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a b s t r a c t
Whole cottonseed (WCS) is a potential supplemental feed for white-tailed deer (Odocoileus
virginianus) in rangeland conditions because of its high digestible energy and protein content, moderate ﬁber content, and resistance to degradation in moist conditions. WCS also
contains the polyphenolic secondary metabolite gossypol, which reduces palatability to
non-target monogastric species but may be of concern for deer nutrition. Plasma gossypol
stabilization when fed a constant dry matter intake, plasma gossypol depletion after WCS
was removed from the diet, and the relationship between WCS consumption and plasma
gossypol concentration was studied in 10 mature male (N = 5) and female (N = 5) captive
white-tailed deer. Consumption of WCS by 73 free-ranging white-tailed deer (59 males, 14
females) was estimated using results of the captive study. Plasma gossypol concentrations
declined exponentially and averaged 0.74 g/mL 35 days after WCS was removed from the
diet. Plasma gossypol concentration was linearly related to WCS consumption (P < 0.001),
with females having 0.35 g/mL greater (P = 0.04) plasma gossypol than males for a given
rate of dry matter consumption. All female and 93% of male white-tailed deer captured in
WCS supplemented pastures had detectable plasma gossypol. Female averaged 1.88 g/mL
of plasma gossypol and males averaged 4.84 g/mL of plasma gossypol. Based on the captive
deer data, these plasma values suggest an average WCS consumption of ∼2.6 g/kg BW/day
for female free-ranging deer and ∼5.6 g/kg BW/day for male free-ranging deer. Inferentially,
a large proportion of free-ranging white-tailed deer in rangeland conditions will consume
WCS, with females consuming 125 g WCS/day and males consuming 428 g WCS/day. That
plasma gossypol levels decrease rapidly after cottonseed is removed from the diet suggests
that the long withdrawal periods often used prior to breeding season may not be needed.
However, although 93% of gossypol was eliminated from the animals after a ﬁve-week
withdrawal period, a small amount of gossypol can still be detected. While our preliminary data on these animals suggests that these levels are not detriment to animal health or
reproduction, ranch managers may want to take a conservative approach to the feeding of
WCS until these questions are answered.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
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White-tailed deer (Odocoileus virginianus) are important ecologically, economically, and recreationally in North
America. Increasing numbers of landowners supplement
or replace traditional agricultural income by leasing hunt-
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ing rights or selling hunts for white-tailed deer. Because
landowner income is inﬂuenced by productivity of deer
herds, many deer managers provide supplemental feed
(Lewis and Rongstad, 1998; Bartoskewitz et al., 2003) to
increase body mass, antler size, and reproductive performance.
Whole cottonseed (WCS), a by-product from the cotton (genus Gossypium) ginning process, is considered a
good feedstuff for ruminants due to its high content of
digestible energy and protein and moderate ﬁber (Risco
and Chase, 1997). Because WCS does not degrade or
mold as readily as pelleted feeds in moist/damp conditions, it may represent a viable supplement on rangelands
where infrastructure may not be present to protect feed
from the elements and where it is not possible to regularly monitor feed condition. However, WCS contains a
polyphenolic pigment gossypol, which can cause toxicosis
if consumed at high doses over several weeks (Risco and
Chase, 1997).
