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Abstract

To investigate the physiological status of Yangtze finless porpoises (YFPs) in Poyang
Lake and assess health conditions across different habitats at a mesoscale geo-
graphical level, physical examination data from 25 individuals were collected from
two habitats: Piaotou (PT, 19 individuals), Jinxi Lake (JX, 6 individuals). Independent
samples t-test and Mann-Whitney U test were used to compare blood parameters
between PT and JX population. Robust M-estimation was applied to conduct strati-
fied tests on the independent effects of factors. Robust PCA was used to character-
ize the overall physiological differences between the two habitats. Using the ranges
of healthy YFPs blood parameters as the reference group, Games-Howell test was
used for multiple group comparisons. Results revealed significant differences in
physiological status between YFPs inhabiting Piaotou and Jinxi Lake. Piaotou pop-
ulation exhibit better physiological status, characterized by higher oxygen-carrying
capacity, nutritional status, and metabolic activity levels, while those in Jinxi Lake
showed enhanced coagulation function or inflammatory responses. In hematologi-
cal parameters, the PT population showed significantly higher red blood cell-related
indices than the JX's. The JX population exhibited higher platelet-related parameters
and extremely low Eosinophil counts and percentages. More parameters in the JX
population differed significantly from the range of healthy physiological indicators,
with Monocyte count and percentage, and Plateletcrit exceeding normal physiolog-
ical ranges. For blood biochemical parameters, Aspartate amino Transferase and
Triglyceride in the PT population, and Alkaline Phosphatase and Triglyceride in the
JX population exceeded reference ranges. This study revealed significant physio-
logical differences among YFPs inhabiting different habitats within the same lake
system, indicating that the Piaotou population can serve as high-quality germplasm
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resources, while the Jinxi Lake population shows certain health risks in their physio-
logical status.

Introduction

The Yangtze finless porpoise (Neophocaena asiaeorientalis, YFP) is an endemic
freshwater cetacean species unique to China and represents one of the world's most
critically endangered small toothed whales [1], with current estimates suggesting
approximately 1,249 individuals remain as of the 2022 basin-wide survey [2]. This
species is exclusively distributed in the middle and lower reaches of the Yangtze
River mainstream, as well as in the two major connected lakes—Poyang Lake and
Dongting Lake—and their associated tributaries [2,3].

Poyang Lake, as China's largest freshwater lake, serves as the most important
habitat for YFP, supporting approximately 450 individuals, making it a critical area for
species conservation [4,5]. Subject to the combined influence of riverine inflows and
Yangtze River floods, Poyang Lake exhibits pronounced seasonal variations in water
level [6]. Historical sand mining activities have left numerous pits of varying sizes
across the lakebed, creating a complex underwater topography. Altered precipitation
patterns, extreme weather events, and temperature fluctuations affect lake hydrology,
prey availability, and overall habitat quality [7,8]. The complex hydrological dynamics
and habitat characteristics of Poyang Lake significantly influence population distri-
bution patterns [9]. Long-term acoustic surveys and visual monitoring of the YFP in
Poyang Lake have revealed the species distribution and migration patterns across
varying water levels. Owing to the great challenges inherent in wild aquatic animal
surveys, our understanding of the physiological health of its wild populations remains
very limited.

Physiological assessment is crucial for understanding how endangered species
respond to environmental changes and identifying factors constraining population
growth [10,11]. For cetaceans, physical examinations, hematological and biochemi-
cal parameters serve as key indicators of individual and population health, reflecting
individual variation as well as metabolic, nutritional, and immunological statuses,
and are thus widely applied in health assessment and disease diagnosis for various
marine mammals [10—13]. Previous studies have demonstrated that hematological
and biochemical parameters in cetaceans are influenced by individual nutritional
health, reproductive cycles, fishery resources, and habitat utilization [14—16]. In
cetaceans such as the common bottlenose dolphin (Tursiops truncatus), beluga
whale (Delphinapterus leucas), pantropical spotted dolphin (Stenella attenuata), and
finless porpoise, habitat can influence their lipid profiles through diet [17—19]. A study
on blood parameters of captive beluga whales (Delphinapterus leucas) from three
different locations in the United States demonstrated the predominant influence of
geographical location [20,21]. Studies focusing on the hematological and biochemical
parameters of YFPs have demonstrated that inhabiting different environments exhibit
significant behavioral and physiological differences [22—24]. Furthermore, Dai et al.
conducted hematological comparisons on a total of 136 semi-captive and wild YFPs
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and established a health assessment system based on blood parameters. Existing comparative studies have reflected, to

a certain extent, the physiological plasticity of cetaceans and might potentially provide an indirect reflection of environmen-
tal quality across distinct habitats. However, in most studies on the hematological parameters of YFPs, comparisons have

primarily been made between wild populations and those reared in semi-natural water captive. Few studies have explored
the combined effects of age, sex, and habitat on variations in the hematological parameters of YFPs.

Based on blood samples of YFPs collected from emergency rescue in two different habitats of Poyang Lake, this study
focuses on the core question of whether significant differences exist in the physiological status of porpoises inhabiting
seasonally connected waters within a mesoscale geographical context. The study aims to deepen the understanding of
the physiological status of wild porpoise populations, evaluate potential risks, and provide scientific support for the conser-
vation of the YFP.

Materials and methods
Area of study and emergency rescue

The Piaotou sand pit waters (PT), located in the center of Poyang Lake with minimal human disturbance, is hydrolog-
ically isolated during the dry season, as its sand pits are only connected to the main navigation channel via narrow,
shallow waterways. It serves as a natural habitat and breeding ground for YFPs, sustaining a stable local population
(Fig 1) [1,25].

Jinxi Lake (JX), belongs to the Poyang Lake basin and serves as a satellite lake of Poyang Lake (Fig 1). The left
branch of the Fu River flows into Jinxi Lake and then runs northward through Yugan County before converging into Poy-
ang Lake [26]. During the dry season, YFPs disperse from the main lake area into major tributaries, with Jinxi Lake being
one of their migration corridors. In recent years, frequent YFP activities have been observed in this area. However, little is
known about the status of the populations inhabiting these waters.

In the dry seasons of February 2023 and March 2024, to translocate YFPs at risk of stranding and entrapment due to
falling water levels, activities including area monitoring, safe capture, health examinations, and translocation were carried
out in the PT habitat and Jinxi Lake. All appropriate ethics and protocol approvals were obtained for this research from the
Ministry of Agriculture of the People's Republic of China.

Both capture operations were performed by professionals specialized in conservation, as well as experienced fisher-
men, following well-established porpoise capture protocols. Prior to each operation, the water area was surveyed to select
safe capture sites, and animals were gently herded using soft nets and acoustic guidance without physical force, motor-
boats were turned off to reduce disturbance. Once guided to shallow shoals, the animals were carefully lifted and placed
onto specialized stretchers, then transferred to flat ground and placed on a 15 cm-thick sponge mat for physical examina-
tion. During the examination, water was gently sprinkled on the animal continuously to keep its skin moist, and its respira-
tory rate was recorded to assess the stress level. No experimental or surgical procedures were performed on the animal
other than physical examination, and no sedative drugs were administered to the animal. A total of 19 individuals were
examined in the Piaotou habitat, and 6 in Jinxi Lake. All individuals were released into safe deep-water refuge promptly
post- examination, with monitoring to confirm normal behavior.

