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ABSTRACT

This study on puberty of female fawns in a captive herd of
black-tailed deer was carried out from 1973 to 1976. The stock
largely originated from fawns collected from the wild at Kelsey
Bay on Vancouver Island, British Columbia.

Wild-caught fawns were hand-raised on evaporated milk and
fed after weaning on a high protein diet (one exception: 6 ex-
perimental fawns in 1975 on low protein diet). Body weights and
measurements were recorded at short intervals. The age of wild-
caught fawns was estimated from the capture weight using a regres-
sion formula of weight on age developed from fawns of known age.

No differences were found in the growth of hand-raised and
- mother-raised fawns (born in the enclosure) which were, therefore,
counted together when precocious and non-precocious fawns were
compared.

Puberty attainment was determined by the subsequent occur-

- rence of parturition, except in 1976/77 when x-ray examination
was used. Precocious puberty was seen in all years in a propor-
tion of female fawns on high protein diets: 13/20, 1973; 3/7,
1974; 1/4, 1975; 5/7, 1976. Thus an average of more than half
of these fawns showed precocious puberty. In contrast none of

6 fawns on a low protein diet (in 1975) attained puberty despite
weight gains similar to fawns on high protein diets. Precocious
fawns were significantly heavier than non-precocious fawns at
125, 175 and 225 days of age. Growth patterns up to the inflec-
tion point of the weight growth curves and weights at 25 and 75
days of age were not different between the two groups. However,
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the weight at the end of the breeding season, in percent of the
adult weight, was significantly higher in precocious fawns.

During the breeding season, the average weight of experi-
mental fawns (both precocious and non-precocious) was signif-
icantly higher than the average weight of wild fawns. Despite
this statistical difference, there was considerable overlap in
the range of individual weights between wild and experimental
fawns. Thus weight influences the attainment of puberty but each
animal has its own, individual critical weight at which puberty
is achieved within a defined, species-specific range.

It is therefore postulated that the absence of puberty in
wild female black-tailed deer fawns is due to insufficient pro-
tein supply before and during the season at which the necessary
photoperiodic conditions exist. As feed protein content affects

puberty attainment indirectly through its influence on weight

' growth and directly tﬁrough its effect on the endocrine system,

fan insufficient supply of this nutrient can effectively prevent

§
§
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puberty. This postulate is based on the differences in puberty

attainment between fawns on high and low protein diets observed

gin this study, and on published observations of deer and sheep

which describe the role of protein supply in weight achievement

and endocrine function.
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So uebt Natur die Mutterpflicht

Und sorgt, dass nie die Kette bricht
Und dass der Reif nie springet.
Einstweilen, bis den Bau der Welt
Philosophie 2zusammenhaelt,

Erhaelt sie das Getriebe

Durch Hunger und durch Liebe.

Friedrich von Schiller
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INTRODUCTION

The period of life at which reproduction first becomes pos-
sible for young mammals is known as puberty (Asdell, 1964). It
is usually reached at a typical age for each species, although
its achievement can be influenced by many factors such as nutri-
tion, season of birth and sociological factors (Sadleir, 1969;
Perry, 1971). Puberty is characterized by the release of viable
gametes from the gonads and an increased level of circulating
estrogens or androgens. The latter phenomenon is responsible
for the appearance or the development of the secondary sexual
éharacters. Although animals are capable of reproduction at
puberty, they usually only reach their full reproductive capacity
some time later when they become sexually mature (Crew, 1931;
Perry, 1971).

The time of the year at which an individual reaches puberty
depends on whether or not it belongs to a seasonally breeding
species. In non-seasonal breeders, puberty can be reached at any
time of the year. 1In seasonally breeding species, young reach
puberty at that time of the year which is characterized as the
breeding season for that species in that locality. In addition,
the attainment of puberty is influenced by environmental factors
(Sadleir, 1969).

Within the family Cervidae, there are both seasonal and non-
seasonal breeders. Tropical species such as Axis axis (Chital)

and Muntiacus muntjak (barking deer) can breed at any time of the




2
year (Asdell, 1964; Whitehead, 1972), but most deer "have well
defined breeding seasons — especially those inhabiting northern

latitudes (Table I). In the two species of the genus Odocoileus,

namely O. virginianus (white-tailed deer) and 0. hemionus

(O.h. hemionus - mule deer, O.h. columbianus - Columbian black-

tailed deer, O.h. sitkensis - Sitka deer: Cowan and Guiget,
1965) the rut takes place in fall, usually from November to
December. There are variations between the subspecies, however,
and generally breeding occurs somewhat earlier in the southern
range of the genus and later in the north (Adams, 1960; Cheatum
and Morton, 1946; Chattin, 1948; Dasmann and Taber, 1956; Rust,
1946; Thomas, 1970). Brown (1961) found that in western
Washington the peak of breeding of the Columbian black-tailed
deer occurred between November 10th and 25th from 1949 to 1954,
and was only delayed for ten days by a cold spell in 1955.

This, then, is also the time of the year at which puberty
is reached by the young deer (Table I), although they often breed

towards the end of the season: e.g. in New York State and in

Iowa white-tailed does breed in their first year but about 2 to
4 weeks later than the adults (Asdell, 1964; Jackson and
Hesselton, 1971; Haugen, 1975), whereas in southern Illinois

1 year olds breed 4 to 5 weeks later than older does (Roseberry
and Klimstra, 1970). Thomas (1970) noted that yearlings of

Columbian black-tailed deer on Vancouver Island bred later than

adults, and in an Oregon herd, yearlings were the last to breed
every year (Hines, 1968). Taber (1953) stated that yearling

black-tailed deer in California breed later than adults, and
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Swank (1958) observed the same phenomenon in Arizona& mule deer.

