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Non-invasive Multidisciplinary Approach to the Study of
Reproduction and Calf Development in Bottlenose Dolphin
(Tursiops truncatus): The Rimini Delfinario Experience

Raffaella Tizzi
Definario Rimini, Italy

Pier Attilio Accorsi
University of Bologna, DIMORFIPA, Italy

M assimoAzzali
I nstitute of Marine Science, Largo Fiera della Pesca, Italy

Reproduction is a fundamental biological process thiccurs only when all other vital needs are
satisfied. In cetaceans reproduction takes placeptiely in water. From courtship and mating to
calf weaning, every step of the reproductive precescurs under the water’'s surface. This
complicates data acquisition in wild populationgking captive observations a useful complement
to wild studies. By allowing close examination dfegmomena, studies in captive environments are
able to collect long-term data on known subjects] aample, in detail, complete behavioural
sequences while monitoring physiological or acaugttterns. Studies of reproduction in bottlenose
dolphins {Tursiops truncatuswere initiated at Rimini Delfinario (Italy) in B%. Four bottlenose
dolphin births (in 1995, 1997, 2003 and 2007) haweurred since the start of this research. Due to
evidence suggesting that mother and calf assongtme closest in the first year of the calf’s,life
mothers and calves were studied from birth to the @f the first year. Beginning in 1997, studies
encompassed the behaviour and physiology of dolptothers during gestation. Here, we report
results of interdisciplinary studies of reproduetiprocesses in bottlenose dolphins, including dspec
of behaviour, physiology, endocrinology, and acmsstin an effort to reduce the potential for bias
brought about by invasive sampling, we investigategthods of sampling expired air from the
dolphin’s blowhole as a means of monitoring sterbadmone levels. In summary, our research
combines an interdisciplinary network with specedi professional alliances and offers a potentially
crucial approach to the biological aspects of rdpotion. At the same time, research findings
presented here aim to help bridge the gap exidigtgreen captive and wild studies in favor of a
common aim of conservation biology.

Since reproduction has to be linked with the preadgyathering resources
for both reproductive effort and continued survjsaking a very broad view, the
“function” of marine mammals is to convert preydfispring (Fedak, Wilson, &
Pomeroy, 2002). Understanding the processes inceata reproduction has,
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however, been severely hampered by the difficultiggerent in observing fast
moving and wide ranging animals that are entireqyadic. What is known is
pieced together from anatomical studies, whalingrajons, live captures,
individual identification, genetic analyses, anteispecies comparisons (Fedak et
al., 2002; Whitehead & Mann, 2000). Since theresarenany questions that have
not or cannot be answered using wild marine mamnealstive animals are still a
primary source of data for several fields such agsilogy, acoustics and
reproduction (Corkeron, 2002).

Since modern marine mammal studies combine asp#ctll major
branches of the physical and biological sciencestmscientists specialize
concentrating on one or a few aspects of marine malrscience (Perrin, Wirsig,
& Thewissen, 2002). In this context, the general af the research carried out in
Rimini Delfinario has been to analyse bottlenoséphia (Tursiops truncatus
reproduction and calf development, combining aspectphysiology, ethology,
and acoustics. Non-invasive techniques reducerblegability of introducing bias
to results (especially when measuring stress regmrand help maintain the well-
being of the subjects of the study. While the stadycaptive populations of
cetaceans introduces its own biases (Gaskin, 188f#nardi, 1997), it also
provides opportunities to conduct time-series oftaidkd behavioural and
physiological observations that contribute to thderstanding of their biology.

Pregnancy is an orderly, coordinated progressionbiofogical and
behavioural factors that lead animals to reprodsuwwecessfully. Weaknesses or
disruptions at any point of the process can caepeoductive failure such as
abortion, stillbirth or premature birth (Geraci &insbury, 2002). This paper
reports research from long term studies of hormdenesls and respiratory rate in
femaleTursiops truncatubefore, during and after pregnancy.

Hormones influence behaviour, and are also infladnby behaviour.
Monitoring their levels can therefore provide ingiginto the mechanistic aspects
of behaviour (Koren et al., 2002). Hormones sucpragesterone (Ozharovskaya,
1990; Sawyer-Steffan, Kirby, & Gilmartin, 1983; $chder, 1990; Schroeder &
Keller, 1989; West et al., 2000; Williamson, Galé&sl.ister, 1990) and cortisol
(Elsner, 2002; Medway, Geraci, & Klein, 1970; Mo&tlPalme, 2002; St. Aubin,
2001; St. Aubin, Ridgway, Wells, & Rhinehar996; Suzuki, Tobayama,
Katsumata, Yoshioka, & Aida, 1998; Thompson & Gerdl986; Wasser,
Monfort, Southers, & Wildt, 1994) in cetaceans aseally extracted from blood
samples or from saliva, urine and feces. We hysitkd that an alternative source
may be found in expired air from the blowhole, whican be collected non-
invasively. Specific aims of this part of our resdawere a) to set up and validate
the use of progesterone and cortisol dosage proegdising blowhole samples, b)
to compare progesterone concentration during estrpregnancy and lactation,
and c) to evaluate if non-invasive blowhole samplaould represent a reliable
alternative to blood sampling for detecting stresstisol responses. Cortisol
concentration is a strong indicator of stress imyngypes of animals (Moberg,
2000; Schreck, 2000; Suzuki et al., 2003).
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The first step in evaluating the reliability of klbole expirations for
sampling progesterone and cortisol was determirfinipey were significantly
corresponded to blood serum levels.

Considering the crucial relationships existing bedw hormones and
behaviour, with endocrine mechanisms able to atteetexpression of behaviour
and vice versa (Koren et al., 2002), the seconp wt&s to test for correlation
between these two aspects.

The development of young dolphins is marked by @gpassive gain of
independence from the mother correlated with anaesin of the calf's
behavioural repertoire (Miles & Herzing, 2003), efetinant for both calf
survivorship and adult skills acquisition. Obseiwas of infant bottlenose
dolphins indicated that motor coordination improweigh age (Mann & Smuts,
1999), expanding their potential behavioural capaci

According to Mann and Smuts (1999), the changeselated with the
infant development are grouped in two categori¢schenges in early physical
characteristics; b) changes correlated with thesldgwment of muscular system,
such as motor development, developmental changespatial relations and
mother-infant proximity and maternal and infantidtt budgets, including how
mothers and infants coordinate their behaviour.

To secure the transition from dependence to indigrece, marine
mammal offspring must acquire, for instance, neargssurvival foraging skills,
developed by learning or experience (Mann, 2002jis Tpart of our research
guantitatively investigated, on a weekly basis, mvhad in what circumstances the
calves showed new behavioural elements carryinpisrenhancing process.

As for the study carried out on acoustic behavitle, aim was to study
the possibility of using acoustic monitoring forsassing the changes in the
physiological state of dolphins in three periodscal for their own group: the pre-
conception period, the pregnancy period and, tls¢-partum period.

In particular, regarding infant dolphins, the aimsre to point out: a) the
possible existence of an infant acoustic reperteoiot linked to external factors,
including calves' mothers and their communitieghie)time necessary for a calf to
produce, or learn to produce, well structured saigmals; ¢) the role played by
the mother in this developing or learning process.

Method

Environment and subjects of the study

The study was conducted in the Rimini Delfinaritalff), in an open-air rounded pool
(diameter 20 m; capacity 130G narea 310 ) max depth 5 m) with four underwater windows (80 x
80 cm) for visual observations below the surfadee Tacility, built in the 1960’s, is characteriziegl
a "one-pool" management system with no side p@&itece 1995 the dolphin group has consisted of
eight bottlenose dolphins (Table 1). No individuadse been transferred from other facilities, bet t
size of the group was increased by four births9851 1997, 2003, and 2007. Two individuals were
moved to another aquarium in 2001 and 2002.

Since Rimini delphinarium houses only a few indiats, the sample size was increased for
study of respiration and acoustic patterns in paegfemales and calves by including animals in

- 736 -



three other facilities: Gardaland Palablu (Pesehie/R, ltaly), Aquatic World Delphinarium
(Cattolica, RN, Italy), and Aqualand Dolphinariuireferife, Spain).

Tablel
Bottlenose dolphin community of Rimini Delfinarioce 1995.
Name Sex Birth Date Origin Offspring
Speedy Male 1970 (presumed) Adriatic Sea (Pescara, Sole, Luna, Blue, Rocco,
Italy) Lapo
Alfa Female 1979 (presumed) Gulf of Mexico Sole, Luna, Rocco, Lapo
(Campeche)
Beta* Female 1981 (presumed) Gulf of Mexico Blue
(Campeche)
Sole Male 03 May 1993 Born at Rimini -
Delfinario
Luna Female 12 May 1995 Born at Rimini -
Delfinario
Blue**  Female 26 June 1997 Born at Rimini -
Delfinario
Rocco Male 27 September 2003 Born at Rimini -
Delfinario
Lapo Male 28 July 2007 Born at Rimini -
Delfinario

*Moved to other facility in the year 2001
**Moved to other facility in the year 2002

Measures of hormone concentration

Fifteen samples of both blow and blood were sinmatausly collected from the subject
Blue between June 2005 and September 2008. Samphisgdone opportunistically when blood
sampling was planned for routine veterinary exationa. The dolphin was trained to blow into
polypropylene sterile bottles with a screw closwith at least six expirations per sample collected.
After collection, samples were stored at -20°C lumssay at the laboratory. Progesterone
concentration was determined by validated radioimoassay (RIA) (Seren, Leopold, & Bolelli,
1974; Tamanini, Giordano, Chiesa, & Seren, 1988yti€bl was simultaneously sampled using the
same procedures in 15 blow and blood samples tetlerom the subject Speedy, between
September 2003 and June 2006.

