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Introduction

• 2-year Over-winter ecology 
study (1 September-28 
February 2000-2002)

• Black Prairie Wildlife 
Management Area in the 
Blackland Prairie physiographic 
region of northeast Mississippi



Introduction
• Bird capture in September and 

November each year

• Birds fitted with 5-6 g necklace 
style transmitter

• Birds relocated ≥ 5 days/week

• Survival estimated using 
Kaplan- Meier method 
modified for staggered entry



Survival Estimates

2000-2001 (n = 173) 0.027 (SE = 0.0087)

2001-2002 (n = 71) 0.362 (SE = 0.0765)



Cause-specific Mortality

Avian Mammalian Unknown Other

2000-2001 49.6%
(SE = 0.040)

37.1%
(SE = 0.039)

8.6%
(SE = 0.023)

1.3%
(SE = 0.009)

2001-2002 28.0%
(SE = 0.071)

22.9%
(SE = 0.067)

12.7%
(SE = 0.053)

0



Raptor Migration Phenology
• Christmas Bird Count (CBC) data downloaded from the National Audubon 

Society (conducted between 14 December and 5 January each year)

• Downloaded data for the years 1985-2001

• Downloaded data for a 14 state region

• Downloaded data for 181 locations
– Ranging from 120 in 1985 to 177 in 1998
– 176 in 2000
– 173 in 2001

• Data downloaded for 4 species of migratory raptors
– Sharp-shinned hawks
– Cooper’s hawks
– Northern harriers
– Red-tailed hawks



Raptor Migration Phenology



Raptor Migration Phenology
Kriging

• Interpolation procedure that uses a set of points with z values 
to generate an estimated surface that incorporates spatial 
structure 

• Universal kriging allows for trends in the spatial data

• Kriged surfaces developed with a cell size of 0.12 decimal 
degrees (~ 10424 ha)
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Raptor Migration Phenology
Year-specific spatial patterns of relative raptor abundance



Raptor Migration Phenology
Mean relative abundance of Cooper’s hawks
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								SSHA								RTHA								COHA								NOHA

				Degree Band		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE

		2000		36 - 37		0.030810		0.025493		0.000769		0.001537		0.844032		0.973020		0.029338		0.058675		0.042064		0.029795		0.000898		0.001797		0.186320		0.305960		0.009225		0.018450

				35 - 36		0.051670		0.039122		0.001180		0.002359		0.937186		0.970433		0.029260		0.058519		0.041091		0.032188		0.000971		0.001941		0.245194		0.256015		0.007719		0.015438

				34 - 35		0.041446		0.033931		0.001023		0.002046		0.831135		0.714447		0.021541		0.043083		0.046101		0.033644		0.001014		0.002029		0.178548		0.195222		0.005886		0.011772

				33 - 34		0.037127		0.022539		0.000680		0.001359		0.831444		0.741883		0.022369		0.044737		0.049543		0.032028		0.000966		0.001931		0.257166		0.398648		0.012020		0.024039

				32 - 33		0.046148		0.036861		0.001111		0.002223		0.682596		0.378898		0.011424		0.022848		0.048115		0.025706		0.000775		0.001550		0.277257		0.306407		0.009239		0.018477

				31 - 32		0.049955		0.039247		0.001183		0.002367		0.595843		0.257906		0.007776		0.015552		0.052346		0.020587		0.000621		0.001241		0.235828		0.218631		0.006592		0.013184

		2001		36 - 37		0.046963		0.031560		0.000952		0.001903		0.602160		0.281386		0.008484		0.016968		0.049121		0.042583		0.001284		0.002568		0.104058		0.138594		0.004179		0.008358

				35 - 36		0.045925		0.039019		0.001176		0.002353		0.601217		0.322622		0.009727		0.019455		0.040323		0.022473		0.000678		0.001355		0.120726		0.105933		0.003194		0.006388

				34 - 35		0.062281		0.027886		0.000841		0.001682		0.755403		0.324157		0.009774		0.019547		0.052475		0.026107		0.000787		0.001574		0.149918		0.214794		0.006476		0.012953

				33 - 34		0.047524		0.019533		0.000589		0.001178		0.567332		0.270690		0.008162		0.016323		0.040590		0.020096		0.000606		0.001212		0.120031		0.151856		0.004579		0.009157

				32 - 33		0.058041		0.026980		0.000813		0.001627		0.707931		0.372557		0.011233		0.022466		0.030522		0.018784		0.000566		0.001133		0.336649		0.426256		0.012852		0.025704

				31 - 32		0.045917		0.026219		0.000791		0.001581		0.676924		0.336139		0.010135		0.020270		0.037555		0.023334		0.000704		0.001407		0.370896		0.467300		0.014090		0.028179

		Mean		36 - 37		0.040803		0.016067		0.000484		0.000969		0.582864		0.407098		0.012274		0.024549		0.036254		0.016225		0.000489		0.000978		0.105728		0.142782		0.004305		0.008610