The age at which puberty is attained in the Cervidae differs
from species to species, and can vary greatly within the same
species (Table I). One reason for this great variation is the
seasonality of breeding in most deer. If a young of these spe-
cies does not reach puberty during the first breeding season of
its life, it has to wait a full year for the second season.
Normally none of the true deer (Cervinae) reach puberty earlier
than in the second year of their life, although under certain
field conditions small numbers of individuals may breed earlier.
An exception to this statement is the white-tailed deer: it
frequently breeds in the first fall of its life (Table II).
Daniel (1963) reported that in New Zealand, introduced Javan rusa

(C. timorensis), Ceylon sambar (C. unicolor) and red deer (C.

elaphus) can reach puberty at about 6 months of age when feeding
on clover and alfalfa fields. These species usually breed when
2 years old.
In mule deer (0. h. hemionus) the fact that 2.2% (3 of 138)
of yearlings killed by hunters in Nevada and Utah had the udders
removed was considered evidence that these animals had been lac-
tating and, therefore, been bred as fawns (Robinette and
Gashwiler, 1950). However, this evidence is circumstantial and
not irrefutable. When this sample was extended to 540 yearlings,
no more lactating animals were found (Robinette et al., 1955).
The finding of pigmented corpora lutea scars in 4.2% of yearling
mule deer does (7 of 167) was taken by Robinette et al. (1955)

as an indication that breeding may occasionally occur in fawns
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6
in the wild state. However, no pregnancies were found in 107
female fawns. As the udders were virginal in appearance and
there is evidence (Golley, 1957) that in black-tailed deer
cdrpora lutea of estrus occasionally form pigmented corpora
albicantia, Robinette's et al. (1955) finding cannot be taken
as evidence that these animals had bred. The same applies to
Brown's (1961) finding of 2 pigmented spots usually characteris-
tic of corpora albicantia derived from corpora lutea of preg-
nancy, in the ovaries of a black-tailed deer fawn collected in
Washington in April. As there was no sign of an embryo, Brown
surmised that this animal had bred but lost the embryos shortly
after breeding which, in the light of Golley's (1957) findings,
could be doubted. Neither can the finding of 1 corpus albicans
in 1 of 99 15-17 month old mule deer by Anderson et al. (1970)
be taken as certain evidence of pregnancy (Thomas, 1970).

Jensen and Robinette (1955) found a single nearly full-sized
fetus in a 1 year o0ld mule deer doe killed in an alfalfa field
in Utah, and Nellis et al. (1976) reported that one 10-11 month
old mule deer fawn (of a sample of 14) carried a 136 day old
fetus (In both cases age was estimated by dentition). Thus
there are only 2 irrefutable cases of reproduction in wild fe-
male mule deer fawns.

In the black-tailed deer there are only 3 authenticated
cases of reproduction in free-ranging fawns. Shantz (1943) re-
ported that in Oregon 2 black-tailed deer fawns were raised in

partial captivity, released when 6 months old, and the next

spring had doe fawns. These fawns in turn gave birth to doe fawns
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the following spring, although they had never been in captivity.
They were, however, quite tame, indicating that they may have
been receiving supplementary feed although Shantz does not say
so. On November l6th, 1971 Thomas and Smith (1973) collected a
female black-tailed deer on Vancouver Island. It was followed
by 2 fawns and was lactating. The age was determined as 1 1/2
years by teeth eruption, wear pattern and histological examina-
tion of stained dental cementum. The ovaries contained 2 active
and 2 regressed corpora lutea as well as 1 corpus albicans.

This deer had obviously conceived as a fawn. According to Smith
(pers. comm., 1975) it had been feeding mainly on farm crops.

Thomas (1970) found no sign of breeding in a total of 59 fe-
male black-tailed deer fawns, and no sign of having bred as fawns
in 70 yearlings collected mainly in fall and winter from 1963 to
1967 at Northwest Bay, Vancouver Island. Also, no sign of breed-
ing was found in 6 female fawns collected at Kelsey Bay, Vancouver
Island, in January 1975 in the course of this study, or in 20
female fawns collected in fall and spring from 1968 to 1970 in
McDonald Forest, Oregon (Jordan and Vohs, 1976). Each one of
these collecting sites was in early stages of forest succession
after logging and was, therefore, a good range as forage was of
high quality and quantity (Bunnell and Eastman, 1976).

Normally, black-tailed deer reach puberty as yearlings, but
some not until they are 2 1/2 years old (Brown, 1961). This
delay was found to be linked to poor range conditions (Taber, 1953;
Taber and Dasmann, 1957, 1958) -- in extreme cases even 2 year

olds did not breed. According to Cowan (1956) many black-tailed



deer yearlings on the poorer ranges of British Columbia do not
breed.

It is, therefore, guite surprising to find in the litera-
ture several cases reported where captive or semi-captive black-

tailed deer have reached puberty at less than 1 year of age,

since conditions in captivity often are somewhat less than optimal

(e.g. lack of space, high density, large parasite load). Cases
of reproduction in captive or semi-captive female black-tailed
deer fawns have been reported by Rampont (1926): a 15 months
old doe in California gave birth to a single fawn, Shantz (1943):
2 approximately 1 year old does raised in partial captivity in
Oregon each gave birth to 1 fawn, Cowan and Wood (1955): the
mating of a fawn buck and a fawn doe at the deer unit of the
University of British Columbia produced a viable offspring and
Thomas and Smith (1973): 2 large corpora lutea in an unmated
female aged 9 months at the U. B. C. deer unit. A semi-captive
mule deer gave birth to a fawn at 13 months of age (Crane and
Jones, 1953) and 3 captive female mule deer were bred when less
than 8 months 0ld (Robinette et al., 1973). A case of breeding
in a captive male mule deer fawn was reported by Robinette and
Gashwiler (1950: a captive 7 months 0ld buck successfully bred
a 19 months o0ld doe in Utah). However, breeding in male fawns,
contrary to that in female fawns, is not important in the breed-
ing potential and the intrinsic population growth rate (Cole,
1954) of the species and has, therefore, not been included in
this study.

It seems strange that a species would have, and maintain

from generation to generation, the capacity to breed at an early
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age, but that this capacity would be realized so rarely within
the extensive natural range of the species. This study, which
was carried out from 1973 to 1976, attempted to shed light on
this phenomenon by answering the following questions:
1. Does puberty at under 1 year of age in captive female black-

tailed deer only occur in rare, exceptional cases of reproduc-

tively anomalous animals or does it occur regularly under certain

conditions of captivity? Hediger (1964) stated that captivity
caused sexual precocity in ibex and probably also in elephants
and apes.

2. 1Is a nutritional factor responsible for precocious puberty?
There is plentiful evidence in many species of deer, including

O. h. columbianus, that nutrition influences the age at which

puberty is attained (Cheatum and Severinghaus, 1950; Robinette
et al., 1955; Brown, 1961; Klein, 1970.