Blow samples were used to monitor relative progest concentrations during the estrous
cycle in three female bottlenose dolphins (Alfay@hnd Luna). Sampling was done once a week, for
approximately one year each from the year 20040t/ 2To determine progesterone profile during
pregnancy, the subject Alfa was studied for 52 wefetim August 2006 until the birth of her male
calf Lapo on 28 July 2007. Blow sampling occurreeérg day throughout the entire gestation. The
results are presented as mean weekly concenti@tjiprogesterone.

One month after the birth of her calf Lapo, blawmpling on Alfa was restarted, in order to
determine the concentration of progesterone duantation. Sampling occurred once a week from
the end of August 2007 until January 2008 (19 wéets).

Cortisol concentrations were sampled from the fensdfa for 52 weeks from August
2006, using the same methods employed for progesemonitoring. The method required daily
blow samplings throughout the entire period of a#sh. The seven samples collected each week
were averaged to provide the mean weekly concémraf cortisol.

Respiratory activity
The rate of respiration in pregnant female dolphias monitored on two days per week,

for twelve weeks prior to parturition. Observatiammsisted of recording breathing rates within four
time blocks in each day (0800-1059, 1100-1359, 14&%0, 1700-1959). Within each block, a 15-
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min period was randomly selected and the numbérexdths recorded, as well as the apnea intervals
— the exact time elapsing between two consecutpeniogs of the blowhole. We distinguished
between "dive time" (immersion time lapse from &dth and the next one) and "roll interval"
(surface time lapse from a breath and the nex® \Batson & Gaskin, 1983). The female Beta was
monitored from April to 26 June 1997 when she daivth to her first calf Blue. Alfa was studied in
two different pregnancies, from July to 27 Septen@03 when she delivered her calf Rocco and
from May to 28 July 2007 until she gave birth to balf Lapo.

Respiratory patterns were monitored in two male amd female healthy bottlenose
dolphin calves (Luna, Blue, Rocco and Lapo, Tabl¢olidentify breathing trends and determine if
such data could be used for monitoring the welkgedf newborn dolphins. Each dolphin was
observed for 15 min each hour in the 24 hr follaybirth. From day 2 to day 14, respiration was
monitored in 15 min sessions randomly assignedinvitight time intervals (0800-1059, 1100-1359,
1400-1659, 1700-1959, 2000-2259, 2300-0159, 02@G®08500-0759). From the third week after
birth until the 28' week, sampling was scaled back to four sessiorisgithe day (0800-1059, 1100-
1359, 1400-1659, 1700-1959).

Behaviour

The behaviour of females was monitored throughastagion. On two days per week, the
day was divided into the same time blocks used ré&apiratory monitoring, and a one hour
observation period was randomly selected withinhehlbck. The nulliparous female Beta was
monitored from April to 26 June 1997 when she daivin to her first calf Blue (12 weeks total). On
the other hand, the multiparous Alfa was studiedwn different pregnancies, from May to 27
September 2003 when she delivered her fourth catfc® (20 weeks total) and from August 2006
until she gave birth to her fifth calf Lapo on 28yJ2007 (52 weeks total).

Since 1995, a database containing a detailed fitaggin of dolphin behaviours, both in
the wild and in captivity, has been developedhis study, a behavioural catalogue of 66 behavioura
units was grouped into six main categories: “Loctomp and Postural behaviour,” “Social
behaviour,” “Sexual behaviour,” “Aerial behavioutBubble behaviour” and “Play” (see Appendix
1 for details). All behaviours listed in the Appéndre distinguished as "events" (i.e., behaviour
patterns of relatively short duration) or "statéiss., behaviour patterns of relatively long duva)i
(see Martin & Bateson, 1986). All states were mesdin terms of both their duration and, since the
onset of an activity can itself be scored as amiubaeir frequency. All events were recorded in
terms of their frequency of occurrence per unietim

Observations were conducted according to the "lddal follow protocol" defined by
Mann (1999), with continuous recording sessionsingsone hour. Frequencies and durations of
observed behaviours were recorded by means ofem\ddmera and Observer 5.0 (Noldus) through
the underwater windows, thereby limiting potent@dserver effects on animal behavior. The
frequency of occurrence of each behavioural categabserved was averaged to a weekly value for
analyses.

Behavioural data collection during the first year aalves’ lives follows the same
methodology as for adult females and the same $agnplesign as for respiratory monitoring of
calves, except that observation periods were 30 imiduration instead of 15 min, and sampling
continued for 52 weeks instead of 26.

The behavioural catalogue for calves included ®pldys organized into seven main
categories: “Locomotory and Postural behaviour,”oc¢i@l behaviour,” “Mother/calf related
behaviour,” “Sexual behaviour,” “Aerial behavioufBubble behaviour” and “Play" (see Appendix
1 for details). Observations were carried out agicgy to Individual Follow Protocol (Mann, 1999)
with continuous recording sessions lasting 30 r@iocurrence, frequency and duration of observed
behavioural elements were scored by means of awdeera and Observer 5.0 (Noldus) through
underwater windows.

The Proximity Index (P1), as defined by Martin aBateson (1986), assigned responsibility
for maintenance of the bond between mother and Tha# two individuals may spend a great deal of
time together. A measure of their relationshiphie extent to which their proximity is due to the
movements of one member of the dyad rather thanother. This is measured by counting the
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occasion on which one member of the dyad approash&=aves the other while the other member
remains still. The PI ranges from —1 to +1, whioticates complete responsibility of the mother or
the calf, respectively, in maintaining spatial groity. We follow Mann & Smuts (1998) in defining
mother-infant associations as inferior to 2 m.

Acoustics

The study was conducted from June 2002 to Octob@8 2iuring three different periods:
the pre-conception period (P1: June 2002); therfaegy period (P2: from April to September 2003);
the postpartum period (P3: October and NovembeBRO& the time of the study, the bottlenose
dolphin group at Rimini Delfinario included the ddiemale Alfa, the adult male Speedy and their
two juvenile calves Sole (male) and Luna (female).

The signals emitted by the dolphins were colleaciede a month in 1 hour-long recording
sessions. Signals were recorded by a Briel and Kygee 8105 hydrophone, positioned 2 m below
the surface and 3 m away from the pool wall, usirgwide band (30 Hz — 300 kHz) channel of an
analogical recorder and were analysed with a HRG45 digital oscilloscope. A skilled researcher
observed both the monitor and the animals, payariqular attention to which of the dolphins was
oriented towards the hydrophone. This observerrdatbhis comments into the low band (< 20 kHz)
channel of the same recorder.

Because the narrow sound beaml(Q°) emitted from dolphin’s melon in the rostradedtion
requires the dolphin to turn and lightly bend isatl toward the hydrophone, it was possible to
discriminate between signals that were emitted ifferént dolphins using the comments from the
observer on the different dolphin postures at tloenent of signal recording. Then the waveform and
spectra of the signals assigned to individual dolptwere examined visually, to test whether the
discrimination could be supported by differencesignal characteristics among presumed individual
dolphins. Unidentified, uncertain and not well-seédpsignals were discarded, and the remaining
signals were processed using Matlab m-file lang{ageali, Garbati, & Impetuoso, 1998). For each
session the following parameters, extracted by g6k of signals of individual dolphins, were
analysed:

1) the number of signals emitted by each dolphin, miized to ten minutes: f§ (N re 10 min).
This parameter can be assumed as a measure afohstia activity of a dolphin.

12
2) the mean Gabor time width given By, = [(tz) - (tl)z] ;
N 2
| _fals)]
where { are the time moments of waveform s(tf; = It ———dt , and
5 E
+o00
E= J.|S(t) |* dt is the energy in the waveform.
0
. . 2 |1/2
3) the mean Gabor bandwidth given B, =|(f,) —(f,) ;
N 2
e[S
where fare the frequency moments of the spectrum $(fy= J.f ——df;

0
4) the mean barycentre of the frequency spectrum 8@Be to the power peak of the spectrum: C
(kHz).

The Gabor time width is linked to Gabor bandwidtl:Bs > 1/4r, with equality only if s(t) is a
Gaussian pulse.
Infant dolphin acoustic signals were collected vifite same recording system and methods.
The subjects were the two calves Blue (born in Ji88¥) and Rocco (born in September 2003), and
their respective mothers Beta and Alfa. In ordewtden the sample size and to verify that external
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factors do not affect the parameters of calvesiafy two other newborns held in two different
facilities were added (together with their motheas) subjects of the research: Dafne (born in
September 1992) and her mother Bonnie, housed im#aWorld Delphinarium (Cattolica, RN,
Italy), and Nau (born in October 2001) with her h@t Betty, housed in Palablu of Gardaland
(Verona, ltaly). The data presented are based aklwéd hour long recording sessions carried out
from birth throughout the first eight weeks aftéthy and then every two weeks until thé"\geek.

