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INTRODUCTION 

Vampyroteuthis inf ernalis Chun is a bathypelagic dibranchiate 
cephalopod of such peculiar character, in some respects specialized and 
in some respects primitive, that it cannot be placed in either of the 
living suborders but appears to be more nearly akin to certain Meso-
zoic fossils. A preliminary account of the structure and relationships 
of this animal has been given (Pickford, 1940), a detailed study of the 
external anatomy and of the gladius is in press, and the internal anat-
omy is still under investigation. The natural history and distribution 
of Vampyroteuthis has also been examined (Pickford, 1946) and may 
be summarized briefly. V. infernalis occurs predominantly in the 
Deep Waters of tropical and subtropical oceans, the northern and 
southern limits corresponding roughly to the fortieth parallels of lati-
tude. The vertical distribution ranges from 300 to 3,000 meters, with 
the majority at 1,500 to 2,000 meters. Hydrographic analysis indi-
cates that the species is stenothermic, stenohaline and oligoaerobic. 
Nearly all specimens have been taken from regions in which the oxygen 
content of the water was upwardly decreasing, i. e. from just below the 
oxygen mm1mum. The water masses inhabited by the species have 
been analyzed by plotting the distribution on temperature-salinity 
charts. Dr. E. F. Thompson made the further important suggestion 
that it is neither temperature nor salinity that is the limiting factor, 
but rather the density resulting from a combination of the two. Thus 
Pacific specimens inhabit colder and less saline water than those from 
the Atlantic, although the density layer is the same. 

DESCRIPTION 

The ripe ovarian eggs of Vampyroteuthis inf ernalis are known from a 
single, gravid female taken by the DANA Expedition, 1928-30, in the 

1 Papers from the "Dana" Oceanographical Collections, No. 30. 

(73) 
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Gulf of Panama (Pickford, 1946: table 1; specimen No. 1). Even in 
this specimen the majority of the eggs are still in various stages of for-
mation, but 21 eggs are already provided with a well-formed capsule 
and the follicle sheath is either very thin and ready to be peeled away, 
or in a few cases has ruptured and been discarded. The animal had 

' ' copulated, as evidenced by the presence of spermato~hores in the 
spermatophore-receptacles, and was undoubtedly preparmg to spawn. 

TABLE I.-LrsT OF Eoos ATTRIBUTED TO Vampyroteuthis infernalis 

Station No. Eggs Diam. Micropyle Observations 
(mm.) 

1152 II 1 3.44 Present Egg quite typical 

1156 VI 1 3.86 Present. but difflcul t to see Otherwise typical 

1157 VI 1 3.95 Present Egg quite t ypical 

1171 X 1 3.53 Present Egg quite typical 

1217 II 1 3 .95 Present Egg quite typical 

1242 XII 1 3.72 Present Egg quite typical 
1261 VII 1 3.91 Present Egg quite typical 
1267 IV 1 3.91 Present Egg quite typical 
1269 II 2 3.81, Present Eggs quite typical 

4.00 
1358 IV 1 3.91 Almost certainly present Otherwise typical 
1365 X 1 3 .95 Present Has early blastodisc 
1365 XI 1 3 .95 Present Egg quite typical 
3768 II 1 3.95 Present Egg quite typical 
3980 VIII 1 4 .00 Present Egg quite typical 

The most perfectly preserved eggs are spherical; the diameters of 
three such eggs, free of the follicle sheath, are: 3.30, 3.35 and 3.35 mm. 
(average: 3.33 mm.). These measurements were made in neutral 
sea water formalin, in which the animal was preserved. If the eggs 
are transferred to distilled water they swell; the smallest of the three 
listed above increased from 3.30 to 3.43 mm. The color is a light 
yellowish-brown, and the egg is quite opaque, at least in the preserved 
condition, probably also in life. No large oil globules are present, 
although, under the high power of the binocular, many minute oil 
droplets as well as small aggregates of fine white material can be seen 
interspersed with the yolk. There is no perivitelline space; the egg 
capsule is quite thin and adheres closely to the ovum. The surface of 
the capsule is shiny and finely alutaceous. The micropyle is fairly 
conspicuous, not so much on account of its size, which is minute, but 
on account of the presence of a small area of glistening white material 
situated immediately beneath it, and also, in most cases, because of 
the presence of fine radiating lines that converge upon it from the sur-
rounding surface of the capsule. 