3. 1If a nutritional factor is indeed responsible, would this be
manifested in differential weights of breeding and non-breeding

fawns?
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MATERIALS AND METHODS

A. The Experimental Animals

All animals used in this study were Columbian black-tailed

deer (Odocoileus hemionus columbianus). In the fall of 1972 an

adult buck, a fawn buck and an unrelated adult doe were obtained
from a captive herd on Vancouver Island to form the nucleus of

a breeding herd. The adult buck was left untagged, the fawn buck
was cryo-branded (Newsom and Sullivan, 1968) with the number 3,
the doe was left untagged and given the number 0. 1In order to
obtain a large number of fawns of known origin from one single
population to start the main study, animals were subsequently
collected from the wild. From June 1lst to 20th, 1973, 17 newborn
female fawns (plus 5 buck fawns) were collected in the Adam and
Eve river valleys near Kelsey Bay on Vancouver Island. In addi-
tion 3 females and 3 males were obtained from people 6n other
parts of Vancouver Island who had taken care of these fawns after
they had been picked up as "abandoned". The Kelsey Bay fawns
were captured by driving along logging roads and flushing does
followed by fawns through conspicuous behaviour. The sudden
flight of the dams caused the fawns to drop immediately (Cowan,
1956; Downing and McGinnes, 1969). On some occasions, when a doe
was- seen alone whose behaviour indicated that a fawn was hidden
nearby, the fawn was located by imitating a fawn's distress call.
Usually, the fawn's hiding place was revealed by the behaviour of

the dam in response to this call (Linsdale and Tomich, 1953;
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Mueller and Wooldrige, 1974 unpubl., Appendix A). The age of
the fawns at the time of collection was estimated from their
weight and general appearance to be between 1 day and 2 weeks.
All animals were hand-raised. They were marked with yellow
plastic ear-tags ("Lone Star", Y-TEX Corporation, Cody, Wyoming)
bearing black numbers from 1 to 28, since marking by cryo-
branding had proved to be unsatisfactory.

In 1974, between June 1lst and 16th 10 female fawns (plus 1
buck fawn) were collected in the same area as the previous vear,

and 1 female fawn was obtained from the Fish and Wildlife Branch

in Nanaimo. They were also estimated to be less than 2 weeks old.

Two fawns refused to eat from the bottle and died within 1 week
in spite of attempted force-feeding; the others were hand-raised.
Four of these hand-raised fawns, after being marked with red
"Lone Star" tags bearing white letters A, B, C, D, were released
after weaning and thus were not available for studies on puberty.
The buck fawn was killed by dogs. The 5 remaining females were
marked E, F, I, J, K. 1In addition, in 1974 4 females and 3 males
born in the research enclosure and raised by their mothers sur-
vived until the breeding season, and the females were used for
studies on puberty attainment. They were also marked with red
"Lone Star" tags bearing in white the dam's number and a letter,
beginning with A for the first fawn: 5-A, 21-A, 22-A (females,
born as singles to one-year-old dams), 0-B, (female, born as twin
to adult dam), 11-A, 23-A (males, born as singles to one-year-old
dams) and 0-A (male, born as twin to adult dam). For life his-
tories and breeding records of experimental females see Appendix

E.
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In 1975 no more deer were collected in the wild, but 14 of

the females born in the research enclosure survived at least
until the breeding season. 8Six of them were hand-raised and 8
were raised by their mothers. All animals born in 1975 were
marked with white “Lone Star" tags, bearing in black the mother's
number and a letter. The female fawns which survived had been
marked at birth as follows: 2-C, 3-C, 16-C, 17-B, 23-C {(born

as twins to 2 year o0ld dams, hand raised), I-B (born as twin to

1l year old dam, hand~raised), 5-C, 16-B, 17-C, 22-C (born as twins
to 2 yearyold dams, mother-raised) O-D (born as twin to adult dam,
mother-raised), and 18-A, 19-A, 31-A (born as singles to 2 year
0ld dams, mother-raised). In addition, several males were born
and several female fawns died in 1975 (as in 1974) from various
causes (coccidiosis, lactation failure of the mother, attack by
dogs) before the fall.

Certain fawns born in the research enclosure in 1976 were
marked in the same way as the ones born in 1975 (white tags,
black lettering) and some of these 1976 fawns were also used to
obtain more data on early weight development and the attainment
of puberty. Only 3 of the hand-raised animals were extremely
tame (1973: #6, #27; 1974: #K) and could be handled with relative
ease — presumably because they had been raised for some time
alone before joining the fawn herd (collected by hikers etc.,
later donated to the project) — while the others became timid
after being weaned and would not let themselves be touched, al-
though they were not alarmed by the presence of humans. The

mother~raised animals were much shyer, and their flight-distance
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was somewhere between that of hand-raised and that of wild deer.

The dams of the fawns collected in the wild were considered
to be in good physical condition at the time of parturition.
This can be attributed to the abundance of food available to them
since both the Adam and Eve river valleys were in early stages
of succession after being almost totally cleared of mature stands
of timber by logging, thus providing optimal browse conditions
(Bunnell and Eastman, 1976). Nothing is known about the state
of nutrition of the dams of the fawns who were initially cared

for by other people. The physical condition of the does giving

birth in the enclosure was comparable to that observed in wild

- does.

B. Facilities for Maintenance and Manipulation of Experimental

Animals

On June 20th, 1973 the fawns were transferred by truck from
the capture area to an open-sided greenhouse in West Vancouver
5 (16.5m x 4m) which had been temporarily converted into a deer
enclosure by covering the sides with chain-link wire. The floor
consisted of earth. The fawns were kept there in a group for
hand-raising until October.

In 1974, after being brought in from the capture area on
June l6th, the fawns were kept for hand-raising at a similar
facility: a 5 x 10m chain-link enclosure with a polyvinyl roof
and earth floor. 1In 1975 (after removal from their captive dams
at about 3 days of age) fawns <rwere kept in a 5 x 5m enclosure

without a roof but with access to a covered shed. In each of the

W"’*",’e- ,.‘”
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3 years the fawns were weaned on October lst and transferred
from the raising facility to the research enclosure on the same
date.

The research enclosure (Figure 1) was a fenced off area of
the U. B. C. Research Forest in Maple Ridge, B. C., measuring
137m x 78m (approx. 1 hectare). It consisted of a low lying
part (2/3 of area) with a permanent and a seasonal creek running
through it, and a rocky bluff (1/3 of area). The rocky section

was covered with 10 year old conifers — Douglas Fir [Pseudotsuga

menziesii, (Mirb.) Franco], Western Hemlock [Tsuga heterophylla,

(Ref.) Sarg.], Western Red Cedar (Thuja plicata, Donn.) mixed with

a few Red Alders (Alnus rubra, Bong.), and the low lying part,

which was quite swampy except during the summer, with rushed
(Juncus sp.). The trees and a shingle-roofed shed (7m x 2.5m)
provided the only shelter from the weather. The fence was 3.5m
high -- the lower part (1.2m) consisting of chain-link wire of
which about 20 cm were dug into the ground, and the upper part of
spot-welded wire mesh. Feed was given in a hay rack and a wooden
feed trough (both 5m long) which were covered by a roof. If the
size of the herd made it necessary, additional feed troughs weré
also put out under the shelter.

