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Land Use and Small Mammal Predation 
Effects on Shortgrass Prairie Birds 
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ABSTRACT Grassland birds endemic to the central short!,'!ass prairie ewregion of the United States have experienced steep and 

wide.spread declines over rhe la.t 3 decades. and factors i.nfluencing reproduct;"e success have been implicated, Nest predation is the major caul< 
of nest failure in passcrincs, and nesting success ft>! some shortgrass prairie birds is exceptionally low. The 3 primary lano uses in the ccntri.u 
shortgrass prairie cco.region 3.re native shurtgrass prairie rangeland (62%)1 irrigated 2nd nonirrig3tcd Cl"opland (29%), and Conservation Resc.rve 

Program (CRP, 8%). Bee.nse shortgrass-cropland edges and CRP may alter the community of small mammal predators of grassland bird nests, 

I sampled multiple sites on and near the Pawnee National Grasslands in northeast Colorado. USA, to evaluate 1) whether small mammal 
species richness and densities were greater in CIU' tields and shOltgras' prairie-croplalld edges compared to shortgrass prairie habitats, and 2) 

whether daily survival probabilities of ground-nesting grassland bird nests were negatively correlated with densities of small mammals. Small 

mammal species richnc~s and densities, estimated llsing [rapping webs, were generally greater along edges and on CRP sites comp,lrcd to 

shortgrass sites, Vegetation did not differ among edges and shortgrass sites but did difler among CRP and shortgrass sites, Daily sUlvival 

probabilities of artificial nests at: edge and CRP sires and naturalncsts at (xlgc sites did not difter from shortgrass sites, and .t().T natural nests 
small maIIlmal densities did not aHcct nest survival. However, estimated daily survival prohabilit)l ofartificial nests w~s inversely proportional to 
rhirteen-lined ground squirrel (Spermophi/us tridcrem/ineatUJ) densities. In wnc1usion, these data stlggesr that alrhough land-usc patterns on the 
shortgrass prairie u.r~a ill my study have substantial effects OIl tht, small mammal cOffiInunlty, insuiiicicnt data cxi~tcd to detc.rmine whether 

land-use patterns or sma1.1 mammal density were afleeting grassl.nd bird nest surviva.1. These findings will be useful to managers for predicting 
the effects of land···usc dlangcs in the shortgrass prairie OIl ~IIla11 mammal communities and avian nest success. 

KEY WORDS Conservation Reserve Program, edge effects, grassland birds, nest survival, Pawnee National Grassland, 
shortgrass prairie, smaIJ mammals. 

Birds endemic to the central shortgrass prairie ecoregion of nonirrigated cropland (29%; mostly corn and wheat), and 
the United States have experienced steep and widespread Conservation Reserve Program (CRP, 8%; Maxwell 1996). 
declines in recent decades, with some species of ground Conservation Reserve Program lands provide good habitat 
nesting grassland birds such as lark buntings (Calamospiza for grassland birds in mid- and tallgrass prairies where it 
melanocorys), chestnut-collared longspurs (Calcarius ornatus), mimics the structure of the native prairies Oohnson and 
and McCown's longspurs (CalcariuJ' mceownii) declining 68 Schwartz 1993). However, it is unclear whether CRP 
91% (Knopf 1994, Herkert and Knopf 1998, Peterjohn and provides suitable nesting habitat for shortgrass prairie 
Sauer 1999, Sauer et al. 2007, North American Bird birds. Moreover, the increased vegetative stlUcture on CRP 
Conservation Initiative 2009). Although mechanisms for lands relative to shortgrass prairie, and increased seed 
these declines have not been identified, factors influencing availability at shortgrass-cropland interfaces (hereafter, 
reproductive success have been implicated (KnDpf and edges), may host greater species richness and densities of 
Rupert 1996, Skagen et al. 2005, Yackel-Adams et al. potential mammalian predators of ground-nesting grass
2007). Nest predation is the major cause of nest failure in land birds, including the thirteen-lined ground squirrel 
passerines (Martin 1993), and nesting success of gmund (SpermopbiluJ' tridecemlineatuJ'), deer mouse (Peromysells
nesting grassland birds in the shortgrass prairie is excep maniculatus), and northcrn grasshopper mouse (OnycboJ}~Ys 
tionally low. In northeastern Colorado (USA) in 1998, lellcogaster, Thompson et al. 1999, Pictz and Granfors 
Howard et a1. (2001) found nesting success for lark buntings 

2000, Rcnfrew and Ribic 2003, Grant ct ;U. 2006). Becausc 
to be 15% (assuming 12-day incubation and 8-day nestling 

local environmental characteristics can influence prcdator 
stages), and in 2000 Skagen et a1. (2005) estimated nesting 

abundance and activity, and because birds nesting in areas 
success of lark buntings and horned larks (Eremophi/a 

with high abundance and activity of nest predators oftcn 
alpestris) to be 10% and 11%, respectively. Yackel-Adams et 

experience a high probability of nest predation (Cain et a1.al. (2007) reported nesting success for lark buntings in 
2006), it is reasonable to prcdict that CRP or edges will northeastern Colorado between 1997 and 2003 to be <31% 
negatively affect grassland bird nest survival in theevery year during that period. Historical records of nesting 
shortgrass prairie. Whereas thc relationship bctween small success for lark buntings and horned larks in this regiDn 
mammal density and nest surviv;u has been evaluated in were 63% and 43%, respectively (Creighton and Baldwin 
mixed-grass prairie (Grant et al. 2006) and pasturcland1974). 
(Renfrew et a1. 2005), morc studies evaluating these factors Land-use patterns in the shortgrass prairie may be 
are required in different cover types (Ribic et al. 2009). I contributing to declines of shortgrass prairie birds. The 3 
am not aware of any studies that simultaneously evaluated primary land uses in the central shortgrass prairie ecoregion 
small mammal nest-predator densities and avian nestare native shortgrass prairie (rangeland, 62%), irrigated and 
survival in natural anu human-altered sites in the short

