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EXTERNAL AND INTERNAL CHARACTERS,
HORIZONTAL AND VERTICAL DISTRIBUTION,
LUMINESCENCE, AND FOOD OF THE DWARF

PELAGIC SHARK, EUPROTOMICRUS BISPINATUS'

BY
CARL L. HUBBS, TAMOTSU IWAI? AND KIYOMATSU MATSUBARA?

INTRODUCTION

TrEe oBymeT of this paper is to coordinate and expand knowledge of Euprotomicrus
bispinatus (Quoy and Gaimard, 1824), the pigmy shark (pl. 1): a most remarkable
creature, which until recent years had been known for a century and a quarter on
the basis of very few, casual observations at sea and of 8 museum specimens. As a
result of increasing emphasis on high-seas research we now have data on 37 speci-
mens, and a much richer fund of information on the species.

The pigmy shark is a strange ereature, defying most coneepts of a shark. In the
first place it is tiny: the largest known example spans only 265 mm (1015 in.) in
total length and weighs less than 70 grams (about 214 ounces) ! Males mature at
170 mm, females at 233 mm or less. Its terete body and wee gill openings remind
one of a lamprey. Its essentially diphyecereal tail, with large, rounded dorsal and
ventral caudal-fin lobes and horizontal termination of the spinal eolumn, little
resembles the long-drawn-out, upturned heterocercal tail that is ordinarily asso-
ciated with a shark. In this, and in some other respects, the appearance of this
shark is almost embryonie, Its skeleton is almost devoid of caleification (apparently
an adaptation for neutral buoyancy). Its vertebrae are unexpectedly few for a
shark, and in radiographs look strangely like those of a bony fish. The teeth are
strikingly unlike in the two jaws.

This little shark hag been taken only at the sea surface, almost exelusively in the
vast, relatively sterile central water masses of the world ocean. Its thousands of
tiny light organs ean combine to produce a bright blue-green glow. We now learn
that it undertakes vertical migrations to considerable depth, where it feeds on
bathypelagic squids and fishes.

A CKNOWLEDGMENTS

‘We owe deep gratitude to the many who in one way or another have assisted ug in
this investigation: Dr. Shelton P. Applegate, Los Angeles County Museum of
Natural History, for advice on replacement of shark teeth; Mrs, Elizabeth 8. Ash,
Scripps Institution of Oceanography, for assistance in preparing the manuseript;
Dr. Marie-Liouise Bauchot, Muséum Nacional d’Histoire Naturelle, for information
regarding specimens (1-3, in table 1) in Paris Museum; Thomas E. Chase, Seripps
Institution, for access to an unpublished bathymetrie chart of the East Pacifie
Rise, and for other information on bathymetry bearing on the finding of sand

1 Presented at the Eleventh Pacific Science Congress at Tokyo, Japan, August 29, 1966.
2 Department of Fisheries, Faculty of Agriculture, Kyoto University, Maizuru, Japan.

[1]



2 Bulletin, Scripps Institution of Oceanography

grains in the stomach of one shark (no. 27); William L. Craig, California State
Fisheries Laboratory, for information on specimens 29-31, for field observations,
and for permission to report on the specimens and observations; Dr. Robert Ph.
Dollfus, Liaboratoire d’Helminthologie et Parasitologie Comparée, for identifica-
tion of parasites; Drs. Albert B. J. Engel and Celeste G. Engel, Seripps Institu-
tion, for identification of the sand grains, and for advice on the submarine geology
of Bast Pacific Rise; John E, Fiteh, California State Fisheries Laboratory, for
information regarding specimens 29-31 and for permission to publish thereon;
Dr. Abraham Fleminger, Seripps Institution, for identification of copepod from
stomach of specimen 27; Dr. W. 1. Follett, of the California Academy of Sciences,
for information regarding specimen 6 and for loan of specimen 9; Dr. Rohert J.
Goldstein, University of Texas Southwestern Medical School, for preliminary
identification of parasites; Dr. Shigemasa Hattori, Tokai Regional Fisheries Re-
search Laboratory, for placing specimen 25 at our disposal; Mrs, Laura C. Hubbs.
for customary assistance in computations and in preparing the manuscript; Bert
N. Kobayashi, Scripps Institution, for identification of fishes, especially Vinci-
guerria and Argyropelecus; Dr. Tham Ah Kow, Director, Fisheries Biology Unit,
University of Singapore, for information on specimen 22; Dr. Zenjiro Kubota,
Shimonoseki College of Fisheries, for placing specimens 24 and 32 at our disposal;
Dr. Ernest A. Lachner and staff, United States National Museum, for loan of
specimeng 11, 12, and 23 and for information on them; Dr. C, G, Lindsey, formerly
of the Institute of Fisheries, University of British Columbia, for information re-
garding specimen 22; Dr. Isao Matui, Shimonoseki College of Fisheries, for placing
specimens 24 and 32 at our disposal; Dr. Austin J. MacInnis, University of Cali-
fornia, Lios Angeles, for preliminary identification of parasites; Dr, John A. Me-
Gowan, Scripps Institution, for identification of invertebrate food remains, espe-
cially of squids; James R. Moriarty, Seripps Institution, for preparation of figures;
Dr. William A. Newman, Scripps Institution, for aid in identification of inverte-
brate food remains; Dr. N. V. Parin, Instituta Okeanologii, Akademia Nauk
(Moscow), for data on four additional specimens (33-36) and for other informa-
tion, with gracious permission to publish thereon; Joseph L. Reid, Jr., Seripps
Institution, for advice on oceanographic patterns bearing on the distribution of
Buprotomicrus; Mrs, Margaret X, Robinson and staff, Seripps Institution, for
pertinent oceanographic data; Dr. Milner B. Schaefer, Institute of Marine Re-
sources, University of California, for information on specimen 11; Dr. William C.
Schroeder, Museum of Comparative Zoology, Harvard University, for extracts of
older literature; Howard G. Shirley, Seripps Institution, for skill and patience in
preparing illustrations; Robert 'W. Topp, Museum of Comparative Zoology, Har-
vard University, for data on specimen 37; Dr. Shoji Ueyanagi, Nankai Regional
Fisheries Research Laboratory, for placing specimen 24 at our disposal; Peter J.
‘Whitehead, British Museum (Natural History), for measurements and weights of
BM (NH) specimens (4, 5, 8 10) and for other information; Robert L. Wisner,
Seripps Institution, for preparing numerous radiographs used in the study and
illustration of skeletal features (involving trials and experiments), for assistance
in counting vertebrae, and for aid in identifying a lanternfish eaten by Euproto-
micrus.
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SYSTEMATIC STATUS

Recent systematie revisions (Hubbs and MeHugh, 1951; Bigelow and Sechroeder,
1957) place Euprotomicrus in the subfamily Dalatiinae, of the spiny-dogfish fam-
ily Squalidae. Previously these groups had been given higher ranking, as Dalati-
idae and Squaloidea. The genus Euprotomicrus has been separated from its
congeners in the Dalatiinae by reasonably diagnostie, though few and in part
hardly palingenetic, characters.

Euprotomicrus bispinatus appears to be a single taxonomic unit, quite distinet
from any other, on the generic as well as the specific level. There are no indications
of specific differentiation within the apparently somewhat disrupted range (fig. 9)
of the species. Fowler (1930: 497; 1941: 264-266) did synonymize Buprotomicrus
with Squaliolus Smith and Radecliffe (in Smith, 1912: 683-685, fig. 4, pls. 50, 51),
a genus later rceognized by De Noronha (1926: 385-389, pl. 35). In this lumping
interpretation Fowler was followed for two decades (by Belloe, 1937: 370-372;
Sigalas, 1939-1940: 70-71; Bigelow and Schroeder, 1948: 450, 500; and Maul,
1948: 139). Hubbs and McHugh (1951: 161-165), taking issue with this action,
presented evidence substantiating the generie separation of Squaliolus, even in a
conservative generic appraisal. They were strongly supported by Bigelow and
Schroeder (1957: 112-113, 126-132) in the next treatment of the question, and
since then Squaliolus has consistently been recognized ag distinet (by Teng, 1959:
1-6, 1 pl.; Garrick, 1960: 545; Abe, 1962: 147-151; Teng, 1962: 171, fig. 43; Chen,
1963: 94-95; Garrick and Springer, 1964: 678-679; Springer and Garrick, 1964:
92-93; and Parin, 1964: 174-175, 177-180).

Striking, fundamental differences between Euprotomicrus and the supposedly
very close relative Isistius, in internal as well as external characters, as outlined in
this treatise, suggest that a more penetrating study of the dalatiine genera will
vield a more adequate taxonomic concept of the group. This, however, is not the
object of the present paper. Rather, we proceed at once with the following anno-
tated synonymy.

SyNoNYMY 0F EUPROTOMICRUS BISPINATUS
Scymnus bispinatus.—Quoy and Gaimard, 1824: 197-198, pl. 44, figs. 1-2 (original description,
with name given also in French vernacular, Leiche laborde; “ile de France” [= Mauritius]).

Dalatias (Somniosus) bispinatus—Gray, 1851: 77 (synonymy; Isle of France [=Mauritius],
Isle of Bourbon [=Réunion]).

Buprotomicrus bispinatus.—Regan, 1908: 56 (Indo-Pacific). Waite, 1912: 316 ([erroneously]
listed for New Zealand). Garman, 1913: 234-235 (synonymy—except reference to New
Zealand; diagnosis). Waite, 1916: 46, 49, 52 (records repeated for Campbell Island, for
New Zealand [by error], and for Indian Ocean). Phillipps, 1927a¢: 10 (reference to
Scymmnus bispinatus only; [erroneously] listed for New Zealand); 1927b: 11 ([errone-
ously] listed for New Zealand); 1928: 224-225, fig. 5 (line tracing of type figure;
[erroneous] record for New Zealand by Hutton, 1872, doubted; characters). Fowler, 1930
497 (New Zealand [erroneous], Hawaii, Indian Ocean). Whitley, 1934: 200 (mention of
[erroneous] New Zealand record by Hutton based on jaws, now lost, fide Phillipps).

Bertin, 1939: 76 (synonymy; record of holotype). Whitley, 1940: 150 (Hutton’s record
to be expunged; Campbell Island record doubted). Fowler, 1941: 264-265 (synonymy
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[except for reference to New Zealand]; description, translated from Quoy and Gaimard).
Hubbs and MeHugh, 1951: 159-176, pls. 46 (detailed description; relationships and
classification; 34°57' N, lat.,, 181°30’ W. long.; review of published records). King and
Tkehara, 1956a: 17-18, fig. 1 (18°24’ N., 175°12" W.; deseription). Dickens, 1956: 73
23°10' 8., 101°58’ B.; viviparity; luminescenee). Marshall, 1956: 73~74 (same specimen;
viviparity; photophores; deep habitat). Bigelow and Schroeder, 1957: 126-128, fig, 16F
and pl. 2, lower fig. (references; deseription; size; luminescence; birth of young). Otsu
and Yoshida, 1957: 58 (32°46' N, 176°42' W.). Garrick, 1960: 545 (published records;
New Zealand record cannot be substantiated). Garrick and Springer, 1964: §78-679 (wide
range in Pacific and Indien oceans). Parin, 1964: 163, 166, 172-184, figs. 2~4 (general
review; synonymy in detail; habitat; biolumineseence; embryos). Springer and Garrick,

1964: 78, 92 (number of vertebrae; near Midway Island, W. of Johnson Island, South
Pacific Ocean, and off Cglifornia).

