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Abstract.

Northern bobwhites (Colinus virginianus) are a well known game bird that has been extensively studied and

managed throughout its range for many decades. Despite this, bobwhites have continued a steady annual decline across the
United States, irrespective of many well established conservation practices in place to mitigate this. Supplemental feeding
is one such technique that is a widely used tool in bobwhite management, but the methods and results of the studies to
investigate the effectiveness of this method are highly variable. The effectiveness of supplemental feeding practices is
further hindered by the limited knowledge regarding the nutritional requirements of wild bobwhite because many of the
guidelines that researchers follow are based on species of Galliformes that are primarily used for production. Here, we
review supplemental feeding studies, nutritional requirements of bobwhite, and discuss future directions.
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Introduction

North American grassland birds overall have declined by 53%
since 1970, but northern bobwhite (Colinus virginianus; here-
after bobwhite) populations have declined by 78% in that time
(NABCI 2019). Although bobwhite population declines have
been noted for over a century (Nice 1910; Stoddard 1931), it was
Brennan’s (1991) article noting ‘alarming’ declines that spurred
a nationwide conservation effort for the bobwhite (Hernandez
et al. 2013). Despite these efforts, the bobwhite topped the
Audubon’s list of the top 10 common birds in decline in 2007
(Butcher 2007), and bobwhites continue to decline at a rate of
3.5% per year as of 2015, which is a higher rate than 94% of all
other declining birds (Sauer et al. 2017). The declining numbers
resulted in 27 states listing the bobwhite as a species of greatest
conservation need in their State Wildlife Action Plans (SWAP),
and only 19 of the 865 birds reported are listed on more SWAPs
(USGS 2020).

To compound this further, hunters have been integral to
bobwhite conservation initiatives by contributing millions of
dollars (Brennan 2015); however, hunter participation is
decreasing with the decline of the bobwhite (Burger et al.
1999), potentially hindering funding for bobwhite conservation.
Purvis (2011) reported that quail hunting had seen a 79%
decrease by 2010 in Texas alone, a state considered to have
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the last strongholds of bobwhite (Brennan et al. 2007). With
such an extreme decrease in participation, state agencies are less
likely to allocate funds towards quail (Rollins 2002), and rural
communities will experience negative economic impacts
(Burger et al. 1999; Johnson et al. 2012).

There are many questions concerning the decline because
bobwhites are considered to be one of the best studied wildlife
species, and management practices for bobwhite are well docu-
mented and understood (Guthery 1997; Williams et al. 2004;
Hernandez et al. 2013). Despite the concern for dwindling
bobwhite numbers and economic impacts, conservation initia-
tives have been unsuccessful at reversing the decline (Hernandez
et al. 2013). This, in part, could be due to management practices
that have remained static for decades (Williams et al. 2004;
Stribling and Sisson 2009). Oftentimes, the foundation for these
management practices is based on studies that were conducted
over 50 years ago (e.g. Stoddard 1931; Leopold 1933; Edminster
1954; Rosene 1969), and these studies are still being cited even in
management books that have been published within the past
15 years (Brennan 2007; Hernandez and Guthery 2012).

Williams et al. (2004) and Guthery (2002) both expressed
concern for the lack of change in management practices and
called for adaptations to the ‘historical management’; thus, it is
necessary to periodically re-evaluate management practices. One
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such management practice that should be evaluated is supple-
mental feeding. This practice has been shrouded in contradictory
results, yet is still widely used to this day. Here, we will
summarise the research conducted on supplemental feeding, the
nutrition of bobwhite, and propose future considerations.

Supplemental feeding

Supplemental feeding of game species is a common manage-
ment technique that has been popular with land managers and
wildlife enthusiast for many decades. The simplicity and
seemingly logical benefits of supplemental feeding have con-
tributed to the practice being widely used for quail, although, to
our knowledge, there were few, if any, formal investigations into
the effectiveness of supplemental feeding as a management tool
for bobwhite until the late 1940s (Frye 1954). Since then,
numerous studies have investigated a variety of supplemental
feeding strategies and their effects on bobwhite (Table 1). Here,
we provide a broad overview of this work and highlight where
further research may improve our understanding of the topic.

