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Body mass change, water influx, metabolic heat production and rectal temperature were
measured in four pregnant beef cows offered only snow as a water source (snow cows)
and in four pregnant beef cows that also had access to heated water (water cows). The
study was carried out during winter (December to March} in Alberta, Canada. There
was no difference between treatment groups in any of these measurements indicating
that the snow cows were obtaining adequate water to satisfy their requirements and
that ng added nutrient energy was required to melt the snow and bring the water to
bodv temperature, Milk yield in the two groups, measured in early spring when water
was available to all cows, was similar as was the growth rate of the calves. Milk yield
averaged 8.2 kg d ™' during weeks 2-4 of lactation and 4.6 kg d ™' during weeks
14-16. Average daily gain from birth to weaning (6 mo) of calves suckling the
snow cows was 0.74 kg and of calves suckling the water cows was 0.70 kg. It was
concluded that there was no detrimental effect of withholding liquid water from pregnant
beef cows when snow is available and that cows can use snow as their only water source
for lengthy periods of time during winter.
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{ Performance des vaches de boucherie gravides utilisant uniquement de la neige comme
source d’eau. ]

Titre abrégé: Ingestion de neige par les vaches gravides.

La variation de la masse corporelle, I"apport d'eau, la production métabolique de chaleur
et la température rectale ont €1€ mesurés chez quatre vaches de boucherie gravides pour
qui la neige constituait la seule source d'eau (vaches désaltérées avec de la neige) et
quatre vaches de boucherie gravides ayant égalernent accés a de I'cau tempérée (vaches
désaltérées avec de eau). L'étude a été réalisée durant I’hiver (de décembre 3 mars)
en Alberta, au Canada. Aucune différence n'a é1€ observée entre les deux groupes pour
tous les paramétres éwdiés, ce qui indique que la neige a été une source suffisante
d’eau et que les animaux n’ont ey besoin d’aucune énergie supplémentaire pour faire
fondre la neige et I'amener 4 la température du corps. Le rendement laitier, mesuré
au début du printemps lorsque toutes les vaches avaient accés a de ["eau, a é1é similaire
chez les deux groupes, tout comme le taux de croissance des veaux. Le rendement
laitier a é1é en moPrenne de 8,2 kg j0'|.n"I durant les semaines 2 4 4 de la lactation
et de 4,6 kg jour " durant les semaines 14 4 16, Le gain moyen quotidien des veaux
sous la mére, de la naissance au sevrage (six mois}, a été de 0,74 kg pour les veaux
nés des meres du premier groupe, contre 0,70 kg pour ceux du deuxigme groupe. On
peut cenclure que la consommation de neige ne produit aucun effet néfaste chez les
vaches gravides et que ces dernikres peuvent utiliser la neige comme source unique
d’ean pendant de longues périodes durant I'hiver.

Mots ¢lés: Vaches pravides, neige, cau, apport d'eau, production métabolique de chaleur
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Cattle can adapt quickly to consuming snow
when water is denied to them (Young and
Degen 1980). They can then rely on snow as
the only water source without any detrimental
effects, at least for short periods. In fact,
some commercial cattle ranchers in Alberta
(pers. obs.} and Utah {J. E. Butcher, pers.
commun. ) use SNOw as a primary water source
during winter.

Lactating ewes can fulfil their water require-
ments when they are offered only snow as a
water source over a lengthy period (Degen and
Young 1981). In this study we examined body
mass change, metabolic heat production and
water influx of cross-bred pregnant cows
relying on snow as their only source of water
for 3 mo during the Alberta winter. We also
measured during the following spring the daily
milk production of the cows and the birth-
weight and growth rate of their calves. The
performance of these cows was compared with
that of cows that were kept with the test cows
but had daily access to liquid water.