None of the above-described features can be considered as diagnostic, 
and it must be admitted that any one of them, and almost any combi-
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nation of them, might be found in a fi sh egg or, perhaps in the hitherto 
undescribed pelagic egg of some lesser known cephal;pod. Further-
mor~, certain features, such as size and color, might be expected to vary 
considerably, and no doubt a space would appear between the capsule 
an? the embryo during development. Nevertheless, in the absence of 
evidence to the contrary, it seems legitimate to assume that an egg 
taken from a bathypelagic haul in water known to be inhabited by 
Vampyroteuthis, and presenting all of the features outlined above 
within reasonable limits of size and color variation, may safely b~ 
attributed to this species. It was decided, therefore, to survey the egg 
collections of the DANA Expeditions, with a view to finding whether 
such eggs were present. 

At first all samples were examined, but it soon became evident that 
material collected with a towline of less than 1,000 meters never con-
tained any eggs that even vaguely resembled those of Vampyroteuthis. 
This is entirely in accordance with the vertical distribution of the 
species, which never ascends so near to the surface. Subsequently 
attention was therefore concentrated on samples that had been taken 
with 1,000 meters wire or over. However, in order not to prejudice 
the argument, no attention was paid to geographical data. 

A rapid preliminary sortation, without microscopic examination, 
yielded some 50 eggs, representing 44 different hauls, which resembled 
the eggs of Vampyroteuthis in a general manner. About half of these 
were rejected upon closer study, some even containing recognizable 
fish embryos upon the surface of the yolk. There remained just 23 
eggs which could not be definitely rejected on obvious grounds; of 
these the 15 listed in Table I combine all the features of the Vampyro-
teuthis egg and may reasonably be attributed to this species. Eight 
others are recorded as doubtful, either because the micropyle could 
not be seen clearly, or for other reasons noted in Table II. Probably 
some of them really belong to V. infernalis, but it is equally possible 
that closely similar, yet distinctive, eggs do actually occur in the 
bathyplankton. The three eggs taken at St. 1365 XI provide an inter-
esting confirmation of this point (cf. Tables I and II). One egg, attrib-
uted to Vampyroteuthis, is a little larger than the other two, 3.95 as 
against 3.65 mm. in diameter, although all three are well within the 
size-range of eggs definitely assigned to this species. However, the 
larger egg has a perfectly characteristic micropyle while this structure 
cannot be discovered on the other two by external examination. The 
two slightly smaller eggs also contain more conspicuous masses of 
white crystals. Thus it appears that two eggs, taken in the same haul 
with an indubitable egg of Vampyroteuthis and very closely similar to 
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TABLE II.-L1sT oF Eoos DouBTFULLY ATTRIBUTABLE TO Vampyroteuthis infernalis 

Station No. Eggs Diam. Micropyle Obseroations 
(mm.) 

1157 VII 1 3 .53 Not definitely seen Has early blastodlsc 
1165 VIII 1 3 .26 Not seen Probably not V . i, yolk more 

translucent. Has blastoclisc. 
1217 V 1 3 .72 Present (?) Has blastodlsc 
1269 V 1 3 .63 Not seen 
1265 XI 2 3 . 63 Not seen More white crystals than typical 

V . i . egg from same haul 
3548 II 1 3.44 Not seen Distorted, has narrow perivitelline 

space 
3686 VIII 1 3 .91 Not seen Has blastodlsc and perivitelline 

space 
3736 II 1 3 .72 Not definitely seen Has blastodlsc 
4007 VIII 1 (?) (?) Poor condltion, squashed, poBBibly 

V . i . 

it except in the minutest details, must nevertheless be rejected as of 
doubtful character. 

