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Figure 1.  Mean (SE) vegetation height (in) around nests immediately after completion or 
failure.  Vegetation around grasshopper sparrow nests at Lakehurst was significantly 
shorter than vegetation at Westover. 
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Figure 2.  Horizontal cover profile of vegetation around nests.  Nests of both target 
species tended to be in areas with more bare ground and shrub cover at LNAES than at 
other sites.   
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Figure 3.  Estimated initiation dates (start of incubation) for grasshopper sparrow nests 
monitored at LNAES, PRNAS, and WARB, 2009. 
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Figure 4.  Estimated initiation dates (start of incubation) for eastern meadowlark nests 
monitored at LNAES, PRNAS, and WARB, 2009. 

N
u
m
b
e
r 
o
f 
n
e
st
s 



21 
 

 
 
 

Savannah Sparrow - Westover

0

1

2

3

4

5

6

7

8

9

10

21-30 1-10 11-20 21-31 1-10 11-20 21-30 1-10

April May June July

 
 

Field Sparrow - Lakehurst

0

1

2

3

4

5

21-30 1-10 11-20 21-31 1-10 11-20 21-30 1-10

April May June July

 
 
 
Figure 5.  Estimated initiation dates (start of incubation) for savannah sparrow and field 
sparrow nests monitored at WARB and LNAES, respectively, in 2009. 
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Figure 6. Predicted DSR for grasshopper sparrow nests (with 95% confidence limits) vs. 
distance to the nearest active runway surface. 
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Figure 7. Predicted DSR (with 95% confidence limits) for grasshopper sparrow nests vs. 
percent grass cover at the nest site (arcsine transformed). 
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Figure 8. Predicted DSR for eastern meadowlark nests (with 95% confidence limits) vs. 
percent grass cover at the nest site (arcsine transformed). 
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Figure 9. Predicted DSR for eastern meadowlark nests (with 95% confidence limits) vs. 
day of season. 
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Figure 10.  Predicted DSR for “other passerine” nests (with 95% confidence limits) vs. 
day of season. Species included savannah sparrow, bobolink, and horned lark on WARB, 
and field sparrow on LNAES. 
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Figure 11.  Predicted number of grasshopper sparrows fledged per nest in relation to 
horizontal grass cover.  Predicted values based on the best performing general linear 
models listed in Table 13. 



28 
 

0

0.5

1

1.5

2

2.5

3

3.5

4

1 10 100 1000 10000

P
re
d
ic
te
d
 #
 F
le
d
ge

Distance from Runway (m, Log Scale)

LNAES

PRNAS

WARB

 
 
 
Figure 12.  Predicted number of grasshopper sparrows fledged in relation to distance 
from nearest runway.  Predicted values based on the best performing general linear 
models listed in Table 13. 



29 
 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 20 40 60 80 100 120

P
re
d
ic
te
d
 #
 F
le
d
ge

% Grass Cover

LNAES

PRNAS

WARB

 
 
 
Figure 13.  Predicted number of eastern meadowlarks fledged per nest in relation 
horizontal grass cover.  Predicted values based on the best performing general linear 
model listed in Table 13. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1.  Summary statistics for vegetation characteristics at grasshopper sparrow nests during the 
2009 breeding season.

Base Variable Mean SD CV Minimum Median Maximum n
Lakehurst Initial Height 7.1 2.3 0.32 3.9 7.2 12.0 15

Final Height 8.0 2.8 0.35 3.7 8.3 13.6 15
% Bare 24.8 20.7 0.83 0.0 30.0 70.0 15
% Grass 60.0 19.6 0.33 25.0 65.0 90.0 15
% Forb 1.3 3.3 2.47 0.0 0.0 12.0 15
% Shrub 17.0 13.1 0.77 0.0 15.0 50.0 15
Clumpiness 2.3 0.7 0.31 1.0 2.0 3.0 15

Patuxent River Initial Height 10.2 3.2 0.31 5.4 9.9 20.4 20
Final Height 9.7 2.4 0.25 5.4 9.9 13.7 20
% Bare 0.1 0.4 447.2 0.0 0.0 2.0 20
% Grass 85.8 21.4 24.9 40.0 100.0 100.0 20
% Forb 24.4 24.8 101.5 5.0 15.0 90.0 20
% Shrub 9.0 16.7 185.0 0.0 2.5 60.0 20
Clumpiness 2.1 0.5 24.9 1.0 2.0 3.0 20

