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ABSTRACT %

. 3

Though the nourishment of fawns in thi first wveeks of life ;

may strongly influence the‘grcwth antd vigor of future deer %

‘ populations, quantitative studies of nursing and su;klizg g
) ) behaviors are lacking. ITn this study, 5 Buckiing behaviors of 3
black-tailed deer (Odocoileus hemionus columbianus) fawns were %
“deftned"snd:quantifted1"Seventeen captive, dawm~talsed fawns were - * - ‘g

”Jﬁgggggadfnaa;asti@g;gdiﬁandmLhefxsinhtsmafﬁfanns_uergﬁmﬁW477”7ﬁ1”7”17ﬁW

obsérved cbntinuouslj over 24 h periods; the fréquency, duration

and success of suckling were noted; the quantity of milk

-

*

s B
ﬁeriogicg}&f,::;orded from birth to age 4 months.

During the first 90 days, the frequency and duration of
suckling declined, but the efficiency of suckling increased.
Milk congumption did not decline until after age 60 days. From

birth to 25 days, héavier-born fawvns suckled more frequently,

" and femalé fawns, single an&‘tw{ﬁ fawns, fafns gorn tbidams OE

,diffg}ent parity, and fawns of different’birth weights. Fawns

consumed more milk and weighed more at 25 days than lighter-born

fawns.* Differences of suckling behavior were noted between male

initiate more suckling bouts and suckling attewpts than dams,
but dams terminate more suckling attempts than fawns.

The validity of some of these observations 1s dubious

a

i
|
., ) ' |

P R . b s NG b S Bt s e B 6 B . 4 stz bt b A

because of small sample sizes. Poasible effects of captivity on

sucklifig behaviors are discussed.

-
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I. INTRODUCTIOR

Although the biology of North American deer of the genus

Odocoileus has been intensively studied, relatively little _is
known of their suckling behavior. Knowledge of :suckling behavior

CKH‘EE"KPDTtE&"YO”thE'IBSE?SMEHT”U%“ftwn”mvftﬂiffwaﬂfTETHthﬁ*”Tﬁ“f """""""" -

to wintér and spring nutritioﬂ%l status of the dam (Verme, 1?63;

Murphy and/Coates, 1966; Langenau and Lerg, 1976) and to

BreediaagnxnzzamagnndeztakeﬁﬁingznnlngicaImga:densw(Cnuan+vlﬂiﬁ'_74_44;,

e .
Kiley, 1974; C.R. Schroeder, personal communication, 1977).
Because ingestion of nflkvig the final step in the
formation of the mother-young bond (Fraser, 1976), suckling

behavior is critical 'to offspring acceptance by the dam during

the immediate post partum period (Collias, 1956; Lent, 1974).

o PR T BB et ek g L g g it ¥ i R A i3 bt BBt

-1

o

This ingestive behavior is necessary for post natal growth of

the young (Kitts, et al., 1956; Norden et s81., 1970; Robbins and

Moen, 1975; Sédleif; lQSéb) and tﬁe aubseqdenf developmenfrof
social behavior toward other conspecifics (Scott, 1956; Paatz,
1976). Late weaning of fawvns may inpért severe nutritional
stress upon the dam which could affect her future reproducfive'4

potential (Sadleir, 1969; Bahnak et al., 1979; Woolfe and

Harder, 1979) as the costs of lactation are energetically

greater than any other reproductive processes (Moen, 1978).




- . U . i -

Further understanding of thg behévioral processes of weaning,

combined with investigations of ‘milk consumption énﬂinutritional
and physiologfical statuses of both dam and fawn, are necessary
- to evaluate parental investment and weaning cqnflicts (Trivers,

1974).

Numerous accounts of parturitional and immediate post natal

"mufifginfﬁhus; (Haugen and Davenport, 1950; Severinghaus and

Cheatum, 1956; Haugen and Speake, 1957: Michael, 1964; White et

f’j?él., 1972; Townsend and Bailey, 1975; FPaatz, 1976; Langenau and

behavior are available for white-tailed deer, Odocoileus .

opaibrdie 2ot e

R

1k

Lerg, 1976; LaGory, 1980} and sbneafﬁr.black-tailed deer, O.

hemionus coluﬁgiaﬁns {Colley, 1957; Hilﬁer, 1965) and mule deer,

0. h. hemionus (Dixon, 1934; Linsdale and Tomich, 1953; Truett,
1977). With a few exceptions (Linsdale and Tomich, 1953;
. ¥

Townsend and Bailey, 1975; Faatz, 1976; Langenau and Lerg,

St BRI i B 2] b

SRR 3

Tem g e d

f4444_4m4;,l&l&l+4ih£&ﬁ4LﬂﬁQIlﬁgplﬁliﬁﬁgfli*giﬁgang, quantitative data on
fawvn suckling behaviors, mother-young bond formation and the

veaning process. ) i
- Townsend and Bailey (1975) reported that 3 captive

white-tailed deer dams intensively licked their t;in fawna and

stinulated‘théu to ris; and to first suckle within an average of

36 minutes following birth. Although the first-born of twins

rose "significantly” sooner (X=19.4 min; range=11-34 min; n=3)

b i

-

o “than the second-born of twins (X=29.4 min; range=15-40 min;

n= » e me a w c rs unc ng a enp occure Y

S

Ly




. birth were not "significantly" different for either twin (X436

/ ;

"

B — Y

" min; range=21-46 min; n=6). Thgggginghgiiﬁgngggnnnigxhnt

inteﬁsive nateénal licking of thé neonate facilitates rapid
nothér-young bonding and, that second-born fawns may suckle
sooner after arising than‘their s}blingg possibly due to a rapid
orientation towards the udder facilitated b§ ta;l wagging of the

ffrest-born fawn vhile'being nursed.

-~ 7 Langenau and Lerg (1976) supported Townsend and Bailey’s
S ey o . -
(1975) claim that suckling 1is socfally facilitated in twin

white-tailed deer fawns and duggested that this influences the

—.duration of suckling by twins compared to-single fawns+During —— -

the first 72 h post partum, twin fa;ns sn{iled,gn gverage for a.
durafion of 50.7 s/h while single fawns suckled for 19.8 a/h. Tn
9 instanceaﬁof fawq mortaliry within'72 h post partum, all were

due to maternal rejéction of fawns, exhibited by a2 lack of

licking and grooming of neonates, an unwillingness to. nurse

fawns and, in one instance, a dam aggressively kicked a fawn

when it attempted to suckle. These authors suggested that vinter

e m e

food availability during gesta;ion may be 1n§truienta; 1n»thé
maternal rejection of fawns. Eight of 9 rejected favhs'wete bofn
to dams maintained on 507 ad libitum diets from January through
March compared to does maintained on either ad libitum or 752 ad

libitum dietary regimes. Low diet (50% and 757 ad libitum)dams

nursed their twin fawns less frequently and for shorter periods

than high diet {(ad libitum)} dams.

EY
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at irregular periods during n?qt of the day, except between 0130
and 0530 h. Nursing periods occured every 4.5 h on average,
exhibited peak frequencies at 0600 h, contained from 1 to 6

suckles spaced 5.6 min apart, and lasted up to an hour. During

Ed

the first few weeks of the fawning season, dams initiated

‘nursing periods and fawns terminated suckles but after this

period the pattern was reversed. The averaée duration of

»

suckling declined from 155.7 s to 20.8 8 as the fawns increased

—tn—-ages The fregqaency ofboth nursing pertody and sucklings

déclined until fawns wvere ap#atently weaned at 5 months.
Faatz (1976) reported that vocalizationé inrégptive.and

free ranging white-tailed deer play a major\rolerin the -

initiation of nufsing and suckling. In mést cases the dam

initiated nursing periods by approaching the bedded fawn and

'vcallingito it in a low grunt and, if the fawn did not respond,

the dam employed a higher pitched grunt call. Fawns employed two

types of calls directed éow;rds_the'dam. These calls may serve

to attract attention to the fawn and tdwsolicit nurging. A low

whine call audible from 5 » vas given by the fawn either before

- nursing periods, as {t approached the dam to suckle, or dufing

nursing periods, or after snckling while being grooned by the

*

- dam. The frequency of the fawn’s low whine call was associated

with nursing frequency and declined as the fawn aged. A high

B
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grunt call from the dam, usually resulted in suckling by the -

fawn.

Licking of a fawn’s anal-genital region by a dam serﬁed 88
a mechanism of fawn identification prior to nursing (Faatz,
1976). Nursing frequency averaged 6/24 h (N=22) throughout the

first 4 months of age. During the first week of age single fawns
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were nursed 4-5 times/24 h and twins were nursed 3-5 times/24 h.

The first suckle in any nursing period was usually the, longest - ®

~===—=—==——gnd the length of suckliing/nursing period was retated to the — — — — —

duration of anal licking. Suckling duration declined with age :

from 2 to 17 weeks and .was less than ! min/suckling after the

eighth week. Fawns terminated all sucklings.during the firsast

week after which either dam or fawn terminated:contact with the -

wdva ) v

teat. Dam terminations of all sucklings oecured after one month

of agéi Weaning prébably began at -3 months and was completed by o :
4 months {Faatz, 1976). | ‘

Othef than the studies cited above no quantitative
descriptions of su;kling behavior from’birth to weaning of known

. N -
aged fawns of £hejgenus Odocoileus are available. Consequently

little %8 known of the relationships between suckling activity,

milk consumption and fawn growth. COlpafisons between suckling

presented by Ben Shaul (1962}.°Speciea which nurse frequently

3
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N . ‘
B produce 2 milk rich in fat. In studies on black-tailed deer,

Mueller and Sadleir (1977) reported the chsnges in mwilk.

1
n

constituentgagg}ing %g?tation. Phey found that milk fat content

=

g R SRR )

2l

increases as lactation progresses and that this increase

corresponds to increased intervals between suckling periods as

faéﬁs”iﬁcfease{iﬁrsgé. Hitérﬁé&if raised bi&ék;;diieéW§é€f'féﬁggww7'7'W
.y :

exhibit gfsiemely high growth rates during their early life

ES

{Cowan and Vood, 1955). During the first week of 1ife fawns were

found to gain 10 percent of thelir body weight pe

E
i
2
£
;

during the following 2 weeks this rate of gain was 5 percent. . : é
Reduced neonatal mortality in this epecieé, due to rapid growth ;
during the first 2 weeks of 1ife, has been attributed to the

high qQality of the milk produced by the dam during this period

) {Kitts et al., 1956). Any slight stresses imposed upon the fawn

by environmental events such as reduced milk production by the

[T S SR A ST R

dam or energy loss by the fawp at this time may result in major
disruptions to, normal growth (Cowan and Wood, 1955). Although
Mueller and Sadleir (1980) reported that growth in black-tailed
deer fawns wag difficult to separate intoc the discrete growth
phases suggested by Cowan and Wood {1955) they did find that
l1ight birth-weight fawns exhibited conpensa&ory growth by

y growing at greater daily rates than heavier-born fawns during

the first 30 days. These authors suggested that this

b "‘zﬁtiriiﬁ«{eﬁﬂ&éﬂisﬁé&m-’W»*Hwasfna s SR S SRS YRR S e




differential growth may result frowm lightweight fawns consuming

"l s

more milk per unit of body weight than heavy-born fawns. V .

Subsequent Iinvestigations om milk consumption and growth of -

-

black-tailed deer fawns by Sadleir {1980b) revealed that milk
was the single most important food ftem contributing to growth

in the firgt 25 days of life. During this period fawn milk

consumption was found to correlate significantly and positively
with the crudevgrovth rate but wvas not significantly correlated

rgpé of

“

with either birth weight or the instantaneous growth

fawns. Though compensatery growth was again displayed by light

Fod b
i

R SR g T it
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birtﬂ—weight fawns, they failed to reach weights equal to,
heavier-born fawns, at 25, 60 and 90 days of age. Sadleir

= (1980b) suggested that this might be due to either low protein

' A

values in the milk or to a genetic factor which governs similar

growth rates over similar ages when dams and their fawns were

compared. - o

The study Teported here endeavored to describe
quantitatively the patterns of suckling activity of captive, -

maternally raised black-tailed deer fawns from 24 h behavioral

N

obgservations during the first 4 months of age; to describe the
behévioral‘relationships between fawns and their dams in
initiating and terminating suckling activities; and to
investigate the relationships between fawn guckling behaviors

aﬁ&"favn’bfrté”vgtght;’IiIk'COﬁEnihtibﬁ'aﬁd growth. Behavioral

info




differences in fawn uort&i&t&méﬁdtéf;;fﬁ~dﬂé t& fﬁ;”se;rsf Ehe
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fawns, the parity of the dam and the effects of milk auppiy vhen
either twin or single fawns are nursed by their dams. In view ofh”
the work of Geist (1971), Horelsi (1972), Shackletog:ﬁ§%733 f?d
Berger (1979) using suckling behavioral parameters ip?fhe field

to assess differences in population quality of bighorn sheep

{Ovis canadensis)

also be of use .in

populations.

- ‘_.'i:; -
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and Stone sheep (0. dalli), these data may

field evaluations of black-tailed deer . :
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1T. METHODS -

Study151te

Observations of behavior vere made . in-1976 and 1977 -at the - e s =
deer research unit 1dgated in the University of Briiish Columbia
Research Forest;‘ﬁaple;Ridge, British Columbia. The research

unit consists 6f a 1 ha fenced enclosure containing a small

central circular building 4°’m in diameter with a'conical roof
and a small holding vpaddock. Attached to the central building
vere 20 pie-wedge shaped holding pens, eaéh 18.5 m, vithran

asphalt base and separated by a 2.44 m high chain-1link fence.

Does were placed in the pens 1 month prior to parturition. Each -

pen contained a sawvdust covered bedding area and food and water _
_containepg. Tn 1977, jute sacking 2 m high was hung on the fence
to prevent conspecifics in adjacent pens froé seeing each other;
Deer were protected from the:veather by overhangs Qn the roof of
the building. Topography and vegetation within theyl ha

enclosure have been described by Mueller (1977).
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Study Animals

All black-tailed deer at the research unit were born in

st Pl R"l‘é&*ﬁ:ﬁm‘ -:«»:r#\ J:

I captivity and raised by their dams except for the original

breeding members which were caught as fawns on Vancouver Island .

