of voles (Taylor 
1994).  All evidence suggests that the dynamics of this species 
are tightly linked to its main prey; alternate prey may sustain 
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an established population but do not appear sufficient to allow 
barn owl numbers to increase in the southern Willamette 
Valley. 

Gray-tailed voles appear to be the most numerous small mam-
mals in dry grassland systems within the Willamette Valley, 
although house mice (Mus musculus), deer mice (Permomyscus 
maniculatus), and vagrant shrews (Sorex vagrans) have been 
captured in grids along with Townsend’s vole (Microtus town-
sendii) (Wolff et al. 1996).  In years when gray-tailed vole 
populations are low, owls would have to find adequate shrews, 
mice, Townsend’s voles, which inhabit wetter grassland sites 
than gray-tailed voles (Verts and Carraway 1998), and other 
prey to meet energetic needs.   

In order for these other species of prey to sustain barn owls in 
the absence of gray-tailed voles, their densities must be rela-
tively high at times the voles are not available, and they must 
be found in sufficient numbers in habitats that are accessible to 
hunting barn owls.  Grass seed fields are likely to support large 
populations of voles but not the other species, whose diets are 
made up of invertebrate prey and seeds.  Further, concern over 
purity of grass seed crops has led to the practice of spraying 
herbicides on field borders and fence rows so that weed seeds 
do not contaminate the grass seed.  This practice also removes 
vegetative cover and food such as seeds and insects for small 
mammals that might serve as alternate prey for barn owls.  
Uncultivated land is limited, and landscape configuration may 
not allow sufficient densities of alternate prey to make up the 
difference in the owls’ diets in poor vole years.  The lack of 
alternate prey remains a possible hypothesis for the low num-
bers of owls that selected nest boxes in the study area.   

Gray-tailed voles can reach densities that cause economically 
significant crop damage, even if region-wide population out-
breaks are relatively rare.  Many growers respond to increases 
in vole activity with broadcast baiting of zinc phosphide in the 
summer after harvest, or by baiting individual burrows with 
this rodenticide.  Although attempts at control rarely eliminate 
voles from the landscape, rodenticide use may prevent popula-
tions of voles building to densities necessary to form the basis 
of a barn owl’s diet on the scale of a breeding territory.  This 
may be compounded by the fact that alternate prey species may 
also be killed by the zinc phosphide bait. 

Alternatively, prey may be available in the strict sense but for-
aging conditions may not be suitable.  Barn owls forage by 
either coursing on the wing at low altitudes over grasslands or 
from low perches where they can hear their prey.  It appears 
that in at least some situations, energetic costs are better met by 
sit-and-wait foraging rather than active searching (Taylor 
1994).  The grass seed production fields of the Willamette Val-
ley frequently lack perches along field borders in the form of 
fence posts and no perches exist in the centers of the fields.  
This, along with the fields’ large sizes (frequently 30 ha or 
greater), may make it difficult for barn owls to hunt away from 
the edges despite the fact many fields border riparian zones 

with small trees.  Perches provided for American kestrels in-
creased visitation to test enclosures (Wolff et al. 1999).  A bet-
ter understanding of the factors that influence foraging deci-
sions in barn owls would be helpful, particularly because 
perches set up within  or adjacent to fields incur greater costs to 
farming operations.   

It was not possible to identify fences on the GIS layers avail-
able.  Wire fencing for livestock still exists on the borders of 
some fields, although the posts are decaying and permanent 
fencing is often replaced by temporary electric fencing for 
sheep.  The temporary fencing is unlikely to offer perch sites.  
Barn owls and kestrels used boxes that were along fence rows 
in some cases, but not in others.   

Another reasonable hypothesis for low occupancy is simply 
that the Willamette Valley has a low density of owls and occu-
pancy of new nesting structures would therefore be slow.  If 
populations of barn owls are low in the Willamette Valley to 
begin with, few recruits into the breeding population would be 
expected even following very good years.  Young owls may 
travel long distances between fledging and recruiting into a 
breeding population; distances of over 200 miles have been 
recorded (Stewart 1952, Marti 1999).  However, major geo-
graphic features affected juvenile barn owl dispersal in Utah 
(Marti 1999).  Whether owls from outside the Willamette Val-
ley are likely to immigrate into this region is unknown.  If to-
pography limits the number of immigrants, then young pro-
duced by resident owls will have to be the source for increasing 
populations.  Although a vole outbreak might well allow local 
barn owls to produce far more young than usual, these young 
birds must find sufficient food to survive after vole populations 
decline in order to be present for the start of the next increase 
in vole density. 

Nesting sites alone do not appear to be limiting barn owls 
within the Willamette Valley.  Breeding pairs are known to 
exist, and they are capable of producing young in at least some 
circumstances.  Given adequate hunting habitat and prey base 
in addition to suitable nest sites, the possibility to increase the 
Valley population of barn owls certainly exists.  Adequate al-
ternate prey in the absence of dense vole populations may not 
be available.  Evaluating the alternate prey base, in particular 
its composition, density, and distribution, may greatly aid in 
determining what steps might be taken to enhance populations 
of barn owls and increase the use of nest boxes as one of sev-
eral control mechanisms to reduce densities of voles that cause 
significant economic damage.   
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