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Abstract 
Melanomacrophage centers (MMC) within the thymus gland of air-breathing Climbing perch [Anabas testudineus (Bloch, 
1792)] are critically examined under light and electron microscope. The distinct distributions of melanomacrophages 
(MM) within the primary lymphoid organ of climbing perch are strongly providing their structural and functional aspect 
within thymic stroma. The predominated thymocytes, epithelial cells, granulocytes, macrophages, plasma cells and 
integrated vascular networking system are very significant for lymphoid cell proliferation, maturation as well as 
thymocyte selection in fish. The large PAS (Periodic acid-Schiff) positive pigmented melanomacrophages centers are 
observed with cellular or sub-cellular debris. This frequent accumulation of melanomacrophages and cellular inter-
connection within the thymus gland under high resolution electron microscope are significantly influence the cell-
mediated thymic defense in a fragile aquatic ecosystem of fish (Anabas testudineus).  
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The thymus is a key lymphoid organ significant for the 

development and maturation of lymphoid cells that plays a 

principal role in cell-mediated immunological defense in 

vertebrate systems [1]. In fish, this gland does not remain 

functional all over the developmental stages of fish species [1-

2]. The imperative phenomena called ‘Involution’ occur due to 

several physiological factors (nutritional, hormonal, ageing, 

etc.) or environmental factors (seasonal, aquatic pollution, etc.) 

that affect the overall health of teleost species [1]. Ronald 

Roberts (1975) first used the phrase "melano-macrophage 

centre" in the vertebrate system [3]. These tiny pigmented 

melanomacrophage (MM) accumulations, which form large 

pigmented center, are found in teleost haematopoietic organs 

called melanomacrophage centers (MMC), predominated 

within the spleen and kidney (the spleen is only a secondary 

lymphoid organ, while the kidney is both a primary and 

secondary lymphoid organ in the vertebrate system), that also 

occasionally observed within the thymus gland, a primary 

lymphoid organ of fish [4, 5]. They are also present in the liver 

in some primitive fish species [4-5]. A central element of the 

vertebrates immune system is macrophages, which have several 

important intercellular phagocytic activities and process 

heterogeneous materials like cellular debris, melanin pigment 

(mostly of ectodermal origin), hemosiderin granules, lipofuscin 

residues, lipid droplets, mucopolysaccharides, and protein 

aggregates densely packed and frequently form clusters within 

the melanomacrophage centres (MMCs) after the systemic 

process of the phagocytic activity [6-8]. The appearance and 

morphofunctional distribution of melanomacrophages differ at 

the species level of teleosts [3], [10] as well as among the organs 

level [10], [21] or within the same species under various 

physiological or pathological circumstances, i.e., age [11-14], 

nutritional status [15], [6], tissue type [10], and iron,  are some 

of these factors [16]. Apart from that, significant study on the 

lymphoid organs has increased in recent years, particularly 

regarding pigmented phagocytes such as melanomacrophages 

(MMs). The primary function of MMC is to detoxify, eliminate, 

or recycle both endogenous and exogenous biomolecules and 

their derivatives [17], but their role in thymic defense and 

cellular homeostasis has not been clearly established in teleost 

species or in A. testudineus. Although it’s functional 

significance, and detailed cytological characterization of the 

lymphoid tissue in Anabas testudineus remains sparse. To 

elucidate the structural and biochemical features of the MMC 

within the thymic stroma, a conventional histochemical and 

ultrastructural techniques are essential for clarifying 

morphofunctional characterization of the melanomacrophage 

centers (MMC) and the significant interaction of immune cells 

that are associated with it. 
 

MATERIALS AND METHODS 
 

Specimen 

Anabas testudineus (Bloch, 1792) (Order: Perciformes; 

Family: Anabantidae) is a freshwater air-breathing fish of 

South-East Asia. The amphibious nature and unique opercular 

CARAS 

Full Length Research Article 

*Correspondence to: Sk Samim Hossin, E-mail: samimhossin03@gmail.com; Tel: +91 7908124732 
 

Citation: Hossin SS, De SK. 2025. Histochemical and ultrastructural studies on Melanomacrophage centre (MMC) within the thymus gland of climbing perch, 
Anabas testudineus (Bloch, 1792) with special reference to thymic defense. Res. Jr. Agril. Sci. 16(4): 352-357. 

ISSN: 0976-1675 (P) 
ISSN: 2249-4538 (E) 



walking behaviour over the land famous them as climbing perch 

around the world. According to IUCN Red list category this 

species categorized under Least Concern (LC) Ver. 3.1 [24]. 

