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CHAPTER I 

INTRODUCTION 

Capture of avian species for bandmg and radiotelemetry studies has become 

routine in the last few decades (Kenward 2001). Though capture and release have 

become commonplace, the unpads ofthe capture event on avian behavior and survival 

subsequent to their release continues to be a matter of concern (Withey et al. 2001). 

Capture events can induce a condition called capture myopathy, which may have a 

consequence of rapid mortality when acute, or sublethal tissue damage when less intense 

(Hulland 1993). Capture myopathy is an acute degeneration of muscle tissue resulting 

from intense muscular exertion and trauma caused by a chase, stmggle, or transport 

(Hulland 1993). Anaerobic glycolysis that accompanies the extreme muscle exertion 

causes low pH within muscle tissue and results in increased cell membrane permeability 

and cell lysis (Wobeser 1997). Extreme exertion also causes abnormal quantities of free 

radical production that can overwhelm the antioxidant systems in tissue and result in 

tissue damage (Vina et al. 2000). This damage causes cellular enzymes, such as creatine 

kinase (CK) and aspartate aminotransferase (AST), to be released into the blood stream 

(Bollinger et al. 1989). Clinical signs visible shortiy after capture may include dyspnea, 

hyperthermia, weakness, muscle rigidity, and collapse (Hulland 1993). Scarring of 

cardiac and skeletal muscle may occur, which could be a contributing factor to death, 

weeks or months after the capture event (Hulland 1993, Mueller 1999). 

This possibility for delayed mortality is a potential problem for survival analysis 

studies. Most survival analysis estimators assume the capture event does not impact 



survival after capture (Winterstein et al. 2001). Even so, investigators generally assume 

that the capture event does negatively unpact some anhnals and try to mitigate its 

influence on survival rate estmiates by censoring animals that have not survived some 

minimum amount of time post capttire. Most such censor periods range from 2 to 14 

days post capture (White and Garrott 1990). However, if complications from capture 

events unpact survival of individuals beyond the censor period, then survival rate 

estmiates will be negatively biased. Death of individuals in such cases will be attributed 

to some natural mortality source, when in reality the probability of death is influenced by 

the capture event. The time period for which complications from capture myopathy can 

influence post-capture survival is unclear. 

Though there are several reports detailing the clinical signs, elevated blood 

enzyme levels, and histological lesions of capture myopathy in a variety of avian species 

(Wobeser 1997, Dabbert et al. 1993, Spraker 1987, Windingstad et al. 1983), few have 

related these indicators to post-capture survival. Mueller (1999) reported that CK levels 

of northem bobwhite {Colinus virginianus) trapped, held overnight, and then released 

were almost twice that of birds trapped and subsequentiy released with minimal holding 

time. Although capture myopathy was not histologically documented in these birds, the 

probability of a bird surviving to 16 weeks after capture decreased by 14% with each 

1,000 lU/L increase in plasma CK (Mueller 1999). These results suggest that current 

censoring periods used in survival rate analysis studies may not be adequate or even 

feasible given the extended time period for which complications from the capture event 

can influence the survival of some individuals. Given these problems, other solutions 

need to be explored to mitigate the impacts of the capture event on post-capture survival. 



Treatment with vitamin E and selenium may be one possibility. Vitamin E and 

selenium are beneficial antioxidants that have been shown to speed recovery after 

exhaustive exercise and protect tissue from the damaging impacts of free radicals 

produced during exhaustive exercise (Vina et al. 2000). Vitamin E and selenium are 

commonly used as an injectable treatment for myopathies in domestic livestock (Mahan 

et al. 1973, Whanger et al. 1976). Vitamin E and selenium injectables have also been 

used to treat capture myopathy in wild mammals. Though current veterinary texts 

recommend vitamin E and selenium injections for treatment of capture myopathy in avian 

patients (Carpenter et al. 2001, Olsen and Orosz 2000), I am not aware of any reports of 

the use, or measurement of the effectiveness of this treatment for captured and released 

wild avians. I initiated this study to test the effectiveness of this treatment for captured 

and released wild northern bobwhite. If treatment is effective then it could be used in 

two important situations. First, to decrease the impact of the capture event on survival 

estimates. And, second to improve survival of transplanted birds. Transplantation may 

become an important arm of recovery systems for many declining species. 

Populations of many grassland nesting birds have declined during the last 30 

years (Askins 1993, Knopf 1994, Peterjohn and Sauerl999). Habitat loss and 

fragmentation have been considered the major cause of the decline for most species 

including the northem bobwhite (Johnson and Schwartz, 1993). The Conservation 

Reserve Program (CRP) was initiated in 1985 under the Food Security Act to protect 

highly erodible lands, reduce crop surpluses, improve water quality, and secondarily to 

provide wildlife habitat (Bartiett 1988). Lands enrolled in CRP have been seeded with 

both native and exotic grass species. Weeping lovegrass (Eragrostis curvula), an exotic. 



has been seeded on over one million acres of land enrolled in CRP on the Southern High 

Plains of Texas. Many consider the dense monocultures of weeping lovegrass (WLG) 

unusable habitat for northem bobwhites. However, little research has been done to 

evaluate this claun. I was unable to find any published literature documenting the nest 

success of northern bobwhite in weeping lovegrass CRP fields. Lack of woody cover, 

and low forb production appear to be the primary luniting factors in weeping lovegrass 

CRP fields. When woody cover is available, such as near abandoned home sites, 

northern bobwhites use weeping lovegrass CRP (Abbott, personal observation). 

Populations might expand into weeping lovegrass CRP if woody cover or artificial cover 

sources were added to these sites to increase usable space for northem bobwhites. 