Food plots

Food plots are typically implemented as a means of supple-
menting seasonal shortages of food, so as to increase the sur-
vivability of game. For bobwhite, winter is a period of scarcity
and land managers frequently attempt to increase overwinter
survival with plantings of milo, soybeans, corn, wheat and/or
legumes (Rollins 2007; Hernandez and Guthery 2012). Robel
(1969) illustrated the potential of food plots to offset limited food
resources, because higher weight and body fat were documented
in bobwhite that overwintered in the vicinity of food plots.
Additional studies produced similar results, suggesting that food
plots may improve the survival of bobwhite under adverse winter
conditions (Robel 1972; Robel e al. 1974). However, despite the
apparent benefits of food plots to the condition of bobwhite,
Robel (1969) acknowledged that understating the effects of this
practice on the survivability of wild bobwhite required further
study. This remains a challenge for researchers to this day,
because the effects of food plots may be confounded by envi-
ronmental conditions and resource availability.

For example, the increases in bobwhite weight and fat
content documented in early studies were present only during
2-3 months between winter and spring, with bobwhite making
heavy use of native forage outside of this period (Robel 1969,
1972; Robel et al. 1974). Overwinter mortality of bobwhite both
near to and far from food plots was also found to be similar
during mild winters (Robel and Kemp 1997), and radio-
telemetry studies documented no differences in the home-
range sizes and movement of bobwhite between sites with and
without food plots (Madison ef al. 2000). Because increased
movement and larger home ranges are typically indicative of
poor-quality bobwhite habitat (Singh ef al. 2011), we would
expect to see less movement and smaller home ranges in areas
with food plots if these were having a positive effect on habitat
quality. Consequently, the similarity in home-range sizes docu-
mented by Madison ef al. (2000) suggests that food plots did not
improve habitat in their respective areas, although these authors
suspected that their findings may have been influenced by mild
winters during their study. Indeed, Robel and Kemp (1997)
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observed that food plots tended to have a proportionally higher
mitigating effect on bobwhite mortality as the severity of
environmental constraints increased. Madison et al. (2000)
therefore concluded that the potential benefits of food plots
may be contingent on environmental conditions, with the great-
est benefit occurring during periods of inclement weather and
scarce resources. A study of bobwhite home ranges in Florida
corroborates this inference, as the presence of food plots reduced
the size of bobwhite home ranges when food was limiting during
the winter, but not during the summer (Singh et al. 2011).

Although the aforementioned studies have illustrated that the
potential benefits of food plots are largely dependent on envi-
ronmental conditions, additional effects associated with the
practice have been documented. For instance, a study in east
Texas during the breeding period reported that juvenile bob-
whites selected food plots over native habitat because of the
increased presence of arthropods, which are an important
protein source for quail chicks (Parsons ef al. 2000; Hernandez
and Guthery 2012). Although this is an unintended consequence
of food plots, it highlights the possibility of food plots serving as
brood habitat for bobwhite. Conversely, Peoples et al. (1994a)
found that food plots may lead to deficiencies in crude proteins
and essential amino acids, because quail fed on supplemental
grain during the summer instead of foraging for insects. Another
unintended consequence of food plots may be to increase
densities of both avian and mammalian predators of quail, which
may increase susceptibility of bobwhite to predators (Godbois
et al. 2004; Turner et al. 2008). A similar hypothesis has also
been proposed regarding the potential of food plots to concen-
trate bobwhites, making them more susceptible to hunting
pressure; however, research into the topic has proven inconclu-
sive thus far (Madison et al. 2002).