				35 - 36		0.016067		0.013902		0.000419		0.000838		0.668023		0.469038		0.014142		0.028284		0.032187		0.012095		0.000365		0.000729		0.152221		0.144004		0.004342		0.008684

				34 - 35		0.044684		0.015961		0.000481		0.000962		0.713717		0.372296		0.011225		0.022450		0.037565		0.011679		0.000352		0.000704		0.165218		0.160998		0.004854		0.009709

				33 - 34		0.036692		0.009642		0.000291		0.000581		0.687963		0.348714		0.010514		0.021028		0.033144		0.008869		0.000267		0.000535		0.169826		0.166099		0.005008		0.010016

				32 - 33		0.046117		0.019131		0.000577		0.001154		0.708190		0.286466		0.008637		0.017275		0.026585		0.008161		0.000246		0.000492		0.248543		0.252533		0.007614		0.015228

				31 - 32		0.043562		0.016038		0.000484		0.000967		0.646853		0.273575		0.008249		0.016497		0.026201		0.007364		0.000222		0.000444		0.234726		0.292177		0.008809		0.017619





SSHA

		36 - 37		0.046963		0.040803		0.0015372856		0.0015372856		0.0019031395		0.0019031395		0.0009688765		0.0009688765

		35 - 36		0.045925		0.016067		0.0023591452		0.0023591452		0.0023529341		0.0023529341		0.0008383221		0.0008383221

		34 - 35		0.062281		0.044684		0.0020461162		0.0020461162		0.001681589		0.001681589		0.0009624845		0.0009624845

		33 - 34		0.047524		0.036692		0.0013591528		0.0013591528		0.0011778841		0.0011778841		0.0005814344		0.0005814344

		32 - 33		0.058041		0.046117		0.0022228018		0.0022228018		0.0016269551		0.0016269551		0.0011536426		0.0011536426

		31 - 32		0.045917		0.043562		0.002366683		0.002366683		0.0015810651		0.0015810651		0.0009671277		0.0009671277



2000

2001

Mean

Degree of Latitude Band

Mean # SSHA Observed / CBC Party Hour

0.03081

0.05167

0.041446

0.037127

0.046148

0.049955



RTHA

		36 - 37		36 - 37		36 - 37		0.05867531		0.05867531		0.0169682132		0.0169682132		0.0245489315		0.0245489315

		35 - 36		35 - 36		35 - 36		0.058519308		0.058519308		0.0194548374		0.0194548374		0.0282840538		0.0282840538

		34 - 35		34 - 35		34 - 35		0.0430827724		0.0430827724		0.0195474013		0.0195474013		0.0224502921		0.0224502921

		33 - 34		33 - 34		33 - 34		0.0447372253		0.0447372253		0.0163232201		0.0163232201		0.0210282441		0.0210282441

		32 - 33		32 - 33		32 - 33		0.0228484076		0.0228484076		0.022466031		0.022466031		0.0172745487		0.0172745487

		31 - 32		31 - 32		31 - 32		0.015552316		0.015552316		0.0202699431		0.0202699431		0.0164971922		0.0164971922



2000

2001

Mean

Degree of Latitude Band

Mean # RTHA Observed / CBC Party Hour

0.844032

0.60216

0.582864

0.937186

0.601217

0.668023

0.831135

0.755403

0.713717

0.831444

0.567332

0.687963

0.682596

0.707931

0.70819

0.595843

0.676924

0.646853



COHA

		36 - 37		36 - 37		36 - 37		0.001796706		0.001796706		0.0025678514		0.0025678514		0.0009784043		0.0009784043

		35 - 36		35 - 36		35 - 36		0.0019410093		0.0019410093		0.0013551728		0.0013551728		0.0007293559		0.0007293559

		34 - 35		34 - 35		34 - 35		0.0020288094		0.0020288094		0.0015743112		0.0015743112		0.0007042702		0.0007042702

		33 - 34		33 - 34		33 - 34		0.0019313609		0.0019313609		0.0012118343		0.0012118343		0.0005348208		0.0005348208

		32 - 33		32 - 33		32 - 33		0.00155013		0.00155013		0.0011327177		0.0011327177		0.0004921268		0.0004921268

		31 - 32		31 - 32		31 - 32		0.0012414427		0.0012414427		0.0014070931		0.0014070931		0.0004440659		0.0004440659



2000

2001

Mean

Degree of Latitude Band

Mean # COHA Observed / CBC Party Hour

0.042064

0.049121

0.036254

0.041091

0.040323

0.032187

0.046101

0.052475

0.037565

0.049543

0.04059

0.033144

0.048115

0.030522

0.026585

0.052346

0.037555

0.026201



NOHA

		36 - 37		36 - 37		36 - 37		0.018450081		0.018450081		0.0083575321		0.0083575321		0.008610078		0.008610078

		35 - 36		35 - 36		35 - 36		0.0154382844		0.0154382844		0.0063879998		0.0063879998		0.0086837674		0.0086837674

		34 - 35		34 - 35		34 - 35		0.0117723288		0.0117723288		0.0129525647		0.0129525647		0.0097085441		0.0097085441

