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INTRODUCTION 

Fifteen specimens of Vampj)roteuthis infernalis Chun 
were captured by the Danish Deep-Sea (Galathea) 
Expedition (Table 1). The collection includes an 
exceptionally large and moderately well preserved 
sexually mature female from off Durban, South 
Africa. This unusual animal is described in detail 
below. Comparison with previous data (PICKFORD, 
1948) shows that it does not differ significantly, 
except in size, from smaller adults of the same sex. 
The other specimens, with the exception of two 
immature adult females, are more or less severely 
damaged and descriptions have been limited to 
essential features and points of controversial interest. 

In the descriptions which follow the specimens are 
numbered 105-1 19, in continuation of the author's 
list of known representatives of this unique cepha- 
lopod. Specimens 1-77 were described previously in 
the Dana-Reports (PICKFORD, 1946, 1948); speci- 

mens 78-95 were collected by the Bermuda Oceano- 
graphic Expeditions (PICKFORD, 1950) and speci- 
mens 96-104 were collected by the Discovery Ex- 
peditions (PICKFORD, 1952). There is an undescribed 
specimen in the Zoological Museum at Copenha- 
gen, collected by the Atlantide (Stn. 139) and 
identified by Dr. ANTON F. BRUUN. It is a Stage 2 
larva measuring 11 mm. in mantle length and is 
listed in the author's catalogue as specimen 120. 

The author wishes to take this opportunity of 
expressing her thanks to Dr. ANTON F. BRUUN and 
the Committee of the Galathea Expedition for the 
privilege of participating in the work of the expedi- 
tion during three months, while collections were 
being made in the Indian Ocean, Gulf of Siam, and 
South China Sea. Dr. TORBEN WOLFF kindly made 
notes on the natural color of some specimens that 
were captured at a later date. 

DESCRIPTION OF THE SPECIMENS 

Specimen 105 
This remarkable specimen, taken off Durban, is 

a sexually mature female that had recently spawned. 
One egg can be seen in the coelom, and another 
distorted egg was found in the preserving fluid. The 
external surface is badly rubbed, the arm tips are 
damaged, and most of the suckers are lost. The oral 
face of the web, examined two months after pres- 
ervation in neutral sea-water formalin, was still 
black. The right eye is damaged and the lens gone, 
the left eye is missing. 

The standard measurements are given in Table 2, 
and the corresponding indices are listed in com- 
parison with the range and mean for previously 
described Stage 5 females. The mantle length is 
approximately 100 mm. This is about 25 % greater 
than the estimated mantle length for the largest 
previously described specimen. The latter (Specimen 
I ;  PICKFORD, 1946, 1948) was taken by the Dana 
Expedition in the Gulf of Panama and is also a 
sexually mature female. Its apparent mantle length, 
63 mm., was undoubtedly shorter than natural 



Table 1. List of specimens of Vampyuoteuthis infernalis Chun taken by the Danish Deep-Sea Expedition 

Locality Latitude Longitude I I 1 Date I "z'" 1 I Stage and Sex 

Off Durban 
- 

Seychelles to Ceylon 

Bay of Bengal 
- 

- 
- 
- 

Sunda Trench 
- 

- 

Mature 9 
Mature $ 
Fragments of young 

adult, ? sex. 
Stage 4 larva, ? sex. 
Adult, ? sex. 
Adult $ 
Adult $ 
Adult, ? sex. 
Stage 3 larva, ? sex 
Stage 4 larva, ? Q 

- 
- 

117 - - - - - - - Eye of larva, prob. 

Stage 4. 
118 601 Tasman Sea 45"51'S 164"32'E 14.1.52 4400 - Immature Stage 5 Q 

119 660 Kermadec Trench 35"35'S 178"51'W 22.17.52 7800-7310 - Immature Stage 5 9 

1. Author's list, see text. 
2. Estimated Fishing Depth, given only for pelagic hauls. 

owing to strong contraction of the mantle, and an 
estimated true mantle length of ca. 76 mm. was 
suggested. The mantle-width index of Specimen 105 
is at the lowest limit for Stage 5 females. Head width 
could not be measured accurately on account of the 
damaged condition of the remaining right eye, but 
it was estimated by doubling the distance from the 
center of the head to the outer limit of the lensless 
right eye. The head-width index, based on this 
measurement, is at the lowest limit for Stage 5 
females. 