In each session, six adimensional statistical patars were extracted from the set of
signals emitted by each dolphin (four calves arartmothers): asymmetry coefficient {X% &),
kurtosis coefficient (X= &), mean barycenter of the time domain waveforinrs{ated to standard
deviation ()¢ = G/ oy), mean Gabor time width related to standard dewiatX, = Tg/ o), mean
barycenter of the frequency spectrum S(f) relategtandard deviation @& C / o¢ ) and, mean
Gabor bandwidth related to standard deviatiog £XBg / oF). Each set of signals emitted by a
dolphin during a session was represented as apdaifin a space with six dimensions,(% = 1,
2,... 6). Euclidean distances between each pair @f plaints were used as measures of dissimilarity
(or similarity):

D, :{Z(Xrl] _x;)z} ,

n=1.6

where Xand X are two different data points (e.g., two differditphins or the same dolphin tested
in two different periods), and;Pis a measure of the similarity (or dissimilaritgr them (similarity

= k/ D j; dissimilarity = k. 3 ; ). The nearest distances among a group of dolphéns calculated
using hierarchical clustering method. Initially eyeata point is considered as a separate cluzber.
assessing changes in the acoustic proprietiesleéscand their mothers, the data were grouped in
three periods and then processed. The three peatedsfrom the 8 to the &' postnatal week; from
the 9" to the 13 postnatal week; from the 430 the 18' postnatal week.

Results
Hormonal levels

Figure la reports progesterone concentrations mechgu blood and blow
while Figure 1b reveals the significant relatiomshixisting between the two
biological sourcesr(= 0.55,p = 0.03). Cortisol concentrations are reported in
Figure 2a. Figure 2b shows the scatter plot undadithe significant relationship
between blood and blowr (= 0.89,p < 0.01). Although the blow sampling
expresses a relatively weak association with blomttentrations of progesterone
with respect to cortisol, nonetheless, both cotigia are statistically significant.
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The results shown in Figure 3 confirmed the sedsoai@re of Tursiops
truncatus estrous (Kirby & Ridgway, 1984; Robeck, 2000; RgbheCurry,
McBain, & Kramer, 1994), with ovulations occurrisgveral times per year, in a
prevalent period ranging from spring to mid-autuRnogesterone concentrations
revealed a mean value of 98.00 + 95.04 pg/ml (rai®y@4 — 574.83 pg/mh =

- 742 -



S0-InC-S

SO-unc-v1

50-Ren-Gz
S0-Ren-v

S0-1dv-TT

98,00 pg/mi

S0-JelN-EC

mean of the period

‘—-—ALFA - Estrous Cycle ‘

G0-094-8¢
G0-094-6
G0-uer-0¢
¥0-99Q-8¢
¥0-99d-6
¥0-AON-9T
¥70-190-9¢
70-190-S

70-deS-€T

¥0-bnv-02

, , ,
o O O O o
o O O O

© 1 < ™

(Jwy6d) suosarsaboid mo|g

T T
o O
o O
N -

46) in Alfa, 69.66 + 59.31 pg/ml (range 0.59 — Z89pg/ml,n = 55) in Blue, and

55.89 + 72.26 pg/ml (range 2.38 — 380.39 pgfnm#,94) in Luna.

<

90-AeN-zz
B 90-AeN-T
B 5E
S o > 90-1dv-0T
(@] < Q.
2 5 8 90-eN-0Z
o c @
@ g“
M o 90-004-/2
4 [ 90-ge4-9
- L
o L
.__ [ 90-uer-9T
L= [ G0-98Q-92
[ S0-AON-82
[ GO-AON-L
[ G0-100-/T
[ s0-des-9z
[ g0-des-g
[ 50-Bny-GT
[ Go-Inc-G2
[ So-Inc-v
[ Go-unp-€1
I so-Aen-ez
: : : : : I so-AeN-z
o o o o o o o
o o o o o o
[te} n < ™ N -
(Jw/Bd) auosarsaboid mojg
)

10-98Q-LT
L0-NON-CT

F 20-InC-9T

20-unC-TT

‘—-—LUNA - Estrous Cycle‘

10-ReiN-L
10-1dy-g
10-094-92
L0-uer-zg
90-990-8T
90-AON-ET

55,89 pg/ml

mean of the period

90-INC-1€
90-unr-92
-Ren-zz
90-1dv-.T
90-JeN-9

600

C)

T T T T T
o o o o o o
o o o o o
[Te) < ™ N —
(Jw/Bd) auotarsaboid mojg

Figure 3. Blow progesterone weekly levels in the three subj@alfa, B) Blue, and C) Luna during

the estrous cycle monitoring when animals werepnegnant nor lactating.

- 743 -



By comparison to normal estrous (Fig. 3A), progeste concentrations
remained high during the 12 months of gestationafmealue: 201.73 + 90.16
pg/ml, range 86.48 — 503.46 pg/ml= 52) (Fig. 4). However, as expected, during
the final week, progesterone values gradually dewé as the birth date
approached (trend line equation: y = -40.84x + 380K = 0.75), showing the
lowest value the day before parturition (132.53gg(Fig. 5).
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Figure 4. Blow progesterone and cortisol weekly levels inshbject Alfa during the complete
progression of her pregnancy in 2006-2007 (52 wiéstis).

ALFA - Pregnancy (last seven days before delivery)

—a—Dblow cortisol ——e— blow progesterone ‘

600

500
400 -
300 +
200
100 +

Hormone concentration (pg/ml)

22-Jul-07
23-Jul-07
24-Jul-07
25-Jul-07
26-Jul-07
27-Jul-07
28-Jul-07

Figure 5. Blow progesterone and cortisol levels in the subfdfa during the last seven days of the
pregnancy in 2006-2007. The delivery occurred id-afternoon on 28 July, about seven hours after
the last blow sampling.
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Dolphin progesterone revealed a short half-life dadreased sharply with
expulsion of the fetus, as found by Schroeder &ld€e(1989). Post-partum
progesterone values, were lower than ever prewiorestorded in Alfa (mean
value: 39.14 + 33.28 pg/ml, range 0.57 — 112.42npai = 19) (Fig. 6).

150

—a— ALFA - Lactation

=
[
o

©
o
L

mean of the period
39,14 pg/ml

[<2]
o
L

Blow progesterone (pg/ml)

w
o
L

o

27-Aug-07
3-Sep-07
10-Sep-07
17-Sep-07
24-Sep-07
1-Oct-07
15-Oct-07
22-Oct-07
5-Nov-07
12-Nov-07
19-Nov-07
26-Nov-07
3-Dec-07
10-Dec-07
17-Dec-07
24-Dec-07
31-Dec-07
7-Jan-08
21-Jan-08

Figure 6. Blow progesterone levels in the subject Alfa durthg first six months of the nursing
period of her calf Lapo
in 2007.

As reported in Figure 4, cortisol showed gradualbreasing values (trend
line equation: y = 1.3707x + 12.97&’= 0.2928), that rose from the low
concentrations of the first period after concept{first week mean value: 8.08
pg/ml), up to the high mean of the last week prawedhe delivery (166.42 +
161.82 pg/ml). In particular, two days before thiethh cortisol showed its
maximum peak of 446.23 pg/ml (Fig. 5), more thamenitimes the mean
concentration of the pregnancy (49.30 + 38.39 pgrarige 1.39-182.42 pg/nm,
=52).

Respiration

The results showed a similar trend in all the tregemined pregnancies
with both females Alfa and Beta gradually incregdineir apnea's duration while
approaching the delivery day. In particular, while latter showed an apnea mean
weekly value shifting from 26-27 to 34-35 s, in thieer female Alfa the mean
weekly apnea changed from 28 to 32-33 s in 2003framad 25-26 up to 28-29 s in
2007.

The tendency of pregnancy to alter respiratory el was reported by
two other studies which applied the same methogolog captive bottlenose
dolphins. Dallan and colleagues (2002) at GardalBathblu (Peschiera, VR,
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Italy), recorded a mean increase of apneas of $et@nds per week. San Juan and
Tizzi (2005), at Aqualand Dolphinarium (Tenerifqgath), observed two females
increasing their mean weekly apnea values resgdygtivom 28 to 33-34 s (mean
increase: 0.37 s per week) and from 30 to 33-34(nikecrease: 0.17 s per week),
recording respiratory trends similar to the abogported results. On the other
hand, a third subject at Aqualand Dolphinarium edeé nearly no changes in her
respiratory habits (mean increase: 0.01 s per wabke a fourth one showed an
even negative trend with decreasing values fror2216 19-20 s (mean decrease:
0.39 s per week). However, the results of the tlaet cases appeared interesting
since while the former prematurely expelled hewdetaind did not positively
conclude her gestation, the latter was known tcsliféering from a respiratory
disorder connected to asthma. Because the lasintixduals were excluded for
the reasons mentioned, the identical sampling piwes used in the different
studies allowed us to apply an overall statistaralysis to the six successful and
healthy pregnant bottlenose dolphins. A one-way vansignificantly confirmed
how pregnancy development with time seems to affaoiales’ respiratory rates,
F(11) = 2.15p = 0.0320 (see Fig. 7).

Apnoea duration trend during the last twelve weeks of pregnancy
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Figure 7. Trend of the duration of apnea (mear8B) measured during the last twelve weeks of
pregnancy in six bottlenose dolphin females who sactessfully given birth to their own calves
(Alfa 2003, 2007 and Beta 1997 housed in Rimini fidatio; two females from Aqualand
Dolphinarium, Tenerife, Spain, one female from Géadd Palablu, Italy).

Behaviour

Both females’ behaviour changed significantly ag thelivery time
approached (Beta 199F(11) = 3.50,p < 0.0001; Alfa 2003F(11) = 3.47p <
0.0001; Alfa 2007:F(11) = 6.09,p < 0.0001). Since physiological responses
interact with behavioural reactions and their cambi study yields important
insights on animals (Elsner, 2002), only behavibuesults that revealed a
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significant correlation with hormonal profiles ierins of duration, frequency or
both are herein reported.

