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Behavior and dispersal of white-tailed deer during
the breeding season

Christopher S. Rosenberry, Mark C. Conner, and Richard A. Lancia

Abstract: Sexual competition and aggression by adult females have been hypothesized to prompt dispersal by male
white-tailed deer @docoileus virginianus We observed behavioral interactions of 21 yearling males (14 dispersers and

7 nondispersers) at Chesapeake Farms during the early part of the breeding season prior to actual breeding. Interactions
with adult males and females constituted a small portion of all interactions and yearling males were similarly- subordi
nate to adults. Dispersers participated in breeding-season behaviors with yearling males more often than nondispersers
did (P = 0.005), and tended to be more subordinate than nondispeRer9(095). Behavioral differences related to

sexual competition with other yearlings appeared to be correlated with dispersal by yearling males at Chesapeake
Farms. We recommend that both sexual competition and aggression by adult females be considered in future attempts
to understand the dispersal behavior of white-tailed deer.

Résumé: On attribue parfois le déclenchement de la dispersion des Cerfs de Vir@diec6ileus virginianusmales a

la compétition sexuelle et aux agressions des femelles adultes. Nous avons observé les interactions comportementales
chez 21 males de I'année (14 qui ont quitté leur site natal et 7 sédentaires) a Chesapeake Farms au début de la saison
de la reproduction, avant I'accouplement lui-méme. Les interactions entre males adultes et femelles adultes constituent
une faible proportion de toutes les interactions et les males de I'année des deux groupes sont également subordonnés
aux adultes. Les individus qui quittent leur lieu de naissance ont des comportements avec les males de I'année plus
souvent que les individus qui restent au sie=0,005) et ont plus tendance a étre subordonnés que les individus qui
restent au siteR = 0,095). Les différences de comportement reliées a la compétition sexuelle avec les autres individus
de I'année semblent en corrélation avec la dispersion des méles de I'année a Chesapeake Farms. Nous recommandons
de tenir compte a la fois de la compétition sexuelle et des agressions par les femelles pour mieux comprendre le com-
portement de dispersion chez le Cerf de Virginie.

[Traduit par la Rédaction]

Introduction and Verme 1985; Holzenbein 1990), none have simultaneously

. . evaluated the roles of sexual competition and aggression by
Social pressures have been hypothesized to prompt natgly|t females as mechanisms of dispersal, nor compared the

dispersal of yearling male white-tailed deeDdocoileus pepayioral patterns of dispersers and nondispersers.
virginianug during the breeding season (i.e., August to-NO  cqincidence of behavioral patterns and dispersal move
vember). For example, sexual competition with other maleg,ants support both hypothesized mechanisms. During the
(Kammermeyer and Marchinton 1976) and aggression fromyeeging season, the frequency of agonistic (e.g., hard look —
a yearling male’s mother (Holzenbein and Marchinton ¥)92 o grop, sidle) and breeding-season behaviors (e.g., antler
or related adult females (Ozoga and Verme 1985) have beec'ﬂreat, sparring) among males increases (Hirth 1977:

. : 7 Schwede et al1990) and dispersal occurs (Hawkins et al.
Most studies of dispersal have been limited to movement g7 - Holzenbein and Marchinton 1992Rosenberry et al,
data, with inferences concerning proximate mechanisms. Allggg)_ Likewise, aggression by adult females towards-year
though some reports have presented behavioral data (Ozog,a}g males can increase during the breeding season (Ozoga
and Verme 1985; Holzenbein 1990).
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operated by DuPont Agricultural Enterprise, located on Maryland’sfrom their natal range and nondispersers if they stayed within 1 natal-
Eastern Shore. The area was 50% forested, 20% active crop fieldange diameter of their natal range. Natal ranges represented use
of mostly corn, soybeans, and winter wheat, and 30% fallow fieldsareas prior to 11 months of age for each animal, based on teleme
wildlife cover areas, and man-made waterfowl impoundments. try or observed locations (Rosenberry 1997).

Chesapeake Farms supports a free-ranging white-tailed deer We compared individual observation times and interaction rates
population of approximately 50/kfprior to the hunting season in (number of interactions per hour) with two-samplests. Because
late November. Deer harvests during the 3 years of our study avesamples sizes differed, we used Welch's approxintatest for
aged 187 annually (range 168-212), with adult females and fawngomparisons when sample variances differed greatly (Zar 1999).
constituting >80% of total harvest. Beginning in 1994, harvest re We usedy? tests to evaluate association and behavioral differences
strictions protected most yearling males. Based on road countgetween the 2 groups during the breeding season. Where sample
conducted after fall dispersal and prior to the firearms hunting seasizes were not appropriate fof? analyses (i.e., expected values
son, antlered animals constituted <10% of the population, the ratie5), proportions are presented. Estimates are presented as the
of yearling males to adult males being 2:1. Based upon radiotelemmean + standard error.
etry data, fall dispersal began in mid-September and concluded in
early November. The median dispersal distance for yearling malehesults
at Chesapeake Farms was 6 km.

