
ENDANGERED SPECIES RESEARCH 
Endang Species Res

Vol. 47: 291–296, 2022 
https://doi.org/10.3354/esr01179

Published April 21

1.  INTRODUCTION 

The Yangtze finless porpoise Neophocaena asiae-
orientalis asiaeorientalis is endemic to the Yangtze 
River and connecting lakes (Jefferson & Wang 2011). 
The wild population of this species has experienced 
such severe declines over recent decades that it is 
now classified as Critically Endangered by the IUCN 
(Wang et al. 2013). To conserve this species, captive 
breeding efforts have been undertaken since the 
1980s (Wang 2009). 

In captive odontocetes, failed pregnancies and peri-
natal mortality are not uncommon (Robeck et al. 2001, 
O’Brien & Robeck 2012). Specialized management is 

required to increase reproductive success, such as ad-
ministering nutritional and medical supplements 
(Wasser et al. 2017, Andrew et al. 2018), maintenance 
of appropriate social groupings (Waples & Gales 2002), 
and preparing for parturition and postpartum care 
(Baumgartner et al. 2018). Prenatal care requires a 
level of understanding of pregnancy and fetal develop-
ment that is presently lacking for the Yangtze finless 
porpoise. We used endocrine monitoring and ultra-
sonographic imaging to document variation in proges-
terone levels from non-pregnant to pregnant phases, 
estimate gestation length based on predicted concep-
tion dates, and develop fetal growth models based on 
fetal measurements of Yangtze finless porpoises. 
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2.  MATERIALS AND METHODS 

2.1.  Animals 

The 6 captive Yangtze finless porpoises in the pres-
ent study were all originally wild-caught (at ca. 2 yr 
old), with none known to have previously given 
birth. Five of these individuals (F7, YY, F9, YI, JJ) 
were housed in a kidney-shaped pool (25 × 7.5 m; 
depth: 4 m) at the Yangtze Cetacean Breeding and 
Research Center, Wuhan, China; individual EE was 
housed in a rectangular net cage (width: 15 m; depth: 
7 m) at Tian-E-Zhou Reserve, Shishou. These fe -
male porpoises were initially housed together with 
males, and once pregnancy was confirmed, the sexes 
were separated. All porpoises were fed diets of 
frozen−thawed and/or fresh fish (ca. 6−10% of por-
poise body weight d−1). See Table 1 for detailed infor-
mation on these porpoises. 

2.2.  Blood collection 

Blood samples were collected monthly or bi -
monthly from individuals YI, JJ, and EE during their 
routine health assessments. Blood collection involved 
temporarily restraining the porpoise (<15 min) on a 
wet sponge mattress, after which it was released 
immediately. Blood samples were centrifuged at 
1500 × g for 15 min and stored in a freezer at −20°C 
until analysis. Porpoises were not disturbed during 
the late-gestation phase. 

2.3.  Progesterone assay 

Progesterone concentration was determined using 
radioimmunoassay (RIA) for JJ and chemilumines-

cence immunoassay (CIA) for EE and YI. The RIA 
protocol was previously developed and validated by 
Hao et al. (2007). CIAs were run on an IMMULITE 
2000 automated analyzer (Siemens Healthcare Diag-
nostics) following the protocol of O’Brien & Robeck 
(2012). CIA was validated by parallelism between 
standard and sample regression curves (r = 0.97, p > 
0.05) and a high recovery rate (89%) of exogenous 
progesterone added to the sample. The cross-
 reactivity of progesterone (P4) antibody was <1% 
with 11-deoxycorticosterone, <0.1% with cortisol, 
corticosterone, and cortisone, and <0.01% with 
estrodiol-17β and prednisone for both RIA and CIA. 
The sensitivity of all assays was 0.1 ng ml−1, and 
intra- and inter-assay variation was <10% for both 
RIA and CIA. Plasma progesterone concentration 
>3.0 ng ml−1 over an extended period indicated preg-
nancy (Sawyer-Steffan et al. 1983). 

2.4.  Fetal ultrasonography 

Ultrasonographic examination was performed 
month ly on F7, YY, and F9 using a LOGIQ Book XP 
ultrasound unit (General Electric) with a 3−5 MHz 
curvilinear array transducer, following the protocol 
of Robeck et al. (2015). Fetal measurements included 
thorax diameter (TD), thoracic circumference (TC), 
and total length (TL) (Fig. 1). Individuals would gen-
erally cooperate for 10−30 s for each scan for 2 or 3 
scans. 

2.5.  Statistical analyses 

An independent 2 sample t-test was used to com-
pare plasma progesterone concentrations between 
pregnant and non-pregnant phases for each porpoise. 
Mean ± SD values were used to summarize the data 
set. Prior to parametric tests, assumptions of data nor-
mality and homogeneity of variance were verified by 
Shapiro-Wilk’s and Levene’s tests, respectively. If as-
sumptions were not met, data were square-root trans-
formed to meet assumptions. A value of p < 0.05 was 
considered to be significant. To describe the fetal 
growth pattern, TD, TC, and TL were regressed 
against days before parturition (DBP). 