In summary, food plots were the most frequently researched
supplemental feeding strategy for bobwhite, with there being 14
studies on this topic. However, six studies were conducted on the
Fort Riley Military Reservation in Kansas and four of these
occurred during overlapping years (Table 1). Two other food
plot studies took place on the Babcock-Webb Wildlife Manage-
ment Area in Florida, with both encompassing the same time
period as well (Table 1). The inferences drawn from these
studies should therefore be interpreted cautiously because they
may not be entirely representative of the effects of food plots on
bobwhite, which occupies a wide geographical distribution and
experiences dramatic population fluctuations among years
(Hernandez and Peterson 2007; Sauer et al. 2017). This is
exacerbated because the potential benefits of food plots are
contingent on environmental conditions and resource availabil-
ity, which vary among regions. These confounding variables
may explain why some studies found advantages to food plots,
whereas others documented no difference (Table 1) or lower
bobwhite populations than regional norms (Ellis et al. 1969).
Consequently, although food plots may be a valuable tool for
bobwhite management, it is important to also consider the
impacts of other factors, such as environmental conditions and
habitat quality, when using them.

Stationary feeders

Another supplementary feeding technique often employed in
bobwhite management is the use of stationary feeders. These
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range from simple barrels and drums, to specifically designed
automated feeders that can distribute a variety of feed, with corn,
poultry feed and milo being common options. Like food plots,
stationary feeders are intended to help offset shortages of food,
although they are easier to use and may be utilised in areas where
environmental conditions and land use impede the establishment
of the former (Frye 1954).

A pioneering study by Frye (1954) reported substantial
increases, averaging as high as 179.80%, in quail abundance
in areas where stationary feeders were deployed. This led Frye
(1954) to conclude that supplemental feeding via stationary
feeders presented a practical means of increasing quail abun-
dance in areas with limited food availability. However, since
then, research into stationary feeders has produced evidence that
the effects of this management practice on bobwhite may be
more abstruse than initially reported. For example, studies have
documented increases in weight and body fat of bobwhite
overwintering in areas with stationary feeders (Hiller and
Guthery 2004; Doerr and Silvy 2006), which were similar to
the results obtained with food plots (Robel 1972; Robel et al.
1974). However, the stationary feeders did not improve survival
or abundance. Doerr and Silvy (2006) postulated that this was
because the milo provided did not supply the nutrients required
by bobwhite for breeding, thus limiting the potential for popula-
tion growth following supplemental feeding. Additionally,
Doerr and Silvy (2006) stressed that food supply was only one
of many compounding factors that must be considered when
developing and implementing supplemental feeding, if an effec-
tive outcome is to be achieved.

An example of one such factor that may hinder potentially
beneficial effects of stationary feeders is competition with non-
target species because it has been documented that quail received
<5% of the feed provided (Collins 1956; Haugen 1957). Since
then, more studies have confirmed this possibility, with bobwhite
accounting for only 7.3% of visits to stationary feeders (Henson
et al. 2012). Additionally, it has been purported that stationary
feeders may increase the susceptibility of bobwhite to hunters and
predators by causing quail to become concentrated (Madison
et al. 2002). Although higher rates of mortality owing to hunting
and mammalian predators were documented in the vicinity of
feeders, there was no effect on average annual bobwhite mortal-
ity, and supplemental feeding merely shifted the distribution of
mortalities (DeMaso et al. 1998). This was corroborated by
Guthery et al. (2004) who also found that mortality was unaf-
fected by supplemental feeding, despite the practice resulting in
more localised distributions of quail.

Overall, studies into supplemental feeding of bobwhite with
stationary feeders have produced results similar to those that
investigated the effects of food plots. Some found the potential
of stationary feeders to increase quail survival and densities in
areas with limited food resources (Townsend et al. 1999; Doerr
and Silvy 2002), whereas others documented supplementation
with stationary feeders to be a neutral management practice
(Guthery et al. 2004). Once again, there was a general consensus
that stressed the importance of considering multiple variables
and using supplemental feeding as part of a larger management
strategy. In particular, management practices that resulted in
quality habitat and food resources that were sufficient to not only
survive overwintering, but also meet other essential nutritional
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requirements of bobwhite, were emphasised (DeMaso et al.
1998, 2002; Doerr and Silvy 2002).