We captured male fawns 4-10 months of age in drop nets and We collected behavior data during the breeding season on
marked them with colored streamers and numbered ear tags. Mogt| yearling males of known dispersal status (14 dispersers
animals received solar-powered ear-tag transmitters (Advanced Tenq 7 nondispersers). We used radiotelemetry to determine

lemetry Systems, Asanti, MN 55040, U.S.A.). Because dispersal ofj,o isnersal status of 16 yearling males. We used observa
male fawns prior to 11 months of age is rare (Marchinton and

Hirth 1984), capturing males 4-10 months of age increased th&Ions or Kkill repqrts to determine the dispersal status .Of 3
probability that animals were not immigrants from surrounding €a/-tagged yearling males and we assumed that 2 uniquely
areas. The Institutional Animal Care and Use Committee at Nortfnarked piebald yearling males had dispersed because these
Carolina State University approved animal capture and handlingOnspicuous males were not seen after fall dispersal. Mortal
procedures (No. 93-195). ity of these 2 males at Chesapeake Farms is unlikely, based
We studied the social behavior of individually marked yearling upon high survival rates of transmitter-equipped yearling males
male white-tailed deer by means of focal-animal sampling (Altmannat Chesapeake Farms during fall dispersal (2 mortalities out
1974) throughout the early part of the breeding season in 1995 angdf 57 yearling males at risk over 3 years). Therefore, the fact
1996. We observed yearling males from the beginning of the breedthat they were not observed after the fall dispersal period
ing season, as deﬁned by initiation of sparring activity (Hirth 1977), robably indicates that they had dispersed. Marked yearling
e e ffal dspersa 1 ary Noverber Based onbenvrchgles clspersed between 22 Sepiember and 26 Ociober. Ex
P § b P act dispersal dates of 5 yearling males without radio trans-

occurred in mid-November after fall dispersal. ; .
The social behavior of yearling males was observed primarilfmtterS are not known. We observed dispersers for 23.75 h

during mornings and evenings, although we recorded observatior%nd nondlspersers for 8.73 . Individual observ_atlon times

at other times. We used a 15-60x spotting scope or 10 x 50 binod®f dispersers (1.69 + 0.28 m = 14) and nondispersers

ulars to observe deer from tree stands along edges between woolls24 £ 0.39 hn = 7) did not differ significantly {4 = 0.92,

and fields and from vehicles on study-area roads. Sessions-of off® = 0.368).

serving undisturbed marked deer were timed and data were dic Overall associations of dispersers and nondispersers dif

tated into a tape recorder. We observed marked animals as long &sred significantly I(% = 38.6,P < 0.001), particularly in the

they remained visible, but if other marked animals were visible,yearling male and “none” categories (Fig. 1). Most agonistic

observation sessions ended after 10 min. behaviors (81%) of marked animals during the breeding season
We defined behaviors as described in Thomas et al. (1965) anghyolved other yearling males. Agonistic interactions with

'('”rth (1977) al;]d analyzed rr;ale-only blrefeding-seam lz)e?}avipradu" males representeell0% of agonistic interactions for
e.g., presentt reat, sparring separatey rom agOﬂIStIC enavior . .
common to the two sexes (e.g.. hard look — ear drop, strike)éaCh group of yearling males, and yearling males were always

(Koutnik 1981). Age and sex of interactants were recorded. Wesubord!nate to adult males. We did not detect a difference
determined sex from the presence or absence of antlers, fawd¥Velch’s test,ts = 1.65, P > 0.10) between nondispersers
excluded, and categorized age as fawn (<12 months), yearling (121.36 + 0.69 interactions/m = 7) and dispersers (0.18 +
24 months of age), or adult (>24 months of age) on the basis 00.15 interactions/hn = 14) in agonistic interactions with
age-related morphological characteristics such as body size, antladult females, and eacroup was similarly subordinate
size, and facial conformation. We determined dominance by notingo adult females (nondispersevegere subordinate in 8 of
the initiator and winner of agonistic and breeding season behaviorg interactions; dispersers were subordinate in 4 of 5 inter
(Forand et al. 1985). We calculated the interaction rate as the NUMyctions). Dispersers (2.33 + 0.49 interactionsiks 14) and
ber of interactions per hour. o nondispersers (3.11 + 1.25 interactionsits 7) did not dif