The anterior fin-length index is normal, but the 
fin is unusually narrow. This is certainly due, in part, 
to rubbing of the delicate fin margin. The fin-base 
index is normal. 

The first right arm has a regenerated tip, and the 
extremities of the fourth right and first, second and 
fourth left arms are damaged, precluding accurate 
measurement. Of the remaining arms, the third left 
is longest, measuring 203 mm., while the second and 
third right arms measure 190 mm. The total length 
of the animal is approximately 285 mm. and, on the 
assumption that the third left arm was actually 
longest (or subequal to the longest), the arm-length 
index is 70. This is somewhat greater than the 
highest hitherto recorded but, on account of the 
positive growth coefficient for arm length in relation 
to mantle length, it was predicted that the arms of 
larger animals would be relatively longer than those 
of smaller specimens (PICKFORD, 1948). The state of 
preservation does not permit comparison of the 

order of arm length, but the arms are evidently 
subequal; previous data indicated that the first and 
second arms tended to be longer than the third and 
fourth, although the differences are not great and 
there are many exceptions. 

Measurements of web depth are as follows : sector 
A, 104 mm.; left sector 3 ,  84 mm.; right sector 3, 
82 mm.; left sector C, 77 mm.; right sector C not 
sufficiently well preserved for measurement; left 
sector D, 62 mm. ; right sector D not sufficiently well 
preserved for measurement; sector E, 96 mm. The 
order of web depth is therefore A:E:B:C:D. In 
other specimens, as in this, the A sector is usually 
the deepest, but the E sector is most frequently the 
shallowest. However, the measurement varies 
greatly with the state of contraction and distortion, 
so that no special significance can be attached to the 
greater depth of the E sector in Specimen 105. The 
web-depth index, and the disparity index between 
shallowest and deepest sectors, are normal. 

The diameter of the largest sucker provides a 
normal sucker-diameter index. No arms bear a 
complete set of suckers: none are preserved on the 
left arms, there are three on the first right arm, seven 
on the second right, and none on the third and 
fourth right arms. A specimen of this size would be 
expected, from previous calculations, to have about 
35 suckers on a perfect arm. 

The cirri are unusually long and attenuated, per- 
haps as a result of the conditions of capture and 
preservation; the cirrus-length index of 15 is well 



Table 2. Measurements and indices of Specimen 105, be counted on some of the arms since, even when 
compared with previously described Stage 5 females. the first sucker is missing, its torn stump can be seen. 

Character 

Total length 
Mantle length 
Mantle width 
Head width 
Anterior fin: 

Length 

Measurement 1 m .  Index' 

Range and mean for 
previously described 

specimens2 

Width 20 32.5 44-50-68 
Base 18 31.6 26-38-58 

Longest arm 200 70 51-61-68 
Sucker diameter 3.6 3.6 2.0-3.0-4.8 
Cirrus length 15 15 6.9-9.1-10.9 
Web depth: 

Deepest 104 52 43-61-72 
Shallowest 62 57.5 43-63-92 

Eye diameter 29 29 29-39-48 
Fin light organ: 

Length 4.0 4.0 3.9-5.2-6.9 
Width 3.6 90 66-88- 100 

Composite light 
organ : 

Length 4.2 4.2 5.1-6.7-9.1 
Width 2.5 60 3 1-45-65 

Number of nodules ca. 30 - 38-54-76 
Gill length 25 25 19-23-28 
Number of primary 
gill lamellae per 
demibranch 11,12 - 10-12-15 
Funnel length 3 1 3 1 36-41-47 
Lower jaw : 

Roslral length 16 16 12-14-17 
Rostra1 notch 5.5 34.5 34-41-46 

Gladius: 
Length 96 - 65 and (?) 76.23 
Inner asymptote 
length4 77 80.2 66-75-83 
Outer asymptote 
length4 60 78 62-72-8 1 
Pro-ostracal 
breadth 25 26 18-23-27 
Lateral plate 
breadth 3 8 39.6 32-38-44 