Broadcasting, feed trails, and roadside feeding

The final supplemental feeding strategy commonly used in
bobwhite management entails periodically distributing feed,
often milo, into the environment. Although the distribution
methods for broadcasting, feed trails and roadside feeding are
different, we will hereafter refer to all of these as broadcasting
for ease of discussion. Studies into the effects of broadcasting
yielded results similar to those of other supplemental feeding
strategies, with a degree of variability being present. Reductions
in home-range sizes of bobwhite in areas with broadcasting have
been reported by some (Sisson ez al. 2000; Haines et al. 2004),
whereas others have found no differences between areas with
and those without broadcasting (Miller 2011; Tri et al. 2014;
Buckley et al. 2015). Research into the effects of broadcasting
on survival of bobwhite has likewise produced varying results.
For example, Sisson et al. (2000) reported increased survival of
bobwhite where broadcasting was employed during the first year
of a 2-year study, whereas the 2-year study of Haines et al.
(2004) documented the opposite. However, other studies have
consistently documented increased survival rates associated
with broadcasting, which was attributed to the practice being
effective at offsetting food scarcity (Buckley er al. 2015;
McLaughlin et al. 2019). This is consistent with research that
determined stationary feeders and food plots had more pro-
nounced benefits in poor quality habitat and during periods of
duress (Robel and Kemp 1997; Doerr and Silvy 2006).

Additionally, more contemporary studies of broadcasting
have begun to investigate the effects of this practice on bobwhite
reproductive success and nutrition. For instance, McGrath ef al.
(2017) reported bobwhite preferentially selects habitat in the
vicinity of feed trails during both the winter and breeding period,
which could positively affect bobwhite reproduction. Wiley
(2017) and Buckley et al. (2018) affirmed this potential, because
they found that bobwhite supplemented with broadcasting had
larger clutch sizes and made more nesting attempts respectively.
Despite these promising findings, the overall impact of broad-
casting on breeding success was unclear, because no differences
were observed in nest success, egg volume or brood success.
This may be due to the authors’ use of grain for broadcasting,
which is often deficient in nutrients essential for breeding quail
(National Research Council 1994; Sauvant et al. 2004); how-
ever, Tri et al. (2012) found that using a protein carbohydrate or
carbohydrate only ration made no differences in bobwhite
nesting and density. However, further study is needed to assess
the impacts of supplemental feeding with nutrient-fortified
rations on bobwhite, because, to our knowledge, only a very
limited number of studies have assessed the nutritional require-
ments of wild quail, and those that do exist, provide only a
cursory examination of the topic.

Summary

Supplemental feed studies have yielded promising results about
the potential of this management technique to serve as a tool for
bobwhite management. However, more research into supple-
mental feeding is needed to better understand how other factors
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may influence the effectiveness of this practice and how it may
vary among regions. Additional research into the potential
effects of nutrient fortified feed would also be valuable, because
many commonly used supplementary feeds may not fully meet
the nutritional requirements of bobwhite (Peoples et al. 1994a;
Doerr and Silvy 2006). Consideration of the nutritional
requirements of bobwhite and research into supplemental
feeding strategies that incorporates this insight may therefore
yield a more complete understanding of supplemental feeding as
a tool for bobwhite management, as well as more effective
supplemental feeding practices in the future.

Nutrition

Early studies to elucidate the dietary requirements of bobwhite
focussed primarily on protein, calcium, phosphorus and vitamin
A (Nestler 1949). These studies were successful in determining
the appropriate proportions of feed materials to be used for
growth, breeding and livability of pen-raised bobwhite, which
were compiled for use as recommendations for bobwhite rearing
in ‘Nutrition of Bobwhite’ (Nestler 1949). Later, the National
Research Council published a revised version in ‘Nutrient
Requirements of Poultry’ in 1994 based on the available
research. Direct guidelines are given for the nutrients that should
be available in the diets of pen-raised bobwhite, including levels
of protein, methionine, cystine, calcium, phosphorus, vitamin A,
riboflavin, pantothenic acid, niacin and choline (National
Research Council 1994). These guidelines, even though pub-
lished in 1994, remain a primary source of dietary requirements
for pen-raised bobwhite. The amount of information known
specifically for the bobwhite is significantly less than for other
species, such as the Japanese quail (Coturnix japonica; National
Research Council 1994). Additionally, because bobwhites are a
species of Galliformes, it is generally accepted that it is sus-
ceptible to similar nutritional diseases as are other prominent
Galliformes species, such as chicken or turkey (Barnes 1987).
Below we present the available information on bobwhite nutri-
tion, which can help guide supplemental feeding practices.