There are several options to improve woody cover on lands enrolled in CRP. One 

possible practice is to plant containerized or root stock shmbs. These small shmbs 

however, may take several years to reach usable size. Large shmbs can also be 

transplanted into CRP fields, but this practice is very expensive and might not always be 

feasible. Many researchers have seen the need for artificial bmsh stmctures where 

woody cover is limiting (Webb and Guthery 1983, Boyer et al. 1989, Leahmann 1984). 

Webb and Guthery (1983) found teepee type artificial bmsh stmctures to be the most 

used by northem bobwhite. These artificial bmsh stmctures were used by quail, but it 

may be possible to unprove them. Treadway (2002) used 5 cm. x 10 cm. welded wire to 

predator proof northern bobwhite nests in South Texas and found this technique to be 

beneficial. Treadway's (2002) nest exclosures had four 0.4m high sides, a 1.22 m x 1.22 

m wire mesh top, and an open bottom. Movement by nesting bobwhite hens was not 

impeded in any way by this wire mesh. Treadway (2002) was able to increase nest 



success from 42% to 89% by using this predator proofing technique. Adding wire mesh 

to artificial cover stmctures could increase then benefit to northern bobwhite. Significant 

amounts of new usable space could be opened for northem bobwhites in the Southern 

High Plains of Texas if they can nest and survive in WLG CRP with artificial cover 

stmctures. 
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CHAPTER II 

SURVIVAL OF TRANSPLANTED WILD NORTHERN BOBWHITE 

IS INCREASED BY USING AN INJECTION 

OF VFFAMIN E AND SELENIUM 

Abstract 

Northern bobwhites (Colinus virginianus) are captured routinely for scientific 

study. Capture and handling tune affect survival, sometunes for as many as 14 weeks 

after capture. Capture myopathy is an acute degeneration of muscle resulting from 

excessive lactic acid accumulation caused by restraint and transport. Extreme acidosis 

resulting from excessive lactic acid accumulation causes the clinical signs of capture 

myopathy. Low tissue pH and cell lysis increase cell membrane permeability resulting in 

leakage of intracellular enzymes. Because capture myopathy can occur at many different 

levels and does not always cause immediate death, it could negatively bias mortality rates 

among radio-marked quail. A mixture of vitamin E and selenium is used in large 

mammals to treat this condition, but the effectiveness of this treatment is not well 

understood. There is anecdotal evidence that this same solution can treat avian species, 

as it is recommended in veterinary avian medicine. My objective was to evaluate vitamin 

E and selenium injections as a treatment for capture myopathy in radio-marked northem 

bobwhite. I captured northem bobwhite in 3 Northwest Texas counties in 2002 (Baylor, 

Garza, and Kent) and 3 counties in 2003 (Garza, Kent, and Lubbock). After capture I 

intramuscularly injected half of the birds with O.lcc of a vitamin E and selenium solution 

and the other half with a saline control. I then transported these birds to my study site in 
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Lynn County and fitted them with radio transmitters prior to release. Birds were 

monitored to determine their status every three days. Survival curves were not different 

(X = 0.13, P = 0.71) between treatment and control groups during 2002 (Figure 3). 

However, survival of treated birds (58%) was greater (P = 0.0239) than survival of 

control birds (29%) at day 45 of the monitoring period during 2002. Treated birds 

exhibited a greater (x^ = 7.11, P < 0.008) survival curve than control birds during 2003 

(Figure 4) and when treatments were pooled by year (Figure 5; y^ = 4.75, P = 0.029). 

The lack of a strong relationship between the indicators of muscle damage and bird 

survival precludes use of this data for comparison conceramg the mode of action of 

vitamin E and selenium injection. 

Introduction 

Capture of avian species for banding and radiotelemetry studies has become 

routine in the last few decades (Kenward 2001). Though capture and release have 

become commonplace, the impacts of the capture event on avian behavior and survival 

subsequent to their release continues to be a matter of concem (Withey et al. 2001). 

Capture events can induce a condition called capture myopathy, which may have a 

consequence of rapid mortality when acute, or sublethal tissue damage when less intense 

(Hulland 1993). Capture myopathy is an acute degeneration of muscle tissue resulting 

from intense muscular exertion and trauma caused by a chase, stmggle, or transport 

(Hulland 1993). Anaerobic glycolysis that accompanies the extreme muscle exertion 

causes low pH within muscle tissue and results in increased cell membrane permeability 

and cell lysis (Wobeser 1997). Extreme exertion also causes abnormal quantities of free 



radical production that can overwhelm the antioxidant systems in tissue and result in 

tissue damage (Viiia et al. 2000). This damage causes cellular enzymes, such as creatine 

kinase (CK) and aspartate aminotransferase (AST), to be released into the blood sti-eam 

(Bollinger et al. 1989). Clinical signs visible shortiy after capture may include dyspnea, 

hyperthennia, weakness, muscle rigidity, and collapse (Hulland 1993). Scarring of 

cardiac and skeletal muscle may occur, which could be a contributing factor to death, 

weeks or months after the capture event (Hulland, 1993, Mueller 1999). 

This possibility for delayed mortality is a potential problem for survival analysis 

studies. Most survival analysis estunators assume the capture event does not impact 

survival after capture (Winterstein et al. 2001). Even so, investigators generally assume 

that the capture event does negatively impact some animals and try to mitigate its 

irrfluence on survival rate estimates by censoring animals that have not survived some 

minimum amount of time post capture. Most such censor periods range from 2 to 14 

days post capture (White and Garrott 1990). However, if complications from capture 

events unpact survival of individuals beyond the censor period, then survival rate 

estunates will be negatively biased. Death of individuals in such cases will be attributed 

to some natural mortality source, when in reality the probability of death is influenced by 

the capture event. The time period for which complications from capture myopathy can 

influence post-capture survival is unclear. 