Westover Initial Height 10.0 4.8 0.48 6.5 9.1 20.3 7
Final Height 11.5 3.2 0.28 8.3 9.9 16.9 7
% Bare 16.4 16.3 99.0 0.0 15.0 40.0 7
% Grass 55.7 31.0 55.7 20.0 50.0 100.0 7
% Forb 30.0 24.3 81.1 5.0 25.0 70.0 7
% Shrub 2.1 5.7 264.6 0.0 0.0 15.0 7
Clumpiness 2.1 0.9 42.0 1.0 2.0 3.0 7
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Table 2.  Summary statistics for vegetation characteristics at eastern meadowlark nests during the 
2009 breeding season.

Base Variable Mean SD CV Minimum Median Maximum n
Lakehurst Initial Height 6.7 3.2 0.47 2.3 6.5 11.9 6

Final Height 7.2 2.5 0.35 3.8 7.0 10.7 6
% Bare 16.7 16.0 0.96 5.0 10.0 45.0 6
% Grass 38.0 31.4 0.83 5.0 30.0 88.0 6
% Forb 26.7 30.1 1.13 0.0 20.0 80.0 6
% Shrub 22.5 27.2 1.21 0.0 12.5 60.0 6
Clumpiness 2.3 0.8 0.35 1.0 2.5 3.0 6

Patuxent River Initial Height 11.5 3.1 0.27 6.5 11.0 18.0 28
Final Height 9.9 3.6 0.36 2.8 9.4 19.1 27
% Bare 0.0 0.0 - 0.0 0.0 0.0 27
% Grass 87.4 19.2 0.22 35.0 100.0 100.0 27
% Forb 13.6 16.4 1.21 0.0 10.0 70.0 27
% Shrub 20.2 25.4 1.26 0.0 10.0 90.0 27
Clumpiness 1.9 0.6 0.32 1.0 2.0 3.0 27

Westover Initial Height 9.0 4.0 0.44 4.3 8.1 17.5 14
Final Height 10.4 3.0 0.29 5.3 10.5 15.6 14
% Bare 2.5 4.3 1.71 0.0 0.0 10.0 14
% Grass 78.2 16.1 0.21 45.0 82.5 100.0 14
% Forb 23.4 15.7 0.67 2.0 20.0 50.0 14
% Shrub 0.7 2.7 3.74 0.0 0.0 10.0 14
Clumpiness 2.0 0.6 0.28 1.0 2.0 3.0 14
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Model ∆AICc

AICc 

Weights
No. 

Parameters Deviance Pseudo R2a

Grasshopper Sparrow (min AICc = 95.84; n = 42 nests)
Site - D. To Runway 0.00 0.42 4 87.75 0.08
Site - % Grass 1.20 0.23 4 88.95 0.07
Null 1.81 0.17 1 95.64 -
Site - Day of Season 4.23 0.05 4 91.97 0.04
Site 4.44 0.05 3 94.23 0.01
Site - Nest Mowed 5.26 0.03 4 93.01 0.03
Site - Veg. Height 5.84 0.02 4 93.58 0.02
Site - Clumpiness 6.31 0.02 4 94.06 0.02
Site - Mowed Area 6.45 0.02 4 94.19 0.02
Eastern Meadowlark (min AICc = 187.49; n =  48 nests)
Site - % Grass 0.00 0.32 4 179.40 0.05
Site - Day of Season 0.41 0.26 4 179.81 0.05
Site 2.01 0.12 3 183.45 0.03
Site - D. To Runway 3.39 0.06 4 182.79 0.03
Site - Mowed Area 3.40 0.06 4 182.80 0.03
Site - Veg. Height 3.81 0.05 4 183.22 0.03
Site - Nest Mowed 3.89 0.05 4 183.29 0.03
Null 3.90 0.05 1 189.38 -
Site - Clumpiness 3.95 0.04 4 183.35 0.03
Other Passerines (min AIC c  = 106.80; n =  41 nests)

