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Little is known about the Ziphiidae family of Most of the available morphological informa-
odontocetes (Rommel et al., 2006). They are consid- tion on the species has been obtained mainly from 
ered small to medium in size (4 to 12 m), and their strandings reported from the coast of Peru (Reyes 
diet consists mainly of fish and squid (MacLeod et al., 1991); La Paz Bay, Mexico (Urbán-Ramírez 
et al., 2003; Baird et al., 2006). A remarkable char- & Aurioles-Gamboa, 1992); Chile (Sanino et al., 
acteristic of this group is their ability to dive to 2007); and recently in Oaxaca and Colima, 
great depths (> 800 m) for periods of more than 1 h Mexico (García-Grajales et al., 2017; Ortega-
(Baird et al., 2006; Rommel et al., 2006). Ortiz et al., 2021).

Mesoplodon is the most diverse genus in the Histological studies on marine mammals are 
family, containing 14 morphologically cryptic spe- focused mainly on delphinids (Bruce-Allen & 
cies (Ellis & Mead, 2017), which often makes it Geraci, 1985; Vuković et al., 2005; Clark et al., 
difficult for identification (Dalebout et al., 1998). 2008), being scarce on ziphiids. Detailed descrip-
Sightings at sea are rare due to a faint blow that is tions of the anatomy and histology of delphinid 
practically invisible (Jefferson et al., 1993); also, glands has been made on the pituitary gland 
they are elusive and difficult to observe and iden- (Vuković et al., 2011), adrenal gland (Suzuki et al., 
tify in the field. Considering these facts, much of 2002; Clark et al., 2008; Vuković et al., 2010), 
what is known about their biology and distribution lymph nodes (Vuković et al., 2005), and thyroid 
comes from studying stranded specimens (Mead, glands of harbour porpoises (Phocoena phocoena; 
1989; Rommel et al., 2006). Schumacher et al., 1993). Analysis of comparative 

The pygmy beaked whale (Mesoplodon peruvia- anatomy and histology of the tracheobronchial tree 
nus) is one of the most recently described cetacean and pulmonary parenchyma of several species of 
species (Reyes et al., 1991; Ellis & Mead, 2017), marine mammals have found that dolphins have 
and it is also the smallest known ziphiid. M. peru- a tracheal bronchus for the right lung, with rigid 
vianus is distributed in the eastern tropical Pacific tracheas in beaked whales (Moore et al., 2014). At 
(Pitman et al., 1987; Reyes et al., 1991; Pitman the respiratory system level, studies have focused 
& Lynn, 2001) in warm, tropical areas from the on species such as bottlenose dolphins (Tursiops 
Gulf of California (Urbán-Ramirez & Aurioles- truncatus; Wislocki, 1929; Fanning & Harrison, 
Gamboa, 1992; MacLeod et al., 2006; Hamilton 1974; Boyd, 1975), northern bottlenose whales 
et al., 2009), the Sonoran coast (Gallo-Reynoso, (Hyperoodon ampullatus; Gouddappel & Slijper, 
unpub.), the Mexican central Pacific (García- 1958), bowhead whales (Balaena mysticetus; Henk 
Grajales et al., 2017; Ortega-Ortiz et al., 2021), & Haldiman, 1990), beluga and sperm whales 
and Central America (Rodríguez-Fonseca, 2001; (Delphinapterus leucas and Physeter macrocepha-
Bachara et al., 2020), down to north-central Chile lus; Belanger, 1940; Wislocki & Belanger, 1940), 
(Sanino et al., 2007). There is a sighting report and Cuvier’s beaked whales (Ziphius cavirostris; 
from New Zealand (Baker & Van Helden, 1999), Otero-Sabio et al., 2020). Histological studies have 
which could be simply treated as the isolated case also identified the high regeneration capacity of 
of a wandering individual. skin lesions of T. truncatus (Bruce-Allen & Geraci, 
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1985). The objective of this work is to contribute done with the help of a paraffin dispenser, plac-
to the knowledge regarding the microscopic struc- ing the samples inside Leukard bars to be filled 
ture of different organs and tissue of M. peruvianus, with paraffin. The resulting blocks were placed in 
being the first work of this kind for this species. water and then frozen. The cuts of the blocks were 