We used nearest neighbors to measure associations of marked, gjgnificantly in agonistic interactions with yearling males

yearling males. We recorded sex, age, and distance of the 2 near , _ . ; _
neighbors at 2-min intervals during the first 10 min of an observaptfgezlghps —te(?tit;GS 0.58,P > 0.50) or in domlnance)(éf -

tion bout. We included animals within 10 m of the focal animal in - . . L
the analysis. If there were no deer or only 1 deer within 10 m of Dispersers (3.21 + 0.40 interactionsfh= 14) participated
the focal animal, “none” was recorded in place of each potentialin breeding-season behaviors with other yearling males 3
but nonexistent, nearest neighbor. For analysis, the “none™ catdimes more oftent{g = 3.22,P = 0.005) than nondispersers
gory was used as other age—sex classes. (0.99 + 0.55 interactions/m = 7), and in interactions where

We divided marked yearling males post hoc into 2 groups,dominance could be determined, dispersers tended to be more
dispersers and nondispersers. We classified yearling males abordinate than nondisperselﬁf (= 2.786, P = 0.095).
dispersers if they moved at least 1 natal-range diame20km)  Only dispersers participated in breeding-season behaviors with
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Fig. 1. Nearest neighbors within 10 m of marked yearling male white-tailed dedogoileus virginianusat Chesapeake Farms, Mary
land, in 1995 and 1996.
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adult males and these constituted a small proportion (8.5%9urred involved nondispersers, and dispersers and non-
of all breeding-season behaviors exhibited by dispersers. disperserswere equally subordinate to adult females. We

did not attempt to distinguish between related and unrelated

. . adult females because our observations were made during a

Discussion time when yearling males are less likely to be closely associat-
ng with their mothers (Hawkins and Klimstra 1970; Ozoga

Dispersers and nondispersers differed in breeding-seasé . L
behaviors with other yearling males. Breeding-season beha\?-nd verme 1985), and without sufficient numbers of marked

iors related to male fighting (such as antler threat and spatledult females we_could not determine relatednes_s of adult
females and yearling males. Therefore, our analysis included

R?vgillsg]n V\g;es)ta'ﬁg dgfigecggiigtligripseiﬁoﬂ ﬁgg]oqﬁg?; all adult females, but would have included interactions between
subordinate individuals of the sex experiencing the most inY€a/ing males and related adult females. Based upon ob
tense competition are expected to disperse (Dobson 198 gryed be;haworal patterns, we .fmd no |nQ|cat|on that inter
In white-tailed deer, sexual competition occurs between male ctions with adult females explained the dispersal of marked
as sparring interactions increase during the breeding seaséfﬁa”.'ng male§ at Qhesapeake Farms.
(Hirth 1977; Schwede et al. 1990), and functions in the es It is often implied that older males are the source of
tablishment and maintenance of dominance hierarchies (Hirthexual competition in white-tailed deer (Kammermeyer and
1977; Townsend and Bailey 1981; Schwede et al. 1990). IMarchinton 1976; Ozoga and Verme 1985; Nixon et al. 1994).
our study, dispersers experienced more intense sexual corBreeding-season behaviors between adult and yearling males
petition (based upon interaction rates) and appeared mogeccurred among dispersers; however, adult males contributed
subordinate than nondispersers (based upon interaction o small portion of breeding-season behaviors. We suggest
Comes)' ThUS, we suggest sexual Competition, as exemp“ﬁe@'lat this lack of interactions with adult males results from
by differences in breeding-season behaviors between nofihe young-male age structure at Chesapeake Farms, which is
dispersers and dispersers, as a potential behavior-relatédresult of past harvesting pressure; hence, the opportunity
explanation for dispersal patterns at Chesapeake Farms. for yearlings to interact with older males was limited.- Al
Interactions with adult animals did not appear to influencethough sexual competition with adult males might prompt
the dispersal of yearling males. We observed no behaviordlispersal of yearling males, direct interactions with adult
differences which would suggest that aggression by adulales were few relative to interactions W_Ith. yea_rllng males.
females prompted dispersal. According to the inbreedingThus, adult males appeared to have a limited influence on
avoidance hypothesis, dispersal is expected to be related tispersal patterns at Chesapeake Farms.
increased levels of aggression between related adult femalesOur results differ from those obtained by Holzenbein and
and yearling males (Ozoga and Verme 1985; Holzenbein anilarchinton (1992), who concluded that interactions with a
Marchinton 1992). Although there were opportunities for yearling male’s dam prompt dispersal. Observed social be
yearling males to interact with females in large feeding group$avior and probabilities of dispersal of orphaned and-non
(>10 deer), they rarely did so. We did not observe many4interorphaned yearling males supported the maternal-aggression
actions of adult females with yearling males; most that oc hypothesis (Holzenbein and Marchinton 18220rphaned
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yearling males dispersed less often (1 of 13 dispersed) thadawkins, R.E., and Klimstra, W.D. 1970. A preliminary study of
nonorphaned yearling males (7 of 8 dispersed) (Holzenbein the social organization of white-tailed deer. J. Wildl. Man3ag.
and Marchinton 1998). In addition, there was a seasonal 407-419. . .
pattern of peaks in aggression between adult females arfdawkins, R.E., Klimstra, W.D., and Autry, D.C. 1971. Dispersal of
their male offspring during the rut (Holzenbein 1990). deer from Crab Orchard National Wildlife Refuge. J. Wildl.

