








































































































































































































































































































































































Table 6.4. Whole-season mean counts (±SE) of bobwhite chick-food invertebrates in the edge and centre of half-fields (n = 14) 
planted to SGM and HTGM cotton, Georgia, United States, 2003. 

Araneae8 Orthoptera Hemiptera ColeopteraG Formicidae Total Chick Foodsc Total Invertebrates(J 

Sample x SE x SE x SE x SE x SE x SE x SE 

Cotton Type 

Edge 

SGM 7.57 1.04 7.93 1.55 66.43 9.24 3.36 0.73 49.72 6.57 135.00 12.33 216.57 13.96 

HTGM 6.22 0.75 5.29 1.02 54.00 5.26 3.29 0.46 35.14 5.62 103.94 8.11 184.21 9.16 

Centre 

SGM 8.00 1.29 6.64 1.01 51.29 6.08 1.86 0.53 48.07 5.26 115.86 10.06 205.29 16.37 

HTGM 6.57 1.15 4.14 0.71 37.07 4.27 1.93 0.45 40.50 5.55 90.21 8.11 182.71 12.73 

Half-field Total 

SGM 15.57 2.11 14.57 2.23 117.72 14.19 5.22 0.94 97.79 10.17 250.86 20.26 42l.86 28.06 

HTGM 12.79 1.66 9.43 1.57 91.07 7.84 5.22 0.64 75.64 9.77 194.15 13.42 366.93 18.92 

'8"'fu'cludes Opilionidae. 
b Includes Carabidae adults and larvae, Curculionidae, Chrysomelidae adults and larvae. 
C All above groups pooled. 
d All Invertebrates found in suction net samples. 
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Figure 6.2. Mean monthly (July, August, and September) abundance of the group's 
Hemiptera, Total Chick Foods, and Total Invertebrates in SGM cotton (solid) and 
HTGM cotton (clear). Samples collected using an insect suction sampler in half-field 
plots (2002: n = 5; 2003: n = 14) on a farm in Georgia, United States, 2002 and 2003. 
*p = <0.005, **p = <0.001. 
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4.0 DISCUSSION 

4.1 Invertebrate abundance 

This study has demonstrated that in comparison to HTGM cotton, the 

management of SGM cotton can result in a greater abundance of bobwhite chick­

invertebrate prey. In addition, because the invertebrate groups studied here are also 

important in the diet of chicks of other farmland birds (Wilson et al. 1999), SGM cotton 

could provide richer breeding season foraging habitat for other species as well. 

Broadly in 2002, when there was little insecticide use, the abundance of 

invertebrates in each group did not differ between cotton varieties. As shown in 

previous studies that examined the abundance of non-target invertebrates in varieties of 

cotton and corn, with and without a Cry1 Bt transgene, few differences were found when 

little or no insecticide was used (Al-Deeb et al. 2001, Wold et al. 200] , lasinski et al. 

2003). In a study conducted in China that examined the abundance of non-target 

invertebrates within plots of non-GM and Bt cotton, with and without insecticide 

treatments when required, no differences were found between the non-GM cotton and 

the Bt cotton, when both varieties were sprayed or not sprayed (Men et al. 2003). 

However, when insecticides were sprayed on the non-GM cotton and not the Bt cotton, 

and vice versa, significantly greater numbers of non-target invertebrates were found in 

the unsprayed variety in two of the three years of the study. 

In August 2003, when pyrethroid was applied to the HTGM cotton, 2.02, 1.95, 

and 1.53 times more Hemiptera, Total Chick Foods and Total Invertebrates respectively 

were found in the SGM cotton. Although in September, the numbers of Hemjptera and 

Total Invertebrates in the HTGM and SGM cotton rod not dHTer, the abundance ofTotaI 
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Chick Foods was still greater in the SGM cotton, thereby providing improved foraging 

habitat for bobwhite broods during the middle and late parts of the breeding season 

(Brennan 1999). A greater whole-season abundance of the groups Hemiptera, 

Coleoptera and Total Chick Foods was found in the field-edges where gamebird broods 

prefer to forage (Green 1984). 