Gossypol is more toxic to monogastric animals because
they lack foregut microorganisms that help to detoxify plant compounds (Reiser and Fu, 1962; Smith, 1992;
Risco and Chase, 1997). Therefore, monogastric animals
such as feral pigs (Sus scrofa) and raccoons (Procyon
lotor), which are often non-target consumers of supplemental feed, may be reluctant to eat large amounts of
WCS (Taylor, 2003) unless climatic conditions cause them
to pursue WCS as an alternative forage. Although adult
ruminants have mechanisms to protect against toxicity
of many plant secondary chemicals, high gossypol doses
can overwhelm neutralizing mechanisms causing toxicosis (Lindsey et al., 1980; Smalley and Bicknell, 1982;
Randel et al., 1992; Risco et al., 1993). In male ruminants,
gossypol toxicity can manifest as reproductive problems,
such as increased sperm abnormalities, reduced sperm
motility, reduced scrotal circumference, and suppressed
testosterone concentrations in cattle (Smalley and Bicknell,
1982; Risco et al., 1993; Chenoweth et al., 1994), goats
(Solaiman et al., 2009), fallow deer (Brown, 2001), and reddeer (Gizejewski et al., 2008). Female ruminants appear
less susceptible to gossypol induced reproductive problems, although bovine embryos cultured in vitro were
sensitive to gossypol (Brocas et al., 1997). Physiological symptoms of gossypol toxicity in livestock include
sudden death, dyspnea, erythrocyte fragility, and anemia (Lindsey et al., 1980; Smalley and Bicknell, 1982;
Morgan et al., 1988; Gray et al., 1993; Solaiman et al.,
2009).
Understanding plasma gossypol dynamics in whitetailed deer will aid in assessment of WCS as a supplement
for deer and in designing feeding programs using WCS
to meet goals of deer managers. The objectives of this
study were to determine the time necessary for plasma
gossypol concentration to stabilize in white-tailed deer
fed a constant daily dry matter (DM) of WCS, determine
the time necessary for plasma gossypol concentrations to
decline after WCS is removed from the diet, and evaluate
the relationship between WCS consumption and equilibrium plasma gossypol concentration. Plasma gossypol
concentrations found in captive deer were used to estimate
average daily DM intake of WCS by free-ranging deer.

2. Materials and methods
2.1. Animals and facilities
Experiments with captive deer were conducted at the Albert and
Margaret Alkek Ungulate Research Facility at Texas A&M University –
Kingsville, in Texas with ﬁve mature (>3 years of age) males and ﬁve
mature females white-tailed deer. Female deer used were pregnant having
been bred between December 2007 and February 2008. Procedures were
approved by the Texas A&M University – Kingsville Institutional Animal
Care and Use Committee (protocol approval #2006-01-17). All captive
deer were treated for internal parasites (Ivermectin: Mariel, Division of
Merck and Co., Rahway, NJ) before experimentation.
Free-ranging white-tailed deer were sampled for plasma gossypol
determination from a private ranch (28◦ 38 25  N, 100◦ 09 52  W) in the
western Rio Grande Plains of Dimmit and Maverick Counties, Texas. Elevations average 250 m with level to rolling topography. Average annual
rainfall in the nearest town, Carrizo Springs, Texas, is 56 cm (Lefﬂer,
2008), but is highly variable with a coefﬁcient of variation of annual
precipitation approaching 40% (Norwine, 1978). Clay to loamy sand
soils support diverse shrubs and savanna communities representative
of Tamaulipan thornscrub (Fulbright, 2001). Common woody species are
black brush (Acacia rigida), brasil (Condalia hookeri), cenizo (Leucophyllum
frutescens), granjeno (Celtis pallida), guajillo (Acacia berlandieri), guayacan
(Guayacum angustifolium), kidneywood (Eysenhardtia texana), mesquite
(Prosopis glandulosa), twisted acacia (Acacia schaffneri), and white brush
(Aloysia gratissima). Cacti common to the area are prickly pear (Opuntia
engelmanni) and tasajillo (Opuntia leptocaulis). Common grass genera of
the area consist of Aristida, Bouteloua, Chloris, Eragrostris, Pappaphorum,
Pennisetum, and Tridens spp.