In the northwest corner of the research enclosure a special
structure was built for animals which had to be frequently han-
dled or kept separately (Figure 2a). It consisted of a circular,
wooden building covered by a cone-shaped roof and contained 20
individual stalls, all opening with a door to the centre from

where they could be serviced and to the outside into wedge-shaped,
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One hectare research enclosure at U.
Research Forest, Maple Ridge, British
Columbia.

(not to scale)

B. C.
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Figure 2 - a. Circular building with stalls and outside pens

used to keep deer individually.

b. Weighing box and spring scale used to weigh

experimental deer.
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2.44m high chain-link wire pens. The floor of the building and
the pens was made from asphalt. The dimensions of this structure
were as follows: The central area of the building was 4m in
diameter and 4.45m high in the centre. Each stall was 2.3m long,
65cm wide at the inside and 105cm at the outside, the adjacent
outside pens were 7.08m long and 3.46m wide at the outside. Feed
was provided in the stalls in wooden troughs, water in plastic
containers. By connecting the fence surrounding this structure
to the perimeter fence of the main research enclosure a corner
was fenced off which could be used as a trap if certain animals
had to be caught, or as an additional, separate holding pen. It

also had a small shelter (3.5m x 1.2m).

C. Feeding Regime for Hand~-raising of Fawns

Since it is not possible to obtain deer milk in large enough
quantities to feed it to fawns which are being hand-raised, a
substitute formula must be used. For economic and practical
reasons it is best based on cow's milk or products made from it
which are always available at reasonable cost.

There is a great difference in composition between cow's
milk and milk of black-tailed deer (Tables III, IV, and Appendix
C). Kitts et al. (1956) suggested modifying cow's milk by
a) diluting it with water to lower the lactose content and b)
adding fat (vegetable o0il) and protein (casein) in order to
approximate the properties of doe's milk as closely as possible.
In spite of the great difference in composition between evapo-

rated milk and milk of black-tailed deer (especially with regard
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Table III - Comparison of nutrients in deer and cattle milk

Species # of # of Particulars Nutrients as % of References
does samples whole milk
Fat Protein Lactose
Black-t. Deer 1 1 Dead animal in early 8.3 Hagen
stages of lactation (1951)
{(0.h.columb.) (June 10)
Black-t. Deer 2 1 3 year old doe alive, 10.5 9.56 3.91 Kitts et al.
28th day of lactation (1956)
1 Same animal, dead 10.5 8.96 4.67
28th day of lactation
1 Terminal stage of 10.2 8.14 4.55
lactation
Black~t. Deer 3 10 * 1 year old X 15.29 6.75 3.59 This study **
entire } max. 21.2 10.2 6.96
lactation min. 9.62 6.76 1.6
12 2 year old % 14.04 8.7 3.74
entire max. 15.4 11.12 6.81
lactation min. 11.23 6.66 2,13
18 * Adult, first X 14.26 8.76 3.35
34 weeks max. 17.8 11.9 5.27
of lactation min. 10.26 6.73 2.08
Mule Deer 3 1 About 2 year old 8.13 Browman and
(0.h. hemionus) dead early lactation Sears (1955)
(July)
1 2 1/2 year old, 8.4
dead, middle of
lactation (August)
1 2 1/2 year old, 13.6
dead, beyond middle
of lactation
(September)
White-t. Deer 1 1 1 year old, 7.3 7.04 4.28 Murphy (1960}
(0. virginianus) 3rd week of lactation
White-t. Deer 2 1 Dead, last stage of 18.00 11.50 2.22 Silver (1961)
lactation {November)
1 Prob. colostrum 8.00 8.83 3.82
1 End of 1lst week 8.00 10.65 2.85
1 End of 1st month 7.50 10.14 3.00
1 End of lact. (5 mos.) 11.50 18.00 2.22
white-t. Deer 34 1 to 21 days of x 9.5 Youatt, Verme
lact. (Not milked max. 10.3 and Ullrey
empty) min. 8.1 (1965)
Domestic Cow General 4.4 3.8 4.9 Espe and
Smith (1952)
General 4.5 3.77 4,86 Wright et al.
General 3.65 3.13 4.5 (1939)
Mean 3.8 3.55 4.9 Petersen (1950)
Domestic Cow, General 7.8 6.8 9.6 Pers, Comm,,
Carnation Co. Ltd.
evaporated {1975)
General 7.8 6.5 9.5 Petersen (1950)

* Each sample consisting of 2 - 4 subsamples, representing 1 - 2 weeks
** Percentages of nutrients derived by analyses according to Appendix C

of lactation



aso3deT 1
urajoaxd :d
Jed  :d

*D x1puaddy 03 burpioooe sosATeur Aq pauTtwialsdp ‘by/b 1 ‘g ‘g

(8661 ‘utTaadq)
156°€ + d98°S + JATT"6 = & :pPd3RINOTRD  (7) 7 + dv + d6 = d :p93eInOTEd (1)

("uwoo *saad)

‘0D pueTtiiteq A Al YTTw pajexodeas
a (*umod -sxad)
.owucmwﬁmnﬂmo £69 ELFEE 1A #05
(966T) "TI® 3@ S3I3TH 0SL po3031100 3eJ o 13Ss3woq
(gT=u)
Apn3s sTYL (Z) 1¢€6T1 (1) o6LT UOT3EB3OB] 2ATIUD X T
(FT=1)
Apnis sTYL (2) Leo6T (T) T9LT UOT3E3DdRT SATIUS X 0T
D +ddy ess uor3e3lOoRT JO
Apnis sSTUL (Z) sve61 (1) 89LT (8T=u) sy9oM ¢ 3IsITI X 0 I98p
(966T) °Te 3I® SIITN 0591 soTdwes a1burs ¢ *3-j)oeTd
(b3/Te0Y)
S9OUSI9IdY 3JUIJUOD OTIOTeD dbeisay ITTWw Jo adAL 4 bey xemy satoads

(By/Teoy) MTTW JO SnTeA OTIOTED oYl - AI =Tgel




20
to fat and lactose) the difference in caloric value "is not very
great (Table IV) as fat and lactose in evaporated cow's milk and
deer's milk largely offset each other.