The features of the 15 accepted Vampyroteuthis eggs may now be 
discussed. It is at once noticed that the average size is somewhat 
larger than that of the ovarian eggs; the range is 3.44 - 4.00 mm., the 
average 3.86 ± 0.17 mm. This is probably to be expected, since it is 
very likely that the eggs swell slightly after they have been laid and 
may continue to do so during development. The eggs of certain 
Octopoda certainly increase in size during development. My atten-
tion was recently called to this point by Mrs. G. E. MacGinnity 
(in litt.) in connection with the eggs of a California species that were 
kept under observation in an aquarium. The V ampyroteuthis eggs of 
the plankton samples are almost pearly white in color, much paler 
than the ovarian eggs. This difference may be discounted. As 
pointed out by Dr. A. Vedel Taning (in litt.), and by Pickford (1946: p. 5) 
in the Dana Report on Vampyroteuthis, the neutral sea water formalin 
in which these specimens were preserved becomes deep purple in color 
with time, no doubt due to solution of the melanin, which probably 
contributes to the discoloration of the eggs. Moreover, color is likely 
not to be an important character; for example, eggs of the two Florida 
species, Octopus joubini Robson and 0. briareus Robson, vary from 
pearly white to a deep golden brown. None of the 15 eggs possess any 
trace of a perivitelline space; this might become apparent in later 
developmental stages, but unfortunately only one egg contains a de-
veloping embryo and this is an early blastodisc. A few of the doubtful 
eggs have segmentation stages and some show a narrow perivitelline 
space. It was a great disappointment that no advanced embryos of 
Vampyroteuthis were discovered. Dr. Taning suggests (in litt.) "that 
the eggs when developing sink to deeper water layers-this I have 
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experienced in several deep sea fishes-and you have accordingly not 
got them, because we have not fished sufficiently deep down." Evi-
dence presented in the next section appears to militate against this 
interpretation, ~ince both eggs and all stages, from larvae to adults, 
tend to be restricted to a rather limited density layer. 

Some other observations by Dr. Taning, who kindly examined the 
eggs, may also be quoted to round out the discussion. He states (in 
lit~.) that "The eggs ... are-as far as I can see-not fish eggs; their 
umform appearance seems to indicate, that they are from the same 
species or related species; the depth in which they have been secured 
(about 500---2500 metres) is in accordance with your supposition that 
they are eggs of Vampyroteuthis. The micropyle may often be difficult 
to-see in eggs and the general appearance of the doubtful eggs seems to 
indicate that they also belong to the same species." Furthermore, 
Dr. Taning points out "that all preserved eggs-fish and others as 
well-will shrink rather much during the years; they are as you know 
preserved in 4% formalin and many of them during 20 years or more; 
probably they might have had a diameter about 20% larger than now, 
when fresh." But, as he also points out, this shrinkage must also 
affect the ovarian eggs. 

In all other features, not noted above, the 15 selected and accepted 
eggs resemble the ovarian sample so closely as to be indistinguishable 
from it. 

DISTRIBUTION 

We may now turn to a consideration of seasonal, distributional and 
hydrographic data (Tables III-VIII). The 15 eggs represent only 13 
stations, for two eggs were taken in one of the hauls (St. 1269 II), and 
St. 1365 is represented by two eggs from two different hauls. All of 
the stations are from regions known, or safely presumed, to be inhab-
ited by Vampyroteuthis, and seven of the stations actually yielded 
specimens of this species, either from the same haul as the egg or from 
a parallel one at a somewhat different depth. Two stations are per-
haps of special interest: St. 3980 in the South Atlantic is situated rather 
close to the southernmost Atlantic record for the species (specimen 
No. 50; Pickford, 1946). The latter, a VALDIVIA specimen, was taken 
in the Cape Basin, just south of the Walfisch Ridge, but the DANA egg 
was caught to the north of the ridge. The egg from St. 1171 is from 
the Guiana Basin, about midway between the well investigated and 
well populated waters adjacent to the West Indies and the Brazil 
Basin, where an isolated record was made by the RosAURA. An egg 
was also taken from the St. Croix Basin (St. 1167 IV), from whence 
also one specimen is known, confirming the fact that the North 
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TABLE III.-STATION DATA roa Accznzo Eaaa or Vamp11roteuthis infernalis 