Though there are several reports detailing the clinical signs, elevated blood 

enzyme levels, and histological lesions of capture myopathy in a variety of avian species 

(Wobeser 1997, Dabbert et al. 1993, Spraker 1987, Windingstad et al. 1983), few have 

related these indicators to post-capture survival. Mueller (1999) reported that CK levels 
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of northern bobwhite (Colinus virginianus) trapped, held overnight, and then released 

were ahnost twice that of birds trapped and subsequentiy released with minunal holding 

tune. Although capture myopathy was not histologically documented in these birds, the 

probability of a bird surviving to 16 weeks after capture decreased by 14% with each 

1,000 lU/L increase in plasma CK (Mueller 1999). These results suggest that current 

censoring periods used in survival rate analysis studies may not be adequate or even 

feasible given the extended tune period for which complications from the capture event 

can influence the survival of some individuals. Given these problems, other solutions 

need to be explored to mitigate the impacts ofthe capture event on post-capture survival. 

Treatment with vitamin E and selenium may be one possibility. Vitamin E and 

selenium are beneficial antioxidants that have been shown to speed recovery after 

exhaustive exercise and protect tissue from the damaging impacts of free radicals 

produced during exhaustive exercise (Vifia et al. 2000). Vitamin E and selenium are 

commonly used as an injectable treatment for myopathies in domestic livestock (Mahan 

et al. 1973, Whanger et al. 1976). Vitamin E and selenium injectables have also been 

used to treat capture myopathy in wild mammals. Though current veterinary texts 

recommend vitamin E and selenium injections for treatment of capture myopathy in avian 

patients (Carpenter et al. 2001, Olsen and Orosz 2000), I am not aware of any reports of 

the use, or measurement of the effectiveness of this treatment for captured and released 

wild avians. I initiated this study to test the effectiveness of this treatment for captured 

and released wild northern bobwhite. My first objective was to determine if it is possible 

to increase survival of captured and transplanted wild northem bobwhite using an 

injection of vitamin E and selenium. My second objective was to determine the method 
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in which vitamin E and selenium increase survival of captured and released birds. That 

is, do vitamin E and selenium fiinction primarily to help limit damage or to help damaged 

tissue heal more quickly and completely. 

Methods 

Northem bobwhites were caphired from the 20"' of Febmary thm the 4"' of April 

in 2002 and from March l" thm the 24"" of March in 2003 using walk-in ftinnel traps 

(Smith et al. 1981) baited with milo (Sorghum bicolor). Traps were checked twice daily, 

about 3 hours after sunrise and at sunset. If buds were found in a trap, they were 

unmediately removed and placed into ventilated cotton bags until they could be 

processed. Processing was initiated by randomly assigning each bird to one of two 

experimental groups (treatment or control). Birds were then leg-banded, sexed, aged, and 

weighed to the nearest tenth of a gram (Rosene 1969). The initial processing was 

completed by injecting birds with their corresponding treatment or control solution in the 

left Pectoralis major within 45 minutes of their removal from the trap. Birds of the 

treatment group received a O.lml intramuscular injection of vitamin E (0.45mg/Kg as d-

alpha tocopherol acetate) and selenium (0.06mg/Kg as sodium selenite, BO-SE® 

Selenium, vitamin E manufactured by Schering-Plough Animal Health Corp., Union, NJ) 

dissolved in sterile saline (Carpenter et al. 2001, Olsen and Orosz 2000). Birds of the 

control group received a O.lml intramuscular injection of sterile saline. After injection, 

birds were placed together in a ventilated transport cage and then transported > 52 Km to 

the release site. After arriving at the release site, all birds were radio-marked with 

necklace style transmitters weighing 6.5 g and equipped with mortality sensors 
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(American Wildlife Enterprises, Monticello, FL). Blood samples (s 250 ul) were then 

obtained from each bird approximately 3 hours after their removal from the trap by 

pricking the ulnar or brachial vein and collecting the flow into heparinized capillary 

tubes. Capillary tubes were sealed with clay and transported to a field lab for 

centrifugation. Plasma was frozen at -20°C for < 6 months, and shipped to a commercial 

laboratory (Vet Pro Labs, Inc., Tulsa, OK) for measurement of CK and AST using a 

Technicon RA-IOOO® clinical chemistry analyzer (Bayer Corporation, Pittsburgh, PA). 

In cases where the CK level of the sample exceeded the upper limit of the sensitivity of 

the clinical chemistry analyzer, 300,000 lU/L, the sample was given a value of 300,000 

lU/L. After blood sampling and within 5 hours of then removal from the trap, treatment 

and control birds were released together in the artificial cover source located in the center 

of the release site. Radio-telemetry was used to monitor all birds at least every 3 days 

from the time of their release until the 15th of August of each year. Mortality was 

dassified as predation or other causes. I classified a bird as predated only if there was 

sufficient evidence left at the site to confinn predation occurred. If a collar was located 

and there was no evidence located at the site, I classified the death as other. 