Conus vane: 
Breadth 3 7 38.5 3 1-36-45 
Depth 19 19.8 14-18-22 

1. Definition of indices and previous data from PICKFORD 
(1948). 

2. Indices or  numerical value if so indicated. 
3. Measurement in mm. for two previously described mature 

females. 
4. Measured from apex of conus, without rostrum. 

above the range for Stage 5 females and, with one 
doubtful exception (Specimen 28 ; PICKFORD, 1948), 
no such high values have been recorded for younger 
stages. The number of primary cirrus pairs could 

The first arms have 7 pairs, the second right 7 pairs, 
the third left 6 pairs; the fourth arms also probably 
had only 6 pairs, although this is not certain. How- 
ever, the specimen evidently conforms to the pattern 
for Indo-Pacific Varpyroteuthis, discussed in the 
next section; in these oceans the typical maximum 
number of primary cirrus pairs is 7, the typical 
minimum number 5. 

The diameter of the damaged right eye is some- 
what uncertain on account of its collapsed condi- 
tion. The estimated diameter gives an eye-diameter 
index which is at the lowest limit of the range for 
Stage 5 females. The lens is not preserved, but a 
rough estimate based on the diameter of the lens- 
less pupil aperture suggests that it may have been 
about 9 mm. Previous calculations indicate that 
this would be about right for an eye of this size. 

The fin light organs are preserved; the length- 
width index is normal but the size, in terms of 
mantle length (fin light organ-length index) is low, 
at the lowest limit for Stage 5 females. The left 
composite light organ is better preserved than the 
right and was therefore selected for study. The 
shape, reflected in the width-length index, is normal, 
but the relative size in terms of mantle length is 
unusually small. The small size of the organ is also 
apparently reflected in the small number of lumi- 
nescent nodules; only about 30 could be counted, 
as compared with normal counts of 38-76 in Stage 
5 females (mean 54). It was thought, from previous 
data (PICKFORD, 1948), that the composite light 
organs were significantly larger in females than in 
males, but, in the case of Specimen 105, the length 
index is at the lowest limit even for Stage 5 males. 
The hypothesis of a sex difference, which is reviewed 
in the next section, may have to be abandoned but, 
at the present time, it seems more probable that 
Specimen 105 is aberrant. 

The gills are well preserved and the relative length, 
reflected in the gill-length index, is normal. There 
are 11 primary lamellae in the outer and 12 in the 
inner demibranch, making a total of 24 if the term- 
inal lamella is included. This is normal for adults of 
either sex. The hypothesis that no new gill lamellae 
are added after metamorphosis receives welcome 
confirmation from so large an animal. 

The funnel is rather short, with a funnel-length 
index of only 31 ; similar figures have been recorded 
for males but there are no grounds for suspecting 
that there is a sexual difference and presumably the 



low value in Specimen 105 can be attributed to the 
state of contraction. 

The jaws were studied in situ since it was not 
desired to damage the specimen by removal of the 
buccal mass. Only two measurements could be 
made, the rostral length and rostral notch length 
of the lower jaw. The rostral-length index is near 
maximal for Stage 5 females. Previous studies sug- 
gested that the jaws of adult females were relatively 
larger than those of males, and the rostral-length 
index of Specimen 105 supports this hypothesis. 
However, two immature Stage 5 females (see below) 
were low. The rostral notch of Specimen 105 is 
rather short, but the index is in the range for pre- 
viously described specimens. 

The diameter of the single coelomic egg is 4 mm., 
in good agreement with previous findings which 
indicated an average diameter of 3.86 mm for free 
eggs attributed to this species (PICICFORD, 1949). The 
diameter of the sucker-like oviducal aperture is 9 
mm., which is very large. In the case of the two 
previously described adult females the diameters 
were 3.2 mm. and ca. 5.5 mm. respectively. In terms 
of actual (not corrected) mantle length these figures 
give indices of 9, 5.8 and 8.7 respectively. 

