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Chapter 1
The Development of Chemosensory Behaviorsin African elephants

(Loxodmta africana)

INTRODUCTION

In pdygamous and pdygynous ocieties, reproductive successin malesis
dependent on baly size, fighting skill sand developing a high socia status (Clutton-
Brock et a. 1982. Females, onthe other hand, invest time and care in their offspring and
maintain social cohesiveness Such sexua dimorphism evinces behaviora and
developmental differences between males and females (Mathiesen et al. 20039.

Males and females of many spedes of mammals live separate or isolated lives
urtil it i stime to reproduce Attracting or sexually arousing a mate may be dore by
visual, vocd or chemicd cues that may eventually lead into tadil e stimuli as part of the
arousal process(Dimond 197(. Chemical signals or semiochemicals (Law & Regnier
1971 are anintegra part of mammalian communicaion. Pheromones are those
semiochemicas screted by an individual into the environment and €li citing a specific
behavioral or developmental resporsein a mnspedfic (Karlson & Luscher 1990).
Chemicd signals are used for relaying information onreprodvctive state, providing
spedes recognition, ceterring rivals and marking of territories (Vandenbergh 1983,

Sill ero-Zubiri & Maadorald 199§. For example, scent secretionsreleased by Eurasian
deea contain information that is unique to individuals and from which identity, age, sex
and popuiation d origin can be determined by conspedfics (Lawson et al. 2000, 2001 A

combination d cues also may be used. Rams use both visual and tactile aies to stimulate
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ewes to ovuate (Pearce & Oldham 1988. Males of many species such as meadow voles
(Ferkin & Johrson 1999, catle (Reinhardt 1983, harses (Crowell-Davis & Houpt 1985,
and elephants (M0ss1983,Podle 198%, 19891 use dhemicd andtactile communicaion
when they approach afemale and sniff, check (elephants) or lick (other ungulates) her
anogenital areato determine reproductive state. A sniff behavior can be viewed as an
olfadory functionandisaninitia behavior to the chemica sequence of behaviorsin
mammals. A lick may invalve substrates or a wnspedfic to transfer chemicd compounds
to the mouth. A chedk, as seen in elephants, is the trunk touching a substrate or a
conspedfic.

Both African (Loxodorta africana and Asian (Elephas maximus) elephants live
in matriarchal societies consisting of an dder female, the matriarch, along with closely
related females and their respedive offspring. Male dephants gay with their natal group
urtil the age of 12-15 years, when they leave to form loosely knit bachelor groups where
they associate temporarily with female herds (Eisenberg et al. 1971,Estes 1991,Pode
1994). Males primarily associate with females to reproduce, where the older, larger males
arethe most likely mates.

Mae and female African elephants continue to grow throughou their lives, bu
males grow at afaster rate and by the age of 20, thereisamarked dfferencein weight
and height (Lee & M0ss1986. At the age of 25 and dder, males are much larger than
femal es and begin to compete for accessto estrous females. Such sexual dimorphism
suggests that African elephant mothers invest more in male calves than female calves
(Lee& Mo0ss1986. Mae cdves gpend more time suckli ng than female calves; females

are weaned sooner than males; and mothers with male calves have longer interbirth
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intervals. As males and females grow, their display rates of some behaviors sich as play
and aggresson dffer (Leel1985). A difference dso is ®en in the reproductive
development of male and female dephants. Male and female dephants read sexual
maturity at similar ages (around? years old in captivity). In the wild, female dephants
begin reproducing from the age of 10 —15years old (Whitehouse and Hall-Martin 2000,
Moss20017), bu males, although they produce sperm, are usually unsuccessul at
reproducing until their mid-20' s when the first full musth occurs (Eisenberg et al.1971&
1980,Poole 1989& 19949.

Musth is described as a wndtion d heightened aggressvenessin male Asian
elephants (Jainudeen et al. 1972a) and more recently in male African elephants (Pode &
Moss1981,Hall-Martin & van der Walt 1984). Musth has been likened to the rut
behavior seen in ather unguate spedes (Pode 1987, bu elephantsdo nd all “rut”
simultaneously. It is associated with high levels of testosterone, temporal gland secretions
and dibbling urine from the penis (Jainudeen et a. 1972b,Pode d a. 1984,Hall-Martin
1987). Females prefer larger, dder male dephants in musth as their mate of choice and
Asian females will rejed younger ‘moda’ musth males (‘moda’ musth is a youthful
musth experienced as young as 8 years old) (Eisenberg et a. 1971,Rasmussen et .
2002. In eephant popuations where older adult males do nd exist, young African male
elephants have been seen experiencing full musth as ealy as 18 years old for periods of 3
to 5months (Slotow et al. 2000,Slotow & van Dyk 2001). In demographicdly balanced
popuations, male dephants will begin to experience more predictable, frequent musth
events from age 25 and dder (Pode 1982. Female Asian e ephants have shown

increased resporses to temporal gland secretions and specificdly to cyclohexanone which
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may provide information to the female éou the state of musth (Perrin & Rasmussen
1994). Maesin musth temporarily gain daminance in rank and generate increased
attention from females; they becme the preferred mate if the female is reproductively
realy regardlessof the males' age and size (Poole 19890).

Females of many mammal spedes use cthemicd signalsin their urine to advertise
their reproductive state. Although chemicals are released by mammals from severa
different sources such as preorbital, metatarsal and interdigital glands, the most common
sourceof intraspedfic chemical signalsisurine (Lawson et a. 2000, 2001 Once an
animal comes into contad with a chemicd source, it istransferred to their nasal passage
and the mouth where the chemical informationis received through the olfadory
epithelium and the vomeronasal organ (VNO), respectively. This enables bath inter- and
intrasexual communication in many species of mammals. Cannuation d the VNO in
male goats $rowed that liquids only reach the VNO after a flehmen was performed and
not by the fluid simply being passed through the oral cavity (Melese-D’Hospital & Hart
1985.

Male Asian elephants exhibit diff erent resporses to chemicd stimuli depending
ontheir developmenta stage and social setting (Rasmussen et al. 1989. Asian elephant
cdves demonstrate flehmens as young as three months old and read more frequently to
their mother’ s urine than to ather related or nonrelated females (Rasmussen &
Krishnamurthy 2000. In the presence of an dder dominant male, younger males,
described as exually but not socially mature, back away from (Z)-7-dodecen-1-yl acetate
(Z7-12Ac), which has been identified as the sex pheromone in female Asian elephant

folli cular phase urine (Rasmussen et a. 1996. When tested without the presence of the
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dominant male the young males respondwith multi ple flehmens (Rasmussen et al. 1997.
Asian female dephants have shown to be more resporsive to male musth urine, but their
behavior aso depends ontheir own reproductive status (Schulte & Rasmussen 1999.

Female intrasexual behaviors also depend onreproductive status of sender and
recaver (Rasmussen & Schulte 1998 Slade d al. 2003. In the matriarchal society
communicaion between female dephantsisimportant in the survival of calves by means
of allomothering and by nulli parous females gaining the experience of rearing caves
(Lee1986. Chemicd communicaion daysarole in maintaining the hierarchical
structure of the society, where the dominance of the female is dependent on age and
reproductive status (Eisenberg et a. 197)). Female Asian elephantsin the folli cular
phase of their estrous cycle respondmore to folli cular phase urine than dofemale
elephantsin the luted phase of the estrous cycle (Slade & al. 2003.

