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Figure 14. Spleen of porpoise KS20-07Pd (A), with presence of accessory spleen (B) shown to the left 
of the primary spleen. Scale bar = 2 cm.

Figure 15. Photomicrograph of the (A) hourglass dolphin KS20-20Lc and (B) spectacled porpoise 
KS20-07Pd spleen. Note the capsule (c) sending trabecule (t) into the parenchyma, in turn divided 
into white pulp (w) and red pulp (r). Scale bar = 1000 μm. Hematoxylin-eosin stain.

Table 9.  Spleen parameters. Measurements shown as length x width x diameter (mm).

Hourglass dolphin 
(Lagenorhynchus cruciger)

Spectacled porpoise (Phocoena dioptrica)

KS20-20Lc KS15-
29Pd/

VT3347

KS14-
45Pd/

X2020.76

KS20-07Pd

Weight (g) 20 19.93 16 27

Measurements (mm) 63x40x15 40x35 n/a 59x48x17
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Digestive system

Mouth and upper digestive tract

While most teeth were intact in the hourglass dolphin KS10-28Lc, most teeth in hourglass dolphin 
KS20-20Lc were worn to the gum (LR: 1-11; LL: 1-13; UR: 1; UL: 1-5 and 9-24). This indicates an  
older specimen, which was further supported in the mineralization of the pectoral limb (Figure 7) in 
KS20-20Lc. Teeth on KS15-29Pd were only partially erupted and teeth of KS14-37Pd/X2020.77 were 
not examined. The dental formula of examined specimens can be viewed in Table 10.

Table 10. Dental formula of selected specimens examined. Note: UL, upper left; UR, upper right; LL,  
lower left; LR, lower right.

Parameter
Hourglass dolphin 

(Lagenorhynchus cruciger)
Spectacled porpoise

(Phocoena dioptrica)

KS10-28Lc KS20-20Lc KS20-07Pd KS14-45Pd/
X2020.76

KS15-29Pd/
VT3347

Teeth UR 24 19 18 21 18

Teeth LR 27 26 19 19 19

Teeth UL 25 24 19 23 18

Teeth LL 25 27 18 17 17*

The pointed tongue in KS20-20Lc measured 13.3 (L) x 6.3 cm (W), with no anterolateral papillae. Six 
vallate papillae were present at the root of the tongue, arranged in a V orientated towards the pharynx 
(arrowhead in Figure 16).

Figure 16. Tongue of the hourglass dolphin  KS20-20Lc. Arrowhead denotes vallate papilla in a V 
orientated towards the pharynx. Scale bar = 2 cm. 
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Stomach complex and intestine

The stomach chambers of all specimens resembled the typical delphinid pattern: one forestomach, one 
main stomach and one pyloric stomach. Similarly, in both species the intestine was a unique “tube”  
without  macroscopical  distinction  between  small  and  large  parts,  and  lacking  a  caecum.  The 
mesenteric  lymph  nodes  were  clearly  identified  (Figure  17).  Microscopically,  the  main  stomach 
(second chamber) mucosa was thick with the typical pattern of other mammals such as the presence of 
glandular cells secreting mucus and HCl (Figure 18A); the pyloric stomach (third chamber) mucosa 
was thinner with columnar epithelium and tubular glands (Figure 18B). Finally, the mucosa of the 
jejunum was characterized by the typical presence of villi (Figure 18C).

Figure 17. Gastrointestinal components of the digestive system. (A) whole gastrointestinal system of  
hourglass dolphin KS20-20Lc, starting from the oesophagus and terminating at the rectum. (B) gastric 
chambers  of  the  spectacled  porpoise  (KS14-45Pd/X2020.76).  e,  oesophagus;  f,  forestomach;  i, 
intestine; ln, mesenteric lymph nodes; m, main stomach; p, pyloric stomach. Scale bar = 1 cm.
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Figure 18. Microphotograph of the different mucosae of (A) porpoise KS20-07Pd main stomach; (B) 
hourglass dolphin KS20-20Lc pyloric stomach and (C) porpoise KS20-07Pd jejunum. Scale bar = 200 
μm. Hematoxylin-eosin stain.