		33 - 34		33 - 34		33 - 34		0.0240393774		0.0240393774		0.0091572608		0.0091572608		0.0100161459		0.0100161459

		32 - 33		32 - 33		32 - 33		0.0184770361		0.0184770361		0.0257042023		0.0257042023		0.0152283119		0.0152283119

		31 - 32		31 - 32		31 - 32		0.0131839445		0.0131839445		0.0281792485		0.0281792485		0.0176189349		0.0176189349



2000

2001

Mean

Degree of Latitude Band

Mean # NOHA Observed / CBC Party Hour

0.18632

0.104058

0.105728

0.245194

0.120726

0.152221

0.178548

0.149918

0.165218

0.257166

0.120031

0.169826

0.277257

0.336649

0.248543

0.235828

0.370896

0.234726





Raptor Migration Phenology
Mean relative abundance of northern harriers
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								SSHA								RTHA								COHA								NOHA

				Degree Band		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE

		2000		36 - 37		0.030810		0.025493		0.000769		0.001537		0.844032		0.973020		0.029338		0.058675		0.042064		0.029795		0.000898		0.001797		0.186320		0.305960		0.009225		0.018450

				35 - 36		0.051670		0.039122		0.001180		0.002359		0.937186		0.970433		0.029260		0.058519		0.041091		0.032188		0.000971		0.001941		0.245194		0.256015		0.007719		0.015438

				34 - 35		0.041446		0.033931		0.001023		0.002046		0.831135		0.714447		0.021541		0.043083		0.046101		0.033644		0.001014		0.002029		0.178548		0.195222		0.005886		0.011772

				33 - 34		0.037127		0.022539		0.000680		0.001359		0.831444		0.741883		0.022369		0.044737		0.049543		0.032028		0.000966		0.001931		0.257166		0.398648		0.012020		0.024039

				32 - 33		0.046148		0.036861		0.001111		0.002223		0.682596		0.378898		0.011424		0.022848		0.048115		0.025706		0.000775		0.001550		0.277257		0.306407		0.009239		0.018477

				31 - 32		0.049955		0.039247		0.001183		0.002367		0.595843		0.257906		0.007776		0.015552		0.052346		0.020587		0.000621		0.001241		0.235828		0.218631		0.006592		0.013184

		2001		36 - 37		0.046963		0.031560		0.000952		0.001903		0.602160		0.281386		0.008484		0.016968		0.049121		0.042583		0.001284		0.002568		0.104058		0.138594		0.004179		0.008358

				35 - 36		0.045925		0.039019		0.001176		0.002353		0.601217		0.322622		0.009727		0.019455		0.040323		0.022473		0.000678		0.001355		0.120726		0.105933		0.003194		0.006388

				34 - 35		0.062281		0.027886		0.000841		0.001682		0.755403		0.324157		0.009774		0.019547		0.052475		0.026107		0.000787		0.001574		0.149918		0.214794		0.006476		0.012953

				33 - 34		0.047524		0.019533		0.000589		0.001178		0.567332		0.270690		0.008162		0.016323		0.040590		0.020096		0.000606		0.001212		0.120031		0.151856		0.004579		0.009157

				32 - 33		0.058041		0.026980		0.000813		0.001627		0.707931		0.372557		0.011233		0.022466		0.030522		0.018784		0.000566		0.001133		0.336649		0.426256		0.012852		0.025704

				31 - 32		0.045917		0.026219		0.000791		0.001581		0.676924		0.336139		0.010135		0.020270		0.037555		0.023334		0.000704		0.001407		0.370896		0.467300		0.014090		0.028179

		Mean		36 - 37		0.040803		0.016067		0.000484		0.000969		0.582864		0.407098		0.012274		0.024549		0.036254		0.016225		0.000489		0.000978		0.105728		0.142782		0.004305		0.008610

				35 - 36		0.016067		0.013902		0.000419		0.000838		0.668023		0.469038		0.014142		0.028284		0.032187		0.012095		0.000365		0.000729		0.152221		0.144004		0.004342		0.008684

				34 - 35		0.044684		0.015961		0.000481		0.000962		0.713717		0.372296		0.011225		0.022450		0.037565		0.011679		0.000352		0.000704		0.165218		0.160998		0.004854		0.009709

				33 - 34		0.036692		0.009642		0.000291		0.000581		0.687963		0.348714		0.010514		0.021028		0.033144		0.008869		0.000267		0.000535		0.169826		0.166099		0.005008		0.010016

				32 - 33		0.046117		0.019131		0.000577		0.001154		0.708190		0.286466		0.008637		0.017275		0.026585		0.008161		0.000246		0.000492		0.248543		0.252533		0.007614		0.015228

				31 - 32		0.043562		0.016038		0.000484		0.000967		0.646853		0.273575		0.008249		0.016497		0.026201		0.007364		0.000222		0.000444		0.234726		0.292177		0.008809		0.017619