Although flehmen and aher chemosensory behaviors have been reported in
elephants of most ages, documentation d the developmental stages for both sexes does
not exist for elephants. The development of the flehmen behavior has been studied in
several ungulates and hes been seen in hases as early as aday old for filli esand 2 days
old for colts (Crowell-Davis & Houpt 1985). In apopuation d semi-wild catle,
mounting and flehmen were occasionally seen in calves that were older than ore week.
By the age of 4 months, flehmen becane more frequent and seen more often in male than
female calves (Reinhardt 1983.

In elephants, flehmen is identified as the trunk curling into the dephant’s mouth
andthetrunktip pacad onthe VNO openings known as the incisive ducts. The pair of

incisive ductsisfoundin the anterior portion d the palate (Rasmussen et al. 1982.
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When the trunktip contads urine or ancther substrate of interest, mucous from the trunk
combines with the urine. Spedfic protein transporters transfer molecules to the VNO
once aflehmen is performed, thereby informing the dephant of the conspedfic's
reproductive status (Rasmussen et a. 1999. The flehmen resporse of stalli ons to mare
urineisinfluenced by the estrous cycle of the females that in turn result in a significant
increase in flehmens on the day of copuation (Stahlbaum & Houpt 1989. Bland and
Jubilan (1987 noted that ewes urinate more frequently in the presence of aram, resulting
in increased flehmen resporses of the ram to the urine. Swaisgoodet al. (1999 observed
femal e pandas urinate more frequently whil e in estrus, presumably to advertise their
reproductive status. Thisleadsto increased wination by the male panda, after which bah
sexes exhibit closeinterest in the urine of the oppasite sex. Female and male pandas aso
distinguish among individual male scents, suggesting that ead individual scent may
contain distinct chemicd compounds. Elephants show similar behaviors. Uponapproach
of the male dephant, the femaleis dimulated to wrinate whil e the male checks her genital
areawith histrunk. A flehmen resultsif sheis approaching ovulation (Eisenberg et a.
1971,Rasmussen et a. 1993,M0ss1983,Podle 198%, 1989b,Ortolani et a. in prep.).
Chemicd communication days an integral part in the reproductive successof
elephants and is important in maintaining a whesive socia structure through the
communicaion d all ages and sex. Suspeded sources of chemical communicaion
among elephants include urine, feces and seaetions from the temporal gland, mouth, and
eas with the latter threesources resulting in more tadil e interactions between the
elephants. Males and femal es respondto chemicd cues with chemosensory behaviors

such as sniffs, cheds, places and flehmens (Fig.1). Other sexual arousa behaviors by
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males include eedions, mourting and tadil e behaviors sich astrunkto afemale’s
mouth, badk or heal. Females also perform specific behaviors during the mating process
such as trunkinvestigations of the male and pastural movementsin preparation o
mourting and intromisgon. This processisat least in part set in motion by
complementary chemosensory behaviors and signals. Aswith most mammals, such
behaviors are unlikely to be fully formed at birth, bu probably arise during development
(Moore 1985.

Like other mammals, elephants go through dstinct developmenta stages of
nursing, weaned juvenil es, puliescent or young adults, and mature animals. In elephants,
caves (0-4yrs) are still suckling, whil e juvenil es (5-9yrs) are being weaned and males are
venturing further away from their mothers. At pubescent age (10-19yrs), females have
begunto reproduce having their first cdf and males have left their natal groupto form
bacdhelor herds of their own with males from other family groups. As adults (>19yrs),
femal es have become succesgul breeders and males are much larger than the females and
entering their first full musth. Because of the profoundchanges and resultant chall enges
at ead of these stages, communicative and investigative behaviors, and for the airrent
interest espedally chemosensory ones, may show reflective dterations.

Because the study popuation d elephants at Addo Elephant National Park
(AENP) stems from afounder popdation o 11 individuals, my results may not
generalize to ather elephant popuations. Therefore, | first examined if two basic
behaviors, walking and eding, occurred at comparable rates in young el ephants as from
elephantsin awell-studied popuationin Kenya. The dephants at Amboseli National

Park have been under observationfor over 25 years (Moss2003. Lee (1986 examined
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the developmental patterns of 0-9 year old males and females, reporting on general
adivity levels. | examined some of the same behaviorsin the young elephants from
AENP for comparison.

The primary objective of this gudy was to examine the dhemica andtadile
behaviors of an African elephant popuationin order to determine the development of
such behaviors acossage and sex. My competing hypaotheses for this projed were that
there will be differencesin chemosensory behaviors of 1) caves (0-4yrs) to the rest of the
popuation (>4yrs), 2) caves and juvenil es (0-9yrs) to the rest of the popuation (>9yrs),
and 3 cdves, juveniles and puliescents (0-19yrs) to adults (>19yrs). These differences
are predicted for both males and females, and that males and females would differ in the
rate of chemosensory behaviors for each hypathesis. Because male and female dephants
develop at different rates, | hypothesized that they would show different types and rates
of chemosensory behaviors at the same stages, and dfferential changesin behavior over
the four developmental stages. Spedficdly, | predicted that males would develop
chemosensory behaviors at a younger age than females. Males would also show higher
rates at older age groups compared to the females. Males al'so would exhibit trunk
touches to ather elephants at higher rates than would females. In addition, males also
would be more likely to touch nonkin elephants as they venture further away from their

mothers as juvenil es and pulescent males form badelor herds.
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Figure 1. Indicaes trunktip chemicd and tactil e behaviors garting from left to right with
sniff (nasal openings hover over substrate/substance without contad), ched (touch
substrate/substance with either finger of the trunk tip), place (end o trunk is placed flat ona
substrate/substance), and flehmen (tip of trunk touches substrate then placed in the openingsin
the roaf of the mouth).

METHODS

History of Study Site: Addo Elephant National Park

In the mid 1600s, the dephant popuationin South Africawas said to be ca.
100,000, btias sttlers moved further inland, confli cts between elephant and humans
increased (Hall-Martin 1993. By the early 19005, the mgjority of the South African
elephant popuation had been deamated for the ivory trade or for crop protedion. In the

Eastern Cape region there were gproximately 130elephants | eft, who were the cause of
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major crop damage in the area The authoriti es decided that the problem had to be taken
cae of and ahurter, Mgor P.J. Pretorius undertook this fea. The task began in July
1919,and by August 1920,Major Pretorius had kill ed close to 120€elephants. The very
man that dedmated this elephant popuation also was instrumental in saving the
popuation from beaming extinct. With only 16 elephants remaining there was an outcry
from the general pulic, press farmers and Pretorius himself to spare the lives of these
elephants (Hoffman 1993. In 1931a small areain the Eastern Cape was proclaimed as
the AddoElephant National Park with orly 11 elephants remaining. The founder
popuation consisted of 8 females (six sexually mature) and three males, of which ony
two were mature (Troll ope 1931). Within the next six years the two mature bull s had
been shat. The growth o the popuationwas dow and without seaure fencing elephants
continued to destroy crops. These dephants were kill ed and severa others fataliti es were
caused by atrain that runs along ane of the boundaries of the Park (Whitehouse 2001). In
1954,an elephant-proof fence was constructed, which has proved to be very successful in
seauring the confinement of the dephants, the reduction d human-elephant conflict and
the growth in the dephant popuation. Because of the selective hurting of tusked
elephants and afounder popuation d 11individuals, ony 2% of the arrent female

popuation has tusks (Whitehouse 2002.