MATERIALS AND METHODS

Cows and their Management
Eight cross-bred cows that had previously consumed
snow as a water source for shon periods (Young
and Degen 1980) were used in this study. The cows,
aged 4-3 yr, were predominantly of Charolais and
Angus breeding and each had successfully raised a
calf on pasture during the previous summer. They
were bred to a cross-bred bull during July and
August and all were pregnant during the study.
The cows were kept on a natural pasture as a
group. From the end of November they were
brought daily inte individual feeding stalls and

were offered daily 3.5 ky of brome grass hay

(89.2% DM; 121 g protein per kg DM; 9.0 MJ
metabolizable energy per kg DMy and 3.5 kg of
barley grain (88.3% DM; 11.3 g protein per ke
DM; 10.3 MJ metabolizable gneroy per kg DM).
Feed samples were analyzed for DM and protein
according to the Association of Official Analytical
Chemists (1984) procedures 7.007 and 7.015,
respectively. Metabolizable energy values were
estimated from NRC (1984). The feeding period
was from 08.00 h 1o 10:00 h and each cow was
then given access to water (10°C) for 15 min.
Water drunk was measured gravimetrically. With
the onset of winter and the availability of permanent
snow on the ground (2! Dec.), the cows were
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divided into two treatment groups matched for body
mass and age. Water was withheld from one group
of cows (snow cows), whereas the other group
continued access to water {(water cows) once-a-day
as described above; all eight cows had access to
a snow-covered field when not in the feeding stalls.
There was no feed available to the cows while in
the field.

Body Mass, Tritiated Water Space and Water
Influx

The cows were weighed every 4th week. Total
water influx of the cows was measured over 2-wk
periods starting every 4th week, In the afternoon
(14:00 h) immediately before the start of the
measurement period, the cows were brought into
an cutdoor, snow-free, covered pen that was open-
ended. At 17:00 h, urine samples were collected
for determination of background specific radio-
activity of tritiun. Urination was induced by light
manual stimulation ventral to the labia. Each cow
was then imjected intramuscularly with 2 mCi of
tritiated water (New England Nuclear). No feed,
water or snow was offered 10 the cows overnight
and the following morning (07:30 h} when a second
urine sample was collected to determine tritiated
water space. The cows were then weighed and
returned to their field. 1n order to estimate water
influx, additional urine samples were collected just
before feeding every second morning (07:30 h)
thereafter. Dry matrer content of all urine samples
was determined by drying samples at 68°C for
4 to0 5 d. Duplicated 0.2-mL urine sampies were
added to 10 mL of scintillation cocktail (Aqueous
Counting Scintillant, Amersham), and counted for
20 min in a liquid scintillation counter {Nuclear
Chicago, Mark IV, Searle Analytic Inc.}; counts
were corrected for dry matter content of the urine
and for quenching.

The preformed water content of the feed was
determined by oven drying samples at 70°C for
4 d. Metabolic water produced from the feed was
calculated using diet composition and digestibility
and from constants for metabolic water production
suggested by van Es (1967). Snow intake was
estimated as water influx minus the preformed
and metabolic water in the feed. Snow intake
by the water cows was similarly estimated with
the added correction for liquid water intake.
This method of estimating snow intake has been
shown to be accurate for cattle {Young and Degen
19807,

Osmolality measurements were made on all urne
samples by the freezing-point depression method
{Osmette A. Precision Systemn, Inc.).
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Metabolic Heat Production and Rectal
Temperature

Metabolic heat production and rectal temperatures
of the cows were measured over 8-d periods,
starting 4 d after the water influx measurements.
A pair of cows, one snow cow and one water cow,
was measured at a time. Measurements were done
with the cows outdoors and again with the cows
indoors in a temperature-controlled room (9°C).
The measurements were made between 07:00 h
and 10:00 h after which time the cows were fed,
watered, if required by treatment, and returned to
the fieid. During metabolic measurements the heads
of the cows were secured in a hood to measure
respiratory gascous exchange continuously using
an open-circuit respiratory system (Young et al.
1975). The volume of air drawn through each
hood, 300-400 L min ™', was converied to 2 dry
volume at 0°C and 760 mm Hg pressure. Measure-
ments on cach cow were taken for 1-2 h after the
cows had been contained in the hood for at least
1 h. Fust prior to the metabolic measurements,
rectal temperatures were taken using a thermistor
probe and thermistor-telethermometer (Yellow
Springs Instruments).

Milk Yield of Cows

Milk yield of the cows was estimated within 2 wk
of calving and at 2-weekly intervals thereafter using
the oxytocin injection method (Jeffery et al. 1971).
Each cow received an intravenous injection of 20 1U
oxytocin at about 08:00 h to induce milk let-
down. Milk was collected by placing blunt-tipped
sterile needles in all teats; tubing led from the
needles to collecting pails. This milk was discarded.
The cows were then fed and watered regularly but
the calves were not allowed to suckle. The oxytocin
injection and milking procedure was then repeated
8 b later and the volume of milk was measured.

