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3 Annexed figures 

3.1 Macroscopic anatomy 

 
Figure 458. Left lateral macroscopic view of a striped dolphin head (ID 12691-Sc1). 

 
Figure 459. Macroscopic of images of the left and right side of a striped dolphin head cut into transverse slabs. The arrows 
show the position of the external ear opening, which is easy to find in this specimen as it is situated at the caudal end of 
the linear pigmentation ventrocaudal to the eye. 
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Figure 460. Macroscopic picture of the eye and external ear opening and marked pigmentation of a striped dolphin 
(ID5386).  

 
Figure 461. Macroscopic image of the left side of striped dolphin skin at the region of the eye and ear (ID2926). The opening 
is situated about 2.5-3 cm caudoventral to the posterior eye commissure. Note the vertical ridges in the skin and the shape 
of the ear opening as a vertical slit due to a combination of dehydration and removal of the skin tension after dissecting 
the skin. 

 
Figure 462. Macroscopic left lateral image of the ear canal and cartilage, sectioned slightly medial to Error! Reference 
source not found.. A triangular shaped connective tissue capsule envelops the external ear canal. On the rostroventral side 
of the canal, there is a bean-shaped cartilage. 
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3.2 Microscopic anatomy 

3.2.1 External ear opening 

 
Figure 463. Histological transverse section (HE) of the external ear opening of a striped dolphin on its progression through 
the skin. Scale bar 0.5 mm. 

 
Figure 464. Histological image (HE staining) of a transverse section through the right ear canal of a harbour porpoise at 
the transition between external ear opening and ear canal (UT1727_R0201). Scale bar 500 µm 
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Figure 465. Histological image of a transverse section through the external ear opening in a harbour porpoise (UT1664). 
Scale bar 500 µm 

 
Figure 466. Two magnifications of a histological transverse section (HE staining) through the ear canal of a striped dolphin 
(ID292/18) at the level of the proximal end of the external ear opening. Note the extremely small lumen, filled with red 
blood cells. Scale bar left 0.5 mm, right 100 µm 
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Figure 467. Detail of Figure 463. Histological transverse section (HE) of the medial end of the external ear opening. Note 
the very small lumen. Scale bar 0.1 mm.  

 
Figure 468. (274/18_L1) Artificial lumen filled with desquamated epithelial cells. Scale bar 50 µm 
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Figure 469. Histological image (Masson´s trichrome) of a transverse section through the right external ear opening in a 
harbour porpoise (UT1728R_0501). Scale bar 500 µm 

 
Figure 470. Detail of Figure 469. Histological image (Masson´s trichrome) of a transverse section through the right 
external ear opening in a harbour porpoise (UT1728R_0501). Scale bar 50 µm 
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Figure 471. Histological image (HE) of a transverse section through the external ear opening of a harbour porpoise 
(UT1718_L0101). Scale bar 500 µm 

 
Figure 472. Detail ogf Figure 464. Small ear opening. Scale bar 100 µm 

 

 
Figure 473. Two magnifications of the external ear opening in a Cuvier´s beaked whale on its progression through the skin. 
The lumen contains desquamated epithelial cells. Scale bars 500 µm left, 100 µm right 
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Figure 474. Histological image (HE staining) of a transverse section through the right ear canal of a harbour porpoise 
about 1 cm beneath the skin (UT1727_R0301). Artefacts in a possible artificial lumen. Scale bar 500 µm 

 
Figure 475. Histological image (Masson´s trichrome) of a transverse section through the external ear opening in a 
harbour porpoise (UT1711_R01_01). Scale bar 100 µm 
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Figure 476. Histological image of a transverse section through the external ear canal in a striped dolphin at about 0.5 cm 
beneath the skin (ID292/18_L1). Scale bar 0.5 mm 

 
Figure 477. Detail of Figure 476. Note the artificial lumen and the presence of red blood cells. Scale bar 100 µm 
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Figure 478. Histological image of a transverse section through the ear canal of a striped dolphin (44/17_R1)(HE staining). 
Ear canal lumen with red blood cells. Scale bar 100 µm 

 
Figure 479. Histological image of a transverse section through the external ear opening in a striped dolphin (457_R1). Scale 
bar 100 µm 
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Figure 480. Histological image of a transverse section through the external ear opening in a striped dolphin (457_R2). A 
section about 5 mm medial to Figure 479. Scale bar 250 µm 

 
Figure 481. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, 
immediately beneath the skin (UT1718_L0201). Scale bar 500 µm 
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Figure 482. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 1 
cm beneath the skin (UT1718_L0301). Scale bar 500 µm 

 
Figure 483. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 1 
cm beneath the skin (UT1718_L0302). Scale bar 100 µm 
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Figure 484. Histological image (HE staining) of a transverse section through the ear canal at the level of the external ear 
opening in a harbour porpoise (UT1709). Artificial lumen in the skin indent of the external ear opening. Scale bar 200 µm. 

 
Figure 485. Histological image (Masson´s trichrome) of a transverse section through the external ear opening of a harbour 
porpoise (UT1718_R020501). Scale bar 1 mm 
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Figure 486. Detail of Figure 485. Histological image (Masson´s trichrome) of a transverse section through the external ear 
opening of a harbour porpoise (UT1718_R020502). Scale bar 500 µm 

 
Figure 487. Histological image (HE staining) of a transverse section through the left external ear opening of a harbour 
porpoise (UT1734_L02). Scale bar 500 µm 
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Figure 488. Detail of Figure 487. (UT1734_L02). Scale bar 100 µm 

3.2.2 Lumen, content and epithelium 

 
Figure 489. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise at about 1 cm beneath the skin (UT1734_L03). Scale bar 100 µm 
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Figure 490. Histological image (HE staining) of a transverse section through the ear canal immediatly beneath the skin in  
a harbour porpoise (UT1709). Artificial lumen in the superficial blubber layer. Scale bar 100 µm. 

 
Figure 491. Histological image (Masson´s trichrome) of a transverse section through the external ear ear canal in a 
harbour porpoise, at about 0.5 cm beneath the skin. Scale bar 500 µm 
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Figure 492. Histological image (Masson´s trichrome) of a transverse section through the right external ear canal in a 
harbour porpoise, about 0.5 cm beneath the skin (UT1728R_0205). Scale bar 500 µm 

 
Figure 493. Histoligcal image (Masson´s trichrome) of a transverse section through the right external ear canal of a 
harbour porpoise at about 1 cm beneath the skin (UT1734_R0301). Scale bar 500 µm 
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Figure 494. Histological image (HE) of a transverse section through the ear canal of a harbour porpoise at about 0.5 cm 
beneath the skin (UT1712_R02). Scale bar 500 µm 

 
Figure 495. HE staining of a cross-section of the ear canal in a striped dolphin (ID232/17). The content of the ear canal 
consists of cells with pyknotic nuclei, probably pushed out of the glands and into the canal lumen through manipulation 
of the tissue or associated with an active stranding event. Scale bar 100 µm 
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Figure 496. Histological transverse section through the external ear canal of a Cuvier´s beaked whale about 7 cm beneath 
the skin (177/19). Scale bar 100 µm. 

 
Figure 497. (509/17_L2) Artificial lumen in the superficial part of the blubber layer. Scale bar 100 µm. 
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Figure 498. Histological transverse section through the external ear canal of a Cuvier´s beaked whale about 2 cm beneath 
the skin (177/19). Scale bar 100 µm 

 
Figure 499. (274/18_L2) Artificial lumen at the level of the distal end of the glands and excretory ducts. Note the presence 
of mononuclear cells in the subepithelial layer (asterisks). Scale bar 50 µm 

* * 

* 
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Figure 500. (274/18_R2) Artificial lumen with artefacts. Note the presence of glandular structures and an excretory duct 
penetrating the epithelium. Note the scant presence of mononuclear cells in the subepithelial layer (white asterisk). A 
corpuscle (black asterisk). There is also the possible presence of Merkel cells (arrows). Scale bar 100 µm 

 
Figure 501. (77/18_R2) Artificial lumen filled with desquamated epithelial cells, and probable artefactual spaces. Scale bar 
200 µm 

* 
* 
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Figure 502. (449_L2) Ear canal cross-section with absent lumen and glands. Scale bar 100 µm 

 
Figure 503. HE stained cross-section of the ear canal of a striped dolphin about 1 cm beneath the surface. The lumen is 
absent as the space is wholly taken up with stratum superficiale of the epithelium. The white spaces are likely artefacts of 
the preparation which disrupted the intercellular connections (Cfr. Error! Reference source not found. Top Middle). Beneath 
the epithelium, there is a loose connective tissue layer comprising lamellar corpuscles, and surrounding that there is a 
denser connective tissue layer containing fat cells, larger blood vessels, and nerves. Scale bar 100 µm 
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Figure 504. (44/17_L2, HE) Ear canal with intraluminal desquamated nucleated epithelial cells. Scale bar 100 µm 