Physical examination and sample collection

Examinations and sampling were performed only after animals were calm and exhibited no signs of distress, like no
vocalizations of agitation and normal breathing. Each animal received a complete physical and ultrasound examination.
Blood samples were collected aseptically from the main caudal vein using blood collection needles, with blood collected
into EDTA anticoagulant tubes. After collection, blood samples were stored at 4°C and transported to the nearest hospital
within 2 hours for complete blood count and blood biochemistry analysis.
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Fig 1. Map of Poyang Lake. The red rectangles showing the locations where YFPs were rescued at Piaotou (B) and Jinxi Lake (C). Landsat 8 image
data from November 2021.

https://doi.org/10.1371/journal.pone.0346095.9001

PLOS One | https://doi.org/10.1371/journal.pone.0346095 May 13, 2026 4/19




PLO\Sﬁ\\.- One

Environmental parameters. Environmental parameters data for the Piaotou habitat were obtained from a habitat
survey by Rao et al [25], in which water temperature, depth, turbidity, pH, and dissolved oxygen (DO) were measured in
April 2023 using a YSI multiparameter sonde, while nitrate (NO5’), nitrite (NO,’), ammonium (NH,*), and total dissolved
phosphorus (TDP) were analyzed in the laboratory. For Jinxi Lake, environmental parameters data, including water
temperature, depth, turbidity, pH, dissolved oxygen (DO), were measured using YSI during a pre-capture water survey in
March 2024.

Physical parameters. Physical examination indicators, including body length, body weight, blubber thickness (BT),
maximum girth measurements and pregnancy status, serves as a crucial foundation for determining the physiological
condition. Age estimation, body mass index (BMI) and girth index (BGI) calculation formulas referenced previous studies
[27,28], with BMI standards based on Dai et al. [17]. Using body length greater than 130 cm as the criterion for porpoise
maturity [29,30].

Blood parameters. A total of 25 blood samples were obtained, among the samples, the female to male ratio was 9:16,
and the juvenile to adult ratio was 8:17. Complete blood count parameters included: White Blood Cell count (WBCs),
Neutrophil count (#NEUT), Neutrophil percentage (%NEUT), Lymphocyte count (#LYMPH), Lymphocyte percentage
(%LYMPH), Monocyte count (#MONO), Monocyte percentage (%MONO), Eosinophil count (#EOS), Eosinophil
percentage (%EOS), Basophil count (#BASO), Basophil percentage (%BASO), Hemoglobin (HGB), Red Blood Cell count
(RBCs), Hematocrit (HCT), Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), Mean Corpuscular
Hemoglobin Concentration (MCHC), Red Blood Cell Distribution Width-Standard Deviation (RDW-SD), Red Blood Cell
Distribution Width-Coefficient of Variation (RDW-CV), Platelet count (PLT), Platelet Crit (PCT), Mean Platelet Volume
(MPV), Platelet Distribution Width (PDW), and Large Platelet Ratio (P-LCR), totaling 24 parameters.

Blood biochemical parameters were categorized into liver function indicators, blood lipids, electrolytes, and others.
Liver function indicators included: Alanine amino Transferase (ALT), Aspartate amino Transferase (AST), Alkaline Phos-
phatase (ALP), Gamma-glutamyl Transferase (GGT), Total Bilirubin (TBIL), Direct Bilirubin (DBIL), and Indirect Bilirubin
(IBIL). Blood lipids included: Total Cholesterol (CHOL), Triglycerides (TG), High-Density Lipoprotein cholesterol (HDL-

C), and Low-density Lipoprotein Cholesterol (LDL-C). Electrolytes included: K+, Na*, ClI-, and Ca?+. Other biochemical
parameters included: Total Protein (TP), Albumin (ALB), Globulin (GLOB), Albumin/Globulin ratio (A/G), Glucose (GLU),
Uric Acid (UA), and Creatinine (CREA).

Statistical analysis

The Shapiro-Wilk normality test was used to assess data normality for grouped data, and Levene's test was used to
assess homogeneity of variance. Independent samples t-test and Mann-Whitney U test were respectively applied for nor-
mally distributed data with equal variance and non-normally distributed data for comparisons between habitats, with effect
sizes calculated. Robust M-estimation analysis to ensure the robustness of the results. For each hematological/biochemi-
cal indicators, a robust linear model was constructed to test the independent effects of three key factors (gender, age and
habitat). Robust PCA was applied to integrate multi-dimensional hematological/biochemical indices. Ten key indicators
screened by PCA are tested for significance using Welch's t-test.

Games-Howell test was utilized for multiple group comparisons between PT, JX population and the healthy reference
group. The data from 136 YFPs established by Dai et al. were used as the healthy reference group [17]. Based on normal-
ity test results, data were presented as mean + standard deviation or median (IQR).

Results
Environmental parameters

Water quality parameters at the two habitats are summarized in Table 1. At Piaotou habitat in April 2023, water tempera-
ture averaged 25.98 °C, depth was 8.2 m, turbidity was relatively high (233.5+155.86 NTU), and pH was neutral to slightly
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Table 1. Environmental parameters at the two habitats of Poyang Lake.

Temp Depth Turi pH DO NO; NO,- NH,*+ TDP
unit °C m NTU \ mg/L mg/L mg/L mg/L mg/L
PT 25.98+1.47 |8.20+1.72 |233.5+155.86 |7.74+0.333 |8.82+0.66 1.16+0.073 |0.016+0.00 |0.26+0.04 |0.039+0.014
(n=12)
JX 15.6 4.5 68 5.9 10.14 NA NA NA NA
(n=1)

https://doi.org/10.1371/journal.pone.0346095.t001

alkaline (7.74+0.33). DO averaged 8.82+0.66 mg/L. Nutrient concentrations were generally low, with NO;" at 1.16+0.07
mg/L, NO, at 0.016+0.00 mg/L, NH,* at 0.26+0.04 mg/L, and TDP at 0.039+0.014 mg/L.

Water quality of Jinxi Lake in March 2024 as follows: temperature was 15.6 °C, depth was 4.5 m, turbidity was 68 NTU,
pH was 5.9, and dissolved oxygen was 10.14 mg/L.

Population structure

For the Piaotou samples, gender, body length, weight and blubber thickness were collected from all individuals, while
maximum girth measurements were available for 16 individuals (Table 2). The population showed a female to male ratio
of 5:14, with three pregnant individuals identified. The average age was 6 years, with most individuals being 0—4 years
old. Average body length was 136.76 £ 15.73 cm, average body weight was 39.29 £ 13.3 kg, average axillary BT was
2.331£0.61 cm, average anal BT was 1.95+0.42 cm, average maximum girth BT was 2.42+0.37 cm, average maximum
girth was 94.28 £ 10.85 cm, average BMI was 20.63 +4.78 kg/m?, and average BGI was 69.44 +4.85. Physical examina-
tion revealed superficial abrasions in three individuals, severe tail fin injury in one individual, and minor skin conditions in
very few cases.

For the JX samples, complete gender, weight and body length data available for all individuals, while maximum girth
and BT measurements were obtained from four and three individuals, respectively (Table 2). The female to male ratio was
2:4, with an average age of 3 years, maximum age of 9 years, minimum age less than 1 year, and one pregnant individ-
ual. Average body length was 125.65+15.45 cm, average body weight was 41+ 15.9 kg, and average axillary BT for three
individuals was 1.81+0.18 cm. For four individuals, average maximum girth was 84 +5.76 cm, average maximum girth BT
was 1.98+0.26 cm, and average BGI was 60.05+ 13.6. Average BMI was 25.05+6.17 kg/m?, with three individuals reach-
ing obesity standards. Physical examination revealed that most individuals had extensive skin lesions around the eyes,
mouth, and fins.

