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Abstract

Because of overpopulation of African elephants in South Africa and the consequent threat to biodiversity, the need for a
method of population control has become evident. In this regard, the potential use of the porcine zona pellucida (pZP) vaccine
as an effective means for population control is explored. While potential effects of pZP treatment on social behavior of African
elephants have been investigated, no examination of the influence of pZP vaccination on the endocrine correlates in treated
females has been undertaken. In this study, ovarian activity of free-ranging, pZP-treated African elephant females was monitored
noninvasively for 1 yr at Thornybush Private Nature Reserve, South Africa, by measuring fecal 5�-pregnan-3�-ol-20-on
concentrations via enzyme immunoassay. A total of 719 fecal samples from 19 individuals were collected over the study period,
averaging 38 samples collected per individual (minimum, maximum: 16, 52). Simultaneously, behavioral observations were made
to record the occurrence of estrous behavior for comparison. Each elephant under study showed 5�-pregnan-3�-ol-20-on
concentrations rising above baseline at some period during the study indicating luteal activity. Average 5�-pregnan-3�-ol-20-on
concentrations were 1.61 � 0.46 �g/g (mean � SD). Within sampled females, 42.9% exhibited estrous cycles within the range
reported for captive African elephants, 14.3% had irregular cycles, and 42.9% did not appear to be cycling. Average estrous cycle
duration was 14.72 � 0.85 wk. Estrous behavior coincided with the onset of the luteal phase and a subsequent rise in
5�-pregnan-3�-ol-20-on concentrations. Average 5�-pregnan-3�-ol-20-on levels positively correlated with rainfall. No associa-
tion between average individual 5�-pregnan-3�-ol-20-on concentrations or cyclicity status with age or parity were detected.
Earlier determination of efficacy was established via fecal hormone analysis with no pregnancies determined 22 mo post-treatment
and onward. Results indicate the presence of ovarian activity amongst pZP-treated female African elephants in 2 yr after initial
immunization. Further study should now be aimed toward investigating the long-term effects of pZP vaccination on the
reproductive function of female African elephants.
© 2012 Elsevier Inc. All rights reserved.
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1. Introduction

Rapidly expanding elephant populations in the Re-
public of South Africa has led to widespread concern

over the resulting destruction of habitat and consequent
threats to biodiversity [1–4]. Currently, various ap-
proaches have been explored in regard to managing
elephant numbers, all with different advantages and
disadvantages, including culling [5,6], translocation
[5,7], range expansion [5,7,8], sterilization [9,10], and
contraception [10,11]. In this regard, the use of the
porcine zona pellucida (pZP) vaccine for immunocon-
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traception of African elephant cows is a fairly recent
development. The method has shown promise as an ef-
fective and acceptable means for management [12,13].
Zona pellucida glycoproteins isolated from pig ovaries
have been shown to be homologous to those of the
African elephant [1,14]. After treatment intramuscu-
larly, the vaccine triggers anti-zona pellucida antibod-
ies which bind to the zona pellucida capsule, including
sperm receptor sites and so prevent fertilization from
taking place [1,15]. Since the initial studies, pZP-im-
munocontraception has been implemented in seven pri-
vate game reserves where it has been shown to be 100%
effective in over 100 cows treated [10]. Nevertheless,
pZP vaccination was not fully embraced primarily due
to a lack of knowledge regarding potential adverse
changes in behavior. However, Delsink et al. [11,16]
found no significant change in core and total range use,
matriarchal status, cow/calf interaction, herd fragmenta-
tion/isolation, musth occurrence, bull hierarchy, and no
aberrant or unusual behavior witnessed among the herds,
and found pZP treatment to be reversible in the short-term.
Theoretically, pZP treatment should not interfere with
luteal activity and ovarian cycles should remain intact as
with untreated populations. To date, there has been no
attempt to examine endocrine correlates associated with
pZP vaccine use in African elephants.

In the female African elephant (Loxodonta africana),
estrous cycle length is reported to range between 13 and
17 wk [17–25]. The cycle is divided into a 4 to 6 wk
follicular phase after which an increase in progesterone
levels, believed to trigger ovulation, marks the onset of an
8 to 11 wk luteal phase [17,20–22]. Progesterone metab-
olites have been widely accepted as the major luteal and
circulating progestagens in the African elephant and are
thus considered a reliable indicator for monitoring ovarian
function [19,20,22]. However, the knowledge acquired
regarding the reproductive endocrinology of the Af-
rican elephant is predominantly from studies on cap-
tive individuals. Amongst wild populations, the infor-
mation gleaned regarding estrous cycles has been
inconclusive due to the common occurrence of preg-
nancy or lactation anestrus among females [26–28].

Monitoring luteal endocrine function via fecal hor-
mone analysis has made it possible to examine the
reproductive biology of wild and captive animals
[1,18]. Fecal samples can be easily collected and non-
invasive methods have already been developed and
successfully tested to enable the measurement of pro-
gestagen metabolites in elephant feces [22,29]. These
techniques allow novel exploration of the pZP vacci-
nation effect on the frequency and duration of estrous

cycles as well as integration of behavioral and endo-
crine mechanisms which will aid in a better understand-
ing of the elephant’s reproductive physiology.