2.2. Dose–response methodology
Ten mature captive-raised white-tailed deer (5 males; 5 females) with
prior experience consuming WCS were weighed, randomly assigned to
one of the ﬁve test diets, and placed in individual pens (4 m × 5 m) for
10 weeks beginning on 5 May 2008. The ﬁve test diets had a target DM
composition of 10–50% WCS in 10% increments with chopped alfalfa constituting the remainder of the diet. Total gossypol concentration of the
WCS was 0.56% (58% (+)-isomer; 42% (−)-isomer) on a DM basis. One
female deer assigned to 50% WCS diet refused to eat the target amount
of WCS, and after 1 week was reassigned to a diet with a lower percent WCS. The female deer originally assigned to this lower WCS diet
was reassigned to the 50% diet. The ﬁrst day of the trial for the female
deer assigned to the 50% diet started on day 12 when the new diet was
assigned. The female deer that refused to consume the higher proportion
of WCS had consumed the appropriate amount of WCS required in her
new diet. Eight (4 males; 4 females) of the 10 deer had been consuming
a non-WCS diet for over 6 months prior to the trials. The remaining 2
deer (1 male; 1 female) had been consuming a non-WCS diet for 35 days;
therefore, plasma gossypol concentrations of 1.07 and 0.80 g/mL were
present in these animals at the beginning of the trial. Water was available ad libitum throughout the experiment. Orts were removed at 09:00 h
daily, dried, and weighed. Body weight (BW) was recorded every 10 days.
Plasma samples were collected via jugular venipuncture every 9–12 days
at 18:00 h. Plasma gossypol level was considered to have reached a steadystate, if concentrations differed by <0.75 g/mL over two sample periods
(20 days).
2.3. Gossypol depletion methodology
On 11 June 2007, 10 captive mature white-tailed deer (5 males; 5
females) that were used in the dose–response trial were separated by
sex, placed in two 0.1-ha communal pens, and fed diets of approximately
50:50 ratio of WCS:chopped alfalfa (Medicago sativa). On 12 September
2007, deer were moved to individual pens and fed the 50:50 ratio of
WCS:chopped alfalfa on a DM basis through 30 October 2007. After 20
weeks of consuming 50% WCS, plasma samples were collected via jugular
venipuncture, deer were then returned to their respective 0.1 ha communal pens, and diets were changed to ad libitum chopped alfalfa and
a commercial pellet containing no cottonseed products. Commercial pellets were formulated to meet the nutritional requirements of white-tailed
deer (441 Droptine 17%, Lindner’s Feed and Milling, Comfort, TX). Water
was provided ad libitum throughout the experiment. Plasma samples
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were collected every 7 days at 18:00 h for 5 weeks to determine plasma
gossypol depletion.
2.4. Collection of blood samples and chemical analysis
Heparinized BD VacutainerTM tubes (Becton Dickinson, Franklin Lakes,
NJ) were used to collect whole blood. Blood samples were placed in
a refrigeration unit for 2–4 h and centrifuged at 1400 × g and 37 ◦ C for
20 min. One milliliter aliquots of plasma were freeze dried and stored at
−70 ◦ C until analyzed for gossypol.
Samples of WCS and alfalfa were collected periodically throughout
experiments. Samples of identical feedstuffs (i.e. WCS or alfalfa) were
mixed and analyzed for aﬂatoxin and gossypol concentration. Samples of
WCS were sent to Pope Testing Laboratories, Inc. (Irving, Texas) for aﬂatoxin analysis. Aﬂatoxin was determined using an immunoafﬁnity column
(Aﬂatest® ) method reported by AOAC International (1995). No detectable
aﬂatoxin was found in any WCS used in experimentation.
Gossypol in WCS was determined by separating representative samples into hull and kernel fractions. A slightly modiﬁed version of the HPLC
method reported by Hron et al. (1999) was used to determine gossypol in
the kernel fraction. Kernel gossypol was then converted into WCS gossypol by accounting for the weight fractions, given that there is no signiﬁcant
amount of gossypol in cottonseed hulls (Yu et al., 1993).
Plasma gossypol was determined by a similar procedure, but scaleddown to accommodate the processing of samples in small volume tubes.
Brieﬂy, plasma (1 mL) was transferred into a 2-mL microcentrifuge
tube. After freeze–drying the sample, 380 L of a complexing reagent
(85:5:10 (v/v/v) of dimethylforamide/R-(−)-2-amino-1-propanol/glacial
acetic acid) and one glass bead (3 mm diameter) were added to the tube.