Blood parameters

Hematological parameters. The results from inter-group analysis (Table 3,4) and robust M-estimation (Fig 2) revealed
significant differences existed in hematological parameters between PT and JX population. For red blood cell-related

Table 2. Individual measurement results of Yangtze finless porpoises in the Piaotou and Jinxi Lake habitat.

body length body weight maximum girth axillary BT anal BT max girth BT BMI BGI
Unit cm kg cm cm cm cm kg/m? \
PT 136.76+15.73 39.29 + 94.28 + 2.33+0.61 1.95+0.42 2.42+0.37 20.63+4.78 69.44+4.85
(n=19) 13.3 10.85 (n=19) (n=19) (n=19) (n=19) (n=16)
(n=19) (n=16)
JX 125.65+1545 |41x15.9 84+5.76(n=4) 1.81+£0.18(n=3) 1.68 1.98+0.26 25.05+6.17 | 60.05+13.6
(n=6) (n=6) (n=1) (n=4) (n=6) (n=4)

https://doi.org/10.1371/journal.pone.0346095.t002
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Table 3. Independent sample t-test of hematological parameters.

Unit PT JX p |Cohen's d|
(n=19) (n=6)
WBC *10%/L 7.93+£2.55 9.13+3.6 0.371 0.427
%NEUT % 61.75+12.03 69.55+13.41 0.190 0.632
#LYMPH *10°%/L 1.85+£0.79 243+1.8 0.270 0.529
%LYMPH % 24.31+10.23 25.92+14. 0.763 0.143
RBCs *10"?/L 4.82+0.62 4.59+0.37 0.406 0.396
MCV #*** Fl 98.78+3.23 92.22+2.29 <0.001 2.155
RDW-SD fL 48.39+4.48 48.18+4.7 0.923 0.046
P-LCR ** % 39.11+£7.5 50.47+5.28 0.002 1.605
PT =Piaotou population, JX=Jinxi population. Significant difference with * p<0.05, ** p<0.01 and *** p<0.001.
https://doi.org/10.1371/journal.pone.0346095.t003
Table 4. Hematological parameters of Mann-Whitney U test.
Unit PT JX P |Cliff's Delta|
(n=19) (n=6)
#NEUT *10%/L 4.60 (2.40) 5.31 (3.40) 0.221 0.351
#MONO *10°/L 0.13 (0.12) 0.34 (0.36) 0.121 0.439
%MONO % 1.60 (1.00) 4.30 (2.88) 0.138 0.412
H#EQOS *** *10%/L 0.79 (1.00) 0.01 (0.00) 0.001 0.982
%EOS % 10.50 (6.40) 0.15 (1.63) 0.001 0.965
*xx
#BASO *10%/L 0.00 (0.00) 0.00 (0.00) 0.828 0.061
%BASO % 0.00 (0.00) 0.00 (0.03) 0.877 0.053
HGB ** g/L 164.00 (12.00) 145.00 (19.00) 0.009 0.693
HCT ** % 49.00 (4.50) 42.20 (4.50) 0.009 0.702
MCH * pg 33.30 (2.10) 31.10 (1.47) 0.014 0.667
MCHC * g/L 334.00 (8.00) 342.00 (7.75) 0.036 0.57
RDW-CV % 13.40 (1.30) 14.50 (2.48) 0.176 0.386
PLT ** *10%/L 133.00 (27.00) 202.00 (54.00) <0.001 0.979
PCT #** % 0.16 (0.04) 0.26 (0.08) <0.001 1.000
MPV #* fL 11.80 (1.10) 13.20 (0.75) 0.004 0.746
PDW* % 16.80 (0.50) 16.10 (11.33) 0.014 0.667

PT=Piaotou population, JX=Jinxi population. Significant difference with * p<0.05, ** p<0.01 and *** p<0.001. The data are presented using the medi-

an and interquartile range, but the test indicates the difference in distribution position rather than the difference in median values.

https://doi.org/10.1371/journal.pone.0346095.t004

parameters, the PT population showed significantly higher MCV, MCH, HGB, and HCT compared to the JX's, while MCHC
was significantly lower than the JX's. For platelet-related parameters, the JX population showed significantly higher
P-LCR, PLT, PCT, and MPV compared to the PT's. Additionally, the JX population showed extremely low #EOS and

%EQS.

Robust PCA (Fig 3) demonstrated good separation of hematological parameters between habitats. PC1 and PC2
cumulatively explained 59.9% of the variance. Among the 10 key indicators (Fig 3), 5 showed significant habitat differ-

ences, and these 5 indicators were consistent with the robust M-estimation results.
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Compared to the reference group, the PT showed significant differences in WBC, %NEUT, LYMPH, #EOS, %EOS,
RBCs, MCV, MCHC, and RDW-CV, but all hematological parameters remained within normal physiological ranges (Fig 4).
The JX showed significant differences from the reference group in multiple parameters, with %NEUT, #MONO, %MONO,
#EOS, %EQOS, RBCs, HCT, MCV, MCH, PLT, PCT, and MPV significantly higher than the reference group, while HGB,
RBCs, HCT, MCV, and MCH were significantly lower than the reference group. Notably, #MONO, %MONO and PCT
exceeded normal physiological ranges.

Biochemical parameters. Statistical analysis of biochemical indices revealed that habitat remained the primary driver
of differences. Similar results were observed in both inter-group difference tests (Table 5, 6) and robust M-estimation
(Fig 5). The PT population showed significantly higher ALB, GLU, and Na* compared to the JX's. For liver function
parameters, the PT population showed significantly higher AST, TBIL and DBIL compared to the JX's. Blood lipid
metabolism parameters showed that the JX population had significantly elevated HDL-C and GLOB, while A/G and UA
were significantly decreased.

Robust PCA (Fig 6) demonstrated also good separation of biochemical indicators between habitats. PC1 and PC2
cumulatively explained 43.3% of the variance. Among the 10 key indicators (Fig 6), 5 showed significant habitat differ-
ences, and these indicators were consistent with the robust M-estimation results.

Most biochemical parameters in both YFPs of PT and JX population remained within normal ranges (Fig 7), except for
AST, TG in the PT population, and ALP, TG in the JX population, which exceeded reference ranges. Compared to the ref-
erence group, the PT population showed higher ALT, AST, TBIL, TG, HDL-C, LDL-C, K*, and Na* levels, while CHOL and
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https://doi.org/10.1371/journal.pone.0346095.9004
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Table 5. Independent sample t-test of biochemical parameters.