1 E-mai!.' stanleyt@)usgs,gov grass prame. 
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I evaluated the working hypothesis that land-use patterns 
in the shortgrass prairie region altered small mammal 
communities and this alteration has increased, in turn, 
predation rates on nests of ground-nesting grassland birds. 
Consequently, my objectives were to evaluate the following 
predictions: 1) small mammal species richness and densities 
arc greater in CRP fields and shortgrass prairie-cropland 
edges compared to interior (i.e., nonedge) shortgrass 
habitats, and 2) daily survival probabilities of grollnd
nesting grassland bird nests are negatively correlated with 
densities of small. mammals. 

STUDY AREA 
I conducted my study in Logan, Morgan, and Weld counties 
in northeastern Colorado, USA, on and near the United 
States Forest Service Pawnee National Grassland (PNG) 
between 40"N and 41°N latitude and 103°W and 105cW 
longitude. Land use in this area was predominantly short
grass rangeland dominated by buffalograss (Buchloe rlacty
loides) , blue grama (Boute/oua gracilis), and priddy pear 
cactus (Opuntia opuntia). On CRP fields smooth brome 
(BromuJ inermis) and wheatgrass (Agropyron spp.) were 
predominant. 

METHODS 
I eoUeeted data for comparing shortgrass prairie and CRP in 
this study in 1999 as a companion study to Howard et al. 
(2001). Howard et al. (2001) used satellite imagery to 
randomly select 150 shortgrass prairie and CRP sites and 
subsequently obtained permission from public agencies and 
private landowners to sample 35 shortgrass prairie sites and 
11 CHP sites. From the Howard et al. (2001) sites I 
randomly selected 8 shortgrass prairie sites and 8 CRP sites. 

For the comparison of shortgrass prairie interior and edge 
habitat, I collected data in 2000 and 2001. In early spring, 
2000, I surveyed approximately 90% of the PNG by vehicle 
to locate 1.6 X 1.6-km sections of shortgrass prairie where 
2':1 edge interfaced active or fallow cropland. From the 
resulting sampling frame of 44 sites, I randomly selected 16 
study sites (8 sites for 2000 and 8 sites for 2001) for 
sampling. 

Sampling 
I sampled small mammals by placing trapping webs at study 
sites (Anderson et al. 1983, Wilson and Anderson 1985). 
During their 1998 field season, Howard et al. (2001) 
established 2 parallel, 800-m transect lines, 400 m apart, at 
each study site. I partitioned the 800 X 400-m area flanked 
by these transects into 4 200 X 400-m parcels, and then 
randomly selected a parcel for small mammal sampling. I 
placed the center (i.e., focus) of the circular trapping web 
near the geometric center of the randomly selected parcel. 
During the 2000 and 2001 field seasons, T placed the focus 
of a circular trapping web 300 m from the edge and placed 2 
semicircular trapping webs with their foci 300 m apart at the 
edge (Fig. 1). 

Circular trapping webs consisted of 8 primary spokes and 8 
secondary spokes, whereas semicircular trapping webs 

CroplandShortgrass prairie 

ro Edge 

~300m 

Figure 1.. Spatial configuration ofcircular and semicircular trapping webs J 
used to estimate small mammal densities in shortgrass prairie and at the 
shortgrass prairie"""i:ropland edge interface J sampled in 2000 and 2001, 
northeastern Colorado, USA. 

consisted of 5 primary spokes and 4 secondary spokes. 
When setting up a trapping web, the first spoke I 
established was a primary spoke and I aligned it with 1 of 
the 4 cardinal directions (N, S, E, or W). I offset the second 
spoke, always a secondary spoke, by 22.5 c 

• I repeated this 
alternating pattern of primary and secondary spokes until I 
placed all spokes. For circular trapping webs, the end result 
was 8 primary spokes oriented in the 4 cardinal and 4 
ordinal directions (e.g., N, NE, E) and 8 secondary spokes 
oriented equidistant between the cardinal and ordinal 
direction (e.g., NNE, ENE). On primary spokes I placed 
20 Sherman live traps (7.5 X 8.75 X 22.5 em) at 5-m 
intervals beginning at 2.5 m and ending at 97.5 m. On 
secondary spokes I placed 10 live traps at 10-m intervals 
beginning at 7.5 In and ending at 97.5 m. 'rhus, circular 
webs had 240 traps and semicircular webs had 140 traps. I 
baited traps using a 4-way grain mix (rolled corn, barley and 
oats, and molasses; Northern Colorado Feeders Supply, Inc., 
Fort Collins, CO). 