A specimen of M. peruvianus was found stranded made in a microtome with thicknesses of 4 and 
on Zicatela Beach (15° 51' 43" N, 97° 04' 18" W; 5 μ and subsequently deposited onto slides, with 
Figure 1), Oaxaca, Mexico, on 2 March 2016, alcohol (20 to 40%) applied to remove folds. The 
where it died immediately. It was transported to the slides were placed in a flotation bath with water 
Biological Collections laboratory of the Universidad at 40°C with 0.1% grenetine. With the help of a 
del Mar (UMAR) Puerto Escondido where samples brush, the tissue in the flotation bath was recov-
from several organs were collected for histological ered onto slides previously smeared with Mayer’s 
analysis and preserved in 10% formalin. Histological albumin. The resulting slides were placed in a 
analysis was carried out at the Histology and thermal plate at 45°C to completely spread the tis-
Biology Laboratory of FES-Cuautitlán, Autonomous sues and remove the remaining water. 
National University of Mexico (UNAM). Samples For the present study, stains were performed 
were washed with running water to eliminate excess using the following techniques: Hematoxylin-
formalin. Subsequently, cuts of 1 cm3 were made and Eosin, Gomori’s Trichomics, Schiff’s Periodic 
placed in labeled histocassettes. The first step was Acid, Alcian Blue, Van Gieson’s Trichromic, and 
the dehydration of the tissues in alcohol (ethanol) at Casson’s Trichromic. They were observed under 
increasing concentrations (70 to 80%, 92 to 98%, and the microscope at 10×, 20×, and 40×, and pho-
98 to 100%) for periods of 15 min, radiating inside tographs were taken. The images were processed 
a microwave oven at medium power for periods of with Picasa 3 software.
2 min followed by 13 min of rest. In the skin, cylindrical cells are observed in a pseu-

Subsequently, the samples were infiltrated, dostratified arrangement in the basal stratum, along 
placing them in a xylene-chloroform solution as with adipose connective tissue with smooth muscle 
a binding reagent for 12 h. Afterward, the histo- fibers and lots of collagen fibers. In the hypodermis 
cassettes were submerged into baths of ripe liquid and basal membrane of the dermis, uninucleated 
paraffin at a temperature of 54 to 55°C for an hour adipose cells can be seen. In addition to abundant 
in each of the histokinette jars. The inclusion was collagen fibers, structures with characteristics of 

Figure 1. Location of Zicatela Beach at Puerto Escondido, Oaxaca, Mexico, where the stranded Mesoplodon peruvianus was found
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nerve beams that pass through the organ in different The heart has epicardium, myocardium, and endo-
directions can also be observed. This significantly cardium with general characteristics, distinguishing 
highlights the density and length of the dermal the central nuclei of the cardiomyocyte and inter-
papillae, reaching more than 50% of the length of calated disc. A large number of conductive cardio-
the epidermis (Figure 2). A large number of vascular myocytes, veins, venules, arteries, and arterioles are 
components are also seen (Figure 3). observed (Figure 4). Numerous arteries are noted to 

Figure 2. A histological cut of M. peruvianus skin showing the epidermis, dermis, and tela subcutanea. Epithelium (Ep), 
adipose tissue (At), and sensory corpuscles (Sc) are indicated (staining with the Gomori’s Trichomics technique).

Figure 3. M. peruvianus fat cut: (A) adipocytes with a nucleus marked with an arrow and muscle (M); and (B) blood vessels 
showing artery (Ar), vein (V), and adipocytes (Ad) (staining with the Hematoxylin-Eosin technique).
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be surrounded by a greater amount of connective as well as a large number of blood vessels (some-
tissue. Large blood vessels distinguishing the adven- times very large) associated with the basal lamina. 
titious tunica in the arteries, as well as large tunica The proximal mainstomach has the largest ampli-
media and endothelial, are observed. A large amount tude of the epithelium and well-defined crypts. 
of red blood cells are present in addition to a very The submucosal layer is fed by a large number 
apparent endothelium (Figure 5). of blood vessels and smooth muscle fasciae. The 