In 1954 one of Kitts' co-workers (Bandy, 1955) had tried to
raise black-tailed deer fawns on evaporated milk diluted with
water and, when the animals developed digestive difficulties
which he attributed to dilution, changed this to concentrated
evaporated milk with corn oil on which he raised 7 fawns success-
fully. His conclusion, however, although in agreement with
Silver's (1961) suggestion that digestive disturbances (in white-
tailed deer fawns) may result from too dilute formulas, contrasts
with that of Pinter (1962) who surmised that diarrhea in hand-
raised fawns was caused by the high lactose content of cow's
milk and, therefore, diluted it with water to feed roe deer

(Capreoleus capreolus) fawns. The formula suggested by Kitts

et al. (1956) was improved by Murphy (1960) by adding vitamins,
minerals, trace elements and emulsifier and was used to success-
fully rear 6 white-tailed deer fawns in 1958. However, when
Bandy in 1956 again raised a large number (66) of black-tailed
deer (Bandy, 1965) he did not follow the suggestions of Kitts
et al. (1956) but fed his animals undiluted evaporated milk forti-
fied with minerals and trace elements, which was only diluted to
50% with water for feeding the fawns shortly after capture. Forty
of these fawns contracted scours and 10 of them died.

It appears that almost everyone who has raised deer fawns
used a different formula and considered it to be optimal.
Mﬁller-Schwarze (1969) raised black-tailed deer fawns on straight

goat's milk., Trainer (1962) reported that of 435 white-tailed
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deer fawns 387 (89%) were successfully reared on raw whole cow's
milk which, for the first 2 weeks, was diluted to 50% with water
and then gradually changed until, from 4-5 weeks of age, the
fawns received straight cow's milk. Wagner and Cociu (1967)
obtained positive results by hand-rearing a variety of mammalian
species, including roe deer, on reconstituted dry milk which
contained 10% dry milk for the first few days, and 20% there-
after. Youngson (1970) reported 11 red deer calves having been
successfully raised on full-cream milk powder reconstituted to
approximate the composition of cow's milk. Silver (1961), who
experimentally compared white~tailed deer fawns raised on evapo-
rated milk, whole cow's milk and by their own mothers, found
those raised on evaporated milk to develop faster than the mother-
raised animals and with less digestive upsets than the ones
raised on whole cow's milk. Long et al. (1961) also experimen-
tally compared white-tailed deer fawns raised on different diets
and found that feeding with raw milk resulted in the greatest
gains while evaporated milk was second, pasteurized homogenized
milk third and synthetic milk replacer last. Wood et al. (1961)
found evaporated milk, for the first 4 weeks diluted with water
decreasingly from 50% to 0%, a completely satisfactory diet for
black-tailed deer fawns when supplemented with trace elements.
Based on these and previous personal experiences and for
reasons of practicality, the decision was made to feed all the
fawns which had to be hand-raised in the course of this study on
evaporated milk which was diluted with water only during an

initial period (Table V).

-
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In each of the 3 years when fawns were hand-raised, they
were fed by not more than 2 persons who remained the same
throughout the nursing period. They were fed to satiation 4
times a day (at 0900, 1400, 1900, 2400). This feeding schedule
was based on personal experiences in hahd—raising of ungulates.
It approximated nursing by the dam as shown by observations made
on 3 nursing does in the course of this study in 1975: During
the initial stages of nursing there were 5 to 6 suckling periods
per day which, at the 6th to 8th week, were reduced to 3 suckling
periods. For the first 2 weeks the anal and perianal region of
the fawns was gently massaged with toilet paper during nursing
to ensure regular defecation and urination and to stimulate
suckling (Miller - Schwarze, 1969).

To wean the fawns, the number of feedings in 1973 was re-
duced to 3 feedings on September 4th, 2 feedings on September 7th
and 1 feeding on September 15th. 1In 1974 4 feedings were main-
tained throughout, but during the last 3 days the quantity of
milk was reduced to 160cc per feeding (from an gg\libitum intake
of approximately 300-400cc). In 1975 the number of feedings was
reduced to 2 on September 21st and to 1 on September 27th. The
fawns were weaned without difficulties and with no change in
their growth rates. From October lst on the fawns were given no
more milk.

The date for weaning was set arbitrarily as there is little
definitive information on the natural time of weaning in the
species O. hemionus. Some observers have stated that weaning

takes place at approximately 2 to 2 1/2 months of age (mule deer:

ERREIE 4 St I e Y S e

N -l O R
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Dixon, 1934; Clark, 1953; black-tailed deer: Taber "and Dasmann,
1958). Linsdale and Tomich (1953) noted that most black-tailed
deer fawns in California are weaned in September while in British
Columbia lactating does can still be found in November (Thomas
and Smith, 1973). 1In the present study a 1 1/2 year old and a
2 1/2 year old doe ceased lactating at the beginning of December,
while an adult doe of unknown age was still lactating in January.

Pelleted cattle feed (see "Feeding after Weaning"), alfalfa

hay and fresh browse [Salmonberry (Rubus spectabilis, Pursh),

Willow (Salix sp.) Vine Maple (Acer circinatum, Pursh) Broad-

leafed Maple (Acer macrophyllum, Pursh)] as well as water were

available ad libitum and, starting from about 1 week of age, the
fawns ate increasingly largér quantities of solids. During the
first month all fawns twice received lcc Pro-Vite (Vit. A, D, E,;
Ayerst Lab., Montreal, Quebec) mixed with their formula.

Sixteen individual fawns in 1973 were observed to begin
ruminating between July 14th and August 18th, with a mean date
of July 27th and a mean age of 50 days (36-73). The age of these

fawns was estimated a posteriori by regression formula 1, Table

X. This observation indicates that solid food is important to
the nutrition of fawns at a very early age.

All fawns also ate earth and feces. This coprophagia facil-
itated an outbreak of bacterial scours (Coli enteritis) in 1973

which affected almost all fawns, after a scouring mule deer fawn

had been introduced into the herd (Table VI). No bacterial scours

occurred in 1974, but in 1975 again several fawns were affected.

Bacterial scours are common in fawns that are being hand-
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raised and often result in the death of the animals "(Bandy, 1965;
Long et al., 1961). Contrary to the belief of some workers that
this digestive disturbance is caused by the milk formula being
too diluted (Bandy, 1955; Silver, 1961) or not sufficiently
diluted (Pinter, 1962), there can be no doubt that it is a bac-

terial illness caused by Escherichia coli with diet only playing

a predisposing role (Kramer et al., 1971; Manninger and Mocsy,
1959). It responds promptly to antibiotic therapy (Trainer, 1962;
Wagner and Cociu, 1967) which, in this study, was supplemented by o

dietary measures. As soon as diarrhea in a fawn was discovered, -

the animal was no longer fed milk. Instead, at the regular feed- %}
A
ing times, it received camomile tea ad libitum, which has healing ot

properties and replaces the fluid which is lost due to diarrhea.
Once a day lcc Chloralean (lcc = 150 mg Chloramphenicol; MTC .
Pharmaceuticals Ltd., Hamilton, Ontario) was mixed with the tea,
which was always taken by the fawns without hesitation. Usually,
the diarrhea disappeared within 1 day of treatment. The day fol-
lowing the illness the convalescent animal was given its milk
formula mixed with some Kaopectate (kaolin plus pectin; Upjohn Co.
of Canada, Don Mills, Ont.) and flax-seed mucus. With this treat-
ment all fawns which had contracted bacterial scours recovered
without exception (Table VI), and weight losses or reductions in
the growth rate due to prolonged illness did not occur.