Protein and amino acids

Many early studies focussed on discerning the required per-
centage of dietary protein for optimal growth and reproduction
capabilities of captive bobwhite, with a progressive decrease in
total protein required when appropriately supplemented with
specific amino acids. Initially, Norris (1935) found that a diet
comprising 27% crude protein was the best for growth up to
8 weeks. Shortly after, studies found that a diet of 28% crude
protein was optimal for survival during the first 10 weeks of life
(Nestler et al. 1942; Baldini et al. 1950; Andrews et al. 1973).
However, Baldini and Zarrow (1952) noted that these levels of
crude protein were high compared with other white egg layers,
and this may have resulted from a deficiency in other essential
nutrients. The studies previously mentioned utilised feeds that
were formulated of soybean meal or ground corn, which are
notoriously low in two essential amino acids, methionine and
lysine (Klasing and Korver 2019). Later, studies demonstrated
that 20—26% crude protein rations formulated of soybean meal
and ground corn when supplemented with the appropriate
essential amino acids were sufficient for raising bobwhite
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(Baldini et al. 1953; Scott et al. 1963; Serafin 1982; Aboul-Ela
et al. 1992; Blake and Hess 2013). Additionally, Serafin (1977,
1982) found that a diet with 24-26% protein supplemented with
1.0% methionine and cystine, both being sulfur-containing
amino acids, improved growth of bobwhite compared with an
unsupplemented 32% protein diet. This is likely to have resulted
because sulfur-containing amino acids are thought to be a major
limiting factor of bobwhite (Peoples et al. 1994b).

However, wild bobwhites have access to many natural foods
that supply them with the necessary nutrients and essential
amino acids (Wood et al. 1986; Peoples et al. 1994b; Boren
et al. 1995). For example, bobwhites consume more seeds to
meet its energy expenditure needs during the winter months
when sources of protein, such as insects, are much scarcer
(Rollins 2007; Hernandez and Guthery 2012). In fact, the
bobwhite dietary requirements not only vary depending on time
of year but also throughout the life cycle. Although the dietary
protein requirement for overwintering bobwhite is only 12%
(Nestler et al. 1944a), protein requirements are more than
double that during growth periods (Harveson ez al. 2004; Rollins
2007), and a diet comprising 23% protein is recommended for
breeding wild bobwhite females (Nestler et al. 1944b; Hernan-
dez and Guthery 2012). These requirements are typically met by
increased invertebrate consumption by bobwhite chicks and
breeding females. This was confirmed further by Peoples et al.
(1994a) through crop analysis, which corroborated the increased
invertebrate content in the crop of bobwhite during the summer
breeding season and a lower protein content during the winter.

The amount of protein required by Galliformes and bobwhite
are in part to satisfy the need for the 10 essential amino acids that
cannot be synthesised, and deficiency in these amino acids can
result in decreased growth in chicks and/or reduction in body-
weight, whereas breeding females have decreased egg produc-
tion or egg size (Klasing and Korver 2019). There are also upper
limits to dietary protein, because overabundance of protein can
result in the increase in uric acid production, which can lead to
gout, and specific amino acids in excess concentrations can
result in amino acid toxicity (Klasing and Korver 2019).