A multichambered stomach is characteristic of layer of the subserosa has a large number of con-
cetaceans (Huggenberger et al., 2019). The stom- gested blood vessels (Figure 6a). The distal main-
ach of M. peruvianus has four compartments: stomach epithelium shows large blood vessels 
(1) proximal mainstomach, (2) distal mainstom- associated with the epithelial tunica and the well-
ach, (3) proximal pyloric stomach, and (4) distal defined submucosal tunica (Figure 6b).
pyloric stomach (following Mead, 2007). All four Conversely, on the proximal pyloric stomach, 
chambers have the mucosa composed of crypts, there are a larger number of epithelial glands, 

Figure 4. (A) Histological heart cut of M. peruvianus showing epicardium (E) and myocardium (M) (staining with the 
Hematoxylin-Eosin technique); and (B) striated heart muscle showing artery (Ar) and venule (V) (staining with the Gomori’s 
Trichomics technique).

Figure 5. Cut of a blood vessel of M. peruvianus: (A) artery showing internal elastic lamina (Iel) and middle tunica (Mt); 
(B) red blood cells (Gr) and smooth muscle (Sm); and (C) detail of the adventitious tunica (At). All figures stained with the 
Gomori’s Trichomics technique.
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Figure 6. (A) Cut of the proximal pyloric stomach of M. peruvianus showing mucosa (Mu) (staining with the Gomori’s 
Trichomics technique); (B) cut of the proximal mainstomach showing the smooth muscle (Sm) (staining with the Schiff’s 
Periodic Acid technique); and (C) blood vessel, artery with red blood cells (Ar), and adipose tissue (At) (staining with the 
Hematoxylin-Eosin technique).

which are smaller compared to the first two cham- A large number of nerves and blood vessels 
bers. A wide tunica mucosa can be seen in addi- were found in the studied organs, which may be 
tion to the presence of adipose cells and a large associated with high energy needs for an organ-
number of blood vessels (Figure 6c). In the distal ism living in extreme conditions, including the 
pyloric stomach, a wide, brush-edged epithelium deep-sea areas where Ziphiidae are found (Baird 
can be distinguished. Paneth cells in the first third et al., 2006). This relates to the efficient mainte-
(attached to the basal lamina) are distributed along nance of vital conditions—not only at low tem-
with the crypts, which are longer than the previ- peratures and high barometric pressure, but also 
ous chambers. A large number of adipose cells are at a low respiration rate. When cetaceans dive to 
observed between the muscular cells of the organ increasing depths, the temperature of the environ-
and the serosa, with the presence of multiple blood ment drops rapidly, blood pressure increases, and 
vessels associated with the basal lamina. CO  levels increase due to apnea. The organiza-

Despite no evident differences in the caliber tion of the peripheral 
2

blood vessels contribute to 
of the intestine, tissue samples were taken for the the maintenance of body heat. This could explain 
proximal and distal extremes. The proximal intes- the vascular structure found in all the organs ana-
tine shows a simple columnar pseudostratified epi- lyzed in this study, with the presence of large 
thelium with a large number of intercalated goblet blood vessels in large quantities and with a tunica 
exocrinocytes and a wide crypt (Figure 7). Very muscularis more apparent than in other mammals, 
apparent large blood vessels are seen within the which are beneficial for withstanding internal and 
villi and in association with the epithelium. The external pressure.
duodenum with simple columnar pseudostratified The complex and jagged interface between the 
epithelium with intercalated goblet exocrinocytes, dermis and epidermis is a characteristic of gla-
along with villi larger than the proximal intestine, brous skin (Simpson & Gardner, 1972), which is 
are observed. A wide tunica muscularis is seen, evident in M. peruvianus. The numerous blood 
with a large number of blood vessels in the adi- vessels and nerve endings found along the dermis 
pose tissue, associated with the serosa, which is can be related to the pelagic habits of the spe-
different from that of other mammals (Figure 8). cies. The remarkable length of the dermal papil-
Extensions are observed in the epithelium into the lae could be related to a greater efficiency in cell 
light of the distal intestine. The tunica mucosa has proliferation and skin surface replacement (Jones 
more caliciform exocrinocytes than the proximal & Pfeiffer, 1994). 
intestine, which appears to be the large intestine The adipose tissue of M. peruvianus presented 
of a terrestrial mammal. A substantial amount of abundant connective tissue and a large number of 
blood vessels are seen (Figure 9). blood vessels, congested and of great size, which 
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Figure 7. Cut of the proximal intestine of M. peruvianus: (A) musculature of mucosa (Mm), artery (Ar), and mucosa (Mu) 
(staining with the Hematoxylin-Eosine technique); and (B) vein (V) showing red blood cells (Gr), ganglia (Ga), collagen 
fibers (Cf), and goblet exocrinocytes (Ex) (staining with the Gomori’s Trichomics technique).