The sample was pulverized with a Beadbeater-8 mill (Bio-spec Products,
Bartlesville, OK) for 2 min at 90% maximal speed. After brief centrifugation to ensure that all of the solids were fully wetted by the complexing
reagent, the tube was heated in a dry-block bath at 95 ◦ C for 30 min
to promote the formation of a gossypol Schiff’s base complex with the
complexing amine. Upon cooling, 1.52 mL of HPLC mobile phase (65/35
acetonitrile/phosphate buffer; 10 mM; pH = 3) was added; the tube was
brieﬂy vortex mixed and was centrifuged for 5 min at 12,000 × g to pelletize the particulate matter. A 1 mL sample of the clear supernatant was
then transferred to an HPLC vial for analysis.
For seed and deer plasma samples (both captive and free-ranging),
the gossypol complex was detected with an HP series 1100 HPLC system
(Hewlett-Packard Company, Palo Alto, CA) consisting of an autoinjector, isocratic pump, and photodiode array detector. A SGE Inertsil ODS-2
column (4 mm i.d. × 100 mL) was used to separate the individual gossypol enantiomers. The HPLC mobile phase was pumped at 1 mL/min. The
full spectrum of the detector (210–700 nm) was monitored to identify the elution peaks corresponding to the gossypol Schiff’s bases, and
254 nm was used for analytical determinations. Standard response curves
were developed for the (+)- and (−)-gossypol from a preparation of
gossypol:acetic acid (1:1), a racemic compound that contains 89.64%
gossypol.
2.5. Free-ranging deer analysis
Free-ranging white-tailed deer were sampled from a private ranch
near Carrizo Springs, TX. Treatment deer were captured via net gun from
helicopter within a 6300 ha area with WCS supplemented ad libitum since
February 2006. Whole cottonseed was fed in welded wire feeders, 53 cm in
diameter and 122 cm high, at a density of 1 feed station/81 ha. Control deer
were captured from a 7500 ha area with no supplemental feed. On 7 May
2008, blood samples were taken from 14 female deer captured from pastures supplemented with WCS and 15 female deer from unsupplemented
pastures as controls. Plasma gossypol concentrations were assessed for
females from both WCS supplemented and unsupplemented pastures. On
15 October 2008, 59 male white-tailed deer were collected by net gun ﬁred
from a helicopter in pastures supplemented with WCS, a blood sample
taken, and plasma gossypol measured.
2.6. Statistical analysis
The relationship between WCS consumption and stabilized plasma
gossypol concentration was assessed with linear regression analysis with
SAS 9.1.3 (SAS Institute Inc., Cary, NC). Differences between the sexes
in gossypol depletion over time were assessed with the MIXED pro-

Fig. 1. Plasma gossypol concentration trends over 81 days for ﬁve
mature captive-raised male white-tailed deer consuming whole cottonseed (7–41%) diet with chopped alfalfa (93–59%) constituting the
remainder of the diet.

cedure of SAS for repeated measures with a ﬁrst-order autoregressive
model and a Kenward–Roger correction (Littell et al., 2006). Week, sex,
and week × sex were included in the model to assess if plasma gossypol
concentration responded similarly in males and females. CONTRAST and
ESTIMATE statements were used to determine when concentrations of
plasma gossypol did not change between sampling periods, suggesting
either depletion or a change in dynamics of plasma gossypol, depending
on whether the concentration reached zero. Means are presented with
standard errors (S.E.). Differences between group means were considered
signiﬁcant if P ≤ 0.05.