SSHA

		36 - 37		0.046963		0.040803		0.0015372856		0.0015372856		0.0019031395		0.0019031395		0.0009688765		0.0009688765

		35 - 36		0.045925		0.016067		0.0023591452		0.0023591452		0.0023529341		0.0023529341		0.0008383221		0.0008383221

		34 - 35		0.062281		0.044684		0.0020461162		0.0020461162		0.001681589		0.001681589		0.0009624845		0.0009624845

		33 - 34		0.047524		0.036692		0.0013591528		0.0013591528		0.0011778841		0.0011778841		0.0005814344		0.0005814344

		32 - 33		0.058041		0.046117		0.0022228018		0.0022228018		0.0016269551		0.0016269551		0.0011536426		0.0011536426

		31 - 32		0.045917		0.043562		0.002366683		0.002366683		0.0015810651		0.0015810651		0.0009671277		0.0009671277



2000

2001

Mean

Degree of Latitude Band

Mean # SSHA Observed / CBC Party Hour

0.03081

0.05167

0.041446

0.037127

0.046148

0.049955



RTHA

		36 - 37		36 - 37		36 - 37		0.05867531		0.05867531		0.0169682132		0.0169682132		0.0245489315		0.0245489315

		35 - 36		35 - 36		35 - 36		0.058519308		0.058519308		0.0194548374		0.0194548374		0.0282840538		0.0282840538

		34 - 35		34 - 35		34 - 35		0.0430827724		0.0430827724		0.0195474013		0.0195474013		0.0224502921		0.0224502921

		33 - 34		33 - 34		33 - 34		0.0447372253		0.0447372253		0.0163232201		0.0163232201		0.0210282441		0.0210282441

		32 - 33		32 - 33		32 - 33		0.0228484076		0.0228484076		0.022466031		0.022466031		0.0172745487		0.0172745487

		31 - 32		31 - 32		31 - 32		0.015552316		0.015552316		0.0202699431		0.0202699431		0.0164971922		0.0164971922



2000

2001

Mean

Degree of Latitude Band

Mean # RTHA Observed / CBC Party Hour

0.844032

0.60216

0.582864

0.937186

0.601217

0.668023

0.831135

0.755403

0.713717

0.831444

0.567332

0.687963

0.682596

0.707931

0.70819

0.595843

0.676924

0.646853



COHA

		36 - 37		36 - 37		36 - 37		0.001796706		0.001796706		0.0025678514		0.0025678514		0.0009784043		0.0009784043

		35 - 36		35 - 36		35 - 36		0.0019410093		0.0019410093		0.0013551728		0.0013551728		0.0007293559		0.0007293559

		34 - 35		34 - 35		34 - 35		0.0020288094		0.0020288094		0.0015743112		0.0015743112		0.0007042702		0.0007042702

		33 - 34		33 - 34		33 - 34		0.0019313609		0.0019313609		0.0012118343		0.0012118343		0.0005348208		0.0005348208

		32 - 33		32 - 33		32 - 33		0.00155013		0.00155013		0.0011327177		0.0011327177		0.0004921268		0.0004921268

		31 - 32		31 - 32		31 - 32		0.0012414427		0.0012414427		0.0014070931		0.0014070931		0.0004440659		0.0004440659



2000

2001

Mean

Degree of Latitude Band

Mean # COHA Observed / CBC Party Hour

0.042064

0.049121

0.036254

0.041091

0.040323

0.032187

0.046101

0.052475

0.037565

0.049543

0.04059

0.033144

0.048115

0.030522

0.026585

0.052346

0.037555

0.026201



NOHA

		36 - 37		36 - 37		36 - 37		0.018450081		0.018450081		0.0083575321		0.0083575321		0.008610078		0.008610078

		35 - 36		35 - 36		35 - 36		0.0154382844		0.0154382844		0.0063879998		0.0063879998		0.0086837674		0.0086837674

		34 - 35		34 - 35		34 - 35		0.0117723288		0.0117723288		0.0129525647		0.0129525647		0.0097085441		0.0097085441

		33 - 34		33 - 34		33 - 34		0.0240393774		0.0240393774		0.0091572608		0.0091572608		0.0100161459		0.0100161459

		32 - 33		32 - 33		32 - 33		0.0184770361		0.0184770361		0.0257042023		0.0257042023		0.0152283119		0.0152283119

		31 - 32		31 - 32		31 - 32		0.0131839445		0.0131839445		0.0281792485		0.0281792485		0.0176189349		0.0176189349



2000

2001

Mean

Degree of Latitude Band

Mean # NOHA Observed / CBC Party Hour

0.18632

0.104058

0.105728

0.245194

0.120726

0.152221

0.178548

0.149918

0.165218

0.257166

0.120031

0.169826

0.277257

0.336649

0.248543

0.235828

0.370896

0.234726





Raptor Migration Phenology
Mean relative abundance of red-tailed hawks
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								SSHA								RTHA								COHA								NOHA