In this publication, we aim to provide detailed in-
formation regarding the 20-oxo-pregnane concentra-
tions in free-ranging African elephant (Loxodonta afri-
cana) treated with pZP vaccine. Such information will
promote a better understanding of the underlying im-
pact of utilizing pZP immunocontraception on ovarian
function of treated elephant cows.

2. Materials and methods

2.1. Study site and animals

The study was carried out at Thornybush Private
Nature Reserve (TPNR) (24° 23= to 24° 33= S, 31° 05=
to 31° 13= E) in the Limpopo Province of South Africa.
The area consisted of moderately dense tree savanna
comprised predominantly of Acacia and Combretum
species. Annual rainfall fluctuates greatly from year to
year with a mean of 601 mm falling within the months
of October to April with the remainder of the year being
predominantly dry [30]. Therefore, seasons were de-
fined as wet (October through April) and dry (May
through September) [30]. Field work took place during
a drought where rainfall recorded in both 2007 (405.4
mm) and 2008 (333 mm) fell well below the average. In
May 1994, eight elephants (all females) were relocated
from the northern portion of the Kruger National Park
(KNP) known as the Shingwedzi area. In June 1998,
one 40-yr-old bull was added to the total population,
also from Kruger National Park. To date, the TPNR
population consists of 29 elephant cows and 11 bulls,
two of which were physiologically mature bulls [31]
that periodically associated with the herds. Nineteen of
the 40 elephants were females of breeding age (range,
8 to 20 yr; average, 11 to 12 yr) [32] treated with pZP
and thus included in the study analysis. Identification
kits, incorporating tusk shapes and sizes, ear markings,
and ear venation patterns, were made for all individuals
in the TPNR population before the study, which al-
lowed for individual recognition (Ahlers, unpublished
data; 11]. Age distribution was determined at the be-
ginning of the study using a combination of known
dates of birth, and rough estimates on shoulder height
and age correlation as compared with known adults in
the population [33]. Age groups were defined as adult
(12 years and older; N � 10), or subadult (6 to 11 yr;
N � 9) (Table 1). The management of TPNR were
aiming to achieve zero population growth; therefore no
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untreated control animals could be used in this study.
To include an untreated population as a control group
would have required access to another population
living under the same environmental and social con-
ditions and without any mature bulls present to en-
sure no pregnant or lactating cows which at the time
of the study was not attainable. Therefore, already
published information on the behavioral patterns and
reproductive endocrinology of untreated elephant fe-
males will be used for a comparative interpretation of
the results.

2.2. pZP treatments

From 2005 onward, all cows of reproductive age (N �
19) [32] at TPNR received three initial immunizations
to build up pZP antibody titer concentrations in 2005
[16]. These were delivered remotely from helicopter
using methods modified from Delsink et al. [34]. The
vaccination protocol for the TPNR population was as
previously described by Bertschinger [35]. Briefly, a
primary dose consisting of 400 �g pZP protein in 1 mL
PBS plus 0.5 mL of Freund’s modified complete adju-
vant was administered in May 2005. This was followed
by two boosters of 200 �g pZP protein each in 1 mL
PBS plus 0.5 mL of Freund’s incomplete adjuvant
administered in June 2005 and August 2005, respec-
tively. The TPNR breeding population received its first

annual booster of 200 �g pZP protein in 1 mL PBS plus
0.5 mL of Freund’s incomplete adjuvant in September
2006 and an equivalent booster in September 2007.

2.3. Behavioral data and fecal sample collection

Elephants were tracked daily from March 2007 to
February 2008 by means of radio contact from field
guides giving last reported location of herd, as well as
fresh footprints and dung. Behavioral observations
were recorded regularly (a minimum of 3 times weekly
per individual) for an average of 3.5 h per day using
focal animal sampling [36–38]. Estrous behavior ob-
served was recorded characterized by loud vocaliza-
tions, wariness toward bulls, estrous walk (head held
high, back arched, and tail raised), olfactory and tactile
interactions between bulls and cows, estrous chase,
mounting, and consort behavior [39].

During each observation session, approximately
50 g of feces was collected from the study animal
shortly after it had defecated and moved away. Using
rubber gloves, well homogenized aliquots of each fecal
sample were taken and stored in glass vials [18,40].
Samples were placed on ice and frozen at the end of the
workday (maximum 6 h after collection), and stored at
�20°C until hormone analysis.

The total time spent in the field with behavioral
observations and fecal sample collections was 984 h

Table 1
Age, calving history, reproductive status, and baseline 5�-pregnan-3�-ol-20-on concentrations � SD of pZP-treated African elephant cows at
Thornybush Private Nature Reserve, South Africa.