Study Site

AddoElephant National Park (AENP) is located in the Eastern Cape of South
Africaca. 70 km north of the astal city of Port Elizabeth. Originaly founded in 1931,
the park consisted of 2237hedare (ha) (Castley 2004). Currently the game aeais 11708

ha (Hall-Martin 1993 andis expanding to reach the goal areaof 492,000 la., whichis
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known asthe “Greaer Addo” park. The dephant popuation consists of approximately
400elephants. Most of these dephants roam in the original park areathat was fenced in
1954to prevent the dephants from damaging surroundng farms. In May 2003, rearly 60
elephants were moved into anew sedion d the park cdled Nyathi.

AENP has svera waterholes dispersed throughou the aeathat are reliant on
seasondl rains for replenishment. The average rainfall for the regionis 445mmannualy
(Paley & Kerley 1998B). Park management regulates five alditional water holes that are
filled by areservoir to ensure a ontinuows water supgdy. During the hot seasons, the
elephants pend the warmer part of the day near waterhales. In wet seasons, the dephants
are more difficult to find as more of the natural waterholes arefill ed and are located
within the thick vegetation.

The Addo elephants have been extensively studied and all i ndividuals have been
identified and catalogued (Whitehouse & Hall-Martin 2000Q. These dephants are
recognizable by individual ea notches and aher physicd charaderistics. AENP's
elephant popuation consists of 6 family groups ranging from 19to 106individuals.
Whitehouse (2001 determined the years of birth for all the dephants and each new birth

isrecorded accordingly.

Observations

The projed was conducted from February to early September 2003.Fieldwork
began every morning when the park opened and continued urtil | ate dternoon.Elephants
were first locaed and a Global Positioning System (GPS reading of their locaionwas

taken. After a count of the elephants was completed, the ID fil es were used to record the
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family and the individual elephants within the group. The dephants were dassfied by
age and sex and dvided into four age dasses as follows: cdves (0-4 yrs), juveniles (5-9
yrs)(stop suckling), pubkescents (10-19 yrs)(males have left their natal groupand females
have d least one cdf by early teens) and adults (>19 yrs)(males are larger than the
females and beginning to experiencetheir first full musth). At the start of each day, focal
animal observation with continuous recording was performed with the focal animal
seleded haphazardly according to age and sex (Altmann 1974 Martin & Bateson 1993.
Therefore, when faced with agroup d elephants, the first elephant of the predetermined
observation bou to be spotted became the focd animal. Observations were carried ou for
20 minutes or until the focd individual was nolonger in sight, whichever camefirst.
Figure 2 indicaes the average length of afocad bou for each age dass with an overall
average of 14.14minutes (+/-SE 0.37). A total of 116 days was gent in the field with 65
hours of focal data llected. A significant portion d the day was gent locaing
elephants, then identifying and phdographing the dephants for ID file update and
determining the identity of the focal individual.

The behaviors recorded in eadch observation bou were divided into four main
types as follows: 1) general state behaviors, 2) trunktip contacts to nonrelephant
substrates sich as urine, feces or their surroundngs, 3) interadions between the dephants
by trunktip, 4) other body contads nat invalving the trunktip (Table 1). Most of the data
of resporsesto wine andfeces were wlleded at waterholes, where dephants gathered
most frequently. The park contains ten waterholes with Hapoar being the largest. On
several occasions, approximately 100-120 el ephants were observed at this waterhde &

the sametime. This made it difficult to determinethe ID of the individual that defecated
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or urinated and there were also dd feces that had acaumulated aroundthe waterhole. As
such, the data presented represent resporses to urine and fecesin general, withou
knowing the identity of the doror elephant. The frequency and duation d all i nstances of
general state behaviors sich aswalking, eaing and dinking were recorded for all ages,
but only eaing and walking habits were analyzed for 0-9 year olds. These behaviors were
recorded in order to compare rates of walking and eating by the young elephantsin the
Addo poptlitionwith similarly aged elephants from the Amboseli study (Lee 1986). For
the aurrent study, the main focus was on al chemicd andtadil e trunktip behaviors such
as qiiff, check, place, flehmen and ahers. The total number of focd observations
colleded ranged from 18to 32 dfferent individuals for diff erent age dasses of both sexes
(Fig. 3). The propation d the popuation for each age dassthat was sampled ranged
from 36% to 724 (Fig. 4).

Table 1. Ethogram - list of behaviors and definitions of behaviors observed for each focd

observation d elephants at AENP. The caital letter in bdd indicates the amde used
during data wlledion.

State Behaviors:

DeFecate Release feaes

Urinate Release urine

DiG Using trunk or foot to dig into ground

Drink Drinking water

DusT Using trunk to throw dirt over body

Eat Consuming food, whether gathering with trunk, lifting to
mouth or chewing

Lie Body onside on ground

Mud Either wall owing in mud/waterhole, or using trunk to spray
water and mud over body

Stand Stay in same spat

Walk Moving forward

WRestle/spaRring

Faceto face ontact, trunks intertwined, pushing and shoving

Other

Other behaviors observed, but not listed onethogram

Not Visible

Elephant has moved ou of sight

Trunk Tip To/From:
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Ana Anal region d another elephant

Body Torso or areas not listed

Ears Hole

Feet Areabelow ankle

Hed Forehead and superior most point of head
LeGs Areabetween ankle and hip

Mouth Trunk tip inserted into mouth of another
Pinnae External portion d ear

Tail Trunk touches or grabs ancther’ s tall

Trunk Portion of trunk starting from mouth area and dowvn to thetip
TusK Any visible part of the tusk

Temporal Gland Point of TG seaetion

Genital Check Trunk touching genitals of another elephant

Contact To/From:

Badk Into Moves badkward into another e ephant, intentionally
Body Rub Walks past another elephant and rubs against them
Head Buitt Uses head to bump into anather elephant

I ncidental Any contact that is not intentional

Kick Liftsleg to touch/push ancther el ephant

Trunk on Head Place one' strunk on ancther’s head

Trunk Wrap Trunks are intertwined

Tail Touch Tail outstretched to touch ancther el ephant

Trunk Chemosensory: (trunk
tip behaviors) *

Sniff Nasal openings hover over substrate/substance without
contact.

Chedk Touch substrate/substance with tip of trunk (either finger)

Place End d trunk is placed flat on a substrate/substance

Rub In pacepasition, the trunk is moved in a drcular motion

Flehmen Tip of trunk touches substrate then placed in the openingsin
theroof of the mouth.

Other Other behaviors associated with the trunk after coming into

contact with a substrate.

