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Xueying Yu, Yujiang Hao, Brian CW Kot, and Ding Wang (2016) Photoperiod plays an important role in the
seasonal regulation of reproduction in mammals. In the present study, we examined the effect of an extended
photoperiod (light/dark: 14 h/10 h) during the usual sexually inactive phase (Jan-Mar) on testicular sonographic
appearance and sexual behaviors of two captive Yangtze finless porpoise (Neophocaena asiaeorientalis
asiaeorientalis, YFP). During the extended photoperiod treatment, the parenchyma pixel intensity, cross-
sectional area of testicular sonographic images, as well as the frequency of sexual behaviors of the two male
porpoises increased significantly compared to the control treatment. Parenchyma pixel intensity, the cross-
sectional area of testicular sonographic images and the frequency of sexual behaviors of the two captive males
all increased in response to extended photoperiod. These results may suggest that photoperiod is a potent
factor regulating the reproductive seasonality in YFPs.
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Yangtze finless porpoise.

BACKGROUND

The Yangtze finless porpoise (Neophocaena
asiaeorientalis asiaeorientalis, YFP) is found
exclusively in the middle and lower reaches of the
Yangtze River and adjacent Poyang and Dongting
Lakes (Wang 1992). Due to increasing deterioration
of the Yangtze River ecosystem (due to illegal and
over fishing, boat traffic, massive dam-building
and pollution etc.), the free-ranging population
of YFP is severely threatened and has suffered
a dramatic decline over the past few decades.
Based on a survey conducted in 2012, Mei et al.
(2014) estimated approximately 1000 individuals to
remain, with annual population rates of decline as

high as 13.7% (Mei et al. 2014). The species has
subsequently been declared critically endangered
by the International Union for the Conservation of
Nature (IUCN) (Wang et al. 2013).

Considering the endangered status of YFPs,
captive breeding has been recognized as one
of the most important and urgent measures to
conserve this cetacean subspecies (Wang et al.
2005). A basic knowledge of reproduction of this
species is crucial for successful captive breeding
(Dierauf and Gulland 2001). It is quite clear now
that the YFP is a seasonal breeder according
to histological, behavioral and physiological
evidence. For example, Jiang (1998) revealed
that the diameter of seminiferous tubules of YFP
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specimen collected between March and May
was much greater than between November and
January. Similarly, their sexual behaviors also
show obvious seasonal trends based on the
observations conducted both in free-ranging and
captive porpoise (Yu et al. 2003; Wei et al. 2004;
Wu et al. 2010b). By monitoring serum hormones,
we also noticed significant seasonal changes in
testosterone (Chen et al. 2006; Hao et al. 2007).
Furthermore, with the aid of ultrasonographic
examinations, we clearly found seasonal trends of
testicular volume changes both in free-ranging and
captive animals (Wu et al. 2010a, b). An interesting
question is whether photoperiod is a regulator of
reproductive seasonality in the YFP, particularly
considering they spend most of their time in a
turbid river system.

Sexually mature individuals of most
mammalian species undergo marked physiological
changes such as gonadal development and sexual
activity when exposed to photoperiod changes
(Bradshaw and Holzapfel 2007). For example,
photoperiod triggers synchronization of the annual
reproductive cycles of experimental (Breed and
Clarke 1970; Yellon and Goldman 1984; Hoffmann
1973; Johnston and Zucker 1980; Lincoln and
Davidson 1977; Lincoln and Peet 1977), domestic
(Robinson et al. 1985; Freedman et al. 1979;
Thomson et al. 1977; Clay et al. 1987; Peters
et al. 1980; Davis and Meyer 1972) and some
exotic species (Beasley and Zucker 1984; McAllan
and Dickman 1986; Perret and Aujard 2001).
Only a few studies on reproductive responses
to photoperiod changes have been conducted
with marine mammals, such as Californian sea
lions (Zalophus californianus) (Temte and Temte
1993), harbor seals (Phoca vitulina) (Bigg and
Fisher 1975; Temte 1994) and northern fur seals
(Callorhinus ursinus) (Spotte and Adams 1981;
Temte 1985; Tomita et al. 2011). However, there
is still no solid experimental evidence showing
the effect of photoperiod changes on reproductive
activities in cetaceans; mainly due to the difficulties
associated with conducting experiments in these
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exclusively aquatic animals.