It is probable that spraymg a broad-spectrum organophosphate to control 

southern green stink bugs in early August 2003 much reduced the abundance of 

beneficials within both cotton varieties (Inglesfield 1989). This then lead to a classic 

insecticide-induced outbreak of another pest species. With a reduction in natural 

enemies, such as minute pirate bugs, Orius insidiosus, big-eyed bugs, Geocoris 

punctipes, and ladybird beetles, CoccinelIidae spp, the economic threshold level of the 

bollwormltobacco budworm complex in the HTGM cotton was reached 1-2 weeks after 

applying the organophosphate. This cyclic insecticide-induced phenomenon is common 

in cotton production systems and can be repeated a number of times during the growing 

season, resulting in a high number of insecticide applications (Benedict and Altman 

2001). The growing of Bt transgenic cotton could interrupt this cycle, as shown in this 

study, or if bollworms/budworms are the primary pests, which is often the case reduce 

the possibility of initiating the insecticide-induced series of events that reduce the 

abundance of non-target invertebrates. 

The short-term negative effects of organophosphate insecticides on densities of 

non-target invertebrates within non-GM agro-ecosystems have been shown in a number 

of studies (Vickerman and Sunderland 1977, Cole and Wilkinson 1985, Powell et al. 

1985). For example, in areas of winter wheat that had been sprayed at the beginning of 

July with a single application of Dimethoate or left untreated, Vickerman and 
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Sunderland (1977) reported that the numbers of non-target invertebrates were reduced 

by 85% in the sprayed areas and after six weeks had only recovered to 40% of that in the 

control area. It is therefore important that farmers make use of target specific insecticide 

compounds that conserve non-target species in Rt cotton fields. 

Although not examined in this study, a decrease in the use of insecticides will 

also reduce the possibility of pesticide drift that can deleteriously affect non-target 

invertebrates in adjacent non-cropped areas. In addition to these habitats being 

important to non-target invertebrates, such as butterflies, which are particularly sensitive 

to pyrethroid compounds (<;ilgi and Jepson 1995), they are also utilized by gamebird 

broods (Hanson and Progulske 1973, Hill 1985, Stinnett and Klebenow 1986, Taylor et 

al. 1999, Cook 2005) and other farmland birds (Rodenhouse and Best 1994, Brickle et 

al. 2000, Morris et al. 2001) during the breeding season, and can be an important source 

of chick-food invertebrates (Hill 1985, Brickle et al. 2000). Consequently, many agro­

environmental schemes designed to improve farmland bird habitat in the United States, 

such as the BQI and the North American Bird Conservation Initiative (NAB I) (Burger 

2001) now provide payments for farmers to manage non-cropped areas sympathetically 

for bird species. 

4.2 Study design 

By conducting a field-scale study, only the response of invertebrates from the 

management of the different cotton varieties by a single farmer was examined. 

However, insecticide use data from previous studies conducted across the United Sates 

indicate that the crop management (insecticide use) differences seen in this study are 
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typical (Edge et al. 2001). Furthermore, by conducting the study on a farm where 

GMHT cotton has been grown since it was introduced commercially, the farmers' 

experience from managing GM crops would aid in appropriate crop management 

decisions being made. Although it would be unrealistic to expect all trials to be on, or 

even near the size of the Farm Scale Evaluations (FSE) project in Great Britain (Firbank 

et al. 2003), a farm-scale study should now be conducted to examine between farm 

SGM cotton management differences and their subsequent effects on chick-prey 

abundance. 

In the FSE project conducted in Great Britain, the invertebrate response to the 

management of 'conventional' non-GM varieties was compared to those of HTGM 

varieties (Firbank et al. 2003). While in Great Britain it is still appropriate to use 

'conventional' as a synonym for a farming system that incorporates non-GM crops, in 

many areas of the United States the use of GM crops has now become conventional 

practice. Therefore, this study compared the response of bobwhite chick-food 

invertebrates to the management of the two most widely grown cotton varieties in the 

United States, SGM and HTGM. 

It would be inappropriate to interpret the results of this study as showing that 

IRGM cotton could also harbor a greater abundance of bobwhite chick-food 

invertebrates in comparison to HfGM cotton. With the absence of the herbicide 

tolerance trait a farmer would employ a different herbicide regime. This difference in 

weed management may therefore lead to a different invertebrate-response, although few 

differences were found when the management of HTGM and non-GM crops was 

compared in the FSE study (Haughton et al. 2003). Regardless, the weed-management 

flexibility provided by HTGM crops may aid farmers in employing more 
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environmentally beneficial production techniques such as conservation tillage. This 

would further enhance the value of cotton to farmland birds and other fauna by 

providing nesting cover (Minser and Dimmick 1988, Lokemoen and Beiser 1997) and 

further increasing crop invertebrate abundance (Cederbaum et al. 2004). 