Cow Age (yr) Age class Calves (N) Last calf (mo) Samples (N) Reproductive status Baseline 5a-P-3�OH
(�g/g DW)

Hook 30–35 Adult 3 36* 52 Cyclic 1.06 � 0.44
Flo 25–30 Adult 3 36* 42 Irregular cycling 1.20 � 0.51
Kombela 25–30 Adult 3 8 31 Noncyclic 0.86 � 0.49
Mandy 25–30 Adult 2 12 47 Cyclic 1.19 � 0.36
One Tusk 25–30 Adult 3 7 51 Cyclic 1.04 � 0.40
Thembisa 25–30 Adult 4 6 35 Cyclic 1.43 � 0.52
Madam M 20–25 Adult 3 6 33 Noncyclic 1.00 � 0.54
Dana 12–15 Adult 1 24 41 Cyclic 1.22 � 0.54
Khala 12–15 Adult 2 14 45 Noncyclic 1.70 � 0.58
Umkhonto 25–30 Adult 3 24 29 NA 1.07 � 0.47
Hannah 9–12 Subadult 0 — 42 Irregular cycling 2.19 � 0.80
No Tusks 9–12 Subadult 0 — 42 Noncyclic 0.71 � 0.22
Rex 9–12 Subadult 0 — 37 Cyclic 1.14 � 0.45
Suka 9–12 Subadult 0 — 52 Noncyclic 1.29 � 0.56
Ziggy 8–10 Subadult 0 — 46 Noncyclic 0.94 � 0.18
Skew 9–12 Subadult 0 — 28 NA 0.9 � 0.35
Nkanu 6–9 Subadult 0 — 25 NA 1.29 � 0.43
Ulwazi 6–9 Subadult 0 — 16 NA 1.25 � 0.54
Zula 6–9 Subadult 0 — 25 NA 0.87 � 0.38

DW, dry weight; NA, not applicable; pZP, porcine zona pellucida.
* Estimated birth of youngest calf is Mar/Apr 2005.
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distributed over 234 days. A total of 719 fecal samples
were collected over the study period with the aim of
obtaining 1.5 samples per week per individual. Mean
sample number collected per individual was 38 (mini-
mum, maximum: 16, 52).

2.4. Fecal sample processing and 5�-pregnan-3�-ol-
20-on immunoassay

Fecal samples were lyophilized, pulverized, and
sieved through a nylon mesh to remove fibrous mate-
rial [18,22,41–43]. Approximately 50 mg of fecal pow-
der was extracted with 3 mL 80% ethanol in water [43].
The mixture was vortexed for 15 min before centrifu-
gation at 1500 � g for 10 min. The resulting superna-
tant fluid was transferred to Eppendorf tubes for hor-
mone analysis [29,41,44]. The extracts were measured
for immunoreactive progesterone metabolites using an
enzyme immunoassay (EIA) for 5�-pregnan-3�-ol-
20-on which has been shown to provide reliable infor-
mation on reproductive steroid hormone pattern in
elephant cows [45]. Enzyme immunoassays were
performed following Ganswindt et al. [41]. Sensitiv-
ity of the assay at 90% binding was 3 pg per well.
Inter- and intra-assay coefficients of variation ranged
between 8.0% and 17.6% for the progestagen mea-
surements. To adjust for water content variations,
fecal hormone concentrations were expressed as
mass/g dry weight.

2.5. Statistical analysis

Of the 19 elephant females sampled during the study
period, five cows were excluded from all analysis due
to low sample size (N � 30; Table 1), because inter-
pretation of luteal and follicular phases was rendered
unreliable. For the remaining focal animals, 5�-preg-
nan-3�-ol-20-on concentrations were expressed as
�g/g dried feces and plotted against time (weeks) for
each pZP-treated cow. Baseline values of 5�-pregnan-
3�-ol-20-on concentrations were ascertained for each
female using an iterative process as described by
Brown et al. [46,47]. The average was subsequently
recalculated and the elimination process was repeated
until there were no values greater than the mean plus
two standard deviations (SD). The remaining values
yielded the baseline 5�-pregnan-3�-ol-20-on concen-
tration. Ovarian cycle length and periodicity was deter-
mined by measuring weekly concentrations of progester-
one metabolites where the first point rise in progestagen
concentrations above baseline and remaining above
baseline for at least two consecutive weeks marked the
beginning of the luteal phase (LP) [46,48]. The com-

mencement of the follicular phase (FP) was defined as
the first of two consecutive progestagen concentrations
falling below baseline concentration [46,48]. Phase
length estimates as well as ovarian cycle length esti-
mates are given as mean � SD. Females were catego-
rized as having an irregular cycle when overall cycle
length exceeded or fell short of the reported norm of 13
to 17 wks [10,17–25]. The noncycling category was
reserved for females who had no identifiable pattern in
5�-pregnan-3�-ol-20-on concentrations throughout the
study period [47]. Due to small sample sizes, irregu-
larly cycling females were combined with noncycling
females for statistical analysis comparing cyclicity sta-
tus with baseline 5�-pregnan-3�-ol-20-on levels and
age. Individuals were categorized as demonstrating pe-
riods of anestrus if they had a follicular phase lasting
longer than twice the duration of an average normal
follicular phase (�10 wks) [25,48]. Luteal activity was
indicated by a �2 SD rise above baseline concentra-
tions in 5�-pregnan-3�-ol-20-on [18]. Determination
of pregnancy within treated cows was based on luteal
phase lengths persisting longer than 3 to 5 mo [21,22].
Occurrence of behavioral estrus was compared with the
time of increasing progesterone metabolite concentra-
tions as behavioral estrus has been reported to last from
2 to 6 days [10]. Increases in progestagen concentra-
tions following the end of the follicular phase confirm
that ovulation has taken place with the formation of an
active corpus luteum [21].