1

and hand-raised. Capture and rearing methods were presented by
_Mueller (1977). Prior-to-parturition all wmature does were =~~~
removed from the large compound and placed in the separate study

pens. During each of the 2 years of the study, 5 does and théir

!
'»':1}?4-&éyd{r\wwk@mmmk%w‘ L SR PR GRS

fawns were selected as observational animals based upon the

4

closeness of their dates of parturition. Does varied in age,

ERE PR

weight and }ast reprodbctive hisforyV(Table 1). With one
exception, all does gave birth to healthy twin fawns with

"normal"” birth weights ranging from 2.20-3.24 kg (Mueller and

N O

Sadleir, 1980). In 1977, one doe giyéﬁkﬁrth to a healthy single

. female " b an_mﬂﬂ

were Introduced to the study at 22 days post partum. In 1976,

prior to the commencement of observations, one member from two :

sibling pairs was removed from the study for other research

pufposes and the remaining siblings were each raised by their

4 eeand

dams as twin-born but single-raised fawns.
During both study vyears all does and fawns were maintained
on calf starter péllets (4.196 kcal/g, 0.184 g crude protein/g),

alfalfa hay (pelleted in 1977 and containing 4.352 kcal/g, 0.185

g crode protein/g) and water, ad libitum.

oy

.
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- Table 1.( The study animals. !
. Immediate
, Birth post partum ‘Age of Previous
. . , « . Date of . , weight, weight of . dam, number of
- Year _ Fawn  birth  Sex kg . " - dam, kg - years — fawns .- . =
. . - -t A
1976 T,
M188 . 10.6.76 - M 2:20 1
' M18¢c . " M 2.50
. R o M= 50 T
"~ FEC " F 2.35
FFA 13.6.76 F 2.60 0
MFB 1 n M 2.35
F23E] 13.6.76 F 2.20 3
FI1SE~  '13.6.76 F 3.05 3
1977
MISF  20.6.77 M 3.24 60.9(0)° 4 s
M15G " M 318 : - .
,,,,, _ R __.__MITBA _ 23.6.77 M 2.20 397y . 2 0
' M17BB - M 2.50
M21AC 20.6.77 M 2.63 k7.9(10) 3 : 2
M21AD " M 2.8 ) . '
FED 25.6.77 F 2.70 ki,2(s5) 3 ' .3
FBE.,- n F . 2.90 -
F2F° 27.6.77 F 3.00 47.9(16) - " 5
1 Born as twins, raised as singles. _
) ,2 Day at which first past pa.rtum weight recorded for dam.
3 Single born, introduced to study at 22 days post-partum.
g o
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oo~ Behavioral Observations : =

Teh;vioral Classifications a -

-

Preliminary observations on fawn suckling activity were
conducted once fawning commenced but prior to the commencement
of the study to define wvarious behavioral characteristics of

suckling.

‘Suckling has been defined by Cowie et al. (1951) as the — =

activity 6flthe young with the aim of obtaining milk from tﬁé

- mammary gland. Nursing has been defined by the same authors as

»

the behavior of the dam which promotes access of the young to Xi;f

the teats. T have defined a suckling attempt as beginning each ﬂ#

time a fawn piaced its mouth upon the teatrapq;gqgingwybggiggwwwwr

-

relinquisted the teat. A number of sequential suckling attempts

constituted a suckling bout,anch—suékling bout was dé%ined“as'a

period of time during which one or more suckling attempts

occured followed by a period of at least 30 minutes during which
Y : v .

no suckling attempts were observed (Figure 1). This approach was.

adopted to distinguish individual suckling attempts from
suckling bouts. Few authors have made this distinction making

species comparisons difficult (Lent, 1974). Linsdaierénq’Tomich

M e —— - R

I I
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Figure 1. Distribution of suckling attempts of a single fawn (M18C - 29

days old) over a 2k h period grouped into suckling bouts using

+o

the criteria that a bout contains cne or more suckling attempts

and that bouts are temporally separated by a pe}iod of at

. . . .
least 0.5 h. Arrows numerically indicate each bout.
’
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{1953) reported that suckling bouts in ﬁﬁléldééffébﬁé1§ﬁéﬁfﬁffﬂf"

one or more suckling periocods which last up to 1 h in length.

Langenau and Lerg (1976) and‘Faatz (1976) recorded individual

suckling attempts in white~tailed deer but made no attempt to

clasgify these attempts into bouts.

Since t;ansfer of milk from daﬁ to fawn constitutes a
chcessful suckling attempt and i%eobviously éifficult to
determine by observation alone, a system of evaluating suckliﬁg
success by behavioral criteria was developed and used.

Autenrieth and Fichter (1975) cite personal communications

. from D. Muller-Schwarze that black-tailed deer fawns wag their

tails and exhibit a milk-kick with the front legs while suckling
which may have a stimulating effect upon the dam to let-down

milk. Tail wagging 1s a frequently observed behavior of suckling

.mule deer fawns (Linsdale and Tomich, 1953) and in suckling

‘white=-tailed deer fawns {(Townsend and Batley, 1975; Faatz,; 19767y - -

Langenau and Lerg, 1976). Langenau and Lerg (1976) suggested
that tail wagging may serve to inhibit dams from terminating the
nursing bout. Townsend and Bailey (1975) have suggested that
tail wagging may act as a stimulus to inform a bedded fawn that
its sibling is suckling and thereby attract it to also
participate in Bsuckling activities. Tﬂe milk-kick occurs in

suckling white-tailed deer fawns (Severinghaus'and Cheatum,

1956) but is apparent only after suckling has been initiated

¥

{Faatz, 1976). White~tailed deer dams who are nursingreihibit a

1a
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hunched posture while standing (White et al., 1972; Faatz, 1976)

ﬁhig% is cﬂ;racterized by a lowering of the haunches, arched

N

back, forward extemsion of the neck and an apparent’degrée of
gsemi-oblivion to surrounding events. Bunting, or prodding, of

the dam’s udder with the muzzle by suckling fawns stimulates

milk let-down in mule deer (Linsdale and Tomich, 1953). A

measure of 'suckling success In white-tailed deer fawns was
reported by Langenau and Lerg (1976) to be any suckling attempt
greater than 5 s.

In this study-suckling attempts uere,£e§o£ded as being. .
successful when one or more of the folloging béhaﬁiorsrwgre
exhibited while fawns were 1q coﬁtact Qith the teat: tail

wagging of fawns; anal licking of fawns by dams; hunched nursing

posture of dams; foreleg milk-kick of fawns; udder bunting by

fawns; and teat contacf greater than 5 s on the initial suckling
attempt. If contact vith the teat was broken after sucklingigéd 7
been succgssfully initiated but was resumed quickly, such as by
the fawn changing teats or pausing to breathe, thig second
attempt was also considered successful provided at leést one of
the above beﬁavioral criteria were met.

The duration of each successful suckling attempt was

recorded in seconds as the duration of time that the fawn was 1in

constant contact with the teat during the attempt. .

Unsuccessful suckling attempts were recorded as being

either shorter than 5 s in duration, or mot exhibiting either

15
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tatl wagginé, milk kicking and udder bunting by fawns or anal

¢ Y

licking and nursing posture by dams.
Individual suckling attempts were further classified by the
initiator and terminator, either fawn or dam. Suckliﬂg attempts
initiated by dam; were identified by vocalizing, walking and
licking behavior. Vocalizing occured occasiohglly when dams
emitted a low grunt to distract fawns ffom sleep or other
activity, which resulted in a suckling attempt. Following
bedding periods the dam would rise, strétch and move about the
pens, attradting the attention gf:her fawns so tgat they would
then rise from their bedding sites, approach the dam and attempt
to sucklé. Often a dam would approach and vigorously lick her
fawns, usually around the anal-~genital area, which resulted in
suckling attempts by the fawns. Fawn initiations of suckling
attempts were identified by either vocélizing, t:at seeking, or

téii wa;éiﬁérbegavi;;;; Fawns woula o;c;sionally emit a low
whine céll fesn}ting in groomiqg‘by Fhe dam and subsequent
suckling. Teat seeking behavior was exhibited by fawns when they
either arose from a‘bedded‘position, ceased feeding on solid
f;od, of ceased playing and went directly to éhe dam and began
suckling‘without any apparent external cues. Teat seeking was

also used to classify suckling attempts which were quickly

resumed following the fawn breaking contact with the teat. When

a fawn arose from its bedding site, approached its dam and

suckled while its sibling was suckling and wagging its tail, the

16



attempt was classified as being initiated by the tail wagging

- stimulus of the Bntk%ing'sib}ing as sﬂggesfed~by~$9wnsendfamdfgﬁw,

v v

Bailey (1975).

Doe terminations of fawn suckling attempts were
characterized by the dam either 1ifting her hi;d leg and .
sfepping gver the suckling fawn, or bypus;iﬂg the fawg away“
:from the teat with her head or hind leg, of by Iyiﬁg down, or b}
jumping away from an aggressively bunting fawn. Fawns terminated
suckling attempts either by walking away from/;he dam appafently

satiated, or by breaking contact with the teat to either rest or

- breathe, or by dropping or crouching down into a prone position

<. -

due to sudden disturbaqcég, or by antagonism between fawns while
suckling. The latter occured very infrequently and only when
siblings suckled simultaneously and aggressively from the same
flank of the dam. This occured when one faﬁn shifted 1its
pOSitibn without releasing the teat which caused the other fawn
to break contact with the teat. It was noted that both
i;itiation and termination of suckling were occasionally i

triggered by various disturbances occurring either inside or

outside of the research unit such as human activity, loud noises

and aircraft.




Observational Recording

Behavioral observationg ﬁere conducted continuously over a
24 h period from 1néide the round central building housing the
attached individual ‘study pens. Five adjacent pens, each
equipped with a clear 46 X 100 cm plexiglass door and a 15 watt
overhead incandescent lamp to permit ﬁocturnal v}ewing, were
used. Observers sitting quietiy 1.6 to 2.0 m from the doors in
- the centre qf-the room had a clear field of vision of all pens
(Figure .2). All fawns were ear tagged at birth withrplastic tags
{"Lone Star?,\Y;TEX Corporation, Cody, Wyoming) bearing
identification codes. Prior té 24 h observations one fawn of
eéch sibling pair was tagged with fluorescent colored forestry

flagging tape about the neck with streamers that dangled to the

ground.

Suckling durations weggﬁtiﬁéawarﬁand.held éfoﬁVQQfEhééri
{"Herwins Super Hattrick", Edwin Schlup, Switzerland) calibrated
to 0.2 s; Behavioral data on suckling attempfs were wriften on
1ndividua1 fawn charts and included'time’of day, suckling
durations, initiator and terminatgf, success OTr non-success,
~orientation of fawn to dam and nursing position of dam. Also
recorded were items other than milk fngested by fawns.

During the first year of the study 2 observers were

eag%oyedveaeh—ve%kiﬁg—a&e&e—e&—&#%%ﬂﬁm%watieﬂﬂsﬁiffsT—ﬁu%%ﬂg———u————ﬁ%

<

the second year 6 observers were employed each working 4 h

18
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Figure 2. OQObserver's view of the study animals from inside the circular
® ’ i .
barn. Three of the 5 pens are shown with the clear plexiglass
doors removed for clarity. 2
‘ 3
[
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on and 8 h off with 2 observers on at all times tﬁu§ allowing one

observer to watch 4 fawns and the other, 5 fawns. Shift starts

were staggered 2 h apart. All observgrs were thoroughly trained
in each of the years to reduce error and minimize bias. Observer

fatigue was minimized with 8 h rest periods between shifts.

Weight Determinations and Milk Consumption

”

Holding pens were checked daily for newbogn fawns and birth
weights were récorded after the fawns were licl d dry by théir
dams. In 1976, fawns were weighe}/@ach day duriﬁg the first 40
days of age and weekly thereaftei on‘; platformdgcale

{Health-0O-Meter, Continental Scal;“CS?ED{QEigﬂ{/Chicago,

Tllinois) with a maximum capacity of 160 kg in 0.1 kg
graduationss In—LQ??, fawns—verefweigheé free-standing on an
electronic platform scale (Western Scale Ltd., Port Coquitlam,
B.C.) at weékly intervals. Weight on the scale platform was
transmitted to a single strain ga;ge whose output was converted
toc a digital readout. The scale weighed to 40 kg in 2ug units
aﬁd to 80 kg in 4 g units. Weiéhts of moving fawns were
elactronically averaged from 10 weights taken at 0.33 second

intervals. The scale Tested on a concrete pad, surrounded by a

wooden enclosure with doors at either end to facilitate fawn

entry and exit.

20



Milk consumption.by fawns was measured in 1977 only, during

a 24 h period immediately following the 24 h behavioral

observations. Consumption was measured in 6 twin fawns using a
weight transfer method»(Sadleir, 1980a,b) in which diapered
fawns were weighed before and after introduction to their dams.
The frequency of milk consumption measurements declined as fawns
increased in age fromng/day in the first week to 3/day at 4'
months. The frequency and duration of fawn suckling activity and
the behavio}al measure of success for each suckling attempf were
fecorded while both fawns were with their dam, suckiing a{d
consuming milk. The dates of behavioral observations, milk
congsumption trials, and the number of fawns observed are

presented in Table 2.

Data Analysis

Suckling behaviors from.24 h observétibn periods were
identifiéd and recorded, and daily totals of each behavior were
calculated for each fawn at intervals throughout the first 4
months of age. Since ﬁehavioral observations were conducted on
féwns born 1in 2 coﬁsecutive years behavioral data were separated
into year classes. Quantitative changes in behavior types |
exhibited by the fawns in each year class were assessed in

numerous ways as fawns increased in age from birth.