Although research into the ecological effects arising from the management of 

GM crops is still in its infancy, studies such as this are increasing our understanding of 

this complex issue. However, as pesticides have shown, fully understanding the wider 

ecological consequences of introducing a new technology into farming systems is likely 

to take much research in the form of both short-term studies and long-term monitoring 

projects. The use of mathematical models, such as that developed by Watkinson et al. 

(2000) to examine the possible effects of the management of HTGM crops on the 

availability of weed seeds and the subsequent impact on skylark, Alauda arven i , field 

use in Great Britain, will also be important in allowing ecologists to explore future 

scenarios and stimulate debate. Data from field studies like this, allows such models to 

be continually refined (Sutherland and Watkinson 2001). 

Although this study demonstrates that in comparison to GM cotton the 

management of SGM cotton can lead to a greater abundance of important b bwhite 

chick-food invertebrates in the crop, this technology should not be seen as a quick fix to 

increasing the value of cotton fields for farmland wildlife. Instead, these crops should 

be viewed as an integral part of an IPM system that also incorporates the use of 

beneficial insects, selective pesticides and other agri-environmental management 

prescriptions. 
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CHAPTER VII 

DISCUSSION 

1.0 ECOLOGICAL lMPLICATIONS 

Although dietary examinations have been infrequently conducted on most orth 

American bird species (Rosenberg and Cooper 1990), this is particularly true for 

northern bobwhite, Colinus virginianus, (henceforth, bobwhite). Despite being one of 

the most studied gamebird species in the world (Brennan 1993), few studie h 

examined the diet of bob white, particularly during the first two weeks of life (Jackson t 

al. 1987). Rosenberg and Cooper (1990) suggested that a fear of the technical 

knowledge required to analyse diet samples was a primary reason for why more avian 

dietary studies had not been conducted. However, as demonstrated in thi study, th u e 

of faecal analysis could provide inexperienced researchers with an accurate m th d ft r 

examining large numbers of diet samples. Importantly, this technique also allow d diet 

samples to be collected from broods in an area where bobwhite population were low. 

Because this non-invasive technique does not impact on populations, the di t of a bird 

species can therefore be examined across its entire geographic range, regardl of 

population status. 

The differences in the diet of bob white chicks on plantations and farmland found 

in this study, underlines the importance of examining geographic variation in bird diet . 

Because most avian dietary studies in the United States have only collected samples 
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from a single area, it is unknown how their diets change across their geographical range 

(Rosenberg and Cooper 1990). Consequently, researchers examining food-supply of 

bird species, including bobwhite, can often only make inferences about the foraging­

value of habitats on one landscape based on dietary data from another (Burger et al. 

1993, Manley et al. 1994, Taylor 1996). This, however, assumes that food availability is 

constant across habitat types, which, due to environmental factors such as vegetation 

structure, is unlikely (Hutto 1990). It is hoped that this study will therefore stimulate 

further dietary studies on bobwhite broods so that eventually a detailed picture of how 

chick-diet varies across the bobwhites' geographic range is obtained. Such a database 

would also be extremely useful to biologists studying the foraging ecology of other 

avian species in the United States. 

Because of the complex nature of avian foraging ecology, this study is only th 

first step of many that will be required to fully understand all the factor and 

relationships that influence the diet of bobwhite chicks. In particular future dietary 

studies should examine the indirect effects of weather and predation. As found in oth r 

bird species, these factors may be particularly influential on the diet of bobwhite chick 

(Erikstad and Spids0 1982, Brickle and Harper 1999, Potts 1986). Becau e both w ath r 

and predation risk are believed to influence a bird 's habitat choice (Forrest r et al. 1998, 

Kopp et al. 1998, Evans 2004), the selection of foraging-habitats by bobwhite br d i 

unlikely to be exclusively made on the basis of food-supply. It is therefore likely that 

adult bobwhite guide their broods to appropriate habitats by constantly managing a ri k 

trade-off, particularly between predation and starvation. By doing this, the bro d ' 

foraging efficiency may be reduced by foregoing habitats that offer high a ailabiliti s of 

important prey items. Because of the much lower levels of brood-rearing habitat 
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management and predator control on farms than on plantations in the southeastern 

United States (personal Observation), predation pressure levels on bobwhite broods may 

differ between these two landscapes. Consequently, predator pressure may force broods 

on farmland to forego invertebrate-rich habitats more frequently than broods on 

plantations. This may partially explain why in this study a greater proportion of 'poorer' 

prey items were found in the diet of farmland chicks (Chapter V, Table 5.4). 