Station Date Lati tude Ocean Basin Bottom Towline Gear Comments• 
and (meters) (meters) 

Longitude 

1152 II 22.X .1921 30° 17' N. Canaries 5000 S150 
20° 44' w. 

1156 VI 25.X .1921 25° 11' N . Canaries 4000 5000 S150 Spec. No. 73 taken in thls haul. 
20° 57' w. 

1157 VI 27.X.1921 21° 57' N . Canaries 4800 4000 S150 
22° 58' W . c..... 

1171 X 13.Xl.1921 8° 19' N . Guiana 4000 S150 0 

44° 35' w. 'l 

1217 II 27.1.1922 18° 50' N . E . Caribbean 3500 SlOO Spec. No. 22 taken with 2,500 m .w., 
79°07' w. haul IV . £.. 

1242 XII 15.Il .1922 24° 05' N. N. American 3600 3500 S150 Spec. No. 38 taken with 2,500 m .w., 
74° 36'W. haul XIV. 

1261 VII 9 .III.1922 19°04'N. N . American 5340 4000 S150 Spec. Nos. 44 and 59 (or 71) take11 with 
A 

65° 43' w. 3,000 m .w., haul IX. 'l 

1267 IV 14.111.1922 17° 56' N. St. Croix 3000 S150 Spec. No. 69 taken with 2 ,000 m.w., ~-
64° 50' w. haul V. ('> 

1269 II 15.III.1922 17° 13' N. E . Caribbean 4250 4000 Sl50 Spec. No. 37 taken with 3,000 m.w., 
64° 58' w. haul III. 

('> 
en 

1358 IV 2.VI.1922 28° 15' N. N . American 4000 Sl50 Spec. No. 71 (or 59) taken with 3,000 
('> 

A 
56° 00' W. m .w., haul V. 'l 

<"> 
1365 X 8.Vl.1922 31° 47' N. Canaries 3300 4500 S100 ;:,a 

41° 41' w. 
1365 XI 8 .Vl .1922 31° 47' N . Canarlest 3300 4000 Sl50 

41°4l'W. 
3768 II 24.VII .1929 1° 20'8. Philippines 3040 3500 S150 Spec. No. 14 was taken somewhat north 

138° 22' E. of this, St. 3751 VII . 
3980 VIII 17.II .1930 23° 26' s. Angola 4025 4000 Sl50 Separated from Spec. No. 50 by the 

3° 56' E . Waltlsch Ridge. 
•Spee.Nos. in thls column refer to Pickford (1946; table 1) < t Close to the mid-Atlantic ridge. ..... ..... 

..H 
..... 
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Atlantic and Caribbean Vampyroteuthis populations are in free com-
munication with each other. 

All the eggs were taken with stramin nets, two with S100 and 13 
with S150. Nearly all were captured by the 1921-22 cruise of the 
DANA, perhaps on account of the more extensive use of suitable nets 
in the grea_ter depths by this expedition. There are, in fact, only two 
eggs certamly referable to Vampyroteuthis that were taken by the 
1928-30 expedition and, unfortunately, only one of these is not from 
the Atlantic (St. 3768 II, Philippines Basin). Thus 14 of the 15 known 
eggs are from Atlantic waters. 

TABLE IV .-VERTICAL DISTRIBUTION OF Vampyroteuthis Eoos 

Towline (meters) 
Ocean 3,000-3,999 4,000-4,999 5,000-5,999 
Atlantic 3 9 2 
Paciftc 1 

Tota.I 4 9 2 

The vertical range (Table IV) is concordant with the known depth 
distribution of the species and does not exceed it, either upwards or 
downwards. However, most of the eggs are from depths correspond-
ing to 4,000-4,999 meters wire (2,000-2,500 meters), in striking 
contrast to the peak frequency of the animals 'themselves at 3,000-
3,999 m.w. (1,500-2,000 meters). In the Atlantic, from which most 
of the eggs were taken, the peak frequency for specimens is even some-
what nearer to the surface, 2,000-2,999 m.w. (1,000-1,500 meters). 
This situation is clearly correlated with the fact, discussed below, that 
the eggs are more closely limited to a restricted density layer. A 
further possible correlation is that the oxygen supply is less deficient 
at slightly greater depths and it may be supposed that the developing 
eggs are less well adapted to oligoaerobic conditions than the animals 
themselves. 