This is extremely delicious, nutrient rich and popular table food 

in West Bengal, India and Bangladesh. In India this omnivorous 

species mostly found in lowland ponds, canals, swamps, lakes, 

estuaries, rivers and paddy fields. This species can tolerate 

extremely turbid, heavily polluted fragile stagnant water bodies 

and buried live under mud during the dry season [18-19].  

 

Morphoanatomical study 

Anabas testudineus is a fresh water climbing perch bears 

visible spiny double dorsal fin with a blunt snout. Live, healthy 

Anabas testudineus of variable total body length (9 cm. - 21 

cm.) and of variable body weight (25gm. - 60gm.) were 

collected from the channels and ponds of Purba Medinipur 

district, West Bengal, India. The collected specimens were 

brought to the laboratory and acclimatized in a laboratory 

conditions at room temperature for 24 hours. The acclimatized 

specimens were critically anaesthetized using buffered tricaine 

methanesulfonate (MS-222 dose: 100mg/L-1 - 200mg/L-1) 

[20] for morphoanatomical observation. The thymus glands 

were dissected out from the dorso-lateral position of opercular 

cavity of the specimen and fixed in standard aqueous Bouin’s 

solution. The morpho-anatomical structure was viewed under 

stereo zoom light microscope (Carl Zeiss: Stemi Doc 508).  

 

Scanning electron microscope (SEM) study 

Thymus glands were dissected out from the dorso-lateral 

position of opercular cavity from the anaesthetized specimen A. 

testudineus and immediately fixed in 2.5% glutaraldyde 

(Sigma-Aldrich, EM Grade) in 0.1(M) phosphate buffer (pH 

7.2-7.4) at 4˚C for 2 hours. After completion of fixation, the 

thymic tissues were washed (2 to 3 changes) in the same buffer. 

Then the thymic tissues were dehydrated with graded chilled 

acetone (ascending chilled acetone, 30% - 50% - 70% - 90% - 

100%) with a regular interval of 15 minutes each and then the 

tissue rinsed in 100% acetone over 30 minutes followed by 

isoamyl acetate. After dehydrated with dry acetone, tissue was 

critically dried with critical point drying (CPD) using liquid 

carbon dioxide (Hitachi 8CP2) and immediately placed on a 

metal stub for sputter coating with pure gold (16nm thick) using 

sputter coater (Quorum Q150TES) and examined under 

Scanning electron microscope (SEM: Zeiss EVO18) operated 

at 20 kV [21].  

 

Histochemical study 

For the histochemical study dissected glands were 

directly fixed in 4% paraformaldehyde in 0.1 (M) phosphate 

buffer (pH- 7.2-7.4) for 2 hrs. The fixed tissues were then 

washed in the same buffer 2 changes for 30 minutes interval. 

Washed tissue was cryoprotected within gradually 15%, 20% & 

30% graded sucrose solution in 0.1 (M) phosphate buffers at 

4°C for 30 minutes each. Then the cryoprotected tissues were 

carefully sectioned using cryostat (LEICA CM 1850); operated 

at – 19°C to – 23°C having thickness 3μm – 5μm and placed on 

clean gelatin coated glass slides. Prepared semi-thin slides were 

stained using Hematoxylin - Eosin (H-E) and Alcian-PAS stain 

(1% Alcian Blue in 3% aquas acetic acid, 0.5% aquas periodic 

acid and Schiff reagent) followed by dehydration with graded 

ethanol and covering the DPX mounted stained tissue sections 

with square shaped clean cover glass. Therefore, the semi-thin 

thymic tissue was examined under trinocular light microscope 

[Primo Star; Carl Zeiss, GmbH].  

 

Transmission electron microscope (TEM) study  

The dissected thymus gland of Anabas testudineus 

primarily fixed in 2.5% glutaraldehyde (Sigma-Aldrich, EM 

Grade) in 0.1 (M) phosphate buffer (pH 7.2-7.4) for 2 hours at 

4°C, and the secondary fixation was done using 1% osmium 

tetraoxide (OSO₄) dissolved in the same buffer (0.1 M 

phosphate buffer, pH 7.2-7.4) at room temperature for 1 hour, 

followed by dehydration through graded chilled acetone. 