Data Analysis 

Survival rates were calculated using the staggered-entty Kaplan-Meier Produd 

Limit Estimator (Pollock et al. 1989). Log rank tests were used to evaluate differences 

among survival rate curves between treatments and years, and Z-tests were used to 

evaluate differences in specific time points between treatments (Pollock et al. 1989). I 

used plasma levels of CK and AST to indicate severity of muscular damage. If this 
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association is correct in my setting, then survival rate should be negatively related to CK 

and AST levels of buds of the control group. I tested this relationship using staggered-

entry Cox regression Analysis with CK and AST levels as potential covariates (Egret 

2002). T-tests were used to compare CK and AST levels between control birds surviving 

less than 25 days and control birds surviving more than 100 days, control birds surviving 

less than 50 days and more than 100 days, and control birds surviving less than 50 days 

and more than 75 days to ftirther illustrate this relationship (SPSS 2002). Given a 

positive finding that Vitamin E and selenium increase survival, and a significant 

association between the enzyme levels and survival in control birds, then CK and AST 

levels of treated birds should be less than those of control birds if Vitamin E and 

selenium help to lunit muscular damage. If given the previous assertions, CK and AST 

levels of treated birds are not less than those of control birds, then vitamin E and 

selenium function mainly to help repair muscular damage. I tested for differences 

between CK and AST levels of treated and control birds using a paired T-test (SPSS 

2002). Birds captured in the same trap and trapping occasion were paired together for 

this test. T-test power was calculated using the Power And Precision software (2001). 

Results 

I captured, transplanted, and monitored 94 northern bobwhite during this study 

(21 males and 15 females in 2002; 26 males and 31 females in 2003). Sample sizes were 

not sufficient to examine differences in survival curves between ages (2 adults and 35 

juveniles in the 2002 sample and 13 adults and 44 juveniles in the 2003 sample). 

Survival curves were not different (x^ s 0.41, P a 0.52) between sexes within each year. 
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Sexes and ages were pooled for all subsequent analyses. Predation accounted for at least 

35% and 30% of mortalities during 2002 and 2003, respectively. Survival curves of 

control groups were not different (y^ = 0.33, P = 0.56) between years (Figure 1). 

However, survival curves of treatment groups were different (x^ = 2.85, P = 0.09) 

between years (Figure 2). Analyses comparing survival curves between tteatment and 

control groups are presented both within years and pooled by year, because of this 

difference in the influence of year on the survival curves of the experimental groups. 

Survival curves were not different (x" = 0.13, P = 0.71) between treatment and control 

groups during 2002 (Figure 3). However, survival of treated birds (58%) was greater (P 

= 0.0239) than survival of control birds (29%) at day 45 of the monitoring period during 

2002. Treated birds exhibited a greater (x' = 7.11, P < 0.008) survival curve than control 

birds during 2003 (Figure 4) and when treatments were pooled by year (Figure 5; x = 

4.75, P = 0.029). 

Plasma samples sufficient for analysis were obtained from 82 birds. Creatine 

kinase levels exceeded the upper limit (300,000 lU/L) of the chemistry analyzer in 16 of 

my S2 samples. Stepwise, staggered-entry Cox regression analysis did not deted a 

relationship between survival of control birds and plasma levels of AST (P = 0.77) or CK 

(P = 0.85). Levels of plasma CK and AST were not different (P ^ 0.125) in separate 

comparisons between control birds surviving less than 25 days or control birds surviving 

less than 50 days, with control birds surviving more than 100 days (Table 1). Plasma 

CK levels were not different (P = 0.234) between control birds surviving <50 days and 

control birds surviving >75 days, but AST levels were greater (P = 0.049) for control 
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were 
birds surviving <50 days for this same comparison (Table 1). Plasma levels of CK 

not different (n= 19 paired groups; P=0.771) between the control (x = 96,087±20,246 

lU/L) and treattnent (x = 100871±20,707 lU/L) groups. Plasma levels of AST were 

greater (n =19 paired groups; P = 0.053) in the treatment group (x = 1,110±165 lU/L) as 

compared to the control group (x = 843 ± 117). 

Discussion 

Injection of wild northem bobwhite with vitamin E and selenium increased 

sur\ i\ al of transplanted birds over a 175 day period as compared to control birds injected 

with saline. Though I failed to detect a difference between survival curves of the 

treatment and control groups during 2002,1 believe this is because of an insufficient 

sample size (< 12 birds per treatment after day 66), rather than lack of a biological effect. 

Pollock et al. (1989) suggested a minimum of 20 birds per treatment for precise survival 

estimates. Effects of the vitamin E and selenium injection were evident at one critical 

point during 2002. Survival rate of treated birds exceeded the survival rate of control 

birds 45 days after the first release, a time period that corresponds with initiation of the 

nesting season. Therefore, it is likely that more treated birds than control birds were able 

to start a nest during 2002. Greater survival of treated birds and a larger sample size in 

2003 as compared to 2002 led to the major differences detected between the survival 

curves of the treatment and control groups during 2003 and when the data were pooled by 

year. 

I am not aware of any other study that has evaluated the impact of injection of a 

nutrient solution on survival rates of wild northem bobwhites and cannot directiy 
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compare my study with others. I can, however, compare survival rates for control birds 

from my study with values reported in other radio-telemetry studies involving northem 

bobwhite. The closest comparison available to my study site, as judged by dimate and 

proximity, occurred in Irion, Tom Green, and Rumiels Counties, Texas, -240 Km from 

my study site (Carter et al. 2002). The survival rate of radiomarked northem bobwhite 

reported for approxunately the same seasonal period as my study was 15%. Thus, the 

mean survival rate of control birds in my study (14%) appears to be typical for this 

region. It is unclear why in contrast to control birds, the survival rate curves of treated 

birds were different between years. I speculate that this difference was caused by greater 

pressure from predators during 2002 than 2003. Although 1 cannot directiy compare the 

increased survival rate of vitamin E and selenium injection with similar studies, I can 

compare the magnitude of the increase in survival with those accomplished via other 

management techniques. A vitamin E and selenium injection more than doubled survival 

of northem bobwhite in this study as compared to untreated birds. Other studies 

examining bobwhite survival and recmitment have not been able to find such large 

differences. Supplemental feeding has had mixed results. Townsend et al. (1999) 

reported a 6-foId increase in survival for 1992-1993, but two years later in 1994-1995 he 

reports a 2-fold decrease in survival due to supplemental feeding. The same mixed 

results that have been reported for supplemental feeding have also been reported for 

predator control. 