Unit PT JX p |Cohen's d|
(n=19) (n=6)
CHOL mmol/L 4.68+0.59 5.13+0.73 0.399 0.402
LDL-C mmol/L 0.84+0.18 0.73+0.16 0.179 0.649
TP g/L 72.61+£7.75 76+6.12 0.143 0.71
ALB * g/L 43.17+4.00 39.10+£1.97 0.027 1.106
GLU mmol/L 9.27+1.46 6.8+1.29 0.001 1.816
CREA umol/L 44.89+10.67 50+13.46 0.346 0.45
K* mmol/L 4.89+0.48 4.66+0.63 0.311 0.485
PT=Piaotou population, JX=Jinxi population. Significant difference with * p<0.05, ** p<0.01 and *** p<0.001.
https://doi.org/10.1371/journal.pone.0346095.t005
Table 6. Mann-Whitney U test for biochemical parameters.
Unit PT JX P |Cliff's Delta|
(n=19) (n=6)
ALT U/L 45.00 (14.00) 36.00 (20.75) 0.156 0.404
ALP U/L 173.00 (101.50) 152.00 (434.25) 0.828 0.07
AST ** u/L 267.00 (76.50) 185.50 (39.75) 0.006 0.737
GGT U/L 36.00 (12.00) 37.00 (20.25) 0.642 0.132
TBIL*** pumol/L 1.80 (1.75) 0.65 (0.30) < 0.001 0.904
DBIL** pumol/L 0.50 (1.45) 0.20 (0.17) 0.003 0.781
IBIL pumol/L 1.10 (1.10) 0.58 (0.37) 0.101 0.471
TG mmol/L 1.53 (0.89) 1.78 (1.18) 0.303 0.298
HDL-C * mmol/L 2.03 (0.58) 3.60 (1.11) < 0.001 0.991
GLOB* g/L 28.80 (7.95) 39.35 (12.23) 0.011 0.675
AIG * % 1.52 (0.61) 0.95 (0.23) 0.007 0.719
UA % pmol/L 47.00 (12.50) 15.00 (17.75) < 0.001 1.000
Na**#* mmol/L 156.00 (3.50) 149.50 (3.25) < 0.001 0.93

PT=Piaotou population, JX=Jinxi population. Significant difference with * p<0.05, ** p<0.01 and *** p<0.001. The data are presented using the medi-
an and interquartile range, but the test indicates the difference in distribution position rather than the difference in median values.

https://doi.org/10.1371/journal.pone.0346095.t006

CREA were lower. The JX population showed higher TG, GLOB, and K* levels, while TBIL, DBIL, IBIL, CHOL, ALB, A/G,
CREA, and Na* were lower.

Discussion
Habitat quality

The 2023 survey on the Piaotou habitat showed that the comprehensive trophic state index of the waters ranged from
44.6+1.8 to 49.8+ 1.5, corresponding to a mesotrophic state across all four seasons. Overall, the water quality was
rated at Grade Il level. Species distribution models (SDMs) indicated that cyanobacterial density and total phosphate
concentration had relatively high contribution rates to the models, which may exert a potential influence on the distri-
bution of YFPs [25].
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A water quality survey conducted in Jinxi Lake from April to May 2009 classified the water body as eutrophic. Biomoni-
toring results revealed the presence of Anabaena sp. and Microcystis aeruginosa in the lake estuary. The poor water qual-
ity of Jinxi Lake may be attributed to the narrow riverbed, low water discharge at the Xizhi Estuary, as well as its proximity
to urban and industrial zone [26]. A survey of the Fuhe River Basin conducted from 2017 to 2018 indicated that the water
body was in a eutrophic state and at a mesosaprobic level during the flood and dry seasons, respectively. Furthermore,
the water environmental quality of the Fuhe River Basin—into which Jinxi Lake drains—has exhibited a declining trend
over the past decade [31].

Population structure

The population structure of a species provides critical insights into its demographic viability, genetic diversity, and adaptive
potential. Key indicators include gender ratio, age distribution, reproductive status, and group composition (e.g., solitary
individuals, mother-calf pairs, or social groups) [32]. The age structure analysis revealed differences between the two
populations. The Piaotou population exhibited a balanced age structure, and three pregnant individuals were recorded,
indicating a stable population development. This finding is consistent with the results of previous studies [28]. Jinxi Lake
serves as a fixed migration corridor for the YFPs, where are mostly observed engaging in small-population activities. The
six individuals captured in Jinxi Lake were female-dominated and composed of young individuals, which may partly reflect
the population trait of YFPs for migratory behavior.
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https://doi.org/10.137 1/journal.pone.0346095.9007

Animal body condition shows a dependent relationship with body weight [33,34]. In La Plata dolphins (Pontoporia
blainvillei) and minke whales (Balaenoptera acutorostrata), positive correlations were found between girth, blubber weight,
and body weight, supporting their value as body condition indicators [35,36]. The body size and BMI has been established
as a reliable indicator for assessing nutritional status and overall health condition in marine mammals [37]. The higher BMI
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observed in the JX population, with three individuals reaching obesity standards, may reflect different foraging strategies
or food quality between habitats, such as excessive food intake, imbalanced nutrient composition [38].

Blubber thickness is related to season and age factors. The mean BT of normal YFPs ranged from 1.80+0.03 cm to
2.65+0.19 cm [39]. The PT population showed consistently higher fat thickness values across all measurement sites,
indicating better energy storage capacity, which can be attributed to the abundant fish resources in the Piaotou habitat
that provide optimal nutrition for maintaining body condition. The JX population have a high BMI but a relatively low fat
thickness, which deserves attention.

Skin lesions in delphinids and other small cetaceans are geographically widespread and generally considered nonfa-
tal [40]. In the JX population, the higher prevalence of skin lesions infections at multiple sites may reflect compromised
animal health or exposure to anthropogenic or environmental threats. The status of water quality and pathogenic bacteria
of YFPs in Jinxi Lake warrants concern.

Blood parameters

Hematological parameters. The PT population demonstrated better physiological health status, characterized by
higher oxygen-carrying capacity, nutritional status, and metabolic activity levels. The significantly higher red blood cell-
related parameters (RBCs, HGB, HCT, MCV, MCH) suggest enhanced oxygen transport capacity, which is crucial for
diving marine mammals [41]. Although elevated hematocrit values often indicate dehydration, these values remained
within the clinically healthy range, and no other severe related symptoms were observed [42].

The JX population showed physical examination evidence of three individuals with old or new abrasions, and blood
parameters indicating stronger coagulation function or inflammatory responses and abnormal immune function. This may
be related to surface wounds, strong capture stress responses, and water quality conditions. The extremely low eosin-
ophil counts and percentages in the JX are particularly noteworthy, as eosinophils play crucial roles in allergic reactions
and parasite defense [43,44]. This suppression may indicate chronic stress or immunosuppression [45]. The elevated
platelet-related parameters (PLT, PCT, MPV, P-LCR) suggest enhanced coagulation activity, which may represent a
physiological response to injury risk or chronic inflammation. The combination of elevated platelet parameters and low
eosinophil counts may indicate a complex immune response and suggest the presence of abnormal physiological con-
ditions, potentially associated with varying degrees of skin disorders. Decreased RBC, HGB, and HCT levels may be
associated with anemia caused by malnutrition, inflammatory responses, or other factors [46]. This finding is consistent
with previous health surveys of YFPs in the wild, which have reported varying degrees of anemia [47]. White blood cell
differentials serve as important indicators for assessing inflammation and stress responses [20]. The elevated monocyte
count observed in the JX population is particularly noteworthy, as monocytes play a central role in chronic inflammatory
processes and tissue remodeling. This finding is consistent with the earlier report by Nabi et al., which showed that sig-
nificantly higher counts of white blood cells, lymphocytes, and monocytes in porpoises from Poyang Lake indicate chronic
exposure to infectious agents, particularly parasites and viruses [46]. Evidence of parasitic infections in harbor porpoises
(Phocoena phocoena) indicates a potential similar risk for YFPs in Poyang Lake [48].