Dehydrated tissue was polymerized within the bubble free resin 

(Araldite CY 212), and embedded in an embedding mold at 

60°C for 48 hours under an incubator. The tissue blocks were 

then cut into ultrathin sections (60-90 nm) using an 

ultramicrotome (Leica UC7), double stained with 1% uranyl 

acetate and 1% lead citrate, and finally examined under a 

Transmission electron microscope [TEM: TALOS F200X G2, 

THERMO SCIENTIFIC] operated at 120 kV [SAIF, AIIMS, 

New Delhi]. 

 

RESULTS AND DISCUSSION 
 

The thymus gland of Anabas testudineus (Bloch, 1792) 

(total body length 9±2 cm and operculum height 12±2 mm) 

located within the anterior-dorsolateral position of the opercular 

cavity (Fig 1C). Under stereo zoom light microscope Bouin’s 

fixed thymus gland slightly triangular in shape, covered with 

fibromuscular cell sheath and associated developing gill 

lamellae (Fig 1D). High resolution surface topography 

structures depict the surface topography of thymus gland (*) 

with fibromuscular structure (arrows) that was always expose 

to external aquatic environment (Fig 2C). These structures 

demonstrate the reticular epithelial cells closely associated with 

macrophage cells on the ventral surface of the thymus gland of 

Anabas testudineus (Fig 2A-B). The cytoplasmic protrusion of 

macrophage cells clump with tinny lymphoid cells, these 

phenomena assume to that lymphoid cells are undergoes clonal 

selection process and failed to select (Fig 2A-B). Under light 

microscope, Alcian-PAS method recognized neutral 

glycoprotein’s or polysaccharides are stained magenta colour 

by PAS namely large granulocyte containing pigmented 

macrophages centre called Melanomacrophage centre (MMC) 

and acidic mucosubstances of cytoplasmic matrix of the thymic 

stromal cells stained blue colour by Alcian Blue stain (Fig 3A). 

Hematoxylin and Eosin staining method also depicts deep 

brown color of MMC and characteristic blue colour of 

lymphoid and non-lymphoid cell nucleus (Fig 3B). The thymic 

stroma, which facilitates the proliferation, migration and 

interaction of thymocyte cells interact with macrophages, 

plasma cells (solid arrows) and other essential secretory 

epithelial cells that are involved in immune cell regulation are 

observed under light microscope (Fig 3A-B). Transmission 

Electron Microscopy (TEM), depict the thymic ultrastructure 

and sub-cellular componential interaction, including the 

identification of significant basal lamina region (BL) associated 

with vacuolar phagocytic cell (PC), dendritic epithelial cells 

(dEC) and secretory granulocyte cells (cGC)/ mast cells within 

the thymic stroma of Anabas testudineus (Fig 3A, 4A-D). 

Melanomacrophages centre exhibit intracytoplasmic granules 

containing electron-dense spine-like structures and round 

electron dense granules. Numerous large nucleated thymocytes 

(Th) interacted with electron-dense lysosomal bodies (LB), 

dilated mitochondria (dMt), cytoplasmic vacuoles, sub cellular 

debris into the macrophage centre and reticular epithelial cells 

are critically examined within the thymus gland of Anabas 

testudineus (Fig 2A-B, 4B-D). The macrophage delimited by a 

membrane is also observed throughout the Melanomacrophage 

centre of thymus gland in fish (Anabas testudineus) (Fig 4B). 

Apart from that, large endometabolic deposition 
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(glycogen/lipid-like storage materials) seen in perivascular 

region of basal lamina with a few numbers of larger vacuolar 

structure under transmission electron microscope (Fig 4D). 

These types of accumulation of melanomacrophage centers and 

endometabolic deposition within the thymic stroma of Anabas 

testudineus is very much significant indicator for cell mediated 

immune regulation as well overall health status of this teleost 

species in a hypoxic aquatic condition. 

 

 

Fig 1 [A] Photograph shows morphoanatomy of the species Anabas testudineus (Bloch, 1792) (total body length 9 cm) marked with spiny 
double dorsal fin (sDF), blunt snout at anterior head region, spiny pelvic fin (sPV) close to soft ray’s pectoral fin (PC), rounded coudal fin 
(CF) and anal fin (AF) at posterior region. [B] Photograph shows spiny operculum (sOP) of A. testudineus (12mm height). [C] Photograph 

shows location of thymus gland within the A. testudineus noted with opercular cavity (OC), gill lamellae (GL), accessory respiratory 
Labyrinth organ (LO) and position of thymus gland (solid arrow) [Not to scale]. [D] Bouin’s fixed light microscope (stereo zoom) picture 

shows shape of thymus gland (Th) with developing gill lamellae (GL) 