Though the treatment was successful, it is not dear through what physiological 

pathway vitamin E and selenium increased survival. Others have used CK and AST as 

indicators of muscle damage (Spraker 1987), and Mueller (1999) was able to associate 
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CK and post-capture survival. Neither CK nor AST were related to survival in this study, 

except for the comparison between control birds surviving <50 days and control birds 

surviving greater than 75 days. Though not significant, birds surviving fewer days have 

the arithmetically greater enzyme level as compared to birds surviving a greater number 

of days in all other comparisons between groups of control birds. This lack of a 

significant relationship may be due to the extreme variation in enzyme values of birds 

sampled in my sttidy and small sample sizes that resulted in very low power. The lack of 

a strong relationship between the indicators of muscle damage and bird survival 

precludes use of this data for comparison conceming the mode of action of vitamin E and 

selenium injection. 

Alternatively, vitamin E and selenium can be immunostimulators (Peplowski et 

al. 1981 [humoral], Tengerdy and Brown 1977 [cellular], Tengerdy et al. 1972 [celluar]). 

Thus, I hypothesize that the vitamin E and selenium injection could have increased 

unmunocompetence rather than treated capture myopathy. It is plausible that birds could 

be made more vulnerable to predation via disease development rather than muscle 

damage. 

Management implications from this study depend upon the physiological impacts 

of vitamin E and selenium injection on northem bobwhite. If the injections function to 

treat capture myopathy, then current censoring periods used in survival rate analysis 

studies are not adequate. Many studies of avian survival likely underestimate survival 

rate, because the physiological status and subsequent perfonnance of marked individuals 

is hampered by the capture event. In contrast, if the injedions ftindion to stimulate the 

system and raise survival above the nonnal rate, vitamin E and selenium 
immune 
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injections could be used to maximize survival for transplantation attempts, such as with 

endangered species. I suggest that all birds that are captured and transplanted be injected 

with vitamin E (0.45mg/Kg as d-alpha tocopherol acetate) and selenium (0.06mg/Kg as 

sodium selenite) dissolved in sterile saline. Cost for the injectable solution is small at 

only $0.16 for a 200 g bird. Future experiments to determine the physiological benefits 

of a vitamin E and selenium injection on captured and transplanted wild northem 

bobwhite need to be conducted. 
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Figure 1. Survival curves of control northern bobwhite from March 5th until August 15th 
for 2002 and 2003 transplanted in Lynn County, Texas. 
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Figure 2. Survival curves of treated northem bobwhite transplanted in Lynn County, 
Texas, for 2003. 
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Figure 3. Survival curves of treated and control birds from March 5' until August 15' 
2002 for birds transplanted in Lyrm County, Texas. 
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Figure 4. Survival curves of treated and control birds transplanted in Lynn County, 
Texas from March 5"' until August 15'" for 2003. 
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Figure 5. Pooled survival curves from March 5"" until August 15"' for 2002 and 2003, 
birds were transplanted in Lynn County, Texas. 
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Table 1. Comparisons of AST and CK enzyme levels between control birds transplanted 
in Lynn Co. Texas surviving <25 days and <50 days as compared with control 
birds surviving >75 days and >100 days for 2002 and 2003. 

Enzyme 
AST 

CK 

AST 

CK 

AST 

CK 

Days Alive 
<25 

>100 

<25 

>100 

<50 

>100 

<50 

>100 

<50 

>75 

<50 
>75 

N 
16 

15 

16 

15 

20 

15 

20 

15 

20 

20 

20 
20 

MeanlSE 
1,167±256 

942±170 

125,747±31,436 

97,157±25,926 

1,088±209 

942±170 

105,135±26,389 

97,157±25,926 

1,088±209 

838±104 

105,135±26,389 
102,096±21,267 

P-value 

0.141 

0.125 

0.305 

0.318 

0.049 

0.234 

Power 

0.108 

0.092 

0.080 

0.055 

0.182 

0.051 
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CHAPTER III 

NORTHERN BOBWHITE NEST SITE CHARACTERISTICS 
AND ARTIFICLAi BRUSH STRUCTURE USE IN 

WEEPING LOVEGRASS CRP 

Abstract 

Populations of many grassland nesting birds have declined during the last 30 

years. Habitat loss and fragmentation have been considered the major cause of the 

decline for most species including the northem bobwhite. With over one million acres of 

land on the Southern High Plains of Texas currentiy seeded with weeping lovegrass 

(WLG) and enrolled in the Conservation Reserve Program (CRP), there exists the 

possibility to modify thousands of acres of habitat to make h available as usable habitat 

to northern bobwhites in this region of Texas. I was unable to find any radiotelemetry 

studies on northem bobwhite nest success for this region of Texas. No data is available 

conceming the nest success of northem bobwhite in WLG CRP. Consequentiy, I 

radiomarked and transplanted 94 northern bobwhite into weeping lovegrass CRP and 

monitored their nest success. I also monitored their use of artificial bmsh stmctures 

placed in weeping lovegrass CRP. The artificial bmsh stmctures were placed in the 

weeping lovegrass CRP to try and address the lack of woody cover in these areas. 1 

recorded extremely high nest success of 70% in 2002, and 71% in 2003 for northem 

bobwhite nesting in weeping lovegrass CRP in the Southem High Plains of Texas. 
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Introduction 