In the present study, we aimed to test
whether the reproductive seasonality of male YFP
could be altered under experimentally induced
conditions of extended photoperiod by conducting
testis ultrasound imaging and sexual behavior
observation.

MATERIALS AND METHODS
Animals and management

Two mature male YFPs, Tao-Tao (TT) and
A-Fu (AF) were investigated in this study. AF was
captured and introduced from the Jiayu section
of the Yangtze River to the Baiji Dolphinarium
in 1996. TT is the offspring of AF and was born
in captivity on July 5, 2005. Based on testicular
ultrasonographic examinations and blood
testosterone results, both TT and AF were sexually
mature at the time of the study. Basic animal
characteristics are shown in table 1.

The animals were housed in the main rearing
hall of the Baiji Dolphinarium, which is a round
ceiling building with windows on the roof and walls.
There are two connected housing pools, a kidney-
shaped pool (20.0 x 7.0 x 3.5 m) and a smaller
round pool (Diameter = 10 m, depth = 3.5 m). The
two pools are separated by a submerged stainless
steel gate. Animals> on each side of the gate could
still maintain visual and acoustic contact. TT and
AF were housed in the kidney-shaped pool while
one mature female (Ying Ying, YY) was kept in
the small round pool. There are 7 rectangular
windows (1.8 x 1.2 m) on the submerged walls
of the pools, through which the animals could be
clearly observed. A closed-circuit filter system
recycled the water four times a day and the water
temperatures varied with the natural seasonal
changes during the entire course of the experiment
(ranged from 7°C to 28°C). The monthly mean
water temperature during 2010 and 2011 is shown
in figure 1 and no significant difference between

Table 1. Information of the captive Yangtze finless porpoises investigated in this study

Animal Sex? Length® (cm) Weightb (kg) Agec (yr)
TT M 415 4.5
AF M 44.8 =15

aM: male; ®Body length and weight at the beginning of the study; °Ages of AF were roughly estimated according to the relationship

between body length and age (Zhang 1992).
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years was found for each month (Independent-
Samples t test, P > 0.05).

The animals’ were fed approximately 10%
of their body weight daily which varied between
seasons. Diets consisted of various proportions
of thawed whole fish (Carassius auratus, Cyrinus
carpio, Hemiculter leucisculus) with vitamin and
mineral supplements (Theragran 1 pill/day, Bristol-
Myers Squibb, Shanghai).

The study was licensed under special permits,
in accordance with domestic law (Regulations on
the Management of Laboratory Animals) issued
by the Ministry of Science and Technology of the
People’s Republic of China. All procedures were
reviewed and approved under China’s Wild Animal
Protection Law, which regulates the capture and
possession of YFPs.

Experimental design

Photoperiod was controlled and regulated
by 24 ceiling-mounted fluorescent tubes (500w,
Philips, Royal Dutch Philips Electronics Ltd.,
Shanghai) approximately 8 m above water
surface to simulate natural daylight. The average
illumination intensity of the water surface was
monitored using a photometer (TES digital light
meter, Shenzhen) positioned at four sites on the
kidney-shaped pool. We turned on the lights at
16:00 when the average illumination intensity
of the water surface was lower than 500 Ix. The
average illumination intensity of the water surface

35
30
25
20

15

Water temperature (°C)

10

0
Dec Jan Mar May

page 3 of 11

was about 220 Ix with all lights working during the
night. The water surface illumination intensity of a
‘day’ therefore varied from 220 Ix (at 22:30 hrs) to
about 1900 Ix (at 12:00 hrs). During overcast and
sunny periods of the day, the illumination intensity
outside the rearing hall was about 50-500lux and
1000-50000lux, respectively.

To investigate the effects of photoperiod on
the seasonal pattern of testicular development,
the animals were exposed to artificial long-
day (LD) conditions during a natural short-day
period. The animals were exposed to the artificial
photoperiod extended to a LD cycle of 14hrs/
day (08:30-22:30 hrs day length) from January 2,
2010 until March 12, 2010 (natural photoperiod:
10-11.5 h/day, national time service center,
Shanxi) to approximate the maximum photoperiod
of 14 h/day during the breeding season within
the Yangtze River. Data collected from these
two animals in 2011 under natural photoperiod
condition were used as a control, while artificial
extended illumination was added during the 2010.