Calcium and phosphorus

Calcium and phosphorus are particularly important for bone
formation (Klasing and Korver 2019), with the skeleton holding
~99% and 80% of the calcium and phosphorus respectively
(Nestler ef al. 1948). Calcium is also vital to many other func-
tions such as cellular signalling, blood clotting and muscle
contraction (Klasing and Korver 2019). The amount of calcium
required for bobwhite varies among life stages. The earliest
report indicated that 0.75% phosphorus and 1.00% calcium
would be optimum for bobwhite chicks (Nestler ef al. 1948).
However, it was reported later that growth of bobwhite chicks
from 0 to 6 weeks of age on a ration containing a 1:1 ratio of
calcium to phosphorus at 0.65% of the diet each was found to be
optimal (Wilson et al. 1972), which is in close agreement with
the 0.6% phosphorus requirement reported by Scott et al. (1958).

Furthermore, breeding bobwhite, particularly females, have
been shown to require higher concentrations of phosphate and
much higher concentrations of dietary calcium for eggshell
production (DeWitt et al. 1949; Cain et al. 1982). DeWitt
et al. (1949) reported that 2.3% dietary calcium and 0.80%
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phosphorus resulted in the optimal breeding capacity of adult
female bobwhite. The later study by Cain et al. (1982) confirmed
this metric with a similar result of 2.4% dietary calcium and
>0.70% phosphorus for breeding bobwhite. Furthermore,
decreases in dietary calcium for breeding bobwhite hens result
in lower egg production as well as the mobilisation of calcium
from bones to facilitate egg production (DeWitt et al. 1949; Cain
et al. 1982; Klasing and Korver 2019). However, these numbers
are for facilitation of captive breeders producing up to 100 eggs
a year, and a wild bobwhite may be able to produce a clutch of
12—15 eggs with significantly lower requirements by mobilising
the required nutrients from the body (Cain et al. 1982).

Excess calcium or phosphorus taken in through the diet can
usually be excreted without issue, and limited deficiency can be
mitigated by decreased excretion (Nestler et al. 1948). However,
extremely high concentrations of either calcium or phosphorus
will cause a deficiency in the opposing mineral. Deficiency in
phosphorus can induce rickets in Galliformes, as well as inter-
fere with the uptake of other essential minerals (Klasing and
Korver 2019). Additionally, excess phosphorus is known to
cause eggshell thinning by causing calcium deficiency (Klasing
and Korver 2019). This outlines how important it is to properly
balance these essential minerals in feed material.

Vitamins

Vitamin are essential in the diets of all organisms and bobwhite
is no exception. Vitamins have a multitude of functions
including enzymatic cofactors, antioxidants and formation of
hormones (Klasing and Korver 2019). Many of these com-
pounds, much like essential amino acids, either cannot be syn-
thesised or cannot be synthesised in necessary quantities to
facilitate function. Additionally, deficiency in vitamins can be
more detrimental to health and survivability than deficiency in
other nutrients (Klasing and Korver 2019).

The National Research Council (1994) only lists vitamin
requirements for vitamin A, riboflavin, pantothenic acid, niacin
and choline. Choline, although not a vitamin, is an essential
nutrient that has been studied and typically included in dietary
supplementation. Of the above vitamins and nutrients, only
vitamin A has a listed value for adult bobwhite (8800 IU kg '),
with the remainder being listed for bobwhite between 0 and 10
weeks old (13200 TU kg™ '). These data are from studies by
Nestler (1946), in which he found that deficiency of vitamin A
has negative consequences for reproduction and survival of
adults, as well as survival of offspring. Additionally, an assess-
ment of bobwhite fed a vitamin A-deficient diet resulted in
bobwhite developing visceral gout (Nestler and Bailey 1943).
Conversely, some excess vitamin A can be stored in fatty tissue
or the liver, but in cases with improper feed mixing that results
in extremely high levels of vitamin A, hypervitaminosis can
occur and has many negative consequences (Klasing and
Korver 2019).

Additionally, these studies on captive bobwhite were fol-
lowed by studies with wild bobwhite (Schultz 1948; Lehmann
1953). Schultz (1948) did not find evidence that vitamin A
affected bobwhite populations in Ohio, but Lehmann (1953)
believed that vitamin A deficiencies facilitated heavier parasite
burdens and affected winter survival in south Texas. However,

Wildlife Research 95

both noted that vitamin A was variable not only among different
sites but within coveys. Considering the limited and contradic-
tory evidence for vitamin A, more research should be conducted
to evaluate the vitamin A requirements needed by wild bobwhite
because deficiencies in vitamin A have led to a compromised
immune system in chickens (Dalloul et al. 2002).