None of the fawns raised by their mothers developed bacteri-
al scours. This can probably be attributed to the ingestion of

antibodies with the mother's milk. However, a considerable pro-
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portion of these mother-raised fawns contracted coc¢idiosis

(Table VI) which was diagnosed by coprOIOgical examination

(oocysts of Eimeria sp.). This disease developed in the late

stages of nursing when the fawns were already eating appreciable

quantities of solids. If coccidiosis was diagnosed in its early

stages, it usually responded to treatment with Polyansyn (effec-

tive ingredient: Sulfamethacine; Ayerst Lab., Montreal):

20cc/day given per os for a period of 3 to 4 days until diarrhea

stopped.

D. Feeding after Weaning

Work on laboratory and farm animals has shown that puberty

in female mammals is affected

by the level of nutrition and that

an insufficient supply of protein can delay puberty very signifi-

cantly, even when the total amount of food eaten is normal

(Perry, 1971). Furthermore, many researchers have especially

emphasized the importance of protein to the growth, health and

reproduction of deer (Einarsen, 1946; French et al., 1956; Taber

and Dasmann, 1958, Swank, 1958, Daniel, 1963; Murphy and Coates

1966, Ullrey et al., 1971; Robinette et al., 1973).

Diets devised to be optimal for the maintenance and propaga-

tion of deer in captivity have, therefore, always been formulated

to contain a high percentage of protein. Bandy (1955) used the

formula shown in Table VII (U.

tailed deer at 2 quantitative

B. C. ration #15-52) to feed black-

levels without other nutritive sup-

plements. He used an almost identical formula (U. B. C. ration

#15-56) in 1957 (Bandy, 1965).

A similar ration was formulated
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Table VII - Feed formulae on which black-tailed deer were successfully maintained

A. U.B.C. Deer Ration #15-52, base components
3 of wet weight % of dry weight
Moisture 10.4
Protein 15.4 17.3
Fat 4.0 4.5
Fibre 8.4 9.5
N.F.E. 53.6 60.0
Ash 7.7 8.7
B. Buckerfield 20% Calf Starter Pellets, formulation in lbs./metric ton
Crushed Barley 625 Rapeseed Meal 90 Compl. Horse Micro Mix: J il ﬁ
Crushed Oats 100 Soybean 0il 20 Vit., A mil. i.u. 10 Choline Chloride gm 100 Pl
Crushed Corn 200 Alfalfa Dehyd. 60 D mil, i.u. 2 Copper gm 6 Y
Bran 110 Salt 15 E thous. i.u. 20 Manganese gm 50 ‘fﬂ
Shorts 140 Phosph. Defl. 10 K gms 1 zinc gm 60 ol
Soybean 48 1/2% 1375 Limestone 10 Bl2 mg 2.9 Iron gm 10 '“;‘
Malt Sprouts 75 Molasses 165 Riboflavin gm 1.33 Cobalt gm 2 Mwl
Compl. Horse Niacin gm 12 lodine gm 2 T
Micro Mix 5 Cal. Pantothenate gm 8.1 Penicillin gm 2
Folic Acid gm 0.5 it |
c. Simon Fraser University Experimental Deer Ration: 3 isocaloric¢ formulae, differing "i
in protein, formulation in lbs./metric ton x“
15% Protein 10% Protein 7 % Protein r
Ground Barley 700 570 820 L
Ground Oats 300 750 -
Ground Corn 150 500 500 Wiy
Shorts 400 Cassava Meal 500
Soybean 48 1/2% 125
Malt Sprouts 100
Alfalfa Dehyd. 30
Salt 10 20 20
Phosph. Defl. 5 5 5
Limestone 25 25 25
Dist. Sols. 50
Molasses 100 125 125
Compl. Horse Micro Mix 5 5 Dairy Micro 5
Mix (see below)
Total 2000 2000 2000
Dairy Micro Mix Mit. A, mil. i.u. 12.5
D 3 mil., i.u. 6.8
E. thous. i.u. 6.
Copper gm 12.8
Manganese gm 30.
Zinc gm 176.
Cobalt gm 3.8
Iodine gm 9.35

Magnesium gm 180,
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by Ullrey et al. (1971) for white-tailed deer. 1In this study
the following pelleted feeds were used:
A. Calf Starter Pellets (Buckerfield Ltd., Vancouver, B. C.),
containing 20% protein (min.), 4% fat (min.) and 6.7% fiber
(Table VII). Digestible energy was 3167 kcal/kg.
B. Full-Flow Dairy Pellets (Buckerfield Ltd.)

1. containing 16% protein (min.), 3% fat (min.) and

7.7% fiber. Digestible energy was 3140 kcal/kg.

2. containing 14% protein (min.), 3% fat (min.) and

9% fiber (max.). Lkﬂﬁ

R gy
The formulation of these feeds was not available from the manu- ’ﬂﬂ%
M El ,1;"‘?
facturer. bl
R

C. Simon Fraser University Experimental Deer Ration: 3 iso-

CREL

caloric formulae, differing in protein (Table VII). W
As previously mentioned, all fawns used in this study had %fﬁ

§ined

free access to solid food (pelleted feed, alfalfa hay and fresh
browse) during the nursing period. After weaning (October 1lst)
the same foodstuffs were fed ggvlibitum, although browse was
discontinued during the time when the deciduous trees were with-
out leaves. This diet was supplemented with some pen vegetation
which was only of substantial quantity in early fall of 1973,
but soon decreased to an insignificant amount thereafter because
the deer destroyed almost all palatable vegetation within reach.

Alfalfa hay was available ad libitum throughout the study
to all deer except those on a reduced protein diet. Deer do not
eat the coarser parts of alfalfa hay, and in order to reduce

waste only 3rd and 4th cut, containing a higher proportion of the
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leaves and fine stems which alone are taken by the deer, was
fed. The portion of the alfalfa hay which is actually ingested

contains 18.7% of protein (Smith, 1952).

E. Weights and Measurements

Three measurements of body size were taken and recorded at
intervals in order to assess the growth of the experimental
animals: weight (in kg), length of hind-foot and heart girth
(in cm). Heart girth is the minimal chest circumference at the e -
height of exhalation directly caudal of the scapulae. The length M4
of the hind-foot is the distance from the point of the hoof to ﬂﬁi
the tip of the calcaneus. The measurements were taken with a :
plastic measuring tape.