1. The measurements of each type of behavior were first pooled

21



Téble 2. Vlr)ates of behiwioz‘ﬁl obsgrvétioris, and milk conswiption {:rials and
- : numbers ‘of fawns observed by year.-
' . . » '
1976 1977
Date # Fawns Date # Fa.;msr
- ) observed -- - - ~observed -
S 1kee.t6. 8 28.06.77 , o 8 W:”"
- S RRLOE TG e e e e T 2906 ST T e iy .
28.06.76 8 - 05.0T7.7T . : - 8
g 05.07.76 - 6 06.07.77 * 6
13.07.76 - - 6 12,0707 8
19.07.76 6 13.07.77 * 6
03.08.76 » 8 19.07.77 9
== —,—,:;—;—;:;—;,,—,—;——,:f;:—:,gg—re&;}&—,,,—,;r—-7————7—_————7—ﬁ&——————w R S it f e e et e
. 02.08.77 9
" ' _ 16.08.77 9
) S 17.08.77. % 6
13.09.77 : -9
14.09.77 @ 6
19.10.77 6
- 20.10,77 *® 6
* Dates at which behavioral observations were macie during milk consumption o
trials:
- ' £ .
L4
£
LN
* 22 i
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by year into fawn age’ groups (Table-3) and the mean

frequencies—and;durations;ofseath4behayior—by—age—groun—wereﬂ—m—Qé
’thendcalculatedf When- age groups'were consideredl 1977-fawnsi =
were found to be significantly younger than 1976 faWns in .,t k
the youngest age group;and, significantly older than 1976

-~ . fawns in the 60-89 day age group (Mann—Whitney.rank test)-

»

No significant differences in fawn age between years were - o

~ found for any other age groupings. The average behavior

values between years inside each age group‘were‘then,‘

,Hcompared using two éa,,lf,“?ﬁpéfwﬂftric Mann-Whitney rank .
tests. | !
2. Natural logarithm transformations of individualrsuckling
‘behaviors'for both an all-fawn andran all<twin fawn group'

over all ages by sample year were performed tosachieve .

normality, homoscedasticity and linearity.=Simp1e linear

repression ‘equations of lognormal transformationsﬂof each,
“"l\‘\ 7 .
measura_of ‘behavior against age were derived for both the
all-fawn and all-twin fawn groups. Similar¥y, regression
;} ‘ eguations were calculated for éach suckling behavior within
7 each year for the following'h'groups of fawns: males and,
females; twins and singles; fawns of primiparous and
pluriparous dams; and fawns with birth weights arbitrarily'

classed into 3 weight groups, ie. 2 00 2 49 kg, 2 50 2 99 kg

and 3.00-3.49 kg. A t-test of regressionvequation-slones vas

used to determine if the slopes differed significantly from

23 = : -
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_zero. Both between ijlféia;’l" —agd _within y :if:f:@fliﬁaﬂti 'S,E,,S,-,,,Q,,f,i,,,; D

regressioﬁ.equation slopes and y-intefeepts were performe&”;'

;using,an analysis of covariance procedure (Za;,”1924)9‘0~

Between year comparisons were used to determine whether the !

data éollecfed_in,each year came from the'same pdpulatibﬂ; ;j

© e

Within &ear cohphrisoqs were used td detect moré;subtle

.behavioral differencés between serQ;;ﬁZEr of siblings, dam

. parity—and;binth‘weigﬁfsfof»faﬁns, The resultant statistics ... - .

generated by this analysis were F; for comparing the

y—intercgpfsrof regtessions‘and.Fb for comparing\fhe 81%{}

8
s memmm e e S e et o : - oz s S
AT

pf regreésions. Regreésion'equatioﬁs in either the form
,1n(Y5=é+bX or 1n(Y+i);a+bX‘aré\pfesehtéd and estimates of

average behavior chéractefiStics (Y) at any égé (X) were

deriﬁed from back transformed regressiéns 1ﬁ eithér thé form

Y=exp(a+bX) or Y=exp(a+bX)-1 '\\\J/ o ot

3. - Two saﬁplé noﬁparametric Mann-Whiéaéy‘rank tests:ﬁere again
gmployed té cpméaré tHe'yar;abiiity of behav}ors bo;h vithin 77i7;
year and between year ageAgroups. Thié-methad,wgs used when
treating the fblloving‘bghaviors:

4a- fhé number of 1ndijidha% guckling bouts/fawn/24 h wﬁich
were 1nitigqed‘by.either the dam or’the fhwng‘

b. the number of individual suckling attempts/fawn/24 h

" which were either initiated or terminated by either, the

dam or the fawn; and, .

g

ce the number of individual suckling atteggts/faﬁn/?& h .

25



. . which were either initiated and terminated by the dam;

ﬁinifiated'and tetminated’by,the'fawn;rinitiéﬁed.by~thg

' ¥

dam and termimnated by the féwn; or, initiated by the -

'féwh and, terminated by the dam.

P

4. In 3(c) above, where behaviors were grouped. into 4
.categories, a,nonpéramefric analysis of variance By ranks

waS'performea‘USing the Kruskal-Wallis rank test, cdrrégted

~ for tied ranks, to determine intergroup differences. . - .
5. 'Comparisbns‘qf suckling behaviors with fawn growth,'weigﬁts

. and milk consumption, were performed using only the data on
~F : L o - o e

twin fawns pooled fromibath year samples and empio&e& the

following analytical techniques:

a. Weights of 1977,twinvfawns were Iinterpolated to thé{r
ages on the observation dates from known weekly weights

using a cubic polynomial regression procedure (Yu;-,i, o

-

reT8Y.

" b. Since s0lid food intake by fawns is negligible until

after 25 déyé of aé; (Sadiéif, i9ébb5;,i{staqﬁaneous
growth rates at therbservatioh date ﬁiosegt to 25 days

of age were calculated for twin féwns onAa[ﬁilk diet in

both years uSing the equation suggested byABrody (1964)

in the form k = InW, =~ In¥; /[ty =- t; where: k is the

'jwinstantaneuugfgrowth’ratE”Un”thg"day”offmégsufémyﬁﬁ}fig_

ts—the natural logarithm; W 1is the weight ouw the

J : observation date nearest 25 days of age; W; is the birth




.
H P

ﬁ’ight,ﬁig,is the age on_ the observation’date* and;*“*fvav

ty is the age at birth (zero).,

“de Totals for each of the 5 suckling behaviors of twin~

‘Co Rates of weight gain of twin fawns in each year to 24

days’ of age were calculated using a comparison of simple

linear . regression equation slopes.of lognormal weights, N

‘regreSsed-against-age- Thesevcomparisons used an
analysis of covariance procedure (Zar, 1974). Weights to

24 days of- age used in this calculation were - actual

weights, rather than interpolated weights.

fawns fromrbirth to the observation date closest to 25 ..
days of»age vere estinated,by integration and least
squares,interpolation otpthe known behavioral,valuesl
from birth to.the observation date. Behavioral values

recqiﬂed'on'the first observation date were"used as -

estimates of behavior from. birth and were included in
Vtherintegration.haverage dailv”sucklingrbehavioral
”estimates‘from birth to 25 days‘ofrage were calculated
by dividing total suckling behavior estimates from,the
integrationrbyrthe age on‘the‘observatiOn date.

™

e. Variability between sample years of birthvweight95 the
' . . - . - - Ve
weights, ages and instantaneous growth rates on Ghe

observatfonidate7né§rest755765§§"and;"theﬂdaiii”gucklingi,,

behaviors‘from birth'to this observation date sere

compared using two .sample nonparametric Mann-Whitney

=




‘<'raﬁkztests.';?f/jgk’#1A'vA¥i‘fé

f. Sim?le.linear régre;sio;; ofvfhe ;verage?daily sgckling | i

N"Behafiorgt;'25dajé§f age against béth'iﬁsténténebus ' - E

~growth rates at 25 days and birth weight were péfformed ?

aﬁd, simple correlationAcoefficiehts determined to Ehow ;

.the significance of these relationshibé. Similarly, %

inétaﬁtaneousgrowthratésat'ZSdays‘were;égfessedA,‘,g

*agaiﬁéfkﬁiftﬁ ﬁeiéﬁté”éﬁd'cﬁfrélétioﬁroéeffiéieﬁfé o 3
Calcuiqted. } ’ | »

" . !I’ei:—a;lmiil_c -c-0n suﬁﬁmz%ﬁ/{—a wnf24—h-durin g tfﬁe' f:fﬂifﬂft;?f):;; =
days of age and" from birth to 60 day§ were. estimated by
integration and least squafes interpolation of absolute
total milk“consumption durihg milk:cansumpfionbtrials : |
from birth (Sadleif , 1 ésob-)'; Déilj milk consumptioﬁs jz

B PEi?E,to the fifét measqremeﬁfsAfgreigggﬁmeg;té be the ;%
_same frbﬁ birth to the first ﬁeasuremeﬂt and were uéed %
rih—theuintegrati;n. Stmﬁle linear regféssioﬁianalyses of”' {
total estimated milk consumption on birth weight were

performed and siﬁple correlation coefficients‘caicﬁléted
fof fawns in each of 2 age‘gr0ups: 0f25_dajs and O;éO:
. days; Absolute milk c6;sumpfiqn(g)/fawh/24h_was‘
sinilarly regressed sgainst sbsolute suckling R

duration(ﬁiw)/fawn/ZA h for each éonéﬁmption trial up to

121 days’of age and correlatidq coefficlients were
calculated. Rates of milk'intake(g/s) while suckling, or

28




-

' the suckling efficiency, were caléulated by dividing the

ahaalu@e—miibeem&mp{ﬂ : ' e absolute-
sucokling duration(s)/fawn/24 he . '
Statistical Significance
Statistical significance was determined at P<0.05, using
" two-tailed tests.
T f} - ‘
s 29



III.

RESULTS

Changes in Suckling Behavior with Inéreasing Age

Five suckling behaviors were idéentified and compared with

changes ig age. These were identified and abbreviated as

1.

foilowsf I : ‘ o !

a. total number of 'sae‘k1"’1‘}(;";&;;,5}:g/jf;g,{/éz; h, NA; .

"b. total number of succeésfﬁl suckling attempts/fawn/24 h, NSA;

c. total duration of successful suckling attemptS/fawn/24 h, 1nI
minuteé; DSA; | | «

d. totaicnumber of suckling bouts/fawﬁ;ZZ h NB; and,

successful suckling gstempts, NSB.
. ‘.,’ . B

Total numbers of suckling attempts/fawn/24 hours, NA.

The pattern of NA was found fo.decline with increasing

faﬂn age (Figure 3). Between year comparisons of ‘NA by age -~ —

&@fgﬁhnned,thaLgnogsigniﬁieanr differences-existed

between years during both the 0-9 and 10-19 day age groups.

30



&
. ,
Figure 3. Changes in the mean number of . suckling attempts/fawn/ZWh/x}th
" increasing age (x + S.E.). All observed fawns considered.
Statistical significance of x between years within each age
group indicated by asterisk (P £-0.05). Sample sizes -indicated
e
- -~ -
,
31a .
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-~ Tn-all age groups after 19- days 1977 fawns exhibited

© eignificently greater NA  than 1976 fawns. Although ¢ he

P

general trend ineﬂA declined as fawns grew older,
considerable individual variation in this behavior was

displayed in eath agelgroup during both years. For'example

"within the 0-9 day age group NA ranged from 15-56 in 1976

and frbm 15-83 in 1977 and from 60- 89 days of age NA rangedrﬁﬂw

from 3-7 in 1976 and from 8-21 in 1977.

Between year comparisons‘of 1nNA regressed against age

resulted in regression equations for 1977 fawns "having both e

significantly higher y-intercept and lower slope values than
1976 fawns in both the all-fawn and all-twin fawn categories
(Table 4). Because of the significantly different slopes.and

intercepts found between years all subsequent,comparisons of

-

- this behavior were carried out on within year samples only.

. S ,7,,,)‘, .-

The slope of the regression equations rfzijjfnts the
real average rate of decline in behavioral frequency dver
all ages.aGreater slope values represent steeperﬁslopeSe The
y- intercept represents the average behavioral frequency on

the day of birth but is a somewhat misleading estimate

because the youngest fawns observed in 1976 and 1977 were 9 -

and 3 days old, respectively. Intercept values.are necessary

for the staf&stical comparisons of regression equations.

'Observational data for 1976 and 1977 fanns-were collected

over 81 and 121 days post partum, respectively.
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Within the 1976 sample»,twin-raised fEWﬂS'Gthbite&*W"f“W”*ﬁu""

significantly steeper slopes of lnHA with age than 2

twin-b\Vn but single-raised fawns although their intercepts
were not significantly different. There were no»differences

_in the regreseions of male and female fawns. Although'the

nunbers of observatinns were few;‘tne tnin fawns of a

nrim;narous dam exhibited signifitantly Steeperrregression

slones than the fawns of piﬁri'p'a?ou's dams but no significant
" differences were‘found in thevintercept ralues of their

'.regreseion equations. Fawns of different birth—weight

.A:‘, oo

clesses in 1976 shoﬁearnojsignificant diff 'cee:in their

regression equations.
‘Within the 1977 sanple the only significant nifferences
— ’fennd in‘the regression quﬁtionS was thet male»fawns showed
lowerfintertept values of their 1nNA than females.
-- —* e '— —With- —the?‘vexeepti——on—ﬂ%vaf——ﬂnglefbornf—ffémarlﬂa ﬁfﬁn—f N
v1977,_intrednce@ tb the‘study at 22$da§s of age, ali fawn " | ‘
groups in both jears exnibited eignificent negative slbpee

not equal to zero and significant negative'correlationa of

1nNA with age.




3o -Toval muwbers ot succesaful syekilug £t

tempts/fawn/24 hours., =

NSA-
=

The pattern of NSA was found to decline as fawns

increased in age (Figure 4). Between year comparisons of NSA
by agé groups showed that 1977 fawns exhibited significantly

greater NSA during both_the 20-29 day and the 40-59 day age
“groups. No significant differences in NSA were found ﬁefweén

years during any other age groups. In age grohps vhere

 significant differences in NSA were found, fawn ages between

years were not significantly‘different. Considerable
i .. ' .
individval variation in NSA was found between fawns in each

age group in each year. In both years suckling attempts were

never 100 percent successful in any age group when the data

for all fawns were pooled. Hpwever, a few individuals were

sugéeésgﬁiViﬁwgii a£teqpts but inﬁrégtef‘fo dayé_déiage.
Between year comparisbng ofjln(NSA +71)‘fegressed,
gggiﬁs; age, reSuited 1n regressioQ'equatiohs for i977 fawns
having significantly(ﬁigﬁer intercepts than 1976 fawns in
both the all-fawn gna éll-fwin fawn categories (Tabie 5); No *
significant difference between the SlOpeB;OfAthé regreggion
equations‘in_each ofzthese groups ﬁefe fouﬁa. Because éf the

) e

stnifiéaﬁfiywaiffeféﬁfrfééféégibﬁ eduéf{oﬂéﬂféﬂﬂ&”ﬁgf;é;ﬁr

years, all subsequent comparisons were carried out on within

[~

;r;ear samples only.
1




w

Figure L.