 
Figure 505. (44/17_L2, HE) Ear canal with intraluminal desquamated nucleated epithelial cells. Scale bar 100 µm 
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Figure 506. Histological transverse section through the ear canal of a striped dolphin (44/17_L3, HE) on its course through 
the blubber layer with intraluminal desquamated nucleated epithelial cells. Note the intense vasculature and innervation 
with the abundant presence of lamellar corpuscles in the superficial propria. The connective tissue around the canal 
gradually increases in size as the canal progresses towards the middle ear, and striated muscles insert into the connective 
tissue. Scale bar 100 µm 

 
Figure 507. (ID44/17_L4, HE) Ear canal filled with keratine and desquamated epithelial cells. Scale bar 100 µm 
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Figure 508. HE staining of a transverse section through the proximal end of the external ear opening of a striped dolphin 
(ID44/17). The lumen is almost filled with partially desquamated layers of incompletely keratinized epithelial cells. Scale 
bar 100 µm 

 
Figure 509. Histological image (Masson´s trichrome) of a transverse section through the right external ear canal in a 
harbour porpoise, about 1.5 cm beneath the skin (UT1728R_0405). Scale bar 500 µm 
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Figure 510. Histological image (Masson´s trichrome) of a transverse section through the right external ear canal in a 
harbour porpoise, about 1.5 cm beneath the skin (UT1728R_0405). The lumen contains desquamated epithelial cells and 
red blood cells. Scale bar 500 µm 

 
Figure 511. Histological transverse section through the external ear canal of a Cuvier´s beaked whale about 4.5 cm beneath 
the ski (177/19). Scale bar 1 mm 
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Figure 512. Histological transverse section through the external ear canal of a Cuvier´s beaked whale about XX cm beneath 
the ski (177/19)_R04_03_Scale1mm 

 
Figure 513. 429_08_3 Lumen shape. Scale bar 0.5mm 



 

461 
 

 
Figure 514. Two magnifications of a histological transverse section through the ear canal of a long-finned pilot whale 
(ID441) about 2 cm beneath the skin. Scale bar 1mm left, and 300 µm right 

 
Figure 515. Histological transverse sections through the ear canal of a long-finned pilot whale (ID441) about 3 cm beneath 
the skin. Left: HE after bleaching; right: normal HE. This confirmed that the dark-coloured material in the subepithelial 
tissue was melanin. Scale bars 100 µm 

 
Figure 516. Two magnifications of a histological transverse section through the ear canal of a long-finned pilot whale 
(ID441)) about 2.5 cm beneath the skin. Scale bars 1 mm left, 100 µm right 
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Figure 517. Two histological transverse sections through the ear canal (left is left ear canal, right is right ear canal) of a 
long-finned pilot whale (ID441) about 3.5 cm beneath the skin. Scale bars 100 µm 

 
Figure 518. Histological transverse section through the right ear canal of a striped dolphin (ID127565) at about 0.5 cm 
(left), 1 cm (central) cm, and 1.5 cm (right) beneath the skin. Note the luminal content with epithelial layers in the left and 
centre image, and the minute size of the lumen in spatial relation with glandular structures in the right image. Scale bars 
100 µm 

  
Figure 519. Histological transverse sections through the left (top row) and right (bottom row) ear canal of a striped dolphin 
at about 1, 1.5, 2 and 2.5 cm beneath the skin, before opening at the level of the glands (bottom image) (left ear canal 
only as the right side had artefacts)(ID44/17). Scale bar top 500 µm, bottom 100 µm 
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Figure 520. HE stained cross-section of the ear canal (169/17_R10). Scale bar 500 µm 

 
Figure 521. HE stained cross-section of the ear canal with cartilage (293/18_L7). Scale bar 0.5 mm 
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Figure 522. HE-stained cross-section of the ear canal in striped dolphin (ID449_L1) Ear canal cross-section immediately 
beneath the epidermis filled with epithelial cells and glandular cells with hyperchromatic nuclei. Scale bar 100 µm 

 
Figure 523. Detail of Figure 522. Ear canal with epithelial and glandular cells with hyperchromatic nuclei. Scale bar 50 µm 
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Figure 524. HE-stained cross-section of the right ear canal in striped dolphin (ID449_R2). Cross-section of the ear canal and 
glands at their lateral end. Scale bar 100 µm 

 
Figure 525. HE-stained cross-section of the left ear canal in striped dolphin (ID449_L2) Ear canal cross-section with artificial 
lumen and glands. Scale bar 100 µm 
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Figure 526. HE-stained cross-section of the right ear canal in harbour porpoise. Note that the lumen is filled with layered 
epithelial cells (UT1692_R0401). Scale bar 500 µm 

 
Figure 527. HE-stained cross-section of the right ear canal in striped dolphin (ID449_Rx1)(Decalcified). Note that the lumen 
contains red blood cells (artefact). Note the nervous ridge, the cartilaginous flangs, and the middle ear bones. Scale bar 
0.5 mm 
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Figure 528. HE-stained cross-section of the right ear canal in a bottlenose dolphin (444_R1). Ear canal at the level of the 
porus acusticus externus. Scale bar 100 µm 

 
Figure 529. HE-stained cross-section of the right ear canal in a bottlenose dolphin (444_R3). Scale bar 100 µm 
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Figure 530. HE-stained cross-section of the right ear canal in a bottlenose dolphin about 2 cm beneath the skin (457_R5). 
Note the degenerated muscles. Scale bar 500 µm 

 
Figure 531. Detail of Figure 530 (457_R5). Ear canal with desquamated epithelial cells in the lumen. Scale bar 250 µm 



 

469 
 

 
Figure 532. Histological transverse section (HE staining) of the right ear canal of a harbour porpoise (UT1692_Rx1). Note 
the lunar shape of the lumen of the ear canal. Scale bar 500 µm 

 
Figure 533. Histological transverse section (HE staining) of the left ear canal of a harbour porpoise at about 1 cm beneath 
the skin (UT1692_L0201). Scale bar 500 µm 
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Figure 534. Histological transverse section (HE staining) of the left ear canal of a harbour porpoise at about 2 cm 
beneath the skin (UT1692_L0401). Note the desquamation of the epithelial layers – possibly a combination of pre- and 
post-mortem processes. Scale bar 500 µm 

 
Figure 535. Histological transverse section (HE staining) of the medial end of the external ear opening of a Cuvier´s beaked 
whale (ID429_01, HE). Scale bar 500 µm 
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Figure 536. Detail of Figure 473. Histological transverse section (HE staining) of the medial end of the external ear opening 
of a Cuvier´s beaked whale (ID429, HE). Ear canal lumen with desquamated epithelial cells. Scale bar 100 µm 

 
Figure 537. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 1 
cm beneath the skin (ID429_02, HE). Scale bar 500 µm 
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Figure 538. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 1 
cm beneath the skin (ID429_02, HE) Detail of Figure 537. Ear canal with luminal content. Scale bar 500 µm 

 
Figure 539. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 1.5 
cm beneath the skin (ID429_03, HE). Ear canal with content. Scale bar 300 µm 
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Figure 540. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 1.5 
cm beneath the skin (ID429_03, HE). Ear canal epithelium. Scale bar 100 µm 

 

 
Figure 541. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 2.5 
cm beneath the skin (ID429_05) Ear canal with an adjacent gas bubble in the fat tissue situated within the connective 
tissue capsule. Scale bar 500 µm 
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Figure 542. Histological transverse section (HE staining) of the external ear canal in a Cuvier´s beaked whale at about 4 
cm beneath the skin (ID429_08) Ear canal. Scale bar 500 µm 

 
Figure 543. Detail of Figure 542 (ID429_08) Ear canal epithelium with lymphocytic infiltration in the lamina propria. Scale 
bar 50 µm 
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Figure 544. Histological transverse section (HE staining) through the external ear canal of a Cuvier´s beaked whale about 
1.5 cm beneath the ski (ID177/19). Scale bar 1 mm 

 
Figure 545. Histological transverse section (HE staining) through the external ear canal of a Cuvier´s beaked whale about 
1.5 cm beneath the skin (177/19). Scale bar 100 µm 
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Figure 546. Histological transverse section (HE staining) through the external ear canal of a Cuvier´s beaked whale about 
3 cm beneath the skin (177/19. Scale bar 100 micron  

 

 
Figure 547. Detail of Figure 508. Note the basophilic nuclei in all layer of the epithelium. Scale bar 100 µm 
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Figure 548. Histological transverse section (HE staining) through the ear canal of a bottlenose dolphin (ID444) at about 3 
cm (left) and 5 cm (right) beneath the skin. Note the intricate relation between epithelium and subepithelial tissue, around 
the ear canal in the left image and on one side of the ear canal in a tissue bulge in the right image. Scale bars 100 µm 

 
Figure 549. Histological transverse section (HE staining) through the left ear canal of a bottlenose dolphin (444_L5) 
Melanocytes in the subepithelial tissue. Scale bar 50 µm 

 
Figure 550. Histological transverse section (HE staining) through the ear canal of a pilot whale (441_R19). Ear canal with 
nervous tissue ridge. Scale bar 200 µm 
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Figure 551. Histological transverse section (HE staining) through the ear canal of a bottlenose dolphin (444_L10). Note the  
elaborate epithelial subepithelial interaction. Scale bar 100 µm 