The innate ability of bobwhite chicks to locate and select prey-items, as 

demonstrated by the human-imprinted chicks in Chapter IV, may be fundamental in the 

management of the predation and starvation risk trade-off in bobwhite broods. Once the 

adult has guided its chicks to a habitat patch where it deems predation risk acceptable, 

the innate ability of chicks to forage without the guidance of the parent prevents the 

adult from having to trade-off time between predator vigilance and finding prey-items 

for the chicks. This adaptation therefore increases the ti11le adult bobwhite can spend 

scanning for predators and consequently reduces risk of predation. This management of 

the different risks bobwhite broods face is a much-understudied area of research in game 

bird chick ecology and, therefore, warrants further examination. The use of human­

imprinted chicks may be instrumental in these studies. 

Although productivity may be one of the most important factors influencing 

population change in bobwhite, the life history of chicks is one of the least understood 

aspects of this species' ecology (Roseberry and Klimstra 1984, Jackson et al. 1987, 

DeVos and Mueller 1993). Because a viable technique for capturing bobwhite chicks 

has only recently been developed, research into the growth rates of wild chicks has been 

particularly limited (Smith et al. 2003). Although Hammond (2001) used this capture 

technique to examine chick growth rates on plantations in southern Georgia and northern 
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Florida, diet samples were not examined. Therefore, this study is the frrst to show that 

growth rates of wild bobwhite chicks are related to the invertebrate component of the 

chick's diet. As shown in chapter V, growth rates of chicks are negatively related the 

proportion of least selected prey items in the chicks' diet. This result further reinforces 

the importance of land managers providing bobwhite with brood-rearing habitats rich in 

important invertebrates. Although survival rates of chicks were not affected by the 

invertebrate diet of chicks in this study, the results of other gamebird chick survival 

studies indicate that this may have been due to only examining survival to 10 days (potts 

1986). Because grey partridge, Perdix perdix, and ring-necked pheasant, Phasianus 

colchicus, chick survival to 21 days is related to the invertebrate component of the 

chick's diet (Sotherton et al. 1993), future dietary studies should examine bobwhite 

chick survival to this age. 

172 



2.0 MANAGEMENT IMPLICATIONS 

It is recognized among gamebird biologists that a sound knowledge of the food 

requirements of a species is fundamental to the development of habitat prescriptions for 

improving food-supply within its habitats (Stoddard 1931, Gullion 1966, Sotherton 

2000). The work of The Game Conservancy Trust on grey partridge chicks in Great 

Britain provides an excellent example of this, with the results of detailed dietary studies 

forming the foundation for the development of habitat management prescriptions that 

can vastly increase the densities of important chick-prey invertebrates within brood­

rearing areas (Sotherton et al. 1993). Although biologists in the United States have also 

used dietary data to help formulate habitat prescriptions for bobwhite broods, the scale 

and detail of the dietary studies from which these data were taken, was low. In addition, 

because no published studies have examined the diet of wild bobwhite chicks on 

farmland, the development and evaluation of prescriptions for this landscape have been 

based on dietary data from chicks on plantations or other non-agricultural habitats. 

Consequently, current management practices may not provide optimal habitat for key 

bobwhite chick-prey invertebrates. 

2.1 Agricultural landscapes 

2.1.1 Agri-environmental schemes 

To maintain adequate stocks for shooting, plantations in the southeastern United 

States have been highly managed for bobwhite for many years (Stoddard 1931). In fact. 

many of the habitat management prescriptions used today are similar to those described 

by Stoddard (1931) over 70 years ago. By contrast, because the production of crops or 
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livestock is the primary concern of farmers, traditionally little time and money was spent 

on improving habitats on farmland for the benefit of bobwhite or other wildlife. 

However, in response to the dramatic decline of bobwhite populations on farmland in 

the southeastern United States, two states within this region, North Carolina and 

Georgia, have recently introduced specific agri-environmental schemes to help farmers 

create and maintain bobwhite habitat through technical and financial assistance (Burger 

2001). 