Populations of many grassland nesting birds have declined during the last 30 

years (Askms 1993, Knopf 1994, Peterjohn and Sauerl999). Habitat loss and 

fragmentation have been considered the major cause of the dedine for most species 

including the northem bobwhite (Johnson and Schwartz, 1993). The Conservation 

Reserve Program (CRP) was initiated in 1985 under the Food Security Act to proted 

highly erodible lands, reduce crop surpluses, unprove water quality, and secondarily to 

provide wildlife habitat (Bartiett 1988). Lands enrolled in CRP have been seeded with 

both native and exotic grass species. Weeping lovegrass (Eragrostis curvula), an exotic, 

has been seeded on over one million acres of land enrolled in CRP on the Southem High 

Plains of Texas. Many consider the dense monocultures of weeping lovegrass unusable 

habitat for northern bobwhites. However, littie research has been done to evaluate this 

claim. I was unable to find any published literature documenting the nest success of 

northem bobwhite in weeping lovegrass CRP fields. The lack of woody cover, and low 

forb production appear to be the limiting factors in weeping lovegrass CRP fields. When 

woody cover is available, such as near abandoned home sites, northern bobwhites use 

weeping lovegrass CRP (Abbott, personal observation). Populations might expand into 

weeping lovegrass CRP if woody cover or artificial cover sources were added to these 

sites to increase usable space for northem bobwhites. 

There are several options to improve woody cover on lands enrolled in CRP. One 

possible practice is to plant containerized or root stock shmbs. However, these small 

shmbs may take several years to reach usable size. Large shmbs can also be transplanted 
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into CRP fields, but this practice is very expensive and might not always be feasible. 

Many researchers have seen the need for artificial bmsh stmctures where woody cover is 

limiting (Webb and Guthery 1983, Boyer et al. 1989, Leahmann 1984). Webb and 

Guthery (1983)found teepee type artificial bmsh stmctures to be the most used by 

northem bobwhite. These artificial bmsh stmctures were used by quail, but it may be 

possible to improve them. Treadway (2002) used 5 cm. x 10 cm. welded wire to predator 

proof northem bobwhite nests in South Texas and found this technique to be beneficial. 

Treadway's (2002) nest exclosures had four 0.4m high sides, a 1.22 m x 1.22 m wire 

mesh top, and an open bottom. Movement by nesting bobwhite hens was not impeded in 

any way through this wire mesh. Treadway (2002) was able to increase nest success 

from 42% to 89% by using this predator proofing technique. Adding wire mesh to 

artificial cover stmctures could increase their benefit to northem bobwhite. I initiated a 

study in Lynn County, Texas to evaluate the benefits of artificial bmsh stmctures to 

provide useable cover for northern bobwhites in weeping lovegrass CRP. The first 

objective of this study was to evaluate suitability of WLG as nesting cover for wild 

transplanted northern bobwhites. The second objective was to observe the use of 

artificial bmsh structures by northern bobwhites living in WLG CRP lacking in woody 

cover. 

Methods 

In 2002, 37 northem bobwhites were ttapped from rangelands in 3 northwest 

Texas Counties (Baylor, Garza, and Kent). In 2003, 57 northern bobwhites were ttapped 

from rangelands in 3 other northwest Texas Counties (Curry, Kent, and Lubbock). All 
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birds were released on 400 ha of land belonging to the Dr. Leon Bromberg Charitable 

Tmst located in Lynn County, Texas. The site was enrolled in the CRP, and seeded to 

weeping lovegrass in 1989. The predominant herbaceous plants were weeping lovegrass 

(Eragrostis curvula), silver bluestem (Bothriochloa laguroides), and three awns (Aristida 

spp.). Clunate is subhumid with hot summers and moderate winter temperatures 

punctuated by severe cold spells (Mowery and McKee 1959). Soils are primarily loams 

and sandy loams with slopes <1% (Mowery and McKee 1959). The average elevation of 

Lynn Co. is 951m above mean sea level (Mowery and McKee 1959). Average annual 

precipitation is 51 cm, with 85% occunuig from 1 April through 31 October (Mowery 

and McKee 1959). 

I constmcted artificial brush stmctures used in this study by welding four 1.8 m 

T-posts together at the top, then welding 95 mm rebar 30 cm from the top to form a 

square. The upper 30 cm was then removed with a cutting torch to form a flat-topped 

teepee-shaped stmcture. The flat topped teepee structures were then covered with 5 cm x 

10 cm welded wire to restrict predator access. Tops were constmcted for these stmctures 

by welding 30 cm long pieces of 0.64 mm rebar together to form a square. Five cm x 10 

cm welded wire was attached to this square with hog rings. The 24 artificial brush 

stmctures were then transported to the study site and cedar boughs (Juniperus pinchotii) 

were attached onto the sides to serve as screening cover. I placed 1 feeder and 1 waterer 

in each of the 24 stmctures. I constmcted the feeders out of 91 cm long pieces of 7.62 

cm diameter PVC pipe with a sewer pipe roof collar inverted on the bottom to serve as a 

catch basin. I constmcted the waterers out of 1 m long pieces of 10 cm diameter PVC 

pipe with 2.5 cm pieces of PVC pipe glued to the bottom. A commercially available 
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saddle and watering cup (Georgia Quail Farms, Savannah, GA) were glued to the 2.5 cm 

piece of PVC pipe. Last, I attached a 30 cm x 30 cm piece of vinyl siding to the top of 

the sttiicture to increase shade. High protein feed, (Bluebonnet Game Bird Poultry 

Starter, Ardmore, Oklahoma) containing a minimum of 30% protein, and water were 

provided ad libitum from the date of the first capture and transplant until the end of the 

study period. 