Due to logistical constraints, I could only simultaneously 
operate 2 circular trapping webs or 1 circular trapping web 
and 2 semicircular trapping webs. Consequently, during the 
1999 field season, I randomly paired a shortgrass site with a 
CRP site and ran trapping webs on the pair for 
approximately 1 week. Pairing shortgrass and CRP sites 
helped ensure that factors such as weather, vegetation 
phenology, and emergence of young did not confound 
estimated land-usc effects. At the end of the week I moved 
trapping webs to the next randomly selected pair and 
sampled those sites for approximately 1 week. 1 repeated this 
until I sampled all 8 pairs. During the 2000 and 2001 field 
seasons, I simultaneously operated the interior and edge 
trapping webs for one site .fiJI' approximately 1 week, and 
after that week I moved webs to the next randomly selected 
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site. During all field seasons I conducted trapping from May 
to mid-July. 

To reduce mortality from heat stress, I set traps in the 
evening after 1800 hours and checked them in the morning 
and closed them before 1200 hours. Upon first capture, I 
provided all individuals uniquely numbered car tags (one for 
each ear) or marked them ventrally with a red permanent 
marker and weighed, sexed, and identified them to species. I 
recorded date of first capture and all recaptures for each 
individual, as well as the location of the trap. I released 
individuals at the point of capture. 

In 1999 I randomly selected 8 points/trapping web for 
vegetation sampling. In 2000 and 2001, I randomly selected 
10 points/circular trapping web and 5 points/semicircular 
trapping web for vegetation sampling. At each point I 
determined by ocular estimation percentage of bare ground, 
grasses, forbs and shrubs, cactus, and green vegetation in a 
l-rn-radius circle centered on the point. In addition, at each 
point I obtained 2 visual obstruction readings from 2 
opposing cardinal directions (i.e., Nand S or E and W) to 
assess vegetation standing crop (Robel et al. 1970). 

Artificial and Natural Nests 
During all years, I constructed artifIcial nests at each of the 
random points selected for vegetation sampling to monitor 
nest predation. I constructed artifIcial nests by creating a 
small depression in the soil near vegetation in a manner 
cmulating the nest of a ground-nesting grassland bird, then 
placing a nail beneath the soil at the center of the nest and 
placing upon that one Japanese quail egg (Coturnix 
japoniw). The nail allowed observers to confirm the location 
of an artificial nest in the event the egg was missing during a 
sLlbsequent check. I constructed artificial nests the same day 
I set up the trapping web, and I rechecked nests daily for 
predation until I moved the trapping web to the next site. I 
did not replace eggs once they were depredated. 

During the 1999 field season I recorded incidental 
detections of natural nests on interior and CRP sites. During 
the 2000 and 2001 field seasons, I conducted standardized 
searches for natural nests on the interior and edge trapping 
webs. I marked nests I found by placing a stake 5 m from the 
nest in the direction of the easr-west axis of the web, and I 
aged the nest by floating 2 randomly selected eggs (\Vester
skov 1.950) or by noting feather development of nestlings. I 
rechecked nests daily while the trapping web was in operation 
and at irregular intervals upon removal of the trapping web. 

Analysis 
I obtained site-specific values for species richness by 
counting the number of distinct species captured at a site. 
I used this method, in lieu of the Nichols et al. (1998) 
method that accounts for detection probabilities, because 
data were too sparse to obtain site-specific estimates under 
the Jackknife estimator. I estimated small mammal density 
for species with a sufficient number of first captures using 
Program DISTANCE (Buckland et al. 1993). I pooled data 
for the 2 semicircular webs at the edge, within a site, before 
analysis and, when necessary, I pooled trapping-web data 

within species across sites to estimate the detection function. 
To fit the detection function, I evaluated the uniform and 
half-normal keys, with cosine adjustments up to order 3. I 
selected the detection function for estimation using Akaike's 
Information Criterion (AIC; Burnham and Anderson 
2002). In the analysis, I corrected for differences in area 
sampled because the 2 semicircular trapping webs collec
tively sampled a slightly larger area than one circular 
trapping web. 

I estimated daily survival probabilities for artificial and 
nautral nests using the Stanley (2000) model with a logit 
link to incorporate covariates. Under this model unbiased 
estimates of stage-specific (e.g., incubation and nestling 
stages) daily survival probabilities are obtaincd even whcn 
the day of transition from one stage to the next or the day a 
ncst fails between visits are unknown. This typically occurs 
when nests are checked at irregular intervals exceeding 1 day, 
as was the case for natural nests in my study. The logit link 
allows daily survival probabilities to be explicitly modeled as 
a function of variables hypothesized to affect survival (e.g., 
land use, predator density). I evaluated models with and 
without stage-specificity and covariates. I used Akaike's 
Information Criterion corrected for small samples (AICJ to 
select the model best supported by the data (Burnham and 
Anderson 2002). 