*

Changes in the mean number of successful suckling attempts/fawn/24 h

with increasing age (x + S.E.). Legend as for Figure 3.
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__behaviors of single and twin fawns were inconclusive as the

due to limited behavioral data for it. This fawn was

{thin the 1976 sample no significant differences were

gtnganfanygiggxaaaiQnmﬁqnaLiQna;axcépt'thét the fawns -
3 : -
of primiparous dams éihibited'significantlyrsteeper s}dpés>
théﬁ faﬁns of pluripargus dams but had non—é}gnificanf'7
diffeféhces of intercepts. | - ' o

 Witbin the71977‘samp1e, with the pdssible exception of

. the twin and Singie féwns, no significant differences in

regression eﬂpations‘offln(NSA + 1) wereufound for any of

thé'faWn groups. However, any real differences between the

requirements for a valid regreSsion equation representing
. : 2

the behavio: of the single fawn were not met. A lack of .

significance in both the slope, tys and the cbrrelation

coefficient, r, for this single-born animal may be entirely
& . & . - |

introduced‘to\the study at 22 days of agé and was observed
. . . <

for only 4 24 h periods. LN

Total duration of successful suckling‘attempfs/fawn/24 i

hours, in minutes, DSAf

The pattern of DSA was found to decline as fawns

increased in age (Figure 5). Between year éomparisons of DSA

by age groups showed that no significant differences existed

*
4



Figure 5. Changes in the mean duration of successful suckling attempts/fawn

- L
with increasing age (x + S.E.). Legend as for Figure 3.
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between,yearé, except for the 40-59 day age interval. Within

' DSA than 1976 fawns. DSA varied considérally between

individual fa?nskin each 6f the agé,group during both
yeérs. For exémple, during the first 9 déys of age DSA
ranged from 20.48-55.88 min in 1976 aﬁd’froml20.15-53.l7 min

in 1977 while within the 60-89 day age-group DSA ranged from

1.28~3.75 min in 1976 and from 1.23—4Q75 min in 1977.

Between year‘comparisons of ln(DSA'+71).regressed
against age resultedrid regressionrgquations in which»I977r
fawné had significantly Higher intercepts than 1976 fawns
and, in both yearé the slopes were similar (Table 6). W?en
only twin fawns in each year were cons?ﬂ?}ed in the
regfessidns, the equations for 1976 twins had significantly
higher intercepts and significantly steeperAslopes than
those of 1977 twin fawns. Although the intercept values in
Table 6 appear numeriéally similar\for both years in each of
the all-fawn and all#fwin fawn groups, DSA &ifferences
between years were significantly different. For example,
1nterceptlDSA values, when back t;ansformed, were 39.90 min

and 37.06 min for 1977 and 1976 fawns; respectively.

Similérly, twin 1976 fawns had DSA values of 44.92 min

compared to 42.83 mlﬁ for 1977 twins at the intercept.
Because: of the significantly different regression equations
found in between.year comparisons, all subsequent analyses.

=
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were carried out on wifhin'yeér samPiés dnly;7'~”

I ”Wifﬁihffﬁéfly7ﬁw§iﬁﬁié'Hbmiiéﬁfficant differences were
-found between any regression equations except that the fawns
born to primiparous dams had similar intercept values of DSA -

but significantly steeper slopes when compared to fawns of

. o

pPluriparous dams. : \
~With the exception of the 1977 twin 'and single fawns no

gsignificant differences were found between regression

équations for DSA. Bothrequafions for twin and single fawns

exhibited similar slopes but twin fawns exhibited

significantly higher intercept values than the single~born

fawn.
All regression equations of.ln(DSA{+ 1) demonstrated
: . ‘ ’ ’ ~
significant negative correlations with increasing age of

_fawns and all equétions-had significant negative slopes not

equal to zero.

4., Total number of suckling bouts/fawn/24 hours, NB.

Therpattern'of NB was found to decline as fawns gréw

older (Figure 6). This decline was most notable when data

for individual -fawns were compiled-for spequicagesrather‘f

ferences—4in—-NB— -

s - Athaﬂ*JQ}PﬁPQH}keé—agefg{¥HﬂH}r“Neﬂﬂiiﬂ?tffeﬂﬂt%*
were found between years in age groups up to 39 days of age. Sy
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o
{ - )
S Figure 6. Changes in the mean number of suckling bouts/fawn/24 h with
increasing age-(x + S.E.). Legend as for Figure 3.
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After 40 days, 1977 fawns exhibited siénificantly higher NB

thanv1976‘f?wns‘in each age'group.

4 Bétween year_comparisons of ?egression equations of
/1nNB regregsed qgéinst age resultedrin bo{h 197ﬁ,fé¥ns and @
1976 twin fawns exhibiting s?gnificantly %igher intercept
values and significantly steeper slopes than either the 1977
fawns or the 1977 twin fawns (Table 7).:The decline in NB

appeared to be quite gradugl. Back transformed regressioﬁs

J

e A ,
‘at 15, 30, 60 and 80 days/%howggwthat 1976 fawns on average
. y i

extibited 10, 8, 5 and 4 NB compared to 11, 10, 9, and 8 NB - -

for 1977 fawns‘bf the same ages. Similarly, at these ageé
1976 twins on average exhibited 11, 8;75‘and 4 NB while 1977
twins exhibited NB unchanged from that of all the 19?7
fawns. The biological sigﬁificance of these statiétieal
\differences between regression equations for NB in each year
appears to beﬁquite slight. However, becéusevof the
significant statistical'differeﬁces between regressigh‘
equations for each saﬁple year, all subsequent analyses were
carried out on within year samples only. |

W;thin the 1976 sample no significant differences were\
»found bétween any regression equations except thaf.the fawns

born to primiparous dams exhibited steeper regression slopes

than fawné\born to pluriparous dams but had ﬁon—signifibéﬁt -

intercepts.
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" Within the 1977 sample no significant differences were -

found between the regression equations for ‘;a,n,}@afﬁftheﬁfrajwn
grodps: i ‘ ‘

With tﬁe exceptionrof the 1 ﬁigh Birth—weight fawn ip
1976 (h=7), tﬁe l'sfnglenfawn in 1977(n=4), the 2 low
birth-weight fawns in 1977 (n=16Y, and 'the 3 high
bi%&h;weight'fawns in 1977 (n=20),7511 1inear regression
é;uafiéns of %nNB‘éxhibifed significant negétiVE'r

correlations with increasing fawn age and éignificant

negative slopes not equal to zero.

o

Total number of suckling bouts/fawn/24 hours with one or

more successful suckling attempts, NSB.

2

~The decline in NSB by age groups was not apparent until

after 60 days in 1977 fawns (Kruskal;Wailis rank test, Hg
=21.48; 5 df) and until after 20 days in 1976 fawns (Hg
=8,73; 2 df). The 19777fawns exhibited significantly greater’
NSB than 19764fawhs only in the 20-29 and 40-59 day age
groups (Figure 7). The gradﬁal decline in NSB’as age

i@creased was most noticeable in the age specific data for

-

{

\W)

“individual fawns ratﬁer'fhén”in”the age group specific data. .

o "Between year comparisons of regression equations of In

(NSB + 1) régressed against age showed that thq%all—fawn
/.
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 Figure T. Changes in the mean number of suckling bouts/fawn/24k h with one -
or more successful suckling attempts with increasing age (x + S.E.).
Legend as for Figure 3
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'7 '&n&~afl-fﬁ{ﬁ9féwﬁ>grﬁﬁ§8'iﬁ'i?f?rﬁééféfggif{éaﬁfiif;fé;E;;’V"
W,gm_fgﬁm#—intefeeﬁteya%ués—thén~%hesg—fawn~gfoups—haﬁﬁin—&ﬂﬂﬁi4~¥~4****““*‘**
| Valthbugh'no differencéswin the slo;ewvalues were found f
(Table 8)Q Because of the significant differences between
regression equationé for each samplé yéar, all subsequent
‘analyses were carried oﬁt onéwit;i; year samples only.
,”V?thiﬂiFh? 197683m9ien5?;af18f1681 differences were
found bet%@eﬁ'regreSSipn:eqUatiohs.for'either twin ‘and
single f@wns or for male'énd female fawns. However, the two

_fawns of primiparous dams exhibited significantly higher

intercepts and steeper slopes compared to fawns of

~

’-pluriparous dams. Fawns born in the 2.50-2.99 kg
- birth-weight class were also found'to_have'significantly

higher iﬁtZrcepts and non-significantly different slopés

than the fawns born within either ofrthe other 2~

pirth-veight classes.
?/ . Within the 1977 samﬁle, the oﬂly sighificknt
differences found between ;égressioh equations occurred 2
»where the twin fawns exhibiteé significantly grgater “t
-+ iﬁtgrceﬁts,and non-significantly different slopes than‘thg
single fawn:

With the exception of the 1 fawn in the 1976 sample of

" high birth weight (n=7), all linear regression equations of

o o\
. In(NSB + F\'ijiiyited significant negative correlations with

increasing f%fh age and significant negative slopes not
e
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equal to zero. O

Initiation and Termination of Suckling Activity
l. Tnitiation of Suckling Bouts, NB.

During the first 9 dayg of ége no signifiéént
differences were found between yeéférinffﬁé’nﬁmbéf'of dam or

fawn initiated suckling bouts (Table 9). Within year

comparisons'of the 0-9 day age group showed that fhe'fawns‘

“in 1977 initiated a greater NB than their dams. From 10 da ys
6f agé onwards these’fawns:persistentlf initiated greater NB
than their dams and greater NB than the 19767fawns. In 1976
~the picture was‘different as dams only initiated more 5outs
fhan féwns'from 20-39 days. At éthér age groups no
*m*fr*/'”'differenﬁeymbetWéeﬁ”démé”aﬁdffdﬁﬁg”E6ﬁIdWEé;éééﬁimﬁﬁii’6ﬁ;§Wf”mm
occasidns'in the 0-9 déy age group in 1976 were dams heard
to direct VOcali%ations towards fawns to initiate suckling
" bouts. } peVef heard féwns vocélize to initiate bouts,
although grﬁht and whine sounds from both fawns and dams
'were‘infrgquently heard during~£outs.

The 1976 dams commonly stiﬁulated suckling by licking

their fawns during the first 59 days. Tn 1977 dams licked

WWWJWW'mwwtheir*fawnsufar‘Téié‘frequentlyvto initiate suckling bouts

and, during. the first 9 days especially, dam movement acEed'

e Er T
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as the most common stimulus. Teat seeking was the most

ffequently obsgrved behavior employed by fawns in botﬁ fééféﬁ

torinitiateisuckling bouts. Tge tail wagging of a sibling
during suckling seemed to stimulate the other sibling to
initiate a suckling bout. This was observed more frequently

in 1977 than in 1976,

Initiation and Termination of Suckling Attempts, NA.

Suckliﬁgréttémpfs'Qéfe!éiassified on the Basis of tﬁérhr
poésibie behaviorél combinations of initiator and terminator
pairs. These were: dam initiated and terminated; fawn
initiated ana terminated; dam initiated and fawn terminated;

and, fawn initiated and dam terminated. Table 10 1lists the

 mean NA of twin fawns by age-group for each of these pair

types. Statistiéal anaiysis of the 1977 data in the 30-=39
day age group was not performed dué fo the smail sample size
(n=2).

The NA initiated and terminated by 1977 dams was
significantly greater than that of 1976 dams only during the

"

first 9 days post partum. No differences in NA were found

- between 1976 and 1977 dams with twin fawns in any age group
t A

between 10 and 59 days. Only when fawns were between 60 and

89 days of age were 1976 dams- found to initiate

52 - -~
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‘and terminate gignificantly greater NA than 1977 dams. In

1976 the fawn initiated and terminated NA was significantly

Y

greater than that in 1977 only during,fhe first 9 days of
age. No differences betwéen yearé were found in any
'subsequent age groups. No significant differences ?epween
years were .found in any age grouping when dam initiated and
fawn terminated WA weré considered. Withvthe exception of
the 30-3§7agé perioa, thé 1977rsémp1erexhibitéd |
significantiy greater NA initiated by fawns and terminated
by dams than the 1976 sample in all age groups.
' Vithin vear comparisoﬁs of intergroup‘;ifferences

béfveen these 4 initiation/aﬁd termination pairs by age
group (Kruskal-Wallisrrank test) revealed that NA in 1977

were significantly different within each age group. The most

commonly occurring behavior pairing in 1977 was fawn

Tiﬁ;fiégisﬁﬂ;ﬁaNAA;7£érminatioélwi£7£éféﬁﬂ;”§i;hiéi;;;;v
differences in WA between all 4 of the initiator and }1
terminator_paifs were found within therlq-19 and 20-29 day
age groups, but significant d;fferences were found within
all other age groups. The most commonly ;ccurring pairédv
behaviors in 1976 appeared to be fawn initiation and '

termination from 0-9 days, dam initiation and termination

fromA3O-39 days, fawn initiation and dam termination from

D :
40~59 days and dam initiation and termination from 60 to 89

days.



Fawn Growth, Weight>and Suckling Behavior

Although no significant differences in fwin fawn birth
welights were found between samplevyears, the twin fayns in 1977
L were Significantly heavier at 25 days than the twin fawns in

1976 (Table 11). To acco&nﬁ forrthesg betweenryear differences
inlwefgﬂt, 2 methodé were used‘to'expreSS fawn growth from birth
to.25 days. Firgtiy, an analysis of covariance comparison of
regression equation slopes of 1n(body weight,»in kg)’on age was
used (Figure 8). This showed that the regression equation for

1977 fawns had a significantly steeper slope (Fb-6.1908; 1, 80

df) than did that of 6 fa&ns, which indicated greater weight
Vgéins per day during the first-24'daysrin 1977 fawné than in
1976 fawns. Secondly, no,significantxdifferences between years -
774;—were foundfforfthe avéragemiﬁstantaneous~growth Tates of twin o
fawns to the observation day presented‘t?{Table‘ll‘}Mann—Whitney
.rankttest). These conflictinglre;ults suégest thaf one of the
two forms of analysis is inappropriate. Since pérametric
statistics are m&re robust than non-parametric statistics (Zar,
1974) the covariant analysis of regression equation slopes

probably best represents any real differences in fawn growth

A

e 14

between years.
——————————No—significant differences were found between years for the ——

average daily frequency and duration of suckling behaviors NA,
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¥
Figure=8_. Regreséiions of weight on age of twin fawns to 2L days. - Regression
slopes ‘and correlation coefficients significant to P <0.05.
Duplicate weights at .age indicated by open circles.
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© NSA, DSA, NB and NSB during the first 25 days of age

————«Mann-Whitney rank test; Table 11)+ Average daily values of

these suckling behaviors were not correlated signif{cantly with

s

e

the instantaneous growth rates to 25 days of age when year

samples were pooled.lNo corre;ationsibetween fgw%‘birth weight

and instantaneoﬁs growth rates to 25 days.ég;; fe;gd-in the
r'pﬁoled sampie yéa;s. queve:€ significait pqsitiyergorrqla;iqns;wrVW
_in the pooled -sample were'found‘vhen,avetage daily vélués'df NA‘
and NSA behaviors té 25 daysband, weight at 25 déys were

regressed upon birth weight for the 12 twin fawns in Table 11 ..

(Figure 9). These results suggest that heavier-ﬁorn twin fawns

<

made more.suckling 5ttempts per day, were more successful in
their sﬁckling attempts per day and gained more weight than
lighter-born twin fawns during the first 25 days of age.