A third commonly used linear measurement, namely height of
withers (Bandy, 1955; Brody, 1964) was omitted. The accuracy of
this meaéurement was unsatisfactory due to the nervousness and
constant movements of the deer and their tendency to lower their
pectoral girdle when touched at the withers. The weighing and
measuring schedule is outlined in Table VIII.

Young fawns were weighed by a person holding them while
standing on a platform scale with a maximum capacity of 160 kg.
and a 0.1 kg. graduation (Health-O-Meter, Continental Scale Corp.,
Chicago, Ill.). The fawns were usually too heavy for this pro-
cedure after October, and from then on they were weighed in a
wooden box (length: 91cm, height: 122cm, width: 4lcm). This
box had vertically sliding solid doors at both ends and, in addi~

tion, on one end a wire-screen door (Figure 2b). To place an
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animal into the box both solid doors were lifted up, and the
open end of the box was placed in front of the opened door of

a stall. The fawns were then driven into the box and trapped
when the solid sliding doors were dropped. The box was connec-
ted by a spring-scale with a maximum capacity of 400 lbs. and

a 1 lb. graduation (No. 118 Detecto Matic, Detecto Scales, Inc.,
Brooklyn, N. Y.) and a rope and pulley to a steel beam which
projected at right angle from the vertical, wooden centre pillar
of the circular building at the research enclosure. This steel
beam could be moved in a circular fashion with the wooden pillar
as a hub. By using the pulley, the box could be easily lifted
by one person for weighing or for moving it from one stall to
the next. As far as possible the animals were weighed at the
same time of day at each weighing. Mother-raised fawns while
nursing and weaned fawns were weighed in the early afternoon,
which is a time of reduced activity for the deer and is about
halfway between the morning and evening feeding periods. Nursing
hand-raised fawns were weighed before the morning feeding.

As deer grow larger and less manageable it becomes more dif-
ficult to restrain them in order to take accurate linear measure-
ments. Therefore, after few months of age linear measurements
were only taken in a few cases. Additionally, weight is the
fastest changing parameter as it is only 6% of the adult weight

at birth, while heart girth at birth is 27% of this measurement

- in adults, and hind-foot length is 45% (Bandy, 1955). Changes

in body size and differences of growth with time between individ-

ual animals are, therefore, most readily detectable in series of
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weight measurements (Figure 3).

In order to document the variation in growth curves and to
compare growth between different groups of animals, it is neces-
sary to describe the growth pattern mathématically (the object
of this description was to compare individuals and groups of
deer prior to and at puberty and not to derive growth rates or
growth constants). Four types of comparisons were formed:

1. Linear regression and curvi-linear regression formulae to
the point of inflection (self-accelerating phase*)

2. Weights achieved at specific ages.

3. Time to double birth weight.

4. Weight at breeding season as percentage of adult weight.

F. Age Estimation of Wild-Caught Fawns

After the female fawns that were to be used in this study
had been collected in the wild, the problem of determining their
age presented itself. They were almost certainly not older than
2 weeks (but probably much younger) at the time of capture, since
black-tailed deer fawns only respond to danger by "dropping"
behaviour for a very short time after birth (Cowan, 1956) and,
therefore, can be collected by simply picking them up only on
rare occasions after the 3rd week of June (Thomas, 1970; Brown,
1961). At this time the oldest fawns are about 3 weeks old. For
this study no fawns were collected after June 20th in 1973 and

June 15th in 1974.

*This phase of growth was described by Brody (1964) as being
characterized by "the principle of compound interest, with the
interest added to the capital from moment to moment" (p. 515).
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Figure 3 - Typical growth curves (female #1, wild born hand-

raised).
Capture date: June 8, 1973

Estimated age at capture - if singleton: O days

- if twin: 2 days
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The reason for estimating the age at capture and thus the
date of birth was to record as accurately as possible age and
size of these deer at the time of their first conception. This
date was determined by subtracting 203 days from the date one
day before parturition. However, 203 days represent the mean
of the gestation period (Golley, 1957: 199-207 days, x = 203,
n=5) which can range from a minimum of 183 days to a maximum of
212 days (Cowan, 1956; n=10). An error of up to +20 or -9 days
in calculating the conception date by using the mean of the
gestation period is therefore possible. In order to minimize a
second source of inaccuracy when calculating the age of a wild-
caught deer at conception, its birth date was estimated more
accurately by a regression formula.

For the calculation of this formula (and 3 other formulae
which later were not used for age estimation) data were only used
from animals that a) were of the same stock as the fawns whose
age was to be estimated (Kelsey Bay stock), b) were of the same
sex, ¢) had been measured daily for the period from which the data
were used, and d) had not suffered from any long-term illness.
This formula was developed from the daily measurements of body
weight for the first 9 days post partum of 7 mother-raised twin
female fawns born at known times in the experimental herd in 1975
(Table IX). The data of twins were chosen, because Thomas' studies
at N. W. Bay (an area similar and close to the collection site of
the experimental deer) showed that 100 does produced 137 fawns,
which means (as almost 100% became pregnant) that there are

slightly more twins than singletons (74 twins to 63 singletons)
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H

porn and that, therefore, presumably a larger percentage of the
collected fawns were also twins (Thomas, 1970). The fact that

a fawn was caught as a singleton or a twin did not necessarily
mean that it had been born as such. Its sibling could have died,
been killed by a predator or not been detected during the cap-
ture operation. It was also found that, if another regression
formula was used which was developed from the weight data for the

first 9 days poét partum of 6 single fawns born in captivity in

1974 (Table IX), the age of captured wild fawns calculated from Sty

bt Y
cilei
g
(AL

days (singletons grow faster than twins) from that determined by Sy

their weight by this formula differed only by a maximum of 4.6

v
using the data of 7 twins born in 1975 (Table X). The use of the @w

E] e R o Ay Sy s wc Soadh WD

L]

twin formula for all fawns was, therefore, considered to be justi-

fied.

= "F
H =

In 1976 more data on fawn growth were obtained and the re-

=
E

gression formulae were revised (Table IX). The difference in
the estimated ages of captured wild fawns by using the 1975 data
or the combined 1975/76 data were so small, that the use of the
original formula (formula 1, Table IX) was continued. It should
be pointed out that an inaccuracy of a few days in estimating
age is negligible when comparing does who did or did not attain
puberty. Growth in late fall is extremely slow and weight
changes little in a few days.

Table X shows the weights of the fawns at capture and their
ages calculated from these weights by the 4 different regression
formulae (Table IX). Animals who were not collected by the

author, and whose weight at capture and development following
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capture were therefore unknown, were omitted in order to avoid

errors in age calculation.