 
Figure 552. Histological transverse section (HE staining) through the ear canal of a bottlenose dolphin (457_R8). Scale bar 
100 µm 
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Figure 553. Histological transverse section (HE staining) through the ear canal of a harbour porpoise at about 1 cm 
beneatah the skin. Scale bar 500 µm 

 
Figure 554. HE staining of small arteria presented leucocytosis in a bottlenose dolphin (444_L5). Scale bar 50 µm 
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Figure 555. HE staining of a small arteria presented leucocytosis in a bottlenose dolphin (444_L12) Leukocytosis. Scale bar 
50 µm 

 
Figure 556. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L5) with eroded 
epithelium except for few papillae with likely glandular epithelium. Scale bar 100 µm 
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Figure 557. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L5) with melanin in 
the subepithelial tissue. Scale bar 50 µm 

 
Figure 558. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L6). Ear canal and 
glands/glandular epithelium. Scale bar 200 µm 
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Figure 559. Detail of Figure 339 (444_L6). Ear canal and glands/glandular epithelium. Scale bar 50 µm 

 
Figure 560. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L7). Ear canal and 
glands/glandular epithelium. Scale bar 200 µm 
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Figure 561. Detail of Figure 560 (444_L7). Note the apoptotic changes in the glandular epithelium. Scale bar 100 µm 

 
Figure 562. Detail of Figure 560 (444_L7). Note the mononuclear infiltrate in the superficial propria. Scale bar 100 µm 
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Figure 563. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L8). Ear canal and 
glands. Scale bar 100 µm 

 
Figure 564. Detail of Figure 345 (444_L8) Ear canal and glands, note the lamellar corpuscles and the lymphocytic infiltrate 
in the superficial lamina propria. Scale bar 100 µm 
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Figure 565. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L9). Ear canal with 
squamous epithelium. Scale bar 100 µm 

 
Figure 566. Detail of Figure 565 (444_L9). Ear canal with squamous epithelium. Scale bar 50 µm 
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Figure 567. Histological transverse section (HE staining) of the ear canal in a bottlenose dolphin (444_L12). Note the 
nervous tissue ridge(s) and the difference in the papillary layer at the nervous tissue ridge and the tissue closer to the 
cartilage (bottom). Scale bar 100 µm 

 
Figure 568. Detail of Figure 567 (444_L12). Ear canal with red blood cells in the lumen. Scale bar 50 µm 

3.2.2.1 Transmission Electron Microscopy 
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Figure 569. TEM detail image of an apical epithelial cell with nucleus with eu- and heterochromatin, electron-lucid to 
electron-dense dense intracellular vesicles. (TEM x 15.000) 

 
Figure 570. TEM detail image of an apical epithelial cell. (TEM x 10.000) 
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Figure 571. TEM detail image of an apical epithelial cell. (TEM x 30.000) 
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Figure 572. TEM detail image of an apical epithelial cell. (TEM x 50.000) 

 
Figure 573. TEM detail image of an apical epithelial cell. (TEM x 80.000) 
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Figure 574. Detail image of exocytotic (or endocytic) protrusions on the apical cell membrane of an epithelial cell (E) in the 
ear canal of a striped dolphin. There is an extensive glycocalyx connecting and interconnecting the vesicles. The content 
of the vesicles is relatively clear in comparison with the plasma membrane, which is electron-dense. (TEM x 150.000) 
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3.2.1 Glands 

 
Figure 575. HE-stained cross-section (Top), and two Luxol Fast Blue stains (with different stain times)(Bottom) of the ear 
canal and associated glands of a striped dolphin about 0.5 cm beneath the surface. Scale bar 100 µm. 
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Figure 576. HE-stained cross-section of the ear canal and associated glands of a striped dolphin about 1 cm beneath the 
surface. Scale bar 200 µm 

 
Figure 577. HE-stained cross-section of the ear canal and glands in striped dolphin, about 0.5 cm beneath the skin. Scale 
bar 200 µm 
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Figure 578. Same animal as in Figure 16, but a cross-section slightly deeper (about 1.5cm beneath the surface). There are 
still glands associated with the ear canal. The adipoconnective tissue sheath is larger, and the muscles are associated with 
it in the periphery. Around the sheath, there is still some fat tissue, but a lot more connective tissue as in the distal section. 

 
Figure 579. HE-stained cross-section of the ear canal and glands in striped dolphin (274/18_L3). Glands with pyknotic 
nuclei. Scale bar 100 µm 
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Figure 580. Alcian blue staining of a transverse section through the ear canal and glands about 1.5cm beneath the surface. 
Scale bar 100 µm 

 
Figure 581. Left: (Detail of Figure 576) HE-stained histological detail of glandular structures and lamellar corpuscles in the 
adipoconnective tissue around the external ear canal. Right: (Detail of Figure 580). Alcian blue-stained detail of the 
epithelium of the ear canal, glands, and lamellar corpuscles in the subepithelial tissue. Scale bars 50 µm 
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Figure 582. Histological transverse section (HE staining) through the ear canal of a long-finned pilot whale at about 5 cm 
beneath the skin (441_L12). Scale bar 100 µm 

 

 
Figure 583. Histological detail image of a striped dolphin ear canal glands with pyknotic nuclei, at about 3 cm beneath the 
skin (44/17_R6). Scale bar 100 µm 
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Figure 584. Histological image (Masson´s trichrome) of a transverse section through the external ear canal in a harbour 
porpoise, at about 1.5 cm beneath the skin (UT1711_R0601). Note the glands and excretory ducts that lead to the ear 
canal lumen, in which there is glandular content and epithelial cells. Note the impacted content in the glands. Scale bar 
500 µm 

 
Figure 585. Histological image (HE staining) of a transverse section through the right ear canal of a harbour porpoise 
about 1.5 cm beneath the skin (UT1727_R0501). Lumen and glands. Scale bar 500 µm 
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Figure 586. Detail of Figure 585. Histological image (HE staining) of a transverse section through the right ear canal of a 
harbour porpoise about 1.5 cm beneath the skin (UT1727_R0502). Note the impacted content in the glands. Scale bar 500 
µm 

 

 

 
Figure 587. HE stained detail image of a round structure with mineralized content, indicative of a process of stasis. 
(169/17_R3). Scale bar 50 µm 



 

498 
 

 
Figure 588. Histological image (HE staining) of a transverse section through the right ear canal of a common dolphin at 
about 2.5 cm beneath the skin, medial to the glandular structures (169/17_R5). Scale bar 100 µm 

 
Figure 589. Histological image (HE staining) of a transverse section through the left ear canal of a striped dolphin at about 
2.5 cm beneath the skin (44/17_L5, HE). Ear canal glands with excretory duct. Scale bar 100 µm 
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Figure 590. Histological image (HE staining) of a transverse section through the left ear canal of a striped dolphin at about 
3 cm beneath the skin (44/17_L6, HE) Ear canal surrounded by glands, adipoconnective tissue and striated muscles. Scale 
bar 500 µm 

 
Figure 591. Detail of Figure 590 (44/17_L6, HE) Ear canal glands. Scale bar 100 µm 
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Figure 592. Histological image (HE staining) of a transverse section through the left ear canal of a striped dolphin at about 
3.5 cm beneath the skin (44/17_L7, HE) Ear canal. Scale bar 500 µm 
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Figure 593. Histological image (HE staining) of a transverse section through the left ear canal of a striped dolphin at about 
3.5 cm beneath the skin (44/17_L7, HE). Scale bar 500 µm 

 
Figure 594. Detail of Figure 593 (44/17_L7, HE). Scale bar 100 µm 
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Figure 595. Histological image (HE staining) of a transverse section through the right ear canal of a common dolphin at 
about 1 cm beneath the skin (169_17_R2). Note the glands, excretory ducts, and impacted content. Scale bars 200 µm top, 
and 100 µm bottom 

Figure 596. HE-stained cross-sections of the external ear canal in a common dolphin, at about 1 and 1.5 cm beneath the 
surface of the skin. The distinction between the ear canal and glands is not clear. Scale bar 500 µm 
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Figure 597. Histological image (HE staining) of a transverse section through the left ear canal of a common dolphin at 
about 1 cm beneath the skin (169_17_L2). Note the glands and excretory ducts. Scale bar 300 µm  

 
Figure 598. Histological image (Alcian blue staining) of a transverse section through the ear canal of a bottlenose dolphin 
at about 4 cm beneath the skin (ID444_eam2_9_AB_1). Note the intense blue staining of the cartilage. Scale bar 500 µm 
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Figure 599. Histological image (Alcian blue staining) of a transverse section through the ear canal of a bottlenose dolphin 
at about 4 cm beneath the skin (ID444_eam2_9_AB_2). Detail image of the sensory ridge with many nervous structures. 
Scale bar 50 µm 