The functional origin of Melanomacrophages (MMC) 

were first explored by Agius [6], who illustrate pigmented 

macrophage-like cells in a developing rainbow trout 

(Oncorhynchus mykiss), appear after two weeks onset of 

feeding but the developmental origin of these center’s was 

unclear. Zuasti et al. [23] provided further insight by signifying 

melanin-synthesis activity within the renal MMCs of gilthead 

sea bream (Sparus auratus), indicated functional role for these 

structures outside the inactive pigment accumulation. Later, 

Meseguer et al. [24] identified a subpopulation of mononuclear 

phagocytes in the head kidney of sea bass (Dicentrarchus 

labrax) and sea bream (Sparus auratus) to facilitate engulfment 

of melanin-laden cellular debris, suggesting to active 

phagocytic contribution in fish. Melanomacrophage centers 

(MMC) in lymphoid organs like, spleen, kidney and thymus (in 

A. testudineus) are potential for significant role in clearance of 

apoptotic cell organelles and antigen presentation. The Alcian 

Blue-Periodic Acid-Schiff (Alcian-PAS) stain differentiates the 

acidic muco-substances and neutral glycoproteins or 

polysaccharides within the thymic tissues (Fig 3 A-B). These 

metabolic components are critical for forming the thymic 

extracellular matrix, which supports lymphoid cell migration, 

interaction, and lymphoid cell selection for a haematopoetic 

stem cell of teleost species [22]. Alcian-PAS staining can also 

highlight the presence of secretory rich epithelial cells/ mast 

cells and pigment-associated macrophages critically involved 

in immune regulation. The scanning ultrastructure discloses 

remarkable phagocytic activities of macrophages on the distinct 

outer surface of the thymus gland in Anabas testudineus. These 

macrophages interact directly with lymphoid cells that may 

employ in the phagocytosis of apoptotic cells and potentially 

detrimental for external biological or chemical milieus (Fig 2A–

B). This process triggers first line of cell-mediated thymic 

defense critically for maintaining the tissue homeostasis and 

immune surveillance of fish. The presence of electron dense 

granules like, lipofuscin or melanin (Fig 4B) along with 

lysosomal bodies, distorted mitochondria (Fig 4C-D) and 

frequent appearance of plasma cells close to 

melanomacrophage centers (Fig 3A) within the thymic stroma 

strongly suggests a significant influence of the antigen 

presenting functions that regulate the overall immune system 

and thymic homeostasis in climbing perch (Anabas 

testudineus).  
 

CONCLUSION 
 

The thymus gland of Anabas testudineus situated on 

either side of the opercular cavity, it is always exposed to 

aquatic or moist atmospheric environmental conditions and 

resembles a surprising adaptive immune response against the 
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biological or chemical milieus in a fragile or degraded habitat 

of the species. This study emphasizes the distinct 

morphofunctional distribution and immunological impact of 

melanomacrophage centers (MMCs) within the thymic 

microenvironment of Anabas testudineus. The previous 

observations from several studies establish the crucial 

understanding of melanomacrophage centers (MMCs) mainly 

on the basis of pigment accumulation. But this finding 

demonstrated that thymic melanomacrophage centers (MMCs) 

exhibit active phagocytic properties that may engage in 

apoptotic cell clearance and potentially participate in antigen 

presentation of fish. Light and ultrastructural observations 

further reveal the presence of endometabolically active 

epithelial cells, macrophages, and plasma cells in close 

association with melanomacrophage centers (MMCs), which 

strongly trigger a provocative role in immune surveillance and 

tissue homeostasis in Anabas testudineus. This pertinent 

evidence not only supports the definite function of thymic 

MMCs but also nurtures a significant role in cell-mediated 

thymic defense of fish (Anabas testudineus). 
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Fig 2 [A] Surface topography ultrastructure shows reticular epithelial cells (dashed arrow) closely associated with macrophage cells (solid 
arrow) on the ventral surface of the thymus gland of A. testudineus. [B] Scanning micrographs shows cytoplasmic protrusion of 

macrophage (solid arrows) and clump with tinny lymphoid cells (arrow head).  [C] Ultrastructure depict the surface topography of thymus 
(*) with fibromuscular structure (arrows) that was always expose to external aquatic environment 
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Fig 3 [A] PAS positive Melanomacrophages centre (MMC) with plasma cells (arrows), round nucleated numerous thymocytes (Th), 
lysosomal bodies (Lb), mucin deposition (Mu) and reticular epithelial cells (dashed arrows) within the thymus gland of A. testudineus are 

characterized under trinocular light microscope. [B] The LM photograph shows melanomacrophages center (MMC) within the thymic 
stroma of A. testudineus through H-E stained associated with adipose layer (Ad) 