The question of proximity to the bottom also enters into the di'3-
cussion of vertical distribution. Unfortunately only eight of the 13 
stations have depth soundings, but it is clear that none of the eggs 
taken at these stations could possibly have been captured within 250 
meters of the bottom, even if the calculation is based on two-thirds the 
length of the towline instead of the more usually accepted one-half. 
This confirms the view already advanced by the author that vampyro-
morph eggs are pelagic and are not attached to or deposited in the 
vicinity of the bottom. 

The seasonal distribution of the eggs is also of interest. It will be 
recalled that, as far as the Atlantic is concerned, there is no evidence 
of a breeding season. Larvae occur about equally frequently at all 
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times of the year, and almost nothing is known regard~ng the occur-
rence of sexually mature individuals in this ocean (Pickford, 1946: 
table 7). The distribution of eggs is equally nonseasonal (Table V), 
although it happens that the one egg containing visible evidence of 
segmentation was taken in June. The single Pacific egg was taken in 
July, but no comparison can be made with the gravid Pacific female, 
captured in September, since she was found in the Gulf of Panama on 
the opposite side of the Pacific Ocean. 

TABLE V.-SEASONAL DISTRIBUTION OF Vampyroteuthis eggs 

Ocean Jan. Feb. Mar. Apr. May June July Aug. S ept. Oct. NOf!. Dec. 

Atlantic 1 2 4 3 3 1 

Pacific 1 

Total 1 2 4 3 1 3 1 

TABLE VI.-DisTRIBUTION OF Vampyroteuthis EGGS 
IN RELATION TO liYDROGRAPHICAL CONDITIONS 

Eo Hydrooraphic Candi tion 

Station Half-l ength Station Depth T emp. Salinity Oxygen Density 

Towline (meters) (° C.) (
0 /ool (ml/L) (ut) 

(meters) 

1152 II 2500 1152 2500 3 .24 34.96 4.94 27.85 

1156 VI 2500 1156 2500 3.24 34.99 4 .00 27. 88 

1157 VI 2000 1157 2000 3 .69 35.01 4.50 27.85 

1171 X 2000 1171 2000 3 ,66 34.93 4 .64 27 .79 

1217 II 1750 1217 1500 4 .20 34.96 5 .10 27 .75 
2000 4 .11 34.99 5 .50 27.79 

1242 XII 1750 1242 1500 3 .98 34.96 5.97 27.78 
2000 3 .48 34.96 5 .88 27.82 

1261 VII 2000 1261 ~000 3 .43 34.97 6.02 27.85 

1267 IV 1500 1269 1500 (4.17) (34.96) (4 . 71) (27 . 75) 

*1269 II 2000 1269 2000 4 .07 34.96 4 .59 27 .76 
1358 IV 2000 1356 2000 (3 .70) (35.00) (6 .23) (27.84) 
1365 X 2250 1365 2000 3.88 35.05 6 .00 27.85 

2500 3 .36 35.00 6 .01 27 .88 
1365 XI 2000 1365 2000 3 .88 35.05 6.00 27.85 

t3768 II 1750 3756 1500 (3.08) (34.61) (2 .37) (27 .59) 
2000 (2 .32) (34.64) (2.54) (27 .68) 

3980 VIII 2000 3980 2000 3 .06 34.91 5 .32 27.73 

• Two eggs 
t Pacific 

Attention may now be concentrated on the hydrographic correlations 
(Table VI). For the sake of simplicity, conditions will be considered 
only at one-half the length of the towline ; this treatment appears to be 
justified by the more extensive study of larvae and adults, in which 
conditions over a range of depths from one-third to two-thirds the 
length of the towline were considered (Pickford, 1946). As a result of 
this it was discovered that the hydrographic conditions associated 
with the distribution of Vampyroteuthis are adequately expressed on a 
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Figure 1. Distribution of eggs, larvae and adults (Stage-5) of Vampyroteuthis in relation 
to density layers of the ocean. Each point represents conditions at one-half the length of 
the t-0wline, the most probable depth of capture. 