I evaluated shortgrass versus CRP and shortgrass versus 
edge by computing mean differences and placing 95% 
confidence inte.rvals on the means because sites were paired. 
Thus, for example, if Yi1 and Yil represent small mammal 
density on thc ith pair of shortgrass and CRP sites (i = l. 
... , 8), then mean difference is 

In some cases it was desirable to model a dependent 
variable (e.g., small mammal density) as a function of certain 
predictor variables (e.g., vegetation characteristics), which I 
accomplished in a general linear models (GLM) framework 
lIsing SAS Proc GLM (SAS Institute Inc., Cary, NC), after 
taking differences between paired dependent variables and 
paired predictor variables. For example, let Yil and Y;l be 
paired density estimates (i.e., the dependent variables), as 
described above, and let Xi! and Xj2 be similarly defi.ned 
paired predictor variables. Then the GLM is (yil - YiZ) = 
(~Ol - ~(2) + ~1(Xil - Xi2) + (41 - 42)' which can be written 
more compactly as: d; = ~o + rh(Xil - xd + E. Here, d; is 
the difference between the ith pair of dependent variables, 
Po is the mean difference between paired sites (or here, mean 
diffcrence between paired shortgrass and CRP sites), PI is 
the effect of the predictor x on the dependent variable Y WI 
is assumed constant across sites), and c .- N(O, cr2

). If we 
view the differences being taken in the ys and xs as a pair
specific normalization (or rescaling), then as with typical 
GLMs for unpaired data a positive ~I means Y is directly 
proportional to x, and a negative ~l means Y is inversely 
proportional to x. I used AIC, for all model selection 
(Burnham and Anderson 2002). 
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Table 1. Species-speeifie ('Dunts of the number of distinet small mammal 
individuals I caprured at shortgrass prairie and Conservation Reserve 
Program (CRP) sites sampled in 1999, northeastern Colorado, USA. 

Species Shortgmss CRP 

Thirteen-lined ground squirrel 91 17 
Grasshopper mouse 11 24 
Deer mouse 7 85 
Silky pocket mouse (Pe1·ognathu.f flavus) 1 0 
Plains poeket mouse (Perog1lathus jlavescens) o 3 
Hispid pocket mouse (Chaetodiplls hispidm) o 3 
Prairie vole (l'-1irrotus ochroga'ter) o 9 
Plains harvest mouse (Reith"odolltomys 

trlOnfallm) o 1 
Total count 110 142 

RESULTS 
Shortgmss Versus CRP 
During the 1999 field season, I captured 110 individual 
small mammals from 4 species at shortgrass sites and 142 
individuals from 7 species at CRP sites (Table 1). Mean 
species riehness/shortgrass site was 2.0 (SE = 0.3) and mean 
richness/CHP site was 3.1 (SE = 0.3), which yielded a mean 
(95% CI) paired difference (shortgrass minus CRP) of -1.1 
(-2.5 to 0.2). Sufficient trapping-web data existed to 
estimate densities for 3 mammal species. For thirteen-lined 
ground squirrel and deer mouse, AlC selected the uniform 
key with zero cosine adjustments for the best fit model; for 
grasshopper mouse, AlC selected the half-normal key with 
one cosine adjustment. Goodness-of-fit tests for the selected 
models ranged from P = 0.136 to 0.706, indicating models 
provided an adequate fit to the data (assumed under the null 
hypothesis), and estimated detection probabilities ranged 
from 0.492 to 1.00. Thirteen-lined ground squirrel and deer 
mouse had 95% confidence intervals on paired differences 
that did not cover zero Cfable 2). 

All vegetation measures differed among shortgrass and 
CRP sites (Table 3), whereas daily survival probabilities of 
artificial nests did not. Mean (95% Cl) daily survival 

probability for artificial nests was 0.920 (0.882-0.957) on 
shortgrass sites and 0.904 (0.827-0.981) on CRP sites, and 
the mean paired difference was 0.016 (-0.087-0.119). I 
could not rigorously estimate natural nest survival due to 
small sample sizes (e.g., 1-3 nests/species) for all species. 

I regressed small mammal density against 4 vegetation 
predictor variables: percent grasses, percent forbs and 
shrubs, percent cactus, and visual obstruction reading, as 
well as all pair-wise combinations of these variables to yield 
10 models. Model selection using AlC" resulted in simple 
models containing only one vegetation parameter Cfable 4). 
The best model retained a term for visual obstruction 
reading for thirteen-lined ground squirrel W= 0.41, 95% 
Cl = 0.10-0.72) and grasshopper mouse (~ = -1.33,95% 
CI = -2.86 to 0.20). For deer mouse the best model 
retained a term for percent grasses (~ = 0.17, 95% Cl = 
0.06-0.28). For both thirteen-lined ground squirrel and deer 
mouse the 95% confidence interval on the vegetation 
parameter did not cover zero. Regression of artificial nest 
survival against thirteen-lined ground squirrel, grasshopper 
mouse, and deer mouse densities yielded parameter 
estimates near zero (Table 5). 