During gestation, the female Alfa appeared to seoadnsiderable amount
of time (> 60%) swimming with an almost constardéexh and direction. However,
three components of the swimming pattern were fogmtly correlated with
progesterone: a) accelerations leading to a vestysiaim ¢ = -0.28,p < 0.05), b)
the act of proceeding through the water while naamibg an upside down
position, with the belly to the surface=£ 0.27,p < 0.05), and ¢) swimming alone
(r =-0.33,p < 0.05). Negative correlations between progestesor typical social
behaviours such as rubbing of the belly towardglrerandividuals = -0.29,p <
0.05) and receiving contacts on her flank=(-0.29,p < 0.05) were also observed.
Finally, significant negative relationships withogesterone and the behaviour of
exploring the poolr(= -0.76,p < 0.05) and with the emission of bubble streams (
=-0.77,p < 0.05) emerged in 2003.

Progesterone was negatively correlated with all #t@ve-mentioned
behaviours but one. Belly-up swimmirg- an action performed by the subject
between 2 and 7 times per hour in the last twelgeks of gestation, with single
occurrences lasting about 8-18-sincreased in terms of duration with increasing
progesterone. On the other hand, a decrease inegigygne concentrations
appeared to coincide with an increase in the wadl of the pregnant female
from other group members. Decrease progesteronecided with a higher
duration of solitary swimming (mean 22.6 + 5.48 fnmrange 3.57-33.7), and the
solitary exploration of different parts of the paohean 0.21 + 0.15 events/hr,
range 0-0.44). However, one social interaction geclwith increased frequency
only when progesterone levels went down: activebingp interactions performed
by Alfa with the belly— a rare behaviour that consists of repeated pHysica
contacts of a very sensitive area of the body efptegnant female rubbed towards
other dolphins' bodies. This seemed to suggestla ab rubbing events for
relieving discomforts of pregnancy, rather thanadsonding purposes.

Episodes of both fast swimming and bubble streamsson appeared
significantly reduced when progesterone levels wégh, supporting the idea that
progesterone may act to mitigate symptoms of apXetye, Petralia, & Rodhes,
2000; Picazo & Fernandez-Guasti, 1995). The frequeof fast swimming
declined from peaks of at least one act per hozeto (mean 0.36 + 0.26 min/hr,
range 0-1.0) while bubble streams, usually conmeetgh whistle emissions
(Dudzinski et al., 2003; Marten, Shariff, Psarak8s,White, 1996; Miles &
Herzing, 2003; Pryor, 1990) and sometimes joineth wxcited vocalizations of
the subject (Miles & Herzing, 2003), decreased freomaximum of one episode
about every three hours to practically zero (medn#00.11 events/hr, range O-
0.3).

Cortisol values were significantly and positivelyrrelated with stationary
positions such as resting at the surface and Kyirg0.70,p < 0.01 and = 0.59,p
< 0.05, respectively) during Alfa’s pregnancy in0Z0 In the first semester of
pregnancy the average rest time was 12.4 + 1.2hritifrange 10.4-13.6 min 1,
while in the second it reached 16.6 + 1.7 min frange 14.7-19.3 min Hy. While
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the mean duration of a single rest ranged betw8etb4s, in the last 4 months this
state rose to 55 s per occurrence. Lying behavappeared almost only in the
second half of gestation.

Two other behaviours previously suggested to batedlto reproduction,
and in particular to pregnancy (Tavolga & Essapiaf57), had significant
relationships with cortisol: flexions € 0.68,p < 0.01) and side arches= 0.89,p
< 0.01). Almost completely absent in the first sinths (mean frequency he
0.004 £ 0.01, range 0-0.03), side arches were #@&bilin about one out of every
two hours in the last five months before deliveymilarly, flexions were initially
quite rare (first semester: mean frequency #10.18 + 0.05, range 0.12-0.27) but
they doubled their values in the second phase fisesemester: mean frequency
hr' = 0.42 + 0.19, range 0.23-0.67). These resultatediout that both displays
involving a severe bending of the body are printypabserved in the second part
of pregnancy, gradually increasing in frequency lavldpproaching parturition,
F(11) = 5.46p = 0.0045.

Dolphin calves tended to perform the longest daratf apnea soon after
birth (Fig. 8) and breathing frequency increasethwime. Mean apnea duration
shifted from 28.09 + 2.56 seconds (range: 24.78488€) in the first neonatal week
to a predominant interval of 20-25 s in the follogiperiods. In the early weeks,
calves were usually in a strict breathing synchrenth the mother. Synchrony
was defined as respiration performed by both mo#émer calf within a maximum
range of 2 s. During the first two weeks of lifepma than 80% of respirations were
synchronous (first week: 91.2%; second week: 84.6%g. 9). The degree of
breathing synchrony decreased with calf grodt25) = 4.76,p < 0.0001, y = —
1.8384x + 62.334F = 0.552, such that at the end of the studied gesialues of
coordinated respiration between mother and infadtdecreased to 20%.
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Figure 8. Trend of the duration of apnea (mearSP) measured during the first twenty six weeks of
life in four healthy bottlenose dolphin calves (lauborn in 1995, Blue 1997, Rocco 2003, and Lapo
2007).
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Figure 9. Breathing synchrony with the mother in the fourdstd calves (Luna born in 1995, Blue
1997, Rocco 2003 and Lapo 2007) during the firsinty-six weeks of life.

In the calves there was no significant variationth Wwme in the maximum
duration of apnead;(25) = 0.90,p = 60.37 (Fig. 10). With apneas of about two
minutes (120.58 + 11.00 s) performed during thst firconatal week, the studied
calves exhibited average values never below 1 mimud 40 s throughout the
semester.
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Figure 10. Trend of the maximum extension of apneas (me&Dr measured during the first
twenty six weeks of life in four healthy bottlenad@phin calves (Luna born in 1995, Blue 1997,
Rocco 2003 and Lapo 2007).
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In the first year of life the calves appeared, gseeted, to improve their
behavioural repertoire with growth (Fig. 11). While significant differences in
development were pointed out between individukl8) = 1.15,p = 0.33, the
expansion with time of behavioural repertoirei.e., the percentage of the 74 total
display described in Appendix 4+ emerged as statistically significaft(51) =
40.26,p < 0.0001.
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Figure 11. Mean percentage of the total behavioural reper{@4edisplays presented in Appendix 1)
expressed (mean $D) during the first fifty two weeks of life in fousottlenose dolphin calves
(Luna born in 1995, Blue 1997, Rocco 2003, and L2(@7).

All infants started to perform not only displaysncerning survivorship,
such as correctly swimming and suckling, but adaedal and sexual behaviours
in the first week of life. Leaping activity is amonon characteristic of almost all
Delphinids (Wirsig & Wirsig, 1979) with differentraups exhibiting species-
specific repertoires. In this study, bottlenoseptol calves began to quasi-leap
(Hui, 1989) only 2-3 days after birth. At an age2of + 1.53 weeks of life, the
newborns finally performed a complete leap with #ire body clearing the
water. Genital rubbing (Herzing & Johnson, 1997; nMa& Smuts, 1998),
exhibited within fifteen days of life (1.7 £ 1.15%eks), was the first sexual activity
seen.

Aggressive displays, such as direct open mouthingostrum hitting,
emerged at 8-9 months of age, confirming that éottse dolphin infants were
rarely involved in aggressive interactions withestimembers of the group during
the first phase of life (Mann, 1997; Mann & Smut999). However, aggressive
displays such as jaw-clap and head-jerk were negstered throughout the first
year after the birth, with a clear difference witlann and Smuts (1999) data, who
reported that these behaviours did occur withirfitse month of life.

With the exception of bubble streaming, already tedi simultaneously with
sound in the first week of life, behaviours relatedthe production of more
complex bubbles were developed only later. Largendobubbles expelled from
the blowhole were observed at 1.7 + 1.15 weekgyefvehile smooth, stable rings
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of air that linger in the water for several secosdsetimes forming a single larger
ring, were performed at 16.3 + 11.7 weeks aftahbir

The mother-calf pairs Beta-Blue (1997) and Alfa-8w¢2003) maintained
close contact during the first month of life, wither 90% of time spent together
(Fig. 12). However, while the 46.75% of time wagrspwith the mother only, a
higher proportion of time (49.60%) involved the s@ece of other dolphins.
However, dolphins other than mothers escorted theborns for less than two
minutes per hour (2.79%) while newborns solitarynswing did not appear until
the fourth week after birth, and then rarely (0.862ring the first week infants
swam rapidly with their mothers almost exclusivalyechelon position (Mann &
Smuts, 1999) receiving an useful hydrodynamic bdNstris & Prescott, 1961).
The calves adopted infant position only brieflyggumably just to nurse (Cockroft
& Ross, 1990; Eastcott & Dickinson, 1987; TavolgaE&sapian, 1957). During
the second week of life, the mothers started teravé further and longer
separations and infants engaged in socializingpaging bouts either with their
mothers or with other dolphins.

100%... I//I z//l//l//

80% - I
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‘ m With mother O With mother + other conspecifics 3 With other conspecifics Alone ‘

Figure 12. Amount of time spent in association with the motheéth the mother together with other
conspecifics, with other dolphins only, or aloneaswred in two mother calf pairs (Beta and Blue,
1997 and Alfa and Rocco, 2003) during the firsttd&n months of calves' lives. (Since the study
lasted exactly fifty-two weeks after the calvesttyiwe considered a "month" as a group of four
consecutive weeks).