'Based on Schuite & Rasmussen, 1999

Analysis

The data were first tested for normal distribution d the dependent variables using the

JMP 4 statisticd program. The dependant variables were separated into dfferent

caegories. First | looked at differencesin every instance of trunk chemosensory

behaviors to substrates nat including those behaviors to ather el ephants across €x and

age dasses. These behaviors were separated into trunktip behaviors to genera
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surroundngs and trunktip behaviorsto uine and feces. The cdculation d the rate
(number per minute) of chemosensory behaviors represented the trunk chemosensory
behaviorslisted in Table 1 including other behaviors such as aborted flehmen, trunk
shake andflick, and periscope. Therate for all individual focal observations and the rate
of individuals adually seen demonstrating trunk chemaosensory behaviors were analyzed
separately. Normality on some data was not indicated and therefore the data were
transformed to achieve anarmal distribution. Parametric analysis of variance (ANOVA)
tests were used to determine behaviora differences between age, sex, and the interadion
between the two. To compare the specific hypotheses, the data were grouped by age
classesasfollows: (1) cdves (0-4 y) versus al elephants > 4 y; (2) cdves andjuveniles
(0-9y) versus pubescents and adults (> 9 y); and (3) pre-adults (0-19y) versus adults (>
\  6HEODM$12 9% WWMVZ HHSHURP H3IRUHDK FRP SDUMNRQ . |
asumptions were not met after transformation, then nongarametric tests were used.
Spedficdly, Kruskal Walli swas used to determine differencesin age dasses within a sex
and Mann Whitney tests were used to determine differences between sexes. Tukey
Kramer test was used for aposteriori analysis with apha aljusted for multi ple
comparisons. In order to determine if there was a difference in the propation d males

and femal es exhibiti ng chemosensory behaviors, a Chi-Square test was performed.



28

RESULTS

A. State Behaviors

State behaviors for youngelephants were used to compare with studies condwcted
in Amboseli, Kenya. Y oung e ephants (0-9 yrs) spent 49% of their daily activities eaing
and 24% of their time walking. There was no significant differencein the time spent
walking by age dass(2-way ANOVA: F; g0 =0.56,P=0.46), between sexes (2-way
ANOVA: F; 90 =0.31,P=0.58) or the interadion ketween age and sex (2-way ANOVA:
F19=0.101,P=0.32 (Fig. 5. Therewas no significant differencein the time spent
eding for age cmmparing 1-9 year olds (2-way ANOVA: F; 55 =0.14,P=0.70 or sex (2-
way ANOVA: F;55=0.14,P=0.71), bu there was a significant interadion between age
and sex (2-way ANOVA: F; 55 = 5.86,P=0.02 (Fig. 6). No datawere avail able for
femal e calves younger than ore year old in this gudy for eaing, so male cadf data of this
age were excluded for their comparison. For pre-pubescent males, time spent eding
differed significantly by age (Kruska Wallis: H =11.25, d=5, P=0.056), bu young female
elephants up to the age of nine showed nosuch dfference (Kruskal Wallis: H =4.16 d=5,
P=0.53. When asimilar comparison by age within sex was performed for walking, males
again dffered by age (males: H=14.08, d=6, P=0.03) but females did na (H=3.36, d=6,

P=0.76).

B. Chemosensory Behaviors

Threemain hypotheses were examined by comparing the prevalence and the rate
of chemosensory behaviors acossall ages and sex. A total of 204focd datawere
colleded on dfferent individuals, consisting of 112focal observations on malesand 92

focd observations onfemales. The overal average time males and females were
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observed dd na differ (mean=15.7+ 4.9 Mann Whitney: U=5834, d =1, P>0.05. The
propartion d males and females demonstrating chemosensory behaviors did na differ
between the sexesin the rate of chemosensory behaviors to general surroundngs (c*=
0.07, d=1, p=0.79,Fig. 7). There were, however, significantly more males than females
respondng to urine and feces (c?>=5.89, d = 1, P= 0.02,Fig. 8). Combining acrossage

classes, 24.P% of males and ony 10.%% of females responded to urine and feces.

Average dhemosensory behaviors of all focd individuals

To examine the spedfic competing hypatheses, different age dasses were
compared in arder to determine if there were developmental diff erences in chemosensory
behaviors and if they also differed by sex. There were no significant differences between
sexes and age dasses for chemosensory resporses to general surroundngs (2-way
ANOVA, sex: F=0.12,df =1,195,P=0.73 age dass F=0.64, d = 3,195,P=0.59,
Fig.9). For resporses to urine and feces, there was a significant interaction between sex
and age dass(2-way ANOVA,F=2.79,d =3,161,P=0.04,Fig.10& Fig. 11). A
posteriori tests showed significant differences between the female cdves and adult
females for resporsesto urine andfeces, with cdves (mean + SE = 0.38+ 0.26
respondng more than the ault females (mean + SE = 0.02+ 0.0))(Fig. 10).

No dff erences were seen in resporses to the genera surroundngs for the three
main hypotheses (Fig. 12). Mae dephants showed a significant increase in overall rate of
chemosensory behaviors urtil pubescence, thereafter they showed a slight dedinein
these behaviors as adults (Kruskal Wallis: H = 10.88, d = 3, P= 0.01)(rates of behaviors

per minute: cdves = 0.16+ 0.06,juveniles= 0.44+ 0.24, pulescents = 0.61+ 0.14,
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adults=0.49+ 0.13. Females did na show adifference in rate of chemosensory
behaviors by age dasses (Kruskal Wallis: H =3.56, d = 3, P=0.31)(females overal

mean rate per minute =0.37+ 0.17).

Average dhemosensory behaviors of focd individuals who showed a respornse

For elephants that exhibited chemosensory resporses, the rate of responses by
males to their general surroundngs sgnificantly differed by age dass bu there was no
differencein female resporses by age dass(1-way ANOVA: F=3.52,d=3, P=0.04 F
=1.24, d =3, P=0.31,respectively). Pubescent males srowed a mnsistent pek in the
rate of resporses (cdves=0.40+ 0.14 ,juveniles=0.76+ 0.34, pulescents = 0.88+
0.15,adults = 0.49+ 0.12 p@r minute), whereas cdf females exhibited higher rates than
females from older age groups (cdves= 1.47+ 0.84(N=19), juveniles=0.82+ 0.36
(N=24), pubescents=0.72+ 0.29(N=17), adults = 0.49+ 0.10(N=32)). Thistrend was
seen for resporses to the general surroundngs with asignificant interadion between sex
and age dass(2-way ANOVA, F=3.06, d = 3, 94,P=0.03 Fig. 13. Although asimil ar
trend was seen for resporsesto urine and feces, there were no significant diff erences for
any effed (Fig. 14). A posteriori tests showed dff erences only between male cdves and
pubescent males for chemosensory resporses to general surroundngs (Fig. 13).

For elephants’ resporses to the general surroundngs, there was a significant
interadion with sex and age dassbetween bath cdves (0-4yrs), and cdves and juvenil es
(0-9yrs) to therest of the age dasses (Fig.15). Female calves showed the highest rate of
resporse to the general surrounds (mean + SE = 0.82+ 0.19) with values decreasing at

the older age groups (mean + SE =0.58+ 0.12. On the other hand, male cdves had low
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levels of chemosensory trunk kehaviors to the general surrounds (mean + SE = 0.40+
0.14) whereas older males, especially pubescent males (mean + SE = 0.88+ 0.15),
exhibited higher rates. Simil ar trends were seen for resporsesto wrine and feces and there
was asignificant interadion between age dassand sex for rates of respornsesto wrine

and/or feces (2-way ANOVA, F=4.41,df =1,26,P=0.045 Fig. 16).

