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Urinalysis has provided a new avenue for
identification and study of nutritional indices
in white-tailed deer (Odocoileus virginianus).
Initial studies examined urea nitrogen (Warren
et al. 1981, 1982; Waid and Warren 1984;
DelGiudice et al. 1987a), electrolytes, and hy-
droxyproline; all showed potential as indicators
of nutritional condition (DelGiudice et al.
1987a, 1988). During early undernutrition and
starvation, deer conserve urea nitrogen, so-
dium, and potassium by renal tubular reab-
sorption; and urinary excretion of these char-
acteristics decreases progressively (DelGiudice
et al. 19874, 1988; DelGiudice and Seal 1988).
Similarly, decreases in urinary hydroxyproline
have been associated with declining nutrition
(Whitehead 1965, McCullagh 1969). As nutri-
tional deprivation is prolonged, catabolism of
endogenous protein, including bone collagen,
increases, thereby dramatically increasing uri-
nary urea nitrogen and hydroxyproline, as well
as sodium, potassium, and calcium (Del-
Giudice et al. 1987a, DelGiudice and Seal
1988).

The practicality of collecting such physio-
logical data for research and management pur-
poses is often limited. It is expensive, time-
consuming, and often difficult to capture and
immobilize free-ranging animals to acquire
data on physiological condition (DelGiudice et
al. 1987b).

! Mailing address: North Central Forest Experiment
Station, 1992 Folwell Avenue, St. Paul, MN 55108.

We recently demonstrated that urine de-
posited in snow (snow-urine) by wolves (Canis
lupus) can be analyzed biochemically to reflect
nutritional status (DelGiudice et al. 1987b,
Mech et al. 1987). Our objective here is to
document the feasibility and accuracy of col-
lecting and chemically analyzing snow-urine
of white-tailed deer for characteristics that have
shown potential as nutritional indices.

METHODS

We collected a total of 8 urine samples from 6 cap-
tive, adult white-tailed deer (5 F, 1 M) by catheteri-
zation or cystocentesis (Kreeger et al. 1986) from 10
January to 21 February 1985 (2 deer were sampled
twice). We aliquoted samples into 5-cc falcon tubes,
and stored them at —20 C. Samples were assayed with-
in 3 months for urea nitrogen (U), creatinine (C), so-
dium (Na), and potassium (K) as described by Del-
Giudice et al. (1987a), and the remainder of each sample
was refrozen.

On 12 December 1986, each urine sample was thawed
and poured into the snow. An hour later, the snow-
urines were collected by using a plastic bag as a glove
to prevent contamination of the sample by skin contact.
We collected the most concentrated (i.e., yellow) por-
tion of the snow-urine sample from a depth of about
8 cm. Bags were sealed, and samples were thawed at
room temperature, swirled thoroughly to assure a ho-
mogeneous mixture, and then aliquoted into 5-cc plas-
tic tubes. Aliquots were stored frozen and assayed with-
in 2 weeks as described above. We collected 3 samples
of urine-free snow randomly and analyzed them as
controls.

We tested reproducibility and potential effects of
time on chemistries (nutritional indices) after urine is
deposited in snow with 6 additional urine samples from
6 different adult female deer. These deer were on var-
ious diets and were not chosen to reflect a particular
nutritional plane. Samples were aliquoted into 5 12-cc
falcon tubes. On 3 December 1987, we deposited 4
aliquots of each urine sample individually into the snow
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Table 1. Ratios of urinary chemistries to creatinine
in white-tailed deer bladder urine stored frozen and
analyzed within 3 months of collection versus snow-
urine from the same samples after 22 months of storage
at —20 C.

Bladder urine Snow-urine
Urine (n - 8) (n = 8)
chemistry
ratios* I SE I SE t-test
U:.C 3.4 06 3.7 07 P>19010
Na:C x 100 274 6.8 258 76 P > 010
K:C x 100 459 7.7 443 78 P> 010

+ U:C = urea nitrogen : creatinine, Na:C = sodium : creatinine, and K:C =
potassium : creatinine.

and marked the location of each sample. The fifth
aliquot of each urine sample was kept frozen at —20
C. Subsequently, 1 snow-urine sample from each of
the 6 original bladder urines was collected at 24, 48,
72, and 120 hours after deposition and assayed for U,
C, Na, and K.