In the neonatal phase, the Proximity Index hadgatiee value indicating
that the mothers were primarily responsible fortangg the maternal-calf bond
(in the first month: Pl = —0.261) (Fig. 13). At tkeed of the first year of life the
time spent with the mother only (19.47%) dramalycdéclined with respect to the
close bond at one month of age, in favour of longerods shared with both
mother and other dolphins (62.19%), with mates ¢8l94%) and, finally, spent in
a complete solitude (10.30%).
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Figure 13. Responsibility for proximity maintenance in two did mother calf pairs (Beta and Blue,
1997 and Alfa and Rocco, 2003) during the firstté@n months of calves' lives. Proximity Index was
calculated according to Martin & Bateson (1986)négative Pl value indicates responsibility for
proximity assigned to the mother, while a posifilevalue indicates responsibility of the calf.

Acoustics

The female Alfa exhibited a dramatic reduction e humber of signals
emitted during pregnancy relative to the acoustitiviy exhibited prior to
pregnancy, which appeared to be mimicked by theesabole and Luna (Fig. 14).
The male Speedy, on the other hand, intensifiedalsustic activity during
gestation to a peak in June, which then declineoiréis approached in September
2003 when almost no signals were produced by atiyeoflolphins (Fig. 14).
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Figure 14. Number of signals, normalized to ten minutes, editby each individual during the
preconception-period (P1), the pregnancy (P2) hagbst-partum period (P3) of Alfa in 2002-2003.
(*: parents; +: offspring;J: male; @: femalg.

The other parameters extracted from the signaldtesnby the female
showed a similar, if less dramatic trend, with thi@imum values reached during
pregnancy (P2) and increased again only afterdtiduth (P3) (Table 2).

Table2
Parameters characterizing the signals emitted g during the preconception-period (P1), the
pregnancy (P2) and the post-partum period (P3)0022003.

Preconception Pregnancy Post-partum period
Parameter period (P1) P2) (P3)
Barycenter (¢ 128.80 £ 14.83 84.09 + 2.51 kHz 99.44 + 13.74 kHz
kHz

Bandwidth (B) 55.84 £ 9.67 kHz 35.24 £ 0.47 kHz 52.83 * 156l
Duration (TG) 6.0 +1.41s 5.7 £ 0.046us 6.9 + 2.51s
Band Duration 0.33 0.20 0.36
(TG* By)

A dendrogram of acoustic dissimilarity among thgheidolphins during
the 3° to the &' postnatal week shows two distinct clusters thpasates the calves
from the adults (Fig. 15). Acoustic similarity angpnalves is much greater than
that among the mothers.
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Figure 15. Dendrogram for four calves, and their mothers duttre 3 to the & postnatal week. It
shows two distinct clusters: the cluster of cal@€s, X2, X3, X4), that have dissimilarities between
2 and 4 and the cluster of their mother (X5, X6, X8) that have dissimilarities between 6 and 14.

Table 3 reports the evolution of the mean dissiriti} of a calf versus all
other calves in the three periods under examinatioithe first period the mean
dissimilarity was very low (from 2.7 of Nau to 3of Blue). However, in the
second period the dissimilarity increased more tthaee times as the acoustic
repertoire evolved, and in the third period amoalj-gissimilarities had increased
to five times that of the first period. The acoadlissimilarities among mothers
remained constant in the three periods (from 7 Bbnnie to 10.2 of Beta).
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Table3

Evolution of the acoustic dissimilarities of a cadfrsus the others in the three periods under exation (A). The dissimilarity of a mother versus

other mothers remained constant in the entire pk(®). (Data are expressed in arbitrary units) .

A)
Rocco Dafne Nau Blue
Dolphins weeks weeks weeks weeks
3-8 9-12 13-15 3-8 9-12 13-15 3-8 9-1P 13-15 38 129-| 13-15
Other calves
(Dafne, Nau, Blue) 2.90 10.12| 15.30
Other calves
(Rocco, Nau, Blue) 2.90 8.30 19.40
Other calves
(Rocco, Dafne, Blue 2.70 11.70| 13.10Q
Other calves
(Rocco, Dafne, Nau, 3.40 10.35| 13.1
B)
Alfa Bonnie Betty Beta
Dolphins weeks weeks weeks weeks
3-15 3-15 3-15 3-15
Other mothers 780
(Bonnie, Betty, Beta) '
Other mothers
(Alfa, Betty, Beta) 7.00
Other mothers
; 9.70
(Alfa, Bonnie, Beta)
Other mothers
(Alfa, Bonnie, Betty) 10.20
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Table 4 shows the changes in the dissimilarity afal versus his own
mother in the three periods under examinationhénfirst phase the dissimilarities
between mother and calf were on average almose thnees greater than the
dissimilarities among calves in the same period {&ble 3): they ranged from 5.4
(Rocco-Alfa) to 14 (Blue-Beta). In the second périalf mother dissimilarities
decreased in average around 38%. They ranged fr8n{Rbcco-Alfa) to 8.5
(Blue-Beta). Surprisingly, in the third period thissimilarities increased markedly
for all the calf-mother pairs, except for Blue @8ta. They ranged from 4.1 (Nau-
Betty) to 18.2 (Dafne-Bonnie). On the contrary, tB&ie-Beta dissimilarity
decreased further to 2.8.

There was considerable variability in the time takar calves to learn the
use of sonar or develop their acoustic system.ifffaat Blue was the slowest: she
emitted her first high frequency sounds only arothmel 13-18' post natal week,
while Rocco, Dafne and Nau produced high frequesozinds from the™7 9", and
11" week of age, respectively.

In Table 5 some features of a sample of the ssgmlitted by Blue before
and after her 13post natal week are reported and compared witlinpelses of
her mother Beta.

In the first twelve weeks of age Blue preferreduse low frequency
sounds (min freq. 15 kHz; max freq. 28 kHz), wigwfcycles and only one peak
around 25 kHz. Her mother Beta, however, genemmiigented a maximum power
peak between 80-100 kHz, with 2-4 sub-peaks (hairsd within a bandwidth
from 35 to 120 kHz. Around the 13and 1% week of age Blue produced more
structured waveforms (bimodal). The main powerhefse signals fell between 40
and 80 kHz, with the frequency of maximum powemltsstn 40 and 75 kHz. In
this period Beta lowered the maximum power peakef signals to 45-75 kHz,
within the bandwidth used by her calf Blue.
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Table4
Changes of acoustic dissimilarity of a calf verbigher own mother in the periods under examinafidre mean dissimilarity over the entire period is
given in bold type(Data are expressed in arbitrary units).

Calves Rocco Dafne Nau Blue

VS. weeks weeks weeks weeks
mothers | 3-8 | 9-12| 13-15| 3-15| 3-8 | 9-12| 13-15| 3-15| 3-8 | 9-12| 13-15| 3-15 3-8 9-12| 13-15| 3-15
Mothers

Alfa 5.40| 2.80 7.80 5.3(

Bonnie 6.10| 4.20| 18.20 6.3

Betty 6.20| 4.10 4.80 5.00

Beta 14.00( 8.5Q 28.8( 8.90
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Table5
Features of a sample of the signals emitted by Blefore and after the 3post natal week
compared with typical signals emitted by her moeta in the same periods.

Blue: 3-12 post natal weeks Beta: 3-12 post pariw®ks
Freq.
Min Max of No. . Min Max Freq. No. .
peaks in of Max peaks in

No. frequency frequency Max No. frequency frequency

the power the
POWeT " shectrum spectrum
(kHz) (kHz)  (kHz) SP (kHz)  (kHz)  (kHz) P
1 15 28 25 1
2 15 28 22 1 15 35-40 110-120 80-100 2-4
3 15 28 22 3
Blue: 13-15 post natal weeks Beta: 13-15 post pameeks
Freq.
Min Max of eNaEé in Min Max olf::\jg.x e’:lﬁ.s in
No. frequency frequency Max P No. frequency frequency P
power the power the
(kHz)  (kHz)  (kHz) SPectum (kHz)  (kHz)  (kHz) SPectrum
1 40 80 70 2 1 35 100 45 3
2 40 80 75 2 2 40 100 50 2
3 40 80 40 2 3 35 100 75 2
4 40 80 75 2 4 45 100 60 3
Discussion
Hormones

In particular, the dynamics of cortisol shifts chgripregnancy, especially
the increasing concentrations measured in the éxpemother in the last days
before parturition, appeared analogous to other mmam under similar
physiological conditions from saliva (Behringer at, 2009) and blood (Bell,
Wood, & Keller-Wood, 1991, Flisinska-Bojanowska, dosa, & Janusz, 1991;
Vivrette, 1994) sampling.

In this view, according to Hogg and colleagues BQind their studies on
blow testosterone, the innovative technique baseol@vhole sampling seemed to
favour animal welfare. In fact, while the methodpgarted the possibility to
program, for even long periods, systematic and flerguent samples, the results
appeared to provide reliable information on hornhdexels. The ability to detect
measurable levels of hormones in the blow is prigbalue to their diving
adaptations. In fact, as stated by Hogg and calleag2009) the cetacean blow
should not be viewed simply as air and water, but enatrix of organic material.