To determine the effect of age, reproductive status, and
seasonal influences on fecal 5�-pregnan-3�-ol-20-on con-
centration, individual averages were first tested for nor-
mality using Shapiro-Wilks (P � 0.05 � normal). Nor-
mally distributed data were analyzed using Student t test
and data failing the normality test were analyzed using
Wilcoxon rank-sum test (with continuity correction of
0.5). Spearman rank correlation was used to assess the
effects of seasonal rainfall on progestagen concentrations.
A two-tailed Fisher’s exact test was used to test cyclicity
status correlation to age, parity, and lactational status
[49,50]. Statistical significance was assumed when P �
0.05. Statistical analyses were performed using the soft-
ware programs OpenStat [51] and KyPlot (KyensLab Inc.,
Tokyo, Japan, Version 2.0 beta 13 1997). Data are pre-
sented as means � SD.

3. Results

3.1. Luteal activity

In all females (N � 14) where more than 30 fecal
samples were collected, 5�-pregnan-3�-ol-20-on con-
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Fig. 1. Fecal 5�-pregnan-3�-ol-20-on concentrations (dots) of three adult African elephant females (No Tusks, Hannah, and Mandy) treated with
porcine zona pellucida (pZP) vaccine depicting a) no cyclic pattern, b) irregular cyclic pattern, and c) cyclic estrous pattern. Dotted lines represent
onset of successive luteal phases and two-way arrows represent the length of one complete estrous cycle. Solid line illustrates baseline
5�-pregnan-3�-ol-20-on concentrations.
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centrations exceeded 2 SD of individual baseline levels
more than once during the study period, indicating
luteal activity (Fig. 1). All remaining cows (Table 1)
also showed signs of luteal activity with elevations in
5�-pregnan-3�-ol-20-on levels mainly occurring in the
second wet season of 2008.

3.2. Ovarian cyclic pattern

In eight of the 14 elephant cows a cyclic pattern in
5�-pregnan-3�-ol-20-on levels could be identified. Of
these eight individuals, two cows showed an irregular
cyclic pattern lasting longer than the reported maxi-
mum of 17 wk (17.43 and 20.43 wk, respectively), and
for the remaining six females at least one complete
estrus cycle could be identified (Fig. 1b, c). Acyclic
periods lasting 18.68 � 5.94 wk (range, 13.14 to 24.57
wk) were detected in four females.

Within the 5�-pregnan-3�-ol-20-on profiles of reg-
ular cycling females (N � 6) a total of nine complete
estrous cycles were identified (Table 2). For four ele-
phant cows one cycle, falling within the normal 13 to
17 wk estrous cycle length, were identified. For the
remaining two females, two and three complete estrous
cycles were identified, respectively. Mean estrous cycle
length determined from fecal 5�-pregnan-3�-ol-20-on
measurements was 14.72 � 0.85 wk with a luteal phase
of 8.89 � 1.38 wk and a follicular phase of 5.82 � 1.44
wk (Table 2). Three of the cycling females showed
longer than expected follicular phase lengths while one
cow had a shorter than expected luteal phase. For the
six cycling elephant cows, baseline 5�-pregnan-3�-ol-
20-on concentrations ranged between 1.04 � 0.40 and
1.43 � 0.52 �g/g dry weight (DW) (Table 1). 5�-
pregnan-3�-ol-20-on concentrations during peak luteal
phase ranged from 2.71 to 9.96 �g/g. The highest
concentrations were found in the two females that
showed irregular cycle lengths (Table 1). No difference

in baseline 5�-pregnan-3�-ol-20-on levels were found
between cycling and noncycling females (t � 2.57;
N � 6; P � 0.05).

3.3. Effect of age on ovarian cycles

Of the nine adult cows monitored, five showed a
regular and one an irregular cyclic pattern. The remain-
ing three were acyclic according to the 5�-pregnan-3�-ol-
20-on analyses (Table 1). One each of the subadult
cows had a regular or an irregular cyclic pattern,
respectively, while the remaining three were acyclic.
Age and the occurrence of estrous cycles was not
significantly correlated (Fisher’s exact test; P �
0.30) and no significant difference could be found
between average 5�-pregnan-3�-ol-20-on concentra-
tions of adult and nonadult individuals (t � 1.13;
N � 14; P � 0.5).

Fig. 2. Mean monthly rainfall (horizontal bars) and overall mean
monthly 5�-pregnan-3�-ol-20-on concentrations (dots) � SE for 14
porcine zona pellucida (pZP)-treated African elephant females from
March 2007 to February 2008.