509

Milk production was calculated on a daily basis,
assuming that milk secretion was constant over
24 h. Duplicate aliquots of this second milk collec-
tion were analyzed for percentages of fat, protein
and lactose using an infra-red milk analyzer. The
energy content of the mulk was calculated assuming
38.49 kI g~' far, 2452 k] g~' protein and
16.53 kJ g ' lactose (Kleiber 1975).

Calf Growth

Calves were weighed at birth and ar 2-weekly
intervals thereafter. Average daily gain of cach calf
was calculated. In addition, tritiated water space
of the calves was determined to estimate body
solids growth. We assumed that body mass minus
tritiated water space equalled body solids. The
procedure used for measurement of tritiated water
space was as outlined for the cows except that
plasma samples were used for tritium analysis
instead of urine samples.

Analysis of Data

The experimental design consisted of repeated
measurements (time; periods) on the cows on two
treatments. Analysis of variance was used to test
for differences between treatments and among
periods. Since time was a factor, randomization
was not used which can influence the variances and
covariances armong the periods (Milliken and
Johnson 1984). To correct for this, the degrees of
freedom were adjusted for the sources of variation
of period and error (peried) terms as outlined by
Greenhouse and Geisser (1959). We accepied
P < 0.05 as the minimal level of significance.

RESULTS
Minimum and maximum air temperatures
are presented in Table 1. The winter was
relatively mild for central Alberta. Snow

Table 1. Mimimum and maximum daily air temperatures (*C) during the study. Values are means + SD

Period Mean minimum Mean maximum Low munimum High maximum
29 Nov. — 20 Dec. —i6.1 + 10.6 =37+ 94 -34 +7
21 Dec. — 17 Jan.t -164 + 9.6 -95 £ 113 —33 +2
18 Jan. — 13 Feb ¥ —ll.l = 6.1 ~2.8+ 8.4 =28 +10
14 Feb. — 12 Mar.§ -122 + 3.8 -39 + &6 —20 +9
13 Mar. — 9 Apr. 601+ 45 +4.8 + 533 -19 +12
10 Apr. — T May +51 + 36 +19.9 + 59 -1 +249
8§ May — 4 June +60 + 3.8 +19.0 + 5.0 Q +28
5 June — 2 July +90 + 2.7 +230 ¢ 41 +4 +32
3 July — 30 Tuly +11.0 + 2.9 +25.5 + 4.6 +6 +33
31 July — 27 Aug. +109 + 3.1 +240 + 2.9 +5 +30
28 Aug. — 24 Sept. +6.8 + 2.8 +22.2 + 4.2 +2 +30
25 Sept. — 15 Oct, +4.6 £ 37 +19.3 + 44 -1 +28

tCompiete ground cover of snow.
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completely covered the ground from about
21 Dec. to 13 Mar. and a depth of 20-40 cm
was usually present,

The cows consumed 67.55 MIJ of metabo-
lizable energy (ME)} daily. Because of
differences in body mass, the daily ME intake
for the snow cows ranged from 619.9 1o
718.5 kI kg™%" and for the water cows
from 618.1 1o 707.6 kJ kg ~%73. The amount
of preformed water obtained from the feed
was 0,79 L d~! and metabolic water
produced was 2.20 L d~' for a total of
299Ld™".

There was no difference in body mass or
tritiated water space between the two treat-
ment groups; however, there were differences
over time within both groups (Table 2).
During the early part of the winter and prior
to the withholding of water from the snow
treatment, all cows lost body mass. Thereafier
all cows increased their body masses until
calving. Tritiated water space increased
concomitantly with body mass; however,
tritiated water space as a fraction of body
mass increased at a faster rate. Body mass
decreased during lactation in all cows. Two
months after the trial ended, 29 Aug., the
mean body mass for the snow cows was
408128.6 kg and for the water cows was
405+41.3 kg.

Total water influx changed over time with
the lowest in mid-winter and the higbest in
spring and summer when the air temperatures
were relatively high and the cows were
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lactating (Table 3). However, there was no
difference between treatment groups. Urine
osmolalities were measured only in the winter
and the values were observed to be directly
related to water influxes (Table 3). No differ-
ence was found between treatment groups.