 
Figure 600. Histological image (Alcian blue staining) of a transverse section through the ear canal of a bottlenose dolphin  
at about 2 cm beneath the skin (ID444_eam2_4_AB_1). Scale bar 50 µm 
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Figure 601. Histological image (Alcian blue staining) of a transverse section through the ear canal of a long-finned pilot 
whale at about 1 cm beneath the skin (441_eamL2_AB). Scale bar 100 µm 

 
Figure 602. Histological detail image (Alcian blue staining) of a transverse section through the ear canal of a striped 
dolphin at about 2 cm beneath the skin (419/16_4_AB_1). Scale bar 50 µm 
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Figure 603. Histological transverse section (HE staining) through the ear canal of a striped dolphin at about 2 cm beneath 
the skin (274_18_L4). Scale bar 300 µm 

 
Figure 604. Histological transverse section (HE staining) through the ear canal of a striped dolphin at about 3 cm beneath 
the skin (44/17_L6, HE). Ear canal surrounded by glands, adipoconnective tissue and striated muscles. Scale bar 500 µm 
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Figure 605. Histological detail (HE staining) of the auricular glands of a striped dolphin at about 3 cm beneath the skin 
(44/17_L6, HE). Scale bar 100 µm 

 
Figure 606. Histological transverse section through the external ear canal of a striped dolphin (ID449) at the level of the 
glands, about 2 cm beneath the skin. 1. Ear canal lumen; 2. Glandular excretory duct; 3. Glands; 4. Striated muscle inserting 
into the fibro-elastic tissue capsule. Scale bar 200 µm 
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Figure 607. Histological transverse section through the ear canal of a striped dolphin at about 2 cm beneath the skin 
(449_L04). Scale bar 200 µm 

 
Figure 608. Histological transverse section through the ear canal of a striped dolphin at about 2 cm beneath the skin 
(449_R3). Scale bar 200 µm 
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Figure 609. The distinction between excretory and secretory cells is not clear due to postmortem degeneration and 
apoptosis (620/17_L5). Scale bar 50 µm 

 
Figure 610. Histological transverse section through the ear canal of a striped dolphin at about 1.5 cm beneath the skin 
(449_L03). Pyknotic nuclei in the glands. Scale bar 50 µm 
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Figure 611. (L4) Mononuclear cells (lymphocytes, and few plasmacells and macrophages) associated with the glands in a 
superficial section through the ear canal. Scale bar 50 µm 

 
Figure 612. (274/18_L4) Section through the ear canal with glands and adipose tissue surrounded by a combination of a 
capsule of fibro-elastic tissue that contains nerve bundles on one side, and muscle tissue that runs parallel to the ear canal 
on the other side. The muscle tissue inserts into the capsule. Scale bar 0.5 mm 
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Figure 613. Histological transverse section through the ear canal of a striped dolphin at about 2 cm beneath the skin 
(168_17_4). Scale bar 200 µm 

 
Figure 614. Detail histological image (HE stain) of a possible glandular excretory duct in a bottlenose dolphin (ID457). Scale 
bar 50 µm 
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Figure 615. (274/18_L4). Ear canal and glands 

 
Figure 616. (274/18_L4) Section through the ear canal with glands and adipose tissue surrounded by a combination of a 
capsule of fibro-elastic tissue that contains nerve bundles on one side, and muscle tissue that runs parallel to the ear canal 
on the other side. The muscle tissue inserts into the capsule. Scale bar 0.5 mm 
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Figure 617. (274/18_L4) Mononuclear cells (lymphocytes, and few plasmacells and macrophages) associated with the 
glands in a superficial section through the ear canal. Scale bar 50 µm 

 
Figure 618. (292/18_L5) Ear canal with possible glands, sharing the same lumen. Scale bar 200 µm 
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Figure 619. Alcian blue-stained cross-section of the right ear canal in a bottlenose dolphin (444_R4). Scale bar 50 µm 

 
Figure 620. HE-stained cross-section of the right ear canal in a bottlenose dolphin (444_R5). Note the inflammation. Scale 
bar 100 µm 
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Figure 621. Alcian blue-stained cross-section of the right ear canal in a bottlenose dolphin (444_R5). Note the 
inflammation. Scale bar 100 µm 

 
Figure 622. HE-stained cross-section of the right ear canal in a bottlenose dolphin (444_R6). Note the glands and excretory 
duct. Scale bar 200 µm 
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Figure 623. Detail of Figure 354 (444_R6) Ear canal glands  with cells with pyknotic nuclei. Scale bar 50 µm 

 
Figure 624. Detail of Figure 354 (444_R6) Ear canal with indications of a pseudostratified epithelium with many artefacts. 
Scale bar 50 µm 
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Figure 625. Alcian blue-stained cross-section of the right ear canal in a bottlenose dolphin (444_R6). Glands and 
inflammation. Scale bar 200 µm 

 
Figure 626. HE-stained cross-section of the right ear canal in a bottlenose dolphin (444_R7). Note the glands and excretory 
duct. Scale bar 100 µm 
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Figure 627. Detail of the ear canal epithelium in Figure 357 (444_R7). Scale bar 50 µm 

 
Figure 628. Detail of Figure 357 (444_R7) Indications of a double layered epithelium in a possible glandular structure. Scale 
bar 50 µm 
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Figure 629. Detail of the ear canal epithelium in Figure 357 (444_R7). Scale bar 50 µm 

 
Figure 630. (ID449) Stenella coeruleoalba. (449_L3) Ear canal cross-section with glands. Scale bar 200 µm 
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Figure 631. (ID449) Stenella coeruleoalba. (449_L3) Detail of Figure 630. Ear canal glands. Scale bar 50 µm 

 
Figure 632. (ID449) Stenella coeruleoalba. (449_R4) Cross-section of the ear canal and glands. Scale bar 200 µm 
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Figure 633. (ID449) Stenella coeruleoalba. (449_R4) Detail of Figure 632. Cross-section of the ear canal and glands with 
excretory duct. Scale bar 100 µm 

 
Figure 634. (ID449) Stenella coeruleoalba. (449_R5) Cross-section of the ear canal and glands, surrounded by connective 
tissue and fat, a muscular layer, and more fat and connective tissue. Scale bar 500 µm 
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Figure 635. (ID449) Stenella coeruleoalba. (449_R5) Detail of Figure 634. Ear canal and glands. Scale bar 100 µm 

3.2.1 Connective and adipose tissue 
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Figure 636. Histological cross-section (HE staining) of the ear canal in Cuvier´s beaked whale (ID429_11). Ear canal within 
the adipoconnective tissue, surrounded by a circular organization of connective and muscle tissue. Scale bar 1 mm 
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Figure 637. Histological image (HE staining) of a transverse section through the ear canal of a Cuvier’s beaked whale at 
about 6 cm from the surface. (HE staining). Meatus lumen; Connective tissue capsule; Muscle tissue, circular, longitudinally 
oriented.  

 
Figure 638. Schematic drawing of based on Figure 637, showing the distribution of the ear canal lumen (1), epithelium and 
the superficial subepithelial layer with connective tissue (2), subepithelial layer with mainly fatty tissue (3), connective 
tissue capsule (4), muscle tissue with circular orientation (5), muscular tissue with longitudinal orientation (6). 
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Figure 639. Two histological images (HE staining) of transverse sections through the ear canal of a long-finned pilot whale 
at two different depths (about 1 and 2 cm) beneath the skin. Note the difference in ration fat vs. connective tissue. Scale 
bar 1 mm 

 
Figure 640. Histological image (HE staining) of a transverse section through the ear canal of a Cuvier’s beaked whale 
(429_05) at about 2 cm beneath the skin. The ear canal is surrounded by a thin layer of connective tissue, a thicker layer 
of adipocytes (a) interweaved with fine strands of connective tissue, and which are separated from the blubber (at the 
location of b) by a connective tissue capsule (c) with circularly orientated collagen fibres, in which muscles (m) insert. The 
adipocytes, together with the surrounding connective tissue (c) form the adipoconnective tissue sheath as in other animals, 
although in beaked whale there the two components a and c are clearly separated, at least in the distal third of the ear 
canal. Scale bar 0.5mm 
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Figure 641. Histological transverse section (Weigert´s elastic staining) of the ear canal in a striped dolphin at about 1 cm 
beneath the skin (Sc1_02). No elastic fibres were noted in the adipoconnective tissue close to the ear canal. Scale bar 50 
µm 

 
Figure 642. Histological transverse section (Weigert´s elastic staining) of the ear canal in a striped dolphin at about 5 cm 
beneath the skin (5386_L10). Ear canal and cartilage, embedded in connective tissue. See Figure 643 for a drawing of the 
location of the elastic fibres. Scale bar 500 µm 
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Figure 643. Drawing Figure 642, showing the location and orientation of elastic fibres associated with the ear canal (eam) 
in a section with cartilage (c). The fibres are orientated parallel (1) and transverse (2) to the direction of the ear canal. 