C. Types of Chemosensory Behaviors

Overal, moremaes (N = 75to general surroundngsandN = 27to uine and
feces of 110males observed) responded with individual types of chemosensory behaviors
than females (N = 53to general surroundngs and N = 8 to urine and feces of 92 females
observed). The propation d males were not significantly more than females for
resporses to general surroundngs (c?=2.40, d =1,P=0.12), bu therewas a
significantly greaer propation o males respondngto urine and feces (c?=9.29, d = 1,
P=0.0023.

Overal males exhibited 58. 24 of the total types of chemosensory behaviors by
males, whereas females only exhibited 41.%% of behaviorsto genera surroundngs by
females. Breaking it down into the individual types of behaviors, males performed 12.P%6
sniffsand 43.34 chedks of total behaviors, but females exhibited 5.24 sniffsand 35.2%6
chedks of the total behaviors. Place behaviors accourted for asmall percentage of
behaviors for males (1%) and females (1.4%). For flehmen behaviors, the percentages
were dso small with males exhibiting 0.9% and females only 0.1% (Table 2A). Similar
trends were seen for resporses to urine and feces. Males performed 8.1% sniffs and 44%

chedk behaviors, whereas females only exhibited 4.8% sniffsand 20.26 cheds of the
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total behaviors. Males and females exhibited the same percentages of place(10% ead)
behaviors. Maes demonstrated 1.5% flehmen behaviors, whereas females only exhibited

0.3% flehmens of the total behaviors (Table 2B).

D. Trunk Tip Behaviorsto Other Elephants

Trunktip behaviorsto ather elephants did na differ by age dass sex or their
interadion. The sample sizes for each caegory were too small to deted any significant
differences. Moms and caves did na touch eadh ather more (mean rate per minute + SE
=0.09+ 0.0) than close family members touched each ather (mean rate per minute + SE
= 0.1+ 0.01) or non-family members (mean rate per minute + SE = 0.1+ 0.02) (Fig. 17).
Pubescent and adult males and femal es performed all trunk tip touchesto norrkin (Fig.
17). In oppaitionto the stated prediction, males (mean rate per minute + SE = 0.12+
0.03) did na show significantly more trunk tip touches to nonkin than females (mean

rate per minute + SE = 0.06+ 0.01).

DISCUSSION

Eating and walking behaviors in African elephants at Addo Elephant National
Park (AENP) indicated trends smilar to those foundin aprevious gudy by Lee (1986) in
Amboseli National Park, Kenya. Differencesin the methods between the two studies, for
example length of study, scan versus focd data olledionand hencestatisticd analysis
may explain the differencesin levels of significance foundin the airrent study compared

to Lee's gudy. Male dephant calves gent more time eating at the older age groups than
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females of the same age. The simil arities in trends of state behaviorsin these two studies
leads meto believe that the results and findings of my study on the development of
chemosensory behaviors can be generali zed to ather elephant popuations.

Adut male andfemale dephants are sexually dimorphic in behavior and
morphdogy. Thus, their developmental pathways are likely to dffer in bah rate and
type of behavioral (and morphdogical) aterations. This dudy examined the
developmental patterns of male and female African el ephants for chemosensory and
tadil e behaviors, which are very important in the stabili ty of their social structure and
reproduction. | predicted that males and females would be sexually dimorphic in the rate
of development and the spedfic types of chemosensory behaviors exhibited.

The rate of chemosensory behaviors acrossage dasses and sex for this popuation
of African elephants differed in prevalence and context. The behaviors were examined in
two contexts. 1) elephant sources such as urine and feces, or other elephants; and 2
sources from the general surroundngs such asthe road, vegetation (with noindicaion o
feeding) and aher objects. Therationale & looking at individual chemosensory behaviors
was to determine whether the expresson d spedfic behaviors sich as cheds and
flehmens differed by sex.

Males and females did indeed show different developmenta pathways for
chemosensory behaviorsin rate and kind. Female calves had the highest rates among the
female age dasses and in fact, this rate was even greaer than that observed by male
cdves, dthough the latter was not explicitly analyzed statisticdly. The rate of
chemosensory behaviors for the male dephants increased from cdves, pesked with

pubescent males and then showed a dli ght decline for adult males. Thistrend was
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significant for resporses to general surroundngs and was also seen in respornsesto wine
and/or feces. A greder propation d adult males and females compared to the younger
age groups responded to sources from the general surroundngs. For urine and feces, a
greder propation d males than femal es exhibited chemosensory behaviors.

The increased rate of chemosensory behaviors for pubescent malesto
surroundngs included drt roads, which may include urine signals or other scents from
elephants from days passed. These young males having left their natal groupand ou on
their own withou the guidance and seaurity of their family may be more active to
determine the possbili ty of amusth male in the vicinity. If so, these young males will be
wary of amusth male, reducing the posshili ty of conflict. Scott (2002 suggests this
concept as an explanation having foundthat subardinate and normusth Asian males were
able to dfferentiate musth wrine from nommusth urine. Musth males are the dominant
bull s regardlessof age when confronted with ather normusth males (Poole 19891). Older
malesin Addo,when na in musth spent most of their timein the same aea of the park,
rarely asociating with female family groups, unessat awaterhole together. This might
explain the dlight dedine in the rate of chemosensory behaviors observed, as adults may
have lessnew stimuli to investigate (Loizi pers. obs.).

Chemosensory behaviors may have to be mastered and refined quickly by
females as they begin reproducing earlier than males. Some females in Addo have their
first cdf at 10-11 yeas of age, and the arerage age of conceptionin this popuationis
11.2yearsold (Woodd 1999. Adult females showed a dlightly higher rate of behaviors
than pubescent females. This may serve to maintain the socia structure and herarchy

within the family group. Older female matriarchs are repositories of knowledge, posshbly
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serving to guide and protect the family groups more dficiently than younger matriarchs
(McComb et al. 200]). Because females live with closaly related individuals throughou
their lives (Buss1961), the need to constantly explore and “ched” each ather using
chemosensory behaviors may not exist. However, dfadory detedion may be quite
beneficial for intersexual communication. For instance, males release many odiferous
signs of musth through wine dribbling, secretions from their temporal glandand a
general body odor (Poodle 1987). It may be possble that femal es make use of their
olfadory system and therefore need lesschemosensory verification d the signals than
males through trunk tip contad behaviors. Females may have amore refined use of their
aacesory olfactory system, performing flehmen in ony very particular situations.
Males and females differed in the types of behaviors they exhibited. Pubescent
and adult male dephants demonstrated more flehmen behaviors than younger males and
females of al ages. Similar patterns have been observed in aher mammals. Ungulate
pubescent and adult males, catle (Reinhardt 1983, and horses (Crowell-Davis & Houpt
1985 exhibited more flehmen behaviors than younger males and females. In a semi-wild
popuation d cattle, males exhibited more flehmens than females. Bull cétle (Bos
indicus) demonstrated the flehmen behavior more frequently than younger males,
suggesting the alult bull’s sensitivity towards estrous female signals (Reinhardt 1983.
Flehmen is abehavior that is performed prior to mating and instrumental in the
reproductive assessment of a anspecific (Rasmussen et a 1997). Adult males become
experienced brealers; therefore, they become seledive in the types of behaviors they
exhibit (Rasmussen & Greenwood 20@). A greder propation d males exhibited these

chemosensory behaviors than females. Many pubescent and adult femalesin Addowere
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ladating or may alrealy be pregnant, and such females may nat be interested in recaving
chemica cues asthey are not reproductively ready. As adults, males go through
predictable periods of musth in which they are actively seaching for females. Once
locaed, the males will actively chedk females and their urine assessng their reproductive
state (Poole 198%, 1989H.