G. Experimental Arrangements

On October 1lst, 1973 23 female black-tailed deer which had
been hand-raised were taken to the research facilities at the
U. B. C. Research Forest and 14 of them were used in an experi-
ment investigating the influence of weight on the attainment of
precocious puberty. It was attempted to produce a lesser weight
gain through quantitative reduction of feed intake in an experi-
mental group. While a control group of the 7 heaviest fawns was
maintained on ad libitum intake, the intake of the experimental
group of the 7 lightest fawns was restricted to 70% (of ad libitum
intake during last week before start of experiment) for a 48 day
period (Table XI). Only the lightest fawns were used in the
experimental group so that, if the low plane of nutrition was to
produce a decrease in the rate of weight gain, this would in-
crease the already existing weight difference between the animals
in the experimental group and in the control group. If no de-
crease in weight gain was produced by this experiment (which was
expected as weight increases after the inflection point are mini~-
mal even at ad libitum diets) there would still be 2 groups with
significantly different mean weights. If weight is a determining
factor in the attainment of puberty one would expect a significant
difference in the number of precocious breeders between the 2
groups. The percent weight increase rather than the instantaneous

relative growth rate was chosen for comparison, because in some
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cases the 48 day period of the experiment included parts of the
self-accelerating phase as well as parts of the self-inhibiting
phase of growth (each with a different instantaneous relative
growth rate*). The reason for this was that the beginning of
the feed restriction was not always exactly identical with the
inflection point**, which was unknown when the experiment was
started.

On December 18th, 1973 the experiment was terminated and the
animals were released into the large research enclosure. By
doing this, several parameters were altered:

l. 1Instead of being kept in small individual pens the animals
were now able to utilize approximately 1 hectare.

2. Instead of being kept in isolation from each other, they were
now able to interact socially, establish a ranking order, etc.

3. Instead of 1 buck (1 1/2 years o0ld) being introduced for only
a very short period daily, they were now constantly in the com-
pany of this same buck, 8 fawn bucks (approx. 6 months old) and
an adult buck (age undetermined).

4. All animals, including the low weight group, ate at the com-
mon feeding trough and hay rack after December 18th and were,
therefore, on an ad libitum diet of 20% protein pellets and
alfalfa hay.

Due to vandalism, on January 27th, 1974 the deer escaped
from the research enclosure and lived in the forest from a few

days to up to 3 weeks. On February 18th, 1974 the last one was

lnwz-lnwl
*k = X" = (Brody, 1964)
t Yy

** See "Results and Discussion”, Section C. Growth
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recaptured and the 14 experimental deer were placed -again into
their individual pens which they had occupied until December
18th. They had no more access to males, their diet was an ad
libitum diet of 20% protein Calf Starter Pellets and alfalfa hay.
The 14 does were kept individually until and during the fawning
season of 1974 and for some time thereafter. They were released
together with their fawns into the research enclosure on
September 11th, 1974. On October 1lst, 1974 5 fawns (hand-raised
in 1974) were also released into this enclosure. All deer lived
there in a group throughout the mating season of 1974* and during
the winter and early spring of 1975. The feed remained unchanged
until the end of February 1975, when it was altered to 16% pro-
tein Full-Flow Dairy Pellets plus alfalfa hay. 1In early May 1975
all females (year classes 1973 and 1974 plus 1 adult) were
brought into the individual pens and kept there during the fawn-
ing season of 1975. At the end of June they and their fawns were
released into the research enclosure, with 4 exceptions: doe #0-B
which was kept separate until September since it only gave birth
on August 21st, 1975 and 3 does (#0, I, 10) which were kept with
their fawns in individual stalls until January 1976 for lactation
studies.

In May 1975 the diet for all animals was changed back to 20%
protein Calf Starter Pellets plus alfalfa hay. This was continued
until September 1975 when the herd was divided into 2 groups for
experimental purposes. From then on (during protein reduction

experiment) the feeding regime was as shown in Table XII.

*The mating season of a given year may extend to the early
part of the following year.
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In this experiment the effect of the restriction of one
nutrient only, namely protein, was investigated. The total
caloric value of the ration was maintained the same throughout
the experiment (approx. 3,167 kcal/kg digestible energy; Hicks,
pers. comm., 1977). Of all the specific nutritive components
(protein, carbohydrates, lipids, high quantity minerals, vitamins,
trace elements) that can possibly influence the attainment of
puberty, protein was chosen because there is plentiful evidence
that protein is especially important to the growth, health and
reproduction of deer (see "Materials and Methods", section D.

Feeding after Weaning). In this study an experimental group of

6 female fawns* (3 mother-raised, 3 hand-raised) was maintained we

from September 4th, 1975 to March 22nd, 1976 on a protein reduced

diet. It was attempted to approximate the reduction in protein Wi

occurring in natural deer browse species during fall and winter.
On Vancouver Island the crude protein content drops from an aver-
age high of ca. 17%, i.e. 6 - 35%, in late spring to an average
low of ca. 6%, i.e. 2 - 9%, in winter (Gates, 1968; Rochelle,

pers. comm., 1976).

*Of these, 1 fawn (#31-A) was not used in weight gain com-
parison because of insufficient data.
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RESULTS AND DISCUSSION

A. Birth Weight and Sex Ratios of Captive Fawns

The birth data* of the individual fawns (sex, birth date,
birth weight, heart girth and hind foot measurements at birth,
plus the age and weight of the dam and whether she was primip-
arous or pluriparous) are given in Appendix E. Only birth
weights will be used for further comparison here as the heart
girth and the hind foot data were not sufficiently complete.

The frequency distributions of birth weights are shown in

Figure 4. Single female fawns were found to be significantly

heavier at birth than twin female fawns (t= 2.30, 35 d.f., P <

0.05) and single male fawns were significantly heavier than twin B
male fawns (t=3.0, 27 d4.f., P < 0.01l). Also, twin male fawns
were significantly heavier than twin female fawns (t=2.21, 49
d.f., P < 0.05), and single male fawns were significantly heavier
than single female fawns (t=2.75, 13 d.f., P < 0.01). Since the
majbrity of single fawns (15 of 20, Kelsey Bay stock and
Washington stock) was born to yearling dams which had not yet
attained their full size and weight at this parturition, it
follows that some of the heaviest fawns were born to the lightest
dams. This.phenomenon persisted at 2 and 3 years of age. Dams
who had been precocious were consistently lighter than non-

precocious dams and their subsequent fawns were heavier at birth

*The term "birth data™ does not necessarily mean the data
collected immediately after birth (which often happened at night)
but within 24 hours of birth.
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Histograms of frequency distributions of fawn

birth weights in captivity (1