.Milk Consumption

~/

-

The mifk_consumptipn of-6 twiﬂ fawns was m;asured in‘1977
~using the mass traﬁsfen weighing‘tééﬁniqueof Sadleir (1980b).
Total wéights of milk consumed and total sdékling durations ove¥
24 h Eeriodé ;ere'measured for each f;wn at 9, 16, 23, 37;158,
85 and 121 days of age. Heasurémeqts tgkenjon 1 of the fawns at
37ﬁday§ werérndgféﬁéiys;d'&ﬁérfawﬁéiéﬁ}ﬁg”efroré1 Déiifrﬁiiir' i

=

consumption for allvmeasurgments wéxegintegrated by the method

of Sadleir (1980b) to yield estimates of total milk consumption

58



- -
Figure 9. Regressions of weight at 25 days, ﬁveragé number of suckling
attempts/Qh h to 25 dé.ys and, average number of successful
suckling attempts/24k Ir to 25 days on birth weights of twin \'
~ fawns in both years. Regression coefficients significant
S — e A P00 e — -
e : I N O "'5{9’37” - - P
A



%’ ) Actual wei
' : 8or

wsuefnrj (kg)
o
=

> 40 T

@{25 doys
. .

Y= o33+221x
r=071
n=12 '

S0

80
o  Y=37.23X ~52.6
g 40f r=0.74
s n=12
z pun
- _ _ o Q —TY T -1 e
10 20 30 40 - -

Average numbar of successful sucklmq ofgemph/24 h

50 to 25 days
P
fﬁ : Y=27.78X— 41.73
Q@ sor r=0.80
g, = nzi2
10 : ) | ¥ 1 } |  § i |
10 20 30 40 o
_BIRTH WEIGHT (kg) )
... BOb ~ - B




. .. .per fawn to 25 and 60 days of age (actual mean age + SvEs = -

23.33 + 0.84 days and 58.0 + 0.63 days, respectively).

Significant positive correlations were found when total milk
: - .

consumption from birth to both 25 days and 60ndays were
regresﬁed upon fewn birth weights (Figure 10). Heavier-born
fawns were found to consume more milk than lighter-born fawns

from birth to these ages. However, no significant ébrrelariéna,
were'found'when total -milk consumption was regrESBedluponf

- N s
. -

absolute,weiéﬁt change during either the 0-25 dayfor 0-60. day

age periods (Table 12). Similarly, no cowr lations were found

when instantaneous growth rates were regressed up&nwtotal migk
/-/
consumption from birth to both 25 and 60'ﬂays.7 : R

s 1%

The relationship between absolute 24 h milk consumpti? ORI

By bn e v ,!

and absolute 24 h suckling durations for each fawn,,at each age S
A 16 i

where milk consumption was measured, is shown in Figure 11. ﬂp

-

:significant correlation was found when milk consumption wae ‘fmfﬁ

\

> ’
]

regressed-against suckling duration over allf2é h periods 6f' et
V - w ol e
. measurement. During the first 4 months; 24 h suckling duration ”T{"%

i E

cont?ﬁhously declined. Noticeable :fclines in milk con8umpt10n_“@ﬂ

/ : R |

were ‘not reagily apparent until 85 days of age. o hs v
e The quantity of milk consumed (X + S.E.) declined from é@éqf ‘a:

- ‘ ' . T b E LA cg":E

+ 59 g at 9 days to: 271 + 85 g at 85 days of age, and tfie rate

of milk intake while suckling, or sdcklingreffiéienc§;riﬁerEGQEHm"fff"

P

sevenfold_from 0.43 + 0.08 g/s to 3.08 + 1.06 g/s (x # ScE.ﬁ

over the same age interval (Figure 12). At 4 months, fawns

— —_ - % -

, 6 0 @ P Y
- B - -
e 7 N




Figure 10. Estimated total milk consumption of 6 twin fawns from birth

to 25 days of age and of those Same fawns from birth to 60

»

days of age regressed on birth weight.
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Table 12. Changes in body weight, growth rate, and estimated total milk consumption
for 1977 twin fawns from birth to both 25 and 60 days of age.
R & Body Weight (kg) — - - "Estimp:fed"’rotal M1k Intake (g) " Growth Rate x 1075
Fawn 0 - 25 days 0 - 60 days 0 - 25 days 0 - 60 days 0 - 25 days 0 -~ 60 days
M1SF b.76 10.17 17791 36798 1.1 bo.7
M15G 4.o07 7.95 15086 " 327k0 37.5 36.4
M1TBA 3.95 9.43 9216 25657 39.5 41.6
B © 0 -7 St % |21« 01 I T ¥ 7= 0 o A @ (0 0 S 1% I S
M21AC 3.97 ' 9.24 11k22 28596 | L1.8 . 39.0
M21AD 3.29 9.71 9987 30L53 38.4 39.9
L3
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Figure 11. Relationshiprbetween absolute milk consumption and a.bs\'\o;Lute suckling
~duration for twin fawns at various ages. ’
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Figure 12.7‘ Mean 2k h milk consumption and mean suckling efficiency (milk
' intake rate while suckl»ing)vof twifi> fawng during 24 h periods
with increasing age (x :-_ S.E.).
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continued to consume milk in very small ad}unts. Of the three

-—ﬂL~¥Wefawnsfwhtch)were 3uckling at*this age, consumptive efficiency
| remained high and’ each fawn received less than 100 g of milk/24
h. Significant correlations between actual milk consumption and
< fawn age were not apparent until 85 days of age. At this age the‘

regression equation was Y=625.47 H,3r73x; r=-0.553f n=35 (P<

0.001). No significant correlations were found when actual milk

consumption was regressed upon actual suckling duration for all

§

fawns within ach 24 h,period at each age.,Similarly, regreséion

, equations of individual fawns_ lacked sigmificant. correlations S

between milk intake and suckling duration at each age. No .
significant correlations were found between milk «consumption and
suckling durations .for all fawns during any one’suckling bout at

any given age. For example,  Table lﬁhlists the actual values for

suckling duration, milk consumption and rates of milk intake for'

all fawns at 16 days of age.
Up to 25 days of age, when fawns were receivingball theirx

7 nourishment from'milk, no significant differences between

siblings‘were found during any 24 h period for either milk

consumption, suckling duration or rate of milk intake

(Mann- Whitney rank test). This patt!kn was also maintained

between siblings gt 37 and 58 days when fawns were on both a

milk and solid food diet. By ss"a;ys"th; number of suckling

-,

bouts in 24 h was too infrequent for statistical analysgis

between siblings and, at 121 days only one member of each

65
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CTVe DISCUSSTON o oo

g e A [ R B )
. : » . R Y
. This investigation was designed to describe_thevsuckling
ac;ivities of captive, dam-raised black-tailed ‘deer fawns over

A

24 h periods from birth to 4‘months of age. The'study"i

. identified, described and quantified 5 fawn suckling behaviorsV o

(NA, NSA, DSA, NB and NSB) as fawns increased in- age. All 5 -

— -
. <3 -

behaviors were found to decline in either frequency or duration

as fawns grew older. The average rates of these declines were 5\%§

deSCrihed'for fawns in each year sample by the slope values of <é
linear equations when loghormal'transformationsrof suckling
behaviors were regressed upon‘known fawn ages. With few

'exceptions these regression equations demonstrated'significantly

| | o B
negative slope and correlation coefficient values. Tt—was also
found tha fawn suckling attempts throughout the day could be
’ organized into discrete periods of suckling activity and that ‘,;
- .

e\%hese periods could be described as suckling bouts. No

consistent patserns of suckling bout initiation by either dams

or fawns were disocernable in each of the 2 years. Fawns were -

found to initiate suckling bouts most frequently b& approaching

their dams in a manner described as "teat seeking!. Dams were

- - o ood -

found to employ vocal, licking and movement stimuli when




initiating fawn suckling bouts. When only individual suckling L
S

attempts were cgﬁsidered ‘with regard to both the initiator and

terminator of‘each‘event, variability between yeara,was found. :
2 ' ‘ » ‘ o

In 1977 the most common pattern was for fawng to initiate
-suckiihg_attempts and for dams to terminate them at all age

intervals. .Jn 1976 this combination of idqi§etion and o

‘w

termination was found most common only between 40 and 59 days of

”;age. During the;first 2§wdays O£~3ge!'whgn.féwnsfweTG”Ohja di3t'7;~,'

consfeting primarily of milk, the‘suckling behaviors; milk

. consumptio%band’we{ght at 25 days of age~hppeaned cloéely;

v

o= aggocfated” with fawn birth weight- ReSU}tS'Ofmiinéar‘fegreSSiOﬁ* fffffffffff o

of‘these variables on birthNyeightrguggested that heavier-born
twin fawns make more suckling attempts, are more successful in

’

~their attempte to suckle, consume more milk andjweigh more’at‘25
days than iignteréborn twin fawns . Significant correlétions |
— ﬁw;between actual milkfconsumption[2é h and fawn age _were mnot | e
apparent until‘85 days of age. A lack of‘correlation betueen' , | e
actual milk consumption/24 h and actual suckling;duration72brh
was found and was explained by a correeponding increase .in the
‘rate of milk intake while suckling, or sufkling efficiency, as
» favn age increased. Siblings were not'found to differ

— significantiy in either their milk consumption, suckling

duration or-rate of milk intake- during any comparable,ZA h S

S —W;ep;axziede 4413*toﬂi&day&%fa%e’fnfkmonmqaﬁfﬂe_tlw&e—iaﬂﬂ 8

which were still euckling were found to consume less than 100 g
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" ‘milk/24 h om average compared to just under 600" milk/24 h ‘at 9

i

Limitations of the Data

Certain limitationa in the‘data; due - mainly to the methodaf

;l:,of data collection;uaedreahouldfhe recognizeiaas,influencin‘ the =

qesults. The frequency of NSA Jand NSB, for :ffmple; may not be

truely representative, as the \actyjal-numbers of successful

.

suckling attempts were mot recorded on the basis of actual milk

transfer from tﬁe dam to the fawn. Only suckling attempts which

-
4

‘exhibited certain behavioral characteristics, as described and.

referred to prev?:ﬁai? in the methods section, were'recorded as

being successful. Simi?&rly, since milk flow from the dam to the

* ‘\ N -

fawn was not measured’ﬂuring the continuous 24 h behavioral

observations from which DSA,values were derived, the values for
DSA presented here are only representative of the time fawns — .
spent with their mouths on their dam’s teats. Manual timing of ‘.

‘DSA using'stopruatches may have reeulted in over-estimates of -

= . _ L
>,

time spent on the teats if the reaction and manipulation times‘

of the observers were slow. Sincerdata were collected from ' e

— e . T : . - H

_captive, rather than from freerrangipaldee;;l;hgiciggg;p:gaimiLg;allla
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,of dams and fawna may have incresaedefawn accessibilitye;sAtheiruwumm

s Y o

@ ¢

milk supply.\In the wild, lactating does return periodic lly

- e e .

throughout the day to nurse their young and the favns r%spond to

PN

&

the approaching movements of their dams by attempting to suckle
(Linsdale and To h, 1953- White et _g.,-197,2; Faatz, 1976). “A,s.\

noted 1in the,preseht*study, the movements ‘of Eauﬁ within: the -

holding pensfresulted inlthe i tiation of a cohsjderab 'lnumbergp‘

<

7 ‘of suckling bouts possibly mediated by the close oximity of

mother and young. Under such conditions, dams would not be free

to avoid continuous suckling attempts by their favns. Also,,it !

*isnot(knownwhateffect.the pr;;eh;eiof either nUcturn$1 ; “%/(
,1ighting or,jute sacking on the pen walls (1977 on;;;\had upon 7
the suckling and aursing activities of the fawns and dams:‘;L %f”*l“
respectiyely.‘for'these reasons, 1T suggest that,my'ﬂata: f_xip' v oﬂ
‘ o ' I T

repra:ent over-estimates,of the suckling~activitiea o?xha se T
™ o : SN S

free-ranging black tailed dégr fawns. RO oo -

T - v

The higher frequency of- behavioral events that were‘ L e

recorded in 1977 than in l976 may have been: caused by 7(»

i . \
- W

presence of more observers iu 1977. The few- observers in 1976,

may F{::%been less efficient in regbrding observgtions‘due_to 5'w
"—;observer fatigue than the many observers in l977f*ﬁowe§er,rn§

l

differences‘between _years were found in the freouehcb or’ ’!ﬂ

duration of behaviors when fawns were 1ess than 20 days old a“”
. . . ¥ o - . t

{period/when suckling activity is,maximal.'The_close proximity;o};;




events were missed in eithef year. All observers were thoroughly
. , , , , . o , o
trained in both years. Pre-training of observers tends to reduce

over-estimatesréadsed by Qﬁserver bias and tends to maiwtain a
low, yet constant, bf;s err&r*attributed to each observer
(Norton-Griffiths, 1978). TIn thevpresent study it was assumed
that trainéd observers maintained a consistently low bias error
but this was not tested as it was considered unlikely. As a

result, the data was not# corrected to account for observer bias

-

prior to, data analysis.

Increased suckling activity due to disturbances has been

reported iprothér cervids (ESphark,_197i; Lent, 1974 Faati,
1976). Sudden disturbances caused by observers occured

infrequently in thgs study and did'cause some fawns to iﬁitiate
e

- ]

or terminate suckling attempts. Because fawns were éccustomed to
being Fandled and to .the ﬁrgsence of~humans iﬁ is doubtful that
infrgquent distﬁrbaﬁces'by'observeré'can'accognt'for either the
wide rénges of ihdividual var&ation or the annual differedceé
Eound in suckling behaYioré. |

o

Certain methods used in the data analyses may also

P [
4 H

misrepresent the actual changés in suckling behavior which
occurred as fawns grew older. Espmark (1969; 1971) averaged

comparable suckling beha}iorszover 10 day age intervalsnfor both

roe deer (Capreolus capreoclus)and caribou (Rangifer tarandus). T-

- did this in the preseant study for demparative purposes. There - ——- - -

were some‘difficulties in comparing data when behavioral

¥
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measurements were averaged over 10-day intervals. The age
'intefval averages do not truelyArepresept average behaviors over
the 10-day period since fawns were neilther observed for the full
10 days norvwere fawn ageslequally distributed thrqughout the
age interval. Since fawn-sﬁgkling behaviors &ecline
’siggificantly with age (Tables 4 through é), obsefva;ions on
_fawns whose ages fell within the later part of the age interyal
would tend té under-estimate suckling 5ehavior compared to fawns
" whose ages were at the lower end bf the interval espécially when
the age intérval is quite wide.