				Degree Band		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE

		2000		36 - 37		0.030810		0.025493		0.000769		0.001537		0.844032		0.973020		0.029338		0.058675		0.042064		0.029795		0.000898		0.001797		0.186320		0.305960		0.009225		0.018450

				35 - 36		0.051670		0.039122		0.001180		0.002359		0.937186		0.970433		0.029260		0.058519		0.041091		0.032188		0.000971		0.001941		0.245194		0.256015		0.007719		0.015438

				34 - 35		0.041446		0.033931		0.001023		0.002046		0.831135		0.714447		0.021541		0.043083		0.046101		0.033644		0.001014		0.002029		0.178548		0.195222		0.005886		0.011772

				33 - 34		0.037127		0.022539		0.000680		0.001359		0.831444		0.741883		0.022369		0.044737		0.049543		0.032028		0.000966		0.001931		0.257166		0.398648		0.012020		0.024039

				32 - 33		0.046148		0.036861		0.001111		0.002223		0.682596		0.378898		0.011424		0.022848		0.048115		0.025706		0.000775		0.001550		0.277257		0.306407		0.009239		0.018477

				31 - 32		0.049955		0.039247		0.001183		0.002367		0.595843		0.257906		0.007776		0.015552		0.052346		0.020587		0.000621		0.001241		0.235828		0.218631		0.006592		0.013184

		2001		36 - 37		0.046963		0.031560		0.000952		0.001903		0.602160		0.281386		0.008484		0.016968		0.049121		0.042583		0.001284		0.002568		0.104058		0.138594		0.004179		0.008358

				35 - 36		0.045925		0.039019		0.001176		0.002353		0.601217		0.322622		0.009727		0.019455		0.040323		0.022473		0.000678		0.001355		0.120726		0.105933		0.003194		0.006388

				34 - 35		0.062281		0.027886		0.000841		0.001682		0.755403		0.324157		0.009774		0.019547		0.052475		0.026107		0.000787		0.001574		0.149918		0.214794		0.006476		0.012953

				33 - 34		0.047524		0.019533		0.000589		0.001178		0.567332		0.270690		0.008162		0.016323		0.040590		0.020096		0.000606		0.001212		0.120031		0.151856		0.004579		0.009157

				32 - 33		0.058041		0.026980		0.000813		0.001627		0.707931		0.372557		0.011233		0.022466		0.030522		0.018784		0.000566		0.001133		0.336649		0.426256		0.012852		0.025704

				31 - 32		0.045917		0.026219		0.000791		0.001581		0.676924		0.336139		0.010135		0.020270		0.037555		0.023334		0.000704		0.001407		0.370896		0.467300		0.014090		0.028179

		Mean		36 - 37		0.040803		0.016067		0.000484		0.000969		0.582864		0.407098		0.012274		0.024549		0.036254		0.016225		0.000489		0.000978		0.105728		0.142782		0.004305		0.008610

				35 - 36		0.016067		0.013902		0.000419		0.000838		0.668023		0.469038		0.014142		0.028284		0.032187		0.012095		0.000365		0.000729		0.152221		0.144004		0.004342		0.008684

				34 - 35		0.044684		0.015961		0.000481		0.000962		0.713717		0.372296		0.011225		0.022450		0.037565		0.011679		0.000352		0.000704		0.165218		0.160998		0.004854		0.009709

				33 - 34		0.036692		0.009642		0.000291		0.000581		0.687963		0.348714		0.010514		0.021028		0.033144		0.008869		0.000267		0.000535		0.169826		0.166099		0.005008		0.010016

				32 - 33		0.046117		0.019131		0.000577		0.001154		0.708190		0.286466		0.008637		0.017275		0.026585		0.008161		0.000246		0.000492		0.248543		0.252533		0.007614		0.015228

				31 - 32		0.043562		0.016038		0.000484		0.000967		0.646853		0.273575		0.008249		0.016497		0.026201		0.007364		0.000222		0.000444		0.234726		0.292177		0.008809		0.017619





SSHA

		36 - 37		0.046963		0.040803		0.0015372856		0.0015372856		0.0019031395		0.0019031395		0.0009688765		0.0009688765

		35 - 36		0.045925		0.016067		0.0023591452		0.0023591452		0.0023529341		0.0023529341		0.0008383221		0.0008383221

		34 - 35		0.062281		0.044684		0.0020461162		0.0020461162		0.001681589		0.001681589		0.0009624845		0.0009624845

		33 - 34		0.047524		0.036692		0.0013591528		0.0013591528		0.0011778841		0.0011778841		0.0005814344		0.0005814344

		32 - 33		0.058041		0.046117		0.0022228018		0.0022228018		0.0016269551		0.0016269551		0.0011536426		0.0011536426

		31 - 32		0.045917		0.043562		0.002366683		0.002366683		0.0015810651		0.0015810651		0.0009671277		0.0009671277



2000

2001

Mean

Degree of Latitude Band

Mean # SSHA Observed / CBC Party Hour

0.03081

0.05167

0.041446

0.037127

0.046148

0.049955



RTHA

		36 - 37		36 - 37		36 - 37		0.05867531		0.05867531		0.0169682132		0.0169682132		0.0245489315		0.0245489315