In Georgia, many of the habitat prescriptions available within the Bobwhite 

Quail Initiative (BQI) agri-environmental scheme have been primarily designed to 

increase the amount of insect-rich habitats available to bobwhite broods (Georgia 

Department of Natural Resources 1999). These include establishing herbaceous field 

borders (plate 2.6), allowing weeds to establish in the corners of centre-pivot irrigated 

fields, and leaving fields uncropped. Although this study was not designed to examine 

the effects of BQI prescriptions on the diet and survival of wild bobwhite chicks, the 

results of Chapter V in this study, coupled with those of a study examining brood-habitat 

use on the same farmland (Cook 2004), suggest they may be positive. While Cook 

(2004) reported that bobwhite broods positively selected for BQ! habitats, the results of 

this study revealed that the invertebrate-diet of chicks on these farms consisted of a hi8h 

ProPortion of important prey items, particularly Hemiptera and Coleoptera, and that 

chick survival was similar to that found on the highly managed bobwhite shooting 

plantations. It therefore appears, that chick survival can be high on farmland that has 

been enhanced by brood-rearing habitat prescriptions due to the increased supply of 

lmportant chick-prey items. If this is the case, it would mirror the findings of similar 

British studies, where grey partridge chick survival rates were much improved by 

174 



establishing insect-rich Conservation Headlands around cereal fields (Sotherton et al. 

1993). A study specifically designed at examining the diet and survival of bobwhite 

chicks on farms with and without brood-rearing habitat enhancement should now be 

conducted. 

Unfortunately, due to the lack of historical survival data for bobwhite chicks on 

farmland, it is unknown what chick survival rate is required to maintain population 

stability on this landscape. On farmland in Great Britain, Aebischer and Ewald (2004) 

calculated that a chick survival rate of 35% to 6 weeks was required to maintain grey 

partridge populations from one year to the next. They also calculated that at least 4% of 

arable area would need to be insect-rich brood-rearing habitat to achieve this level of 

survival. Assuming that a BQI field on the Georgia farmland site was square and on 

average 10.27 ha in size (see page 144), the amount of brood-rearing habitat created by 

establishing a field around its perimeter was approximately 7.5% of the field area. If 

this were a field in Great Britain, the Aebischer and Ewald (2004) model would predict 

that this amount of brood-rearing habitat would produce a grey partridge survival rate of 

48%. Interestingly, when the daily bobwhite chick survival rates found in this study 

(Table 5.7) were used to estimate chick survival to 6 weeks, the mean survival rate was a 

comparable 41%. 

To achieve this level of chick survival across the whole county in which the 

farmland study site was situated, approximately 600 ha of a total of 37,500 ha of 

harvested crop land in Laurans County would need to be established as BQI brood­

rearing habitat. At a cost of $150/halyear in incentive payments to farmers, this BQI 

habitat prescription in one county alone, would cost the Georgia Department of Natural 

Resources $90,0001 year (www.georgiawildlife.dnr.state.ga.us).This is unlikely to be 
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financially sustainable. However, a high bobwhite chick survival rate may still be 

achieved if a lower percentage of field area were established to BQI habitat. IfBQI field 

borders were only established on three sides of each field, the amount of insect-rich 

brood rearing habitat would be 5.7% of arable area, saving approximately $22,5001 year 

in Laurans County alone. Using the Aebischer and Ewald (2004) grey partridge chick 

survival model this amount of BQI brood-rearing habitat would still yield a bobwhite 

chick-survival rate of 41 % to 6 weeks old, 6% above the level required for population 

stability in grey partridge. Unfortunately, however, only 2% of arable land in western 

Laurans County is currently managed under the BQI scheme (Cook 20(4), which, 

according to the Aebischer and Ewald (2004) model, would only produce a chick 

survival rate of26%. Therefore, while on individual BQI farms bobwhite chick survival 

rates would seem to be above that required to maintain populations, at a county level, 

bobwhite populations may still be declining due to poor chick survival. 