Moreover, while blood sampling is invasive and paitaly painful which
can cause stress to animals and in turn affectodeigtion and reproductive
hormone concentrations (Hogg, Vickers, & Roger€)320blowhole process did
not incur in the undesirable detriment of affectthg subjects with the stress of
handling. Stress effects on hormones’ concentratrerwell described by different
authors (see Buholzet al., 2004; Koren et al., 2002; St. Aubin et 5#96).
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Finally, according to Hogg and colleagues. (2009rttwhile steps in
steroid hormone concentration and profile knowledgmild increase the attempt
to collect and process, with adapted methodologidsalations of wild cetaceans,
especially whales (e.g., humpback whalekegaptera novaeangliaand North
Atlantic right whalesEubalaena glacialis whose breath in the form of a cloud of
air with condensed water droplets, forms clearbjble sprays.

According to Ozharovskaya (1990), ovulations ocedirat least 2-3 times
per year, in a period ranging from the beginninghef spring to mid-autumn, with
peaks during the summertime.

Similarly to what resulted for cortisol, blow pragerone concentrations
fluctuated in response to maternal endocrine ctedgeng pregnancy (Suzuki et
al., 2003). To summarize, the results appearedasirto those obtained in the
same species and in other mammals under similasigbgical conditions from
blood serum and milk (Atkinson, 1999; Katsumatal®0Schroeder & Keller,
1990; West et al., 2000), with a constant secretibprogesterone essential to
maintaining the pregnancy. Schroeder and Keller8919in particular, used
radioimmunoassay of serum progesterone to determiegnancy and used as
positive diagnosis of pregnancy increased progastelevels ranging between 3-
55 ng/ml, sustained over two months.

The period of anestrous occurring during the ngrsieason following the
delivery was considered a suckling induced anestraluwe to suppression of
hypothalamic-pituitary-ovarian function (Katsuma28,10).

Respiratory activity

Little work has been done on respiratory changes ticcur during
pregnancy. Joseph and colleagues (1999) reportedthing was generally
irregular during parturition, while Williams and l@agues (1992) suggested how
the approach of the delivery seems to lead the lémnta save as much as energy
possible in their movements, in order to maintaathbcardiac and respiratory
rhythm similar to the levels recorded during regtiphases. Therefore, our
hypothesis is that increases in mean dive timethedonsequent low respiratory
rate of the last weeks immediately before parmmiteemed to be connected to a
progressive tiredness related to the metabolic ggmoonsistent with the pregnant
females' conditions.

According to Mann and Smuts (1999), during thetfidggays of life
newborns were usually observed exhibiting typi¢cahaip surfacing, followed by
jaw slapping down against the water surface. Maggoit was not rare to note
newborns remaining at the surface more than thethens and sometimes breath
more frequently.

These data underlined how, even from a respirgtoigt of view, in the
youngest stages of life a biologically correct tielaship with parents appears
essential for the survival of calves and for theedlgpmental changes leading them
to maturity. In effect, according to Miles and Hegz (2003) coordination of
activity including travelling, nursing, and feedipgriods between the mother and
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her calf is critical to survival since the calf raims dependent on its mother for
survival for an extensive period of time.

As stated by Mann and Smuts (1999), this declimespiratory synchrony
may reflect the fact that the infant has achievesgpiration and diving competence
sufficient to guide its own surfacing and divingttpaens, independent of the
mother.

Behaviour

Our observations show that the activity levels oégmant dolphins
decreased as pregnancy proceeded, and flexionarahithg behaviours generally
appeared in the second half of the gestation pefibe increase in resting and
lying phases could be due to the pregnant dolpliingy gradually tired and
heavy, or to try and save energy for delivery. Asearved in other studies, a
dramatic decrease of time dedicated to rest isa&gdenvhen the birth of the calf
takes place (Sekigushi & Koshin2003)

Body contractions did not appear as certain inghoatf imminent
delivery, or at least it is not a behaviour indieatof imminent parturition in all
individuals (Kaunitz, 2002; Lockwood, 2002). In thgbject Alfa, an experienced
female having had many viable pregnancies, flexamtsarches seemed to remain
constant for a long period (lasting several monéms) the highest incidence was
not necessarily in the last period before delivergreased cortisol levels might
therefore be linked to general distress resuftiogn fetus mass and movements.

In agreement with Connor and colleagues (2000),rMa897) and Mann
and Smuts (1999), genital rubbing presented vagk fiequencies since the early
stages of life, in particular in males whose pewss clearly visible during
rubbing. Selected targets were primarily the motest immature individuals of
the group. As for the part of the body of the partoreferentially rubbed on, males
seemed to prefer rubbing their genitals on the epity of conspecifics’ pectoral
fins while females usually chose wider zones suehthe@ad and back. Even if
Connor and colleagues (2000) and Mann and Smut88]1tcluded genital
rubbing among socio-sexual behaviours, this behlmvéxhibited by bottlenose
dolphin calves did not appear functionally direot reproduction but through
repeated affiliative touches seemed to carry eaffg@ommunicative and social
bonding effects.

Among bottlenose dolphins one of the strongest alwattractions is the
mother-calf relationship (Caldwell & Caldwell, 1966&cott, Wells, & Irvine,
1990). The affiliative bond may last for years utiie offspring, after a complete
weaning and autonomy acquisition, join sub-adutiugs. According to Wells
(1990), mother and calf spend about 5.4 years hegein a range between 2 and
11 years. In this context, learning to manage apadroximity, in terms of
separations and approaches with the mother, appes#e a crucial task for
newborns and absolutely essential for their grosrit survival. Our aim was to
comparatively investigate association patterns ottlénose dolphin mother-calf
pairs during the first year of the calf's life thugh systematic observations, in
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order to: 1) measure the amount of time spent byc#ves with their mother, with
other conspecifics or alone; 2) assess the redpubitysfor proximity maintenance
from mother to calf and vice versa. In an adaptiesv, all these activities could
hold a decisive value with newborns progressivefarming control and
coordination of movements and attaining swimminggathing and, in general,
behavioural competences.

Studies on captive dolphins recognized changesehaviour related to
increased independence from as early as two we&shisighin, 1987; Cockroft &
Ross, 1990; Reid, Mann, Weiner, & Hecker, 1995;0lg& & Essapian, 1957) and
during the first 10 weeks of development for fraeging dolphins (Mann &
Smuts, 1999). Maternal activity, however, did nbamge over time, except that
mothers decreased their role in maintaining proina their infants from the first
month to the second month of infants’ lives (Mah897; Mann & Smuts, 1999;
Miles & Herzing, 2003). This tendency found a camfition in Pl recorded
throughout the first year of life where a graduaftan responsibility for proximity
maintenance from parents to offspring was shownsiAtmonths, Pl was for the
first time positive P = 0.01) but at twelve months it showed its maximeatue of
0.151 (trend line equation of PI: y = 0.0197x -78%; R = 0.5239).

In the second semester, swimming and socializirth widividuals other
than mother as well as solitary activities acquirette consistency, confirming the
expected calf independence with age. According ani(1997), the degree of
coordination and synchronization between parentiafatht declined andnothers
did not appear to restrict their calves such ag thé before, although they were
likely to influence the behaviour of their young.

In summary, with the worthwhile addition of a puwnadt quantification of
the phenomenon, the results seemed perfectly agitbethe parent-offspring
conflict theory (Trivers, 1974), confirming how theother-calf relationship results
based on a complex and intense system balance@drmitractive impulses that
stabilize the pair and repulsive forces stretcliing to a separation.

Acoustics

The use of the orientation and the scanning mov&smeh dolphin’s
rostrum, as a criterion to assign signals to aifviddal dolphin, is an uncertain
method. However, if dolphins under observations fake (e.g., four in Rimini
community), and the observer is skilled and remalves same during the entire
research period, as it occurred in this experimdrmn we can expect that on
average the inaccuracies of the method are circntade The visual analysis of
the recorded signals indicated that waveformsspetttra emitted, presumably by
the same dolphin, can change considerably alsogltine same session. Therefore
distinguishing dolphins from the features of theignals is perhaps a more
difficult and uncertain task than using observedsnments. Only the adult male
Speedy produced signals that for amplitude (bytfarnighest peak to peak source
levels of the community) and shape, were cleartpgeizable from those of the
other three dolphins.

- 761 -



The research revealed how much pregnancy canstently affect the
acoustic activity of both the pregnant female aaddroup. In the last six months
of pregnancy the signals emitted in a ten minutdogedecreased more than 100
times with respect to the preconception period, @i in the post-gestation phase
began again increasing.

The preconception period could be considered @risé8” period for the
Rimini community (mean N< 0.25), with the exception of the adult male Sgeed
whose signals became predominant and perhaps péasaéd of "sentinel" for the
group.

The number of information-bearing parameters in ¢icboes increases
with the width of the frequency band {B broad bandwidths can have a high
number of discernible highlights in the echoes thamow bandwidths. Therefore,
the parameter Bcan be considered as an indicator of the expaaofedmation
content of a returned echo. In the last six moofhser pregnancy, Alfa decreased
her B; by about 37% compared to the preconception pednd,only in the post-
gestation phase did she begin to increase the |Isigaralwidth and hence the
potential information content of the related echoes

The mean barycentre of the frequency spectrufy {kat is very near to
the frequency of maximum power of the spectrumreggnts the group of
fundamental frequencies that give the signal its @haracteristic “intonation”.
This parameter, like & decreased by about 35% in the preconception gberio
respect both pre and post conception periods.

Similar behaviour, with small differences perhape do social factors,
were found in two other studies on a pregnant feraalPalablu Delphinarium of
Gardaland (VR, ltaly) in 2001 and 2005 (Biagio@iatacchio, Simoni, & Azzali,
2006; Ricciardo, Azzali, & Manoukian, 2003).