There was no difference between treatment
groups in metabolic heat production or rectal
temperature (Table 4). Metabolic heat produc-
tion increased in late pregnancy and early
lactation. Metabolic heat production averaged
466 kJ kg ~° " daily and rectal temperature
averaged 38.2°C.

Milk yield and its compeosition were the
same for the two treatment groups and both
showed the same changes over time (Table 5).
There was a steady decrease in milk yield,
energy per unit milk and total energy
produced. Protein showed an initial decrease
and then remained constant, while lactose
showed an increase and then decreased over
time.

The birth weight of the calves from the
snow cows averaged 44.01.7.8 kg and of the
calves from the water cows averaged
39.3+4.0 kg. There was no difference in
body mass gain or body selid gain in the
calves from the two cow treatment groups.
Average daily gain from birth to weaning
of the calves from the snow cows was
0.74+0.16 kg and of the calves from the
water cows was 0.70+0.09 kg and daily
body solid gains were 0.19140.04 kg and
0.18+0.03 kg, respectively.

Table 2 Body mass and tritiated water (TOH) space of pregmant and lactatng cows (rn = 8) having access to water
fwater} or only 10 snow (snow) as a water sourie during winter

Starting period

Treatment 29 Nov. 21 Dec.t 18 Jan. 14 Feb. 13 Mar.3 10 Apr.

8 May 5 June SEM 7% PY

Body mass Snow 488.8 4790 4900
{kg) Water  481.3 4715  490.8
TOH space Snow 355.1 347.0 3543
{kg} Water 3353 3419 3534
TOH space Snow T3 722 721
{% body mass)  Water 4.4 126 722

489.0  501.0 5205 428.3 4275 x1.97 NS **
4820 5050 5225 436.3 4288
3504 3743 3914 3234 3223 +2.08 NS **
3663 3813 397.6 3208 3246
73.8 4.7 75.2 755 754 L1188 NS *
4.6 75.5 6.1 136 157

TWater demed to snow group from 21 Dec.

tWaler occasionally avalable from melting snow after 13 Mar

éLevel of significance belween (reatrment groups.
Level of sigmficance among periods.

* ** P < 0.05 and P <2 (L0, respectively, NS, not significant
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Table 3. Water inftux, snow and water intakes and urne omolality of pregnant and lactating cows (s =8) having

access to water (water) of only snow {

snOwW) as a water source during winter

Starting period

Treatment 29 Nov. 21 Dec T 18 Jan

.14 Feh. 13 Mar.£ 10 Apr. § May 3 Juns SEM T§ P

Water influx Snow 65 208 169 224 233 407 477 512 & D.O5NS
tkgd ™"y Water 243 231 17.0 229 218 371 454 479

Water nflux Snow 551 43.6 345 458 465 776 L] 1185 + L.BINS *
{gkg~'d™h Water 51.2 498 352 468 425 713 1047 {133

Water drunk Snow 156 NOJ NO NO NO  NM#t NM  NM £ Q27 #* %+
tkgd™") Water 147 110 74 8.1 85 NM NM NM

Snow intake Snow 83 178 137 194 203 - -k D35 A 4w
(kg d™h Water 66 9.1 67 118 100 - - -

Snow & water Snow 23.9 17.8 13.7 194 20.3 37.7 447 482 + LTINS *+
intake {kg d ') Water 23 200 140 199 185 341 424 450

Snow & water Snow 489 373 283 396 405 718 1040 1119 £ LEINS*+
intake (g kg ~' d~') Water 449 434 290 40.6 366 655 977 1064

Urine osmolahity Snow 10623 950.3 §70.3 9955 9430 NM  NM NM rIB65NS**
{mOsm kg 1) Water 1003.5 9653 8#28.5 004.0 9820 NM NM NM

fWater denied 1o snow group from 21 Dec.

FWater occasionally available from meiting snow after 13 Mar.

§Level of significance between treatment groups.
YLevet of significance among periods.

{MNot offered.
TtNot measured.
P o< 0.01, NS

not significant.