Biochemical parameters. Blood biochemical parameter analysis revealed significant metabolic differences between
the two habitat populations. Higher serum albumin and glucose levels in the PT population indicate better protein
synthesis capacity and glucose metabolic homeostasis, typically associated with adequate nutritional intake and good liver
function [49]. Conversely, elevated GLOB and decreased A/G ratio in the JX population may suggest chronic inflammation
or immune activation states [50-52].

The primary function of TG is energy storage, which can be utilized for high-energy activities such as migration and for-
aging in YFPs [53]. The levels of TG can vary widely with dietary changes, and higher triglyceride levels may reflect higher
lipid intake [54,55]. In the Piaotou and Jinxi Lake population, certain parameters such as TG, ALP, and AST exceeded
normal physiological ranges. The JX population was dominated by ALP, with one male juvenile porpoise younger than
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1 year age showing an extremely high ALP value of 1263 U/L (far exceeding the normal range). The PT population was
characterized by abnormally high AST, where one 17-year-old male adult individuals had an AST value of 1118 U/L. Both
types of extreme outliers raised the group means of the corresponding indicators in their respective population. The ALP
abnormalities are most likely attributed to hepatobiliary system abnormalities (e.g., may induced by parasitic infections
or pollutants). Juvenile individuals, with immature organ development and higher sensitivity to environmental stress, may
exacerbate this elevation. Abnormal bone metabolism could be a secondary contributing factor. The habitat- and age-
specific abnormal indicators may reflect differences in environmental pressures between the two habitats.

Environmental factors have multiple influences and mechanisms of action on YFPs physiological status. The discharge
of industrial wastewater and domestic sewage along the river damages the survival environment of YFPs [56]. Studies
have found that harbor porpoises (Phocoena phocoena) in more polluted waters exhibit a higher incidence of bacterial
infections [57]. Natural water pollution may affect hormone secretion in YFPs by altering endocrine gene expression pat-
terns, interfering with normal endocrine activities; noise pollution may induce oxidative stress and inflammatory responses,
potentially damaging hearing [58]. Chronic exposure to suboptimal conditions can lead to cumulative health impacts,
reduced reproductive success, and increased susceptibility to disease [59,60].

Notably, due to the migratory behavior of the JX population, its poorer physiological indices when compared with the
PT population inhabiting the main lake area may reflect that wild populations face higher physiological risks during migra-
tory activities in Poyang Lake. Therefore, when assessing and analyzing the physiological status and health of YFPs in
Poyang Lake, attention should be paid not only to the habitat quality of their primary habitats but also to their migratory
behavior and the risks associated with migratory activities.

Future directions

Physiological differences in YFPs between the two habitats were identified in this study, with habitat having a more
significant impact on such differences than gender and age. Owing to the small sample sizes (19 and 6 individuals), the
statistical results may be confounded by randomness, this exploratory conclusion nonetheless highlights the need for
increased attention to habitat quality in the conservation of endangered species. Notably, the lack of integrated analysis of
environmental and physiological health data made it difficult to determine whether the abnormal status of the small Jinxi
Lake population stemmed from habitat quality or was attributed to habitat differences due to an incidental group disease
infection. Nevertheless, heightened monitoring of water environments and population health should be implemented for
YFP migratory corridors of tributaries during the dry season.

Future research should involve regular habitat surveys and population monitoring in Jinxi Lake to explain how water
quality modulates the physiological health of YFPs over a longer temporal scale. Additionally, the sample size should
be further expanded to include comparisons across more habitat populations, thereby enabling a more comprehensive
understanding of the mechanisms and key factors underlying the effects of habitat on the physiological status of YFPs.

Conclusion

In this study, provides the first systematic comparison of the population structure and hematological parameters of the
YFPs between the Piaotou and Jinxi Lake habitat in Poyang Lake. The results demonstrate significant physiological status
differences between YFPs inhabiting different habitat environments within Poyang Lake. The Piaotou populations exhib-
iting favorable physiological conditions and a relatively stable structure, making it a valuable germplasm resource for the
species. Jinxi Lake, new hotspot for the porpoise in Poyang Lake and an area included in populations surveys for the first
time, exhibits several health-related concerns such as skin lesions, potential for inflammation or immune responses, which
suggest elevated health risks. The observed physiological status disparities between habitats emphasize the importance
of maintaining connectivity between high-quality core habitats and improving conditions in secondary habitats, with partic-
ular prioritize the physiological health risks faced by wild migratory populations.

PLOS One | https://doi.org/10.1371/journal.pone.0346095 May 13, 2026 16/19




PLO\Sﬁ\\.- One

Institutional Review Board Statement: This study did not involve animal experimentation or harm. All appropriate

ethics and protocol approvals were obtained for this research from the Ministry of Agriculture of the People's Republic of
China.

Supporting information

S$1 Data. Support Data.
(C8V)

Author contributions

Data curation: Rongcheng Rao, Fangning Liu.

Funding acquisition: Jinxiang Yu.

Methodology: Lingxia Wei, Yun Zhang.

Project administration: Jianglong Que.

Software: Jialing Min.

Supervision: Jinxiang Yu.

Visualization: Ying Yang.

Writing — original draft: Yi Huang.

Writing — review & editing: Heng Yin.

References

1.

10.

1.
12.

13.

Mei Z, Chen M, Li Y, Huang S-L, Haung J, Han Y, et al. Habitat preference of the Yangtze finless porpoise in a minimally disturbed environment.
Ecological Modelling. 2017;353:47-53. https://doi.org/10.1016/j.ecolmodel.2016.12.020

Xu P, Liu K, Ying C, Yin D, Lin D, Zhang J. Progress and prospects on the protection of Yangtze finless porpoises. Acta Hydrobiologica Sinica.
2024;48(6):1077-84. https://doi.org/10.7541/2024.2024.0027

Li Q, Deng M, Li W, PanYY, Lai G, Liu Y, et al. Habitat configuration of the Yangtze finless porpoise in Poyang Lake under a shifting hydrological
regime. Sci Total Environ. 2022;838(Pt 1):155954. https://doi.org/10.1016/j.scitotenv.2022.155954 PMID: 35580683

Zhang H, Yin DH, Que JL, Zhu XY, Lin DQ, Ying CP, et al. Genetic Diversity and Population Differentiation of Yangtze Finless Porpoise in Poyang
Lake. Animals. 2025;15(13):1838. https://doi.org/10.3390/ani15131838doi:

Zhigang M, Yujiang H, Jinsong Z, Zhitao W, Kexiong W, Ding W. Population status and conservation outlooks of Yangtze finless porpoise in the
Lake Poyang. Journal of Lake Sciences. 2021;33(5):1289-98. https://doi.org/10.18307/2021.0501

Baofeng L, Zheng Z, Hai S, Haihua Z. Temporal and spatial characteristics of key indicators of nutritional level and control standards in Lake Poy-
ang. Journal of Lake Sciences. 2023;35(3):897-908. https://doi.org/10.18307/2023.0311

MacLeod C. Global climate change, range changes and potential implications for the conservation of marine cetaceans: a review and synthesis.
Endang Species Res. 2009;7:125-36. https://doi.org/10.3354/esr00197