Site - Day of Season 0.00 0.32 3 100.74 0.10
Site 1.18 0.18 2 103.95 0.07
Site - Nest Mowed 2.12 0.11 3 102.86 0.08
Site - Veg. Height 2.37 0.10 3 103.11 0.08
Site - Mowed Area 2.59 0.09 3 103.33 0.08
Site - Clumpiness 2.87 0.08 3 103.61 0.07
Site - % Grass 3.09 0.07 3 103.83 0.07
Site - D. To Runway 3.18 0.06 3 103.92 0.07
Null 6.94 0.01 1 111.73 -
aMcFadden's pseudo R2 (likelihood ratio index).

Table 3.  Logistic models of daily survival rates for nests found at all bases in 2009 (sites 
combined). Models are ranked by ∆AICc.
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Model
Independent 
Variable В SE 95% CI

Grasshopper Sparrow (n = 42 nests)

Site - D. to Runway Patuxent -0.8474 1.0901 -2.9841, 1.2892
Lakehurst -2.9628 1.2152 -5.3446, -0.5809
D. to Runway 0.0006 0.0002 0.0001, 0.0010
Intercept 4.2025 1.0092 2.2244, 6.1805

Site - % Grass Patuxent -2.2706 1.1997 -4.622, 0.0808
Lakehurst -1.2705 1.0962 -3.4191, 0.8781
% Grass 2.3760 1.0140 0.3886, 4.3634
Intercept 2.5821 1.2294 0.1725, 4.9917

Null Intercept 1.2250 0.0477 1.1315, 1.3186
Eastern Meadowlark (n =  49 nests)

Site - % Grass Patuxent 0.0174 0.4750 -0.9135, 0.9484
Lakehurst 0.3771 0.8892 -1.3658, 2.1200
% Grass -1.3822 0.7224 -2.7982, 0.0337
Intercept 4.2950 0.9004 2.5303, 6.0597

Site - Day of Season Patuxent -0.1030 0.4461 -0.9774, 0.7714
Lakehurst 1.4322 0.8185 -0.1721, 3.0365
Day of Season -0.0195 0.0102 -0.0395, 0.0005
Intercept 3.4477 0.5364 2.3963, 4.4992

Other Passerines* (n =  41 nests)

Site - Day of Season Lakehurst 2.3734 1.0532 0.3091, 4.4377
Day of Season -0.0269 0.0153 -0.0570, 0.0031
Intercept 4.1092 0.8164 2.5090, 5.7093

Site Lakehurst 2.12809 1.03602 0.0975, 4.1587
Intercept 2.83472 0.25751 2.3300, 3.3394

* Includes field sparrow at Lakehurst, and savannah sparrow, horned lark, and 
bobolink at Westover. 

Table 4.  Parameter estimates from the best performing logistic models (≤ 2 ∆AICc) of 
grasshopper sparrow and eastern meadowlark daily nest survival rates in 2009 (sites 
combined).
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Species - Mow Type No. Nests
No. 

Failures DSR SE 95 CI - Lower 95 CI - Upper
Patuxent River
Mowed areas 19 5 0.97221 0.01226 0.93498 0.98839
Non-mowed areas 1 1 0.84515 0.14286 0.39115 0.97889
Mowed nests 4 0 1.00000 0.00000 0.99999 1.00001
Non-mowed nests 16 6 0.95015 0.01985 0.89341 0.97744
All nests 20 6 0.96781 0.01293 0.93021 0.98547
Lakehurst
All nests (non-mowed) 15 6 0.96447 0.01425 0.92317 0.98396
Westover
Mowed areas 3 1 0.96428 0.03507 0.78581 0.99499
Non-mowed areas 4 0 1.00000 0.00000 1.00000 1.00000
Mowed nests 1 1 0.88889 0.10476 0.50014 0.98461
Non-mowed nests 6 0 1.00000 0.00000 1.00000 1.00000
All nests 7 1 0.98810 0.01183 0.92035 0.99833

Table 5.  Daily survival rate (DSR) estimates for grasshopper sparrow nests monitored during the 2009 
season.
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Species - Mow Type No. Nests
No. 