Liver

In the two hourglass dolphins, liver position ran from the 10th thoracic to the 2nd lumbar vertebrae,  
on the ventral half of the abdominal cavity (Figure 19A). In KS10-28Lc, the right lobe extended 
considerably further than the left, which is consistent with its topography and the position (leftward) 
of the stomachs. The diaphragmatic surface of the right lobe was expanded cranially and contained 
most of the mass of the organ. The right lobe was separated from the left by a thin falciform ligament,  
which terminated in a sheet covering the cranial portion of the stomachs (Figure 19B). This was  
considerably less evident in the KS20-20Lc, where the liver appeared almost divided in even halves,  
although the right half was thicker than its left counterpart. 

In the spectacled porpoises, the liver was positioned approximately between thoracic rib 8 to lumbar 
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vertebra 4.  A highly developed right compared to more inferior left  lobe was noted, without the  
aforementioned diaphragmatic  expansion for  the two hourglass  dolphin specimens.  The falciform 
ligament still clearly divided the main left and right lobes of the liver  (Figure 19C, D). In both species 
we also could not find any venous sinus, apparent lobulation nor gallbladder. 

Histologically, in the hourglass dolphin the  hepatic parenchyma was formed of lobules, not easily 
distinguishable due to the absence of connective septa and clear central veins. However, portal triads, 
in turn composed of a portal vein, hepatic artery and bile duct were identified (Figure 20). No definite  
muscular wall surrounding the portal vein was found.

Details on the dimensions and weight of the liver for three specimens (KS10-28Lc, KS20-20Lc and 
KS20-07Pd) are reported in Table 11.

Figure 19.  Representation  of  the  liver  in  the  (A,  B)  hourglass  dolphin  KS20-20Lc  and  (C,  D) 
spectacled porpoise KS20-07Pd. (A) and (C) showed the liver in its topographical location within the 
abdominal cavity while (B) and (D) the extracted and isolated organ. Note the difference between the 
large right compared to smaller left lobe. Scale bar of (D) = 1 cm.
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Figure  20.  Microphotograph  of  the  KS28-10Lc  liver.  (A)  low-magnification  image  showing  the 
overall  hepatic  organization  in  central  veins  (cv)  surrounded  by  portal  triads  (t).  (B)  high-
magnification image of a portal triad of (A) showing the portal vein (pv), hepatic artery (ha) and bile  
duct (bd). Scale bar = 200 μm. Hematoxylin-eosin stain.

Table 11. Liver morphometry in hourglass dolphin and spectacled porpoise. Measurements shown as 
width x length x height.

Hourglass dolphin 
(Lagenorhynchus cruciger)

Spectacled porpoise
(Phocoena dioptrica)

Parameter KS10-28Lc KS20-20Lc KS20-
07Pd

KS14-
45Pd/

X2020.76

KS14-
37Pd/

X2020.77

KS15-
29Pd/

VT3347

Weight (g) 1865 1964 3855 4143 2368 861

Measurements (mm) n/a 272 x 309 x 
42

n/a n/a n/a n/a

Endocrine system

Adrenal glands

In both species, the adrenal glands were composed of a thick cortex (divided into zona glomerulosa, 
fasciculata  and  reticularis),  and  a  thin  medulla.  The  adrenal  glands  of  hourglass  dolphins 
demonstrated  a  more  ovoidal  shape  compared  to  the  spectacled  porpoises,  which  were  more 
pyramidal in shape. Microscopically, there were more septa in the spectacled porpoise compared to  
the  hourglass  dolphin,  with  the  zona  fasciculata comprising the  thickest  component  (Figure  21). 
Details on size and weight of the adrenal glands are reported in Table  12.
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Figure 21. Microphotograph of the adrenal glands of (A, B) hourglass dolphin KS20-20Lc and (C, D) 
spectacled porpoise KS20-07Pd.  (A) and (C) display the whole gland while  (B) and (D) offer  a  
subdivision of the cortex into zona glomerulosa (1), fasciculata (2) and reticularis (3). c, cortex; m, 
medulla; s, septa. Scale bar = 500 μm.  Masson’s trichrome stain.