Interior Versus Edge 
I found no evidence for year effects on any of the variables I 
investigated, so for all results I pooled data across 2000 and 
2001. I captured more individuals and more species along 
edges than interior sites (Table 6). Mean species richness 
was 2.1 (SE = 0.3) f()r interior sites and 3.6 (SE = 0.4) tor 
edge sites, which yielded a mean (95% CI) paired difference 
(interior minus edge) of -1.5 (-2.0 to -1.0). There were 
sufficient trapping-web data to estimate densities for 3 
mammal species. For thirteen-lined ground squirrel and 
grasshopper mouse AIC selected the half-normal key with 
one or 2 cosine adjustments as the best fit model, and for 
deer mouse AlC selected the uniform key with one cosine 
adjustment for the best fit model. Goodness-of-fit tests for 
selected models ranged from P = 0.148 to 0.948, and 

Table 2. Mean small mammal densities (no.lha) and 95% con±ldence interv.us (95% Cl) for shortgrass prairie and Conservation Reserve Program (eRP) 
sites sampkd (11 = 8) in 1999, northeastern Colorado, USA. 

Shortl,'Tass CRP Paired differences (.hortb'Y'....s - CRP) 

Specie. Mean density 95% Cl Mean density 95% Cl Mean density 95% Cl 

Thirteen-lined ground squirrel 1.83 1.14-252 0.34 CH:l.71 1.49 0.76-2.21 
Grasshopper mouse 0.68 0-1.51 1.87 0-4.73 -1.19 -4.19-1.81 
Deer IllOUSl~ 0.34 0--{1.82 3.38 0.37-6.39 -3.04 -5.91 to -0.17 

Table 3. Mean vegetation ditTerences and 95% conGdence intervals (95% CT) for shon:grass prairie and Conservation Reserve Program (CRP) siles sampled 
(n= 8) in 1999. northeastern Colorado, USA. 

Shortgnlss CRP Paired ditference. (shongrass - CRP) 

Vegetation variable 
Mean 

difrerence 95% Cl 
Mean 

difference 95% CI 
Mean 

difference 95% CI 

Bare ground ('Yo) 22.0 18.2-25.8 41.9 37.0-467 -19.8 -26.0 to -13.7 
Grasses (%) 60.2 55.6-64.9 51.6 47.0--56.2 8.6 1.9-15.3 
Forbs and shrubs (%) 12.1 9.2-15.0 6.5 3.9-9.1 5.6 1.6-9.6 
Cactus (%) 4.9 3.1-6.6 0.4 ()-{l.9 4.4 2.7-{J.1 
Green (%) 77.0 73.2-80.7 57.9 53.1-62.7 19.1 12.9-25.2 
Visual obsl:ruction reading (dm) 0.5 0.4-0.7 1.8 1.4-2.1 -1.3 -1.71:0 -0.8 
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Table 4. :M"del selection results from a regression analysis of small 
mammal density against vegetation variables' on shortgrass prairie and 
Conservation Reserve Program sites I sampled in 1999. northeastern 
Colorado, USA. Results include the difference in Akaike's Inf;mnation 
Criterion corrected for small samples (AlC,) relative to the best model 
(AAIC.), the model weight (tv;}, and the nnmber of estimated parameters 
(R) for models with 1U; :2: 0.05 (i.e., 5%). 

Model AlC, MIC, Wi K 

Thirteen-lined ground squirrel 

VOR 2.5 0.0 0.44 3 
Forbshrb 3.2 0.7 0.31 3 
Grass 4.4 1.7 0.17 3 

Grasshopper mouse 

VOR 28.2 0.0 0.43 3 
Forbshrb 28.7 0.5 0.34 3 
Cactus 30.9 2.7 0.11 3 
Grass 31.2 3.0 0.09 3 

Deer mouse 

Grass 22.8 0.0 0.82 3 
Forbshrb 27.1 4.2 0.10 3 

., % grasses (gnlss), % forbs and shrubs (forbshrb), % cactus (eactus), and 
visual obstruction reading (VOR). 

Table 5. Results of a regression analysis of artificial nest daily survival 
probabilities against densities of thirteen-lined ground squirrel, grasshopper 
mouse, and deer mouse on shortgrass prairie and Conservation Reserve 
Program sites sampled in 1999, northeastern Colorado, USA. 

Paramete.r 
Predictor variable estimate 95% CI 

Thirteen-lined ",>round squirrel 
density -0.068 -0.168 to 0.032 

Grasshopper mouse density 0.012 -0.013 to 0.037 
Deer mouse density 0.003 -0.026 to 0.032 

estimated detection probabilities ranged from 0.162 to 
0.451. Two species had 95% confidence intervals on the 
paired differences that did not cover zero (Table 7). 

Neither vegetation measures (Table 8), nor artificial nest 
predation rates, differed among interior and edge sites. 
Mean (9S% Cl) daily survival probability for artificial nests 
was 0.939 (0.907-0.971) on interior sites and 0.944 (0.920
0.967) on edge sites, and the mean paired difference was 
-0.005 (-0.041 to 0.032). Namral nest data pooled over 

2000 and 2001 allowed estimation of daily nest sunoival 
probabilities for lark buntings, McCown's longspurs, and 
horned larks (Table 9). There was no evidence that daily 
nest survival probabilities differed between interior and edge 
sites for any of these species or for these species pooled. 