Testicular ultrasonographic examination and
image analysis

All ultrasonographic examinations were
carried out along the poolside. The animals were
trained to approach the poolside and position
themselves in a dorsal recumbency position, with
their flukes supported by a trainer. All examinations
were performed with a LOGIQ Book XP ultrasound

Jun Aug Sep Nov Jan

Fig. 1. Variation of water temperature in Baiji Dolphinarium. Monthly mean water temperature in 2010 (closed circles, solid line);

Monthly mean water temperature in 2011 (open circles, broken line).
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unit (General Electric Co., Schenectady, NY,
USA), in conjunction with a 3-5 MHz curvilinear
transducer. To minimize movement, the trainer
supported the subject’s body with his hands at the
poolside during the ultrasonographic examination.
The protocol for testicular ultrasonography was
adopted from Brook et al. (2000). Ultrasonographic
examinations were performed once a week for
each animal during the extended photoperiod
experiment.

In 2011, we performed ultrasonographic
examinations under voluntary conditions once
every two weeks to minimize potential stress
due to being restrained. Since it has been
demonstrated that there are no major differences
in shape or appearance between the right and left
testes in YFPs (Wu et al. 2010a), only the left testis
of each animal was examined. All data were stored
on the built-in hard disk of the ultrasound unit, and
then transferred to computer for further analysis.
Testicular sonograms of the YFP are shown in
figure 2.

We used the testicular pixel intensity (PI)
value and changes in testicular cross-sectional
area (CSA) as the indicator of the morphological
variation of the testicular parenchyma. Image J
software program (National Institute of Mental
Health, Bethesda, Maryland, USA) was used to
evaluate the testicular echogenicity according
to the method previously described by Wu et
al. (2010a). Pl changes may briefly reflect the
structural variation of the testicular parenchyma
substructures, such as cellular proliferation and
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fluid production. Numerical pixel values (gray-
scale values of individual picture elements ranging
on a scale from zero to 255 (zero being black and
255 being white)) representing the testicular PI
were determined by placing 6 circular points at
random on the portion of the longitudinal testicular
ultrasonographic image near the blubber layer
and sample regions encompassed only the testis
parenchyma, avoiding surrounding tissues (Wu
et al. 2010a). The PI of the testis for the two
animals was calculated as the average of the 6
measurement values from the sonograms of the
left testis.

We used CSA to demonstrate testicular
morphology development which was validated in
the Pacific white-sided dolphin (Lagenorhynchus
obliquidens) (Robeck et al. 2009). To measure the
CSA, the transducer was rotated 90° anti-clockwise
at the widest part of the testes identified in the
longitudinal scan plane, and the sonogram was
recorded for CSA estimation by the measurement
tool in Image J (Rasband 1997-2010).

Sexual behavior observation

The monthly mean frequency of sexual
behavior (SBF) per 45-minute periods was
calculated to represent the intensity of male
sexual behavior. To evaluate the sexual behavior
in the animals, a scoring system was developed
and sexual behavior events were defined as:
within one body length range, the focal individual
started to arch his genital region with his erect

Fig. 2. Testicular ultrasonograms of Yangtze finless porpoise. A. Longitudinal ultrasonogram of testis. B. Transverse ultrasonogram of
testis. (a: testicular tunica; b: testicular mediastinum). Scale marks are in centimeters.
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penis and touched the receiver’s genital slit until
they retreated (Wu et al. 2010b; Xian et al. 2010).
Three observation sessions with 15 minutes each,
during 09:45-10:30 hrs, 12:45-13:30 hrs and
15:30-16:15 hrs were conducted. Each animal was
observed twice a week throughout the course of
this experiment (Wu et al. 2010b).