Table 12. Adrenal gland morphometry. Measurements shown as length x width x diameter. Note: L = 
left; R = right. 

Parameter
Hourglass dolphin 

(Lagenorhynchus cruciger)
Spectacled porpoise (Phocoena dioptrica)

KS10-28Lc KS20-20Lc KS20-07Pd KS14-37Pd
/X2020.77

KS14-
45Pd/

X2020.76

Adrenal R weight (g) n/a 8 7 19.2 15

Adrenal  R 
measurements (mm)

n/a 78 x 28 x 9 55 x 30 x17 67 x 35 x 
n/a

n/a

Adrenal L weight (g) n/a 7 8 18.4 11

Adrenal  L 
measurements (mm)

n/a 52 x 23 x 7 51 x 34 x 10 55 x 26 x 
n/a

n/a

Urogenital system

Kidneys

Each kidney in the hourglass dolphins had ca.  300 reniculi,  similar to that  of bottlenose dolphin  

26/33

51

407

408
409
410
411

412
413

414

415

416
417

52

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 26, 2025. ; https://doi.org/10.1101/2024.11.06.622215doi: bioRxiv preprint 

https://doi.org/10.1101/2024.11.06.622215
http://creativecommons.org/licenses/by-nc-nd/4.0/


Graïc et al., 2025

Tursiops truncatus (Cozzi et al., 2017). Renal structure was typical of cetaceans, with the muscular 
basked (sporta perimedullaris) and renicular arterioles dividing the cortex and medulla (Figure 22). 
Details on the morphometry of the kidneys are further summarised in Table 13.

Figure 22.  Microphotograph of  reniculus  of  (A,  A’)  hourglass  dolphin  KS20-20Lc  and  (B,  B’) 
spectacled  porpoise  KS20-07Pd.  (A)  and  (B)  show the  whole  structure  with  the  red  dotted  line 
dividing the cortex (Co) from the medulla (Me), which in turn collects the urine in the calyx (cal).  
(A’)  and  (B’)  show  the  muscular  basket  (*)  and  renicular  arterioles  (**).  Scale  bar  =  1  cm.  
Hematoxylin-eosin stain.

Table 13. Morphometry of the kidneys. K, kidney; L, left; R, right. Measurements: length x width x 
diameter.

Hourglass dolphin 
(Lagenorhynchus 

cruciger)

Spectacled porpoise (Phocoena dioptrica)

Parameter KS10-28Lc KS20-20Lc KS20-07Pd KS14-
45Pd/

X2020.76

KS14-
37Pd/

X2020.77

KS15-
29Pd/

VT3347

R K weight (g) 300 455 378 414 324 112.26

R K measurements (mm) 200 x 90 x 
25

251 x 
104 x 27

238 x 99 
x 25

250 x 90 
x 30

198 x 79 
x 41.6

n/a

L K weight (g) 335 458 372 431 260.6 105.5

L K measurements (mm) 220 x 90 x 
30

243 x 
123 x 21

233 x 98 
x 25

240 x 90 
x 33

210 x 80 
x 31.4

n/a

Bladder weight (g) n/a 47 n/a n/a n/a n/a
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Bladder measurements (mm) na 103 x 34 
x 20

na na

Gonads

In KS15-29Pd/VT3347, the left ovary weighed 1.9 g, was 15 mm in length, 10 mm in width and  5 
mm in diameter. The uterus was 30 mm in length and 15 mm in width, belonging to an immature  
female.

In males of both species, the penis was S-shaped and displayed the retractor muscles. The apex was  
thin and the prostate gland clear (Figure 23).