Table 2
Number of cycles, phase lengths and baseline of fecal 5�-pregnan-3�-ol-20-on concentrations � SD in cycling pZP-treated African elephant
females at Thornybush Private Nature Reserve, South Africa.

Cycling cows Number of
cycles found

Luteal phase Follicular phase Cycle length (weeks)

Weeks 5�-pregnan-3�-ol-
20-on (�g/g DW)

Weeks 5�-pregnan-3�-ol-
20-on (�g/g DW)

Dana 1 8.29 2.08 � 0.47 8.00 0.91 � 0.18 16.29
Hook 2 8.72 � 1.01 2.32 � 0.99 5.43 � 1.82 0.94 � 0.36 14.14 � 0.81
Mandy 3 10.33 � 0.30 1.91 � 1.07 4.81 � 0.36 0.94 � 0.25 15.14 � 0.38
One Tusk 1 8.14 2.27 � 1.11 5.71 0.90 � 0.32 13.86
Rex 1 8.86 2.03 � 0.61 5.43 0.89 � 0.20 14.29
Thembisa 1 6.29 2.11 � 0.01 8.00 0.96 � 0.41 14.29
Mean � SD 8.89 � 1.38 2.07 � 0.95 5.82 � 1.44 0.95 � 0.31 14.72 � 0.85

DW, dry weight; pZP, porcine zona pellucida.
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3.4. Effect of calving interval on ovarian cycles

All the adult cows considered in the study (N � 9) had
calved at least once (1 to 4 calves) before pZP treatment
with the most recent dates of parturition occurring in
August 2006 (Table 1). The fecal 5�-pregnan-3�-ol-20-on
measurements revealed that no females were pregnant at
the time of the study. All adult females except one
(Mandy) were lactating for the duration of the study.

Three of six cows that had calved �18 mo (range, 6
to 14 mo) failed to show an ovarian cycle while three
had a regular cyclic pattern. All three cows that had
calved more than 18 mo (range, 24 to 36 mo) before
commencement of the study were cyclic, although one
of these had an irregular pattern (Table 1).

3.5. Effect of season on 5�-pregnan-3�-ol-20-on
concentrations

Average 5�-pregnan-3�-ol-20-on concentrations ob-
tained from individual cows during the wet season (1.98 �
0.58 �g/g DW) were significantly higher (t � 3.22;
N � 12; P � 0.01) than mean 5�-pregnan-3�-ol-20-on
concentrations obtained from females during the dry
season (1.25 � 0.44 �g/g DW). Overall mean monthly
5�-pregnan-3�-ol-20-on concentrations were signifi-
cantly correlated with total amount of monthly rainfall
(t � 2.00; N � 12; P � 0.05) (Fig. 2).

3.6. Relationship of observed estrus and fecal 5�-
pregnan-3�-ol-20-on concentrations

Estrous behavior was noted on three occasions dur-
ing the study and in each case coincided with the onset
of a luteal phase as indicated by a rise in 5�-pregnan-
3�-ol-20-on levels above baseline.

4. Discussion

This study is the first to examine the effects of pZP
treatment on fecal progestagen concentrations in female
African elephants while further demonstrating the use-
fulness of noninvasive fecal endocrine monitoring in
assessing reproductive status in wild populations of
African elephants [18,22,26,29]. The results generated
in this study underline earlier efficacy of pZP vaccina-
tion [10] with regard to managing elephant numbers by
detecting no pregnant focal animals 22 mo after treat-
ment and onward. Observed estrous behavior was as-
sociated with a rise in progestagen concentration indi-
cating the initiation of the luteal phase as confirmed by
Hodges [21] and Brown [23] in untreated African ele-
phant females. Concerning seasonality, the generated

endocrine correlates in pZP-treated individuals all re-
mained in agreement with findings in literature regard-
ing untreated populations [26,29]. Seasonal influences
on reproductive steroid hormones have been widely
reported in a variety of species [52–54] as well as
African elephants [26,29]. As a consequence of low
rainfall experienced during the dry season, quality and
availability of food and water decline [26]. These dry
season conditions result in a decline in body condition
and have been linked to lowered progestagen concen-
trations, periods of anestrus, silent heats, and subse-
quently reduced fertility [26,29]. The period of study
took place during a drought where rainfall in both 2007
(405.4 mm) and 2008 (333 mm) fell below the average
601 mm reported for the study area [30]. The subopti-
mal conditions arising from the poor rainfall during the
study period likely resulted in nutritional stress in the
Thornybush elephant population which in turn could
explain the low frequency of cyclic patterns in their
progestagen concentrations. Overall average monthly
progestagen concentrations closely followed rainfall
patterns (Fig. 2) and further verified past studies that
indicated availability of water, food, and body condi-
tion influence reproduction [26,29].