The gladius was removed and studied in detail. 
The total length of 96 inm. is greater than anticip- 
ated from previous data regarding the relationship 
between gladius length and mantle length. Calcu- 
lations based on equations for all stages (PICKFORD, 
1948) indicated that a specimen of 100 mm. mantle 
length would have a gladius of about 87 mm. It 
should be noted that one other very large female 
(Specimen 2; PICKFORD, 1948) had a gladius length 
that was also considerably longer than anticipated 
(mantle length 55 mm., gladius length 65 mm.). 
These differences may be incidental to the inac- 
curacies of exact mantie iength measurement, but it 
is possible that a different allometric equation 
should be applied to mature females. The propor- 
tions of the gladius, reflected in a series of indices 
given in Table 2, are normal for Stage 5 females. 
The only feature of interest was the presence of a 
well developed rostrum, an apical projection that 
is sometimes, but not always, present in the vam- 
pyromorph gladius ; an example was figured previ- 
ously (PICKFORD, 1948, Fig. 41). 

As a general conclusion, it can be stated that 
Specimen 105 is an unusually large but otherwise 
typical female of Vampyvoteuthis infernalis Chun. 

Specimen 106 
This sexually mature male was taken off Durban, 

South Africa, in the same haul as the sexually 
mature female described above. It  is badly rubbed 
and a great deal of mud is entangled in the skin and 
on the exposed underlying tissues. The color, after 
five years preservation in neutral sea water forma- 
lin, is completely faded. A tangled mass of skin at 
the apex makes an exact measurement of mantle 
length uncertain, but an approximate estimate of 
46 mm. is probably correct. Calculations from the 
rostral length of the lower jaw, which measures 5.5 
mm., would give an expected mantle length of 43.9 
mm. The size is therefore in agreement with the 
mean of 49.2 mm. based on four previously cap- 
tured sexually mature males (range 44-55 mm.). 
This finding tends to confirm the hypothesis that 
adult males are considerably smaller than adult 
females, but a mature male described below (Speci- 
men 110) was somewhat larger. 

The mantle width, which was ca. 34 mm., could 
only be measured approximately. The head width, 
ca. 31 mm., is also uncertain since both eyes are 
damaged. The corresponding indices for mantle- 
width and head-width are 74 and 67.5 respectively; 
the former is in the expected range for adult males, 
but the latter is unusually narrow. 

The fins are in good condition, except for rubbing 
of the skin. Measurements are the same for right 
and left sides: length 32.5 mm., maximum breadth 
13 mm., width of fin base 10 mm. The fin-length 
index, 70.7, is higher than previous records for 
Stage 5 males, but no great significance can be 
attached to this owing to the uncertainty as to the 
true mantle length. One Stage 5 female had an 
index of 69. The fin-width index is unusually narrow, 
40.0, probably owing to rubbing of the skin. The 
fin-base inciex is aiso unusuaiiy narrow, 30.8, pre- 
sumably for the same reason. 

The arm crown is badly damaged; the longest 
arm (third left) measures 120 mm. It  is complete but 
badly rubbed and apparently attenuated. The ap- 
proximate total length of the animal is ca. 160 mm, 
giving an arm-length index of 75 which is in the 
normal range, but high. The suckers and cirri are not 
preserved and the web depth could not be studied. 

The eyes are collapsed and distorted, but the eye 
diameter was probably about 14 mm. This gives an 
eye-diameter index of 30.5 which is rather low. The 
diameter of the somewhat damaged left lens is 
about 6 mm., giving a lens-diameter index of 42.8, 
which is normal for adults of both sexes. 



The light organs are not preserved, and the gills 
are too badly rubbed for study. The rostral length 
of the lower jaw is 5.5 mm. giving a rostral-length 
index of 12, which is normal for adult males, thus 
tending to confirm the hypothesis that males have 
smaller jaws than females. The rostral notch meas- 
ures 2 mm. and the rostral-notch index, 36.4, is 
rather low for Stage 5 males. The gladius was not 
studied. 

Specimen 107 
This example, taken between the Seychelles and 

Ceylon, consists of five fragments of a medium 
sized specimen, preserved in alcohol. Apparently all 
parts belonged to the same specimen and the fol- 
lowing observations on the fragments may be 
noted : 

1. Part of the arm crown with the posterior salivary 
glands attached. The oral face of the web was 
black, two weeks after capture. 

2. The rest of the arm crown. 
3. The buccal mass. Length of lower jaw 6 mm., 

rostral length 5 mm., length of rostral notch 1.6 
mm. The estimated mantle length, calculated 
from the rostral length, is 37 mm. The rostral 
notch index, 32, is rather low. 