Seymnus Mauritionus—[ Quoy and Giamard], in Audouin, et. al., 1831: pl. 114 (Poissons, pl.
22), fig. 2 (Leiche laborde, Scymnus bispinatus renamed, with reference to original figure,
obviously on basis of same material and figure; only diagnosis is ‘“remarquable par la
petitesse de su dorsale.”)

Scymnus (Loemargus) Labordii—Miiller and Henle, 1841 : 9495 (original account, attributed
to Quoy and Gaimard [obviously because they named the fish “Leiche laborde,” and dedi-
cated it to LaBorde, as well as giving it the scientific name of Scymmus bispinatus]; Isle de
France [= Mauritins] and Isle de Bourbon [= Réunion]; 3 in Paris Museum).

Scymnus Labordit—Gill, 1865: 264n (indieated, by parenthetic inclusion, as type of Eupro-
tomicrus [new genus]).

Laemargus Labordit—Duméril, 1865: 457458 (synonymy; description; fle Maurice [= Mau-
riting], Quoy and Gaimard; and 1 from unknown locality).

Buprotomicrus labordit—Gtinther, 1870: 427-428 (synonymy; diagnosis; 2 specimens, no
locality, from J. B. Godfrey, Bsq.). Cunningham, 1899: 732-734 (one of several reported
to have heen washed aboard between 80° and 80° W, in about latitude of Cape Horn;
external and visceral characters). Burckhardt, 1900b: 566, fig. 6 (distribution of photo-
phores). Boulenger, 1902: 174 (references; Campbell Island, 8. of New Zealand). Waite,
1907: 8 (New Zealand [by error; reference wrongly aceredited by Fowler, 1941: 265, to
Scymnus labordid] ).

Buprotomicrus labordei.—Sauvage, 1891: 511 (region of Madagascar, hetween 3° and 26° lat.,
and between 42° and 65° long.).

Euprotomicrus—Gill, 1865: 264n (diagnosis [new genus], with type indicated, by parenthetic
inclusion, as Scymnus Labordit). Burckhardt, 1900a: 488—489 (photophores, of Spinaw
[= Etmopterus] type, may well be functional). Bigelow and Schroeder, 1948: 450, 500
(comparisons; range [New Zealand included by error]). Aleev, 1963: 24 (bioluminescence
[account abstracted by Parin, 1964: 176]). Gilbert, 1963: 295 (nictitans and spiracle). Gar-
rick and Springer, 1964: 678679 (member of midwater fauna).

Euprotomicrus sp.—Hutton, 1872: 81 (New Zealand [hased on set of jaws subsequently lost,
fide Phillipps, 1928: 81; record obviously false]). Parin, 1963: 131 (central part of
Pacific Ocean and eastern part of Indian Ocean; dipnetted under light).

Euprotomyerus [misspelled].—Andriashev, 1965: 540 (Juminescent; one of warm-water forms
penetrating into Kerguelen Subregion of Antaretic Region).

EBuprotomicrus hyalinus—Eigenmann, 1890: 35 (original description; stranded on ship in heavy
sea. nearer Honolulu than San Francisco). Garman, 1913: 234-235 (reference; characters;
distinctness doubted).

Dalatiidee.~Andriashev, 1961: 231 (specimens 13 and 14 of table 1 listed, from Obj Sta. 421).

KNOWN SPECIMENS

Although the species was described in 1824, only 8 specimens of Euprotomicrus
bispinatus were reported by 1951, Ag a result of recent, exponentially aceelerated
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oceanographic exploration, it has become rather well represented in collections.
‘We have traced records of 36 specimens (tables 1, 2; fig. 9). Of these, 8 were col-
lected in the last century, the next 2 in 1948, all 26 others during the past two
decades.

The original describers of the species, Quoy and Gaimard (1824: 197-198),
listed only one specimen, a male, no. 1 in table 1. They specified the locality as
“ile de France” (= Mauritius), the length of the type as “sept pouces quatre
lignes,” which, by computing 1 old pouce as 27.07 mm and 12 lignes as 1 pouce,
yields the metric equivalent of 198 mm. Miiller and Henle (1841: 94-95) recorded
“drei Hxemplare in Paris durech Dussumier,” mentioned one as 714 inches (190
mm) long (probably no. 1 of our table), and listed the localities as “Isle de F'rance,
Isle de Bourbon” (= Mauritius and Réunion). The three specimens are listed as
1, 2, and 3 in table 1, with specifications in part assumed from the information
furnished by Duméril (1865: 457-458), by Burckhardt (19005: 566), by Bertin
(1939: 76), and by Dr. Marie-Louise Bauchot (personal communieation, 1966), on
speeimens, probably the same, in the Paris Museum. Duméril described “deux
individus longs de 0™ 205 et de 0™ .210, dus & MM. Quoy et Gaimard,” (though
Quoy and Gaimard mentioned only one). Duméril specified further: “Haebitat.—
Tle Maurice: Quoy et Gaim., et un sujet d’orig. inconnue.” We interpret the “2057-
mm specimen as the male mentioned by Duméril and as the original type; the
“210”-mm one as no. 2, which Miiller and Henle attributed to Isle de Bourbon, and
the specimen of unknown origin as no. 3. Bertin gave “19 em” as the length of the
holotype (no. 1). Dr. Bauchot has informed us that there are still three specimens
in the Paris Museum: the holotype, which she measured as 196 mm; a second speci-
men, registered also as from “Ile Maurice” and as having been donated by Cuvier,
which she measured as 205 mm long (thought, though not without doubt, to be no.
2, ag listed in table 1); and one 143 mm long, “de provenance ineconnue,” thought
very probably to be no. 3 of our table. The female treated by Burckhardt and stated
to be 200 mm long is probably no. 2.

It seems probahle that only the three specimens in Paris had been reported when
GHinther (1870: 427-428) listed two more, of unknown provenance, but collected
by “J. B. Godfrey, Esq.” Gimnther gave the lengths ag between 8 and 9 inches
(between 203 and 229 mm). According to Peter J. Whitehead (personal com-
munication, 1966) these specimens are BM(NH) 1901.5.26.1 and 2, respectively
206 and 201 mm long. Cunningham (1899: 732-734) and Boulenger (1902: 174)
each reported an additional specimen, respectively 7 and 8 (table 1), and Regan
(1908: 56) listed three, 200 to 220 mm long. Whitehead listed no. 8 as BM(NH)
1901.11.8.1, 219 mm long. No. 7 has not been located.

Particulars on subsequent specimens (9-37) involve no special queries, and seem
1o be adequately presented in tables 1 and 2.

For comparison with Euprotomicrus bispinatus we have at Seripps Institution
of Oceanography a single specimen of Isistius brasiliensis Quoy and Gaimard (for
synonymy sce Bigelow and Schroeder, 1948: 513-514), a mature male 386 mm in
total length (SIO 52-413-5A). It was dipnetted under a light at the surface, over
a depth of 3,274 m, on the night of August 14, 1952, on Scripps Institution “Shell-
back” expedition, by Staff members Cunningham, Richter, and Berner, just on



TABLE 1

Dara o KxownN SpecivExs oF Buprotomicrus bispinatus
Repeated accounts of a given specimen are assigned the same number as for the first recording. The numbers in parentheses
after “‘Parin (1964)” are those used in that paper (p. 166). The localities are charted, by speciren number, on fig. 9.

No. Reference Museums3 or station no. Date of capture Locality How taken Sex |Length (mm)?
1 | Quoy & Gaimard, 1824...... MNEHN 1216 1817-20 “Ile de France” (Mauritius) ? g (198)
17 MNHN 12167 1817-20 “Isle de France” (Mauritius) ? Iy (190)
2 Miiller & Henle, 1841........ MNHN 1217? 1817-20 ‘“Isle de Bourbon’’ (Réunion)? ? e? [205?]
3 MNHN 1215 Unknown Unknown 1 ? {143}
1 MNHN 1216 1817-20 ‘“Tle Maurice’’ (Mauritius) ? d 200"
2 ¢| Duméril, 1865............... MNHN 12177 1817-20 Mauritius?; Bourbon? ? e? | 205"
3 MNIIN 1215 \ Unknown Unknown ? ? [143]
4 . BM(NH) 1860.5.26.1 Unknown; from ““J. B. God- ? Q [206]
5 Ganther, 1870............... {BM(NH) 1860.5.26.2 | Unknown { frey, Beq.” 9 ° [201]
6 Eigenmann, 1890............ CAS 12715 Unknown Nearer Honolulu than San Washed
Franeisco aboard | 9 [158]
7 Cunningham, 1899........... Not located Unknown 90° to 100° W. long., lat. of Washed
Cape Horn aboard | @ ca. 250
2? | Burckhardt, 1900b MNHN 12177 1817-20? Isle de Bourbon? ? Q 200"
8 Boulenger, 1902............. BM(NH) 1901.11.8.1 | V:4:1899 Campbell 1d. ? Q (219)
4,581 Regan, 1908................. (See above) (See above) (See above) (See 2s | ‘200 to
above) 2207
1 Phillipps, 1928e............. [MNHN 1216} [1817-20] (Mauritius] ? <4 [196]
1 Bertin, 1939................. MNHN 1216 [1817-20] “Tle Maurice” (Mauritius) ? [3] ] 19 em.”
9 Hubbs & McHugh, 1951. . ... CAS 20431 X1:19:1948 34°57" N., 131°30" W. Dip net Q 233
10 Dickens, 1956; Marshall, 1956| BM(NH) 1956.6.23.1 | Unknown 23°10° S.,4 101°58’ E. Dip net 2 234
11 King & Ikehara, 1956a. .... .. USNM 164176 T11:3:1948 18°24' N, 175°12' W. Dip net ? 161
12 Otsu & Yoshida, 1957....... USNM 190031 1V:3:1956 32°46" N., 176°42" W. Dip net Q 242
o } {Anlii;rl;fhfgﬁ 41(98?1’} ......... Obj Sta. 421 V:3:1058 3755’ 8., 100°24" W. Dip net {"; e
15 Parin, 1964 (1).............. Vitiaz Sta. 3831 1:6:1958 32°00’ S., 177°13' W. Dip net ? (Lost)
16 Parin, 1964 (2).............. Vitiaz Sta. 4343 11:20:1959 24°03’ N., 179°01’ W. Dip net ? 256