Statistical analysis

The software SPSS19.0 for Windows
(SPSS Inc., Chicago, IL, USA) was used for
data analysis. The mean testicular Pl and the
mean CSA of the left testis were calculated
using descriptive statistics. All data were tested
for normal distribution using the Shapiro-Wilk
test and for homogeneity of variances using the
Levene’s test. If the data were normally distributed
and of equal variances, then one-way analysis
of variance (ANOVA) was performed to compare
means among all measured variables. If the data
did not have similar variances, the non-parametric
Wilcoxon Rank Sum Test for comparing the median
was applied. Correlation coefficients between
testicular Pl, CSA and sexual behavior frequency
were also calculated by Spearman correlation
analysis. All values are given as mean t standard
error (SE), and values of P < 0.05 were considered
significant for all statistical tests in this study.

RESULTS
Changes in Testicular CSA and PI
The testicular Pl value for AF and TT

measured during the extended photoperiod and
natural photoperiod is shown in table 2. AF was
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diagnosed with gastric distress from late March to
October 2010, thus only the data collected from
December 2009 to February 2010 were used
for analysis. Before the extended photoperiod
experiment, the testicular Pl during December
2009 in AF and TT were 68.25 + 6.75 and 72.25 £
1.71, respectively. After approximately two weeks
during exposure to the 14 hrs/day LD photoperiod,
the testicular Pl increased noticeably. In January
and February 2010, the testicular Pl values
increased significantly in both animals compared
to the data collected at the same time in 2011 (Par
< 0.05, Prr<0.05).

During extended photoperiods, the testicular
size (measured as CSA) of both males increased
significantly compared to the data collected in the
same period in 2011 (Table 3) (Par < 0.05, Prr <
0.05). In 2011 the testicular CSA of TT and AF
showed a similar trend during the control period.
The testicular CSA of the 2 males remained small
from January to February, and started to increase
during March, and continued to grow from April to
June.

To compare the changes of the testicular size
and PI of the two males in 2010 with those in 2011,
we use monthly mean difference values of the two
years to show the effect of extended photoperiod
on testicular changes in early 2010 (Fig. 3).
In both animals, the differences in Pl quickly
reached a peak in January, and decreased slightly
in February, but still elevated above baseline.
However, the differences of Pl in TT gradually
diminished over the next few months (Fig. 3A).
Comparatively, the differences in testicular CSA
of the two male porpoises gradually increased
from January and continued increasing throughout
February in AF and peaked in March in TT, which
were one to two months later than the significant

Table 2. Changes of monthly mean testicular Pl of AF and TT under different photoperiodic exposures

Pl of AF (Mean + SEM)

Pl of TT (Mean + SEM)

Control
(2010.12-2011.6)

Month Experiment
(2009.12-2010.6)

Control
(2010.12-2011.6)

Experiment
(2009.12-2010.6)

72.25+1.71 (n = 4)
106.00 + 11.05 (n = 4)

72.50 +0.71 (n = 2)
74.00 + 0.00 (n = 2

Dec 68.25 £ 6.75 (n = 4) 70.50 + 6.36 (n = 2)
Jan* 103.50 + 5.69 (n = 4) 77.00 +5.66 (n = 2)
Feb* 101.75 £ 8.02 (n = 4) 87.00+2.83 (n=2)
Mar* 118.50 £ 0.71 (n = 2)
Apr 115.00 + 2.83 (n = 2)
May 116.00 + 2.83 (n = 2)
June 113.00 £ 2.83 (n = 2)

112.00 + 4.40 (n = 4)
119.25 + 2.87 (n = 4)
108.00 + 5.35 (n = 4)
117.75 £ 2.63 (n = 4)
118.00 £ 3.37 (n = 4)

)
89.50 +0.70 (n = 2)
107.00 + 0.00 (n = 2)
116.00 + 0.00 (n = 2)
114.00 + 1.40 (n = 2)
114.00 + 2.83 (n = 2)

*the months for light extension experiment in 2010.
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Table 3. Changes of monthly mean testicular CSA of AF and TT under different photoperiodic exposures

CSA of AF (Mean + SEM) (cm?)

CSAof TT (Mean + SEM) (cm?)