Lambert E, Pierce GJ, Hall K, Brereton T, Dunn TE, Wall D, et al. Cetacean range and climate in the eastern North Atlantic: future predictions and
implications for conservation. Glob Chang Biol. 2014;20(6):1782-93. https://doi.org/10.1111/gcb.12560 PMID: 24677422

Min JL, Yu JX, Zhang YY, Li DM, Que JL, Tian Z, et al. Distribution risks and protection countermeasures of Yangtze finless porpoise in Poyang
Lake during abnormal dry period. Acta Hydrobiologica Sinica. 2024;48(10):1642-50. https://doi.org/10.7541/2024.2023.0182

Barratclough A, Wells RS, Schwacke LH, Rowles TK, Gomez FM, Fauquier DA, et al. Health Assessments of Common Bottlenose Dolphins (Tursi-
ops truncatus): Past, Present, and Potential Conservation Applications. Front Vet Sci. 2019;6:444. https://doi.org/10.3389/fvets.2019.00444 PMID:
31921905

Wikelski M, Cooke SJ. Conservation physiology. Trends Ecol Evol. 2006;21(1):38—46. https://doi.org/10.1016/j.tree.2005.10.018 PMID: 16701468

Peig J, Green AJ. New perspectives for estimating body condition from mass/length data: the scaled mass index as an alternative method. Oikos.
2009;118(12):1883-91. https://doi.org/10.1111/j.1600-0706.2009.17643.x

Moore MJ, Rowles TK, Fauquier DA, Baker JD, Biedron |, Durban JW, et al. REVIEW: Assessing North Atlantic right whale health: threats,
and development of tools critical for conservation of the species. Dis Aquat Organ. 2021;143:205-26. https://doi.org/10.3354/dao03578 PMID:
33629663

PLOS One | https://doi.org/10.1371/journal.pone.0346095 May 13, 2026 171719



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346095.s001
https://doi.org/10.1016/j.ecolmodel.2016.12.020
https://doi.org/10.7541/2024.2024.0027
https://doi.org/10.1016/j.scitotenv.2022.155954
http://www.ncbi.nlm.nih.gov/pubmed/35580683
https://doi.org/10.3390/ani15131838doi:
https://doi.org/10.18307/2021.0501
https://doi.org/10.18307/2023.0311
https://doi.org/10.3354/esr00197
https://doi.org/10.1111/gcb.12560
http://www.ncbi.nlm.nih.gov/pubmed/24677422
https://doi.org/10.7541/2024.2023.0182
https://doi.org/10.3389/fvets.2019.00444
http://www.ncbi.nlm.nih.gov/pubmed/31921905
https://doi.org/10.1016/j.tree.2005.10.018
http://www.ncbi.nlm.nih.gov/pubmed/16701468
https://doi.org/10.1111/j.1600-0706.2009.17643.x
https://doi.org/10.3354/dao03578
http://www.ncbi.nlm.nih.gov/pubmed/33629663

PLO\Sﬁ\\.- One

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Hao Y-J, Zhao Q-Z, Wu H-P, Chen D-Q, Gong C, Li L, et al. Physiological responses to capture and handling of free-ranging male Yangtze finless
porpoises (Neophocaena phocaenoides asiaeorientalis). Marine and Freshwater Behaviour and Physiology. 2009;42(5):315-27. https://doi.
org/10.1080/10236240903302161

Nollens HH, Robeck TR, Schmitt TL, Croft LL, Osborn S, McBain JF. Effect of age, sex, and season on the variation in blood analytes of a clinically
normal ex situ population of killer whales (Orcinus orca). Vet Clin Pathol. 2019;48(1):100-13. https://doi.org/10.1111/vcp.12697 PMID: 30676655

Nollens HH, Haney NJ, Stacy NI, Robeck TR. Effects of sex, age, and season on the variation of blood analytes in a clinically healthy ex situ popu-
lation of bottlenose dolphins (Tursiops spp.). Vet Q. 2020;40(1):342-52. https://doi.org/10.1080/01652176.2020.1845415 PMID: 33138727

Dai CJ, Tang B, Hao YJ, Wang KX, Gong C, Yuan JF. Study on the health evaluation system of Yangtze finless porpoise (Neophocaena asiaeori-
entalis asiaeorientalis). Journal of Anhui Agricultural University. 2021;48(03):403—11. http://doi.org/10.13610/j.cnki.1672-352x.20210706.009

Tang B, Zhang Y, Zhang P, Li S, Zheng J, Tang W, et al. Blubber fatty acid compositions in different geographic populations of finless porpoise in
Chinese waters: implications for thermal adaptation. Integr Zool. 2022;17(4):638-55. https://doi.org/10.1111/1749-4877.12610 PMID: 34751496

Grahl-Nielsen O. Exploration of the foraging ecology of marine mammals by way of the fatty acid composition of their blubber. Marine Mammal
Science. 2009;25(1):239-42. https://doi.org/10.1111/j.1748-7692.2008.00256.x

Norman SA, Beckett LA, Miller WA, St Leger J, Hobbs RC. Variation in hematologic and serum biochemical values of belugas (Delphinapterus
leucas) under managed care. J Zoo Wildl Med. 2013;44(2):376-88. https://doi.org/10.1638/2012-0172R PMID: 23805556

Tsai Y-L, Chen S-Y, Lin S-C, Li J-Y. Effects of Physiological Factors and Seasonal Variations on Hematology and Plasma Biochemistry of Beluga
Whales (Delphinapterus leucas) Managed in Pingtung, Taiwan. Aquas Mamm. 2016;42(4):494-506. https://doi.org/10.1578/am.42.4.2016.494
Nabi G, Hao Y, Robeck TR, Jinsong Z, Wang D. Physiological consequences of biologic state and habitat dynamics on the critically endangered
Yangtze finless porpoises (Neophocaena asiaeorientalis ssp. asiaeorientalis) dwelling in the wild and semi-natural environment. Conserv Physiol.
2018;6(1):coy072. https://doi.org/10.1093/conphys/coy072 PMID: 30581572

Nabi G, Robeck TR, Hao Y, Wang D. Hematologic and Biochemical Reference Interval Development and the Effect of Age, Sex, Season, and
Location on Hematologic Analyte Concentrations in Critically Endangered Yangtze Finless Porpoise (Neophocaena asiaeorientalis ssp. asiaeorien-
talis). Front Physiol. 2019;10:792. https://doi.org/10.3389/fphys.2019.00792 PMID: 31354505

Liu W, Yin D, Li Z, Zhu X, Zhang S, Zhang P, et al. Comparative Blood Transcriptome Analysis of Semi-Natural and Controlled Environment Popu-
lations of Yangtze Finless Porpoise. Animals (Basel). 2024;14(2):199. https://doi.org/10.3390/ani14020199 PMID: 38254368

Rongcheng R, Yi H, Jialing M, Ying Y, Fanning L, Xiya W, et al. The species distribution model based on the random forest algorithm reveals the
distribution patterns of Neophocaena asiaeorientalis. Sci Rep. 2025;15(1):10037. https://doi.org/10.1038/s41598-025-92508-5 PMID: 40122919
Zhong R, Dong L, Huang D, Jin W, Zhang H, Liu Z. Assessment on Europhication of Fuhe River Estuary. Environmental Monitoring and Forewarn-
ing. 2012;4(4):5. https://doi.org/10.3969/j.issn.1674-6732.2012.04.011

Zhang X. Studies on the age determination, growth and reproduction of finless porpoise neophocaen a phoc aenoides. AHS. 1992;16(4):289-98.
https://doi.org/10.3724/issn1000-3207-1992-4-289-a

Rao RC, Yu JX, Que JL, Min JL, Tian Z, Dai YG. Population structure and growth status of Yangtze finless porpoise in the sand pits waters

of southern Songmen Mountain, Poyang Lake. Journal of Shanghai Ocean University. 2023;32(6):1237—44. https://doi.org/10.12024/
jsou.20230404145

Anli G, Kaiya Z. Growth and Reproduction of three populations of finless porpoise, Neophocaena phocaenoides, in Chinese waters. Aquatic Mam-
mals. 1993;19:3.