		35 - 36		35 - 36		35 - 36		0.058519308		0.058519308		0.0194548374		0.0194548374		0.0282840538		0.0282840538

		34 - 35		34 - 35		34 - 35		0.0430827724		0.0430827724		0.0195474013		0.0195474013		0.0224502921		0.0224502921

		33 - 34		33 - 34		33 - 34		0.0447372253		0.0447372253		0.0163232201		0.0163232201		0.0210282441		0.0210282441

		32 - 33		32 - 33		32 - 33		0.0228484076		0.0228484076		0.022466031		0.022466031		0.0172745487		0.0172745487

		31 - 32		31 - 32		31 - 32		0.015552316		0.015552316		0.0202699431		0.0202699431		0.0164971922		0.0164971922



2000

2001

Mean

Degree of Latitude Band

Mean # RTHA Observed / CBC Party Hour

0.844032

0.60216

0.582864

0.937186

0.601217

0.668023

0.831135

0.755403

0.713717

0.831444

0.567332

0.687963

0.682596

0.707931

0.70819

0.595843

0.676924

0.646853



COHA

		36 - 37		36 - 37		36 - 37		0.001796706		0.001796706		0.0025678514		0.0025678514		0.0009784043		0.0009784043

		35 - 36		35 - 36		35 - 36		0.0019410093		0.0019410093		0.0013551728		0.0013551728		0.0007293559		0.0007293559

		34 - 35		34 - 35		34 - 35		0.0020288094		0.0020288094		0.0015743112		0.0015743112		0.0007042702		0.0007042702

		33 - 34		33 - 34		33 - 34		0.0019313609		0.0019313609		0.0012118343		0.0012118343		0.0005348208		0.0005348208

		32 - 33		32 - 33		32 - 33		0.00155013		0.00155013		0.0011327177		0.0011327177		0.0004921268		0.0004921268

		31 - 32		31 - 32		31 - 32		0.0012414427		0.0012414427		0.0014070931		0.0014070931		0.0004440659		0.0004440659



2000

2001

Mean

Degree of Latitude Band

Mean # COHA Observed / CBC Party Hour

0.042064

0.049121

0.036254

0.041091

0.040323

0.032187

0.046101

0.052475

0.037565

0.049543

0.04059

0.033144

0.048115

0.030522

0.026585

0.052346

0.037555

0.026201



NOHA

		36 - 37		36 - 37		36 - 37		0.018450081		0.018450081		0.0083575321		0.0083575321		0.008610078		0.008610078

		35 - 36		35 - 36		35 - 36		0.0154382844		0.0154382844		0.0063879998		0.0063879998		0.0086837674		0.0086837674

		34 - 35		34 - 35		34 - 35		0.0117723288		0.0117723288		0.0129525647		0.0129525647		0.0097085441		0.0097085441

		33 - 34		33 - 34		33 - 34		0.0240393774		0.0240393774		0.0091572608		0.0091572608		0.0100161459		0.0100161459

		32 - 33		32 - 33		32 - 33		0.0184770361		0.0184770361		0.0257042023		0.0257042023		0.0152283119		0.0152283119

		31 - 32		31 - 32		31 - 32		0.0131839445		0.0131839445		0.0281792485		0.0281792485		0.0176189349		0.0176189349



2000

2001

Mean

Degree of Latitude Band

Mean # NOHA Observed / CBC Party Hour

0.18632

0.104058

0.105728

0.245194

0.120726

0.152221

0.178548

0.149918

0.165218

0.257166

0.120031

0.169826

0.277257

0.336649

0.248543

0.235828

0.370896

0.234726





Raptor Migration Phenology
Mean relative abundance of sharp-shinned hawks
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								SSHA								RTHA								COHA								NOHA

				Degree Band		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE		Mean / PH		Std. Dev.		Std. Err.		2 x SE

		2000		36 - 37		0.030810		0.025493		0.000769		0.001537		0.844032		0.973020		0.029338		0.058675		0.042064		0.029795		0.000898		0.001797		0.186320		0.305960		0.009225		0.018450

				35 - 36		0.051670		0.039122		0.001180		0.002359		0.937186		0.970433		0.029260		0.058519		0.041091		0.032188		0.000971		0.001941		0.245194		0.256015		0.007719		0.015438

				34 - 35		0.041446		0.033931		0.001023		0.002046		0.831135		0.714447		0.021541		0.043083		0.046101		0.033644		0.001014		0.002029		0.178548		0.195222		0.005886		0.011772

				33 - 34		0.037127		0.022539		0.000680		0.001359		0.831444		0.741883		0.022369		0.044737		0.049543		0.032028		0.000966		0.001931		0.257166		0.398648		0.012020		0.024039

				32 - 33		0.046148		0.036861		0.001111		0.002223		0.682596		0.378898		0.011424		0.022848		0.048115		0.025706		0.000775		0.001550		0.277257		0.306407		0.009239		0.018477