In the five males, testes were large, as usual in adult cetaceans, with a white-pearl colour, and an 
epididymis running on the dorsal border of the testicle for most of its length. However, the testes were 
more elongated in the hourglass dolphins compared to the spectacled porpoise. The size of the testes  
in both species indicated that  all  males were sexually mature.  In the case of  KS20-20Lc,  sexual  
maturity was confirmed by the presence of spermatozoa on histological examination of testis. 

Details on the morphometry of the genital apparatus are reported in Table 14.

Figure  23.  Male  reproductive  system:  (A)  Penis  of  hourglass  dolphin  KS20-20Lc  with  retractor 
muscle (rm) and prostate (p) covered by the muscles ischiocavernosus and bulbo-urethralis; (B) testes 
of hourglass dolphin KS20-20Lc; (C) testes of spectacled porpoise KS20-07Pd. Scale bar = 1 cm.

Table 14. Morphometry of the male genital apparatus. Note: (T) testis, (E) epididymis; L, left; R, 
right. Note: Measurements are reported as length x width x diameter (mm).

Parameter
Hourglass dolphin 

(Lagenorhynchus cruciger)
Spectacled porpoise

(Phocoena dioptrica)

KS10-28Lc KS20-20Lc KS20-07Pd KS14-45Pd
/X2020.76

KS14-37Pd
/X2020.77
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R T + E weight (g) 315 434 323 n/a 119.9

R T - E weight (g) 267 369 276 n/a n/a

R T measurements -  
length x width x depth 
(mm)

305 x 59 350 x 72 x 
21

161 x 68 x 
39

131 x 51 x 
n/a

150 x 50 x 
n/a

L T + E weight (g) 360 466 285 n/a 124.5

L T - E weight (g) 270 383 249 n/a 82.2

L T measurements - 
length x width x depth 
(mm)

285 x 55 375 x 74 x 
19

152 x 61 x 
39

138 x 50 x 
n/a

150 x 50 x 
n/a

Postanal hump 
measurements (cm)

4.3 x 28 6.5 x 5.2 x 
28

n/a n/a n/a

Penis length (mm) n/a 300 n/a ~190 n/a
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Discussion

The anatomical  description  of  little  known or  endemic  species  is  rarely  for  the  sole  purpose  of  
describing a new species, but rather to offer insight on where the species fits taxonomically. Here, we 
provided  an  anatomical  overview and  description  of  two seldom reported  species,  the  hourglass 
dolphin and the spectacled porpoise, using not only photography and conventional histology but also 
computed  tomography  including  three-dimensional  reconstructions.  This  work  was  only  possible 
thanks to the collaborative efforts of many individuals spanning multiple teams within and beyond 
Aotearoa, New Zealand.

In terms of size, both species were within similar ranges of total body length, although male hourglass 
dolphins weighed marginally less than what was reported for adult males (~90 kg). Skeletal features, 
including condylo-basal length and dental characteristics, aligned with previously reported ranges for 
these species (Goodall et al., 1997; Brownell, 1999; Brownell and Donahue, 1999; Gazitúa et al.,  
1999; Evans et al., 2001; Pinedo, 2002; Fernández et al., 2003). The anatomical features of other 
organs, such as the spleen, gastrointestinal tract, liver, adrenal glands, kidneys, and male reproductive  
systems, were similar to those of other odontocetes. This similarity reinforces the idea of a shared 
evolutionary  lineage  and  common  functional  adaptations  among  marine  mammals  (Cozzi  et  al.,  
2017). This included the characteristic ‘keel’ of the hourglass dolphin, which, as in other delphinids,  
is composed of blubber and dense connective tissue.

The respiratory anatomy revealed a lack of lobation and the presence of a right tracheal bronchus, 
consistent with findings in other cetaceans (Fanning and Harrison, 1974; Cozzi et al., 2017). Although 
systematic  measurement  of  lung  weight  and  total  lung  capacity  was  challenging,  qualitative 
evaluation  indicated  that  both  species  possess  relatively  large  lungs  for  their  body  size.  This 
observation aligns with the "short dive, big lung" relationship observed by Piscitelli  et  al.  (2010,  
2013), suggesting that their lung size is adapted for this diving behaviour. Meanwhile, observation of  
the cardiocirculatory system revealed that, in terms of topography and anatomy, the heart in both 
species aligns with that of other cetaceans (Cozzi et al., 2017). 