DISCUSSION
Pregnant cows were able to tely on snow as
their primary water source for 3 mo. Their
overall performance, as judged by body mass
changes, water influxes and metabolic heat
production were similar to cows which had
access to water. However, closer examination
of the data did reveal a small difference
between the groups. During the first 2 wk that
water was denied the snow cows, their water
influxes decreased by 22.7%, whereas the
water cows decreased their water influxes by
4.9% (Table 3). This difference in water
influx was aiso related to differences in
body mass changes between the two treatment
groups. The snow cows increased their body
masses by only 2.2% (11.0 kg) over the first
month that liguid water was denied whereas
the cows with access to water increased their
body masses by 4.1% (19.3 kg). Most of the
difference in body mass was due to a differ-
ence in absolute tritiated water space. Other
ruminants such as sheep (Degen and Young

1980a} and goats (Themson et. al. 1980}
reduced their water intakes when first exposed
to cold conditions and this resulted, at least
in sheep, in mainly a reduced rumen volume.
This may have also occurred in the cows used
in the present study.

The differences in water flux and body mass
occurred because of an adjustment period to
eating snow over the first few days following
the denial of water. When novel to consuming
snow, penned steers required a day or so to
start eating snow {Young and Degen 1980)
and free-ranging cows required 3-3 d (Young
et al. 1980). The pregnant cows in the present
study had consumed snow as a water source
one year before the present experiment, yet
a short period of adjustment was still required.
Thereafter, the water influx was similar
to that measured in cows offered water and
was adequate to satisfy their needs. This
was supported by the observation that the
urine osmolalities were similar in the two
treatment groups and that once water was



Table 4. The metabolic heat production and rectal temperature of pregnamt and lactating cows (r==8) denied water (snow) and cows offered water (water) when measured
outdoors {variablc ambient temperature) and indecors (ambient temperature 0°C)

Starting period

29 Nov. 21 Dec.t 18 Jan. 14 Feb. {3 Mar.t 10 Apr. 8 May 35 June 3 July 31 July SEM s§ ry o »pf
Metabolic hear (k) kg —07%
Qutdoor Snow 4323 455.3 460.6 4389 500.0 - 517.5 4042 3646 3924 5467567 NS N§ *
Water  4446.1 464.0 466.5 420 9 514 - 4995  449.0 4177 3014
Indoor Snow 4753 496.8 432.9 491 4 515.3 - 533.6 508.2 4014 468.0
Water 4731 4740 444 .0 485.7 468.2 - 539.7 528.8 409.2 4426
Rectal temperature (°C}
Outdoor Snow 384 378 37.5 379 380 - 3K.3 384 38.3 - 0.5 0534 NS N§ NS
Water 8.0 38.2 V.6 38.2 38.2 - 383 3R8.3 A0 -
Indoor Snow - 8.4 38.2 3.4 38.4 - 383 R 383 -
Water - 38.6 378 382 382 - 38.3 IR.R 383 -

tWater denied to snow cows from | Dec.

Water occasionally available from melting snow after 13 Mar.
¥ £

§Level of significance between sites (outdoor vs. indoor).
fLevel of sipnificance between treatments.

[Level of sigmificance among periods.

*P < 0.05; NS = not sigmificant.
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Table 3. Milk production and its cornposition from cows (n=8) that received only snow (snow) ot cows that had
access to water (water} as a waler source durtng the winter

Weeks of lactation

Treatment 2-4 4-6 6-8 §-10 10-12 14-16 SEM Tt Pi
Milk yield Snow 8.86 8.03 8.49 8.56 6.53 4.93 +0.09 NS *
tkgd™" Water 755 746  7.07 6.49 5.25 4.30
Fat Snow 3.99 4.07 3.93 3.86 361 3.57 =012 NS &S
(%) Water 4.43 76 3.50 409 3.73 3.20
Protein Snow 3.48 301 2.88 2.94 295 3.13 +0.04 N§ i
{%) Water 377 3.09 3.15 319 3.3 3.07
Lactose Snow 5.09 551 532 5.32 5.33 5.08 +0.04 NS *
(%) Water 4.96 530 538 5.30 5.35 5.05
Dy matter Snow 13.50 1358 1305 13.00 12.65 12.52 +0.13 NS N§
(%} Water 13.93  13.05 12.95 13.30 13.10 12.25
Energy Snow 3.23 324 3.07 i3 2.9 2, +0.06 NS *
(MI kg ™) Waler 3.40 3.08 2.97 3.23 309 2.76
Total energy Snow 2870 26.02 26.18 26.53 18.37 14.38 +1.09 NS *
(Ml 2~ 1 Water 2581 2296 21.09  21.03 16.48 12.30

tLevel of significance between treatment groups.
fLlevel of significance among periods.