				31 - 32		0.049955		0.039247		0.001183		0.002367		0.595843		0.257906		0.007776		0.015552		0.052346		0.020587		0.000621		0.001241		0.235828		0.218631		0.006592		0.013184

		2001		36 - 37		0.046963		0.031560		0.000952		0.001903		0.602160		0.281386		0.008484		0.016968		0.049121		0.042583		0.001284		0.002568		0.104058		0.138594		0.004179		0.008358

				35 - 36		0.045925		0.039019		0.001176		0.002353		0.601217		0.322622		0.009727		0.019455		0.040323		0.022473		0.000678		0.001355		0.120726		0.105933		0.003194		0.006388

				34 - 35		0.062281		0.027886		0.000841		0.001682		0.755403		0.324157		0.009774		0.019547		0.052475		0.026107		0.000787		0.001574		0.149918		0.214794		0.006476		0.012953

				33 - 34		0.047524		0.019533		0.000589		0.001178		0.567332		0.270690		0.008162		0.016323		0.040590		0.020096		0.000606		0.001212		0.120031		0.151856		0.004579		0.009157

				32 - 33		0.058041		0.026980		0.000813		0.001627		0.707931		0.372557		0.011233		0.022466		0.030522		0.018784		0.000566		0.001133		0.336649		0.426256		0.012852		0.025704

				31 - 32		0.045917		0.026219		0.000791		0.001581		0.676924		0.336139		0.010135		0.020270		0.037555		0.023334		0.000704		0.001407		0.370896		0.467300		0.014090		0.028179

		Mean		36 - 37		0.040803		0.016067		0.000484		0.000969		0.582864		0.407098		0.012274		0.024549		0.036254		0.016225		0.000489		0.000978		0.105728		0.142782		0.004305		0.008610

				35 - 36		0.016067		0.013902		0.000419		0.000838		0.668023		0.469038		0.014142		0.028284		0.032187		0.012095		0.000365		0.000729		0.152221		0.144004		0.004342		0.008684

				34 - 35		0.044684		0.015961		0.000481		0.000962		0.713717		0.372296		0.011225		0.022450		0.037565		0.011679		0.000352		0.000704		0.165218		0.160998		0.004854		0.009709

				33 - 34		0.036692		0.009642		0.000291		0.000581		0.687963		0.348714		0.010514		0.021028		0.033144		0.008869		0.000267		0.000535		0.169826		0.166099		0.005008		0.010016

				32 - 33		0.046117		0.019131		0.000577		0.001154		0.708190		0.286466		0.008637		0.017275		0.026585		0.008161		0.000246		0.000492		0.248543		0.252533		0.007614		0.015228

				31 - 32		0.043562		0.016038		0.000484		0.000967		0.646853		0.273575		0.008249		0.016497		0.026201		0.007364		0.000222		0.000444		0.234726		0.292177		0.008809		0.017619





SSHA

		36 - 37		0.046963		0.040803		0.0015372856		0.0015372856		0.0019031395		0.0019031395		0.0009688765		0.0009688765

		35 - 36		0.045925		0.016067		0.0023591452		0.0023591452		0.0023529341		0.0023529341		0.0008383221		0.0008383221

		34 - 35		0.062281		0.044684		0.0020461162		0.0020461162		0.001681589		0.001681589		0.0009624845		0.0009624845

		33 - 34		0.047524		0.036692		0.0013591528		0.0013591528		0.0011778841		0.0011778841		0.0005814344		0.0005814344

		32 - 33		0.058041		0.046117		0.0022228018		0.0022228018		0.0016269551		0.0016269551		0.0011536426		0.0011536426

		31 - 32		0.045917		0.043562		0.002366683		0.002366683		0.0015810651		0.0015810651		0.0009671277		0.0009671277



2000

2001

Mean

Degree of Latitude Band

Mean # SSHA Observed / CBC Party Hour

0.03081

0.05167

0.041446

0.037127

0.046148

0.049955



RTHA

		36 - 37		36 - 37		36 - 37		0.05867531		0.05867531		0.0169682132		0.0169682132		0.0245489315		0.0245489315

		35 - 36		35 - 36		35 - 36		0.058519308		0.058519308		0.0194548374		0.0194548374		0.0282840538		0.0282840538

		34 - 35		34 - 35		34 - 35		0.0430827724		0.0430827724		0.0195474013		0.0195474013		0.0224502921		0.0224502921

		33 - 34		33 - 34		33 - 34		0.0447372253		0.0447372253		0.0163232201		0.0163232201		0.0210282441		0.0210282441

		32 - 33		32 - 33		32 - 33		0.0228484076		0.0228484076		0.022466031		0.022466031		0.0172745487		0.0172745487

		31 - 32		31 - 32		31 - 32		0.015552316		0.015552316		0.0202699431		0.0202699431		0.0164971922		0.0164971922