For these reasons tﬁe behavioral dafa‘wér& regressed upon
known fawn ageé snd equations derived from these regressions
were used for between ye;r and within year comparis;ns of
.suckling behaviors. These regression equétions also serve to
predict a measure of each type of fawn.?uckling behavior (Y) at
ény-age (X) when the equations éreiback tfansforméd. Howevér;
this technique, as used in this study, also has its limitations.
The betweén year>comparisons may ﬁave been misrepresented since
the data in 1977 were collected over a longer period (121 dafs)
compared to 1976 (81 days). T?;é,may_hﬁve been the c;use of

-~ \

significantly different regression equftion slope values IiIn each

2

year. This discrepancy could possibly have been overcome in the

analyses by dropping data. for 1977 fawns after 90 days. Fp} each

suckling behavior presented -in Tébles 4 through 8, the

regression equation slopes measure the rate of decline and the
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§;intercept values estimate behavior on the date of birth. The
latter is not a mganingful egstimate of behavior on the birth
date since observations did .not take place until fawns were at
least 3 days old, but is necessary, however, for comparisons of

regression equations.

Comparative Behavioral Observations over 24 hours

-

\

/

Thé declines 1in suckling behaviors with increasing age of
black-tailed deer fawns resemble ;hose described in mule deer
(Linsdale and Tomich, 1953), white~tailed deer (Faatz, 1976) and
those of other ungulate species (Tyler, 1972; Horejsi, 19723
Shackleton, 1973; Lent, 1974 Stfingham, 1974 Kglly and Drew,
f9%6; Yahner, 1978; Berger, 1979; Podbielancik-Norman et al.,
unpublished manuscript, 1980). Howev;r, in most of the above
papers comparable data was ﬁoé collected over 24 h periods and
usually only 1 or 2 young cervids were observed. Quantification
of behavioral frequencies and duratfo;s of suckling during 24‘h
periods .ensures that the data ié a precise measure of daily

activity free of the variation which ma§ exist between nocturnal

-

and diurnal suckling activity patterns. For instance,

considerable variation in the numbers of suckling attempts of

-
E
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‘6-veek-old’domestic sheep (0. aries) have been reported by
various researchers using various 1eng;hvperiods of observation:
Sojetado (1952) observed 20/24 ﬁ; Munro (1955) foﬁnd 12/16h; and
Ewbank (1964) reported 6/12 h. Precise data is also necessary to
&

formulate mathematical equations wﬂich both describe and predict
the behaviors of the average fawn as it-grows older (see
Podbielanc{k—Norman et gl;, unpublished Mmanuscrip 1980, and,
Tables 4 through 8, this study) or wﬁep comparing a ily
behavioral chanées to daily changes in wmilk consumption and
growth as in the present study.

The 24 h frequencies and durations of various suckling
behaviors of fhe 17 black-tailed deer fawns in this study are
compared with those from 2 roe deer fawns (Espma;k; 1969), 3

white-tailed deer fawns (Faatz, 1976) and 7 elk (Ceryus

canadensis) calves (Podbielancik-Norman et al., unpublished

manuscript, 1980) in Table 14. Such a compariéon has many

shortcomings. Each of theseistudies were undertaken on captive
animals whicﬁ may have resulted in greater suckfing fredquencies
and durations than in the wild due to the close praxi ity of the
vyoung to their dams. This dis suggested with respect to roe deer
(Espmark, 1969), elf (Podb1élancik-ﬂorman, et al., unpublished

manuscript, 1980) and bl k—failed deer in my study. There is

also considerable variation in the types of behavior reported by

these researchers. In the present study I recorded all of the

suckling attempts made by ns, both successful and
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Table 1k.

HA

black-tailed deer2
3

roe deer

NSAh

- blacktailéﬁ deer2

3
roe_deer

elk5

DSA6

) black;tailed deer2
3

roe deer

elk7

HSB8

black tailed deer-

a3
roe ceer

U S 5 —

white-talled deer

1  d

Comparisons of the mean frequencies and durations of suckling behaviors/young/2kh expibited by
blackstailed deer, white~tailed deer, roe deer and elk young with increasing age from birth.

. . Age of young, in days

0-9 10 - 19 20 - 29 30 - 39 Lo - 59 60 - 89 90+
©35,55(6,9) 32,55(15,15) 20,33(23,25) 13,59(3b,37) 6,32(52,49) 5,12(79,82) - -
33 18 9.8 < 8.k 4,2
. hy
23-h1 21-33 11-21 ‘8-18 6-17 L-6 =
9.23(0-7) ' 5.21(8~77) '
35.55-36.97 31.14-32.82 14.05-20.60 8.85-10.78 4.09-11.37
68 17.4 11.9 6.3 1.2
»20.75(5)  13.43(15) 10.03(25) 7.79(35) 5.52(50)
8-9 10-9 -9 6-17 5-10 ks 1.33(120)
6 6 T 7 3
.6 ﬁ \ T T

Lyumber of suckling attempts/young/2L4 h.

2 . - [
Means from both years of the present study, with average fawn ages in brackets and 1976 values first and -

1977 values second.

A

3Means calculated from Espmark(1969), his Figures L, 5 and 6:

hNumber of successful suckling attempts/young/24 h.

5Meaus given by Podbielancik-Norman et al. (unpublished manuseript, 1980}, with ages in B}ackets.

6Duration of successful suckling attempts/young/2L h, in min.

7

for the ages in brackets. . N

Means calculated from Podbielancik-Norman e

al. (unpublished manuscript, 1980), using the equation in their Figure 2




unsuccéssful, aﬁd used'&arious behavioral criteria for
determining suckling.success. Espmark (1969) defined a
suécessful attempt as being aﬁy attempt in which‘thevfawn was
allowed to suckle for any duration whereas‘qubielapcik-Normaé

: 1
et al. (unpublished manuscript, 1980) identified a successful

attempt whenever the calf‘wa; in contact with the teat.fof'
greater thén a 10 scduration- Faatz (1976) p{ovided no criteria
upon which these distinctions were madé. Similaély, different
systems have been used toailoéate suckling attempts into
suckling bouts. Faatz (1976) could not éifferentiate suckling
attempts into bouts in white-tailed deer due to thg high

frequency of suckling attempts which occurred when fawns were

l. (unpublished-

———

~under 30 day;.old. Podbielancik~Norman et
manuscript, 1986)-defined each suécessful suckling as a suckling
bout while Espmark (1969) describes suckling activity relative
uto periods;of maternal care whiéh ;ncluded éﬁcéessful sucklipg-
In the present studyfI was able to classify a series of
1ndividual suckling attempts into a suckiiﬁg bout on the
criterion that bouts were séparétéd by é 0.5 h period duri;g
“which no suckling attempts océurred (Fiéurerl). It,was'possiblé
t; classify each bout as being either ‘successful or unsuccessful
on the basis of fhe success of suckling attempts within a bout.
My 1ntéfpretation of Espmark’s (1969) care periods is that they
are analogous .to NSB in t{e present sfudy, while comparative NA,
NSA and DSA were calculated from his data by:multipiying the

¢ A
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behavioral frequencies and durations pef caré'perioq by the
number of care periods /24 h. In the comparable reports the
above authors‘only considered suckling bouts which were

57- . . -

successful whereas black-tailed deer were seen to involve

themselves in some suckling bouts which were not behaviorally .

successful.

Comparative Aspects of.Suckling Frequency

Black—taiiedrdéer fawns appear to attemﬁt suckling ﬁofe'
frquenFly/Zé h at each age and, decline in thei:.NA more slowly
than do roe deer fawns (Table 14). In both species suckling
attempt,frequenciés were highesflwhen fawns were youngest buta
the frequency of ;ttempts at later ages did not fall
‘consistently below 25 perceﬁt of these earlier values until
black-tailed deer fawns wéfe ovér_60 days of age¢compared to
over 40 days of age for roé deerbfawns._Thesevdifferpnces may be
é;e-to thiydiffefent holding conditions of the 2 stu&ies as roe

deer fawns were held in larger coﬁpounds with an abundance of

natural vegetation (Espmark, 1969) compared to much smaller pens

and pelleted rations in the present stﬁdy. Roe deer fawns begin

grazing after the first week (ESpmark, 1969) compared to

~. .

‘biack—tailed deer fawns which begin nibbling on solid food

. . L]
during the first weeék (personal observations) but do not begin
to consume appfeciable amounts until after 25 days (Sadleir,

&
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1980b). Unless solid f9od intake 1s measured it is impossible to
determine when it begins (Sadleir, personal communication;
1981). |
The closer proximity of fawns ;o’their dams.in.theipfeseng
’ ¢

study may also account for greater suckling attempt .frequencies

when compared to roe deer as either the dam'srmovementsfand bodj

outline (Stringham, 1974), the sight and sounds of other young

suckling (Townsend and Bailey, 1975; Langenau and Lerg, 1976
Kelly and Drew,‘1976)’dr disturbances (Barnicoat et al., 1949;
Espmark, 1971) may prowide sensory cues which induce fawns to

suckle’ to satisfy either nutritional or non-nutritional

emotionél needs (Adler ££ﬂél" 1958). e - 27

Higher suckling frequencies may also be related to a lack

of licking behavior exhibited by dams towards their fawns.
Lickingd of the young serves as an important olfactory‘cue‘in

bond fdrmation between ungulate mothers and young (Collias,
ey,

1956; Fraser, 1976) and in the maternal 1dentificatibn of young
deer (Faatz, 1976). Tt has been reported that a lack of maternal
licking and grooming of white-tai%é? deer fawns results in a

lack of¥nursing behavior.by dams and results in fawn death

during the first 72 h post partum (Langenau and Lerg, 1976).

Faatz (1976) reports that up fo 50 days of age, longer suckling
durations occur ﬁhen_dams are licking‘their fawns than if they

are not. In the present étﬁdy dams licked their fawns very

infrequently to initiate suckling bouts, especiélly in 1977

& . @
]

ks
L

o » X ) .
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'(Téble 9). In this year, fawns initiatéd suckling béuté mofe”
frequently than their déms and moré frequently than fawns in
1976 who receiyed more maternal licking. The 1977 fawns
iﬁitfated more suckling attempts (Table 10) but did not suckle
forilonger‘durations (Figure 59 on averagﬁwghan 1976 gawns.
Whether a causal relationship exists between the lack of e
maternal licking and an increase in the-frequencies and
durati&ns of Su;kling activities initiated by féwﬁs through some
need for maternal care of this sort.-is uncertain. Sﬁch a
relvtionship-ﬁay be overshadowed by an increase in suckling
behaviors due to the close proximify of ﬁofgfr and yéung under

penned conditions.

=,
" 7 , A
Aspects of Suckling Duration

Although fe; differencesgwere foﬁnd in the declines 1n DSA
with age‘betweenAYears kFigure 5) consfderaﬁle variat1§ns in DSA
were foundpat various ages when coépared with §ther species
(Table 14). Mean‘suckliqg durations 1in black-tailed deer fawﬁs
did not deciine appreciably until Zd days‘and a gradual decline
continuedlthereafte; throughout laétatidn. The reduction 1n-

'suckling.durations at 20 days preceded the increased solid fodd
intake noted by Sadleir (1980b) as starting at 25 days.
Reductions of DSA_after 20°days appears ;é be compensated for by
increases 1in suckling efficienc?l(figure 12) and increased

3}
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forage intake (Sadleir, 1980b). Cdmparisons of DSA of faﬁné iﬂw
the presenf study wifh tﬁosg'offroe deer and elk (Table 14)‘9how
that the fegﬁction in DSA occurred iO days later than in these
species.; During the firét 10 days of age‘black-tailed deer,v‘
exhibited a DSA of nearly dne-ﬁalf that Qf’roe deer fawns .’

(Espmark, 1969) but nearly twice that of elk calves

A

(Podbielancik-Norman et 1., unpublished manuscript, 1980).

These considerable intérspecific variations are possibly due to
either differences in dam milk yields, suckLing efﬁiciencies df

the young, or -fawn suckling success resulting from greater or

lesser, tolerances of dams to allow sdck&ing attempts.

Aspects of Sucklingr:};pess

Black-tailed deer fawns are not always successful in their
: ' ‘ —=

g:?klinglattempts (Table 15) as, at all ages some attémpts afe
diséouraged by phe-dam (Tabie 10). The proporfionro% successful
sucklings déclined in 1976 until fawns were between 20 and 40
‘days old and then began to increase. The increase did not occur
in 1977. This general pattern of suckling success has bee; seen
in‘both roe deer (Espmark, 1969) and elk (Podbielanc%k-Norman et

-al., unpublished manﬁscript, 1980) although the ages at which

ES

the lowest percentage of success is attained are somewhat
. N < ' l A : - -
different. Tncreased success in suckling after this age appears
R ) &
to be due to reductions in the number of attempts made upon the
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Table 15. Comparisons of the numbers of successful suckling attempts as a propertion of afl suckling attempts
by age interval for black-tziled deer fawns, roe deer fawns and elk calves.

7Aée of yohng in daysr

0 -9 10 - 19 20 - 29 . .30 -~ 39 Lo - 59 60 - 89 90+
R . 1
black-tailed deer
1976 62 66 56 60 86 87
1977 73 60 60 54 . k9 16
roe deers 100 50 Tt 83 L2
S

elid 70(5) 55(15) 45(25) 40(35) 45(50) 70(75)

; .
“Fawns from the present study.

2From Espmark (1969), calculated from his Figures 4, 5 and 6.

3From Podblelancik-Norman et al. (unpublished manuscript, 1980), interpolated from the curve in their Figure 4
for the calf ages in brackets. '
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dam relative to the number of attempts 9110wed by the dam.

Similarly, NSB also declines in response to the reductions in

both NSA and NB.-It "has been suggested that dams may allow some
suckling attempts to be successfuluko maintain a continued bond
with their fawns (Robbins and Moen, 1975; Faatz, 1976; Sadleir,

"1980b).

Milk Consumption and Suckling Behavior : —

In contrast with the declMpes in suckling behaviors with
age, the absolute 24 h milk consumption in the 1977 fawns did
not charnrge significantly during the first 58 days of age and
significan# declines were not noticeable until 85 days .
(Figure 12). These finding are in agreemenf with those of

Sadleir (1980b) for fawns of this species where a larger fawn

sample was used. Although he found peak daily milk intakes of an

average fawn to occur hetween ! and 5 weeks, ?ﬁgnificant
declines in the mean milk consu%ption did not occur until 65
days of age. In eontrast, milk cSnsumution of bottle~fed
white-tailed deer fawns increased initially an‘then decreaseu
as fawn weight increased (Robbins and Moen, 1975). A simitar
\\gjttern of increased milk consuuption over the fi;st several

weéeks was found in both elk calves (debielancik—Norman et al.,

unpublished manuscript, 1980) and red deer (Cervus elaphus) =

calves (Arman et al., 1974) before declines in consumption were

v
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noted.