3. Results
3.1. Dose–response
Male white-tailed deer in captivity on average consumed 1047 g (SE ± 141 g) of WCS and 326 g (SE ± 77 g) of
alfalfa daily on a DM basis. Female white-tailed deer in
captivity on average consumed 589 g (SE ± 43 g) of WCS
and 207 g (SE ± 51 g) of alfalfa daily on a DM basis. Consumption of WCS ranged from 1.52 to 7.25 g/kg BW/day,
depending on the target amount of WCS in the diet. There
was a signiﬁcant decrease in total DM intake (g/kg BW/day)
of male deer as the proportion of WCS increased (t3 = 3.84,
P = 0.03, y = 1.26 − 0.05x). Female deer did not differ in total
DM intake as the proportion of WCS in the diet increased
(t3 = 0.31, P = 0.78). For deer fed diets containing ≤25% WCS,
plasma gossypol stabilized in both sexes after about 32
days (Figs. 1 and 2). Plasma gossypol concentration of the
males fed 38% dietary WCS also stabilized within 32 days.
However, one male and one female deer consuming diets
containing 41 and 34% dietary WCS, respectively, required
62 days to reach steady plasma gossypol concentrations
(Figs. 1 and 2). The remaining female fed 43% dietary WCS
did not stabilize until the last sampling period at day 72
(Fig. 2).
There was a positive linear relationship between plasma
gossypol concentration and DM WCS consumption for all
2 = 0.88, P < 0.001; Fig. 3). Sexes differed
deer (t7 = 8.22, Radj
slightly with females having 0.35 g/mL greater (t1 = 2.60,
SE ± 0.53, P = 0.04) plasma gossypol than males for a given
DM consumption of WCS. No interaction was detected
between sex and WCS consumption (t1 = 1.60, SE ± 0.25,
P = 0.16; Fig. 3). Plasma gossypol concentrations increased
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Fig. 2. Plasma gossypol concentration trends over 81 days for 5 mature
captive-raised female white-tailed deer consuming a whole cottonseed
(10–43%) diet with chopped alfalfa (90–57%) constituting the remainder
of the diet.

1.1 g/mL (SE ± 0.14) for each 1 g WCS/kg BW/day increase
in intake, regardless of sex (Fig. 3).
3.2. Gossypol depletion
Depletion of plasma gossypol did not differ between
sexes (F1,16.3 = 0.13, P = 0.728) and therefore data were
combined. Initially, the animals had an average gossypol plasma concentration of 10.0 g/mL. Relative to
this initial concentration, plasma gossypol decreased
by 63% (−6.30 g/mL, t34.6 = 18.12, SE ± 0.35, P < 0.001),
17% (−1.73 g/mL, t36.8 = 4.82, SE ± 0.36, P < 0.001),
8% (−0.77 g/mL, t34.6 = 2.16, SE ± 0.35, P = 0.04), 3%
(−0.33 g/mL, t34.6 = 0.92, SE ± 0.35, P = 0.36), and 2%
(−0.13 g/mL, t34.6 = 0.37, SE ± 0.35, P = 0.72) over a 5week period (Fig. 4). At day 35, plasma gossypol averaged
0.74 g/mL (SE ± 0.40).
3.3. Free-ranging deer
All female white-tailed deer captured in WCS
supplemented
pastures
(N = 14)
had
detectable
plasma
gossypol,
which
averaged
1.88 g/mL
(range = 0.91–4.28 g/mL). This concentration of plasma

Fig. 3. Relationship between plasma gossypol concentration and whole
cottonseed (WCS) consumption of mature captive-raised male (N = 5) and
female (N = 5) white-tailed deer consuming between 7 and 43% WCS diet
2
= 0.88). Relationship for males is indicated by a solid line, while
(Radj
female relationship is indicated by a dashed line.

Fig. 4. Combined depletion of plasma gossypol, with associated standard
error, in 10 mature captive-raised white-tailed deer (ﬁve females and ﬁve
males) across 35 days following a 5-month diet comprised of 50% whole
cottonseed.

gossypol equated to an estimated WCS consumption of
125 g/day (range = 93–221 g/day) or 2.60 g/kg BW/day
(range = 1.72–4.74 g/kg BW/day) based on the correlations
obtained from the captive deer. No females captured in
unsupplemented pastures had detectable plasma gossypol.