4. The brain with optic lobes and eyes; the whole 
length of the oesophagus attached. 

5. Parts of the visceral mass with the gills. The gill 
length is ca. 6.2 mm., and the estimated mantle 
length, calculated from the gill length, would be 
about 33 mm. This is in reasonable agreement 
with the estimate of 37 mm. derived from the 
lower jaw. 

The sex could not be determined and the fins are 
not preserved. However, the estimated mantle length 
suggests that the specimen was a young individuai 
that had just completed metamorphosis. It is larger 
than any recorded Stage 4 specimen, and within the 
minimum for Stage 5. 

Specimens 108 a n d  109 
The damaged remains of two specimens were 

taken at Stn 301, in the Bay of Bengal. The better 
preserved example, Specimen 108, was found en- 
tangled in the net and, in consequence, it is severely 
damaged. The oral face of the web, when freshly 
caught, was black. The sex is presumably female, 
since no remains of male organs could be discovered. 
The mantle length of 22.5 mm. indicates that it was 
a larva, probably in Stage 4. However, no signs of 

the posterior fins could be discovered, which sug- 
gests that they may have been in the last stages of 
resorption and, in view of the poor condition of the 
specimen, their apparent absence is not significant. 
The size agrees with the mean for Stage 4 larvae, 
and is far below that of any metamorphosed Stage 
5 specimen. The head width, ca. 24 mm., gives a 
head-width index of 107, which is in the high range 
but not unusual. The left anterior fin measures 9 
mm., which is larger than would be expected in an 
animal of this size. The calculated mantle length, 
derived from the allometric equation for larvae in 
Stages 2-3, would be 26.7 mm. for an animal with 
the fin length of this specimen. 

Specimen 109 consists of two damaged fragments 
that apparently belong to the same animal. One 
piece consists of an arm and web, the other an arm 
fragment. Both arms have suckers with a maximum 
diameter of 2.1 mm.; this would correspond to an 
estimated mantle length of 57 mm., derived from 
the allometric equation for Stage 5 specimens. The 
animal may therefore have been an adult male, or 
an immature Stage 5 female. 

Specimen 110 
This specimen, a male from Stn 314 in the Bay of 

Bengal, is in poor condition. The mantle skin and 
fins are torn away from the shell sac and the viscera 
exposed. The arm crown is badly damaged and the 
eyes are lost. The oral face of the web, after preserv- 
ation for five years in formalin, is a deep sepia, al- 
most black but, when freshly captured, it was velvet 
black. The mantle length is approximately 60 mm. 
in the preserved specimen, and this will be used for 
calculation of the indices noted below. However, 
when freshly captured, it was slightly larger, ca. 63 
mm. The gladius length, measured in situ, is ca. 
55 mm., which gives an estimated mantle length of 
59.8 mm., in good agreement with the actual meas- 
urement. The gladius length of the largest male 
hitherto captured (Specimen 13 ; PICKFORD, 1948) 
was only 52 mm. and its mantle length only 55 mm. 
Evidently the newly captured male is larger than 
any that have been described previously. 

Only the muscular axis of the fins remain and the 
length measurements may therefore be somewhat 
too short; the left anterior fin measures 22 mm., the 
right 26 mm. The latter yields a fin-length index of 
36.7 which is lower than the hitherto recorded range 
for Stage 5 males. However, there is no difference 
between the sexes in respect to relative fin length, 
and some Stage 5 females have an index as low as 



33. The rostral length of the lower jaw is 8 mm., 
yielding a rostral-length index of 13.4, which is 
slightly greater than the highest index hitherto 
recorded for Stage 5 males, but well below the mean 
for Stage 5 females. The rostral notch measures 3 
mm. and the rostral-notch index of 37.5 is normal. 

The condition of the specimen does not permit 
further description. The condition of the male sex 
organs suggests that it was probably mature, al- 
though spermatophores are not preserved. 