2.1.2 Crop Management 

Due to the constraints of financial budgets (www.georgiawildlife.dnr.state.ga.us) 

and co-operation by farmers (Conover 1998), it is difficult to envisage a sufficient 

quantity of BQI brood-rearing habitat being established on farmland in Georgia to 

reverse the dramatic declines of bobwhite populations seen over the last 40 years 

(Brennan 1991). Consequently, it is therefore imperative that the foraging value of other 

farmland habitats, particularly cropped fields, is improved. While the conservation and 

management of weedy marginal areas such as watercourses and hedgerows is important, 

it is the vast area of arable land in Georgia that, if managed correctly, could significantly 

increase the amount of foraging habitat available to bobwhite broods. 
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Prior to the introduction of pesticides and other modern crop production 

techniques, small, weedy crop fields provided an insect-rich resource for foraging 

bobwhite broods (Brennan 1991). While it is unlikely that the foraging value of cropped 

fields will ever return to pre-pesticide levels, some modem crop management techniques 

are able to improve the invertebrate-richness of arable fields while also reducing 

production costs (Till man et al. 2004). Conservation tillage is one such technique. By 

retaining a higher amount of crop residue on the surface of fields than conventional 

tillage practices (Best 1986), studies have shown that conservation tillage can improve 

the overall abundance of invertebrates in cropped fields (Basore et al. 1987. Cederbaum 

et al. 2004). Furthermore, because conservation tillage alters the vegetation structure of 

cropped fields within the foraging zone of bobwhite chicks (Castrale 1985). the 

availability of important chick-prey items is also increased (palmer 1995). The effect of 

this on the diet of bob white chicks was well demonstrated in a study by Palmer (1995). 

who reported that the proportion of Coleoptera in the diet of human-imprinted bobwhite 

chicks after foraging in no-tillage maize, Zea mays, fields was nearly double that in the 

diet of those that had foraged in tilled maize fields. 

Encouragingly, the popUlarity of conservation tillage in the southeastern United 

States has grown dramatically over the last ten years (Hollis 2005). For example, in 

1993 only 6% of cotton was planted into conservation-tilled fields, but by 2004. this had 

risen to approximately 40% (Hollis 2005). While various factors have probably 

contributed to this increased use of conservation tillage, the introduction of genetically 

modified crops is probably one of the most influential reasons for this change. Because 

herbicide tolerant genetically modified crops allow farmers to effectively control weeds 

with herbicides during the growing season, cultivations are not required to kill weeds 
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prior to sowing (Firbank and Forcella 2000). Crops can therefore be directly sown into a 

field leaving the weeds and crop residue on the soil surface intact. It is imperative 

however, that farmers recognize that no matter how much conservation tillage is able to 

increase the abundance of chick-prey invertebrates in cropped fields, the use of broad­

Spectrum insecticides during the growing season can much reduce a fields' foraging 

value (Inglesfield 1989). As demonstrated in Chapter VI of this study, the bobwhite 

chick-prey invertebrate abundance of a cotton field can be significantly reduced by the 

use of insecticides. However, as also found in this study, farmers can reduce the need 

for insecticidal sprays to control primary insect pests by growing genetically modified 

insect resistant crops. It would therefore be wise for farmers that practice conservation 

tillage to plant crops that are both insect resistant and herbicide tolerant in order to 

preserve the foraging value of these fields for bobwhite and other insectivorous farmland 

birds. 

It is important, therefore, that in addition to establishing herbaceous field borders 

and other habitat prescriptions available under agri-environmental schemes, fanners 

should also incorporate such practices as conservation tillage and integrated pest 

management into their farming systems. Only by adopting this holistic approach to 

bobwhite-habitat management on farmland will populations be increased on this 

landscape across the southeastern United States. 

2.2 Forested landscapes 

As mentioned earlier, in contrast to farmland, habitats on bobwhite shooting 

plantations in the Southeastern United States have been highly managed for the benefit 
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of bob white for many years (Stoddard 1931). Furthermore, because managers recognize 

the importance of brood-rearing habitat, many habitat management prescriptions 

typically involve the creation and maintenance of habitats through disking or prescribed 

burning to attract high densities of invertebrates during the breeding season (Hurst 1972, 

Manley et al. 1994, Parsons et al. 2000). 

Although land managers recognize that invertebrates are very important in the 

diet of bobwhite chicks, they are less aware of the factors that detennine what 

invertebrates are eaten by bobwhite chicks in a habitat (personal Observation). Because 

much of the literature produced on brood-rearing habitat discusses foraging value in 

terms of invertebrate abundance rather than availability, the significance of factors such 

as vegetation structure, invertebrate activity patterns and chick-prey selection in 

determining the diet of chicks in a habitat are not emphasized to bobwhite managers 

(DeVos and Mueller 1993, Brennan et al. 2000a, Hammond 2001). As a consequence. 

an area with 'lots of bugs' does not automatically denote quality brood-rearing habitat. 