 
Figure 644. Histological transverse section (Weigert´s elastic staining) of the ear canal in a striped dolphin at about 1 cm 
beneath the skin (Sc1_02). No elastic fibres in the adipoconnective tissue close to the ear canal. Scale bar 500 µm 
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Figure 645. Histological transverse section (Weigert´s elastic staining) of the ear canal in a Cuvier´s beaked whale at about 
5 cm beneath the skin (429_10). Elastic fibres are situated peripheral to the circular capsule of connective tissue and 
musculature. The frame indicates the location of Figure 646. Scale bar 1 mm 

 
Figure 646. Detail of Figure 645 (Ziphius cavirostris, 429_10, Weigert). Elastic fibres are situated peripherally to the circular 
capsule of connective tissue and musculature (bottom right). Scale bar 100 µm 
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Figure 647. Detail of Error! Reference source not found. Elastic fibres in the distant connective tissue. Scale bar 100 µm 

 
Figure 648. Histological transverse section through the ear canal in a long-finned pilot whale at about 2 cm beneath the 
skin (441_L4). The ear canal is embedded in connective tissue and surrounded by connective tissue and fat. Scale bar 1 
mm 
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Figure 649. Histological transverse section through the ear canal in a harbour porpoise at about 1 cm beneath the skin 
(UT1692_L0301). Note the adipoconnective tissue capsule. Scale bar 1mm 

 
Figure 650. Histological transverse section (HE staining) through the ear canal of a common dolphin at about 1 cm beneath 
the skin (169/17_L2). Note the ear canal with glands and glandular excretory ducts of which only one has a true lumen 
with degenerated epithelial cells while the others do not have a lumen. Scale bar 300 µm 
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Figure 651. Histological transverse section (HE staining) through the ear canal of a common dolphin at about 1.5 cm 
beneath the skin (169/17_L3). Ear canal with glandular structures. Scale bar 300 µm 

 
Figure 652. Histological transverse section (HE staining) through the ear canal of a common dolphin at about 3.5 cm 
beneath the skin (169/17_L7). Scale bar 100 µm 
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Figure 653. Histological transverse section (HE staining) through the ear canal of a common dolphin at about 4 cm beneath 
the skin (169/17_L8). Scale bar 500 µm 

 
Figure 654. Histological transverse section (HE staining) through the ear canal of a common dolphin at the external ear 
opening (169/17_R1). Note the lumen size and dermal papillae. Scale bar 200 µm 
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3.2.1 Musculature 

 
Figure 655. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 
1.5 cm beneath the skin (UT1718_L0401). Scale bar 500 µm 

 
Figure 656. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 2 
cm beneath the skin (UT1718_L0501). Scale bar 500 µm 



 

534 
 

 
Figure 657. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise at about 2 cm beneath the skin (UT1734_L06). Muscles and glands. Scale bar 1 mm 

 
Figure 658. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise at about 3 cm beneath the skin (UT1734_L10). Scale bar 1mm 
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Figure 659. Histoligcal image (Masson´s trichrome) of a transverse section through the right external ear canal of a 
harbour porpoise at about 2 cm beneath the skin (UT1734_R0601). Scale bar 1 mm 

 

 



 

536 
 

 
Figure 660. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 
3.5 cm beneath the skin (UT1718_L1002). Scale bar 1 mm 
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Figure 661. Histological image (Masson´s trichrome) of a transverse section through the ear canal of a harbour porpoise 
at about 2.5 cm beneath the skin, at the top of the ventral curvature (UT1712_L07). Scale bar 500 µm 

3.2.2 Cartilage 

 
Figure 662. Histological image of the cartilage associated with the ear canal in a striped dolphin (127565_1609)( Masson´s 
trichrome). Scale bar 100 µm 



 

538 
 

 
Figure 663. Histological detail image of the cartilage in the trachea of a bottlenose dolphin (ID493). Scale bar 500 µm 

 
Figure 664. HE-stained cross-section of the ear canal and cartilage of a striped dolphin (ID509/17_Lx1), close to the TP 
complex. Scale bar 0.5 mm 
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Figure 665. Histological image (HE) of a transverse section through the external ear canal of a harbour porpoise, about 4 
cm beneath the skin (UT1718_L1201). Scale bar 500 µm 

 
Figure 666. Histoligcal image (Masson´s trichrome) of a transverse section through the right external ear canal of a 
harbour porpoise at about 3 cm beneath the skin (UT1734_R0801). Scale bar 1mm 
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Figure 667. Detail of Figure 666 (UT1734_R0801). Scale bar 500 µm 

 

 

 
Figure 668. Histological transverse section through the ear canal of a striped dolphin at about 5 cm beneath the skin 
(274/18). Horseshoe-shaped cartilage with an additional flange, and the ear canal with a subtle nervous tissue ridge, and 
vascular sinuses. Scale bar 1 mm 
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Figure 669. Histological transverse section (HE-staining) through the ear canal of a Cuvier´s beaked whale at about 6 cm 
beneath the skin (ID429_14) Ear canal and cartilage embedded within dense connective tissue, and surrounded by muscle 
and connective tissue. Scale bar 1 mm 

 
Figure 670. Histological transverse section (HE staining) through the ear canal of a bottlenose dolphin (457_R14) at about 
6 cm beneath the skin. Note the facial nerve, the bifurcated cartilage, the nervous tissue ridge, vascular lacunae, and dense 
connective with adipocytes. Scale bar 1 mm. 
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Figure 671. Histological transverse section (HE staining) through the left ear canal of a bottlenose dolphin (444_L11) at 
about 5 cm beneath the skin. Scale bar 1 mm 

 
Figure 672. Histological image (HE staining) of a double section through the external ear canal in a harbour porpoise, at 
about 3.5 cm beneath the skin (UT1771_R1101). Scale bar 1 mm 
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Figure 673. Histological image (Masson´s trichrome) of an oblique section through the right external ear canal and 
cartilage of a harbour porpoise, at the level of the ventral curvature (UT1740_R0801). Scale bar 500 µm 

 
Figure 674. Histological image (HE staining) of a transverse section through the external ear canal in a harbour porpoise, 
at about 4 cm beneath the skin (UT1711_R1201). Scale bar 500 µm 
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Figure 675. Histological image (HE staining) of a transverse section through the ear canal at the bottom of the ventral 
curvature in  a harbour porpoise (UT1709) Bottom is lateral, Left is ventral. Muscles attaching to the cartilage in the 
curvature section of the canal. Scale bar 500 µm. 

 
Figure 676. Histological image (HE staining) of a transverse section through the ear canal at the bottom of the ventral 
curvature in  a harbour porpoise (UT1709_09). Scale bar 250 µm. 
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Figure 677. Histological cross-section (HE staining) of the left ear canal of a bottlenose dolphin at the level of the ventral 
curvature (ID444_L11). Scale bar 1 mm 

 
Figure 678. Histological image (HE staining) of the external ear canal and cartilage in a striped dolphin at about 3.5 cm 
beneath the skin (293_18_L7). Scale bar 0.5 mm 
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Figure 679. Histological images (HE staining) of the external ear canal and cartilage in a striped dolphin (127565_R7; Left) 
and bottlenose dolphin (444_R09; Right). Scale bar 500 µm 

• Vascular lacunae 

 
Figure 680. Histological image (HE staining) of a transverse section through the external ear canal of a harbour porpoise 
(UT1709) at about 4 cm beneath the skin. Note the cartilage and the vascular lacunae. Scale bar 500 µm. 
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3.2.3 Lymphoid tissue 

3.2.3.1 At the level of the glands 

 
Figure Histological image (HE staining) of the mononuclear cells in the auricular subepithelial tissue in a striped dolphin 
(168_17_3). Note the lamellar corpuscles, and the glandular epithelium in continuation with the ear canal epithelium. 
Scale bar 100 µm 

 
Figure 681. Detail of Figure 654 (169/17_R1). Mononuclear cells (mainly lymphocytes, and few plasmacells) immediately 
below the epithelium. Scale bar 50 µm 
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Figure 682. Detail of Error! Reference source not found. (169/17_R2). Mononuclear cells in the subepithelial tissue situated 
between the ear canal and glandular structures. Scale bar 100 µm 

 
Figure 683. Histological cross-section (HE staining) of the ear canal with mononuclear infiltration in a bottlenose dolphin, 
at about 3 cm beneath the skin (457_R7). Scale bar 250 µm 
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Figure 684. Histological detail (HE staining) of the ear canal and glands in a bottlenose dolphin (444_L6). Note the 
glands/glandular epithelium and mononuclear cells in the subepithelial tissue and around the glands. Scale bar 100 µm 

3.2.3.2 Between ear canal and cartilage 

 
Figure 685. Detail of Figure 680. Histological image (HE staining) of a transverse section through the external ear canal of 
a harbour porpoise (UT1709) at about 4 cm beneath the skin. There are scant mononuclear cells in the loose connective 
tissue between ear canal and cartilage. The cellular composition consists mainly of lymphocytes with few macrophages 
(arrowhead). Scale bar 50 µm 
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Figure 686. Histological detail (HE staining) of the left ear canal of a bottlenose dolphin, with a mononuclear infiltrate 
between ear canal and cartilage, in a bottlenose dolphin ear canal (444_L18). Scale bar 300 µm 

