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Environmental Triggers and Behavioral,
Imaging and Pathological Correlates of
Stress-Induced Sudden Death in the Crested Ibis
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(1. Deging County Ecological Forestry Integrated Service Center, Deging 313200, China;
2. Institute of Genetics, Zhejiang University, Hangzhou 310000, China;
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Abstract: The crested ibis (Nipponia nippon) declined to just seven wild individuals in 1981 due to habitat loss, environ-
mental pollution and hunting, approaching extinction. After more than four decades of conservation, the global population
has recovered to more than 10 000; however, high sensitivity to stressors and the risk of stress-induced sudden death con-
tinue to challenge to the protection and management. Based on the retrospective analysis of accident reports at multiple
breeding bases from 1990 to 2024, the environmental triggers and behavioral performance and the ultimate results of fre-
quent sudden death were summarized respectively, and the pathophysiology of such events through three typical sudden
death cases was explored deeply. In captivity, exposure to thunder or predator disturbances or abrupt environmental
changes often provokes the panic flight and collisions with enclosures of crested ibis, resulting in trauma or unexpected
death. To elucidate the mechanism of stress-induced sudden death, three sudden-death cases were examined by using
necropsy, CT and MRI imaging, histopathology and metagenomic next-generation sequencing (NGS) -based pathogen
screening. Major organs showed no overt lesions except for mild epithelial sloughing in the digestive tract, and the focal
subdural hemorrhage was present without obvious parenchymal brain injury. NGS did not detect viral, fungal or parasitic in-
fections, only opportunistic pathogens were detected, but the diversity of intestinal flora was low. There might be a patho-
logical phenomenon in the crested ibis that could be defined as stress-induced sudden death syndrome. The results re-
vealed that the pathological features and potential mechanism of stress-induced sudden death of crested ibis from multiple
dimensions, and provided a scientific basis for the conservation management and health interventions of endangered

crested ibis.
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Table 1 Environmental triggers, typical behaviors and physiological outcomes of stress-induced death in the crested ibis
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2. RMwEEK ;3. BN B PR TR AR 5 5 4. /IR 5 5. kR ) s E. SRS MR,
A. Head and neck CT with sagittal reconstruction; B, C. Axial head CT (B red arrow: small subdural clot at the dorsomedial anterior brain) ; D. Head
coronal MRI (1. Interhemispheric fissure; 2. Cerebral hemispheres; 3. Optic lobe & tectal ventricles; 4. Cerebellum; 5. Pons) ; E. Axial head MRI.
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Figure | Head and neck imaging results in the crested ibis (individual No. 395 as an example)
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Table 2 Anatomical observations of stress-induced death in the crested ibis
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A~C. KIE(A B, 10x; C, 40x);D ~F. /M (D, 10x; EF, 40x);6 ~ L. ZEFE(G, 10x; H.I, 40x);] ~ L. BHE(J, 10x; K L, 40x);M ~ 0. 4Mll
AR (M, 10x;5 N0, 40%) ;P ~ R. IBCRIR (P, 10x; Q R, 40x) ;1. 052, (T;3. HML;4. 40125 HHE W AIMZE 6. BURZ 7. (I
;8. KN,

A-C. Cerebrum (A,B, 10x; C, 40x); D-F. Cerebellum (D, 10x; E,F, 40x); G-I. Medulla oblongata (G, 10x; H, I, 40x) ; J-L. Spinal
cord (J, 10x; K, L, 40x); M=0. Lateral geniculate nucleus (M, 10x; N, 0, 40x); P-R. Medial geniculate nucleus (P, 10x; Q,R, 40x); 1. Cor-
tex; 2. White matter; 3. Meninges; 4. Molecular layer; 5. Purkinje cell layer; 6. Granular layer; 7. White matter; 8. Gray matter.
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Figure 2 CNS histopathological images of stress-induced death in the crested ibis (H&E)