TABLE 2
SeeciMeNs oF Buprofomicrus bispinaius Usep v PrESENT INVESTIGATION

. Tempersture, °C,

Sng:;l- Ship Agencyb Station Collector Dég;;h

no. Surf. 200 m
6 | Str. Gaelie...................... ..| Comm. . Lt. F. A. Gardner A e e
9 (USS.Serrano.................... NEL-SIO 118 J. L. McHugh and Robt. F. Huffer 18.3 10.15 | 4,380-5,121
11 I M/VOregon....oooovvvnennna... HBL Milner B. Schaefer 24.8¢ e ca. 1,829
12 | Charles H. Gilbert................ HBL e T. Otsu and H. O. Yoshida 16.9 15.04 ca. 4,755
23 | Hugh M. Smith................. ..| HBL HMS-15 Thomas S. Hida 26.3 18.4
24 |KoyoMaru....................... SCF . Z. Kubota 25.2¢e 18.12-
25 | SoyoMaru................ooullen TRFL 20 T. Okutani 25.6 14.95
26 | Unknownf........................ NRFL Unknown !
27 | Horizon...........oovevivvnin... SIO Downwind 40 | Edward Brinton 243 16.5 3,579
28 | Horizon..........ocovveiiieiaans SIO Capricorn 147 | Martin W. Jobnson 26.62 20.5¢ e
20 [Alaska................ oo, CSFL 61A4-9 D. J. Mackett 15.6 13.50 5,304
30 | N.B.Scofield.................... CSFL 6183-14 Wm. L. Craig 15.8 12.5 4,901
(125 m)

31 | N.B.Seofield.................... CSFL 6553-12 J. E. Phelan 16.6 10.9 4,206
32 [KoyoMaru....................... SCF eees Arao Tsuruta 25.6 R
33 {Vitdaz.................... e IOAN 5321} ..........
34 | Vitlaz............................ IOAN 53388 | ..........
35 | Vitlaz................. o il IOAN 5388 | ..........
36 | Vitlaz...........oiii, IOAN 5444 | ..., e e
37 JAntonBruun...................... NSF 23 (Cr. 13) | Robert W. Topp 21.2 3,5650-4,100

s Additional data, supplementary to table 1.

b Comm. = commercial vessel; CSFL = California State Fisheries Laboratory,
Marine Resources Operations, California Department of Fish and Game; HBL = Hono-
lulu Biological Laboratory, U.S. Bureau of Commercial Fisheries (formerly POFI =
Pacific Oceanic Fisheries Investigations; the M/V Oregon was operated, in conjunction
with the Laboratory, by the Pacific Exploration Company); IOAN = Institut Okeano-
logii, Academia Nauk (USSR); NEL = U.8. Navy Electronics Laboratory, San Diego;
NRFL = Nankai Regional Fisheries Research Laboratory; NSF = National Science
Foundation; SCF = Shimonoseki College of Fisheries; SI0 = Scripps Institution of

Oceano,
Research Laboratory, Japan.

= Taken by BT on March 4, at 18°20" N, 175°44' W.

d Taken by BT at 32°47 N., 176°42" W.

phy, University of California, San Diego; TRFL = Tokai Regional Fisheries

e Taken at next station at 20°13' N., 158°10.5" V., on December 27, 1961.
1 Specimen taken by Nankai Regional Fisheries Research Laboratory on eruise of

its research vessel.
s Taken by BT at 14°12’ 8., 120°51’ W.

b Taken by BT at 35°2¢' N., 137°28’ W., at 119 m.



17 Parin, 1964 (3).............. Yitiaz Sta. 4668 X11:12:1959 31°33’ 8., 110°42’ E. Dip net g 216
18 Parin, 1964 (4).............. Vitiaz Sta. 4570 XT11:13:1959 31°15° 8., 106°36’ E. Dip net o8 220
19 | Parin, 1964 (5).............. Vitiaz Sta. 5101 IX:26:1961 08°26" S., 140°04’ W. Dipnet | & 160
20 Parin, 1964 (6).............. Vitiaz Sta. 5199 VIII:23:1962 26°02 8., 91°38’ E. Dip net ' 216
a } Parin, 1964 (7). .vvvnnen..... {g‘%ﬁ}fﬁa 201 | yrrrosigee | %52 s, 99°r T Dip net {"” 206
23 Springer & Garrick, 1964. ... TUSNM 190032 11:2:1957 13°38’ 8., 110°34’ W. Dip net 4 112
24 Original. ................... FAKU 36370 XT11:26:1961 18°07' N., 159°50" W. Dip net Q 139.5
25 Original . ................... SI0 66-111-5A VIII:17:1958 29°51' N., 175°00’ W. Dip net g 213
26 Original. ....... ... ... ... SIO 66-110-5A VI-VIII:1963 | 01° to 28° S., 74° t0 102° K. ? g 200
27 Original.................... SIO 58-309-5A 11:13:1958 14°177 8., 108°52' W. Dip net Iod 170
28 Original.................... SIO 63-1086-5A. I1:1:1963 14°167 S., 120°40' W. Dip net Q 109
29 Original.................... LACM 6988 V:20:1961 35°29' N, 137°28' W. Dip net J 211
30 Original.................... LACM 6989 VI:2:1961 35°13’ N., 130°36’ W. Dip pet Q 240
31 Original..... e, LACM 6990 VI1:5:1965 31 N, 131°24' W, Dip net Q 265
32 Original .. .................. FAKU 39024 1:3:1966 06°00” S., 25°19.2" W. Dip net Q@ 105
33 Original . ................... Vitiaz Sta. 5321 XT1:15-16:1964] 23°01’ S., 60°20/ E. Dip net Ik 168
34 Original. ................... Vitiaz Sta. 5333 1:20:1965 32°27' 8., 108°03' E. Dip net [°8 213
35 Original.................... Vitiaz Sta. 5338 I1:5-6:1965 17°36’ 8., 92°13' L. Dip net d 125
36 Qriginal.................... Vitiaz Sta. 5444 VIII:12:1965 22°95' N., 157°55' W. Dip net 4 99
37 Original.................... MCZ 45900 1:19:1966 33°48' S., 176°42' W. Dip net I8 209
a BM{NH} = British Museum (Natural History); CAS = Californis Academy of French inch, caleulated as 27,07 mm); transformed measurements in parentheses; meas-

Sciences; FAKT = Faculty of Agriculture, Kyoto University; LACM = Los Angeles urements taken subsequently in square bracketa,

County Museum of Natural History; MNHN = Muséum National d'Histoire Naturelle, © Line drawing of type (presumably from type figure).

Paris; SIO = Scripps Institution of Oceanography, University of Californisa, San Diego; d Misstated as 23°0/ N. lat. by Parin, 1964: 172,

U. Sing = University of Singapore fish museum; USNM = United States National e Algo listed by Parin, 1964: 166, as bearing invoice no. 37068 in Akademia Nauk SSSR.

useum. _ 5 i f Second specimen donated to fish museum, University of Singapore; naw misplaced
b Total length transformed into millimeters when otherwise stated (1 old pouce, or {Dr. Tham Ah Kow, personal eommunication).
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the equator at 100°00’ W, long., where the surface temperature was reduced by
upwelling to 23.6° C. In all respects this specimen is typical of I. brasiliensis, as
contrasted with the recently described I. plutodus (Garrick and Springer, 1964).

Another specimen (FAKU 39108) of I. brasiliensis has been examined. It was
taken in a trawl with 200 m of wire out, on December 22, 1964, in the Peru Current
off Peru, at 13°46.0 8., 81°52’ W.

EXTERNAL CHARACTERS

The brief descriptions of Euprotomicrus bispinatus by earlier authors were ex-
panded in considerable detail by Hubbs and McHugh (1951) and supplemented
by Parin (1964) and by King and Ikehara (1956a). We now offer a note on the
color of the species, a morphometrie analysis, and a deseription of the photophores,
the denticles, and the dentition. In addition we treat certain internal characters
(its visceral anatomy, in detailed comparison with that of Isistius brasiliensis, and
its vertebrae and other skeletal parts); also the claspers and the ova and embryos.

CoLor

The color pattern (pl. 1, figs. 1, 2) of Euprotomicrus bispinatus has been deseribed
and figured several times. Mention has not been made, however, of the general
color tone. This varies from very light brown to brownish black. For example, of
four specimens in the British Museum, 4 and 5 (see table 1) are “light brown,”
8 is “slightly darker,” and 10 is “black” (Peter J. Whitehead, personal communica-
tion). Among four specimens from off California, the ground color grades from
light brown to brownish black, in the following sequence of specimens: 30—29—
9—31. The variation is great, but gradual,

MORPHOMETRIC ANALYSIS

In order to determine whether, and if so how, proportions (1) change with inereas-
ing size, (2) differ with sex, and (3) vary geographically, we present as basic data
proportional measurements of 21 speeimens (table 3). All proportions are ex-
pressed as thousandths of the total length. Except for two replacements and a few
additions, chiefly to match measurements fully with those listed by Parin (1964:
175), our set of measurements, and our techniques of measuring, follow those
utilized by Hubbs and McHugh (1951: 170-171) for one specimen (no. 9 in our
geries). In general, the methods follow the standards set by Hubbs and Lagler
(1964: 19-26, figs. 3-T).

Of the 21 specimens, 14 were measured by us for 73 body parts, plus 2 more on
males only, and 7 were measured by Parin (1964) for 29 dimensions. In all, more
than 1,200 measurements are listed.

For greater precision, all measurements were taken from point to point, never
as projections. Dial ealipers were used for smaller dimensions, under magnification
ag needed. Origins of vertical fins and insertions of paired fins were located by
gently pushing one point of the instrument against the anterior base of the fin
until slight resistance was felt. Depending on obvious context, either the minimal
or the maximal measurement was employed, Most bilateral parts were measured
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The 21 specimens are separately arranged by order of size, first under sex, then under major ocean areas. Detailed collecting data
are given in tables 1 and 2. Measurements reported by Parin (1964: 175) are indicated by the letter P following the specimen number.
Proportions in parentheses, from Parin (1964), are for values that certainly or probably deviated from corresponding measurements
by us becanse of a difference in method. The plus marks for measurements of specimen no. 31 represent low values attributable to
shrinkage. Specimen no. 6 is also considerably shrunken. Fins are thus abbreviated: C = caudal, D; = first dorsal, D; = second dorsal,
P1 = pectoral, P, = pelvic. The asterisk indicates a mature male or gravid female; others are immature, spent, or of unknown maturity.