Month

2009.12-2010.6

2010.12-2011.6

2009.12-2010.6

2010.12-2011.6

Dec

Jan*
Feb*
Mar*
Apr

May
June

16.5+0.91 (n=4)
27.31+7.43 (n=4)
4812 +6.67 (n = 4)

15.03 £ 1.01 (n = 2)
15.66 + 1.62 (n = 2)
16.89 +1.10 (n = 2)
21.98+2.49 (n=2)
38.71+0.94 (n = 2)
39.34+0.93 (n=2)
40.67 £ 0.94 (n = 2)

12.09 £ 0.36 (n = 4)
20.66 +5.81 (n = 4)
25.22 +6.05 (n = 4)
37.69+1.67 (n=4)
35.97 +2.54 (n = 4)
4326 +5.25 (n=4)

34.65 +1.030 (n = 4)

11.40 £ 0.20 (n = 2)
12.74 +0.41 (n = 2)

1314 £0.12 (n = 2)
18.98 +0.19 (n = 2)
30.40 +0.76 (n = 2)
30.80 £ 0.32 (n = 2)
31.82+2.41(n=2)

*the months for light extension experiment in 2010.

The difference of testicular PI

The difference of testicular CSA
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Fig. 3. (A) Difference of testicular pixel-intensity (Pl) between 2010 (Experiment) and 2011 (Control). The difference in testicular PI
between 2010 and 2011. (B) Difference of cross-sectional area (CSA) between 2010 (Experiment) and 2011 (Control). The difference in

testicular CSA between 2010 and 2011. (AF, red bar; TT, blue bar).
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differences in the testicular Pl. The differences in
Pl decreased over the next few months in TT even
though there were some fluctuations (Fig. 3B).

Sexual behavior

TT and AF showed similar seasonal profiles
of sexual behavior frequency (SBF) during the
control in 2011, but the SBF of TT was much
higher than that of AF during all seasons, and its
SBF also varied drastically compared to AF (Table
4). The SBF of the two males increased during
the extended photoperiod treatment in early 2010,
when compared to the same period of time in 2011
(Par < 0.01; Prr<0.01).

The difference value was also used to
demonstrate the effect of extended photoperiod on
the sexual behaviors of the two male porpoises.
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The difference value of the SBF increased
significantly between January and February
compared with that of December 2009 both in
AF and TT. The monthly mean difference value
of SBF for TT gradually decreased over the
following months when the extended photoperiod
had been removed since mid-March, even though
the difference in SBF for TT was still noticeable
between 2010 and 2011, respectively (Fig. 4).

In addition, the two males both responded
quickly to the changes of day length. Even on
the second day after the extended photoperiod
experiment started, the SBF of AF and TT
increased to 10 times/45 min and 25 times/45 min,
respectively (Table 4). However, interestingly, the
SBF for AF was strongly correlated to the testicular
Pl changes (Par < 0.01, rar = 0.717) and the
testicular CSA variations (Par < 0.05, rar = 0.625),

Table 4. The monthly Frequency of sexual behavior counts (SBF) of AF and TT

SBF of AF (Mean + SEM) (times/45 min)

SBF of TT (Mean + SEM) ( times/45 min)

2009.12-2010.6

2010.12-2011.6

Month 2009.12-2010.6 2010.12-2011.6

Dec 2.38£0.90 (n = 8) 2.25+1.00 (n=4)
Jan* 6.50 £ 2.00 (n = 8) 2.00£0.82 (n=4)
Feb* 9.25+3.81(n=8) 3.00+0.82 (n=4)
Mar* 9.75+2.63 (n=4)
Apr 10.00 £ 0.82 (n=4)
May 8.00+2.58 (n=4)
June 8.50+2.38(n=4)

14.75 £ 2.60 (n = 8)
20.50 + 3.55 (n = 8)
24.25 +3.73 (n = 8)
25.75 + 4.37 (n = 8)
23.50+4.38 (n = 8)
16.25 +5.92 (n = 8)
17.00 £ 1.31 (n = 8)

15.00 + 2.60 (n = 4)
11.50 + 1.00 (n = 4)
20.00 + 1.63 (n = 4)
22.50 +3.42 (n = 4)
27.00 £ 1.41 (n = 4)
16.25 + 0.96 (n = 4)
15.50 + 1.29 (n = 4)

*the months for light extension experiment in 2010.