 

 

Fig 4 [A] Electron micrograph shows basal lamina region (BL) associated with vacuolar phagocytic cell (PC), dendritic epithelial cells (dEC) 
and secretory granulocyte cells (cGC)/ mast cells within the thymic stroma of A. testudineus. [B] EM photograph depict 

Melanomacrophages centre (MMC) displaying intracytoplasmic granules containing with electron-dense spine-like structures (white 
arrows) and round electron dense granules (dashed white arrows). [C] Photomicrograph shows large nucleated thymocytes (Th) interacted 

with electron-dense lysosomal bodies (LB), dilated mitochondria (dMt), cytoplasmic vacuoles, debris of macrophage centre and reticular 
epithelial cells (dashed arrows) within the thymus gland of A. testudineus. [Note: the macrophage delimited by a membrane (white 
arrows)]. [D] Large cytoplasmic deposition (glycogen like storage materials) shows within the large vacuolar structure under TEM 

Ad 

MMC 

20 µm A B 

A B 500 nm 500 nm 

500 nm 500 nm C D 

356 



LITERATURE CITED 
1. Chilmonczyk S. 1992. The thymus in fish: development and possible function in the immune response. Annual Review of Fish 

Diseases 2: 181-200. https://doi.org/10.1016/0959-8030(92)90063-4  

2. Ghoneum MMH, Egami N. 1982. Age related changes in morphology of the thymus of the fish, Oryzias latipes. Experimental 

Gerontology 17(1): 33-40. https://doi.org/10.1016/0531-5565(82)90006-7  

3. Roberts RJ. 1975. Melanin-containing cells of teleost fish. The Pathology of Fishes. pp 399-428. 

4. Fishelson L. 2006. Cytomorphological alterations of the thymus, spleen, head‐kidney, and liver in cardinal fish (Apogonidae, 

Teleostei) as bioindicators of stress. Journal of Morphology 267(1): 57-69. https://doi.org/10.1002/jmor.10385  

5. Bruslè J, Anadon GG. 1996. The structure and function of fish liver. In: (Eds) Munshi JSD, Dutta HM. Fish morphology. Science, 

New York. pp 77-93. https://doi.org/10.1201/9780203755990 

6. Agius C, Agbede SA. 1984. An electron microscopical study on the genesis of lipofuscin, melanin and haemosiderin in the 

haemopoietic tissues of fish. Journal of Fish Biology 24(4): 471-488. https://doi.org/10.1111/j.1095-8649.1984.tb04818.x  

7. Agius C. 1985. The melano-macrophage centres of fish: A review. Fish Immunology. pp 85-105. https://doi.org/10.1016/B978-

0-12-469230-5.50011-8 

8. Herraez MP, Zapata AG. 1986. Structure and function of the melano-macrophage centres of the goldfish Carassius 

auratus. Veterinary Immunology and Immunopathology 12(1/4): 117-126. https://doi.org/10.1016/0165-2427(86)90116-9 

9. Agius C. 1980. Phylogenetic development of melano–macrophage centres in fish. Journal of Zoology 191(1): 11-31. 

https://doi.org/10.1111/j.1469-7998.1980.tb01446.x 

10. Agius C. 1979. Aspects of the melano-macrophage centres in fish. Ph. D. Thesis, University of Stirling, Scotland (UK). pp 100-

127. 

11. Kranz H, Peters N. 1984. Melano-macrophage centres in liver and spleen of ruffe (Gymnocephalus cernua) from the Elbe 

Estuary. Helgoländer Meeresuntersuchungen 37(1): 415-424. https://doi.org/10.1007/BF01989320 

12. Agius C, Roberts RJ. 1981. Effects of starvation on the melano‐macrophage centres of fish. Journal of Fish Biology 19(2): 161-

169. https://doi.org/10.1111/j.1095-8649.1981.tb05820.x 

13. Murchelano RA, Wolke RE. 1985. Epizootic carcinoma in the winter flounder, Pseudopleuronectes 

americanus. Science 228(4699): 587-589. https://doi.org/10.1126/science.228.4699.587 

14. Kranz H, Gercken J. 1987. Effects of sublethal concentrations of potassium dichromate on the occurrence of splenic melano‐

macrophage centres in juvenile plaice, Pleuronectes Platessa L. Journal of Fish Biology 31: 75-80. 