TABLE 3

Atlan-

Ocean area North Pacific Ocean South Pacific Ocean Indian Ocean o tie

cean

e, e Male Female Male Female Male Female

Speeimen no.. ....oviieenanaa.. 29% 25 24 & 11 9* 30* 12*  16*P 31 23 19 27 13*P 28 26*  21*P 17*P  20*P 18*P 32
Total length, mm................ 211 213 139.5 158 161 233 240 242 256 265 112 160 170 202 109 200 206 216 218 220 105
1. Predorsal length, to Di....... 513 529 500 524 516 527 531 500 546 511 519 530 526 511 524 528 530 533 551 548 523
2. Predorsal length, t0 Da. ...... 676 699 654 659 867 679 684 679 710 671 666 671 689 663 661 675 689 680 700 685 675
3. Between dorsal origins........ 163 170 154 135 151 152 153 179 164 160 147 150 163 159 137 147 156 157 155 142 152
4. Interdorsal space............. 139 148 134 109 132 122 131 154 130 125 137 107 119 .. .. . 124
5. Deorigintoend, G........... 316 312 353 346 334 314 320 311 332 336 .. 317 347 324 343
8. Tip Dz to C margin........... 189 203 208 203 207 190 179 169 - 185 205 .. 196 .. 203 177 . .. .. .. 205
7. P1 insertion to Dy origin...... 281 283 285 299 289 300 326 294 341 317 268 285 280 275 295 286 200 289 315 291 267
8. Prepectoral length............ 253 262 237 220 245 245 223 224 218 215 259 247 261 249 264 263 255 252 252 266 262
9. Prepelviclength.............. 599 613 584 580 583 614 615 811 620 800 603 603 653 595 578 601 528 589 621 612 582
10. D: origin to upper C origin...| 182 187 190 188 188 174 173 176 163 189 180 194 184 184 183 196 188 190 169 195 191
11. P2 insertion to lower C origin.| 238 234 254 228 252 217 228 233 243 236 230 234 236 244 214 235 232 255 229 250 240
12. Between Py and Pz insertions.| 348 346 344 370 355 379 406 389 . 404 330 .. 364 .. 319 359 .. .. .. . 343
13. Body depth (greatest)........ 104 133 114 117 112 116 132 109 126 123 118 103 124 111 131 116 138 107 142 114 124
14. C peduncle depth {least)...... 22 21 25 25 22 21 18 19 18 1741 29 21 25 20 23 21 21 19 20 21 29
15. Body widih (greatest)........ 120 122 102 104 108 117 119 168 101 109 121 112 128 104 123 109 126 117 116 110 118
16. C peduncle width at front C..| 23 20 29 22 22 22 22 20 .. 164 27 .. 24 .. 27 21 .- .. . .- 29
17. Length to 1st gillslit......... 199 201 193 191 187 189 168 171 158 159 211 190 197 188 211 201 180 191 10 192 209
18. Width between 1st gill slits. . .| 117 114 122 109 107 111 102 102 . ca. 94 129 114 123 119 119
19. Snout length (preocular)...... 71 88 66 67 66 63 56 58 .. 4941 73 .. 67 .. 69 66 .. .. . . 76
20. Snout length (preoral)........ 103 107 108 95 106 102 89 91 77 87 106 100 105 94 112 106 108 9 103 42 124
21. Snout tip to nostril........... 38 37 44 38 33 34 30 30 19) 234 37 (22) 39 20) 30 41 28 (2 @n @2 38
22. Nostril length (incl. pore).. ... 32 31 36 28 27 30 25 22 .. 204 31 .. 34 .. 32 27 .- . .. .. 34
23. Internarial width (least)...... 26 23 29 24 22 21 23 21 21 194 28 22 21 20 23 23 28 26 28 24 27
24. Between dorsal pores, nostrils | 44 41 45 33 35 40 38 33 32| 45 45 39 42 .. 48
25. Between tips of narial flaps... 57 53 63 52 54 53 50 46 41 60 55 63 55 71
26. Nostril to orbit (least)........ 37 33 42 30 32 33 28 30 28+ 35 34 36 34 . 38
27. Nostril to mouth (least)....... 73 73 80 68 72 72 63 67 63 79 71 3 71 o




30. Between ends, oral grooves. ..
31. Orbit tc end, oral groove......
32. Orbit notch to same end......
33, Suborbital width (least)......
34. Orbit length (excl. notches)...
35. Orbit length (inel. notches). ..
36. Orbit height..................
37. Interorbital width {fleshy)....
38. Between orbits ventrally.....
39. Interspiracular distance......
40. Postorbital notch to spiracle. .
41. Spiracle length .

42, Spiracle width .-
43, Spiracle to end, oral groove...
44, Spiracle to P1 insertion. .
45. Between gill slits 1 and 5
46. Length longest gill slit
47, Height of 1st gill slit. ..
48. Height of 5th gill slit. .
49. D1base....oovrrrinann .
50. D1 origin to extreme tip.. ...
51. D: upper-posterior edge. . .
52. D1 lower-posterior edge. .

55. Dy origin to extreme tip. .....
56. Daupperedge................
57. Dz lower-posterior edge. . .
58. Dz heighteeeoveieiiniinnnnn,
59. C upper lobe (extreme}.......
0. C lower lobe (extreme)........
61. C upper orig. to end urostyle.
62, Same, to margin (least).......
63. Py base (fin appressed)...
64. P1 length (fin appressed)...
65. P1 length to lower-rear $ip. ...
66. P1 posterior edge..............
67. Prextreme width.............
68. P; lower-posterior edge
69, Pebase.............. .
70. P2 length to outer-rear tip....
71. P2 outer-posterior edge. .......
72. P» inner-posterior edge........
73. P2 insertion to tip, rays.......
74. P; insertion to tip, clasper. ...
75. Genital pore to tip, clasper...

101

93
66
48
58
63
16
88
111
79

111

32

113
120
92

100
73
73

59
46
73
43
97

49
13
(16)
19

70

16
135
106

92

95

103

163
128
147
123

96
95
71
64
71
47
&6
56
45
80
84
42

33 39

20 22

53 60
12 16
9
(19) 24
13 16
93 92
19 21

134 145
13 119

94 98
108

81 127
89

14

9
28

158
129

99

114

107
79

45

2
49
14
22
17

95

16
147
116

88

114

42

20
49
12
(20)
19

97

19
143
112

103

114

43

21
53
13
(19
17

86

17
136
112

97

113

39

22
60
11
9
19
14

105

20
128
12

96

115

+ Measurements for second dorsal fin were t0o low because fin had a rounded tip (injured?).
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on each side and averaged (partly to eliminate extremes and partly to compensate
for distortion on preservation).

Specifications for certain individual measurements, as made by us, follow in the
sequence of numbered headings corresponding to those in the first column of
table 3:

2, “Predorsal length, to D,”, was computed by us by adding permillage values for
item 1 (predorsal length to origin of first dorsal) and item 3 (distance between
dorsal origins). Because the whole line is nearly straight, little error is thus in-
volved.

5, “D, origin to end, C,” was taken from extreme front of second dorsal hase to
farthest point of margin on upper caudal lobe.

6, “Tip D, to C margin,” from extreme upper-posterior rayed tip of second
dorsal fin to farthest point on margin of upper caudal lobe.

18, “Body depth,” and 15. “Body width,” like other measurements, were made
when specimen was manipulated to approximate its normal form in life.

19, “Snout length (preocular),” from front edge of orbit, excluding the anterior
notch.

20, “Snout length (preoral),” from the front of the transverse mouth slit, in
relaxed position.

21, “Snout tip to nostril,” was taken by us from tip of snout on midline (as in
other measurements from snout tip) to the definite outer end of the nostril. Since
Parin’s measurements are all smaller than ours, we assume that he took this meas-
urement to the nearest point of the nostril margin.

24, “Between dorsal pores of nostrils,” is the least interspace between the inner
walls of the dorsolateral rounded opening in the narial slit,

28, “Mouth length (projection),” from front of mouth groove along mid-gagittal
line to a straight edge laid between extreme ends of backward extending grooves
of gape. Other measurements to ends of oral grooves were also to the extreme ends.

29, “Month width,” was taken by us between outer marging of concealed lips.

45, “Between [fronts of] gill slits 1 and 5.”

49, “Dorsal base,” was taken by us between extreme limits, yielding values
averaging higher than Parin’s.

50 and 55, D, and D, “origin to extreme tip,” were substituted for the much less
precise measurement, to upper anterior tip.

51, “D, upper-posterior edge,” and 56, “D, upper edge,” are highly variable,
partly because the anterior point of measurement is indefinite.

52 and 57, D, and D, “lower posterior edge,” are more definitive and less vari-
able.

53 and 58, D, and D, “height,” were taken by us, in an effort to mateh Parin’s
values, as the vertical height from the solid body to the margin of the fin in natural
position, measured at a right angle to the margin of the body proper.

TREND OF PROPORTIONS WITH SIZE OF SHARK

By scanning the proportions in sequence of size of shark, giving consideration to
possible sexual and areal differences, indications are obtained of either isometry
or allometry. These indications were supplemented, for our measurements, by trial
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graphs in which the values for the ocean regions and for the sexes were identified
by distinetive symbols.

The one small specimen from the Atlantic Ocean (105 mm long) seems to be &
bit extreme in many proportions, such as no. 20, snout length (preoral), and no. 25,
between tips of narial flaps (table 8 and fig. 3) ; also in characters 7, 8,14, 19, 22, 24,
217, 29, 30, 3640, 43, 52, 57, 59, and 60 (shown in table 3 only). Most of the extreme
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Fig. 1. Positive allometry of distance between insertions of paired fing (dimension 12, table
3) in Buprotomicrus bispinatus. Solid dots represent males; hollow dots, females. Lines fitted
by eye.

proportions involve the large size of the anterior parts (larger than would be
expected from the small size of this shark); a few of the higher than expected
values are for fins. But the differences merely exaggerate the normal allometrie
changes and do not appear to be great enough to warrant taxonomie separation.
No other suggestion was obtained of differentiation between major ocean areas.
For this reason, all the material ig treated as a unit in evaluating allometry and
sexual differences in relative growth, which are now considered together.

With the one exception of the length of the abdomen—expressed by character
12, the distance between insertions of paired fing (fig. 1), and, less notably, by the
prepelvie length (9), which involves the same part of the body—the growth pat-
tern is isometrie or negatively allometrie. The females, as would be expected, as an
adaptation to fecundity in a dwarfed shark, exhibit strong positive allometry in the
length of the abdomen. The males seem to show some, but mueh less, positive
allometry. Thorson, Watson, and Cowan (1966: 395) have indicated that females
of a large shark, Carcharhinus leucas (Miiller and Henle), have relatively longer
abdomens than males, and such may well be a common characteristic of sharks. The
slightly higher average number of monospondylous vertebrae, but lower average
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number of diplospondylous vertebrae in “Spinaz niger” = Etmopterus spinaz
(Linnaeus), as indicated by Punnett (1904: 818-320), may be related to this
morphometric trend. Springer and Garrick (1964: 79), in referring to Punnett’s
biometric data, erred in stating that Punnett had indicated that the values for
“half vertebrae” (diplospondylous units) as well as for “whole vertebrae” (mono-
spondylous units) average higher in females than in males.

Since the abdomen becomes relatively longer with increased size of fish, either
the preabdominal or the postabdominal region, or both, must in compensation
become relatively shorter. Examination of the data shows that both the head and
caudal region do grow with negative allometry.

All measurements of the caudal-fin region (fig. 2) show a progressive decrease
in relative size of the parts, in hoth sexes. This is true not only of the essentially
lengthwise measurements, but also of the caudal-peduncle depth and width (char-
aeters 14 and 16, table 3).