The difference of SBFbetween
experimental and control group
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Fig. 4. Difference of SBF (counts/45minitues) between 2010 (Experiment) and 2011 (Control). (AF, red bar; TT, blue bar).
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and there was no significant correlation between
SBF and testicular changes observed in TT during
the photoperiod extended experiment (Par > 0.05).

DISCUSSION

Previous studies have shown that Yangtze
finless porpoises are seasonal breeders (Wei
et al. 2004; Chen et al. 2006; Hao et al. 2007;
Wu et al. 2010b). Previous work has shown that
the testicular volume of an adult male porpoise
normally begins to increase in March, and plateaus
in May through to June, and the PI of a testicular
ultrasound image shows a similar profile, but
rather the Pl usually begins to increase one month
earlier than the testicular size (Wu et al. 2010b). In
this study, we used maximum cross-sectional area
(CSA) instead of testicular volume to measure the
changes of testicular size. This method has been
used and validated by previous studies in other
cetacean species (Robeck et al. 2009). The CSA
changes in the two male porpoises showed quite
similar seasonal profiles with that observed in
other studies (Wu et al. 2010b) , which may imply
that CSA could be used as a reliable indicator for
testicular growth in Yangtze finless porpoise.

From the difference value of monthly mean
testicular Pl and CSA between 2010 and 2011,
the testicular changes under the photoperiod-
extended experiment were clearly seen in winter.
The testicular CSA of the two males started to
increase in January, but the greatest differences
were noticed in February in AF and in March in
TT. Due to the gastric problem of AF that occurred
in early March, there was not sufficient data for
AF from that month for analysis (Fig. 3B). We
therefore used the data from TT to infer the regular
pattern of the testicular changes. The significant
differences in testicular CSA occurred in March, as
demonstrated by the abrupt growth of the testicular
size of the male porpoise under the extended
photoperiod treatment compared with the control;
thereby suggesting the potent effect of photoperiod
on the testicular growth in this animal.

The greatest differences in testicular Pl
between 2010 and 2011 were all noticed in
January both in AF and TT (Fig. 3A), and this
difference gradually decreased after February in
both animals. This is expected since the testicular
Pl reflects the echo intensity of testes of YFP,
which could be interpreted to reflect the advanced
histological structure changes of the testicular
parenchyma, such as cellular proliferation and
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fluid production (Wu et al. 2010a). We therefore
conclude that the development of the testes was
sensitive to the extended photoperiod treatment,
and then the testicular size gradually increased
with the cellular proliferation and fluid production.

The differences of sexual behavior
frequency (SBF) between the two years were
also significantly higher during the extended
photoperiod treatment, which showed a similar
trend as the PI variations. This is expected since
it has been demonstrated that the sexual behavior
of male captive YFP fluctuated normally with the
variation of sexual hormones (testosterone) (Chen
et al. 2006), which is a result of the testicular
parenchyma development. However, our findings
suggest that the SBF were more sensitive
and responded more quickly to the extended
photoperiod than the Pl changes. We speculate
that it might be due to the fact that the testicular
parenchyma development is relatively difficult to
be detected by the ultrasound scanning during
early stages. Therefore, considering the similar
pattern of testicular Pl and SBF, we suspect that
the elevated SBF during the extended photoperiod
treatment was the result of testicular parenchyma
development.

Since there were no female kept together
with the males during the extended photoperiod
experiment, all sexual behaviors observed
in this study could be seen as ‘homosexual’
behaviors. Sexual behaviors of dolphins are
commonplace and may have a social role, as well
as a reproductive role (Boyd et al. 1999; Brook
1997). Nevertheless, it is not easy to distinguish
between reproductive and social sexual behaviors
in nature. We therefore speculate that even the
non-reproductive homosexual behavior frequency
of male YFP still reflects the libido of socio-sexual
communication (Xian et al. 2010). Moreover, the
significant difference of SBF between AF and TT
would be considered as individual differences. The
cause of this difference may be age, but could not
be concluded in this study. To further understand
this difference, a larger sample size is needed in
the future work.

In general, based on our data of testicular
changes and sexual behavior, the present study
provides the first evidence to demonstrate that
male YFP were reproductively responsive to
extended photoperiods, which also suggests day
length to be an important environmental factor in
regulating the seasonality of reproduction in YFP.