 
Figure 687. (77/18_R12). Scale bar 0.5 mm 
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Figure 688. (77/18_R12) Detail of Figure 687. Mononuclear cells situated between ear canal and cartilage. Scale bar 100 
µm 

 
Figure 689. (292/18_L11) Mononuclear cells (lymphocytes) between ear canal and cartilage, situated in the reticular 
connective tissue network with vascular lacunae. Scale bar 100 µm 
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Figure 690. (292/18_L12) Overview of the ear canal with nervous tissue ridge and cartilage medial to the curvature of the 
canal. Scale bar 100 µm 

 
Figure 691. (292/18_L11) Mononuclear cells (lymphocytes) between ear canal and cartilage, situated in the reticular 
connective tissue network with vascular lacunae. Note the nervous tissue ridge bulging into the ear canal lumen. Scale bar 
200 µm 
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3.2.3.3 Nodular tissue 

 
Figure 692. (ID449) Stenella coeruleoalba. (449_R8) Detail of Error! Reference source not found.. Lymphoid tissue. Scale bar 
100 µm 

3.2.4 Medial end of the external ear canal 

 
Figure 693. HE section of the right ear canal (1) entering the TP complex. Scale bar 0.5 mm 
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Figure 694. Detail of Figure 693. HE section of the right ear canal (1) entering the TP complex. Scale bar 0.5 mm 

 
Figure 695. Detail of Figure 693. Note the tissue bulge with many corpuscles and small nerve fibres projecting into the 
canal lumen. Scale bar 100 µm 
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Figure 696. Histological image (HE stain) showing the dense subepithelial innervation with small nerves and lamellar 
corpuscles. Scale bar 50 µm 

 

 
Figure 697. Histological image (HE stain) of the tympanic membrane. Scale bar 50 µm  
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Figure 698. Histological detail image (HE stain) of the tympanic membrane in the centre with the ear canal with cellular 
content on the right and tympanic cavity on the left. Scale bar 50 µm 

 
Figure 699. HE staining of the nervous tissue ridge. Scale bar 100 µm. 
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Figure 700. HE staining of the nervous tissue ridge. Scale bar 50 µm. 

 
Figure 701. Detail of the suspension ligament attaching to the posterior process of the tympanic (insert). Scale bar 0.5 mm. 
These ligaments connect the TP complex to the bones of the skull, and keep the former suspended in the peribullar sinus. 
This allows for the TP complex to be acoustically isolated from the other bones (Reysenbach De Haan, 1957; Ketten and 
Wartzok, 1990; Cranford et al., 2008). 
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Figure 702. Histological image (HE stain) of the ear canal turning around the sigmoid process. Also note the tympanic 
membrane (509_17_Lx2). Scale bar 1 mm 
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Figure 703. HE stained decalcified section of the medial end of the ear canal with tympanic membrane and part of 
tympanic conus in a harbour porpoise (UT1692_Rx4). Scale bar 5 mm 
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Figure 704. Detail of Figure 703 ear canal and tympanic conus.Scale bar 1 mm 
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Figure 705. HE stained decalcified section of the medial end of the ear canal on enterin the TP complex. Scale bar 1mm 
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3.2.5 Mononuclear infiltrate 

 
Figure 706. Histological cross-section (HE staining) of the left ear canal of a bottlenose dolphin, close to the middle ear 
(ID444_L18). There is a mononuclear infiltrate between the ear canal and cartilage. Scale bar left 300 µm, and right 100 
µm 

3.2.6 Nodular lymphoid tissue 

 
Figure 707. (274/18_R9) Stroma surrounding the lymphoid tissue. n: nerves; v: a vascular structure with red blood cells 
and lymphocytes in the lumen; all are embedded in loose connective tissue and scant adipocytes. Scale bar 100 µm 
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Figure 708. (274/18_R9) A large artery in the stroma between the two main lobes, and several venous structures. Due to 
its location and size, this could be the main artery supplying the lymphoid tissue. Scale bar 100 µm 

 
Figure 709. (274/18_R9) Endothelial lined structure with red blood cells and plasma. Scale bar 50 µm 
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Figure 710. (274/18_L9) Detail of lymphoid tissue with septum. Scale bar 0.5 mm 

 
Figure 711. (274/18_L9) Detail of lymphoid tissue. Scale bar 100 µm 
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Figure 712. (274/18_L9) Detail of lymphoid tissue. Scale bar 100 µm 

 
Figure 713. (274/18_L9) Detail of lymphoid tissue. Scale bar 50 µm 
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Figure 714. (274/18_R9) Edge of the lymphoid tissue, with from left to right, adipose tissue in direct contact with the 
lymphoid tissue; parafollicular tissue with patched concentrations of lymphocytes and dispersed erythrocytes; and deeper, 
more parafollicular tissue but with the intense presence of erythrocytes. Scale bar 50 µm 

 
Figure 715. (362/18_L11) Lymphoid associated tissue. Scale bar 200 µm 
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Figure 716. (362/18_L11) EAM associated lymphoid tissue. Scale bar 100 µm 

 
Figure 717. (362/18_L11) EAM associated lymphoid tissue. Scale bar 50 µm 
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Figure 718. Detail of Error! Reference source not found.. (Striped dolphin 127565) Lymph node subcapsular sinus. Scale bar 
100 µm 

 
Figure 719. Detail of Error! Reference source not found.. (Striped dolphin 127565) Nerve inside the lymph node. Scale bar 
100 µm 
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3.2.7 Medial end of the ear canal 

 
Figure 720. UT1692_Rx3_b_scale1mm 

 
Figure 721. Right ear canal (1) and tympanic membrane (2) and ligament (2’) suspended between the sigmoid process (3) 
and the malleus (4). 5. Posterior process (Up is ventral - Left is rostral). Scale bar 1 mm. 
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Figure 722. Detail of the ear canal in Error! Reference source not found. (insert). Scale bar 0.5 mm. 

 
Figure 723. Detail of Figure 722. Histological detail of the vascular plexus and embedded in a reticular connective tissue 
network. Scale bar 50 µm  
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3.2.8 Foetus 

 
Figure 724. (293/18_foetus_L3) Detail of the muscles around the ear canal. Note the small diameter of the muscle fibres, 
and the relative large amount of connective tissue between fibres (similar to endomysial fibrosis). Scale bar 100 µm 

 
Figure 725. (293/18_foetus_L6) Facial nerve with branches of smaller nerves. Scale bar 0.5 mm 
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Figure 726. Histological image (HE stain) of Ear canal with a semilunar shape in association with the 
cartilage(293/18_foetus_L6). Scale bar 50 µm 

 
Figure 727. (293/18_foetus_L3) Detail of the ear canal with cellular content coming from the glands. Scale bar 100 µm 
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3.3 Innervation 

3.3.1 Lamellar corpuscles 

3.3.1.1 Circummeatal 

 
Figure 728. HE-stained cross-section through the ear canal of a striped dolphin (ID 12691), ± 1cm below the skin surface. 
Note the abundance of lamellar corpuscles and small nerve fibres in the subepithelial tissue surrounding the entire canal. 
Scale bar = 100 µm 

 
Figure 729. HE staining of nervous and vascular structures in the subepithelial tissue of the external ear canal; e: 
epithelium; c: lamellar corpuscle; n: small nerve bundle; black arrows: vascular structures; white arrows: vascular structure 
or small myelinated nerve fibres. The white areas between connective tissue (collagen fibres) are artefacts of the tissue 
preparation (De Vreese et al., 2020a). 

N 

N N 

C 

E 



 

574 
 

 
Figure 730. Histological image (HE staining) of corpuscles in the subepithelial tissue in a transverse section through the ear 
canal of a striped dolphin (ID419/16) at about 2 cm beneath the skin. There is a small amount of glandular tissue with 
indications of excretory ducts. Scale bar 100 µm. 

 
Figure 731. HE stained histological images of lamellar nervous structures in the dermal papillae close to the external ear 
opening in a harbour porpoise. Scale bar 100 µm 
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Figure 732. Histological detail image (HE staining) of a lamellar corpuscle in the subepithelial tissue of a Cuvier´s beaked 
whale ear canal (ID429). Scale bar 50 µm 
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Figure 733. Histological detail (HE staining) of a lamellar corpuscle complex in the vicinity of the ear canal epithelium (D) 
in Cuvier´s beaked whale. The complex constitutes at least two cross-sections through lamellar corpuscles (A), a nerve (B) 
and a blood vessel (C). Scale bar 0.1 mm. The image on the top right depicts an overview section and the location of the 
detail section. Scale bar 1 mm.  

A 

A 

B 

C 

D 

 



 

577 
 

 
Figure 734. Histological detail (HE staining) of eight probable nervous structures (*) in the vicinity of the ear canal in 
Cuvier´s beaked whale. Scale bar 0.1 mm. 