The dolphin calves’ very limited repertoire of hidgrequency sounds
during their first month of life (Lindhard, 1988)as confirmed by the study.
However, calves aged between 3-8 weeks began tlveevioeir own acoustic
repertoire, largely independently of external amshegic factors, as the acoustic
apparatus developed.

From the third month of life the acoustic dissimitias among calves,
even belonging to the same community (e.g., RoocbBlue), began to increase
very quickly. Moreover, bottlenose dolphins agedween 3 and 5 weeks,
appeared to produce little modulated, poorly stmat, low frequency sounds.

The time necessary to produce well shaped higluénecy signals seemed to vary
among individuals. The male Rocco needed arounde@ksy while the females

Dafne, Nau and Blue required 9.11 and more thanvd&ks, respectively. The

emission of signals from a calf should be relateds departures from his mother,
however, it remains still unclear at what age calveentionally produce signals,

even poorly structured, to obtain information oeitlenvironment.

At first, the acoustic mother-calf dissimilaritiedecreased with calf
growth, with the calf perhaps using the mothermals as a model for developing
its own. Subsequent divergence in signal similamiyy be indicating the calf is
finding its own “voice” and decreasing dependenoettie mother. This was not
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the case in all pairs, however. With Blue and Bél@, acoustic dissimilarities
continued to rapidly decrease till the end of thesesved period (15 weeks),
suggesting how the mother seemed to persist foongel time in providing
echolocation models to her offspring. In additiaen Blue was able to emit her
first high frequency signals, her mother appeameddapt some features of her
typical signals to those of Blue. A similar acoadiehaviour towards her offspring
was observed in Nau's mother too. Very often, withany significant difference
in different communities, the mother's acoustic smioins were immediately
followed by those of his offspring, as if the matheould provide to his calf a
standard acoustic signal as model to imitate. Hewmewmany questions still
remains unsolved on how learning, experience atutadadevelopment affect and
determine an efficient use of sonar system in calve

Conclusions

Discussions on captive studies, in cetaceans dsaweh other animal
taxa, recognize two principal groups of thoughtm®oscientists claim the
minimal value of scientific data collected in arvieonment where animals live
in confined conditions, in an extremely differersyvfrom natural habitat. Shape
and size of the pools, together with socio-psyctickl implications seem the
main factors leading individuals to consistent hétaral changes (Gaskin,
1982; Mainardi, 1997). On the other hand, some Viebeal patterns in
controlled environments can represent a first apsiomto the comprehension of
animal behaviour in wild. In this view, reprodu&ibehaviour and reproductive
physiology, the primary focus of Rimini Delfinargiudies, appear to maintain
their basic peculiarities also in captivity. Moreoy according to Odell and
Robeck (2002), the studies on captive cetaceangiderca unique scientific
resource that allow us to document, in great dethése specific biological
aspects. As for cetaceans, with the stringentcadifies generated by marine
environment, controlled conditions can provide pdulemeans for observing
long behavioural sequences and social relationsiuipsng known individuals
(Samuel & Gifford,1997). Of course, results comirgm captive research must
find confirmation in the wild, with scientific dataompared and integrated
(Lehner, 1996; Mann, 2000; Samuels & Gifford, 199@) a manner that
recognizes how both types of research (i.e., ldbgrand field) are necessary to
fully describe the biology of a species.

Regarding the Rimini Delfinario scientific contriiian, some reliable
evidence about bottlenose dolphin pregnancy arfdlesklopment could originate
from the systematic plan of observations. The sgesampling effort, severely
carried out for years, and the specific attenti@dpn both avoiding human
interference and equally balancing sampling sessidgthin different times of the
day, were connected to the constant purpose tdsphgcguantify behavioural,
physiological and acoustic parameters. At the same, concerns with the low
statistical power possibly resulting from limitednsple sizes, were addressed by
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using study methods repeatedly applied at everypregnancy and birth (or even
exported) with overlapping settings, in differeatifities.

The innovative methodology for obtaining hormoneaaantration profiles
through dolphin blow exhalations, provided resuttsmparable with other
terrestrial and aquatic mammals, confirming how thew technique could
represent a possible alternative to traditionalhods, with new scenarios even in
wild. Moreover, the integration with behaviouraltieans not only underlined the
consistent connection existing between hormonesahdviour but also identified
the specific dyad hormone/behaviour involved aneirtiievelopment through
time. On the other hand, individual characteristeaserged in behaviour or
acoustics, underlining a sort of lack of commoresylappeared raising interesting
considerations. Temperament disposition and expegieas well as social context,
in fact affect behavioural style in many mammal g In particular, as for
reproduction, a costly component of life, indivitludifferences potentially
important in the adaptive sense may have impogewilutionary implications.

Far from providing complete answers, the multigiBnary approach
presented here was meant to represent an integvaded that highlights the
importance of non-invasive sampling. Since marinemmals scientists bring
different perspectives coming from their specifiackgrounds, a big effort in
combining approaches and sharing data seemed tr@egmmended. Integrative
research and novel methods will surely provide tmihl insights into the
knowledge of reproduction and calf developmentadttlbnose dolphin and other
complex marine mammal species.
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Appendix 1

Behavioural Catalogue Utilized in Studies I ncluding Behavioural Observations on Bottlenose Dolphins Housed in

Rimini Ddfinario

# Code Type Behavioural Unit Description and Reference
L ocomotory and Postural Behaviours
1 SWM  State Directional swsim  One dolphin moves in a dorsal fin up position mgkiorward progress in a single
general direction. Direction changes can occur,usuially are not erratic or rapid.
Body is generally extended along the long axis saniin speed is relatively stable
(Miles & Herzing, 2003).
2 BUP State  Belly up swim Forward progress with the belly upward (Muller, Béte, Weaver, & Candelon,
1998).
3 SID State  Sideswim Forward progress in a 90-degree rotation from tbesal position, orienting one
pectoral fin upward and the other downward (Mideal., 1998).
4 SRD State Random swim Dolphins showed frequent changes in heading thateEmes appeared as a
transition behaviour between other behaviouralestdtConstantine, Brunton, &
Tennis, 2004).
5 RST State Rest The dolphins stayed still at the surface for a ldinge (5 s-55 min) keeping the
blowhole and the tip of dorsal fin at the surfand &ending the posterior part of the
body down at an angle of about 45° (Sekiguchi & &dma, 2003).
6 LIE State Lie Hanging (any position but vertical) in water coluronlying flat on the seafloor
(Dudzinski, 1996).
7 SPY Event Spy hop Brief vertical or near-vertical elevation of thedyoand head-up exposure of the
foresection followed by a sinking return to the evgMiiller et al., 1998).
8 FKO Event Flukeout A dolphin hung vertically in the water, head dowmnevathe tail and the peduncle
protruding above the water (Karczmarski, Thorn®iGockroft, 1997).
9 VST State  Vertical stand Dolphin hangs/suspends itself vertically with itsad up or down in mid-water
column (Miles & Herzing, 2003).
10 APP Event Approach A directional swim oriented towards the other datplafter swimming alone (Miles
& Herzing, 2003).
11 LEA Event Leave A directional swim oriented away from the otherptoh, after unidirectional swim
or parallel swimming (Miles & Herzing, 2003).
12 EXP State  Exploratory Scanning perpendicular/horizontal relative to bot{®lerzing, 1996).
behaviour
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13 OMT Event Open and close Brief opening and closing of mouth (Ostman & Fokeh996).

mouth

14 VAR Event Ventral arch Dolphin body aligns in a crescent shape usuallylhgmand perpendicular to the sea
floor. Head and flukes are bent towards each otbetending the back and
compressing the belly region (Miles & Herzing, 2Rp03

15 DAR Event Dorsal arch Head and flukes bent outwards extending the betijon and compressing the back
(Miles & Herzing, 2003).

16 SAR Event Sidearch The dolphin lifted its head while arching its tatbck and twisting it to one side
(Nelson & Lien, 1994).

17  FLX Event Flexion The fluke and caudal peduncle moved ventrally asdthe flexion reached its
maximum, the tail approached an angle of 45 dedreesthe horizontal. Often the
head also bent ventrally. At the maximum the ertimey formed an arch, and the
muscles are taut. Then the animal relaxed andaihw/as raised dorsally (Tavolga
& Essapian, 1957).

18 PJR Event Pectoral jerk Rapid, jerky movements back and forth with, gergraktended, flippers (Ostman
& Folkens, 1996).

19 TRU State Tank rub They often rub their bodies against an object,rflttee bottom, the side of the basin.
When swimming on the side, belly in front of thellwthey keep a contact of their
flippers with the wall (Sylvestre, 1985).

20 ROL Event Roll The body is rotated through 360° on the longitudiznés to either side of the
dolphin (Renjun, Gewalt, Neurohr, & Winkler, 1994).

21 LOO Event Loop The orca emerging out of the water at an acuteeamgings its ventral side to the
surface. It then returns into the water describmgarge loop (Martinez &
Klinghammer, 1978).

22 SOM Event Somersault Tail dorsally/ventrally over head in a somersaQistnan & Folkens, 1996).

23 STP Event Stop Suddenly stops dead in water after swimming forw@stman & Folkens, 1996).

Social Behaviours

24 CHA State Chase Dolphin is rapidly following a dolphin in flee pdigin, with its head orienting
towards the tail of the lead dolphin, and also icalve swimming with dorsal fin
down and belly up, i.e., inverted chasing (Mile$i&rzing, 2003).