As nd signifigant cqrrelations were fduna béfﬁeéﬁwgﬁéélufe
milk";onsumption/24rﬁ and ébsolufe“éuékiiﬁéﬁag;;;{6;7?zf;mggézuni
19i7 fawns (Figure 11) it appears that suckling dufagidn is not
an. appropriate meaéure of_milk consumption in biéckrtquJd déer
fawns. Geist (1971) Suggested thét 3uckling'dur3;ion'in both
bighorn sheep and Stone sheep lambs in the wild could be ﬁsed as
an index of milk production by Fheir ewes, a;d thét estimates éf
population quality could be obtained based upon this assumption.
This method was used subsequently by Horejsi (1972), Shackleton
(1973) and Bergér.(l979) to assess qualitative differences i
between wild bignorn sheep populations. My data suggests that
measures of suckling duration cannot be used to indicate milk
consumption in black-tailed dee; fawns since DSA declines,with
age during the first 2 mopths and milk coﬁéumption doés not.

Fawns épparéntly compensate for lower DSA as they grow older by -
_increasiﬁg their efficiency of milk iﬁtaké while suckling

(Figure 12). Increased suckling efficienc& may be due to either -
increased strength of the tongue or increésedAnegative pressures

.
which develop within the buccal cavity as téz fawn grows older ‘jﬂ

(Cowie and Tindal, 1971). Tt has been suggested that increased
suckling efficiency in elk calves may aiso be due to the
increased ability of the cow to let-down milk .

" (Podbielantik-Norman et al., unpublished mé*n*tré*crfpt;"i’f%&f*ﬂ:rutfiif

little is knéwn of this mechanism in either wild or domestic
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mammals iG}osvenor and Mena, 1974).

~

'It'ié doubtful too th@t either NA, NSA, NB or NSB would

~ ~ gerve as an index of milk consumption since these behaviors. also
decline with increasing age even though NB and NSB exhibit the
4most gradual temporal declines- Additidnally, during any one
suc{ling bout within a 24 h period both milk consumption and
093uckling duration varies considerably between fawns as each n
consumes milk at"different rates (Table 13). The variability ipam

the rates of milk intake probably reflects either the differing

degrees of fawn hunger and satiation, the variability in dam

.

milk production over short time intervals, the variation in milk

>i"supp1y within each quarter of the udder, the requnsivenes of,

8 ‘the dam to let-down milk or possibly, a combination of all of

tnese factors.:
For these reasons, fawn suckling behaviors should not be
Vused as indicatqrquf milk consumption unless measures of
absolute suckling behaviore are collected 1in conjunction with\
absolute quantities:of nilk consumed{ For instance, during the’
fir;t 25 daysfof‘age, 1977 fawns showed sigﬁificantfpositive‘
correlations when average daily nilk consumption was calculated"
from Table 15 using the ages 1in brackets in Table ll and
regressed upon the average daily suckling behaviors NA, NSAdand

DSA presented'iﬁ Taple 11. The relationships between these .

variables are eomewhat'mis1eadingJ;hgyexer4hasihgjhwthe, .

"

behavioral and milk consumption values were not only obtained at |
1 ¢
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aifferent fawn ages but algoiwere esfima;ed by integrati@ns'and
intgrpolatibﬁs to differeﬁt ageé.”Thegg7g§t1p§;gsrwe;gﬂfpyther
derived from few data points per,f;wn a&d }t was asspmed that
milk consumption and behaviors did not\vafy from birth to the

ages ;t,the first data points.

Q

P )
Aspects of VWeaning -

- '
Gradual and'reciprocal changés in the behavior, anatomy a;;f;\\

~physiology of both mother and offspring are.involved in the )
T . /—Z

weaning process (Lent, 1§74). Shoﬁld ?&ther the frequency of

i
.

suc}iing and/q;ithe quangity of milk removed from the hammary
gland be ;ed;ced,;@i;k secretion from wifhin'the élandﬁlar
tissue begins to slow and éventﬁally ceases al;ogether (Schmidt,
1971; Grosvenor an& Mena, 1974). Although the hormonal
mechanisms underlying fhis natural decline in hilkiéécrétidh ar;
poorly understﬁod, a reduction 1in milk‘secretidn appears to
coinciée,with a reduction in the nutritional dependeﬁcy of the
young on:its\maternalfmilk supply. The gradual transition from

milk to solid foods is called weaning (Grosvenor and Mena,

1974) .

Behavioral changes in suckling activity which lead to

weaning commoniy follow arsimilar paftern in many,cervidtspecies
(Linsdale and Tomich, 1953; Altmann, 1963; Espmark, 1969, 1971;

Stringham, 1974; Lent, 1974; Faatz, 1976;'Podbiélancik-Norman'gg



———

=

al., ugp3rlished manuscript, 1980). Suckling activity in’ these

species declines with increasing ége of the young and there are

- -

changes in the behavioural patterns of mother-young interactions
as well. During the first 2 weeks posf partum the dam initiates
most suckling bouts in which the young terminates the majority

of all suckling attempts. From 2 weeks to 1 month, suckling
: ¢

'ﬁouts aﬁd'suckliﬁg attempts may be initiated and terminated by
either the dam or the young. During this périoq the young may
initiate suckling attg?btsjén dams other tﬁanltheir own. .
Usually, after 1 montﬁ of age, suckling béuts are initiated by
the young aﬁd sitckling attempts aré terminated by the dam.

In the present study black-tailed deer did not exhibit this

genefalized paqterﬁ og cervid suckling behavior (Tables 9 and =

10). Consistently.greater numbers of suckling bouts were

A\l

initiated by fawns than dams and more suckling attempts were

terminated by dams. than fawns at all ages in 1977. In 1976, dams

did not initiate sigﬁifiéantly greater numbers of bouts than
. . B . P ) h a2

fawns when their fawns were under 20 days of age but dams
: Kl

’

terminated greater numbers of suckling attempts than fawnstafter
this'age.jf%ese deviations froﬁ the general patfern of suckling
behavior associated Qith weaning in cervids are possibly due to
the captive situation as fawns had céntinual access to their

~

"dams. Quite possibly, behavioral conflicts may have occured

between mother and offspring over the available milk supply as

proposed by Trivers (1974).
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If weaning in cervids is initiated when dams begin'ﬁd
terminatevsucklingrattempts,_as suggesfed by Lent (1974), then
black-tailed deer fawns in this study'weré being behaviorally

wégged when less than 10 days old; Sinbe at this age ng

v

appreciable quantities of solid food are consumed (Sadleir,
1980b),‘the-concept‘of wéaning as presented by-Lent (1974)
obviously cannot be applied to‘black—tailed deer. Pain inflicted

upon dams when fawns either bunt the udder or bite -the teats may

be an impd;tant determinant which triggers dam termination of
'sucklingﬂaftempts espécially 1if the suckling frequency is high
_when 'in captivity.

T.did not observe fawn

3

s suckling dams other:- than their own

as individual families were isotated fromVEach other.

-+

Cross=-suckling of dams has been reported in elk

(Podbielancik-Norman et al., unpublished manuscript, 1980),
reiddeer ?Espmark, 1971) and white<tailed deérﬁ(Faati,“1976).
However, during casual observations of‘deervkept dn‘a larger
paddock,(i noted Qne fawn sugcessfully éuékling é:dgm while both

her own twins were suckling and, in another instance one fawn

L4

attempted to suckle an adult buck. Both fawns involved were of

unknown age and hence this behavior relative to the weaning

sequence is not known. Tn another study on suckling behaviour.

-

(Drinnan and Sadleir, 1981), T observed a young cetacean calf °

cross-suckling a sub-adult female on numerous occasions at -ages

under 4 months.
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Between the ages of 80 and 120 days, fawn suckling activiby
was observed infreguently suggesting that py these ages weaning
was still in progress but was nearing completion; Behavioral
weaning is apg;{éntly éompleted bewteen 3 and 5 months of age in
black-tailed deer (Cowan, 1956) and either between 60 and 75" 
days (Dixon, 1934) or ﬁy S’ménths (Linsdale and Tomich, 1953;

' ﬁinarsen, 1956) in mule deer. White-tailed deer dams begin {;
wean théirafawns at?3vmonths of age (Faatz, 1976) and weéning is
usually completedabetween 5 and 6 months (Severinghaus and

. Cheatum, 1956). }

The lengtﬁ of the iactation period in Odocoileus is

<«

variable. Ceasation of milk y%oduction in ﬁenned&black—t;iled
deer may‘occﬁréas eariy as 84 days (Sadléir; 1980a) or éftend to
283 days (Mueller and Sadleir, 1572). Muie deer dams in thé wild
have been observed to‘hurse‘thgir fawns at 9 moqths and their
yeérl%ngs and fawns Qf the year simult#neously (Hanson,jl958).
Although suckling behavior-~was not observed; free ranging
white-tailed deer dams‘freéuénfly’ﬁave milk in their udders well
after the breeding season (Secanlon et-al, 1976) and ‘as late as
March'ofeth; followipﬁ year»(Scanloﬁ'ahd‘Urbston, 1978).

In my study, md1k~consﬁmpﬂion 5& 1977 fawns did not
"significantly decline with age u;til fawn;;yere between 58~;nd
85 dayé 0ld. This result suggests that alt%ough béhavioral
weéning hégins ;uring the first we;k of age when dams begin

terminéting suckling attempts (Len®

A\

1974),; nutritional weaning,

~

\N> 89 ‘ B

P



4

as determined by reductions in milk consumptibn, does not begin

until after the second month. ByVQO days of age, the proportion

of milk in the di}ts of black-tailed deer fawns is 50 percent

«

and declines ;he after as fawns increaée in age (Sadleir,
19;30b). By 120 f;s fawn milk consumﬁtion was less than lOOﬁ/le
h. Maintenance of milk production and suckiing behaviors at
reduced levels in ,1ate lactation may thus be important in
maintaining the mother-young bond (Robbins and Moen, 1975;

Faatz, 1976; Sadleir, 1980b) rather than providing the fawn with

A

an important source of protein prior to winter (Smitﬁ et al,

—

1975). Tt has been suggested by Sadleir. (1980b) that behavioral
weaning in black-tailed deer fawnsroccurs lgter than is
metabolically necessary to sustain growth since the growth of

early weaned fawns does not differ from those of late weaned

g
<

. Tt o
fawns. Late weaned fawns may. receive the benefits of a prolonged
~ P4 .

social association with their dams at no physiologiqal cost to

the dam since milk yields 6f dams and milk consumption by fawns

are considerably reduced after 90 days post partum (Sadleir,

1980b) .

o
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Intergroup Comparisons of Suckling Behavior %

'
4

Between Years T L

Significant ‘differences in suck¥ipg pehaviors NA, NSA, DSA,

e fouHd between 1976 and
PR

1977 fawns when linear regression>equationé for both the

4
"

NB, and -NSB with increasing fawn age we¥

all-fawn and ail—tvin fawn’groups were cdmpared (Tables 4
through 8)-'Différenceé between fhe equations for_each year were
noted when either the slopg or'interﬁept values or both were
found fo be significantly different. The regression equation
slopes for suEkling behaviors NSA, DSA and NSﬁ were notrfound to
be significantly different between years. The similarity of
these slape values suggests that for ;ach behavior, the rate of
decline with 1?creasing fawn age wasrsimilar between-years. The
1977'fawns tended to exhibit higher frequencies for each of
these behaviors as demonstrated by the higher intercept values
of the‘regression equations. The regression slopes for suckling
behaviors NA and NB were significéntiy steeper. in 1976 than in

r

1977 suggesting that the frequency of these behaviors declined

8 .

more gradually in 1977 than in 1976. These between yéar

differences in slope values for NA and NB may be artifacts of

the analysis since data for 1977 fawns were collected over a
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loéger period (121 days)‘aé compared to 1976 fawns (81 daysi; it
rémains;to be seen if these betwéen year ﬁifferéncesnwvuld have
been present {if déta:féf 1977 fawns after 90 Aays of age was
excluded from the regression analyses of these behaviors. In

other studies of the 24 h suckling behaviors of roe deer

{(Espmark, 1969) and elk (Podbielancik-Norman et al., unpublished

manuscript, 1980), where comparable data were collected over

many years, no attempts were made ongqﬁestigate between year

differences in suckling behaviors.

Since bgtwéen vear differences in the suckling behaviors
NA, NSA, DSA, NB and NSB were found to exist, similar
interpretatiohs of the linear regression equations within each
year will next be made for‘comparative similarifies and '

differences in these behaviors for twin and single fawns, fawns

of primiparous and pluriparous dams, male and female fawns énd,

fawns born in different birth-weight classes. Where

statistically significant differences were found between linear
regression equations of each of these groupings of fawns in each
year, the sample size was always consistently small for one of
the fawn groups being compared (Tables 4 through 8). Tt is
therefore AUestionéble whether or not the behavioral differences
in guckling ﬁetween these:faﬁn gfoups within eachAyear are

biologically significant.



-Twin and Single Fawns

In white—téiled deer, twin fawns suckle for longer
durations/24 h than single fawns durihg the first 72 h post
partum (Langenau and Leré, 1976) and single fawns suckle more
frequently/24 h than twin fawns during the first week (Faatz,
1976). Unfortunately, these authors proviée‘no statistical |
evidence which support thése claims. In domestic széep; twin.
lambs suckle m;re frequenfiy'Jhring,daylight houtﬁ&tﬂan single
lambs (Munro, 1955; Ewbgﬁk, 1967)Y. Since nocturmnal suckling
frequencies were not reported by these authors any real
{i;ferences in the 24 ﬁ suckling behaviérs of twin and single
lambs remains obscured. In the present study on black-t?iled
deer, intergroup comparisons of RA in 1976 showed that 6 twins
did not suckle any more frequently immediately after birth than
2 singles because the intercept values were not significantly
different. However, in this year, twin fawns deéiiped in NA
significant1§ faster than single fawns as demonstratea by the
steeper regression slope for twin fawms. Differences in NA
betwgen twin and single fawns in 1977 were not apparent although
only one fawn was in the single fa;n sample. Single and twin
fawns in 1976 did not differ in either their NSA, DSA, NB or NSB~

regression equations. On the other hand, although 1977 twin and

single fawns exhibited no differences in NB, twin fawns in this
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?ééi*consistently exhibited greater NSA, DSA and NSB at the

'iﬂtercept than singles although the rate of declines, as

“measured by the regression slope values of these behaviors, were

similar. The variability between twin and single fawn suckling
behaviors in 1977 is almost certainiy related to the small
sample from 1 single fawn. This fawn was observed on oﬁly 4
occassions each after 22 days’pbst partum when behavioral

1y

frequencies had already aéclined:belqw the maximums recorded in

’§ounger aged fawns. Even if differences in the frequencies and

durations of suckling behaviors do exist between twin and siﬁgie
fawns, the malk yield of dams witﬁ twins is twice that of dams
with single fawns (Sadleir, 1980a). This suggests that milk
consumption by twins and single fawns are equal since Sadleir’s

(1980a) milk yields were determined by fawn consumption.