Metabolite data from individual urine samples were
compared as ratios to creatinine, which is a nonpro-
teinous, nitrogenous compound. The urinary excretion
of creatinine is constant over 24 hours in individual
animals (Vestergard and Leverett 1958, Coles 1980:
246). Creatinine ratios correct for extraneous variabil-
ity, estimate 24-hour excretion, and correct for dilution
by snow.

RESULTS AND DISCUSSION

There were no differences between mean
U:C, Na:C, and K:C ratios in the bladder urine
samples compared to those in the snow-urine
samples (Table 1). Bladder urine samples were

assayed and stored frozen 22 months before
being used to make the snow-urine samples.
The lack of any difference between the U:C,
Na:C, and K:C ratios of the urine and snow-
urine samples strongly supports the validity of
deep-freeze storage for long-term sample pres-
ervation. Urine-free snow, analyzed as a con-
trol, contained no U or C and negligible
amounts of Na (¥ = 0.039 mEq/L, SE = 0.004)
and K (£ = 0.001 mEq/L, SE = 0.001).

There were no significant differences among
mean U:C, Na:C, and K:C ratios of bladder
urine samples and snow-urine samples col-
lected between 24 and 120 hours after depo-
sition of urine into snow (Table 2). Maximum
ambient temperatures were <0 C for the first
2 days after urine deposition, but averaged 1.4
C on days 3-5. Concentrations of U, Na, K,
and C remained stable for the 24- to 72-hour
collections; however, notable decreases in
chemistry concentrations occurred by the 120-
hour collection (Table 2). Average dilutions of
all chemistries between the 24- and 120-hour
collections were similar and ranged from 70.9
to 75.2%. However, ratios of these chemistries
to creatinine remained unchanged for all 4
collections (Table 2).

These results demonstrated the feasibility of
analyzing snow-urine of deer as a means of
collecting physiological data that may be used

Table 2. Characteristics of white-tailed deer bladder urine and snow-urine collected 24, 48, 72, and 120 hours

after deposition.

Snow-urine

Hours after deposition

i Bladder urine 24 48 72 120

characteristics* z SE i SE 4 SE b4 SE z SE
U (mg/dl) 493.0° 57.6 103.0 12.0 95.6 8.8 95.2 7.6 30.0 2.7
Na (mEq/L) 52.0 8.8 10.9 1.7 10.1 1.4 10.5 1.4 2.7 0.3
K (mEq/L) 78.1 6.6 16.6 2.0 15.3 1.0 15.8 1.2 4.6 0.5
C (mg/dl) 106.0 11.9 22.1 3.2 203 20 204 21 64 0.8
U:Ce 4.7 0.4 4.8 0.5 4.8 0.4 4.8 0.4 4.8 0.4
Na:C x 100¢ 50.0 6.9 51.8 6.9 51.5 7.3 54.0 8.4 44.4 5.8
K:C x 100¢ 758> 5.1 77.5 4.2 77.4 4.7 79.4 5.6 73.2 4.4

* Definitions given in Table 1.
"n = 6 for each collection.
“No differences (P < 0.10) among means
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for nutritional assessment. As with free-rang-
ing wolves, this method circumvents many
constraints associated with traditional tech-
niques of physiological data collection
(DelGiudice et al. 1987¢).

MANAGEMENT IMPLICATIONS

Collecting fresh samples after a recent snow-
fall permits a more accurate reference of deer
metabolic data and the derived nutritional as-
sessment to a specific time. Our data showed
that as long as ambient temperatures remain
below freezing, urine chemistry ratios in snow
may remain unaltered for days after urine is
deposited. However, post-deposition time
should be minimized once temperatures rise
above freezing. Although we found that ratios
remained constant over several days, despite
daily maximum temperatures above freezing,
more prolonged snowmelt conditions may di-
lute chemistries to concentrations below the
measuring capabilities of laboratory instru-
ments. The effects of snowmelt on this tech-
nique probably will vary with snow depth and
depth of the most concentrated part of the
snow-urine sample. Snow-urine analysis should
permit more economical, continuous, and sen-
sitive monitoring of the condition of deer in
winter yards.
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