Failures DSR SE 95 CI - Lower 95 CI - Upper
Patuxent River
Mowed areas 27 21 0.91712 0.01734 0.87616 0.94537
Non-mowed areas 1 1 0.93095 0.06667 0.63846 0.99038
Mowed nests 14 11 0.91389 0.02485 0.85110 0.95170
Non-mowed nests 14 11 0.92149 0.02276 0.86369 0.95603
All nests 28 22 0.91786 0.01680 0.87836 0.94534
Lakehurst
All nests (non-mowed) 7 2 0.98039 0.01373 0.92499 0.99509
Westover
Mowed areas 7 5 0.92284 0.03320 0.82745 0.96756
Non-mowed areas 7 3 0.95709 0.02425 0.87516 0.98610
Mowed nests 0 0 - - - -
Non-mowed nests 14 8 0.94062 0.02038 0.88568 0.97005
All nests 14 8 0.94062 0.02038 0.88568 0.97005

Table 6.  Daily survival rate (DSR) estimates for eastern meadowlark nests monitored during the 2009 
season.
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Modela ∆AICc

AICc 

Weights
No. 

Parameters Deviance Pseudo R2

Patuxent River (min AIC c  = 38.48; n = 20 nests)

% Grass 0.00 0.38 2 34.41 0.19
Nest Mowed 0.72 0.27 1 37.17 0.13
Day of Season 0.85 0.25 2 35.26 0.17
D. To Runway 5.05 0.03 2 39.46 0.07
Clumpiness 5.40 0.03 2 39.81 0.06
Null 6.07 0.02 1 42.53 -
Mowed Area 6.34 0.02 2 40.75 0.04
Veg. Height 7.87 0.01 2 42.28 0.01
Lakehurst (min AIC c  = 37.96; n =  15 nests)

D. To Runway 0.00 0.74 2 33.89 0.17
Day of Season 4.58 0.07 2 38.47 0.06
Null 4.91 0.06 1 40.85 -
Veg. Height 5.37 0.05 2 39.25 0.04
% Grass 5.67 0.04 2 39.56 0.03
Clumpiness 6.50 0.03 2 40.38 0.01
Westover (min AIC c  = 8.33; n = 7 nests)

D. To Runway 0.00 0.53 1 6.28 0.42
Nest Mowed 2.10 0.18 2 6.28 0.42
% Grass 3.43 0.10 2 7.61 0.30
Mowed Area 4.45 0.06 2 8.63 0.20
Null 4.57 0.05 1 10.85 -
Veg. Height 5.22 0.04 2 9.40 0.13
Day of Season 6.26 0.02 2 10.44 0.04
Clumpiness 6.59 0.02 2 10.77 0.01

Table 7.  Logistic models of daily survival rates for grasshopper sparrow nests monitored 
during the 2009 season. Models are ranked by ∆AICc.

aThe models "Mowed Area" and "Nest Mowed" were not run for Lakehurst due to lack of 
mowing activity on the base.
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Model В1
a SE 95% CI В0 SE

Patuxent River (n = 20 nests)
% Grass 3.49027 1.25718 1.0262, 5.9543 -0.94027 1.408471
Nest Mowed 17.9286 4044.02 -7908.35, 7944.21 2.947513 0.419088
Day of Season 0.0639 0.0283 0.0084, 0.1193 -0.1793 1.3913
Lakehurst (n = 15 nests)
D. to Runway 0.0006 0.0002 0.0002, 0.0010 1.1789 0.7377
Westover (n = 7 nests)
D. to Runway 0.37784 8.0E-05 0.3777, 0.3780 -16.8126 1.056646

Table 8.  Parameter estimates from the best performing logistic models (≤ 2 ∆AICc) of grasshopper 
sparrow daily nest survival rates in 2009.

aB0 = intercept parameter estimate, B1 = independent parameter estimate.
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Modela ∆AICc

AICc 

Weights
No. 