* 

* 

* * 

* 

* 

* 

* 



 

578 
 

 
Figure 735. Detail image (HE staining) of a corpuscle complex in Cuvier´s beaked whale (ID429 – block 10) with at least 
two lamellar corpuscles and one blood vessel. Scale bar 100 µm. 
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Figure 736. Detail of a corpuscle complex in Cuvier´s beaked whale (ID429 – block 10) with at least two lamellar corpuscles. 
The smaller lamellar structure could be a third corpuscle or a blood vessel. HE stain. Scale bar 100 µm. 

 
Figure 737. Detail of a likely continuation of a nerve (a) and corpuscle (b) within the same capsule in Cuvier´s beaked whale 
(ID429 – block 14a). These might be several sections through the same structure. HE stain. Scale bar 100 µm. 
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Figure 738. Detail of several nervous structures in the subepithelial tissue of the ear canal of a Cuvier´s beaked whale 
(ID429 – block 14b). The largest structure on the top right comprises at least two lamellar corpuscles within a nerve fibre. 
The structure on the top left has indications of being a complex corpuscle, although not certain. Two smaller structures on 
the bottom right, close to the basement membrane of the epithelium are small nerve fibres or corpuscles, although not 
certain. HE stain. Scale bar 100 µm. 
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3.3.1.1.1 In spatial association with blood vessels 

 
Figure 739. Histological image (HE staining) of a transverse section through the external ear canal of a harbour porpoise, 
about 2 cm beneath the skin (UT1718_L0601). Scale bar 500 µm 

 
Figure 740. Detail of Figure 739. Histological image (HE) of a transverse section through the external ear canal of a 
harbour porpoise, about 1 cm beneath the skin (UT1718_L0602). Lamellar corpuscles spatially associated with a vascular 
structure, and in between muscle tissue. Scale bar 100 µm 

  



 

582 
 

3.3.1.2 Nervous tissue ridge 

 
Figure 741. Histological image (HE staining) of the right ear canal of a bottlenose dolphin at about 4 cm beneath the skin 
(444_R9). Note the ear canal with nervous tissue ridge opposite the cartilage. Scale bar 100 µm 

 
Figure 742. Histological image (HE staining) of the right ear canal of a bottlenose dolphin at about 5.5 cm beneath the skin 
(444_R12). Note the ear canal with a nervous tissue ridge. Scale bar 300 µm 
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Figure 743. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise, about 4.5 cm beneath the skin (UT1718_L1301). Scale bar 500 µm 

 
Figure 744. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise, about 5 cm beneath the skin (UT1718_L1402). Note the ear canal with sensory ridge, and the cartilage flanges. 
Scale bar 500 µm 
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Figure 745. Histological image (HE staining) of a transverse section through the left external ear canal of a harbour 
porpoise at about 4 cm beneath the skin (UT1734_L12). Scale bar 500 µm 

 
Figure 746. Histological detail (HE staining) of the sensory ridge protruding into the ear canal of a harbour porpoise, at 
about 5 cm beneath the skin (UT1734_L14). Scale bar 100 µm 



 

585 
 

 
Figure 747. Histological image (HE staining) of the external ear canal and cartilage main body and flanges in a striped 
dolphin, at about 5.5 cm beneath the skin (292/18_L12). Note the ear canal with nervous tissue ridge opposite the main 
cartilage. Scale bar 100 µm 

 
Figure 748. Detail of Figure 747. Mononuclear cells (lymphocytes) between the ear canal and cartilage, situated in the 
reticular connective tissue network with vascular lacunae. Note the nervous tissue ridge bulging into the ear canal lumen. 
Scale bar 200 µm 
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Figure 749. Histological image (HE staining) of the external ear canal and cartilage in a striped dolphin (509/17_Lx1), close 
to the TP complex. Scale bar 0.5 mm 

 
Figure 750. Detail of the nervous tissue ridge in Figure 749. Note the abundance of nervous structures. Scale bar 50 µm. 
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Figure 751. Histological images of the ear canal in a striped dolphin (620/17_L15). Note the ear canal with nervous tissue 
ridge, embedded in a web of loose (reticular) connective tissue, and surrounded by the horseshoe-shaped cartilage. Scale 
bar 0.5 mm 

 
Figure 752. Histological cross-section (HE staining) of the ear canal of a bottlenose dolphin (457_R14) with prominent 
nervous tissue ridge and vascular lacunae, horseshoe-shaped cartilage with an additional flange, and facial nerve running 
ventral to the ear canal. Scale bar 1 mm 
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Figure 753. Histological cross-section (HE staining) of the ear canal of a bottlenose dolphin (457_R15). Note the bifurcated 
cartilage at the proximal end of the ear canal. Right is a detail image of the nervous tissue ridge (inset in the left image) 
with extensive papillary layer bulging into the canal´s lumen. Scale bar 1 mm left, 100 µm right) 

 
Figure 754. Histological detail image (HE staining) of the ear canal nervous tissue ridge in a decalcified block of a striped 
dolphin (274/18_Lx1). Scale bar 50 µm 
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Figure 755. Histological image (HE staining) of the ear canal in a striped dolphin (168_17_9). The bottom image is a higher 
magnification of the insert in the top image. Scale bars 500 (top) and 50 (bottom) micron 
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Figure 756. Histological image (HE staining) of the ear canal in a striped dolphin (274/18_R13). Ear canal with well-
vascularized nervous tissue ridge. Scale bar 100 µm 

 
Figure 757. Histological image (HE staining) of the ear canal in a bottlenose dolphin (444_L13). Ear canal with nervous 
tissue ridge opposite the cartilage. Scale bar 1 mm 
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Figure 758. Histological detail of Figure 757 (444_L13). Ear canal with nervous tissue ridge. Scale bar 100 µm 

 
Figure 759. Histological image (HE staining) of the ear canal in a bottlenose dolphin (444_L14). Ear canal with nervous 
tissue ridge. Scale bar 100 µm 
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3.3.1.3 Morphology corpuscles 

 
Figure 760. Histological detail (HE staining) of lamellar corpuscles associated with the auricular glands in a harbour 
porpoise (UT1709_R4). Scale bar 50 µm 

 
Figure 761. Anti-NF staining of the subepithelial tissue in a striped dolphin ear canal. Section through a small nerve fascicle 
(n) and two adjacent lamellar corpuscles: one corpuscle with a transversely cut central axon (ca) and a small accessory 
axon (aa) in the periphery, and one obliquely cut corpuscle. l: lumen of the ear canal; e: epithelium. Scale: 50 µm 

 

aa 

ca ca 

l 

e 

n 



 

593 
 

 
Figure 762. Anti- PGP 9.5 (left) and anti- NF (right) staining of the subepithelial tissue in a striped dolphin ear canal. Note 
the IR below the basement membrane and an intrapapillary myelinated nerve fibre stained by both antibodies (arrows). 
c: lamellar corpuscle. l: ear canal lumen. Scale: 100 µm 

 
Figure 763. Histological detail of the auricular epithelium, stained with anti-PGP 9.5 (1:500, block, melanin bleaching). 
Positivity within the epithelium, indicating intraepithelial nerve fibres. 1. Germinal layer; 2. Subepithelial immunoreaction; 
3. Intraepithelial nerve ending 
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Figure 764. Histological image of lamellar corpuscles associated with the ear canal in a striped dolphin, IHC stain with anti-
S-100 (S. coeruleoalba). Note the more intense staining of the central lamellae in comparison to the peripheral layer. Scale 
bar 50 µm. 

 

 
Figure 765. Immunohistochemical stain with anti-NSE in blocking diluent shows immunoreactivity of the peripheral layer 
of the corpuscles surrounding less intense staining of the central lamellae (in contrast with S100 reactivity, e.g. Figure 
764). Scale bar 50 µm 
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Figure 766. IHC stain with anti-PGP 9.5 (1:2k, blocking diluent). Note the immunoreactivity of the peripheral layer of the 
corpuscles (in contrast with S100 reactivity, e.g. Figure 764) and the positive reaction in the tissue beneath the epithelium. 
Scale bar 50 µm 

 
Figure 767. Detail of a corpuscle stained with anti-PGP 9.5 (S. coeruleoalba). Scale bar 50 µm. 
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Figure 768. IHC stain with anti-PGP9.5 (S. coeruleoalba). Note the positivity of the most peripheral layers of the corpuscles. 
Scale bar 50 µm. 

   
Figure 769. IHC stain with anti-PGP 9.5 (dilution 1:2k, no blocking; two adjacent cross-section of the ear canal of striped 
dolphin with different melanin bleaching times). The distinction between true positivity and melanin pigmentation in the 
epithelium was based on the granular aspect of the latter. Note the IR in the dermal papilla in both sections, which might 
be a nerve fibre entering the dermal papilla. Scale bar 25 µm 
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Figure 770. Immunohistochemical stain for anti-NSE (with blocking diluent) shows immunoreactivity of the axons in a 
composite lamellar corpuscle and a nerve bundle in two sections that are separated by 8 µm between the centres of the 
sections (S. coeruleoalba). Note the course of an axon in between two corpuscles (of the same corpuscle complex) that 
forms a third, small lamellar core in the bottom section. There are less intense colourations of the perineurium and about 
half of the nuclei in the corpuscles. Scale bar 50 µm. 