Northern bobwhites were captured from the 20"' of Febmary thm the 4"' of April 

in 2002 and from 1-24 March in 2003 using walk-in funnel traps (Smith et al. 1981) 

baited with milo seed (Sorghum bicolor). Traps were checked twice daily, about 3 hours 

after sunrise and at sunset. If birds were found in a trap, they were immediately removed 

and placed into ventilated cotton bags until they could be processed. Birds were leg-

banded, sexed, aged (Rosene 1969), and weighed to the nearest 0.01 g. Birds were 

placed together in a ventilated cage after processing and transported >56 Km to the 

release site. After arriving at the release site, all birds were radio-marked with necklace 

style transmitters weighing 6.5 g and equipped with mortality sensors (American Wildlife 

Enterprises, Monticello, FL). All birds captured during one trapping period were 

released together as one covey inside one of the artificial bmsh stmctures. 

Radiotelemetry was used to monitor all birds at least every 3 days from the time of their 

release until the 15'*' of August of each year. Bird use of the artificial cover stmctures 

was noted. All hens were checked closely from the time 1 discovered the first nest until 

the end of the study period to monitor nest activity. 

Nests were located and flagged with 45 cm surveyor's flags to facilitate location 

at a later time. All of my flags were located at least 5 meters away from the nest bowl. I 
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placed two flags on opposite sides of the nest so that if you walked between the two flags 

you would pass over the nest. This marking technique was used in an attempt to 

minunize nest predation by predators investigatmg the surveyor's flags. I did not 

intentionally flush hens from nests and rarely did so inadvertentiy. To detennine the 

number of eggs in each clutch I approached the nest when the hen was away from the 

nest. A nest was deemed successful if any of the eggs hatched. After, the nest was 

hatched, abandoned, or predated I collected vegetation measurements. 

Characteristics of vegetation at the nest and at 4 locations corresponding to the 4 

cardinal directions 10 m from the nest site were evaluated after the eggs hatched, nests 

were depredated, or the hen abandoned the nest. Nest site matrices included visual 

obstmction and % ground cover of WLG, native grass, forbs, and bare ground located in 

a VA-m~ quadrat randomly placed over the nest. Visual obstmction by the horizontal 

component of foliage was quantified using a Robel pole (Robel et al. 1970). The pole 

was 2.5 m high, 2.54 cm wide and marked in alternating florescent orange and white 

colors at 10 cm intervals. The height of vegetation was estimated by recording the 10cm 

interval that was directly above the height of the tallest vegetation directly in line of the 

pole. Visual obstmction was evaluated from a distance of 4 m and a height of 1 m. Non-

nest sites where measured to compare what was selected by northern bobwhites 

compared to what was available. All non-nest site vegetation measurements were 

averaged together for comparisons between nest sites and non-nest sites. 
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Data Analysis 

I used stepwise logistic regression to identify habitat characteristics associated 

with successfiil versus predated nests and to identify habitat characteristics seleded by 

northem bobwhite for nest sites. Percent weeping lovegrass, native grasses, forbs, bare 

ground, and visual obstmction were the potential predictor variables used in both 

analyses. The data sets were constmcted so that the analysis would solve for the nest site 

location, and a successfiil nest m a separate analyses, to identify habitat characteristics of 

potential nest sites and successfiil nest sites, respectively. I set the criteria for indusion 

of a variable at 0.15 to prevent exdusion of potentially unportant predictor variables 

(Hosmer and Lemeshow 2000). I interpreted logistic regression coefficients by stating 

odds ratios. I used two-factor (year and location; year and success category) analysis of 

variance to illusttate differences in predictor variables (SPSS 2002). I used binomial 

proportions tests to compare nest success between years (Ott 1988). 

Results 

I radio-marked and ttansplanted 15 hens (13 subadults, 2 adults) in 2002 and 31 

hens (25 subadults, 7 adults) in 2003. In 2002, 5 northern bobwhites nested in an area 

containing weeping lovegrass and produced a total of 7 nests. In 2002, 2 hens produced 

two nests and no hens produced more than two nests. Also, in 2002, 2 northem 

bobwhites nested in a wheat field containing no weeping lovegrass. In 2003, 15 northern 

bobwhites nested in an area containing weeping lovegrass and produced a total of 17 

nests. Seven northem bobwhites nested in areas not containing weeping lovegrass and 

produced 8 nests. Four hens produced two nests and no hens produced three nests. In 
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2002, 1 male incubated a nest and in 2003, 4 males incubated nests. Re-nesting occurred 

after loss of a previous nest during both years, with the exception of one nest in 2002 

where a female successfiilly hatched 13 eggs, but stUl renested. Nest success was not 

different (P = 0.47) between years (71% in 2002 and 70% in 2003). 

Stepwise logistic regression revealed a predictive relationship (-^ = 45.87, P < 

0.001) for a model with percent bare ground (B = -0.156, S.E. = 0.040, Wald = 15.61, P < 

0.001, Exp (B) = 0.856) as a predictor of nest sites. Potential nest sites were 14% less 

likely to be nest sites with each 1% increase in the amount of bare ground present. No 

other variables were associated with nest location. This relationship is further illustrated 

by the greater percent bare ground in random locations as compared to nest sites (Table 

1). Though the percent weeping lovegrass composition of the nest site was greater than 

the random site (Table 1), this variable was not selected as a predictor of nest site 

location. No other variables were different between nest sites and random locations. No 

variables were selected as predictors of successful nests (P > 0.19). This absence of 

relationship between nest site success and vegetative characteristics of the nest site is 

further illustrated by the lack of differences between successful and predated nests in all 

vegetative characteristics that I examined (Table 2). Vegetative characteristics were not 

different between years for any analysis (P > 0.05) and there were no year by location or 

year by success category interactions (P > 0.05). 