Parameters Deviance Pseudo R2

Patuxent River (min AICc = 121.82; n = 28 nests)
Day of Season 0.00 0.45 2 117.78 0.03
Null 1.97 0.17 1 121.78 -
Veg. Height 3.75 0.07 2 121.52 0.00
% Grass 3.76 0.07 2 121.54 0.00
Clumpiness 3.94 0.06 2 121.72 0.00
Nest Mowed 3.95 0.06 2 121.72 0.00
Mowed Area 3.96 0.06 2 121.74 0.00
D. to Runway 3.97 0.06 2 121.74 0.00
Lakehurst (min AICc = 15.06; n =  7 nests)
% Grass 0.00 0.41 2 10.94 0.35
Clumpiness 0.05 0.40 2 10.99 0.35
Day of Season 3.27 0.08 2 14.20 0.16
Null 3.90 0.06 1 16.92 -
D. To Runway 5.82 0.02 2 16.76 0.01
Veg. Height 5.93 0.02 2 16.87 0.00
Westover (min AICc = 44.65; n = 14 nests)
% Grass 0.00 0.29 2 40.56 0.09
Veg. Height 0.59 0.22 2 41.15 0.08
Clumpiness 1.14 0.17 2 41.70 0.07
D. To Runway 1.57 0.13 2 42.12 0.06
Null 2.14 0.10 1 44.76 -
Mowed Area 3.49 0.05 2 44.05 0.02
Day of Season 4.13 0.04 2 44.68 0.00

Table 9.  Logistic models of daily survival rates for eastern meadowlark nests monitored 
during the 2009 season. Models are ranked by ∆AICc.

aThe models "Mowed Area" and "Nest Mowed" were not run for Lakehurst due to lack of 
mowing activity. The "Nest Mowed" model was not run for Westover due to absence of 
mowed nests.
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Model В1
a SE 95% CI В0 SE

Patuxent River (n = 28 nests)
Day of Season -0.0263 0.0134 -0.0525, -4.26E-07 3.6894 0.7273
Null - - - 2.4137 0.2228
Lakehurst (n =  7 nests)
% Grass -5.3283 2.6192 -10.462, -0.1946 7.9496 2.7962
Clumpiness -17.7672 0.0000 -17.7672, -17.7672 55.6976 0.0000
Westover (n =  14 nests)
% Grass -3.2460 1.5792 -6.3414, -0.1507 6.4930 1.9613
Veg. Height -0.0987 0.0544 -0.2053, 0.0079 5.3904 1.6053
Clumpiness 1.2684 0.7260 -0.1545, 2.6914 0.3354 1.3446
D. to Runway 0.0037 0.0025 -0.0013, 0.0087 2.0762 0.5163

Table 10.  Parameter estimates from the best performing logistic models (≤ 2 ∆AICc) of eastern 
meadowlark daily nest survival rates in 2009. 

aB0 = intercept parameter estimate, B1 = independent parameter estimate.
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Modela ∆AICc

AICc 

Weights
No. 

Parameters Deviance Pseudo R2

Lakehurst (min AICc = 7.31; n =  11 nests)
% Grass 0.00 0.76 1 5.28 0.46
Null 4.45 0.08 1 9.74 -
Day of Season 5.28 0.05 2 8.51 0.13
Clumpiness 5.88 0.04 2 9.10 0.07
Veg. Height 6.24 0.03 2 9.47 0.03
D. to Runway 6.36 0.03 2 9.59 0.02
Westover (min AICc = 95.91; n = 30 nests)
Day of Season 0.00 0.20 2 91.87 0.02
D. to Runway 0.26 0.18 2 92.12 0.02
Null 0.32 0.17 1 94.21 -
Nest Mowed 1.26 0.11 2 93.12 0.01
Veg. Height 1.65 0.09 2 93.52 0.01
Mowed Area 1.73 0.09 2 93.59 0.01
Clumpiness 1.78 0.08 2 93.65 0.01
% Grass 1.88 0.08 2 93.75 0.00

Table 11.  Logistic models of daily nest survival rates for "other passerines" monitored 
during the 2009 season. Species included field sparrow at Lakehurst, and savannah 
sparrow, horned lark, and bobolink at Westover. Models are ranked by ∆AICc.

aThe models "Mowed Area" and "Nest Mowed" were not run for Lakehurst due to lack of 
mowing activity. No models were run for Patuxent site due to a lack of "other" species.
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Model В1
a SE 95% CI В0 SE