As done for the shortgrass versus CRP analyses, 
regressed small mammal density against 4 vegetation 
predictor variables: percent grasses, percent [orbs and 
shrubs, percent cactus, and visual obstnu:tion reading, as 
well as all pair-wise combinations of these variables yielding 
10 models. Model selection using AlC, resulted in simple 
models containing few vegetation parameters Crable 10). 
For thirteen-lined ground squirrel the best model retained a 
term for percent fi)fbs and shrubs (13 = 0.56, 9S% Cl = 
0.02-1.11) and a term for percent grasses (~ = 0.43,95% Cl 
= 0.05--D.81). For grasshopper mouse the best model 
retained a term for visual obstruction reading ((1 = 2.58, 
95% CI = 0.63-4.53), and for deer mouse the best model 
retained a term for percent grasses W= -0.16, 95% CI = 
-0.38 to 0.07). For thirteen-lined ground squirrel and 
grasshopper mouse the 95% confidence intervals on 
vegetation parameters did not cover zero. 

Regression of artificial nest survival against thirteen-lined 
ground squirrel, grasshopper mouse, and deer mouse 
densities revealed an inverse relation between survival and 
thirteen-lined ground squirrel densities. For grasshopper 
mouse and deer mouse 95% confidence intervals on density 
parameters covered zero Crable 11.). A species-specitic 
analysis of natural nest survival using densities of thirteen
lined ground squirrel, grasshopper mouse, and deer mouse 
as a covariate was not possible due to small sample sizes; 
hence, I pooled data for lark buntings, McCown's longspurs, 
and horned larks prior to analysis. None of the parameters 
from this analysis differed from zero (Table 11). 

DISCUSSION 
Small Mammals 
My prediction that small mammal densities would be 
greater in CRP fields and edges when compared to 
shortgrass habitats was supported by my data..Densities of 
deer mouse were higher in CRP and edges comp,ued to 

Table 6. Species-specific counts of the number ofdistinct small mammal individuals I captured at shortgrass prairie interior and shortgrass prairie-cropland 
edge sites r sampled in 2000 and 2001, northeastern Colorado, USA. 

2000 2001 

Species Interior Edge Interior Edge 

Thirteen-lined ground squirrel 
Grasshopper mouse 
DefT mouse 
8ilJ,:y rocket mouse 
Plains pocket oW lise 
Hispid pocket mouse 
Ord's kangaroo rat (Dipodo",ys ordi,) 
l°rairie vole 
Plains pocket mouse 
Western harvest mouse (Reithrodotltomy... megalotiJ) 
Meadow vole (Mi"..,w penmylvanicu.r) 
Northern poc.ket gopher (Thomomys talpoidfs) 
Total count 

43 73 34 
11 14 14 
3 49 5 
0 0 0 
2 5 0 
0 3 0 
0 9 0 
3 12 0 
0 0 0 
0 3 1 
0 0 0 
0 0 1 

62 168 55 

74 
26 
30 
5 
5 
4 
9 

13 
1 

10 
1 
0 

178 
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Table 7. Mean mammal densities (no./h.) and 95% confidence interva'!s (95% en for shorth'Tass prairie interior and shortgrass prairie-cropland edge sites 1 
sampled (n = 16; data pooled across yr) i" 2000 and 2001, northeastem Colorado, USA. 

Interior Edge Paired differences (inlerior - edge) 

Species Mean density 95% CI Mean density 95% CI Mean density 95% CI 

Thirteen-lined ground 
s'1uilTel 

Grasshopper mouse 
Deer mouse 

2.51 
2.16 
0.31 

1.39-3.62 
0.98-3.34 

0-{).68 

6.29 
2.90 
2.35 

3.83-8.76 
0.97-4.82 
0.36-4.34 

-3.79 
-0.74 
-2.04 

-6.53 to -1.04 
-1.96....0.48 
-4.06 to -0.02 

Table 8. Mean vegetation differences and 95% confidence intervals (95% Cl) for shortgrass prairie interior and shortgrass prairie-cropland edge s.ites I 
sampled (n = 16; data pooled across yr) in 2000 and 2001, northeastern Colorado, USA. 

Interior Edge Paired differences (interior - edge) 

Mean Mean Mean 
Vegetation vari.ablc difference 95% CI difference 95% CI difference 95% CI 

Bare ground ('Yo) 7.3 4.1-10.5 7.0 3.1-10.8 0.3 -3.1-3.7 
Grasses (%) 84.6 SO.S-88.4 85.1 81.3....88.8 -0.5 -5.3-4.3 
Forbs and shmbs (%) 6.0 2.9-9.1 5.7 2.5-8.9 0.3 -2.9....3.6 
Cactus (%) 25 0.8-4.1 1.7 0.5-2.9 0.8 -0.3-1.9 
Green (%) 79.3 69.1-S9.6 78.0 69.3....S6.6 1.4 -3.3....6.1 
Vis\l>!! obstruction reading (dm) 0.8 0.5-1.0 0.8 0.4-1.3 -0.1 -0.4-{).2 