Our knowledge regarding reproductive endocrine
function in free-ranging elephants is limited and infor-
mation gleaned from captive populations cannot be
transferred one-on-one without limitations due to in-
consistencies in the environmental and social set-up.
Therefore, further investigation of cycling patterns in
both free-ranging untreated and treated populations of
African elephant is necessary to evaluate the effect of
pZP on the reproductive cycle. Our results demonstrate
that in the 2 yr after the commencement of pZP treat-
ment at TPNR, estrous cycles are present amongst
nearly half of treated individuals, indicating ovarian
functionality. Previous studies already documented al-
ternation between cyclic and noncyclic periods as well
as erratic progestagen secretion in untreated African
elephant populations [27,55]. Furthermore, most data
on wild populations have been unable to determine
continuous cyclicity status, as in most cases, the sub-
jects already are or become pregnant during the course
of the study [26–28]. Interpreting causes for irregular
or noncyclic patterns of progestagen secretion in Afri-
can elephants is fraught with complexity given a vast
variety of potential influences, such as an individual’s
social status, body condition, climatic, and seasonal influ-
ences [26,29,55]. Regarding the potential influence of the
pZP treatment, episodic ovulatory failure amongst pZP-
treated feral horses has also been reported but could not
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be irrefutably linked to pZP treatment alone and estrous
cycle characteristics were consistent with untreated
mares [56]. Additionally, seasonal and social influences
on hormone activity also complicate analysis as both
factors have an impact on body condition thus affecting
reproductive fitness [29,55]. Thus, it is difficult to con-
clude the effect of pZP treatment on elephant reproduc-
tive function as the exact effects of each of the afore-
mentioned factors on reproduction in untreated
populations is not yet fully understood.

In conclusion, the absence of an indefinite period of
anestrus within the study population is encouraging as
it demonstrates that pZP treatment unlikely interferes
with follicular development and ovulation in the Afri-
can elephant. Nonetheless, it is recommended that some
cows be left off treatment periodically to prevent pop-
ulation crash and a skew in age groups. Future study
should be geared toward monitoring pZP-treated fe-
males alongside a comparable untreated, free-ranging,
control group and for a longer duration (we suggest a
minimum study period of 2 yr) to minimize external
influences on reproduction as well as ascertain the long-
term effects of pZP vaccination on free-ranging African
elephant populations.

Acknowledgments

This study was made possible with great thanks to
the financial generosity of Thornybush Private Nature
Reserve, the US Fish and Wildlife Service-African El-
ephant Conservation Fund, Humane Society Interna-
tional, and the University of Pretoria. The authors thank
Audrey Delsink for advice on pZP immunocontracep-
tion, Peter Thompson for his generous feedback regard-
ing statistical analysis, staff at TPNR for field assis-
tance, and to Dr. Peter Rogers, ProVet Wildlife
Services and Mike Pingo for their yearly efforts during
the vaccination period.

References

[1] Fayrer-Hosken RA, Bertschinger HJ, Kirkpatrick JF, Grobler D,
Lamberski N, Honneyman G, et al. Contraceptive potential of
the porcine zona pellucida vaccine in the African elephant
(Loxodonta africana). Theriogenology 1999;52:835–46.

[2] Stout TAE, Colenbrander B. Contraception as a tool for limiting
elephant population growth: the possible pitfalls of various
approaches. In: Proceedings of the 15th Symposium on Tropical
Animal Health and Reproduction: Management of Elephant
Reproduction, Faculty of Veterinary Medicine, University of
Utrecht, 2004, pp. 81–5.

[3] Kerley GIH, Landman M. The impacts of elephants on biodi-
versity in the Eastern Cape subtropical thickets. S Afr J Sci
2006;102:395–402.

[4] Kerley GIH, Landman M, Kruger L, Owen-Smith N, Balfour D,
De Boer WF, et al. Effects of elephants on ecosystems and
biodiversity. In: Elephant management: a scientific assessment
for South Africa, Scholes RJ, Mennell KG (Eds.), Wits Univer-
sity Press; 2008, pp. 146–205.

[5] Van Aarde RJ, Jackson TP. Megaparks for metapopulations:
addressing the causes of locally high elephant numbers in south-
ern Africa. Biol Conserv 2007;134:289–97.

[6] Whyte IJ, Biggs HC, Gaylard A, Braack LEO. A new policy for
the management of the Kruger national Park’s elephant popu-
lation. Koedoe 1999;42:111–32.

[7] Slotow R, Garai ME, Reilly B, Page B, Carr RD. Population
dynamics of elephants re-introduced to small fenced reserves in
South Africa. S Afr J Wildl Res 2005;35:23–32.

[8] Scholes RJ, Carruthers J, van Aarde R, Kerley GIH, Twine W,
Grobler DG, et al. Summary for Policymakers: Assessment of
South African Elephant Management. Witwatersrand Univer-
sity Press, 2007.

[9] Foggin CM. The elephant problem in Zimbabwe: can there be any
alternative to culling? Proceedings of the First Workshop on the
Control of Wild Elephant Populations. Utrecht University, 2003.