Yang J, Wang K, Mei Z, Xu J, Zheng J, Wan X, et al. Temporal variation in the diet of Yangtze finless porpoise calls for conservation of semi-migra-
tory fish. Freshwater Biology. 2021;66(5):992—1001. https://doi.org/10.1111/fwb.13692

Hu F, Liu J, Wen C, Han L, Wen H. Phytoplankton Community Structure and Evaluation of Aquatic Ecological Conditions in Fu River Basin. Ecol-
ogy and Environment. 2023;32(4):744-55. https://doi.org/10.16258/j.cnki.1674-5906.2023.04.012

Frankham R, Bradshaw CJA, Brook BW. Genetics in conservation management: Revised recommendations for the 50/500 rules, Red List criteria
and population viability analyses. Biological Conservation. 2014;170:56—63. https://doi.org/10.1016/j.biocon.2013.12.036

Jakob EM, Marshall SD, Uetz GW. Estimating Fitness: A Comparison of Body Condition Indices. Oikos. 1996;77(1):61. https://doi.
0rg/10.2307/3545585

Schulte-Hostedde Al, Zinner B, Millar JS, Hickling GJ. Restitution of mass—size residuals: validating body condition indices. Ecology.
2005;86(1):155-63. https://doi.org/10.1890/04-0232

Caon G, Fialho CB, Danilewicz D. Body Fat Condition in Franciscanas (Pontoporia blainvillei) in Rio Grande do Sul, Southern Brazil. Journal of
Mammalogy. 2007;88(5):1335—41. https://doi.org/10.1644/06-mamm-a-364r.1

Castrillon J, Bengtson Nash S. Evaluating cetacean body condition; a review of traditional approaches and new developments. Ecol Evol.
2020;10(12):6144—62. https://doi.org/10.1002/ece3.6301 PMID: 32607220

Miller C, Best P, Perryman W, Baumgartner M, Moore M. Body shape changes associated with reproductive status, nutritive condition and growth
in right whales Eubalaena glacialis and E. australis. Mar Ecol Prog Ser. 2012;459:135-56. https://doi.org/10.3354/meps09675

Tong Y, Tang B, Tang W, Zhang Y, Song XJ. Analysis of somatotype parameters and liver histology of an abnormal finless porpoise at the Yangtze
River Estuary. Journal of Shanghai Ocean University. 2017;26(6):818-27. https://doi.org/10.12024/jsou.20170502065

PLOS One | https://doi.org/10.1371/journal.pone.0346095 May 13, 2026 18719



https://doi.org/10.1080/10236240903302161
https://doi.org/10.1080/10236240903302161
https://doi.org/10.1111/vcp.12697
http://www.ncbi.nlm.nih.gov/pubmed/30676655
https://doi.org/10.1080/01652176.2020.1845415
http://www.ncbi.nlm.nih.gov/pubmed/33138727
http://doi.org/10.13610/j.cnki.1672-352x.20210706.009
https://doi.org/10.1111/1749-4877.12610
http://www.ncbi.nlm.nih.gov/pubmed/34751496
https://doi.org/10.1111/j.1748-7692.2008.00256.x
https://doi.org/10.1638/2012-0172R
http://www.ncbi.nlm.nih.gov/pubmed/23805556
https://doi.org/10.1578/am.42.4.2016.494
https://doi.org/10.1093/conphys/coy072
http://www.ncbi.nlm.nih.gov/pubmed/30581572
https://doi.org/10.3389/fphys.2019.00792
http://www.ncbi.nlm.nih.gov/pubmed/31354505
https://doi.org/10.3390/ani14020199
http://www.ncbi.nlm.nih.gov/pubmed/38254368
https://doi.org/10.1038/s41598-025-92508-5
http://www.ncbi.nlm.nih.gov/pubmed/40122919
https://doi.org/10.3969/j.issn.1674-6732.2012.04.011
https://doi.org/10.3724/issn1000-3207-1992-4-289-a
https://doi.org/10.12024/jsou.20230404145
https://doi.org/10.12024/jsou.20230404145
https://doi.org/10.1111/fwb.13692
https://doi.org/10.16258/j.cnki.1674-5906.2023.04.012
https://doi.org/10.1016/j.biocon.2013.12.036
https://doi.org/10.2307/3545585
https://doi.org/10.2307/3545585
https://doi.org/10.1890/04-0232
https://doi.org/10.1644/06-mamm-a-364r.1
https://doi.org/10.1002/ece3.6301
http://www.ncbi.nlm.nih.gov/pubmed/32607220
https://doi.org/10.3354/meps09675
https://doi.org/10.12024/jsou.20170502065

PLO\Sﬁ\\.- One

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Tang B, Hao Y, Wang C, Deng Z, Shu G, Wang K, et al. Variation of blubber thickness of the Yangtze finless porpoise (Neophocaena asiae-
orientalis asiaeorientalis) in human care: Adaptation to environmental temperature. Water Biology and Security. 2023;2(4):100200. https://doi.
org/10.1016/j.watbs.2023.100200

Hart LB, Rotstein DS, Wells RS, Allen J, Barleycorn A, Balmer BC, et al. Skin lesions on common bottlenose dolphins (Tursiops truncatus) from
three sites in the Northwest Atlantic, USA. PLoS One. 2012;7(3):e33081. https://doi.org/10.1371/journal.pone.0033081 PMID: 22427955

Richmond JP, Burns JM, Rea LD. Ontogeny of total body oxygen stores and aerobic dive potential in Steller sea lions (Eumetopias jubatus). J
Comp Physiol B. 2006;176(6):535-45. https://doi.org/10.1007/s00360-006-0076-9 PMID: 16514541

Goldstein JD, Reese E, Reif JS, Varela RA, McCulloch SD, Defran RH, et al. Hematologic, biochemical, and cytologic findings from apparently
healthy atlantic bottlenose dolphins (Tursiops truncatus) inhabiting the Indian River Lagoon, Florida, USA. J Wildl Dis. 2006;42(2):447-54. https://
doi.org/10.7589/0090-3558-42.2.447 PMID: 16870874

Yang J, Fu Z, Feng X, Shi Y, Yuan C, Liu J, et al. Comparison of worm development and host immune responses in natural hosts of Schistosoma
japonicum, yellow cattle and water buffalo. BMC Vet Res. 2012;8:25. https://doi.org/10.1186/1746-6148-8-25 PMID: 22414188

Turner DG, Wildblood LA, Inglis NF, Jones DG. Characterization of a galectin-like activity from the parasitic nematode, Haemonchus con-
tortus, which modulates ovine eosinophil migration in vitro. Vet Immunol Immunopathol. 2008;122(1-2):138-45. https://doi.org/10.1016/j.
vetimm.2007.11.002 PMID: 18187208