2000

2001

Mean

Degree of Latitude Band

Mean # RTHA Observed / CBC Party Hour

0.844032

0.60216

0.582864

0.937186

0.601217

0.668023

0.831135

0.755403

0.713717

0.831444

0.567332

0.687963

0.682596

0.707931

0.70819

0.595843

0.676924

0.646853



COHA

		36 - 37		36 - 37		36 - 37		0.001796706		0.001796706		0.0025678514		0.0025678514		0.0009784043		0.0009784043

		35 - 36		35 - 36		35 - 36		0.0019410093		0.0019410093		0.0013551728		0.0013551728		0.0007293559		0.0007293559

		34 - 35		34 - 35		34 - 35		0.0020288094		0.0020288094		0.0015743112		0.0015743112		0.0007042702		0.0007042702

		33 - 34		33 - 34		33 - 34		0.0019313609		0.0019313609		0.0012118343		0.0012118343		0.0005348208		0.0005348208

		32 - 33		32 - 33		32 - 33		0.00155013		0.00155013		0.0011327177		0.0011327177		0.0004921268		0.0004921268

		31 - 32		31 - 32		31 - 32		0.0012414427		0.0012414427		0.0014070931		0.0014070931		0.0004440659		0.0004440659



2000

2001

Mean

Degree of Latitude Band

Mean # COHA Observed / CBC Party Hour

0.042064

0.049121

0.036254

0.041091

0.040323

0.032187

0.046101

0.052475

0.037565

0.049543

0.04059

0.033144

0.048115

0.030522

0.026585

0.052346

0.037555

0.026201



NOHA

		36 - 37		36 - 37		36 - 37		0.018450081		0.018450081		0.0083575321		0.0083575321		0.008610078		0.008610078

		35 - 36		35 - 36		35 - 36		0.0154382844		0.0154382844		0.0063879998		0.0063879998		0.0086837674		0.0086837674

		34 - 35		34 - 35		34 - 35		0.0117723288		0.0117723288		0.0129525647		0.0129525647		0.0097085441		0.0097085441

		33 - 34		33 - 34		33 - 34		0.0240393774		0.0240393774		0.0091572608		0.0091572608		0.0100161459		0.0100161459

		32 - 33		32 - 33		32 - 33		0.0184770361		0.0184770361		0.0257042023		0.0257042023		0.0152283119		0.0152283119

		31 - 32		31 - 32		31 - 32		0.0131839445		0.0131839445		0.0281792485		0.0281792485		0.0176189349		0.0176189349



2000

2001

Mean

Degree of Latitude Band

Mean # NOHA Observed / CBC Party Hour

0.18632

0.104058

0.105728

0.245194

0.120726

0.152221

0.178548

0.149918

0.165218

0.257166

0.120031

0.169826

0.277257

0.336649

0.248543

0.235828

0.370896

0.234726





Growing Season Precipitation 
and Over-winter Temperature
• Long-term weather data for 
Mississippi Division 6

• Data from Jan. 1895 – May 2002

• Data collected for mean monthly 
precipitation, Modified Palmer 
Drought Severity Index, and mean 
monthly temperature



Growing Season Precipitation 
and Over Winter Temperature

Growing Season Precipitation
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Growing Season Precipitation 
and Over Winter Temperature

Modified Palmer Drought Severity Index

(PMDI)

• Calculated using precipitation, temperature, Thornwaite’s
evapotranspiration index, runoff, soil recharge, and average 
regional weather conditions

• Values range from > 4 (extreme moisture) to < -4 (extreme 
dryness)

• Normal values range from 1.5 to -1.5



Growing Season Precipitation 
and Over Winter Temperature

Growing Season PMDI Values
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Growing Season Precipitation 
and Over Winter Temperature

Over Winter Temperature
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Growing Season Vegetation 
Structure

• Vegetative data collected at nest and brood locations during nesting 
seasons of 2000 and 2001

• Used to index vegetation conditions going into winter season
– % grass canopy
– % forb canopy
– Visual obstruction index

• Compared using General Linear Models Procedure in SAS
– Vegetation characteristics as dependent variables
– Year and type (brood and nest) as fixed effects

• Grass structure was sparser at brood sites (F1,245 = 6.00, P = 0.015) in 
2000 (13.09%) vs. 2001 (42.39%)



Conclusions

2000-2001 vs. 2001-2002

• Increased mortality

• Most attributed to avian predation

• Colder winter temperatures coupled with decreased growing season 
precipitation

• Sparser vegetative ground cover

• Higher relative abundance of wintering migratory raptors



Problems
• Low sample size

1 site
2 years

• Confounding effects of vegetative cover and relative raptor abundance
this study “bad” growing season, high relative abundance of 

raptors

“good“ growing season, low relative abundance of 
raptors

What happens when we have “good” growing season with high relative 
abundance of raptors or “bad” growing season low relative abundance of 
raptors?



Problems
• No independent local raptor surveys to validate migration phenology

Additional data is needed to validate estimates of raptor migration and to 
answer questions with respect to habitat vs. predation as driving factors of 
over-winter northern bobwhite survival.
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