[10] Bertschinger H, Delsink A, van Altena JJ, Kirkpatrick J, Killian
H, Ganswindt A, et al. Reproductive control of elephant. In:
Elephant Management: A Scientific Assessment for South Af-
rica, Scholes RJ, Mennell KG (Eds.), Wits University Press,
2008, pp. 257–328.

[11] Delsink AJ. The costs and consequences of immunocontracep-
tion implementation in elephants at Makalali Conservancy,
South Africa. M.Sc. thesis, University of KwaZulu-Natal, 2006.

[12] Fayrer-Hosken RA, Brooks P, Bertschinger HJ, Kirkpatrick JF,
Turner JW, Liu IKM. Management of African elephant populations
by immunocontraception. Wildl Soc Bull 1997;25:18–21.

[13] Delsink AK, van Altena JJ, Kirkpatrick J, Grobler D, Fayrer-
Hosken RA. Field applications of immunocontraception in African
elephants (Loxodonta africana). Reprod Suppl 2002;60:117–24.

[14] Fayrer-Hosken RA, Grobler D, van Altena JJ, Bertschinger HJ,
Kirkpatrick JF. Immunocontraception of African elephants: a hu-
mane method to control elephant populations without behavioural
side effects. Nature 2000;407:149.

[15] Butler V. Elephants: trimming the herd. BioScience;1998:76–81.
[16] Delsink AJ, van Altena JJ, Grobler D, Bertschinger H, Kirkpatrick

J, Slotow R. Regulation of a small, discrete African elephant
population through immunocontraception in the Makalali conser-
vancy, Limpopo, South Africa. S Afr J Sci 2006;102:403–5.

[17] Plotka ED, Seal US, Zarembka FR, Simmons LG, Teare A,
Phillips LG, et al. Ovarian function in the elephant: luteinizing
hormone and progesterone cycles in African and Asian ele-
phants. Biol Reprod 1988;38:309–14.

[18] Wasser SK, Papageorge S, Foley C, Brown JL. Excretory fate of
estradiol and progesterone in the African elephant (Loxodonta
africana) and patterns of fecal steroid concentrations throughout
the estrous cycle. Gen Comp Endocrinol 1996;102:255–62.

[19] Heistermann M, Trohorsch B, Hodges JK. Assessment of ovar-
ian function in the African elephant (Loxodonta africana) by
measurement of 5�-reduced progesterone metabolites in serum
and urine. Zoo Biol 1997;16:273–84.

[20] Hodges JK, Heistermann M, Beard A, van Aarde RJ. Concen-
trations of progesterone and the 5 �-reduced progestins, 5
�-pregnane-3,20-dione and 3 �-hydroxy-5 �-pregnan-20-one,
in luteal tissue and circulating blood and their relationship to
luteal function in the African elephant, Loxodonta africana. Biol
Reprod 1997;56:640–6.

84 M.J. Ahlers et al. / Theriogenology 78 (2012) 77–85



Author's personal copy

[21] Hodges JK. Endocrinology of the ovarian cycle and pregnancy
in the Asian (Elephas maximus) and African (Loxodonta afri-
cana) elephant. Anim Reprod Sci 1998;53:3–18.

[22] Fie� M, Heistermann M, Hodges JK. Patterns of urinary and
faecal steroid excretion during the ovarian cycle and pregnancy
in the African elephant (Loxodonta africana). Gen Comp En-
docrinol 1999;115:75–89.

[23] Brown JL. Reproductive endocrine monitoring of elephants: an
essential tool for assisting captive management. Zoo Biol 2000;
19:347–67.

[24] Ortolani A, Leong K, Graham L, Savage A. Behavioral indices
of estrus in a group of captive African elephants (Loxodonta
africana). Zoo Biol 2005;24:311–29.

[25] Brown JL. Reproductive endocrinology. In: Biology, Medicine,
and Surgery of Elephant, Fowler ME, Mikota SK (Eds.), Black-
well Publishing, 2006, pp. 377–88.

[26] Foley CAH, Papageorge S, Wasser SK. Noninvasive stress and
reproductive measures of social and ecological pressures in free-
ranging African elephants. Conserv Biol 2001;15:1134–42.

[27] Brown JL, Olson D, Keele M, Freeman EW. Survey of the
reproductive cyclicity status of Asian and African elephants in
North America. Zoo Biol 2004;23:309–21.

[28] Freeman EW, Weiss E, Brown JL. Examination of the interrela-
tionships of behaviour, dominance status, and ovarian activity in
captive Asian and African elephants. Zoo Biol 2004;23:431–48.

[29] Wittemyer G, Ganswindt A, Hodges K. The impact of ecolog-
ical variability on the reproductive endocrinology of wild fe-
male African elephants. Horm Behav 2007;51:346–54.

[30] Peel M (Ed.), Ecological Monitoring: Thornybush Game Re-
serve. Republic of South Africa, ARC Range and Forage Insti-
tute. Annual Report. Nelspruit, 2005.

[31] Poole JH. Mate guarding, reproductive success and female
choice in African elephants. Anim Behav 1989;37:842–9.