shortgrass prairie, and thirteen-lined ground squirrel 
densities were higher in edges than ill shortgrass prairie. 
There was no evidence that grasshopper mouse densities 
dittered in either case. More generally, when counts for deer 
mouse. thirteen-lined ground squirrel, and grasshopper 
mouse (the 3 species for which density estimates were 
possible) are removed from the species-specific counts (i.e., 
Tables 1 and 6), I only captured one additional individual 
on shortgrass sites, whereas I captured 16 individuals of 4 
species on the CRP sites. Furthermore, I captured only 7 
individuals of 4 species on interior shortgrass sites, whereas I 
captured 80 individuals of 8 species on edge sites (counts 
pooled across yr). Hall and Willig (1994) found a similar 
pattern, wherein more individuals were captured at CRP 
sites than at shortgrass sites, though in that study 
Rcithrodolltomys spp. were the most common species 
captured, whereas in my study thirteen-lined ground 
squirrel was the most commonly captured species. Likewise, 
in comparing interior to riparian edge habitats in West 
Virginia, USA, Osbourne et al. (2005) found small mammal 
diversity and abundance of some species was greater in edge 
habitat. In contrast, in a study of grassland interior and edge 
habitat in Boulder, Colorado, Bock et al. (2002) found total 
captures of native rodents were higher in interior than in 
edge plots. Plots in that study were tallgrass prairie or mixed 

grassland, and edges were formed by the interface of 
grassland and suburban habitat. Bock et al. (2002) 
speculated that domestic and human-commensal predators 
might explain the negative edge effect in that study. Plots in 
my study were rural and most were on the PNG so such an 
effect seems unlikely, though there is evidence from tallgrass 
prairie-forest edges that mid-sized carnivores, which are 
potential small mammal predators, preferentially forage near 
forest edges (Winter et al. 2000). 

Species diversity and composition are commonly used as 
indicators of environmental well-being and are often the 
targets of restoration efforts (Tordan et al. 1987, Magurran 
1988, Hall and Willig 1994, Olson and Brewer 2003). Hall 
and Willig (1994) found no significant differences in small 
mammal diversity in comparisons of CRP and shortgrass, 
but those authors did find differences in species composi
tion. In my study species richness was lower at shortgrass 
sites compared to CRP or edges, and species composition 
d.iffcred. At CRP sites I captured 7 distinct species 
compared to 4 species at shortgrass sites, and at edges I 
captured 11 species compared to 7 species at interior 
shortgrass sites. Thus, from a restoration perspective (i.e., 
where the goal would be to restore species richness and 
composition to its original state), my results and those of 
Hall and Willig (1994) suggest that for small mammals 

Table 9. Mean daily natural JJest survival probabilities, number of nests in the sample n, and 95% confIdence intervals (95% C1) for shortgrass prairie 
interior and shorti,'Tass prairie--cropland edge sites 1 sampled (data pooled across yr) in 2000 and 2001, northeastern Colorado, USA. The dilference parameter 
represents the change in daily survival probability, on a logit scale, due to nesting at an edge site (a positive value means daily survival probabilities were higher 
at edge sites). 

Interior Edge Difference par"meter 

Me.an Mean Mean 

Bird species 
survival 

probability 95% CI n 
survival 

probability 95% CI n 
survival 

probability 95% C1 

Lark bunting 
McC",,,,'s longspuf 
Horned lark 
Species pooled 

0.959 
0.934 
0.929 
0.946 

0.91l-{).981 
0.878-{).965 
0.802-{).977 
0.916-{).966 

15 
15 
4 

34 

0.975 
0.985 
0.951 
0.973 

0.90O-{J.994 
0.88O-{J.998 
0.586-{).996 
O.932-{).990 

17 
5 
3 

25 

0.517 
1.536 
0.390 
0.733 

-0.690-1.724 
-0.551-3.623 
-1.946-2.726 
-0.116-1.582 
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Table 10. M.odel selection results from a regression an;llysis of small 
mammal densiry against vegetation variables' on shortgrass prairie and 
shortgrass-cropland edge sites I sampled in 2000 and 2001, northeastern 
Co10mdo, USA. Results indude the difference ill Akaike's Infonnation 
Criterion corrected for small samples (AIC,) relative to the best model 
CIJ.AICJ, the model weight (wJ, and the number of estimated parameters 
(Aj for models with 'V; 2: 0.05 (i.e., 5%). 

Model AIC, MlC, 'Wi K 

Tflirteen-lilled ground squirrel
 

Grass + forbshrb 56.6 0.0 0.31 4
 
Grass 57.8 1.2 0.17 3
 
Cactus 58.9 2.3 0.10 3
 
Fnrbshrb 59.0 2.4 0.09 3
 
VOR 59.1 2..5 0.09 3
 
Grass + VOR 59.3 2.7 0.08 4
 
Cactus + VOR 59.9 3.3 0.06 4
 
Forbsnrb + VOR 60.1 3.5 0.05 4
 

Grassnopper mouse 

VOR 26.0 0.0 0.59 3 
VOR + forbsnrb 27.2 1.2 0.32 4 

Deer mouse
 

G-rass 47.2 0.0 0.32 3
 
VOR 48.5 1.3 0.16 3
 
Cactus 49.4 2.2 0.10 :1
 
VOR+ grass 49.5 2.3 0.10 4
 
Grass + forbs flrb 49.5 2.3 0.10 4
 
Forbshrb 49.6 2.4 0.09 3
 
Gfass + cactus 50.5 3.3 0.06 4
 

• % grasses (grass), % forbs and shrubs (forbshrb), % cactus (cacms), and 
visaalobstruction reading (VOR). 