3.  RESULTS 

Four pregnancies (2 for JJ, 1 for YI, and 1 for EE) oc-
curred during endocrine monitoring (Table 1). Proges-

292

Animal           Body           Age     Facility          Date of 
                 length (cm)                                     parturition 
 
JJ                   140.5             7        YCRBC      5 July 2005 
JJ                   140.5             9        YCRBC      2 June 2007 
YI                   141.0            17       YCRBC     25 June 2012 
EE                  142.5             8            TR         22 May 2016 
F7                   141.0             9        YCRBC      2 June 2018 
YY                  144.0            11       YCRBC     11 June 2018 
F9                   146.0             9        YCRBC     19 May 2018

Table 1. Length, age, location, and parturition dates for 
Yangtze finless porpoise study animals. YCBRC: Yangtze 
Cetacean Breeding and Research Center, Wuhan; TR: Tian- 

E-Zhou Reserve, Shishou
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terone concentrations increased significantly from 
non-pregnant (0.55 ± 0.39 ng ml−1 for JJ; 0.63 ± 0.46 ng 
ml−1 for YI) to pregnant (41.46 ± 22.75 ng ml−1 for JJ; 
36.77 ± 3.97 ng ml−1 for YI) phases in JJ (t = −30.778, p < 
0.001) and YI (t = −16.054, p < 0.001). For EE, proges-
terone concentrations also appeared to increase from 
non-pregnant (0.83 and 0.95 ng ml−1) to pregnant (4, 
30.61, and 26.2 ng ml−1) phases. Based on the final day 
of baseline progesterone concentrations and the first 
day it exceeded 3.0 ng ml−1, we estimated the gestation 
lengths of JJ to be 309−393 d (median: 346 d) for the 
first pregnancy and 332−414 d (median: 373 d) for the 
second pregnancy, and for EE, 374−421 d (median: 
397 d). For YI, gestation length was estimated to be at 
least 351 d because endocrine data were not available 
for the non-pregnant phase. Progesterone concentra-
tions are detailed in Table A1 in the Appendix. 

Based on ultrasonographic imaging, pregnancies 
in F7, YY, and F9 were confirmed on 20 August, 23 
August, and 25 September 2017, respectively. Fetal 
measurements for F7, YY, and F9 consecutively 
increased throughout gestation. While fetal meas-
urements for F9 were consistently smaller than those 
for F7 and YY on the same scanning day, F9 deliv-
ered earlier than either F7 or YY (Table 1), and the 
placenta was fragmented upon excretion. Because of 
this parturition abnormality, we elected not to use 
fetal measurements of F9 in the development of fetal 
growth models. Fetal measurements of F7 and YY 
were pooled and plotted against DBP. Each of TD, 
TC, and TL at DBP were well described by linear 
regression: TD (cm) = 12.781 + 0.040 × DBP, r2 = 

0.988; TC (cm) = 46.378 + 0.147 × DBP, r2 = 0.983; and 
TL (cm) = 49.644 + 0.152 × DBP, r2 = 0.97 (Fig. 2). 

4.  DISCUSSION 

Plasma progesterone concentrations increased 
considerably from non-pregnant to pregnant phases 
in Yangtze finless porpoises, similar to increases 
reported for other odontocete species (O’Brien & 
Robeck 2012, Robeck et al. 2016). Based on changes 
in progesterone concentration, the medians of esti-
mated gestation length ranged from 346−397 d for 
Yangtze finless porpoises that were close to 12 mo. 
This estimated gestation length was evidenced by 
seasonality of parturition, predominately from May 
to July (Wang 2009, Xian 2010), and by mating occur-
ring mainly from April to August (Chen et al. 2006, 
Wu et al. 2010). Given the lengthy gestation, longitu-
dinal monitoring of progesterone to continuously 
assess health is essential. Unfortunately, the capture 
and handling of animals required to sample blood 
can be stressful (Hao et al. 2009), leading to dysregu-
lation of progesterone production (Michel & Bonnet 
2014, Herrera et al. 2016) and even reproductive fail-
ure (Arck 2001, Uphouse 2011). An alternative to 
blood sampling might entail non-invasive collection 
of urine, which has proven to be a reliable matrix for 
endocrine monitoring (Robeck et al. 2009, Steinman 
et al. 2012). Accordingly, protocols for urine collec-
tion and urinary progesterone assay should be 
explored for Yangtze finless porpoises. 
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Fig. 1. Ultrasonographic images of Yangtze finless porpoise fetus. Measurements show (a) thoracic diameter and circum- 
ference of the transverse section and (b) total length of the longitudinal section
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In addition to endocrine monitoring, real-time 
ultrasonography can be used to monitor fetal devel-
opment during gestation. According to estimated 
gestation duration, the Yangtze finless porpoise fetus 
is likely to become visible to ultrasonography within 
3−4 mo post-conception, similar to the bottlenose 
dolphin Tursiops truncatus (Williamson et al. 1990) 
and beluga whale Delphinapterus leucas (Robeck et 
al. 2015). Ultrasonographic measurements effec-
tively describe Yangtze finless porpoise fetal growth 
using linear regression models. Such growth models 
for TD and TC have also been reported for bottlenose 
dolphins and beluga whales (Williamson et al. 1990, 
Lacave et al. 2004, Robeck et al. 2015). 