There are many previous experiments condu-
cted on terrestrial mammals about photoperiod and
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seasonal changes in reproductive functions (Farner
1961). For example, the testicular size of hamsters
(Phodopus sungorus) experienced a considerable
increase when they were exposed to LD 16hrs/
day (Hoffman and Reiter 1965). A similar pattern
was also reported in some marine mammals,
for example, estrus in harbour seals occurred
earlier than usual when exposed to extended
photoperiods, and was delayed during shorter
photoperiods, and the timing of parturition in
pinnipeds was also regulated by photoperiod (Bigg
and Fisher 1975; Temte 1985). The seasonality
and circadian rhythms of vertebrates is believed to
be regulated by melatonin secreted by the pineal
gland, and entrained by photoperiods (Erlich and
Apuzzo 1985; Malpaux et al. 1999). However, the
presence of a distinct pineal gland in cetaceans
is still controversial, although a few unconfirmed
reports describe the organ in some cetacean
species (Panin et al. 2012). Extra-pineal melatonin
production by the retina, the Harderian gland,
and the gut has been quantitatively assessed in
bottlenose dolphins (Tursiops truncatus), although
no pineal gland was found in their examination on
a series of brains of the same species (Panin et
al. 2012). Since there is still no work conducted
concerning the presence of the pineal gland in
finless porpoises, we are cautious to discuss
further the mechanism of this seasonality of
reproduction in the YFP. Nevertheless, the
present study provides evidence of the positive
response of gonadal and behavioral changes
to extended photoperiods, which may imply the
potent regulation by melatonin secreted by the
pineal or extra-pineal glands and warrants further
investigation.

Due to the training difficulties, we failed to
collect useful samples to investigate the effect of
photoperiod on the reproductive cycles in female
porpoises. Tomita et al. (2011) suggested that
photoperiodic control of the male reproductive
cycle was similar to that of female reproductive
cycle in Northern fur seals. We speculate that
reproductive cycles may also be altered under
the extended photoperiod if the females share
the same mechanism for reproductive seasonality
regulation. This assumption, however, can only be
tested when training for ultrasound scanning and
urine sample collection (for hormone assay) can
be achieved.

Apart from photoperiod, temperature, local
food supply or climate are other environmental
factors that can also influence the reproductive
physiology of mammals (Bronson 1985; Boyd
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1991). In this present study, there were no obvious
water temperature differences, nor differing
variations in temperature, between 2010 and 2011
due to a consistent water regulation regime (Fig.
1). Moreover, food supply in terms of fish species
and consumption were all similar during the same
season between years, and thus it is unreasonable
to explain the difference by these factors. We are
therefore confident that seasonal photoperiod
variation is also used in the YFP as a major
environmental regulator of reproductive cycles.

Captive breeding has been recognized as
one of three conservation strategies for the YFP
by Chinese researchers and authorities. A captive
population has been established since 1996 within
the Baiji Aquarium. However, there is only one
male finless porpoise successfully born in this
captive population since 2005 (Wang et al. 2005;
2009). There are still some technical bottlenecks
that need to be ironed out for a successful captive
program. The present study may not only help
us to understand the reproductive seasonality
of this species, but also provide evidence for
potential possibilities to regulate or even extend
the reproductive seasons of the YFP in captive
facilities. Definitely, this could only be achieved by
further understanding more on the testosterone
changes, sperm production in males, and ovarian
cycles in females under artificial photoperiod
treatments. There is no doubt that the present
research and possible further works in this field
will enhance the captive breeding programs
for conservation of this endangered freshwater
cetacean species.

CONCLUSIONS

This study has demonstrated that the testes
of two captive male YFPs showed significant
morphological growth, and altered sexual
behaviors in response to extended photoperiods,
which provides new insights for understanding
the role of photoperiod in the regulation of repro-
ductive cycles in aquatic mammals. This study
suggests that extended photoperiods during the
non-breeding season can trigger an elevation in
reproductive physiological activities in captive
male YFP. Therefore, we speculate that length of
day during the breeding season may be key in
“switching on” the testicular activity, thereby playing
an important role in manipulating the reproductive
cycles in male YFP.
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