**# P < 0.05 and P < 0.0, respectively; NS, not significant.

made available to the snow cows, they did not
drink more water than the water cows. That
is they did not compensate for any body water
deficit that could have occurred while they
were consuming snow. Both groups of cows
increased their water influxes when they were
lactating and the air temparaiure rose, as
has been previously reported {(Degen and
Young 1980b). Furthermore, the water cows
consumed snow during winter in addition to
the water they drank.

Both groups of cows increased their body
masses over the pregnancy. Their tritiated
water spaces also increased in absolute terms
and as a fraction of body mass. We have
reported previously on this occurrence in
pregnant cows during the winter in which the
increase in body mass was due to fetal growth,
fetal fluids and fetal membranes and maternal
bedy solids actually decreased (Degen and
Young 1980b).

The amount of snow consumed by the snow
cows ranged between 14.01 kg and 20.11 kg
d~'. For these cows to raise the snow
temperature to 0°C, melt it and bring the
water to body temperature required 7.22 MJ
to 10.36 MJ d ', These estimates are based
on an initial snow temperature of —10°C,

specific heat of snow and water of 2.09 and
4,18 kI kg~'. °C"', respectively, and latent
heat of melting snow of 334.7 kJ kg . The
estimated heat required was equivalent to
1¢.7-15.3% of the daily metabolizable energy
intake of the cows. This increased heat
demand should theoreticaliy result in an
increased metabolic heat production and/or
decreased rectal temperature. If the former
were true, there should have been substantial
loss of body energy reserves and presumably
body mass. Measurements of metabolic heat
production, rectal temperature and body mass
changes provided no evidence of any differ-
ence between the snow and water cows in the
present study.

There does not seem to be a common
consensus as to whether heat produced by
digestion and activity can be substituted for
thermoregulatory purposes. On the one hand,
Cameron and Luick (1972) suggested that a
reduction in snow intake would help conserve
body energy reserves as less metabolic heat
would be required to melt the snow and raise
the water to body temperature. Indeed, these
authors reported that reindeer in Alaska
reduced their water turnovers and presumably
their snow intakes during the winter months.



On the other hand, Butcher (1973} has
suggested that the heat produced from the
digestion of feed and the heat increment of
feeding, at least in sheep, is more than
adequate to offset the energy required to melt
the snow and raise the water 1o body tempera-
ture, The latter suggestion was supported by
the present study and by a study on horses by
Dieterich and Holleman (1973), who found
no difference in metabolic parameters or
energy requirements between horses con-
suming snow and those consuming water.

The pattern of snow intake is important in
determining the thermal stress of the cow.
When water was continuously available, cows
drank once or twice a day, whereas cows with
continuous access to snow consumed small
amounts throughout the day, interspersed with
a number of feeding bouts (Young et al.
1980). Rapid ingestion of large volumes
of snow resulted in decreased rumen and
rectal temperatures and increased metabolic
heat production (Degen and Young 1984).
Consumption of cold water also resulted in
decreased rumen temperatuses (Bailey et. al.
1962; Sims and Butcher 1966; Brod et al.
1982). When large amounts of snow were
ingested by cattle, the decrease in rumen
temperature was greater than that caused
by cold water (Degen and Young 1984);
however, in sheep which ate snow at a slow
rate, the drop in rumen lemperature was
actually less than that measured in sheep
drinking cold water (Sims and Butcher 1966).

Milk yield and its composition for the two
groups of cows and the growth rate of their
calves were similar indicating that there was
no carryover effect of withholding water
during the winter. The milk yield and calf
growth rate were similar to values obtained
earlier in the same cows (Degen and Young
1980b) and also similar to cross-bred cows
of the same breeding in which the cows had
access to water throughout winter (Jeffery
et. al. 1971; Butson and Berg 1984).

In conclusion, the present study showed that
pregnant beef cows can be denicd water for
lengthy periods of time when there is adequate
snow available. Over the winter months there
were no derrimental effects on body mass

change, water influx or energy requirements
of the cows. In addition there was no differ-
ence in their milk production or in the growth
rate of their calves when compared to cows
that had access to liguid water throughout
winter. There, however, may be a short
adjustment period when the cows are first
denjed water until they start consuming snow:
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