Studies regarding the other vitamins are even more limited
than those for vitamin A, with there being only two studies.
Serafin (1974) undertook several experiments to assess the
effects of various concentrations of riboflavin, niacin, pantothe-
nic acid and choline. Growth was found to be inhibited, and
mortality occurred by 5 weeks in bobwhite whose diet was
deficient in the listed B vitamins. The studies found that the
quantities required of each are ~3.8, =31.0, 12.6 and
1500 mg kg~' for riboflavin, niacin, pantothenic acid and
choline respectively (Serafin 1974). A similar amount of pan-
tothenic acid was previously reported by Scott ef al. (1964).
There are several ailments that are associated with deficiencies
in each of these vitamins for Galliformes (see Swayne 2019).

Summary

This is, to our knowledge, the current nutritional information
available that has been conducted specifically for bobwhite.
However, there are many other specific amino acids, vitamins,
minerals and essential nutrients that could be studied to give a
more complete picture of the necessary dietary levels for bob-
white and their function. The importance of a balanced diet for
captive bobwhite has been thoroughly studied for the above
nutrients, and it is equally important that wild bobwhite has
balanced feed for supplementation.

Conclusions

As discussed, supplemental feeding is a widespread and long-
running practice for bobwhite management that many believe to
be beneficial, but these benefits may be contingent on a variety of
factors. The studies discussed here have illustrated this contextual
dependence, with some finding that supplemental feeding had no
effect on bobwhite, whereas others have documented positive
impacts on survival and fecundity. This variability in results may
occur because of the variety of methods employed, as well as the
pressures that individual bobwhite populations face, such as harsh
winters and periods of drought. Thus, there is a need to consider
what supplemental feeding may accomplish, during what times it
is most effective, and what kind of feed to use.

For example, Peoples et al. (1994b) suspected that supple-
mental feeding of bobwhite may cause birds to replace portions
of what would be an insect-rich diet with supplemental grain. In
the study by Peoples et al. (1994b), grain was provided during
the entire year and bobwhite collected form areas with supple-
mental feed exhibited decreased consumption of insects and a
subsequent deficiency in crude protein and essential amino acids
during the breeding period when compared with those from
untreated areas. Other studies have corroborated this possibility,
because they have shown that bobwhite is capable of increasing
the amount of food consumed when fed a ration that is purpose-
fully below its energy requirements but would not compensate
for a protein deficit in the same manner (Giuliano et al. 1996). It
is therefore possible that supplemental feeding during the
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summer breeding season, especially with low protein grains, can
negatively affect the breeding fitness of wild bobwhite.

More specifically, current supplemental feeding practices
rely predominantly on milo (Table 1), which may not provide the
complete nutritional requirements of bobwhite throughout the
year. Milo is a high-energy ration, 3800 kcal kg ™' (Sauvant ez al.
2004), that meets the energy requirements of bobwhite, 2850—
3170 kcal kg’1 (Wilson et al. 1977); thus, milo is suitable to
facilitate the survival of adult bobwhite through the winter,
(Hernandez and Guthery 2012; Brown and Hayslette 2019),
which has been demonstrated in supplemental feeding studies
(Table 1). However, milo contains, on average, only 9.5% crude
protein, 0.3% calcium and 0.3% phosphorus (Sauvant er al.
2004; Hernandez and Guthery 2012). These numbers are well
below those required to optimise reproduction of female bob-
white, and milo may also be deficient in other key nutrients.
Therefore, supplemental feeding with energy rich rations to
offset dietary stress in the winter and then switching to a higher
protein ration during the following spring may facilitate a
stronger reproductive potential in bobwhite during the breeding
season.