The second-order polynomial model was the best fit 
for the TL regression for belugas (Robeck et al. 2015), 
in which growth rate increased from the first to 
second half of gestation. The difference between bel-
ugas and Yangtze finless porpoises probably stems 
from differences in sampling duration. TL data were 
collected throughout gestation in belugas, but we 
sampled these data only during the first half of gesta-

tion. Fetal growth models have been used to predict 
the parturition date in bottlenose dolphins and belu-
gas, with accuracies within 7 and 18 d, respectively 
(Lacave et al. 2004, Robeck et al. 2015). Our Yangtze 
finless porpoise fetal growth models were developed 
based on limited data; thus, more data are required to 
improve estimates of fetal age and to predict parturi-
tion date with comparable accuracy. 

Endocrine monitoring revealed that circulatory 
progesterone increased significantly from non-
 pregnant (0.61 ± 0.43 ng ml−1) to pregnant (37.44 ± 
16.18 ng ml−1) phases, and that progesterone reliably 
indicates pregnancy in Yangtze finless porpoises. 
Ultrasonographic imaging also enables monitoring of 
fetal growth, with linear regression models which 
eventually (with more data) could be used to predict 
parturition date. While preliminary, our findings 
present fundamental information on pregnancy 
dynamics and fetal development that can comple-
ment existing captive breeding programs and aid in 
the development of future conservation models for 
this endangered porpoise. 

294

Fig. 2. Yangtze finless porpoise fetal growth models (linear 
regressions). Fetal measurements of (a) thoracic diameter 
(TD), (b) thoracic circumference (TC), and (c) total length  

(TL) plotted against days before parturition (DBP)
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         Porpoise JJ                                     Porpoise YI                                      Porpoise EE 
Sampling      Progesterone con-                       Sampling     Progesterone con-                        Sampling     Progesterone con- 
  date         centration (ng ml−1)                          date         centration (ng ml−1)                           date         centration (ng ml−1) 
 
2002/3/7                   0.75                                   2003/4/8                  0.70                                    2015/2/6                  0.83 
2002/4/1                   0.55                                  2003/4/28                 1.30                                   2015/3/28                 0.95 
2002/5/15                 0.42                                  2003/5/28                 1.80                                   2015/5/14                4.00a 
2002/6/24                 0.58                                  2003/6/26                 0.30                                   2015/6/28               30.61a 
2002/7/31                 0.18                                  2003/7/23                 0.80                                   2015/9/18               26.20a 
2002/8/21                 0.21                                  2003/8/21                 0.80 
2002/9/13                 0.68                                  2003/8/23                 0.40 
2002/9/30                 0.33                                  2003/9/18                 0.80 
2002/10/8                 0.17                                  2003/10/9                 1.10 
2002/10/18               0.12                                 2003/10/27                0.42 
2002/11/25               0.82                                 2003/11/24                0.44 
2002/12/23               0.83                                  2003/12/8                 0.15 
2002/12/27               0.52                                 2003/12/18                0.17 
2003/3/5                   0.08                                  2004/1/15                 0.15 
2003/4/8                   0.60                                  2004/2/17                 0.33 
2003/4/28                 1.10                                  2004/3/15                 0.66 
2003/5/28                 1.60                                  2004/4/15                 1.00 
2003/6/26                 0.30                                  2004/6/16                 0.62 
2003/7/23                 0.70                                  2004/8/26                 0.33 
2003/8/21                 1.40                                  2004/11/9                 0.32 
2003/9/18                 0.50                                  2005/1/18                 0.27 
2004/6/17                 0.77                                  2005/3/14                 0.20 
2004/8/30               65.80a                                2005/10/22                1.60 
2004/11/9               66.40a                                 2005/12/1                 0.46 
2005/3/14               22.90a                                  2006/3/6                  0.17 
2005/12/1                 0.25                                  2006/4/14                 0.10 
2006/3/6                   0.09                                   2006/7/5                  1.40 
2006/4/14                 0.29                                  2006/9/15                 0.60 
2006/7/5                 21.70a                                  2011/7/7                37.04a 
2006/9/15               30.50a                                2011/10/18              40.60a 
                                                                          2012/3/13               32.67a 
                                                                          2012/11/9                 0.43 
                                                                           2013/7/8                  1.18 

aPregnant phase

Appendix. Additional data 

Table A1. Yangtze finless porpoise progesterone concentrations. Progesterone concentrations were determined by radio- 
immunoassay for porpoise JJ and chemiluminescence immunoassay for porpoises YI and EE. Dates given as yyyy/mm/dd
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