In this gudy, males and females did na discriminate in their relationship to ather
elephants they touched with thetip of the trunk. This may be because of the small sample
size. One interesting trend that came from these observations was that pubescent and
adult males and femalesinitiated all trunktip behaviors exhibited to norrkin. A
compoundfoundin temporal gland secretions (TGS) of Asian male dephants has
recantly been identified as the Asian male pheromone (Rasmussen & Greenwood 2003.
The pheromone, known as frontalin, is only foundin musth males andis present in their
urine, breath and TGS (Rasmussen 1998. A further look into the data of this sudy
indicated that al pubescent and adult female trunk tip touches were to pulescent and
adult males, bu the males’ touches were geared toward pulescent and adult males, and
adult females. As suggested by Rasmussen and Greenwood (2003, females can assess
the musth male reproductive aondtion and maturity because the longer amaleisin
musth, the more frontalin is aeted. Younger and nommusth males may use this
information to avoid passhble conflicts (Rasmussen et al. 2009.

This dudy has given us a better understanding of elephant development and
chemica communicaion. In pdygynous ocieties, seledionfavors female dephantsto

develop chemosensory behaviors at afaster rate than malesin order to begin reproducing
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a an earlier age. Male dephants are aleto reproducewith several females during a
musth period and continue to doso throughou their lives.

This dudy has given us a better understanding of elephant development and
chemica communicaion. It is probable that in most polygynous cieties, seledion
favors femalesto develop chemosensory and aher adult behaviors at afaster rate than
malesin arder to begin reproducing at an earlier age. For elephants and many malesin
paygynous societies, peak male reproductive successmay occur later in life, permitting a
longer period for the development of adult behaviors. From this gudy on African
elephants, it appears that the development of chemosensory behaviors refleds the general

development of reproductive morphdogy, physiology and kehavior.
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Chapter 2
Male dephant responsesto female urinary compoundsin a captive population and a

wild population

INTRODUCTION

African and Asian elephants live in matriarchal societies that consist of very close
knit related females and their off spring. Males leave their natal group between the ages of
12-15years old to form badelor herds and as they get older may lead solitary lives,
infrequently associating with females primarily to reproduce (Eisenberg et al. 1971 ,Estes
1991,Poodle 1994.

The gestation period d elephants is approximately 22 months and thereafter
females will | adate for threeto four years (Poode & M0ss1989,M0ss2001). The
interbirth interval islonger after birthing male than female cdves as greder energy and
timeisinvested in male cdves (Lee 1986. Therefore, females may only ovulate once
every four to five years, making their timing of ovulation and succesgul mating very
important.

Female dephants have an estrous cycle lasting approximately 16 weeks. The
cycle mnsists of two pheses, the luted phase (norreceptive, 8-12 weeks) in which there
are devated progesterone levels, and the folli cular phase (terminating with ovuation)
lasting 4-6 weeks (Asian: Hesset al. 1983,African: Plotka & al. 1988. During the
folli cular phase of the cycle two surges of luteinizing hormone (LH) occur approximately
threeweeks apart (Kapustin et al. 1996,Brown et al. 1999. The first LH surge occurs
abou threeweeks after the dedine of progestins andis referred to as anovuatory. The

secondsurge takes place 20 days later and corresponds with ovdation (Brown et a.,
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1991, 1999Czekala2003. The function d thefirst LH surgeis unknavn bu it has been
speaulated that it ads as an early advertisement to attrad appropriate malesin time for
ovulation (Brown 20M®). In Asian elephants, the pre-ovulatory pheromone is foundin
urine from the mid-folli cular phase (ca time of first LH surge) of the estrous cycle andis
not detedablein luted phase urine (Rasmussen 1999.

The Asian elephant (Elephas maximus) female pheromone has been identified as
(2)-7-dodecanyl acdate (Z7-12:Ac). It isasingle mmpound,athough it may be
asciated with a carier protein for full activity (Rasmussen et al. 1997, Rasmussen
2001). Z7-12.Ac pedks in concentration at ovulation, acting as afemale to male specific
signal that advertises reproductive-realinessto attrad males (Rasmussen et a. 1997.
The oncentration d Z7-12:Ac and the chemosensory resporses of sexually mature male
elephants are paositively correlated. Male Asian elephants perform the highest rates of
flehmen to preovulatory urine (Rasmussen et a. 1997). Female dephants s1ow no
response beyond navel compoundinterest to this compound(Rasmussen & Schulte
1998.

Z7-12.Acisa compound sed as “part of a pheromone blend” by femalesto
attrad patential matesin over one hunded spedes of inseds, primarily lepidoptera
(Rasmussen et a. 1996. African male dephants do nd respondto the Asian elephant
estrous pheromone. However, African male dephants respondto conspecific, folli cular
phase urine in asimilar manner as Asian male dephants to conspecific preovulatory urine
(Bagley 2004). The occurrenceof asimilar estrous pheromone in African female

elephantsis suspeded bu currently not known.
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Thus, | hypothesize that African female dephants also release an estrous
pheromonein their urine. Aspart of the search for this pheromone, male African
elephants were presented with several compounds identified in folli cular phase urine
aqyuired from female African el ephants. The dhemicad compounds used are dso foundin
other natural products. Three compounds, alpha-Damascone, beta-Damascone and
Damascenone, fit these aiteria. When passble, compounds that serve & pheromonesin
inseds were seleded. Spedfically, Verbenone and Verbenad are part of the pheromonal
repertoire in bark bedles (Birch 1981). Each of the mmpounds tested were avail able
commercialy and dd na haveto be synthesized. Therefore, we examined the potential
of these five compound as pre-ovulatory pheromone candidates in female African

elephant urine.

METHODS

Captive Study

Bioassays with captive dephants were mndwcted at Ridd € s Elephant Sanctuary
in Greenbrier, Arkansas. Thisfadlity houses $x African male dephantsandislocaed
30 miles from Hendrix Coll ege where Dr. Goodwin, d the Chemistry Department,
identified compounds foundin female African elephant urine. For the purpose of this
study only four males were assayed (Willi e 23yrs old; Toby: 22yrs old; Solomon: 19yrs
old; Artie: 19yrs old). The captive study was condicted in May-June 2002. On each tridl,
six compounds were assayed, ane of which was water. Five of the ompounds are known
to ocaur in folli cular urine wlleded from African elephants. Water was used as the

control because it was the solvent for the other compound. Five ammpound were of
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liquid form (a pha Damascone, beta Damascone, Damascenore, (1S)-(-)-Verbenone,
Water) and ore was asolid ((S)-cis-Verbend). A coupe of drops of each compoundand
apinch of the solid form were eab separately diluted in 100ml of water. Actual
concentrations of compoundsin natural urine ae not known. The mncentrations used for
our study are similar concentrations used in previous assays by Dr. Goodwin. The six
compound were presented simultaneously to the male dephants on threeseparate days
andtheir resporses were recorded on aper and video. The compounds were poured
diredly onthe groundand stone plates were used as markers. The dephants were
observed from a distance of 10m in a position ouside the enclosure. Behavioral
resporses included trunktip resporses such as iiffs, checks, places and flehmen (Fig. 1).
The number of approaches (an elephant being within ore body length to a sample) and
the number of nears (an elephant’s trunk being within atrunk length to a sample) were
also recorded. Other behaviors such as body posture, eredions, vocdi zations, and the

investigation d nearby elephants also were noted.