The anterior parts also grow with negative allometry, as may be seen for four
selected characters in figure 3, and for all other head parts, without exception, in
table 3. The negative allometry of dimension 17, length to first gill slit (top section
of fig. 8), and for some other dimensions, is much stronger in females than in males;
the impression given is that the expanded abdomen, more notable in females than
in males, has displaced the gill region forward. The preoral snout length (char-
acter 20, second unit in fig. 3) shows similar relations, ag do some other anterior
parts. In other anterior parts, as the spiracle length (41, bottom unit of fig. 3), the
gexes differ little, and in a few characters the negative allometry of the males is
glight or even dubious. But, considering both sexes, every anterior dimension, of
the many measured, becomes relatively smaller with increased size of fish.

Essential isometry is exhibited by body parts other than those of the abdominal,
eaudal, and ecephalie regions. This applies to the predorsal and interdorsal meas-
urements (1-4), pectoral insertion to origin of first dorsal (7), prepectoral length
(8), second-dorsal origin to upper caundal origin (10), between pelvic insertion and
lower caudal origin (11), body depth and width (13, 15), width between first gill
slits (18), measurement of and hetween gill slits 1 and 5 (456—48), measurements of
dorsal, pectoral, and pelvie fing (49-58, 63-75), except, of course, for the sexually
modified parts of the pelvie fin.

PHOTOPHORES AND LUMINESCENCE OF Euprotomicrus AND OTHER SHARKS

Burckhardt (1900a, b) correctly interpreted numerous black specks on Euproto-
miacrus Labordii (= E. bispinatus) as luminous organs and figured their distribu-
tion on the lower half of the body. He dealt briefly also with minute photophores in
other squaloid sharks, referred by him to the Spinacidae and Laemargidae (respee-
tively equivalent to Squalinae, in part, and Dalatiinae). He mentioned observa-
tions on the luminescence of Isistius brasiliensis as early as that made by Bennett
in 1840 (quoted in full by Garman, 1899: 39, by Fowler, 1941: 271, and by Parin,
1964: 169). Dickens (1956) observed stromg luminescence in the specimen of
Euprotomicrus bispinatus that he captured, and wrote: “Attention was first drawn
to it by the presence of a greenish glow at a distance of 50 £t. [15 m], a luminosity
whieh was later found to be a natural funetion, mainly on its underside.” Stras-
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Fig. 2. Negative allometry of five dimensions of caudal fin in Fuprotomicrus bispinatus. Solid
symbols represent males; hollow symbols, females, Lines fitted by eye. From top, five dimensions
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burg (1963: 35) stated that one Isistius “emitted a light-blue glow.” Parin (1964:
170), after quoting Bennett, gave a fleld note from the journal of the R/V Vitiaz,
which reported that a specimen of I. brasiliensis radiated a slight greenish lumin-
escence, which faded at times, Parin (p. 176) referred to Dickens’ observation and
quoted, from field journals of the same ship, observations on the luminescence of
three specimens of E. bispinatus, indicating that the entire ventral surface and
the lower borders of the sides radiated a pale-greenish light, at first on irritation
and on sudden movements of the shark, then becoming constant before and for
some time after death.

Burckhardt (1900q, &), probably overgeneralizing, thought that all Dalatiinae
(his Laemargidae) have luminous organs. They have been described in several
squaloid sharks, and luminescence has been observed in some of them.

It is clear from observations on bioluminescence in Fuprotomicrus, Isistius, and
certain other squaloid sharks that functional luminous organs oceur, chiefly on the
ventral surface. The photophores are obviously the thousands of minute bodies that
appear under the binocular microscope as black dots, mainly on the lower parts.
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Fig. 3. Negative allometry of Euprotomicrus bispinatus in four dimensions, Numbers at left
refer to the dimensions, as entered in table 3: 17, length to first gill slit (= head length); 20,
preoral length of snout; 25, distance between tips of marial flap of each side; 41, length of
spiracle. Solid dots represent males; hollow dots, females. Lines fitted by eye.

Inasmuch as neither Burckhardt nor any other author has deseribed in detail the
photophores of Buprotomicrus or Isistius, and inasmuch ag the descriptions of the
luminous organs in other sharks have left mueh to be desired, these structures have
been studied by us in a specimen of E. bispinatus (no. 24, table 1), and, for com-
parison, in two speecimens of Etmopterus lucifer Jordan and Snyder, 157 and 210
mm in total length, and in three specimens of Centroscyllium ritteri Jordan and
Fowler, 142 to 216 mm long.

Although Burckhardt (1900) and Parin (1964) indieated that the photophores
of the various luminescent sharks are very similar in strueture, we distinguish two
types. The only type heretofore described (by Johann, 1899, Burckhardt, 19000,
Dahlgren and Kepner, 1908, Ohshima, 1911, Iwai, 1960, and others), is character-
ized by an iris-like structure, formed of dendritic pigment cells capable of covering
a group of several photogenie cells. These structures, along with the lens cells and
pigment sheath, are not consolidated into compact units, but rather are separated
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in the epidermal layer. Such organs are scattered at random in various sharks
referable to the subfamily Squalinae, for example Etmopterus ucifer, B. fronti-
maculagtus Pietschmann, Centroscyllium ritters, C. gronuletum Giinther, and
C. fabricii Reinhardt.

In contrast, the photophores of Euprotomicrus bispinatus form a complicated
network, and each is more compact, lacks an iris-like structure, and contains a
single photogenic cell. In the main differential features, the type heretofore recog-
nized seems to be the more specialized in respect to the development of the iris-like
structure, but the more generalized in other respects. Thus, each type seems to
combine specialized and generalized features (which seems to be a very general
rule). The distinetness of the types suggests that bioluminescence has evolved
independently at least twice in sharks, as it has, repeatedly, in teleosts and in other
animals.

‘We now proceed with a more detailed account of the photophores, first in Eupro-
tomicrus, and then in other sharks.

PHOTOPHORES OF EUPROTOMICRUUS BISPINATUS

In this dwarf pelagie shark the very numerous minute light organs form a rather
uniform network over the entire venter and lower sides of body and head (pl. 2,
fig. 2; pl. 3, A--C; fig. 4, A; Burckhardt, 19000 : fig. 6). The upper fringe of the eyes,
the basal parts of the paired fins, and the posterior tip of the caudal axig bear
similar photophores. Bach unit of the network ig a roughly V-shaped aggregation
of photophores paralleling the two posterior oblique sides of each denticle. Where
they are densely distributed, as on the belly, more than 25 make up each single
V-shaped eluster, and no fewer than 60 may be seen in an area of 1 mm® Each
organ is so tiny, about 50 to 90 u in diameter, as to be scarcely visible to the unaided
eye. The smallest ones are not much larger than an erythroeyte. Under low magnifi-
cation, each organ appears as a black spot, representing the underlying black
sheath.

Ag is usual among free-moving luminescent animals, the light is directed almost
entirely downward. In this species, no luminous organs can be seen on the dorsal
surface, and the luminescent area in the trunk region searcely reaches to the
lateral line, or, on the head, to the line from eye to gill openings. Aleev (1963: 24),
quoted by Parin (1964: 126), having heard from Andriashev that the ventral side
of the body is luminescent, theorized that because the body in Euprotomicrus is
ventrally flattened for buoyancy (and would thus tend to form a shadow), “the
liguidation of the treacherous shadow is, in this case, achieved by a special illumi-
nation of the ventral side of the body” (our translation). In view of the consider-
able depth range of the speeies, and recalling that Dickeng (1956) could see the
reflection of the luminescence at 15m, this explanation seems farfetched, though it
could be cited as a special case of the general theory advanced by Clarke (1963).

The minute luminous organs of Euprofomicrus are enclosed in the epidermis,
which is composed of stratified squamous epithelium, Each photophore is spherical
and comprises three main elements (pl. 3, D): (1) a single photogenie cell (ph),
(2) a black sheet of pigment (ps) closely embracing the pigment cell ventrally
and laterally, and (3) a lens (1) made up of a group of small cells overlying the
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Fig. 4. Arrangement of photophores on ventrolateral
part of flank in three luminescent sharks. A, Euproto-
micrus bispinatus; B, Etmopterus lucifer; C, Centroscyl-
liwm ritteri. Black spots represent photophores. Each scale
bar indicates 1 mm.

apical surface of the photogenic cell. Each photogenie cell characteristically con-
tains in the basal part many granules, presumably photogenic, and a large deeply
staining mass that seems to be the acidophilic secretion. The large nucleus of the
light-producing cell usually lies near the apical margin. Photogenesis seems to be
intracellular. Except over the median area of the broadly convex apical horder of
the photophore, the photogenie cell is surrounded by a cup-shaped sheath of black
pigment cells. No iris-like strueture of dendritic pigment is discernible. The cells
making up the lens contain homogeneous ecytoplasm, In external view, in preserved
specimens, the lens is seen under due magnification as a white dot surrounded by
a black ring. In life, it is presumably transparent.

The photophores of Euprotomicrus bispinatus resemble in general features those
of Isistius brasiliensis, but differ notably from those of Etmopterus lucifer and
Centroscyllium ritteri, both in arrangement and in structure. In the specimen of
I. brasiliensis from 13°46.0' 8., 81°52.0’ W. (FAKU 39108), the photophores meas-
ure about 60 to 85 x in diameter.
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PHOTOPEORES OF ETMOFPTERUS AND CENTROSCYLLIUM

In Etmopterus lucifer and Centroscyllium ritteri the light organs are very irregu-
larly distributed. They are densely concentrated on the ventral surface of the
body, where there are no fewer than 12/mm® In these species some isolated organs
are scattered along the dorsal side (pl. 8, F—G). The photophores are particularly
dense over the inky-black areas of the body. In E. lucifer these areas are on the
ventral surface of the body, in a T-shaped pattern on the flank (pl. 3, E; fig. 4, B),
and in dashlike markings on the caudal peduncle and caudal fin. In C. rittert the
black areas are on the basal parts of the paired fins, in longitudinal bands on the
two sides of the interspace between the paired fins, in a slender mark on the flank
(pl. 8, G; fig. 4, C), and as a small spot on the posteroventral eorner of the caudal
peduncle. In this species the photophores are not uniformly distributed, even on
the black markings; they are irregularly disposed along the outer sides of the mark-
ing on the flank and along the median sides in the ventral bands. Though small,
about 100 to 150 w in diameter, the photophores in the species of Eimopterus and
Centroscyllium examined are somewhat larger than those of EBuprofomicrus bis-
pinatus.