  
Figure 771. IHC stain with anti-PGP 9.5 (Dilution 1:2000; no blocking; melanin bleaching) Small nerves and corpuscles in 
the vicinity of the ear canal (l) and associated glandular structures (g). Note the association of a corpuscle, with a positively 
stained axon and outer layer (black arrow), with a single nerve fibre (longitudinal cut) (red arrow). N: nerve bundles; c: 
corpuscle; asterisks: multifocal positivity below the basement membrane. 
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Figure 772. IHC stain with anti-PGP 9.5 (Dilution 1:2000; no blocking; melanin bleaching). 

 
Figure 773. IHC image with anti-PGP9.5 (dilution 1:500). Nerves and corpuscles, immunoreactivity in the axons and 
perineurium and peripheral layer in corpuscles. Scale bar 50 µm 
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Figure 774. PGP 9.5 (1:500, block, melanin bleaching). A small nerve fascicle and arteriole located in the connective tissue 
around the ear canal. Axons stains positive, the endoneurium stains negative, and the perineurium stains positive. The 
artery wall is negative for PGP 9.5 but the tunica externa (adventitia) stains positive due to the presence of nervi vasorum. 

 
Figure 775. Immunohistochemical stain for anti-NSE (with blocking diluent). Note in the immunoreactivity of the central 
axon and the cytoplasm of the lamellae with most intense positivity in the peripheral layer. Scale bar 50 µm 
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Figure 776. IHC staining of three consecutive sections with anti-PGP 9.5. Top: dilution 1:2000, blocking, melanin bleaching; 
Middle: dilution 1:2000, no blocking, melanin bleaching; Bottom: dilution 1:500, blocking, melanin bleaching. 
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Figure 777. IHC staining of nervous structures beneath the epithelium, stained with anti-PGP 9.5. A: small nerve; B: axon 
running along the basilar membrane, entering a small dermal papilla; C: oblique section of a simple lamellar corpuscle 
with multiple sections through the axon; D: transverse section of a simple lamellar corpuscle. Scale bar 50 µm 

 
Figure 778. IHC stain with anti-S-100. The distinction between nerves and corpuscles is not clear as both structures can 
appear as intensely stained ´blobs´. There is a positive reaction in the tissue below the basement membrane, indicating 
the presence of small myelinated nerve fibres entering the dermal papillae (most clearly identifiable at the top of the 
image). 
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Figure 779. PGP 9.5 (1:500, block, no bleaching). Immunoreactive lamellar corpuscles in the vicinity of the ear canal in 
common dolphin (a), Cuvier’s beaked whale (b), long-finned pilot whale (c), and bottlenose dolphin (d). Scale bar 50 µm 
(De Vreese et al., 2020). 

  

a b 

c d 



 

603 
 

3.3.2 TEM Corpuscles and Nerves 

 
Figure 780. Epithelium and underlying subepithelial tissue B: stratum basale; p: melanin pigment; c: collagen fibres. (TEM 
x 3000) 

 
Figure 781. Oblique section through a lamellar corpuscle (LC) and several myelinated nerve fibres embedded within the 
same perineurial capsule; Arrow: myelin infolding and partitioning  
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Figure 782. Detail of the previous image, showing the possible lymphocytes in between two myelinated nerve fibres. The 
nucleus of these cells is slightly indented and contains a substantial amount of heterochromatin. 

 
Figure 783. Overview of a nerve fascicle with myelinated and unmyelinated nerve fibres. (TEM x 8000)  
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Figure 784. TEM images of a glandular duct and two myelinated nerve fibres.  

 
Figure 785. TEM image of a lamellar corpuscle, very similar in structure to a ‘corpuscular ending’ in the dermis from the 
opossum snout (Munger, 1971, Fig 10b) 
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Figure 786. Detail of Error! Reference source not found.. The axon terminal with mitochondria (m), vesicles (v), and 
unknown structures (*). 

 
Figure 787. Detail of Error! Reference source not found.. The axon terminal pole. 
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Figure 788. Different view of the same corpuscles as in Error! Reference source not found.. 

 
Figure 789. Detail of Figure 788, showing the lamellar structure. The lamellae consist of adjoining plasma membrane and 
little amount of cytoplasm. There are… Collagen fibres in the extracellular spaces are oriented in two main directions and 
are section longitudinally and transversely in this transversely sectioned corpuscle. 
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3.3.3 Facial nerve 

 
Figure 790. Histological images (HE staining) of the facial nerve near the external ear canal in a striped dolphin 
(509/17_L14). Facial nerve. Overview (a) and detail (b,c,d) histological images. Scale bars 500 µm (a), 50 µm (b,c,d)). 

 
Figure 791. Histological image (HE staining) of the facial nerve near the external ear canal in a striped dolphin (293/18_L8). 
Scale bar 1 mm 
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Figure 792. Histological image (HE staining) of the facial nerve near the left external ear canal in a long-finned pilot whale. 
(441_L16). Scale bar 200 µm 

 
Figure 793. Histological image (HE staining) of the facial nerve near the external ear canal in a bottlenose dolphin 
(444_L18). Scale bar 500 µm 
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Figure 794. Histological image (Masson’s trichrome staining) of the facial nerve near the external ear canal in a striped 
dolphin (127565_L1409_01). Scale bar 1mm 



 

611 
 

 
Figure 795. Histological image (HE staining) of a transverse section through the right ear canal of a harbour porpoise 
about 5 cm beneath the skin (UT1727_R15). Ear canal with nervous ridge and cartilage. Note the facial nerve, ventral to 
the ear canal, in the fat tissue. Scale bar 5 mm 

3.3.4 Terrestrial mammals 

 
Figure 796. IHC image (anti-NSE) of the auricular dermis in a roe deer. Dermis and epidermis show no reactivity. There is 
unspecific staining of the glands. This image is representative for all terrestrial mammals in this study. Scale bar 100 µm 
(De Vreese et al., 2020). 



 

612 
 

 
Figure 797. Montage image of nerve bundles of a northern giraffe showing immunoreactivity to anti-NSE (1), anti-PGP 9.5 
(2), anti-S100 (3), and anti-NF (4). Scale: 100 µm 

 

 
Figure 798. Macroscopic picture of a transverse section through the right ear canal of a giraffe. Right side is rostral. Scale 
bar 1 cm 
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Figure 799. Histological reconstruction of a transverse section through the ear canal of a giraffe about 1 cm medial to the 
external ear opening. (Left is rostral). The lumen on the dorsal side that is situated between two cartilage rims, is a inlet 
of the ear canal lined with the same epithelium and subepithelial structures such as glands. Scale bar 1cm. 
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Figure 800. Immunohistological image of a part of the ear canal of a northern Giraffe, stained with anti-NF. There are no 
immunoreactions except for few small nerve fibres (e.g. arrow). Scale bar 1 mm 
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Figure 801. Reconstruction of a transverse section through the ear canal of a giraffe about 4 cm medial to the external ear 
opening. (Left is the rostral side). Surrounding the canal, there are two separate incomplete cartilage rings with their 
opening towards caudal/caudoventral. Scale: 1cm 
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Figure 802. Histological image (HE staining) of the ear canal epithelium and glandular structures in a northern giraffe.  

 
Figure 803. Histological image (HE staining) of a multilobular acinar gland in the ear canal of a northern giraffe. 
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Figure 804. Histological image (HE staining) of the epithelium and glandular excretory ducts. 

 
Figure 805. Histological image of the aurcilar cartilage of a northern giraffe. 
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Figure 806. Histological detail image (HE staining) of the intracartilaginous vascularization 

 
Figure 807. Histological image (HE staining) of vascular structures (v) on the border between cartilage (c) and 
perichondrium (pc). 

 
Figure 808. Histological image (HE staining) of a nerve fascicle in the dermis of the ear canal in a norterhn giraffe. 
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3.3.5 Western blot 

 
Figure 809. TEM image. Myelinated axon with myelin infolding. A: Axon; My: myelin sheath; OU: outer compartment of 
the Schwann cell cytoplasm; Mi: mitochondrion;  

3.4 Tissue of secondary interest 

3.4.1 Mandibular fat bodies 

 
Figure 810. Histological image (HE staining) of a large nerve in the internal mandibular fat body of a striped dolphin. Scale 
bar 100 micron 

A 
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Figure 811. Histological image (HE staining) of a small nerve among the adipose tissue of the internal mandibular fat body 
in striped dolphin. Note the overview image on the top right with the internal mandibular fat body on the right half of the 
sample and the medial pterygoid muscle on the left. Scale bar 50 micron 

3.5 Pathology 

3.5.1 Haemorrhage 

 
Figure 812. HE-stained histological image of the haemorrhage in the adipoconnective tissue. Scale bar 100 µm 
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Figure 813. HE-stained histological image of the inflammatory cells and haemorrhage in the adipoconnective tissue. Scale 
bar 100 µm 
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