Furthermore, proper nutrition is not only important to
increase breeding capacity, but also to ensure the overall health
and immune system function. Nutritional deficiencies in nutri-
ents, such as amino acids, minerals and vitamins, can have
suppressive effects on the avian immune system (Cook 1991).
Additionally, the diet has regulatory effects on many functions
of the body including the immune system (Kogut and Klasing
2009), and studies have shown that proper nutrition has the
potential to minimise the impact of infectious diseases by
enhancing the immune system in poultry (Klasing 2007). In
contrast, an impaired immune system can lead to decreased
growth, decreased production, and increased mortality when
birds are plagued with infectious diseases, whether they be viral,
bacterial and/or parasitic (Humphrey and Klasing 2004; Klasing
2007). The immune system also often competes with growth or
reproductive processes for nutrient allocation, and immune
responses have the capacity to alter bodily functions such as
metabolism and digestion if necessary (Koutsos and Klasing
2001). Optimisation of the immune response is dependent on
many factors, and the immune system takes priority in the
distribution of nutrients during times of infections. This is
particularly important as wild bobwhite is exposed to numerous
stressors, such as nutrient deficiency, chemical exposure, and
parasitic infections, that are known to adversely affect the avian
immune system (Kogut and Klasing 2009). Consequently,
further research into nutrition, supplemental feeding, and the
interactions of these variables on wild bobwhite is necessary.

However, it should be noted that the information available
specifically for bobwhite dietary requirements is limited, and the
majority of these studies was focussed mainly on macronutri-
ents, vitamin A and vitamin B for the optimal growth to breed
and raise captive bobwhite. This scarcity of information into the
specific nutritional requirements of bobwhite can be partially
offset by referencing the requirements of other closely related
species of Galliformes, such as the Japanese quail or chicken,
because these have been extensively studied and are well
documented. However, although the nutritional requirements
of these birds are expected to be similar, there is likely to be
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some variation because there are differences among the species.
This variation must be considered when making assumptions
into the nutritional requirements of bobwhite that are derived
from information documented for other species of Galliformes.
There is also likely to be more variation between the nutrient
requirements of a pen-raised bird versus a wild bird, which
should be considered as well. Nevertheless, this information can
still be utilised to assist the resurgence of wild bobwhite if
employed cautiously.

Unfortunately, the lack of information regarding wild bob-
white nutrient requirements and high variation in results pre-
vents specific recommendations on type of feed, supplemental
feeding type, or when supplemental feeding is needed; however,
some recommendations can be made on the basis of the provided
literature. It is imperative that any supplemental feeding be
approached with bobwhite nutrition in mind, and future study
designs that incorporate a variety of supplemental feeds with
different nutritional values could provide more insight into the
nutrient requirements of wild bobwhite. Nevertheless, it is well
documented that bobwhite females and juveniles require a high-
protein diet during the breeding season. A feed that is supplied
during this time should meet this requirement because bobwhite
may replace part of their natural diet, such as insects, with the
supplemental feed (Peoples et al. 1994b). In contrast, a high-
energy ration provided in the winter could enhance the survival
of bobwhite. There is also a great need to compare the supple-
mental feeding methods at the same site and across regions
because the variation in habitat type, for example, can influence
the efficacy of the method.

Fortunately, continued research has gradually improved our
understanding of bobwhite and the myriad factors that influence
their populations, as well as how these same factors may affect
the management practices that seek to protect them. Although
traditional management practices, such as supplemental feed-
ing, have produced inconsistent results, studies have demon-
strated that using these methods during the appropriate times and
circumstances may have substantial benefits. For instance,
supplemental feeding during times of stress, particularly in
winter and drought, gives the individual bobwhite a greater
chance of overcoming these stressors and may improve the
overall survivability of populations. The benefits of supplemen-
tal feeding may be further bolstered if we consider the seasonal
and life-stage nutritional requirements of wild bobwhite,
because this would allow the provision of fortified rations to
fulfill key nutritional requirements of breeding females, thereby
improving breeding potential. To that end, future studies into
supplemental feeding should also consider factors such as
nutrition, habitat quality and climatic variables. Research that
integrates these points into supplemental feeding strategies may
leave land managers with a greatly improved set of tools to
manage their quail.
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