Specimens 11 1 a n d  112 
Two very damaged specimens were taken at Stn 

3 18 in the Bay of Bengal, both were found entangled 
in the net. Specimen I1 1 is in slightly better con- 
dition than Specimen 112. The visceral mass is badly 
damaged, the left eye is gone and the right eye 
enucleated. When freshly captured, the oral face of 
the web was black. The mantle length could not be 
measured directly but was estimated from the fun- 
nel length and from the rostral length of the lower 
jaw. The former measures 18.5 mm. and gives a 
calculated mantle length of 50 mm.; the latter 
measures 6 mm. and gives a calculated mantle length 
of 48 mm. The rostral notch measures 2.5 mm. and 
gives a normal rostral-notch index of 41.7. The spe- 
cimen appears to be an adult male. 

Specimen 112 consists of the buccal mass with 
fragments of arms, brain and enucleated right eye. 
There are remains of viscera and fins. The sex is 
uncertain, but it may have been a female since no 
male organs could be discovered. The anterior fin 
length of 27 mm. yields an estimated mantle length 
of 50 mm. The rostral length of the lower jaw is 
6.5 mm., giving an estimated mantle length of 52 
mm. The rostral notch is 3 mm., giving a normal 
rostral-notch index of 46.2. 

Specimen 11 3 
One very damaged larva was taken at Stn 471 in 

the Sunda Trench. The oral face of the web, after five 
years preservation in formalin, is light brown. The 
mantle appears to be stretched and the mantle length 
of 17.5 mm. may be too large. The head width is ca. 
10 mm. Both eyes are badly damaged; the eye 
diameter of ca. 3.0 mm. gives a calculated mantle 
length of only 12.7 mm. Both anterior and posterior 
fins are present; they are very damaged on the left 
side but approximate measurements could be made 
on the right: right anterior fin length 5 mm., right 
posterior fin length 4 mm. This larva is obviously 
in the four-finned Stage 3. The arm crown is in poor 

condition, but the number of pairs or primary cirri 
could be counted on some of the arms: there are 7 
pairs on the first left, and first, second and third 
right arms, but possibly only 6 on the third left. The 
rostrum of the lower jaw measures 2.1 mm., which 
gives a calculated mantle length of 17.6 mm.; this 
tends to support the correctness of the actual meas- 
urement and casts doubt on the smaller value de- 
rived from the diameter of the damaged eyes. The 
sex is uncertain. 

Specimens 114-1 17 
Three metamorphosing larvae, and the eye of a 

fourth specimen, were taken at Stn. 472 in the Sunda 
Trench. Some color notes were made on these speci- 
mens by Dr. TORBEN WOLFF, at the time of capture. 
"Specimens A and B (apparently 114 and 115): 
mouth area sooty black. Ring around the mouth 
opening and beak has the color given as No. 688 
in S ~ G U Y  (i.e. dull violet). Soft parts inside beak the 
same color. Eyes No. 103 (i.e. red), intestine proper 
(a sketch made at the time suggests that the stomach 
was intended, G.E.P.) No. 56 (i.e. deep red). Speci- 
men C ,  the one with the arms folded (apparently 
Specimen 116): mouth area No. 110 (i.e. pinkish 
brown)." 

Specimen 114 is very damaged and the right eye 
is lost, although the optic ganglion remains. The 
mantle has been pulled away from the exposed 
visceral mass. The oral face of the web was originally 
black, as shown by notes on the living specimen 
cited above, but after five years preservation in 
formalin it has faded to a light brown. The sex is 
uncertain, probably female since no penis rudiment 
could be found. The mantle length, measured from 
the mid point of the head to the exposed end of the 
hepatopancreas, is 21 mm., but this is undoubtedly 
too short and estimates of correct values are given 
below. The head width, obtained by doubling the 
distance from the mid point to the outer edge of the 
left eye lens, is 22 mm. The right anterior fin is 
contracted and the surface rubbed, it measures only 
5 mm., but the left anterior fin, which is apparently 
attenuated, measures 10.5 mm. The right posterior 
fin is not preserved but on the left side there is a 
small rudiment that is badly rubbed. This indicates 
that the specimen is in Stage 4. The remaining left 
eye is distorted, but appears to have been about 2.8 
mm. in diameter. The arms and web are poorly pre- 
served and no suckers remain. The funnel is well 
preserved and measures 9 mm.; this gives a cal- 
culated true mantle length of 25. l mm. The rostrum 