Fifty-ﬁve of 59 (93%) male deer had measurable plasma
gossypol. Average plasma gossypol concentration of the
55 male animals was 4.84 g/mL (range = 0.92–11.08),
suggesting an estimated WCS consumption of 5.55 g/kg
BW/day (range = 2.06–11.12), which equated to gossypol consumption of 31 mg/kg BW/day, based on the
correlations obtained for captive deer. Daily WCS consumption for the 55 males was estimated at 428 g
(range = 128–686 g). Eighteen males had plasma gossypol
concentrations exceeding 6.19 g/mL, which is the upper
bounds of the relationship established with deer in captivity. These 18 males had an average plasma gossypol
concentration of 7.91 g/mL (CI = 7.27–8.55); therefore,
males exceeding the highest established consumption
were said to consume at least 6.76 g WCS/kg BW/day.
4. Discussion
Daily DM consumption of WCS in the dose–response
study stabilized during the ﬁrst 2 weeks and remained
constant thereafter. Plasma gossypol in captive deer stabilized after 4 weeks of feeding at low to moderate levels of
WCS (≤25%), which is similar to the 4–6 weeks observed
for plasma gossypol concentrations to plateau in beef
heifers (Velasquez-Pereira et al., 1998), dairy cows (Mena
et al., 2001), and lambs (Dowd and Calhoun, 1996) that
were fed either cottonseed or cottonseed meal. These
results indicate that gossypol absorption and elimination take several days, or even weeks, to equilibrate
within an animal. Once equilibrated, measurements of
plasma gossypol should not be sensitive to small variations in daily intake of WCS and estimates of WCS intake
derived from plasma gossypol concentration will represent average WCS intake over several days. The long time
needed for gossypol to reach a steady-state in the plasma
could be explained by the complex interaction of rumen
microbe adaptation, tissue storage, rates of gastrointestinal absorption, availability of substrates for conjugative
biotransformation, detoxiﬁcation enzyme concentration
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and activity, and pathways of biotransformation (Smith,
1992).
Male white-tailed deer decreased total DM intake as
WCS intake increased, which can be partially explained
by high digestible energy (19.2 kJ/g) in whole cottonseed (Bullock, 2009). These results indicate that when
males consume diets with a larger percent of WCS,
energy requirements were met with less DM. In support,
white-tailed deer consuming a 50% WCS diet with alfalfa
consumed 7.7% more digestible energy than deer eating
a pelleted diet designed to nutritional requirements of
white-tailed deer (Bullock, 2009).
Feeding patterns suggested that too large of a proportion of WCS in the diet resulted in some reluctance to accept
the feed (Provenza, 1995), possible related to the bitterness of the seed, gossypol toxicity, aversion to seed’s high
oil content, or a combination of these factors. When feed
was presented each morning, white-tailed deer preferentially ate WCS if the proportion was ≤25% of total daily
intake. If WCS was >25% of the diet, however, the chopped
alfalfa was eaten ﬁrst before consuming the WCS portion
of the diet. Thus, diets consisting of >25% WCS may have
been challenging the deer’s ability to metabolize, excrete
(Marsh et al., 2006), and store gossypol, causing the deer to
preferentially consume alfalfa.
The difference in plasma gossypol concentration
between males and females for a given amount of WCS consumed may indicate that small differences exist in gossypol
metabolism by sex. This difference may be due to larger
rumen capacity and slower rumen turnover rate in males
(Barboza and Bowyer, 2000). Slower ruminal turnover may
give the microorganisms more time to bind or metabolize
gossypol. Faster passage rate in females may have been
exacerbated because they were in their last trimester of
pregnancy during experimentation. Passage rate increases
in gravid females ruminants (Graham and Williams, 1962;
Faichney and White, 1988; Gunter et al., 1990).
Plasma gossypol concentrations declined by 80% during the ﬁrst 14 days after WCS was removed from the diet;
however, some gossypol was still detectable in plasma of all
deer after 35 days (0.74 g/mL). Similarly, plasma gossypol
concentrations of white-tailed deer consuming a 37% WCS
diet declined from 8.53 to 0.42 g/mL in 5 weeks (K. A. Kelley, Texas A&M University-Kingsville, unpublished data).