Wild Study

The wild study was condicted in Addo Elephant National Park, located
approximately 70 km from Port Eli zabeth, South Africa The assays were mndwcted
between April and September 2003.Thisisawild popuation enclosed in an areaof 103
km?. The same mmpounds were prepared and assayed as in the captive study, but a
control consisting of vanilli n (a mixture of 1ml vanill a extrad in 100l water) was used.
Vanilli nisa compoundthat naturally occursin Asian elephant seaetions, bu €licits low

chemosensory resporses from African elephants as well . This was doneto keep all
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compounds presented novel. Once amale dephant was locaed, the samples were
presented to the dephant in ore of threeways:. 1) pouring the sample from the window of
the vehicle and badcing upto apoint of clea view of elephant and sample, 2) predicting
the path of travel of the dephant and dacing samplesin the dephants path, o 3) the
samples were placed at awaterhoe (Marion Bareg known to be frequented by male
elephants. Thiswas the only waterhole out of sight of tourists and easily accessble & a
close distancewith avehicle. The third processproved to be the most successul of the
three Chemosensory behaviors were not recorded as rate per time a determining a
start/stop time was difficult. Many males walked passed the ompounds ontheir way to
the waterhole and this was recrded as an approach, bu they did na revisit the
compound, therefore making it difficult to determine atime frame.

The compound were prepared and then paured into containers prefill ed with dirt
colleded from outside the Game aea. Thiswas dore for two reasons, 1) to eliminate the
paosshility of presenting dirt contaminated with elephant odars and 2) to identify where
the ammpound were situated orceplaceal onthe ground.The same behaviora data were

colleded asin the cative study.

Analysis

The data were first tested for normal distribution and equal variances of the
dependent variables using the IMP 4 statisticd program. A Friedman’s ANOV A onranks
was used to determine diff erence in response behaviors to the different compound,
between individual animals and over the threedays of assays. Specificdly, the arerage

number of times per hou an elephant approached a sample was cdculated. Similarly, the
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average number of timesthe dephant’ s trunk reared a sample was cdculated. The total
chemosensory resporses for the captive males were sniff and chedk, as these were the
only behaviors exhibited and were analyzed as rate per hou. The total chemosensory
behaviors for the wild popuation include sniff, check, place and flehmen and were
cdculated as afrequency. In order to compare the resporses by cgptive and wild
elephants, the rate of chemosensory respornses also were cdculated ona per approach
basis.

Two-way ANOVA's (age * sample) were used to statisticdly analyze the assays
onthewild popuation as the same individual was only tested orce, and nd on arepeated
basis as with the cative study. A total of 33 males were assayed with the ompounds and
they ranged in ages from oneto forty-nine. Only threeindividuals were assayed twice
therefore an average of their resporses was cal culated and t-tests were used to determine
if their resporses changed by trials.

T-testswere dso used to determine diff erences in the total chemosensory

behaviors per approadch between the wild and the captive popuations.

RESULTS
Captive Study
A single mmpoundthat serves as a pheromone shoud €licit high levels of
resporse, including flehmen, relative to nonpheromonal compounds. In this gudy, nore
of the @mmpounds were gproached significantly more than the @ntrol (Friedman’s: ¢ =
10.54, d = 5, P>0.05. Over the threedays, resporses to the mmpound deaeased,

indicating the novel nature of the @mpound was fading (Friedman’s: ¢?=8.00, d = 2,
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P<0.05. Variationamongthe dephants was evident (Friedman’'s: c>=12.75, d = 3,
P<0.05,Fig. 18). The dominant male, Willi e, showed low levels of resporsesto all the
compounds. However, ore of the subardinate males, Solomon, a 19-year old male,
approaded all the samples consistently more than the other males. The same pattern was
sean for the average number of trunk near compound with Solomon averaging more than
the other males (Solomon, rears per hou: 1.25-3.37,Toby: 0-2.50,Artie: 0-0.65,Willi e
0.37-1.05 (Fig. 19). For the total check resporses, there were significant differences for
elephant and day (elephant ¢?=29.40, d = 3, P<0.05 day c*=7.13, d = 2, P<0.05).
There was no significant differencein compound(c®=9.18, d = 5, P>0.05. Solomon
demonstrated a greaer average of ched resporses to alpha-damascone (3.87+ 2.95
chedks per hou) and beta-damascone (3.63+ 0) compared to the other samples, where
the next highest responcer, Toby averaged 1.29+ 1.29and 1.21+ 0.61 chedks per hour,
respedively (Fig. 20). The only chemosensory behaviors exhibited by the four males
were ather sniffs and/or checks (S+C: total chemosensory). There were significant

diff erences between elephants, compounds and the day of assay for total chemosensory
behaviors (c* =12.65, d = 3, P<0.05; ¢*=13.50, d = 5, P<0.05 and c? =7.13, d = 2,

P<0.05,respedively)(Fig. 21).

Wild Study

Resporses to the mmpounds from the wild popuation dd na €licit high rates of
chemosensory behaviors. There was a nearly significant differencein the average number
of approaches to the samples by age dass(ANOVA: F319,=2.53,P=0.058. No

significant differenceto a particular sample goproached was seen (Fs19,=0.13,
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P=0.99(Fig. 22). Oncethe dephants had approached a sample, pubescent males’ trunks
neaed the samples sgnificantly more than the other age dasses (F319,=4.76,
P=0.003(Fig. 23. The dephantsin Addoexhibited severa different types of
chemosensory behaviors (sniffs, checks, places, flehmens and dows) to the six samples
presented. There were only significant diff erences between age dasses for chedk
behaviors (F319,=2.87,P=0.04)(Fig. 24 shows the total of al the gorementioned
behaviors) but no dfferencesin age dass sample or the interaction ketween the two for
the other behaviors exhibited.

Of the three males that were assayed ontwo dfferent days, only one showed an
interest onthefirst day foll owed by a significant declinein approadcies (t=3.79, d=5,
P=0.01), bu no dfferencein the number of nea behaviors (t=0.54, d=5, P=0.61). No
chemosensory behaviors were demonstrated oneither day. The remaining two el ephants

did na approach ar demonstrate chemosensory behaviors to the samples.

Wild vs. Captive

The one-way ANOVA did na indicate asignificant diff erence between the
number of chemosensory behaviors per approach of a sample between wild and captive
elephants (F=1.27, d= 4, P=0.30,Fig. 25. The means for the wild popuation range
from 0.60(+0.40 to 6.14(+2.20, and the mean for the cative popuationwas 0.53

(+0.11) chemosensory behaviors per approad.
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The goal of this gudy wasto determine whether one of five dhemical compounds

foundin the folli cular urine of female African elephants would €licit similar behaviorsi

male African elephants as those evoked by the Asian estrous pheromone, Z7-12:Ac, in

n

male Asian el ephants. Unfortunately, none of the compounds eli cited interest beyond that

of anovel compound. Hence the African elephant estrous pheromone remains
undscovered.