The photophores of Hémopterus lucifer and Centroscyllium ritters differ from
those of Euprotomicrus bispinatus also in detailed structure. In those species each
organ is an irregularly hemispherical cup composed of four elements: (1) a group
of photogenie cells, (2) an iris-like strueture formed by dendritic pigment cells,
(3) a peripheral cluster of 2 or 3 lens cells, and (4) a pigment sheath direetly
underlying the mass of photogenic cells. Generally there are 6 to 13 photogenic
cells in the bottom of the organ. These cells contain eosinophil secretion. Photo-
genesis therefore appears to be intracellular. Along the outer surface of the photo-
genie-cell mass crowded chromatophores extend dendritie processes toward the
apex of the luminous complex. It is assumed that by dispersion and contraction
this group of pigment-filled cells serves as an iris to regulate the amount of light
emitted from the photogenic cells. The lens cells are filled with a homogeneous
structure, and the nuecleus of each is displaced to the base of its cell.

The type of photophore just deseribed characterizes certain luminescent sharks
of the subfamily Squalinae (according to the classification adopted by Hubbs and
MeHugh, 1951, and by Bigelow and Schroeder, 1957), and these sharks all appear
from ecollection data to be essentially benthonic. In contrast, the other type
described above is characteristic of Euprotomicrus and Isistius, of the subfamily
Dalatiinae, and these genera are the only luminescent sharks that are definitely
pelagic. Parin (1964: 177) erred, we believe, in hig statement that lumineseent
organs among sharks oceur only in bathypelagie speeies.

ALLEGED PHOTOPHORES OF SOMNIOSUS

A third type of photophore was deseribed by Burckhardt (1900b) for the sleeper
sharks Laemargus borealis and L. rostratus (Sommiosus microcephalus (Bloch
and Schneider) and Somniosus rostratus (Risso) in current usage), but we dis-
believe the function unreservedly attributed to these structures by Burckhardt.
The organs do not closely resemble structures known to be lumineseent in other
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fishes, and they occupy incongruous positions for light-giving organs—along the
lateral line and on the anterior dorsum. The evidence of luminescence in the sleeper
sharks seems to be solely that provided by Burekhardt for specimens of S.rostratus
whieh had been collected for him at the Naples Zoological Station, He “was greatly
struck at the time by the splendour of the spectral eolors that these fishes exhib-
ited.” He was indueed by this display to prepare a colored sketeh. “A later serutiny
of this sketeh convineed me of the faet that I had been able to observe the phosphor-
escence of these organs by daylight, so strong was their luminous power”: all the
more remarkable, since the sharks had apparently died during the preceding night !
Despite these more than dubious circumstances, Burckhardt’s claim of luminosity
for this shark and his identification of certain dermal struetures as photophores
have been accepted by later authors, including Tortonese (1956: 188), Bigelow
and Schroeder (1957: 117), and, with some apparent reservation, by Parin (1964:
177). Bigelow and Schroeder (1957: 120), however, could detect nothing sug-
gestive of luminescent organs on Somniosus microcephalus,

DENTICLES

The dimorphic denticles of Euprotomicrus bispinatus were deseribed in some detail
by Hubbs and McHugh (1951), whose account is now supplemented by several
figures (pl. 3, fig. 3; pl. 2; pl. 3, A-C; fig. 4, A), The pits at the four corners of the
large denticles may be lacking, or extra ones may be interpolated (pl. 1, fig. 3).
Parin’s (1964) figure 3 does not portray pits, but they appear to be a normal
feature of the large denticles. Deviations from a regularly quadrate form of the
denticles are frequent.

Concerning the denticles on USNM 164176 (our specimen 11, table 1), Bigelow
and Schroeder (1957: 127) stated: “We have detected the smaller denticles alone
on the specimen we have seen, and only a few of these, here and there. Seemingly
its skin has been largely denuded of its armature.” On the contrary, the investment
is complete and normal, as is indeed shown in their photograph (pl. 4, lower fig.).
The authors were apparently misled in comparing the integument of EBuprofo-
micrus with that of Squaliolus, which has much coarser denticles.

There are several differences between Fuprotomicrus bispinatus and Isistius
brasiliensis in the form of the denticles. Those of Isistius, essentially as figured by
Bigelow and Schroeder (1948: fig. 98, C), but not quite so regular, are quadrate
and deeply pitted medially with raised points at the cornerg of the surrounding
ridge. They vary considerably, but are not definitely dimorphie, either in size or
structure. The photophores, numerous on the lower parts and scarce above,
generally lie between the denticles, in naked channels that are much narrower than
in Buprotomicrus, as shown in our plate 1, figure 3, and in Parin’s (1964) figure 3.
Tuprotomicrus bispinatus and Isistius brasiliensis differ further in the distribution
of denticles on the clasper (table 8, p. 36; fig. 7).

DExNTITION

Euprotomicrus, along with other genera of the Dalatiinae (the Dalatiidae of some
authors), agrees with certain other sharks of the family Squalidae (in the broad
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sense, equivalent to the suborder Sgualoidea of certain authors), in the trench-
antly different structure of the teeth in the two jaws (Bigelow and Schroeder,
1948: 449-532; Hubbs and MeHugh, 1951: 164-167, fig. 1). The raptorial teeth of
the upper jaw are narrowly triangular, needle-pointed, multiserial in funection,
and, as an extreme feature of this one genus, arranged in quincunx in a subtri-
angular pateh. In strong contrast, the sectorial teeth of the lower jaw are flat,
subquadrate platelets, with triangular points strongly deflected laterally. Only the
median tooth is erect. In one specimen, among the 14 examined by us for dentition,
the median tooth of the series heing replaced hag an oblique tip—deflected toward
the right—but less sharply than the lateral teeth; furthermore, the median tooth
in the replacement band is ereet, The median teeth in the replacement series, as in
specimen 24 (pl. 4, fig. 1), may, however, be deflected to one side. The free edges
of the lower teeth are closely aligned to form a single cutting edge, along a gentle
are. The outermost lower tooth of each side is a broad keel with only a trace of the
triangular tip (as shown for Isistius brasiliensis by Bigelow and Schroeder, 1948:
fig. 99 on p. 510).

This whole structure is admirably fitted for securing food. The upper teeth can
hold the small prey effectively, while lateral baek-and-forth movements of the
lower jaw bring the cutting mechanism into play. A relatively sizable ingested
lanternfish with the urosome cleanly sheared off (p. 51) bespeaks the efficiency
of the dental apparatus.

The two-shouldered median tooth of each series in the lower jaw alone overlaps
the next one on either side (pl 4, fig. 1), as shown for Isistius brasiliensis by
Bigelow and Schroeder (op. ¢it.). A prominent distolateral shoulder on each of the
other lower teeth overlaps the next tooth laterad (pl. 4, fig. 2). The lower teeth
are all so flat that the overlap is appreciable with difficulty. In specimen 29 & tooth
2.75 mm high is only 0.40 mm thick. Each root is completely exposed on the outer
face, but the inner face adheres closely to the lower jaw. The base is deeply pitted
medially. The lower teeth are firmly interlocked by a peg (the “shoulder” men-
tioned above)-and-socket arrangement: a point not duly stressed in discussions,
as by Bigelow and Schroeder (1948: 65-66, fig. 7), and by Strasburg (1963; 35-37,
figs. 2-4), of the replacement of the teeth of this uniserial, flat, basally subquadrate
structure. In the structure and arrangement of the mandibular teeth Fuproto-
micrus closely resembles Dalatias licha (Bonnaterre) (James, 1953: 425, pl. 2).
The type of juxtaposition or of overlap, which was particularly stressed by Stras-
burg, is really of no great significance for teeth of such structure: the sequence
of replacement of the individual teeth is immaterial because it has been shown
that when the next band has come into use the old, still interlocked single ribbon-
like band moves, out of serviece, downward on the outer face of the essentially
transverse lower jaw until the whole unit flakes off. (Pl. 4, fig. 2 shows, still inter-
locked, the first 8 left lower teeth that had been, a bit prematurely, flicked off
the outer face of the mandible of specimen 29.) Bigelow and Schroeder assumed
that these teeth, which form a single cutting edge, are simultaneously replaced,
becaunse they had never seen gaps in the row being replaced. In dealing with Isistius
brasiliensis, Strasburg agreed on the same basis and also, more pointedly, because
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he found in the stomachs of the shark, teeth of the same species, including what
he regarded, properly we believe, to be the entire set of lower teeth that the same
individual had recently lost through tooth replacement (p. 52).

Two of the 14 specimens of Buprotomicrus studied by us for food were caught
in the act of tooth replacement, much as was a specimen of Isistius illustrated by
Strasburg (1963: fig. 3). The replacement teeth are the larger, but no effort was
made to compute, from the differential size of the teeth in the two series, and from
the size relation between teeth and fish, the number of tooth replacements in the
life span of the shark, as Strasburg (1963: 87, fig. 4) had done for Isistius. The
overall length of the third tooth from the median one on the right side measures,
respectively for the tooth being replaced and for the one newly in service, 2.00 and
2.60 mm in a 161-mm fish (no. 11), and 2.44 and 2.75 mm in one (no. 29) of 211
mm. As for Isistius brasiliensis (Strasburg, 1963: 87, fig. 4) the differential size
is the greater in the smaller specimen. This size relationship appears to hold also
in a longitudinal section (pl. 4, fig. 3) of a 139.5-mm specimen (24).

The transverse rows of replacement teeth are also regularly aligned (pls. 3 and
7, D), as in Isistius (pl. 7, a). A sharp radiograph of a 211-mm specimen (29) of
Euprotomicrus bispinatus (pl. 7, b) shows only two replacement rows plus a third
incipient row, on the left side only, whereas a similar radiograph of a 386-mm
Isistius brasiliensis (pl. 7, a) shows four full rows. However, a 139.5-mm specimen
(24) of Euprotomicrus shows four rows in surface view (pl. 4, fig. 1) and four rows
plus a tooth bud in longitudinal section (pl. 4, fig. 3). Perhaps the number of
replacement rows decreases with age. In the longitudinal section the angle between
the functional tooth and the first replacement tooth is about 150°, The tooth there-
fore rotates through a very wide angle. The longitudinal fibers connecting the
erupted tooth with its successor are recognizable, The arrangement closely resem-
bles that described for Dalatias licha by James (1953: 436, pl. 2).

This longitudinal section illustrates the successive stages of odontogenesis, the
elaboration of the dentine, the pulp cavities, and the relation of the mandibular
teeth, in the series of replacement ribbons, to the soft tissues and to Meckel’s
cartilage.

In 14 specimens of Huprotomicrus we find the total number of lower teeth to
vary from 19 to 23 (table 4), with mean of 21.36. The frequencies of left-right
formulas, omitting the constantly present median tooth, are 9—9 (2), 10—9 (1),
10—10 (3), 1011 (1), 11—10 (5), 11—11 (2). The numbers are bilaterally
asymmetrical in 50 percent of the 14 specimens, with the eount 1 higher on the
left side in 6, 1 higher on the right side in only 1. This discrepancy is surprising,
but is probably to be attributed to the small size of the sample.