For example, although grasshoppers and crickets were found to form between S-IOOIe of 

the diet of bobwhite broods on plantations in this study, they were, however, also found 

to be eaten by chicks much less often relative to their abundance in the field. Therefore. 

because their size and activity patterns make them difficult for chicks to catch, land 

managers should be careful not to automatically perceive habitat patches with high 

numbers of Orthoptera as valuable foraging areas. As Newton (1998) commented. 'no 

matter the abundance of food in a habitat, if it is unavailable for whatever reason, a bird 

may starve'. 
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2.2.1 Prescribed burning 

Prescribed burning is one of the cheapest and most effective tools for managing 

habitats for bobwhite in forested landscapes (Brennan 1991). By killing invasive 

hardwoods, and thereby preventing a mid-story canopy developing, burning every 1-2 

years allows herbaceous ground cover to grow and provide habitat crucial for bobwhite. 

Although prescribed burning can be conducted all year round, it is typically done during 

spring (March-May) (Brennan 1994). The period between the end of the bobwhite­

shooting season in early March and the start of the nesting season in early May, provides 

a window in which managers are able to bum. Although managers are often reluctant to 

bum any later than this because of a perceived risk to nesting bobwhite, there is some 

evidence that the important chick-prey invertebrates identified in Chapters IV and V in 

this study may respond better to summer bums (May-June) than those conducted in 

spring (Brennan et al. 2000a). In a small study conducted by Brennan et aJ. (2000a) on 

Tall Timbers Research Station, bums conducted in May and June produced a greater 

biomass of important chick-prey invertebrates over the bobwhite-breeding season than 

those conducted in February and March. Furthermore, in one year of this study, the 

burns conducted in May and June produced a 'flush' ofinvertebrates coinciding with the 

peak of the bobwhite-breeding season in late July. These data, therefore, suggest that 

managers should at least consider burning some of their land area in early summer as 

opposed to spring. However, this policy will only be beneficial to bobwhite populations 

if the resultant increases in chick survival over the whole breeding season outweigh the 

effects of nest-loss from burning during May and June. This is an important area for 

future research. 
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2.2.2 Disking and food plots 

Annually disking plots of land to encourage the growth of herbaceous plants has 

long been recognized as an important bobwhite management tool (Stoddard 1931). The 

resulting flush of succulent vegetation can harbour high densities of invertebrates during 

the summer, including many of those identified as important in chapters IV and V of this 

study (Manley et al. 1994, Parsons et al. 2000). However, Heteroptera, one of the most 

selected prey-groups in chapter IV, do not seem to respond favourably to disking 

(Manley et al. 1994, Taylor 1996), particularly when conducted in spring. In one year of 

a two-year study conducted by Taylor (1996), significantly higher numbers of 

Heteroptera were found in the non-disked areas than in those disked in spring. Disking 

in autumn had no effect on any invertebrate group. As invertebrate abundance is 

inextricably related to the vegetation complex in an area, it is therefore probable that 

those plant species that are important hosts to Heteropteran species are negatively 

affected by this management technique. 

Rather than simply disking areas of land and allowing weeds to volunteer, 

wildlife managers often improve the vegetation cover in these disturbed areas by 

planting crops known to harbour high densities of invertebrates (Stoddard 1931). 

Research into the abundance of invertebrates in these 'food plots' has shown that 

different Cover crops support different invertebrate species (Burger et al. 1993, Brennan 

et al. 2000b). Brennan et al. (2000b) reported a greater biomass of Heteroptera in food 

plots planted with millet, Panicum spp., than in areas that had only been disted in 

spring. When the food plots were planted with wheat, Triticum spp., however, more 

Heteroptera were found in the disked plots. For Coleoptera, the reverse was true. with 

wheat plots having a greater biomass than the disked plots. In a study examining the 
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invertebrate abundance in seven different cover plantings on Conservation Reserve 

Program fields, red clover, Trifolium pratense, harboured the greatest densities of 

invertebrates, including the key chick-prey groups Heteroptera and Coleoptera (Burger 

et al. 1993). A number of other studies have also demonstrated the ability of clover and 

other legumes, particularly Lespedeza spp.. in hosting high densities of invertebrates 

(Webb 1963, lackson et al. 1987, Cederbaum et al. 2004). Although Stoddard (1931) 

concluded that simple disking was a more practical, cheaper, and effective management 

technique on southeastern plantations than food plots, the results of these studies suggest 

that in order to attract as many important chick-prey invertebrates as possible, bobwhite 

managers should consider using a combination of both methods within the same field. 