temperature-salinity chart by a narrowly delimited density range at 
depths corresponding to half the length of the towline. The same 
conditions are strikingly true for the eggs (Fig. 1). The animals are 
found in waters of density ranging from at 27.05 to 27.88, but the great 
majority occur between 27.40 and 27.80. A further analysis of the 
data (Table VII) shows that there is no difference in the density 
preferences of adults and larvae; however, there is a tendency for 
Atlantic specimens to spread into waters of slightly higher density. 
It is with these Atlantic specimens that the 14 Atlantic eggs must be 
compared (Table VIII). The extreme limits for the Atlantic eggs are 
27. 76-27.88, at temperature-salinity combinations suitable for the 
Deep Water of this ocean. From this it can be stated that the eggs 
are found in a narrowly restricted density layer that coincides with the 
bottom of the density range inhabited by larval and adult stages. 
Perhaps, after spawning, the eggs sink to this level if they are not al-
ready there and, as previously suggested, they thus benefit during 
development by the somewhat higher oxygen content of the deeper 
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TABLE VII . DISTRIBUTION oF ADULTS AND LARVAE oF Vamp11roteuthis 
IN RESPECT TO DENSITY AT ONE-HALF THE LENGTH OF THE TOWLINE 

Ocean Densit11 (al) · 

1,7 .00- %7 .%0- %7 . 40- %7 .60- 1,7 .80-

1,7.19 %7 .39 %7 .59 1,7 .79 %7 .89 

a. Adults 
Atlantic 2 3 

Pa.c111c 1 1 2 

Indian 2 12 

Total 1 3 16 3 

b. L anae 
6 Atlantic 1 5 6 

Pa.c111c 1 3 5 

Indian 1 3 

Tota.I 1 1 9 14 6 

c. All staoes 
9 Atlantic 1 5 8 

Paclftc 1 1 4 7 

Indian 3 15 

Tota.I 1 2 12 30 9 

TABLE VIII. DISTRIBUTION OF EGGS OF Vamp11roteuthis IN RESPECT 
TO DENSITY AT ONE-HALF THE LENGTH OF THE TOWLINE 

Ocean Densit11 (at 
1,7.00- %7.%0- 1,7 .40- 1,7 .60- 1,7 .80-
t.7.19 1,7 .39 %7.59 t.7.99 t.7 .99 

Atlantic 6 8 

P&clftc 1 
Total 1 6 8 

water. No Atlantic eggs were taken in water containing less 

Total 

5 
4 

14 
23 

18 
9 
4 

31 

23 
13 
18 
54 

Total 

14 
1 

15 

than 
4.00 ml/L, although the one Pacific egg might have been in water 
containing as little as 2.37 ml/L. 
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SUMMARY 

1. Fifteen bathypelagic eggs in the collections of the DANA Expedi-
tions resemble the ovarian egg of Vampyroteuthis infernalis so closely 
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as to be attributed to this species. The average diameter is 3.86 ± 
0.17 mm. as against 3.30 for ovarian eggs, but it is probable that the 
volume increases slightly after spawning. 

2. Fourteen of the eggs are from the Atlantic and one is from the 
Philippines Basin; all are from regions known, or safely presumed, to 
be inhabited by Vampyroteuthis. 

3. The eggs are found in slightly deeper water than the peak distri-
bution of the animals themselves, but not outside the vertical range of 
the species. 

4. The eggs are certainly pelagic; as far as is known none could have 
been taken within 250 meters o{ the bottom. 

5. The occurrence of the eggs, like that of the larvae, is apparently 
nonseasonal. 

6. The eggs occur in a layer of restricted density, in the Atlantic 
between ut 27.76 and 27.88, corresponding to the bottom of the density 
layer normally inhabited by the species. 

7. Development is possibly favored by the greater amounts of dis-
solved oxygen in the deeper water, whereas the animals themselves are 
oligoaerobic and can range upwards under the roof of the oxygen 
minimum. 
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