The relation between total mandibular tooth ecount and size of fish in the 14
specimens counted iz as follows:

Tooth count Total lengths (mm)
19 105, 139.5
20 213
21 161,170, 211
22 109, 112, 158, 200, 233, 240

23 242, 265
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The fact that 2 of the 4 smallest specimens have the lowest count and that the
2 largest have the highest ecount might be eited as agreeing with the qualified sug-
gestion for Isistius brasiliensis by Garman (1899: 41), and the unqualified asser-
tion for the same species by Bigelow and Schroeder (1948: 511), that the lowers
increase in number with growth. The second- and third-smallest sharks, however,
have next to the highest count. Strasburg, furthermore, by comparing the number
of lower teeth in the funetional and replacement dentitions of the same species
found that for sharks of total length 237 to 462 mm: “The number of teeth was
constant for all dentitions of a particular shark, diserediting the idea that there is
an increase in number with growth. Instead, one would deduce a loss with growth,

TABLE 4

VartarioN 1N Toran MANDIBULAR TooTH Count oF Euprotomicrus bispinatus
(By major ocean areas)

Mandibular tooth count
Major ocean area
19 20 21 22 23
North Pacific Ocean. ...................... 1 1 2 3 2
South Pacific Ocean........................ .. N 1 2 ..
Indian Ocean..........ooviiiinveninnonnn, 1
AtlanticOcean...........ooiiiiieiirinnn, 1
Total...ovvire e e 2 1 3 6 2

for the ratios of total length to tooth count in these sharks are 237/31, 249/31,
292/30, 382/29, 383/29, 446/29, and 462/30. This small sample shows a decline in
tooth number with increase in length.”

Inasmuch as the outermost tooth of each side in both genera is distinetly special-
ized in all specimens, it is difficult to understand how the total number may change
with age. The published indications of inereasing numbers appear to be false, and
to be attributable to individual variation and to the small size of the samples.

There is a slight indication (table 4) of areal differentiation in tooth numbers,
but we have only a single count each for the Indian and Atlantie oceans, and both
come within the range for the Pacific. Between the North Pacific and South Pacifie
samples there is no evidence of a difference in total number.

The 386-mm specimen of I. brasiliensis (SI0 52-413-5A) at hand from the equa-
torial Pacific has the following tooth formula:

1541415 _ 31
14+1+14 29

INTERNAL CHARACTERS

A major feature of this investigation has been the discovery that Euprofomicrus
bispinatus and Isistius brasiliensis differ trenchantly in many visceral and skeletal
strucetures. Obviously, the two genera have diverged long and far, and must differ
in functions as well as in strueture.
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TABLE &

.- CONTRASTING VIsCERAL CHARACTERS IN Euprotomicrus bispinatus AND Isistius brasiliensis®

Visceral character

Buprotomicrus bispinatus
(fig. &)

Tsistius brasiliensis
(fig. 6)

Gastrointestinal tract,
general form

Front end, valvular
intestine

Anterior part (nearly
half) of cardiac part
of stomach

Stomach

Pylorie part of stomach

Duodenum

Spiral valve

Right arm of spleen

Liver

Liver occupying

Anterior end of liver

Liobes of liver

Point of discharge of
bile duct

Oil in body cavity and
often in gut

Testes in

Compressed S-shaped

Continuous anteroposteriorly
with duodenum

Free of body wall; largely
embraced by liver

J-shaped

Well developed

Compressed U-shaped

13 narrow turns

Much elongated

About half mass of rest of
of viscera

Less than half length of body
cavity

Truncate

Each a weakly apiral coil, not
coiled together; barely
overlapping gut anteriorly;
united only at extreme
anterior end

Anterior bend of duodenum

Hardly evident

Aunterior half of body cavity

Two straight segments with
very short connection

A blind sac in advance of
duodenal valve

Firmly attached to dorsal
wall of body cavity

Simple tube

Lacking

Short, straight tube

8 broader turns

Secarcely produced

Several times mass of rest
of viscera

Nearly full length of body
cavity

Pointed, conieal

Coiled together and against
body wall; almost com-
pletely encompassing gut;
united ventrally, save for deep
crease, along anterior half

Axnterior tip of blind extension
of valvular intestine

Generally profuse

Largely in posterior part of
body cavity

» Tor differential proportional dimensions see table 6,



Huybbs-Iwai-Matsubara: Euprotomicrus bispinatus 25

TABLE 6
Dmvensions oF Parts or VISCERA®
(In percent of length of main body cavity)

Visrs prt By | Tiias,
Gastrointestinal tract (within body cavity)
Length to outer edge firstbend...........ovviiiniinnnn. 68 62
Length antrorse segmentP. . ..., .o i 38 11
Posterior straight section (total)..............cooiiv ... 71 48
Before valvular intestine®...... ... oo s 24 6
Valvular intestined. ... ... i 24 32
Behind valvular intestine. .........ovoiiiiiii e 22 13
Length of rectal gland ....... ... ... oot ans 13 6
Length of spleen (midline)..........coovivviiiiiininnnen. .. 10 5
Liver
Lengthleftlobe....c..ooooiii e 37 03
Length rightlobe. . ..o i 45 89
Length ventral junction............. oot 8 44
Greatest overall width........ ..o it 24 17
Width at end, first Spercent..........ccoiiiiiiiiiine. .. 21 4
Length, vight testis. ... .o i e 33 34
Length, main part, sSperm S8C. .. ......oveueiiieinnenenanen.. 32 23

s Measurements taken from figs. 5, 6. n

b In Buprotomicrus from outer edges of bends involving pyloric section of atomach and first (antrorse) section of duo~
denum; in Iststius from outer edge of first bend to insertion in valvular intestine.

¢ Including duodenal valve,

d Mensured from duodenal valve.

VISCERAL ANATOMY OF EUFROTOMICRUS BISFINATUS
DESCRIBED, AND COMPARED WITH THAT OF ISISTIUS BRASILIENSIS

Very brief aceounts of the visceral anatomy, based on specimens apparently not
well preserved internally, have been given, without illustrations, for Euproto-
micrus by Cunningham (1899) and for Isistius by Strasburg (1963: 35). These
accounts, so far as they go, correspond with our observations.

The viscera provide some of the most trenchant characters of Euprotomicrus
bispinatus, at least in contrast with those of the supposedly very closely related,
somewhat less dwarfed Iststius brasiliensis (Quoy and Gaimard, 1824: 198). These
differences involve the fundamental structural plan (table 5), as well as the
proportional size of the parts (table 6). This is especially surprising in view of
the similar ranges, habitats, and food of the two species. The differences in the
viscera seem even more striking than those in the claspers (p. 34). It is trusted
that those ichthyologists who seem preoccupied in lumping genera will keep in
mind such fundamental differences, which so obviously indieate prolonged and
profound separation.

The following description and comparisons and figures 5 and 6 are respectively
based primarily on speeimen 29 of Euprotomicrus bispinatus (table 1), an adult
male 211 mm in total length from the northeastern Pacifie, and on an adult male
of Isistrus brasiliensis 386 mm long (SIO 52-413-5A) from the equator at 100°
00’ W. Most of the characters for Euprotomicrus were checked for at least approx-
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imate agreement on the other available adult males, but no comparative material
of the Isistius was used. Bxcept in gonad strueture the females of Euprotomicrus
were found to agree with the males.

The short esophagus of Euprotomicrus has thick, muscular walls, the lining of
which is raised into nine strong, even, regularly parallel, longitudinal folds.

The stomach, also thick-walled, is deflected somewhat to the left side (and is
drawn farther deflected in that direction, which is shown to the right, in fig. 5).
Tt passes through a rather narrow collar of the liver near its forward end. It is
underlaid for ahout one-third the length of its cardiac part by the right lobe of the
liver, but for only about one-tenth that length by the left lobe. On its right side
the stomach fits into a shallow groove on the subvertical inner face of the right
lIobe of the liver; the thin left lobe of the liver spirals along the dorsal surface of
the stomach. The stomach is J-shaped, with the closely appressed lesser (pylorie)
arm only about one-fourth as long as the longer (cardiae) arm. In normal position
the longer arm lies largely below the shorter. The mucosa of the stomach is elevated
in low, thin, irregularly kinked, longitudinal folds. In a section of the stomach the
muscular coat is abruptly thickened in the pylorie region.

The antrorse segment of the enteron extends over somewhat more than the
middle third of the hody cavity. Somewhat less than half of this length comprises
the pylorie section of the stomach, which is separated from the duodenum by the
thick, muscular pyloric valve, which greatly constricts the lumen. The duodenum
describes a compressed U, with armg of subequal length, Superficially, the proximal
arm of the duodenum is a direet continuation of the pylorie arm of the stomach,
but the intervening valve is usually discernible externally. The rather thin walls
of the duodenum bear villous mucosa, which contrasts sharply and abruptly with
the folds of the stomach. The bend of the duodenum is abhout opposite the groove
separating the left and right lobes of the liver. The proximal section is closely
appressed against the cardiac part of the stomach; the distal segment fits for about
half its length into a groove along the inner-posterior edge of the right lobe of the
liver.

The duodenal and the valvular divisions of the intestine are separated by the
thick, muscular duodenal valve, which ig more or less discernible externally, just
posterior to the pylorie valve, The gut is eonstrieted just behind this duodenal
valve, but then expands considerably in the valvular intestine. The 13 tight coils
of the spiral valve, which occupy about half the length of the gut behind the
duodenal valve, nearly ocelude the central lumen, which, however, is continuous,
ag in a spiral stairease, The mucosal lining is villous.

Toward the colon the intestine tapers considerably. The firm and conspicuous
rectal gland extends forward from the dorsal side of the rectum, not far in advance
of the cloaca, in which the wrogenital papille is conspienous.

The liver comprises two thin, short, somewhat spirally curved lobes, which are
connected medially by less than one-fifth of their length and by less than one-
tenth the length of the body cavity. The right lobe is much the more massive, and
occupies about four-fifths of the limited face of the liver that is exposed in ventral
view (as in the figure). Topologic relations of liver and enteron are mentioned



Hubbs-Iwai-Matsubara: Euprotomicrus bispinatus 27

above, Some proportional measurements of the liver are listed in table 6. The gall
bladder occupies the rounded medioventral finger of the left lobe of the liver., The
bile duct arises on the inner face of the right lobe of the liver at the ventral edge
of the groove into which the stomach fits; from here it extends backward and
slightly to the left to conneet with the front end of the second gastrointestinal
bend.

The dark spleen is a dorsoventrally depressed, ventrally flattened, triangular
bident, which embraces the abrupt turn of the stomach. The rather sharp left horn
is confined to the bend, but the right horn extends along the right edge of the
pyloric part of the stomach approximately to (sometimes not guite to) the pylorie
valve. In one specimen (9) the anterior end of this long arm is broken up into
several flattened lobes. The long arm varies considerably in thickness.

The pancreas, cream-colored in preservative, appears in ventral view as a flat-
tened, oval mass (doubled in the specimen figured), cuddled in the axil of the
second bend of the gut. From this exposed lobe a compressed band extends dorsally,
pinched between the tightly appressed arms of the duodenum. On the dorsal side
of these appressed arms the pancreas expands into & narow band that extends for-
ward a short distance and backward along the entire length of the antrorse (re-
versed) arm of the gut. (This seetion of the pancreas is very fragile and subject to
destruction, and may not always develop fully.) The pancreas was not found in the
specimen of Isistius particularly studied, but was located in the other example

‘studied (FAKU 89108, see p. 9) and is entered on the drawing; the position, in
relation to duodenum and to spleen, ig similar to that observed in Euprotomicrus.