may indicate a high capacity for thermoregulation. compartments, where there is a difference between 
The presence of white adipose tissue (Figure 3) the mucous membranes from the various chambers 
stands out, which serves mainly in the storage of (Cozzi et al., 2017). Mesoplodon genus presents 
energy in the form of triglycerides (Hashimoto two mainstomachs and two pyloric stomachs, with 
et al., 2015). Ziphiids are the cetaceans with the some variations in the compartments according to 
highest concentration of wax esters, exceeding the species (Mead, 2007). For M. peruvianus, it was 
80% in the fat layer (Koopman, 2018), while intra- found that the four compartments of the stomach 
myocyte lipid droplets are observed at high densi- have the mucosa composed of crypts in addition to 
ties in deep diving cetaceans (Sierra et al., 2015). a large number of blood vessels, sometimes very 

The heart tissue of M. peruvianus showed a large, associated with the basal lamina, indicating 
large number of nerve cells and blood vessels, that digestion requires a large amount of energy. 
which would help the body maintain its functions Histological analysis of the proximal main-
during bradycardia (Noren et al., 2004) and long stomach of M. peruvianus shows well-defined 
periods of apnea, which can exceed 60 min (Baird crypts with large amounts of acidophilus gran-
et al., 2006; Rommel et al., 2006). The lymph ules, which coincides with the literature (Harrison 
nodes had numerous arteries surrounded by a et al., 1970). On the other hand, a large muscu-
large amount of connective tissue, with the germi- lar layer was found as mentioned by Cozzi et al. 
nation centers surrounded by their external crown. (2017), accompanied by the submucosal tunica 

Ziphiids can be considered polygastric animals, and the serosa, both fed by a large amount of 
having four stomachs or a tetra-cameral stomach. blood vessels. The distal mainstomach is rounder 
The purpose of this anatomical structure is to com- and smaller than the proximal mainstomach, 
pensate for the absence of mastication through coated with glandular epithelium and with gastric 
grinding and compression in the first chamber juice production. By performing a histological 
before absorption takes place in the subsequent analysis of the distal mainstomach, it was possible 
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Figure 8. A histological cut of the duodenum of M. peruvianus: (A) mucosa (Mu) and crypts (Cr)—the arrow shows the 
villi; and (B) smooth muscle (Ml), artery (Ar), and adipose tissue (At). Both (A) and (B) were stained with the Gomori’s 
Trichomics technique.

Figure 9. Cut of the distal intestine of M. peruvianus: (A) mucosa (Mu), arteries (Ar), and collagen fibers (Cf); and (B) detail 
showing the goblet exocrinocytes (black arrows). Both (A) and (B) were stained with the Hematoxylin-Eosine technique.

to distinguish a glandular epithelium with wide chamber before the ampulla. On the other hand, 
crypts (Cozzi et al., 2017). coinciding with Cozzi et al. (2017), the tunica 

The proximal pyloric stomach was not observed mucosa is quite wide and, thus, its epithelium can 
to be separated by a sphincter into the duode- be distinguished with numerous mucosal cells. 
nal ampulla since this species has an additional The distal pyloric stomach demonstrated that the 
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