25 CNT Event Contact Any form of body contact other than pounce, usuadiyforceful (Slooten, 1994).

26 RUB Event Rub One individual actively rubs a body part on anothetividual (Connor, Wells,

Mann, & Read, 2000).
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27

28

29

30

31

32

33

34

35

36
37

38

39
40

MOuU
NBL
BIT
DOM
JCL
BTB

BND

BGP

PUS

SQU
BSL

HLD

RHT
THT

Event

Event

Event

Event

Event

State

State

Event

State

Event
Event

Event

Event
Event

M outhing
Nibbling
Bite

Direct open
mouth

Jaw clap
Belly to belly
swim
Bonding

Beak-genital
propulsion

Push

Squeeze
Body slam

Hold down

Rostrum hit
Tail hit

Activity similar to nuzzling, but took place withé mouth open. At time one animal
took a flipper, fluke, head or snout of the partbetween the teeth and gently
closed the mouth upon it, thereby holding the fEatvolga & Essapian, 1957).
Nibbling at another's body, usually at the flukesn( Streit, 1995).

One animal draws the open jaws across another Bmibwaly or extremities; often
leaving parallel lines (Pryor, 1990).

Opened mouth directed at another; often with abmgtical head movement
(Samuels & Gifford, 1997).

Dolphin opens and shuts its jaws rapidly [...] omceconsecutive times. A loud
clapping sound is made (Miles & Herzing, 2003).

One dolphin swims parallel to another, belly tolygelvith or without contact and
simply mirroring the other dolphin's movement (Mil& Herzing, 2003).

One dolphin rests its pectoral fin against the Klaf another dolphin, behind the
other dolphin's pectoral fin and below or just post to the dorsal fin
(Connor,Mann, & Watson-Capps, 2006).

An animal invites a second animal to come up fraiow it and place the tip of its
rostrum in its genital slit. The lower animal oftearns partially on its side,
sometimes supporting the horizontal flukes of thpar animal from its head to its
outstretched pectoral flippers. In this positidme tower animal, its tail bent down
slightly from the horizontal, propels the uppernaal forward, only breaking from
the pattern to rise for breaths of air. Sometinteswims belly-up or dorsum-up
during such propulsion (Johnson & Norris, 1994).

Pushing body with its melon, rostrum, pectoral farsd body (Dudzinski et al.,
2003).

Swim in between 2 or more animals, pushing themtgfstman & Folkens, 1996).
A charging dolphin slams into another with any pafitits body other than its
rostrum, peduncle and tail, fins and pecs (Conh@95).

Hold another on bottom, usually by lying over thiker's body (Samuels & Gifford,
1997).

One dolphins hits another dolphin with its rostr(Pudzinski, 1996).

One dolphin uses its fluke to hit another dolphivead or body, can be done mid-
water column or at the water surface (Miles & Hegzi2003).
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Mother-Calf Related Behaviours

41 BMP Event Bump Before suckling, the calf usually started to swinderneath the mother, with its
head touching the genital region (Kastelein, Dql&eFwart, 1990).

42  ASK Event Suckling attempts When there wasn't cessation of infant body movesngteddermos et al., 1992).

43 SKL Event  Suckling Is defined as being successful when the calf haiiggrted its lower jaw into the
mother's urogenital groove and the upper jaw b&ingpntact with the lateral skin
of the mammary gland, stiffened its neck as if brgcwith a complementary
cessation of tail flexing. In this posture, thefaahs riding in the vortex created
through the mother's momentum. This bracing ofltbdy indicated the starting of
milk intake (Peddermos et al., 1992).

44 MLE Event Milk expulsion She flexed her peduncle forward ventrally and depeb large cloud of milk
(Connor & Smolker, 1990).

45 NUR Event Nurturant When the infant is carried away from danger (Man8&uts, 1998).

behaviour

46 PAS Event Passing One dolphin suddenly accelerates and rapidly swvdimectly towards and then next
to (< 1 m) the infant causing the infant to veeagrom another animal and follow
him (Mann & Smuts, 1998).

47 CLS Event Clasp A mother swims belly-up at the surface with thef dstween the pectoral fins
(Mann & Smuts, 1999).

48 TOU Event Touring When a dependent calf repeatedly approaches anekléaithin 2 m) from an adult
or adolescent animal, or the baby remains 2tm<from this animal while remaining
>,5 m from the other (Connor, 1995).

Sexual Behaviours

49 BPR Event Belly presentation One dolphin turning its ventral surface towardsthen Done by swimming on its
side next to or upside-down under the other indiaidand within two body lengths
(Slooten, 1994).

50 GIN Event Genital inspection Includes one dolphin inspecting the genital regibra second while producing a
burst pulsed sound. No physical contact is obsefedzinski et al., 2003).

51 ERE Event Erection Male showing penis out genital slit (Slooten, 1994)

52 GRD Event Genital rub on Genital rubs (on conspecifics) (Herzing & Johnsif997).

dolphins
53 GOO Event Goose Rostro-genital contact in which one individual meves rostrum into the genital

area of another, gently or roughly (Connor et2000).

- 774 -



54

55

FMO

PIN

Event

Event

Fin/Fluke mount

Penisinsertion

Slowly progressing animals often swam with thedfpthe dorsal fin or flukes of
one dolphin inserted into the genital slit of irtmer (Saayman, Tayler, & Bower,
1973).
Penis inserted into blow hole/anus of other (maldemale) (Ostman & Folkens,
1996).

Aerial Behaviours

58

59

60

61

62

63

64
65

66

58

LEP
QLE

VSL

SSL

DSL

HSL

PSL
TSL

TWK

LEP

Event

Event

Event

Event

Event

Event

Event
Event

Event

Event

Leap
Quasi-leaps

Ventral slap

Sidedap

Dorsal dap

Head dap

Pectoral fin slap
Tail slap

Tail-Walk

Leap

Entire body clears the water (any height). Exit aedter head first with
venter/dorsum/side facing down (Shane, 1990).

The beak was entering the water while the tail iatdyet emerged but the middle of
the body was clearly above the water's surface, (E289).

A dolphin raises itself out of the water to at tede dorsal fin or leaps clear of the
water and then slaps its belly on the water surfitay be light or hard (Connor,
1995).

The dolphin comes out of the water and returns baekater on its side. Very often,
only half or two-thirds of the body length is odttbe water; the tail usually remains
underwater (Bel'kovich, Ivanova, Yefremenkova, Kamatsky, & Kharitonov,
1991).

The foresection is elevated above the surface thith ventrum uppermost and
dropped backward, landing noisly on the dorsum.aSicmally, the animal will
emerge in a dorsal or lateral position and rotatehe long axis before dropping
back. The end of the tailstock may be kicked ocnnfunder the body before landing
(Muller et al., 1998).

A dolphin, on its side or belly-up, raises its head of the water and slaps the side
of its head or the rostrum on the water surfacey balight or hard (Connor, 1995).
Slapping the pectoral fin on the water surface (M&rSmuts, 1999).

Flukes raised above the surface and ventral/dsidal slapped downward, usually
making a loud, percussive sound (Shane, 1990).

One dolphin raises itself out of the water by mitvan two thirds the length of the
body, furiously working the tail to remain in anright pose for approximately ten
seconds (Bel'kovich et al., 1991).

Entire body clears the water (any height). Exit aedter head first with
venter/dorsum/side facing down (Shane, 1990).
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Bubble Related Behaviours

67 BUB Event Bubble Dolphins [...] expel air from their blowholes, geatng large, amorphous bubbles
that rise quickly to the surface (Marten et al9@Q
68 BUR Event Bubblering Dolphins can blow smooth, stable rings of air tliager in the water for several

seconds.[...] Dolphins puff out bubbles from thaiowholes that become halos of
air that expand in radius while decreasing in théds as they rise to the surface.
Sometimes can be emitted two rings in successibithifuse together into a single,
large ring (Marten et al., 1996).

69 BUS Event Bubble stream The animals also produced a column of small aifbbegocoming from their blow
holes (they were either blown all at once or gréigluéDelfour & Aulagnier, 1997).

70 TBR Event Tail-madebubble An energic tail-slap against the surface with aceme body arch generated a bubble

ring curtain on the top of the tail then the dolphin caoplished a decise tail up
movement with a convex body arch generating a gtitwating air ring (Pace,
2000).

71 BIN State  Bubbleinterest Dolphin shows interest for the air bubbles [...] amdibllows them to the water
surface (Pace, 2000).
72 BCN State  Bubble contact Dolphin bites/passes through/pushes the bubbles/édefrom the ring rupture) or
the ring (Pace, 2000).
Play Behaviours
73 PLO State  Play object Transporting an object by using the outside oftibek, the flippers or the melon,
passing and slightly touching an object, balandrigghling/catching/throwing and
catching/pushing or pulling an object whit the heatessing it under water /rolling
it on the ground by using the beak or the body haldiing it in the beak while
swimming (Denkinger & von Fersen, 1995).
74 PLW State  Play water The orca opens its mouth and takes in a consicesahbunt of water then the Orca
presses the water through its teeth and lips, taemforms a fountain-like spray
(Martinez & Klinghammer, 1978).
With the aim to provide a tool able to make theniification of behaviours easier and non-ambiguand to support quantitative research, each
distinctive activity included in the above BehawvialuCatalogue for bottlenose dolphifiufsiops truncatus in a controlled environment, was
complemented with relevant video sequences of it.
Since, in our view, conservation requires a refdrefn combining and sharing materials and dateowironment and species, the final step of our
project consisted in making the behavioural catadogasily available to interested people. Therefmatalogue and motion pictures are now free for
downloading atvww.delfinariorimini.it/behavioural_catalogues.htm
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