Lakehurst (n =  11 nests)
% Grass 107.7438 0.0000 107.7438, 107.7438 2.7052 1.0343
Westover (n = 30 nests)
Day of Season -0.0242 0.01603 -0.0556, 0.0072 3.9706 0.8394
D. to Runway 0.0048 0.0035 -0.0021, 0.0117 2.3184 0.4210
Null - - - 2.8347 0.2575
Nest Mowed 0.5927 0.5911 -0.5660, 1.7513 2.6503 0.2992
Veg. Height 0.0216 0.0278 -0.0328, 0.0761 2.3131 0.6927
Mowed Area -0.5692 0.7715 -2.0814, 0.9430 3.3125 0.7205
Clumpiness 0.3200 0.4265 -0.5159, 1.1560 2.2359 0.8176
% Grass -0.5985 0.8945 -2.3517, 1.1546 3.4221 0.9344

Table 12.  Parameter estimates from the best performing logistic models (≤ 2 ∆AICc) of daily nest 
survival rates for "other passerines" in 2009. Species included field sparrow at Lakehurst, and 
savannah sparrow, horned lark, and bobolink at Westover.

aB0 = intercept parameter estimate, B1 = independent parameter estimate.

41



Model ∆AICc

AICc 

Weights

No. 

Parametersa
-2 Log 

Likelihood Model R2

Grasshopper Sparrow (min AICc = 47.62; n = 42 nests)
Site - Date -Distance to Ruway 0.00 0.49 6 33.22 0.24
Site - Date - % Grass 0.69 0.35 6 33.91 0.23
Site - Initiation Date 3.89 0.07 5 39.84
Site 5.22 0.04 4 43.76

Site - Date - Veg.  Height 5.97 0.02 6 39.20
Site - Date - Nest Mowed 6.58 0.02 6 39.80
Site - Date - Mowed Area 6.60 0.02 6 39.82

Eastern Meadowlark (min AICc = 56.69; n =  49 nests)
Site - Date - % Grass 0.00 0.67 6 42.64 0.32
Site - Initiation Date 3.77 0.10 5 49.04
Site - Date - Veg.  Height 3.90 0.10 6 46.54
Site - Date - Mowed Area 5.18 0.05 6 47.83
Site - Date -Distance to Ruway 5.90 0.04 6 48.54
Site - Date - Nest Mowed 6.27 0.03 6 48.91
Site 7.55 0.02 4 57.69

aNumber of estimable model parameters including error and intercept (k).

Table 13.  General Linear Models of mean chicks fledged per nest monitored in 2009. Models are ranked 
by ∆AICc.
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Model
Independent 
Variable В SE P

Grasshopper Sparrow (n = 42 nests)
Site - D. to Runway Julian Daya 0.03 0.01 0.01 0.06 0.02

Patuxent -0.58 0.70 -1.95 0.80 0.42
Lakehurst -2.50 1.03 -4.51 -0.49 0.02
D. to Runway 0.0006 0.0002 0.0002 0.0010 0.02
Intercept -2.85 2.42 -7.60 1.90 0.24

Site - % Grass Julian Daya 0.01 0.02 -0.02 0.04 0.55
Patuxent -1.57 0.79 -3.12 -0.02 0.055
Lakehurst -0.81 0.74 -2.26 0.63 0.28
% Grass 2.26 0.95 0.39 4.13 0.02
Intercept -0.76 2.47 -5.59 4.08 0.76

Eastern Meadowlark (n =  49 nests)
Site - % Grass Julian Daya -0.02 0.01 -0.04 0.00 0.12

Patuxent -0.36 0.58 -1.50 0.78 0.54
Lakehurst -0.81 0.74 -2.26 0.63 0.28
% Grass -2.09 0.84 -3.73 -0.44 0.02
Intercept 6.94 1.89 3.24 10.64 0.0007

a Estimated start of incubation.

95% CI

Table 14.  Parameter estimates from the best performing generalized linear models (≤ 2 ∆AICc) of 
grasshopper sparrow and eastern meadowlark mean chicks fledged in 2009.
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Figure A6. Locations of eastern meadowlark nests monitored during summer 2009 on 
Patuxent River Naval Air Station, Patuxent River, MD.

Appendix A. Nest location maps.
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