Though no analysis were conducted, I observed northern bobwhite regulariy using 

artificial bmsh stmctures. Northem bobwhite use occurred throughout the study periods 

but appeared to peak during summer when high ambient temperatures forced quail to 

seek shade. I observed female adult northern bobwhite using the stmctures before the 
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breeding season, and also observed male northern bobwhites using the stmctures as 

calling perches. While adult northem bobwhite used these stmctures it appeared that 

adults with broods used the stmctures more than any other individuals. 

Discussion 

It was highly encouraging to find that most birds stayed on the study sites and 

reproduced in weeping lovegrass CRP. I observed extremely high nest success of 70% 

and 71% respectively during 2002 and 2003. My nest success is greater than most other 

researchers have found in Texas (Treadway 2002 [42%], Mueller 1999 [38%], Hernandez 

et al. 1999 [46%], Carter et al. 2002 [38%]). It is unclear why northern bobwhites in my 

study had such high nest success. Many potential nest predators (coyote [Canis latrans], 

striped skunk [Mephitis mephitis], cotton rat [Sigmodon hispidus], bull snake [Pituophis 

catenifer], hognose snake [Heterodon nasicus], rattie snake [Crotalus spp.], and barn owl 

[Tyto alba]) were observed in my study areas during the 2 years of this research. While 

many potential nest predators were observed their density was not a subject of my 

research. WLG CRP at the composition available in my study area appears to be a very 

suitable nesting cover for northern bobwhite. 

Northem bobwhite generally nest in relatively thick vegetation (Rosene 1969). 

However, the growth form of WLG has been suggested to be too thick for northern 

bobwhite use. Weeping lovegrass in my study areas was indeed thick but did not form a 

monoculture throughout the sites. Weeping lovegrass was not avoided by nesting 

northern bobwhite. In fact every nest initiated on sites containing weeping lovegrass 

contained this exotic grass within the Vi m^ quadrat measured at the nest. While most 
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birds select nest sites based on vegetative structure and not for or against certain grass 

species (Davis and Duncan 1999) northem bobwhite found weeping lovegrass to be a 

suitable substitute for native grasses. It is undear why no factors differentiated 

successfiil nests verses predated nests. This fad could be due to the extremely high nest 

success that 1 recorded. 

Artificial bmsh stmctures allowed more habitat to be used by northem bobwhites. 

Northem bobwhite moved and nested throughout the study area. Many non-game species 

of grassland birds were also seen using these stmctures. I confirmed the use of high 

protein feed when one radio-marked bird was predated, but the crop was left intact. 

When the contents of this crop were examined commercial feed was found to be inside. 

Northem bobwhites were often seen using artificial bmsh stmctures and this use appeared 

to peak during summer when high ambient temperatures forced the quail to seek shade. 

In 2002, most nests were located close to artificial bmsh stmctures, whereas in 2003 nests 

were located farther on average from the stmctures. In 2003, some released birds nested 

in CRP comprised of native grasses located 1.2 Km from the artificial bmsh stmctures. It 

could also be due to the fact that there were more forbs located on the 2003 study site as 

compared to the 2002 study site. More forbs could produce an abundant supply of food 

and allow northem bobwhite to move further away from the high protein food located in 

the artificial bmsh stmctures. 

Management Implications 

Converting weeping lovegrass CRP to native grasses may not be necessary to 

effectively manage for northem bobwhite. It will likely be beneficial to burn strips in 
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weeping lovegrass CRP in December or January to remove accumulated litter. I 

recommend burning no more than half of any single area to maintain some herbaceous 

cover on the site. Additionally, it would be beneficial to disk a portion (up to 10%) of the 

bumed area to encourage early serai species and increase herbaceous plant diversity. 

Planting woody species such as lotebush (Ziziphus obtusifolia), Agarito (Berberis 

trifoliate), four wing saltbush (Atriplex canescens), skunkbush sumac (Rhus aromatica), 

and wild plum (Prunus americana) will provide more usable space to northem bobwhite 

by providing food and screening cover from aerial predators. While ray artificial bmsh 

stmctures did appear adequate to serve the needs of quail for woody cover, as revealed by 

my high spring to summer adult survival (Chapter II), it would be costiy and time 

consuming to install the stmctures on large areas at the density (1 stmcture per 2.7 ha) 

used in this project. For CRP to provide the best habitat possible for quail, a combination 

of disking, planting woody cover, buming, and adding artificial bmsh stmctures would be 

the best option. 
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Table 2. Vegetation characteristics of northem bobwhite nest sites and non-nest sites 10 
meters from the nest located in Lynn Co., Texas for 2002 and 2003. 

Variable 

Weeping lovegrass 

Native grasses 

Forbs 

Bare ground 

Robel pole 

Nest Site 

Mean SE 

57.88 4.95 

17.34 4.13 

1.10 0.75 

20.96 2.95 

15.47 0.80 

Random Site 

Mean SE 

18.13 4.95 

18.16 4.13 

2.30 0.75 

58.67 2.95 

14.06 0.80 

P 

< 0.001 

0.217 

0.559 

< 0.001 

0.252 

42 



Table 3. Vegetation characteristics of successful northem bobwhite nests as compared 
with predated northem bobwhite nests located in Lynn Co., Texas for 2002 and 2003. 

Successful Predated 

. Variable 

Weeping lovegrass 

Native grass 

Forbs 

Bare ground 

Robel Pole 

Mean 

36.68 

16.74 

2.26 

42.36 

14.23 

SE 

5.35 

3.43 

0.62 

4.10 

0.68 

Mean 

41.33 

20.04 

0.33 

33.63 

16.08 

SE 

8.38 

5.38 

0.97 

6.43 

1.07 

P 

0.615 

0.717 

0.109 

0.311 

0.240 
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