92 Mok o3 W% 47 %
R3 BEIRABPRHERFAHALNREFURER
Table 3 Histopathological observations of the central nervous system of stress-induced death in crested ibis
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Table 4 Histological examination of the digestive system of stress-induced death in crested ibis
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AL~ A3, F (AL AR A2, LR A3, /NEIER ) s BT ~ B3, 45 (Bl &J2B2. B2 B3, M) ;C1 ~ 3. BRE(CL. LK
SEAZMA;C2. BRI C3. %) D1~ D3 IR (D1, BE/MRIR; D2, BRI D3, B E1 ~ E3. JUE (EL M2 SMUZ s E2 E3. B ;F1 ~
F3. 4RI (F1. 08 F2. AR F3. LB LK) 61~ G3. 2 (G1. B8 G2. A R4 G3. Filt) s HI ~ H3. [
(H1. 9% H2. JRfRH3. B0 511 ~ 13, Flm (1. B SRR A 212 03, Fil) 501 ~J3. S5 (1. B 150203, IRiR) . fefg
A, T 10x5 T 82,3 2 40%.

A1-A3. Tongue (Al. Midline cartilage; A2. Epithelium; A3. Minor salivary glands) ; BI-B3. Esophagus (B1. Wall; B2. Lamina propria ves-
sels; B3. Esophageal glands) ; C1-C3. Crop (Cl. Epithelium & lamina propria vessels; C2. Glands; C3. Overview); D1-D3. Proventriculus (D1.
Wall/glands; D2. Gland lumen; D3. Mucosa) ; E1-E3. Gizzard (E1. Cuticle & muscularis; E2,E3. Mucosa) ; F1-F3. Duodenum (F1. Villi; F2.
Lamina propria vessels; F3. Villus tips) ; G1-G3. Jejunum (G1. Villi; G2. Lamina propria glands/lymphocytes; G3. Mucosa); H1-H3. Ileum (HI.
Villi; H2. Glands; H3. Mucosa); 11-13. Cecum (I1. Mucosa with aggregated lymphoid tissue; 12,13. Mucosa) ; J1-J3. Colon and rectum (J1. Epi-
thelium; J2,J3. Glands). Magnification: panel 1, 10X; panels 2, 3, 40x.

B3 HREARBHNEARREZEGHIELRE)
Figure 3 Gastrointestinal histopathology of stress-induced death in crested ibis (H&E)
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A1.A2. fFIE;BL.B2. BRAR(BL 4L EE L8R ) ;CL.C2. K& ;DL.D2. fili; E1.E2. .OIE(HNYITD s FLF2. OE (BT ;G 1.G2. it
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Al1,A2. Liver; B1,B3. Pancreas (B1. Red arrow: islet); C1,C2. Trachea; D1,D2. Lung; E1,E2. Heart (longitudinal) ; F1,F2. Heart (trans-

verse); G1,G2. Spleen (1. Splenic corpuscle; 2. Sinus; 3. Cord); H1,H2. Kidney. Magnification: pnael 1, 10X; panel 2, 40X.
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Figure 4 Visceral organ histopathology of stress-induced death in crested ibis( H&E)
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Table 5 Histopathological sections of major viscera of stress-induced death in the crested ibis
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Al~A3. BB~ B3, MO0 ;C1~ C3. 75 ;D1 ~D3. B AL E b, FI& 18 10x, T# 2.3 4 40%.
A1-A3. Ovary; B1-B3. Oviduct; C1-C3. Uterus; D1-D3. Vagina. Magnification: panel 1, 10X; panels 2,3, 40X.
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Figure 5 Reproductive system histopathology of stress-induced death in crested ibis (H&E)
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Table 6 Histopathological examination of the reproductive system of stress-induced death in crested ibis
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ZEPYE)E ;2. MATTAINLZ ;3. WAVIRIZ ;4. IIRRJZ ;5. SRAVIRIZ s6. SMEE 7. AR AN AN )2

A-C. Skeletal muscle (A, 10x; B,C, 40x); D-F. Skin (D, 10x; E,F, 40x); G-1. Artery (G, 10x; H,I, 40x); J-L. Eye (J, 10x; K, L,
40%); 1. Nerve fiber layer; 2. Ganglion cell layer; 3. Inner plexiform layer; 4. Inner nuclear layer; 5. Outer plexiform layer; 6. Outer nuclear layer;

7. Photoreceptor inner/outer segments.
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Figure 6 Histopathology of skeletal muscle,skin, artery and eye of stress-induced death in crested ibis (H&E)
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Table 7 Histopathological examination of other tissue structures of stress-induced death in crested ibis
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Figure 7 Taxonomic composition of the intestinal metagenome of stress-induced death in the crested ibis
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