Whether on farmland or a plantation, the key to creating quality brood-foraging 

habitat is to establish habitat that attracts their most important prey items. Although 

current habitat management techniques have been shown to increase the densities of 

important chick-prey groups, a fuller understanding of the ecology and habitat 

requirements of these invertebrates may allow improved prescriptions to be formulated. 

Detailed research should now be conducted into the ecology and habitat requirements of 

the most important chick-prey items identified in this study. 
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3.0 FUTURE RESEARCH 

3.1 Topics for future research 

It is clear from this research that some invertebrates are of a greater dietary­

importance to bobwhite chicks than others. With this knowledge, biologists should now 

concentrate their efforts on three key areas of research: 

1) the ecology and habitat requirements of key chick-prey invertebrates 

2) the response of key chick-prey invertebrates to habitat management prescriptions 

3) the effect of improving brood-foraging habitats on chick-survival and bobwhite 

populations 

More specifically, bobwhite biologists should consider finding answers to the following 

biological and management questions: 

3.1.1 Biological research 

Invertebrate ecology 

1). What are the habitat requirements of the important chick-prey invertebrates in 

agricultural and forested landscapes? 

2). How do daily movement patterns of invertebrates affect their availability to chicks in 

different brood-rearing habitats? 
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3). Do fire ants, Solenopis invicta, reduce the abundance of the important chick-prey 

invertebrates in different brood-rearing habitats? 

4). Within the bobwhites' geographical range, what is the population status of the 

different key chick-prey invertebrates? 

5). What are the nutritional characteristics of the invertebrates eaten by chicks? 

6). How do annual changes in weather affect invertebrate abundance and distribution 

during the breeding season? 

7). Is climate change altering the composition of invertebrates within bobwhite brood­

rearing habitats? 

Bobwhite chick feeding ecology 

1). Does the availability of important chick-prey invertebrates influence spatial and 

temporal distribution of broods? 

2). Are daily chick foraging patterns related to the daily activity patterns of important 

invertebrates? 

3). Do chicks select invertebrate prey on the basis of nutritional value? If so, is this an 

mnate or learned behaviour? 
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4). Does experiencing nutritional stress as a chick. impair adult physiology and breeding 

performance? 

5). Does intra-brood competition for important invertebrates affect breeding success and 

subsequently influence population levels? 

6). Are the long-term declines in bobwhite numbers in different landscapes correlated to 

any long-term changes in populations of important invertebrates? 

3.1.2 Management research 

1). How are important chick-prey invertebrates responding to management prescriptions 

currently established through current federal and state level agri-environmentai 

schemes? 

2). How does the timing and frequency of prescribed burning on forested landscapes 

affect the availability and distribution of important chick-prey invertebrates? 

3). How does the timing and frequency of disking on forested landscapes affect the 

availability and distribution of important chick-prey invertebrates? 

4). Does conservation tillage increase the availability of important chiclc-prey 

invertebrates in arable fields? 
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5). How are long-term invertebrate populations responding to the introduction of 

Genetically Modified crop varieties? 
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4.0 CONCLUSION 

This study is the first to demonstrate that fitness of wild bobwhite chicks is 

affected by the invertebrate component of the chick's diet. As the proportion of least 

selected prey items in the diet of chick's increased, the lower their growth rates became. 

Furthermore, the results of this study suggest that bobwhite chicks have an innate ability 

to select against these invertebrate groups. The results of this study now provide 

bobwhite biologists with a good starting point on which to design and evaluate brood­

rearing habitat management prescriptions, both on agricultural and farmland landscapes. 

A comprehensive knowledge of the food requirements of bobwhite chicks will now 

allow biologists to gain a detailed understanding of how short and long-term changes in 

ecosystems, particularly from anthropogenic activities, affect bobwhite chick-food 

supply and ultimately population stability. 
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