Lambs behaved similarly when removed from a cottonseed meal-based diet (Dowd and Calhoun, 1996) in that
plasma gossypol levels declined by greater than 90% but
some levels of gossypol were still detected 6 wk after
having cottonseed meal removed from the diet. For comparison, plasma gossypol clearance rate is slower than
that of commercial anthelmintics. Doramectin® declined
to 0 ppb in plasma of white-tailed deer after 14 days
(Pound et al., 2004b). Ivermectin® given to deer orally
or subcutaneously took 21 and 14 days, respectively, to
clear from the blood (Pound et al., 2004a). One explanation for the slow depletion of plasma gossypol is
that gossypol accumulates in liver, kidney, heart, and
other tissues (Dowd and Calhoun, 1996; Gamboa et al.,
2001; Velasquez-Pereira et al., 1998). Gossypol stored
in organ tissue may replenish plasma gossypol as it is
excreted.
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Quantifying supplemental feed consumption by freeranging cervids has been exceedingly difﬁcult. Because
gossypol is unique to cotton plants and because plasma
gossypol is a function of WCS consumption, reliable estimates of WCS consumption by free-ranging deer are
possible. This technique will enable assessment of the
effectiveness of supplemental feed programs and differences in WCS use by individual deer, gender, and age.
For example, a higher proportion of white-tailed deer ate
WCS (males = 93%; females = 100%) than ate a pelleted supplement (males < 60%; females ≤ 30%) on three ranches in
southern Texas (Bartoskewitz et al., 2003). These three
ranches had been providing pelleted feed for >5 years and
had feeder densities ranging from 1/165 to 1/405 ha. Two
of the ranches had timed feeders that distributed a limited amount of feed/day, while the third ranch provided
feed ad libitum. The greater proportion of deer eating WCS
may have been affected by differences in available forage,
feed site density, feeder type, hunting pressure, and season. Nonetheless, the density of feeders (1/81 ha) used to
feed WCS as a supplement on our study site was remarkably effective, as measured by the percent of deer eating
the supplement.
Thirty-three percent (18 of 55) of the free-ranging
males consuming cottonseed had plasma gossypol concentrations greater than the upper limit of the regression
developed using captive deer (6.19 g/mL), which may bias
the estimated consumption of WCS for individual freeranging males. Plasma gossypol concentrations of females
fell within the range of data from the captive deer study
suggesting estimates of consumption are reliable.
5. Conclusions
A large proportion of the free-ranging white-tailed
deer in rangeland conditions of our study consumed WCS.
Because WCS has high concentrations of digestible energy,
protein, and oils (Bullock, 2009), WCS may be particularly
beneﬁcial during summer, when nutrient requirements are
high because female deer are raising fawns and males are
in the early stages of building reserves for the breeding season. Compounding these nutritional challenges, quality of
forage eaten by deer may be poor during summer in southern Texas rangelands (Meyer et al., 1984). Supplementing
deer with WCS may also be valuable during winter, a period
of elevated mortality in males (Webb et al., 2007), induced
in part by the stress of breeding in late autumn and associated large declines in BW.
Understanding plasma gossypol dynamics in whitetailed deer can aid in assessing WCS as a supplement and
designing feeding programs to meet deer managers’ goals.
Because of uncertainties about the effects of gossypol on
reproduction in cervids, many deer managers cease feeding WCS several weeks or even months before the breeding
season to reduce the likelihood of reproductive problems
in males. Data from this research indicates that plasma
gossypol levels decrease rapidly in deer after the removal
of cottonseed from the diet, but that some small levels
remains even after 5 weeks. Our preliminary data from
these animals suggests that these gossypol levels are not
detrimental to sperm function or animal health (report in
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preparation). However, a formal study is needed to determine the levels of plasma gossypol that causes detrimental
problems and the likely levels and duration of WCS feeding
that would lead to these problems. As a conservative recommendation, managers may want to continue to remove
WCS from deer diets for >5 weeks before deer breeding
season.
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