https://doi.org/10.1111/j.1095-8649.1987.tb05296.x 

15. Agius L, Wilding C, Alberti KGM. 1983. Metabolic effects of bacitracin in isolated rat hepatocytes. Biochemical 

Journal 216(2): 369-375. https://doi.org/10.1042/bj2160369 

16. Agius C. 1979. The role of melano‐macrophage centres in iron storage in normal and diseased fish. Journal of Fish 

Diseases 2(4): 337-343. https://doi.org/10.1111/j.1365-2761.1979.tb00175.x 

17. Agius C, Roberts RJ. 2003. Melano‐macrophage centres and their role in fish pathology. Journal of Fish Diseases 26(9): 499-

509. https://doi.org/10.1046/j.1365-2761.2003.00485.x  

18. Ahmad AB, Hadiaty RK, de Alwis Goonatilake S, Fernado M, Kotagama O. 2019. Anabas testudineus (errata version published 

in 2020). The IUCN Red List of Threatened Species 2019: e.T166543A174787197. 

https://dx.doi.org/10.2305/IUCN.UK.2019-3.RLTS.T166543A174787197.en 

19. Manon MRK, Alam A, Ullah MR, Hossen MB, Sufian MA, Hossain MA, Iqbal MM, Rahman MA. 2023. Intraspecific 

phenotypic differences in climbing perch Anabas testudineus (Bloch, 1792) populations may be linked to habitat adaptations. 

Heliyon 9(7). https://doi.org/10.1016/j.heliyon.2023.e17685 

20. Husen MA, Sharma S. 2016. Anaesthetic efficacy of MS‐222 and AQUI‐S® in advanced size fry of rohu, Labeo rohita, 

(Hamilton‐Buchanan). Aquaculture Research 47(8): 2496-2505. https://doi.org/10.1111/are.12698 

21. Russell SD, Daghlian CP. 1985. Scanning electron microscopic observations on deembedded biological tissue sections: 

Comparison of different fixatives and embedding materials. Journal of Electron Microscopy Technique 2(5): 489-495. 

https://doi.org/10.1002/jemt.1060020511  

22. Ruiz Pérez M, Vandenabeele P, Tougaard P. 2024. The thymus road to a T cell: migration, selection, and atrophy. Frontiers in 

Immunology 15: 1443910. https://doi.org/10.3389/fimmu.2024.1443910  

23. Zuasti A, Jara JR, Ferrer C, Solano F. 1989. Occurrence of melanin granules and melanosynthesis in the kidney of Sparus 

auratus. Pigment Cell Research 2(2): 93-99. https://doi.org/10.1111/j.1600-0749.1989.tb00168.x  

24. Meseguer J, Lopez-Ruiz A, Esteban MA. 1994. Melano-macrophages of the seawater teleosts, sea bass (Dicentrarchus labrax) 

and gilthead seabream (Sparus aurata): morphology, formation and possible function. Cell and Tissue Research 277(1): 1-

10. https://doi.org/10.1007/BF00303074 

357 

https://doi.org/10.1016/0959-8030(92)90063-4
https://doi.org/10.1016/0531-5565(82)90006-7
https://doi.org/10.1002/jmor.10385
https://doi.org/10.1201/9780203755990
https://doi.org/10.1111/j.1095-8649.1984.tb04818.x
https://doi.org/10.1016/B978-0-12-469230-5.50011-8
https://doi.org/10.1016/B978-0-12-469230-5.50011-8
https://doi.org/10.1016/0165-2427(86)90116-9
https://doi.org/10.1111/j.1469-7998.1980.tb01446.x
https://doi.org/10.1007/BF01989320
https://doi.org/10.1111/j.1095-8649.1981.tb05820.x
https://doi.org/10.1126/science.228.4699.587
https://doi.org/10.1111/j.1095-8649.1987.tb05296.x
https://doi.org/10.1042/bj2160369
https://doi.org/10.1111/j.1365-2761.1979.tb00175.x
https://doi.org/10.1046/j.1365-2761.2003.00485.x
https://dx.doi.org/10.2305/IUCN.UK.2019-3.RLTS.T166543A174787197.en
https://doi.org/10.1016/j.heliyon.2023.e17685
https://doi.org/10.1111/are.12698
https://doi.org/10.1002/jemt.1060020511
https://doi.org/10.3389/fimmu.2024.1443910
https://doi.org/10.1111/j.1600-0749.1989.tb00168.x
https://doi.org/10.1007/BF00303074