The male dephants of Riddl€' s Elephant Sanctuary participate in assays ona
regular basis; hence they are familiar with the procedures of such experiments. This
however, did na aff ect the results of this gudy because dl the @mmpounds that were
presented were novel substances to the dephants. Overal, the dominant bull (23 years
old at time of assays) did na exhibit many responses. Solomon, a 19 year old male,
showed a higher rate of resporses than the other males. Ancother sub-dominant male,
Toby, 22-years-old, also exhibited fairly high rates of responses to the mmpounds. The
dominant bull, asuccessul breeder, did na show interest in the compounds. This
permitted the younger, nonsexually experienced males the opportunity to spend more
time investigating these novel compounds. Simil ar observations were made for Asian
elephant males. Subardinate males only expressed interest in the estrous pheromone
when the dominant male was absent (Rasmussen et al. 1996. Inthe arrent study, al
males howed a dlight increase in approadies and chedks respornses on the second assay
day, bu by the third trial the rate of resporses dedined dramaticdly to pradicdly no

resporses at all.
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In the wild, the males assayed ranged from ages of one to forty-nine. The younger
age dasses from 0-9 year old exhibited high numbers of chemosensory behaviors,
whereas the adult males (>19 yrs old) exhibited littl e or no behaviors to the ammpound.
The pubescent males (10-19 yrs old) exhibited fewer behaviors than the younger male,
but more than the alult males. The younger males also demonstrated a greater array of
types of chemosensory behaviors than the older males. No differencewas e in the
number of chemosensory behaviors per approac to a sample between the wild and the
cgptive popuation. The cptive males ranged from ages 19to 23yeasold. Thisagain
suppatsthe ideaof the lesssexually experienced males showing interest to nowel
compounds, bu the older males not respondng.

. The ompounds used in this gudy did na €licit resporses high enough by either
cgptive or wild elephants to conclude that they are part of the African female pheromone.
Thiswastheinitial attempt to try and identify the African estrous pheromone. Thisisan

ongoing project; thus, other pheromone candidates will be bioassayed in the future.
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Table 2. Total number of types of chemosensory behaviors within age dass.

Sniff Chedk Place Flehmen

A. To General Surr oundings

Males
Calves
Juveniles
Pubescents
Adults

Females
Calves
Juveniles
Pubescents
Adults

B. To Urine/Feces

Males
Calves
Juveniles
Pubescents
Adults

Females
Calves
Juveniles
Pubescents
Adults
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Average Time Focal Length

0-4 yrs 5-9 yrs 10-19 yrs >19 yrs
Calves Juveniles Pubescents Adults

Age Classes

Figure 2. Average focd length per age dassfor males and females at AENP. Sample size
is shown abowve each bar.
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Figure 3. Number of individual focal animalsfor ead sex and age dassat AENP.
Sample size shown abowe bars.
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Figure 4. Propation d total popuation per age dass smpled at AENP.
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Figure 5. Mean (+ SE) propation d time spent walking during an olservation time for
males (N=54, range per category 0.27to 0.2]) and females (N=40, range per caegory
0.21to 0.29 upto nineyears old.
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0.59to 0.33 upto nineyearsold. No data were avail able for females younger than 1year

old.
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Figure 7. Propation d elephants per age dassthat exhibited aresporse to general

surroundngs.
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Figure 9. Mean (+ SE) rate of chemosensory behaviors to general surroundngs
(including no resporses) for males and females at different age dasses. Sample sizes are
shown abowve bars. (2 way ANOVA age dass F=0.64, d=3,195,P=0.59 sex: F=0.12,
df=1,195,P=0.73 interadion: F=1.15, d=3,195,P=0.33.
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Figure 10. Mean (+ SE) rate of chemosensory behaviors (including no resporses) for
males and females within the age dassesto wine and/or feces. Sample sizes are shown
abowve bars. (2 way ANOVA age dass F=0.27,df=3,161,P=0.84 sex: F=0.42, d=1,161,
P=0.52 interadion: F=2.79,df=3,161,P=0.04). A posteriori tests srowed significant

diff erences between the female cdves (a) and adult females (b) for resporsesto urine and
feces (Tukey-Kramer, P<0.05.
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Figure 11. Mean (+ SE) rate of chemosensory behaviorsto urine and/or feces comparing
developmental age dasses (including no resporses). Sample sizes are shown above bars.
* indicates asignificant interadion between age and sex. (seeTable 3 below).

Table 3. The F-ratios and P-values for analysis of variance for comparing differencesin
age dassesand sex (DF =1, 164.

Age Classs O4yrs, >4yrs 0-9yrs, >9ys 0-19yrs, >19ys

F P F P F P
AgeClass 0.66 0.42 0.09 0.76 0.21 0.65
Sex 0.83 0.36 0.60 0.44 0.94 0.33
Interaction 8.44 0.004* 2.62 0.11 0.29 0.59

*Significant at the 0.05level
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Figure 12. Mean (+ SE) rate of chemosensory behaviorsto general surroundngs
(including no resporses) comparing developmental age dasses. Sample sizes are shown

abowe bars.
Statisticd values for the ANOVA are shown in Table 4 below.

Table 4. The F-ratios and P-values for analysis of variance for comparing different age
classesandsex (DF =1, 164.

Age Classes O-4yrs, >4ys 0-9yrs, >9yrs 0-19yrs, >19ys

F P F P F P
AgeClass 1.69 0.19 1.21 0.27 0.01 0.91
Sex 0.06 0.81 0.11 0.74 0.16 0.69

Interaction 1.02 0.31 3.11 0.08 0.10 0.75
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Figure 13. Mean (+ SE) rate of chemosensory behaviors of individual s that exhibited
resporses to general surroundngs only. Sample sizes are shown abowve bars. (2 way
ANOVA age dass F=0.40, d=3,94,P=0.75 sex: F=0.001, d=1,94,P=0.97 interadion:
F=3.06, d=3,94,P=0.03. A posteriori tests rowed dfferences only between male
caves (a) and pbescent males (b) for chemosensory resporsesto general surroundngs
(Tukey-Kramer, P<0.05.
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Figure 14. Mean (+ SE) rate of chemosensory behaviors of individuals that exhibited
resporses only to wine and/or feces. Sample sizes are shown abowve bars. (2 way
ANOVA age dass F=0.14, d=2,18,P=0.87. sex: F=0.33, d=1,18,P=0.57 interadion:
F=3.04, d=2,18,P=0.07). The pubescent age dasswas excluded from the analysis
becaise no datawere avail able for females of thisage dass
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Figure 15. Mean (+ SE) rate of chemosensory behaviorsto general surroundngs only for
individuals who demonstrated a chemosensory behavior comparing devel opmental age
classes. Sample sizes are shown abowe bars. * indicates a significant interaction between
age and sex. (seeTable 5 below).

Table 5. The F-ratios and P-values for the analysis of variancefor comparing different
age dasses and sex (DF=1,105.

AgeClasses  04yrs, >4yrs 09yrs, >9ys 019yrs, >19ys

F P F P F P
Age Class 0.04 0.85 0.09 0.75 1.49 0.22
Sex 1.63 0.21 <0.01 0.97 0.11 0.74
Interaction 6.43 0.01* 4.56 0.035* <0.01 0.99

*Significant at the 0.05/evel
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Figure 16. Mean (+ SE) rate of chemosensory behaviors by age dassonly for males and
females who demons