Caliani |, Poggioni L, D’Agostino A, Fossi MC, Casini S. An immune response-based approach to evaluate physiological stress in rehabilitating
loggerhead sea turtle. Vet Immunol Immunopathol. 2019;207:18-24. https://doi.org/10.1016/j.vetimm.2018.11.013 PMID: 30593346

Nabi G, Hao Y, Zeng X, Jinsong Z, McLaughlin RW, Wang D. Hematologic and biochemical differences between two free ranging Yangtze fin-
less porpoise populations: The implications of habitat. PLoS One. 2017;12(11):e0188570. https://doi.org/10.1371/journal.pone.0188570 PMID:
29190288

Liu ZG, Zheng AF, Chen MM, Lian YX, Jiang HY, Yu DP. Diagnosis and treatment of the bacterial diseases in the Yangtze finless porpoise. Acta
Hydrobiologica Sinica. 2018;42(3):584—-92. https://doi.org/10.7541/2018.073

Lehnert K, Raga JA, Siebert U. Macroparasites in stranded and bycaught harbour porpoises from German and Norwegian waters. Dis Aquat
Organ. 2005;64(3):265-9. https://doi.org/10.3354/dac064265 PMID: 15997825

de Mello DMD, Gravena W, Duarte-Benvenuto A, Lima AS, Gomes FR, da Silva VMF. Comprehensive assessment of the physical and health
features of the threatened Araguaian River dolphin Inia araguaiaensis. PLoS One. 2025;20(3):e0319212. https://doi.org/10.1371/journal.
pone.0319212

Bossart G. Protein Electrophoresis of Serum from Healthy Atlantic Bottlenose Dolphins (Tursiops truncatus). Aquat Mamm. 2012;38(4):412-7.
https://doi.org/10.1578/am.38.4.2012.412

Takeuchi |, Yanagawa Y, Ota S, Muramatsu K-I, Taniguchi Y, Kiriu N, et al. Usefulness of Evaluating the Albumin-to-globulin Ratio in Investigating
the Etiology of Severe Hypokalemia. J Emerg Trauma Shock. 2023;16(2):72-3. https://doi.org/10.4103/jets.jets_19 23 PMID: 37583379

Don BR, Kaysen G. Poor Nutritional Status And Inflammation: Serum Albumin: Relationship to Inflammation and Nutrition. Seminars in Dialysis.
2004;17(6):432-7. https://doi.org/10.1111/].0894-0959.2004.17603.x

Hoffmayer ER, Parsons GR, Horton J. Seasonal and interannual variation in the energetic condition of adult male Atlantic sharpnose shark Rhizo-
prionodon terraenovae in the northern Gulf of Mexico. Journal of Fish Biology. 2006;68(2):645-53. https://doi.org/10.1111/j.0022-1112.2006.00942.x

Fair P, Hulsey T, Varela R, Goldstein J, Adams J, Zolman E. Hematology, serum chemistry, and cytology findings from apparently healthy Atlantic
bottlenose dolphins (Tursiops truncatus) inhabiting the estuarine waters of Charleston, South Carolina. Aquatic Mammals. 2006;32:182-95. https://
doi.org/10.1578/AM.32.2.2006.182

St. Aubin DJ, Geraci JR. Adaptive Changes in Hematologic and Plasma Chemical Constituents in Captive Beluga Whales, Delphinapterus leucas.
Can J Fish Aquat Sci. 1989;46(5):796—803. https://doi.org/10.1139/f89-099

Zhang K, Qian Z, Ruan Y, Hao Y, Dong W, Li K, et al. First evaluation of legacy persistent organic pollutant contamination status of stranded Yang-
tze finless porpoises along the Yangtze River Basin, China. Sci Total Environ. 2020;710:136446. https://doi.org/10.1016/j.scitotenv.2019.136446
PMID: 31923702

Beineke A, Siebert U, McLachlan M, Bruhn R, Thron K, Failing K, et al. Investigations of the potential influence of environmental contaminants on
the thymus and spleen of harbor porpoises (Phocoena phocoena). Environ Sci Technol. 2005;39(11):3933-8. https://doi.org/10.1021/es048709j
PMID: 15984767

Liu W, Yin D, Lin D, Yan Y, Zhu X, Ying C, et al. Blood Transcriptome Analysis Reveals Gene Expression Differences between Yangtze Finless
Porpoises from Two Habitats: Natural and Ex Situ Protected Waters. Fishes. 2022;7(3):96. https://doi.org/10.3390/fishes7030096

Reijnders PJH, Aguilar A, Borrell A. Pollution and marine mammals. In: Perrin WF, Wirsig B, Thewissen JGM, editors. Encyclopedia of Marine
Mammals. Second ed. London: Academic Press. 2009:890-8.

Ross P. Marine mammals as sentinels in ecological risk assessment. Human and Ecological Risk Assessment: An International Journal.
2000;6(1):29-46. https://doi.org/10.1080/10807030091124437

PLOS One | https://doi.org/10.1371/journal.pone.0346095 May 13, 2026 19/19



https://doi.org/10.1016/j.watbs.2023.100200
https://doi.org/10.1016/j.watbs.2023.100200
https://doi.org/10.1371/journal.pone.0033081
http://www.ncbi.nlm.nih.gov/pubmed/22427955
https://doi.org/10.1007/s00360-006-0076-9
http://www.ncbi.nlm.nih.gov/pubmed/16514541
https://doi.org/10.7589/0090-3558-42.2.447
https://doi.org/10.7589/0090-3558-42.2.447
http://www.ncbi.nlm.nih.gov/pubmed/16870874
https://doi.org/10.1186/1746-6148-8-25
http://www.ncbi.nlm.nih.gov/pubmed/22414188
https://doi.org/10.1016/j.vetimm.2007.11.002
https://doi.org/10.1016/j.vetimm.2007.11.002
http://www.ncbi.nlm.nih.gov/pubmed/18187208
https://doi.org/10.1016/j.vetimm.2018.11.013
http://www.ncbi.nlm.nih.gov/pubmed/30593346
https://doi.org/10.1371/journal.pone.0188570
http://www.ncbi.nlm.nih.gov/pubmed/29190288
https://doi.org/10.7541/2018.073
https://doi.org/10.3354/dao064265
http://www.ncbi.nlm.nih.gov/pubmed/15997825
https://doi.org/10.1371/journal.pone.0319212
https://doi.org/10.1371/journal.pone.0319212
https://doi.org/10.1578/am.38.4.2012.412
https://doi.org/10.4103/jets.jets_19_23
http://www.ncbi.nlm.nih.gov/pubmed/37583379
https://doi.org/10.1111/j.0894-0959.2004.17603.x
https://doi.org/10.1111/j.0022-1112.2006.00942.x
https://doi.org/10.1578/AM.32.2.2006.182
https://doi.org/10.1578/AM.32.2.2006.182
https://doi.org/10.1139/f89-099
https://doi.org/10.1016/j.scitotenv.2019.136446
http://www.ncbi.nlm.nih.gov/pubmed/31923702
https://doi.org/10.1021/es048709j
http://www.ncbi.nlm.nih.gov/pubmed/15984767
https://doi.org/10.3390/fishes7030096
https://doi.org/10.1080/10807030091124437