Past Reproductive Experience of Dams

Cowan (1974) suggested that tﬁe maternal bond between
mother and yohng is more effectivelyy established by dams
experiencedjat raising young (plurip®wrous) compared to
inexperienced‘dams {primiparous). However, Espmark (1969)

reported that in roe deer, primiparous dams initiated care

towards their fawns significantly more frequently than
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pluriparous dams. In horses, Tylef7(1972)lfouhd no differéncés'
lin suckling bou£ length bétween foals of dams 0% different
parity. Langenau and Lerg (1976) observed that~§he tiﬁe fro?
birth to first nursing, or the time to form a bond Between the
neonate and the dam, as described by Fraser (1976), was not
significantly different be;ween white4taileﬁ deer fawns born to
dams of differing parity. In the present st;dy, the parity of
the dam had no significant effect on fawn suckling behaviors in
A1977. However, fawns of primiparous dams in 1976 reduced their
frequency of suckli;g.activit} faster than fawns of pluriparous
dams as described by the significantly steeper regression
equation slépes for all éuckling behaviors redérded.‘In each
year, however, only one dam was primiparoﬁé and although this
trend was exhibited in one year it was not repeated in the next.
The sample sizes were insufficient to adequ%tely determine
distinct differences>bétween fawnd raised by dams of differing

-

reproductive experiences.

Male and Female Fawns
Trivers (1974) has suggestéd that female mammals may invest

parental care differentially between offspring of each sex to

2 further promote the dams own fitness. During periods of
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nutritional stress when females ;ré infdéclinihg’ﬁhyéiolﬁgiéal o
Eondition, it has been suggested by Trf&ers~and~th}ard~6I97})*W'
that females should p;oduce a lower ratio of males to;fema1esa
Female black—tailgd deer on‘a high plane of nutrition in priﬁe
bhysiologic;1 coﬁ@ition appear td\séié;t forlmales in utero as
ﬁaie birth weigﬁts are higher than females (Mueller and gadleir,
1980). Behavibral differences between fawns of eithe;:sex may>be
imporfant'deferminaqts of faﬁn mortality. Jackson et al. (1972)
obsérved that male white-tailed deer fawﬁs are more active and
exhibit longer durations of activity compared to female fawn;
‘during aaylight hours/nn their first 40 days.AThese workers
suggestéﬁxiijt this increased male activity, wh;ch consisted
bprimarily‘of suckling activity, may attract preéators and
account for. thte higher male fawn»mortality within therspecies.
Older male black-tailed deer fawns shbw‘ﬁigher mortality than
females which may be attributed to theif gréater activity
levels, cﬁribsity and independence compared to females (Taber
and Dasmann, 1954). Tt has been suggested that dams of both
white-tailed deer (Robbins and Hoeﬁ, 1975; Faatz, 1976§ and
black-tailed deer (éadleir, 1980b) allow their young to suckle
late in lactation primarily to maintain a close bond of
association. Tn the wild, female black-tailed deer fawns appear

during the first year of life (Dasmann and Taber, 1956). .
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Comparison of linear regression e tions for male and

female fawns révealé&; with one exception, that no differences
in suckling behéviors NA,‘NSA, DSA, NB and NSB occurred between
the sexes-'Herver, in 1977, 3 female fawns exhibited
significantly greater intercept-values for NA than ﬁ;les but the
raées of deéliqe‘in this behavior,were.similar. Such
difﬁerential suckling behavior is most likely due to the
activity of 2 female(fawns;.FED and FEE, and the passive nature;
Jfg%?their dam. Tﬁe dam spent considerable time in a recumbent
ﬁg;1f¥5£fﬁﬂg her fawns made repeated éttempts to suckle Whilé'
she was lying down. Unlike other~dams-in this study she did not
often stand to discourége her fawns from sulkl in this
position and consequently, up to 52 days of a her fawns
exhibited coﬁsistently higher ﬁA ;han any éther fawns. Tﬁe ease

..

of access to the dam’s udder aﬁd the passivevresponse,of,the,dawﬁu
to such frequent suckling attémpts may be more responsible for

the sexual differences‘in RA than the’genderfof the féwns. Even

if NRA is greatef in eithér sex, Mueller and Sadleir (1980) found
no differencea in the growth rates of suckling black-tailed deer
fawns when the sexes were cd%pared._In éontrast, Fletcher (1971)

noted that in domestic sheep the sex of the lamb did not effect

the suckling frequency although males grew faster than females.
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Fawn Birth Weight - %é}’

-

_.The birth<weight of the youyng may have an effect on
suckling behavior, milk consumptioﬁ égd growth. Ewbank (1957)
reportéd thét in ddmestic Bheép, chkling frequencies of twi%
lambs were g;eater dqring the first 6 weeks in a group of low
birth;ﬁeight lambs compafed to a high birth—weight groubuénd

suggested that suckling frequency may increase due to lower

ngght'gains, lower milk yields and greatex hunger in the low
bith;weight group. Howéver, within limits, the fréquency ofr
lamb access to theit ewes effects neither milk consumption
(Munfo’and Inkson, 1957) nor growth rates (Louca, 19?2). T found
no differehces‘between the -regression equations of éuckling
behaviors on age for fawns in the/:;ree birth-weight classes
(Tables 4 through 3)”ﬁifh'tﬁé'ékcébtibhmofNN§B ékﬁiBitediBiwl§76
fawné. This difference is due,tb the 1 fawn in the over 3.00 kg
weight class which exhibited NSB'behgvibr which did not
correlate significantly with increasing age.

Grouﬁing fawns int§ birth-weight classes in this fiéhioﬁ
may misfebfesént the effects which biffh‘weight has upon fawn

suckling behavior. The significant positive correlations found

in Figures 9 and 10 $ug§est that suckling behaviors, milk -

consumption and weight attained during the first 25 days of age

for each fawn are related to the fawn’s birth weight. During

this period, heavier-born fawns may exhibitrgreatef aVefége

£
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7 daily WA . and NSA,suckling‘behayioxg, consume mo;e;mi1k~§ﬁd;;"f~rf~ﬂ'

@

attain greater body weights—thanviighter—born fawns due to the

greater metabolic requigements of heavief-born fawns.«Since

metabolic rate in deer is a power function of body weight (Moen,

1973), b%avy—bofn fawns would hay€é greater ﬁetabolic rates,

“highef'metabolic requirements and greater energy intakes, as
. - . o
measured by milk consumption, than lighter-born fawns. From my

data, it appears that fawn birth weight may serve as an

3

indicator of average daily NA and NSA suckliﬁg behaviors, total |
, € . _ S
milk consumption and attained weight during the first 25 days of

‘age. Since this age period 1is indicative of rapid fawn growth

(Cowan and Wood, 1955), high milk yield by dams (Sadleéir,

1980a); peak levels of fawn milk intake (Sadleir, 1989b), and .

14

high faWn>hortali€y (Cook et gl-, 1971), heavier-born fawns may

~

have a selective survival advantagé over lighter-born fawns by -

obtaining more milk emergy through the exhibition of more .
frequent NA and NSA éuckiing behaviors in a birth weight related
fashion. |

In contrast:to thé re#orts of compensatory growth of light
birth;weighfﬁ¥;wns'of this species (Mueller and Sadle}r, 1980)
the f%wns 0f low birth-weights showed no comp@nsatory growth

during the first 25 days when on milk diets (Figure 9). This is

probablybdue to their relatively lower valués of NA, NSA, mi}k

”consumption and weight gainwthan heavief—bornﬁfawns since fawn

¥

growth rates during this period are related to the amoynts of
" criod are re. e | [%9&£
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milk consumed (Sadleir, 1980b).

Tndividual Variation in Suckling Behavior

Considerable individual variation in suckling behaviors
existed between fawns in captivity. This wide‘variati?nvis showﬁ
by the low regression coeff;cients when sucklingJBehéviors Q;re
regressed on- age (Tables 4 through 8). ‘Some causes of this
variation, such as fawn size at birth, maternal b;havior, access
of fawns to dams under captive conditions, milk consumption,
growth, foraging behaviors,'disturbances and social facilitation

have previously been discussed. Other factors may also account

for this variability. Reductions in the quantity'of food

available to pregnant white-tailed deer has been shown to reducg'

‘the degree of maternal care given to newborn fawns during the .

first 72 h post partum (Langenad and Lerg, 1976). These authors
found that poorly fedidoes in winter had avhigh rate of maternal
rejection of their offspring, as measured by theirvrefusal to
nurse, even though miik was present in the udder. ﬁowever, in my
study the nutritional status of the dams did not vary éifher

within or between years as individuals were maintained
° ‘ .

throughout pregnancy and lactation on high quality feed

available ad 1ibitum. It is therefore unlikely that the

variation in fawn suckling behaviors, both within and between

=

100

¥



years, are entirelyAdue,to‘any nutritional differences between
dams. |

’Prior to ZO‘days of age fawns inrbbth years displéyed
&“?imilarities,inAéach-of their NA; NSA: DSA, NB and NSB suckling
behaviors resulting f{:?)@ widé'range of indiviQuai variation iﬁ
suckiing activiﬁy (Figures 3 througﬁ 7). Var&ing birtﬁ weights,
metabolic rates and metabolic requireménts, ;s previously
mentioned, may be important causes of this individual variation
up to 25 days. , .

After 20 days of age,‘the variations in fawn sﬁckling

3

behaviors found both within and between years (Figures 3 thfough

‘7) may possibly be attributéd to declines in dam milk yields
coupléd with reductions in milk consumption, increases in forage
intake and differing rates of rumen develo;ment. Arﬁold ££~£l°
(1979) reported that in domestic sheep the milk yield of the ewe
is a major determinant in the strength of the ewe-lamb bond,
with a thresho#f§d level below which behavioral weaning occurs.
Milk yields in black-tailed deer show considerable variation
between dams which are not relaged:to eithe; the age or weight
of dams or to their sequence-of lactation (Sadleir, 1980a). Peak
milk yields in this species are variable, océur between 10 and
37 d;ys po;ﬁ partum and.decline gradﬁally thereafter<?§3d1eir,-
1980a). Sihée fawns increasingly consumé 1argér thougﬁ variablé -

proportions of their dietary intake from.solid foods after 25

days the proportion of total energy intake from milk declines as
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lactation proceed@ (Sadleir, 1980b). Rawns thus affected by
vafying milk yields, milk consumption and solid food;intake may
eimilarly vary fheir rate.of eemen development. By 15 days of
age white-tailed deer fawns are fupctional fuminants,'by 35 days
they afe essentially dependent upon ruminant digestive proceeses

and, by 4 months they are nutritionally'indepenaent (Short,

1964). The rate of rumen development in white-tailed deer fawns,

e
¢

however, is quite variable, especially during fhe first menth
post partum, as reductions in milk consumption relative to the
nutriment requirements of the fawn may act as a stimulus to
increase not only forege intake bue also the rates of rumen
fermentation and development (Robbins and Npen, 1975).

Tt was not possible to show the relationships between the
variability in fawn suckling behaviors and the variability found
both in dam milk yields'and in the miig consumption,‘forage
"intake and rate of rumen develepment of fawns in any way other
than in a descriptive sense in the present study. In fact, it
" was outside the scope of this work. Nonetheless, it ‘is possible
that the age-specific variation in suckling behaviors of fawns
may be aediated by co%binationS'on all of theee parameters. As a
result of suc% variability and uncertainty in isolating specific
causes of fawn EUCkling behaviors much more work is necessary to
quanfify further Ehe‘relationships between these variables. In
this context the present study serves as e;preiiminary
investigation of the subjéct and is of value to future
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researchers in providing descriptions and QUéntitativé data.on
. ' <, i » - . ) ] .

24 h suckling activity in black-tailed deer fawns during the

£

first 4 months of age. N



V. CONCLUSIONS
p 23

1. Captive black~-tailed deer fawns suckle at all houré of fﬁe
Tday and night which necessitates continuoué 24 h
observa;ions to quantify suckling behaviors precisely.

2. Fawn suckling behaviors decline in frequencyrand duration
witﬁ incrégsing aée and aierage values can bexcalculated to
any age using the linear regression equations provided.,Some
differénces in the frequencies and durations of suckling

* behaviors between males and females, between twins api
singles, and between fawns ofiprimiparous and pluriparous
dams;'and‘between fawns in different birth-weight classes \\\:>

'we;e found, but these resulfs were not consistent betwgen
yvears. The significance of'suﬁh differences. are questi;nable”
due to the small sample sizes used in the analyses.

3. Suckling duration was not fohndbto be correlated with milk
consumption and 1it is suggested that this and other suckling
beh;viors provide no insight into milk consumption
estimates.

4. Fawns begin behavioral weaning by their dams when under 10

days old whereas nutritional,weaning does not begin until

after 60 days when milk consumption declines noticeably.

5. Birth weight appears to be an indicator of fawn suckling
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activity, milk consumption and attained weight andrhence,

.possible.survival when fawns are consuming only milk. During

the first 2% days of age, heavier-born twin fawns were found
to make more suckling attempts per day, were more successful

at suckling per day, consumed greater total amounts of milk,

, . , ,
and attained greater weight than lighter-born twin fawns.

6. Fawns were found to increase their suckling efficiency, as
' ) ~

determined by their milk intake rates while suckling, to
compensate for fewer successful nursing attempts and shorter
duratioﬁs«of suckling as fhey become older. These reduc}ions
in suckling behaQibr were iImposed by the dam who tefminated
most suckling attempts. - g

7. jSuckling beﬁaviors observed in captivity-may bé altered from

that in the wild as fawns have-éontinual access to their

déms; In caﬁtivity, fawns initiated more sﬁckling attempts
and éuckling bouts than dams.but dams usually terminated
more sucklin; aftempts than fawns. The high frequency of
fawn -initiation and dam termination of sueckling activity may
be due to harassment on dams By fawns.

8. Siblings were not found to differ appreciably inttheir éh'h
suckling,dufations, milk consumptions and suckling
efficiences when consuming milk. Lack of sibling differenées
may be attributed to the captive situation as suckling méy
be sociglly facilitated by visual.and‘auditory‘cnes produced

4

by either the dam or other suékling conspecifics nearby.
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Suckling behavior of fawns was observed up to 4 months. of
age. At this age, milk consumption was 100 g/24 h or'iess

and suckling occured infrequently, lasting for very short

"durations. Suckling at this age would appear to impose

little physiological stress upon the dam since milk

consumption 1is low.

. 5 -5
°
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