CRPis dearly not an acceptable substitute for shortgrass 
prairie. However, considering that CRP in my study system 
was a replacement for cropland that was formerly shortgrass 
prairie, and that most species present on shortgrass sites 
were also present on CRP sites, then arguably conversion of 
cropland to CRP may be a beneficial management activity in 
shortgrass systems. Such activities, however, would also 
need to consider potential effects on birds and other taxa. 

Nest Survival 
I assessed effects of mammal density on nest survival using 
both artiflcial and natural nests. Use of artificial nests has 
been much scrutinized in recent years, with many studies 
concluding that results based on artificial nests may be 
misleading (Rangen et al. 2000, Zanette 2002, Burke et al. 
2004, Moore and Robinson 2004). However, as Villard and 
Part (2004) point out a broader perspective is needed. 
Speciflcally, we must "... realize that progress depends on 
developing model systems that, although not faithful 
replicas of the in vivo environment, enable the easy and 
repeatable study of biological phenomena" (Bull and Levin 
2000:1409). I discovered few natural nests on trapping webs, 
which limited inferences about factors associated with nest 
survival. Hence, artificial nests were useful because they 
facilitated the study ofpredation phenomena across habitats. 

Daily survival probabilities of artificial nests did not differ 
ill eRP or edge sites compared to shortgrass sites. These 
results are concordant with Howard et al. (2001), who found 
no differences in artificial nest predation between CRP and 
shortgrass sites but differ from Winter et al. (2000), who 

Table n. Results of a regression analysis of artificial nest and natut:'"J nest 
(data pooled for lark buntings, McCown's longspurs, and horned larks) 
daily survival probabilities against densities of thirteen-lined ground 
squirrel, grasshopper mOllse, and deer mouse on shongrass prairie and 
shortgrass-cropland edge sites I sampled in 2000 and 2001, nOltneastern 
Colorado, USA. 

Parameter 
Predictor variable estimate 95% CI 

Artificial nests 

Thirteen-lined ground squirrel -0.009 -0.014 to -0.003 
density 
Grasshopper mouse densiry -0.010 -0.026 to 0.007 
Deer mouse density 0.004 -0.007 to 0.014 

Natural nests 

Thirteen-lined ground squ.irrd -0.059 -0.167 to 0.049 
density 
Gmsshopper mouse density -0.092 - 0.241 to 0.057 
Deer mouse densiry 0.307 -0.024 to 0.638 

found survival of artificial nests was lower within 30 m of a 
tallgrass-forest edge. These contradictory results with respect 
to edge effects are in line with synthetic reviews of the 
literature where authors claim fIeld studies do not support the 
hypothesis that nest predation increases ncar habitat edges 
(e.g., Lahti 2001; synthesis of 54 study sites) or that field 
studies do support the hypothesis that nest predation 
increases near habitat edges (e.g., Batary and Baldi 2003; 
meta-analysis of64 experiments). Despite the lack ofan eHeet 
across habitats, artificial nest survival in my study was 
inversely proportional to thirteen-lined ground squirrel 
densities in interior shortgrass and edge habitats. vVhereas 
this result is consistent with other studies describing thirteen
lined ground squirrel as an important nest predator (With 
1994, Dion et al. 2000, Pietz and Granfors 2000, Renfrew 
'lIld Ribic 2003), I did not obsen'e a similar effect in grassland 
and CRP habitats. Although natural nest data in my study 
were too sparse to analyze at grassland and CRP sites, 
Howard et al. (2001) found no differences in natural nest 
survival across shortgrass prairie and CRP sites. Analysis of 
natural nest data at interior shortgrass and edge sites showed 
that, in contrast to my prediction, natural nest survival was 
slightly higher on edges for 3 bird species (Table 9), though 
confIdence intervals in all cases covered zero. A similar 
pattern of higher nest survival along woodland edges in the 
mixed-grass prairie was reported by Grant et a1. (2006). In 
that study thirteen-lined ground squirrel was the most 
common predator of eggs and young, but unlike in my study, 
abundance of thirteen-lined ground squirrel was lower near 
edges. My data thus do not support the prediction that daily 
survival probabilities of ground-nesting grassland bird nests 
arc negatively correlated with densities of small mammals. 
However, this conclusion must be tempered by the fact that 
sample sizes for natural nests were small and insufficient 
power may have existed to detect differences. 

MANAGEMENT IMPLICATIONS 
My data strongly support the notion that land-usc patterns 
on the shortgrass prairie alter the small mammal commu
nity. One implication of my results is that CRP, from a 
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management standpoint, should not be considered a 
replacement for shortgrass prairie even though it may 
represent a marked improvement over the cropland it 
replaces as a cover type. A second implication is that if a 
management objective is to maintain small mammal 
communities on the shortgrass prairie in their original state, 
then efforts should be focused on preventing the conversion 
of shortgrass prairie to cropland, because such prevention 
will reduce habitat loss and creation of edges that alter the 
mammal community and potentially other biological 
responses. 

Nesting data in my study--at the spatial scale and sample 
sizes 1 examined-failed to support the hypothesis that 
ground-nesting grassland bird nest survival is reduced at 
high small mammal densities. The implication is that 
managers should not assume undertaking management 
activities that alter the small mammal community will have 
no effect on avian nesting success. Rather, it would be 
prudent for managers to execute management activities in 
tandem with well-designed field studies that monitor effects 
of the management activity all avian nest survival. 
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