Other studies have reported no effect of orphaning on dis, Manag.35: 216-220. , o _ _
persal (Woodson et al. 1980; Nixon et al. 1991). AccordingH'rth' D.H. 1977. Social behavior of white-tailed deer in relation
to Woodson et al. (1980), the presence of male siblings ang '© habitat. Wildl. Monogr. No. 53. pp. 1-55. o
use of an enclosure could have effected dispersal behavior©/2&nPein, S. 1990. Integration of maturing male white-tailed
and according to Nixon et al. (1991), limited forest cover " deer Odocoileus virginianusinto the adult population. Ph.D.

. . : R . dissertation, The University of Georgia, Athens.

probably influenced dispersal behavior. In addltlon, aggresHolzenbein, S., and Marchinton, R.L. 1392Spatial integration
sion from related adult females, not necessarily mothers, has

. : R X of maturing-male white-tailed deer into the adult population.
been implicated in dispersal movements of yearling males j \ammal.73 326-334.

(Ozoga and Verme 1985; Nixon et al. 1991). . ~Holzenbein, S., and Marchinton, R.L. 199Emigration and mor
Numerous mechanisms have been hypothesized to-influ tajity in orphaned male white-tailed deer. J.Wildl. Man&g:
ence dispersal of yearling male white-tailed deer. Because 147-153.
social changes coincide with discrete periods of dispersakammermeyer, K.E., and Marchinton, R.L. 1976. Notes on dis
social pressures have received most of the attention. To our persal of male white-tailed deer. J. Mamma¥: 776—778.
knowledge, 2 studies (Holzenbein 1990; our study) yieldingkoutnik, D.L. 1981. Sex-related differences in the seasonality of
different results have reported direct observations of social agonistic behavior in mule deer. J. Mammé2: 1-11.
behavior of yearling males in free-ranging populations be Marchinton, R.L., and Hirth, D.H. 1984. Behavidn White-tailed
fore fall dispersal. Just as social behavior varies among deer deer ecology and managemegtited byL.K. Halls. Stackpole
populations (Hirth 1977), so too would the influence of Books, Harrisburg, Pa. pp. 129-168. _
mechanisms based on social behavior be expected to vary. Ixon, C.M., Hansen, L.P., Brewer, P.A., and Chelsvig, J.E. 1991.
addition, data supporting one mechanism do not necessarily Et_:olc_)gy o_f white-tailed deer in an intensively farmed region of
exclude another as an alternative mechanism of dispersal 'linois. Wildl. Monogr. No. 118. pp. 1-77. _
(Dobson and Jones 1985; Shields 1987). As a result, we refixon. C.M., Hansen, L.P., Brewer, PA., Chelsvig, J.E., Sullivan,
ommend simultaneous testing of hypotheses of sexual com- #]3 Es"e‘]r’AT"iégﬁoeékinme'era.'q" Ettfr’ DaR" Cl_mel, Jf" anld
petition and aggression by adult females in future attempts h(')tm-?s'll d d T ”l.e a_N|o|r|,| ll\lsp;er;a,tag suer_lvla l\(l) tmae
to understand the influence of social pressures on dispersal ‘I’\IVO' e13"3'e eer in Tinois. il Nat. HIst. sufv. Biol. Notes
of yearling male Wh'te'ta'leq deer._ln addition, testing hy- gzoga, J.J., and Verme, L.J. 1985. Comparative breeding behavior
pothgses across demeraphlca”y dlfferer)t pODL,"at'onS woul and performance of yearling vs. prime-age white-tailed bucks.
permit evaluation of Fhe potentially variable influence of  ; \wijq1. Manag.49: 364-372.
social pressures on dispersal. Rosenberry, C.S. 1997. Dispersal ecology and behavior of yearling
male white-tailed deer. Ph.D. dissertation, North Carolina State
University, Raleigh.
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