The dorsal fin of the spectacled porpoise presented unique characteristics, including its size and blood 
supply.  The  dorsal  fin  of  other  cetaceans  studied  in  captivity  has  been  demonstrated  to  be  a 
heterogeneous thermoregulatory window, together with the fluke and flippers (Meagher et al., 2002; 
Cozzi et al.,  2017; Plön et al.,  2018; Favilla et al.,  2023), allowing these animals to conserve or 
dissipate body heat as required. In particular, vascularisation of the dorsal fin is hypothesised to cool  
down  the  male  gonads  (Plön  et  al.,  2018).  Our  observations  revealed  large  vessels  branching 
extensively throughout the dorsal fin, reaching up to the tip. These findings were consistent with those 
reported by Plön and colleagues (2018) in their studies of the Indo-Pacific humpback dolphin (Sousa 
plumbea)  and  the  Indo-Pacific  bottlenose  dolphin  (Tursiops  aduncus).  However,  we  noted  an 
inexplicable paucity of vessels in the cranial and caudal regions of the fin. This inconsistency may be 
due to technical limitations in detecting these vessels on CT or a true absence, which would require  
further investigation, including differences between sexes and potentially utilising MRI with contrast  
agents  to  enhance the quality  of  results.  Interestingly,  it  is  worth noting that  the Dall's  porpoise 
(Phocoenoides dalli), a relative of the spectacled porpoise that also inhabits cold waters, possesses 
both a small dorsal fin and fluke, in addition to having a relatively thin blubber layer (Jefferson, 
2018).  This comparison highlights the variability in thermoregulatory strategies among cetaceans, 
indicating that thermoregulatory mechanisms need further investigation. The large size of the dorsal 
fin of  the spectacled porpoise could therefore,  serve multiple functions.  A large dorsal  fin could 
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minimise lateral torsion during swimming, enhancing propulsive efficiency, while also maximising 
exposure to sunlight, which can aid in thermoregulation by warming the blood flowing through its 
extensive vascular network. To a lesser degree, the dorsal fin of the hourglass dolphin was also large 
with a wide surface area. However, no similar large vessels were observed in the available CT images, 
unlike the spectacled porpoise. An alternative hypothesis is that the enlarged dorsal fins of males 
would serve as a marker of sexual maturity. Collectively, these characteristics highlight the roles in  
which dorsal fins may affect the ecology and survival of the spectacled porpoise.

Regardless  of  insights  provided,  our  study  faced  several  limitations  regarding  the  opportunistic 
methodologies  employed.  For  example,  not  all  specimens were  dissected in  the  same manner  or 
imaged uniformly. Variation in CT scan quality arose from access to different machines, and the 
advance  of  technology  across  the  ten  years  of  specimen  acquisition.  More  recent  scans  showed 
improved resolution compared to  the earlier  scans.  The unattached large dorsal  fin  of  spectacled 
porpoise KS14-45Pd/X2020.76 hindered complete scans of the entire animal, making it difficult to 
count the lumbar vertebrae. Additionally, histological analyses were limited to only a selection of 
specimens,  highlighting the need for greater consistency in future examinations of these rare and 
elusive species. Despite such challenges, the findings presented here support existing literature, while 
documenting for the first time the vascular pattern of the dorsal fin of the spectacled porpoise.

In conclusion, this anatomical study of the hourglass dolphin and spectacled porpoise underscores 
their  adaptations  to  marine  environments,  reflecting  evolutionary  pressures  that  shaped  their 
morphology and physiology.  The ecology of  these  species  is  essentially  a  blank canvas.  Further 
research is encouraged on their ecological roles and the potential impacts of environmental changes 
on their populations.
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