[32] Garai ME, Du Toit KG, Raath CP, Marais C. Managing African
elephants: guidelines for the introduction and management of
African elephants on game ranches. In: Garai ME (Ed.), Ele-
phant Management and Owners Association, 1999.

[33] Hanks J. A Struggle for Survival. C Struik Publishers, 1979.
[34] Delsink AK, Van Altena JJ, Grobler D, Bertschinger HJ, Kirk-

patrick JF, Slotow R. Implementing immunocontraception in
free-ranging African elephants at Makalali Conservancy. J S
Afr Vet Assoc 2007;78:25–30.

[35] Bertschinger HJ. Controlling wildlife reproduction: reversible
suppression of reproductive function and sex-related behaviour
in wildlife species. PhD thesis, University of Utrecht, 2010.

[36] Pulliam R, Caraco T. Living in groups and defending resources.
In: An Introduction to Behavioural Ecology, Krebs JR, Davies
NB (Eds.), Blackwell Scientific Publications, 1981, pp. 81–5.

[37] Moss CJ. Elephant Memories. William Collins Sons Co. Ltd.,
1988.

[38] Altmann J. Observational study of behavior: sampling methods.
Behaviour 1974;49:227–67.

[39] Moss CJ. Oestrus behaviour and female choice in the African
elephant. Behaviour 1983;86:167–96.

[40] Burke T. The effect of human disturbance on elephant behaviour,
movement dynamics and stress in a small reserve: Pilansberg Na-
tional Park. M.Sc. thesis, University of KwaZulu-Natal, 2005.

[41] Ganswindt A, Heistermann M, Borragan S, Hodges JK. Assess-
ment of testicular endocrine function in captive African ele-
phants by measurement of urinary and faecal androgens. Zoo
Biol 2002;21:27–36.

[42] Ganswindt A, Palme R, Heistermann M, Borragan S, Hodges
JK. Non-invasive assessment of adrenocortical function in the
male African elephant (Loxodonta africana) and its relation to
musth. Gen Comp Endocrinol 2003;134:156–66.

[43] Ganswindt A, Heistermann M, Hodges K. Physical, physiological,
and behavioral correlates of musth in captive African elephants
(Loxodonta africana). Physiol Biochem Zool 2005;78:505–14.

[44] Graham L, Schwarzenberger F, Mostl E, Galama W, Savage A.
A versatile enzyme immunoassay for the determination of pro-
gestogens in feces and serum. Zoo Biol 2001;20:227–36.

[45] Szduzy K, Dehnhard M, Strauss G, Eulenberger K, Hofer H.
Behavioural and endocrinological parameters of female African
and Asian elephants Loxodonta africana and Elephas maximus
in the peripartal period. International Zoo Yearbook 2006;40:
41–50.

[46] Brown JL, Schmitt DL, Bellem A, Graham LH, Lehnhardt J.
Hormone secretion in the Asian elephant (Elephas maximus):
characterization of ovulatory and anovulatory luteinizing hor-
mone surges. Biol Reprod 1999;61:1294–9.

[47] Brown JL, Walker SL, Moeller T. Comparative endocrinology
of cycling and non-cycling Asian (Elephas maximus) and Af-
rican (Loxodonta africana) elephants. Gen Comp Endocrinol
2004;136:360–70.

[48] Brown JL, Bellem AC, Fouraker M, Wildt DE, Roth TL. Com-
parative analysis of gonadal and adrenal activity in the black
and white rhinoceros in North America by non-invasive endo-
crine monitoring. Zoo Biol 2001;20:463–86.

[49] Bland JM, Altman DG. One and two sided tests of significance.
BMJ 1994;309:248.

[50] Exact probability test. Available at: http://faculty.vassar.edu/
lowry/fisher.html/.

[51] OpenStat. Available at: http://www.statpages.org/miller/openstat/.
[52] Moreira N, Monteiro-Filho EL, Moraes W, Swanson WF, Gra-

ham LH, Pasquali OL, et al. Reproductive steroid hormones and
ovarian activity in felids of the Leopardus genus. Zoo Biol
2001;20:103–16.

[53] Ziegler T, Hodges K, Winkler P, Heistermann M. Hormonal
correlates of reproductive seasonality in wild female Hanuman
langurs (Presbytis entellus). Am J Primatol 2000;51:119–34.

[54] Cerda-Molina AL, Hernández-López L, Páez-Ponce DL, Rojas-
Maya S, Mondragón-Ceballos R. Seasonal variations of fecal pro-
gesterone and 17�-estradiol in captive female black-handed spider
monkeys (Ateles geoffroyi). Theriogenology 2006;66:1985–93.

[55] Schulte BA, Feldman E, Lambert R, Oliver R, Hess DL. Tem-
porary ovarian inactivity in elephants: relationship to status and
time outside. Physiol Behav 2000;71:123–31.

[56] Powell DM, Monfort SL. Assessment: effects of porcine zona
pellucida immunocontraception on estrous cyclicity in feral
horses. J Appl Anim Welf Sci 2001;4:271–84.

85M.J. Ahlers et al. / Theriogenology 78 (2012) 77–85