In all mature males examined the right testis is well developed, as a band lying
against the ventral surface of the kidney, along much of the anterior half of the
body cavity. In the specimen (29) illustrated in figure 5, the left testis is nearly
as large as the right testis, but lies a little farther forward (as does the ovary in
thig species). In other males, however, the left testis seems to be much the smaller,
and in one, the left testis seems to be replaced by the kinked end of the right testis.
However, preservation of the testes was imperfect.

The ovaries are described in the section on eggs and embryos (pp. 34-37). In
gpeeimen 9, a female 233 mm in total length with ova not yet fully elaborated, the
oviduets are large, symmetrically paired bands running forward between kidneys
and ovaries almost to the front end of the body cavity.

VERTEBRAL COLUMN

As Hubbs and McHugh (1951: 169, pl. 6) noted, Euprotomicrus is characterized
among sharks by the remarkably low number of segments, In their extended survey
of vertebral numbers in sharks, Springer and Garrick (1964: 92-95) found only
one other genus, the related and still more dwarfed Squaliolus, to have so low a
number. In Isistius (see below) the number is considerably higher, though also
very low for a shark. Hubbs and McHugh related the low number to dwarfism, but
it seems evident now that the low number as well as the elongate, speol-shaped ap-
pearance of the vertebrae, ag these structures are seen in radiographs (pls. 6-8),
is as much or more a group character; for the larger dalatiines (Dalatics and
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Somniosus) were shown by Springer and Garrick to have the vertebrae few, inter-
mediate in number between those of Euprotomicrus and Squaliolus and those of
Isistius.

We now present (table 7) vertebral counts for 13 specimens of Euprotomicrus
bispinatus, including recounts for the 3 tallied by Springer and Garrick, and add
one count for Isistius brasiliensis.

Examination of this table shows possible, but at most only average, differences
between the main ocean areas, and no apparent sexual differences.

The number of monospondylous vertebrae is remarkably constant—31 or 32, in
about equal frequency. This constancy is aseribable to the low number and to the
fixed and definitive anatomical position of the group: in all specimens of Euproto-
micrus and Isistius X-rayed by us monospondyly unmistabably and abruptly
changes into diplospondyly at a consistent point, directly over the posterior part
of the pelvie-fin base. (According to Springer and Garrick, 1964: 81, the change
oceurs in most sharks over the pelvie fin, usnally over the base of that fin.) No
trace of monospondyly recurs in any specimen beyond the point of change. Henee,
the count of monospondylous vertebrae is readily obtained and is completely reli-
able. Finding this to be true, we regard it as unfortunate that Springer and
Garrick did not separately tally the monospondylous vertebrae in the many
vertebral eounts that they made of sharks.

The number of diplospondylous vertebrae is spectacularly less constant. Our
frequency counts are 28 (1), 29 (2), 31 (5), 32 (1), 33 (1), 35 (2), 38 (1). Itis
customary in fishes for the later-formed elements to be more variable than those
formed early, but the diserepancy here is greater than usual.

The diplospondylous vertebrae were separately tallied as precaudal and as
caudal, on the arbitrary but rather useful eriterion adopted by Springer and
Garrick, who fixed the point of separation as being opposite the origin of the upper
caudal lobe. At first we located this point along the vertebral ecolumn on the X-ray
negatives, as Springer and Garrick did, by inserting a pin at the upper origin of
the caudal. Later we found that sensitive film and proper exposure showed the
outline of the caudal well enough to enable the defined point to be disecerned more
precisely. But even then a possible variation in the count of + 1 in each division
remains, because the exact point of fin origin is somewhat difficult to fix and may
lie approximately over the center of a vertebra (as in pl. 6, b). Some judgment
remains, but the effect is slight in comparison with the actual variation, in both
the precaudal and caudal count of diplospondylous elements.

The 13 counts of diplospondylous precaudal vertebrae range from 15 to 20,
compared with the variation of 31 or 32 for the monospondylous precaudals. The
difference in coefficient of variation would of course be much greater. Some of the
variation may be due to fluetuation in the point of origin of the caudal fin that is
unrelated to the vertebral column. (The X rays do show almost no calcified neural
arches or processes.) It is probable, however, that much of the variation in number
of precaudal diplospondylous vertebrae is inherent in the column itgelf.

The caudal vertebrae, as defined above, are even more variable, yielding ecounts
ranging from 11 to 19. Even with excellent X-ray equipment and careful exposures
the caudal vertebrae are often difficult to count, and variations of 1 t0 3 occur on
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TABLE 7
VerresraL Counts ¥or Buprotomicrus bispinatus AND Isistius brasiliensis®
. Precaudals
Species and oceanic area Sex S;&g;gi:nl)no. Caudals qa]g;anld
Monosp. | Diplosp. Total
Buprotomicrus bispinatus
M 25 32 19 51 19 70
M 29 32 18 50 13 63
F 9 32 15 47 13 60
North Pacific F 11 31 17 48 14 62
F 12 31 19 50 12 62
F 24 32 18 50 14 64
F 30 31 18 49 15 64
B 31 32 20 52 15 67
M 23 31 18 49 13 62
South Pacific M 27 32 16 48 13 61
F 28 32 17 49 14 63
Indian M 26 31 18 49 17 66
Atlantic ¥ 32 31 18 49 11 60
Isistius brasiliensis
Equatorial Pacific M 810 52- 41 21 62 22 84
413-5A
Comparisons of counts for 11 (S) o . 47 14 61
Euprotomicrus by Springer 11 () 31 17 48 14 62
and Garrick (8) and by us
(H) on same specimens 12 (8) .. .. 51 13 64
12 () 31 19 50 12 62
23 (S) . .. 46 16 61
23 (H) 31 18 49 13 62

# The counts follow the presentation by Springer and Garrick (1064), in that the precaudal and caudal counts separate
the vertebrae lying respectively before and behind the origin of dorsal lobe of the caudal fin. In addition, we separate the
monospondylous and diplospondylous precaudals.

repeated counts for some speeimens. The main difficulty lies in the eircumstance
that the terminal vertebrae become not only minute but also irregular in size and
shape, and more or less separated from one another; at the very end, one or two
may be very difficult to distinguish on the magnified X-ray negatives from one
large denticle or a cluster of two to 4 smaller ones (pl. 6, a). In the Isistius
specimen X-rayed (pl. 6, b), each of the terminal vertebrae retains its anterior but
not its posterior expansion and is otherwise unusually elongated and slender.,

Our counts diverge somewhat from those given by Springer and Garrick (1964:
92) for the same speeimens (table 7). The divergence of 3 in the count of pre-
eaudals of specimen 23 cannot be reconciled readily, for our ecount of 49 is minimal.
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It is the rule among fishes (Hubbs and Hubbs, 1954: 193; Hubbs, 1963: 145) that
the numbers of anterior and posterior elements in a meristic series are negatively
correlated. This rule appears not to hold for monospondylous vs. diplospondylous
vertebrae of Euprotomicrus, though the numbers are too few for reliability: in
specimens with 81 monospondylous vertebrae the number of diplospondylous pre-
candals and of total diplospondylous elements averages 18.0 and 31.7, whereas
in those with 32 monospondylous vertebrae these averages are 17.6 and 32.0. When
we compare precandal with caudal counts (table 7), the indieations favor (though
hardly reliably) a positive correlation: the average number of caudals associated
with 47 or 48, 49, and 50 to 52 precandals ig 13.3, 14.0, and 14.6.

COMPARISON WITH ISISTIUS

The vertebral counts of one specimen of Isistius brasiliensis (810 52-413-5A) from
the equator at 100°00’ W, included in table 7, confirm the numbers assigned to this
species by Springer and Garrick (1964: 92). The monospondylous vertebrae (41)
number about 10 more than in Euprotomicrus bispinatus. The number of pre-
caudal diplospondylous vertebrae (21) is 1 higher than the maximum we have
counted for the Euprotomicrus, which is the minimal count given by Springer and
Garrick for Isistius brasiliensis. We have counted more caudals (22) in the Isistius
than in the Euprotomicrus, but Springer and Garrick’s minimal count (20) for
the Isistius mateches our maximal count for the Euprotomicrus. The one recorded
speeimen of Isistius plutodus is reported (Garrick and Springer, 1964: 682;
Springer and Garrick, 1964: 92) to have even higher caudal (27) and total (92)
counts than I. brasiliensis,

There are differences in kind as well as in number in the axial skeleton of
Euprotomicrus bispinetus and Isistius brasiliensis.

In the caudal region of Euprotomicrus the neural arches and radials and the
hemal arches and spines are seemingly so devoid of calcification and so soft as to
fail to show on sensitive X-ray film (pl. 6, a). By dissection of one specimen (25)
we find that the neural arches and radials are essentially flat and are almost in
contact, and that each hemal arch-spine complex is swollen into a thin-walled
bulbous structure seemingly filled with liquid.

In the specimen (SIO 52-413-5A) of Isistius brastliensis X-rayed, the arches,
radials, and spines of the catudal region are sufficiently hard and calcified to register
well on X-ray film (pl. 6, b). Hach neural arch forms a parallelogram directed
obliquely npward and backward from the centrum. Together the arches have
an even upper edge that appears on the X-ray film to be separated from the bases
of the dorsal radials by a narrow, even interspace. Near the origin of the upper
caudal lobe the upper parts of adjacent arches are separated by a small, triangular
intercalated dorsal platelet. The radials are flat and are narowly separated along
oblique lines. In the specimen X-rayed, the first 5 radials grade from very rudi-
mentary to nearly full size, and their bases lie above caudal vertcbhrae 3 to 514.
The total number appears to be 21, of which the anterior 6 are abruptly graduated
in length and the other 15 become gradually shorter caudad. The base of the last
one lies over candal vertebra 18. Near the posterior end of the series the radials are
fewer than the centra, but elsewhere they are more numerous, The lines represent-
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ing the approximated posterior and anterior edges of adjacent radials give the false
impression on the radiograph of forming a row of spines.

In the Isistius specimen, the hemal arches and the apparently inseparably con-
nected hemal gpines of the caudal region are flattish eartilages with enough caleifi-
cation to show faintly on the X-ray film. Each arch is deflected backward from the
ventral surface of the elongate eentrum to a position below the posterior half or
two-thirds of the next-anterior centrum, from which position it is extended down-
ward, with a gentle backward curve.

The weaker calcification of the axial skeleton and the bulbous, seemingly liquid-
filled hemal arches of Euprotomicrus may be adaptations that were involved in the
development of the apparent neutral buoyancy of Euprotemicrus, a buoyancy
Isistius has attained in part at least by its excessive development of liver (see
tables 5, 6, pp. 24-25),

Toward the head the vertebrae seem to be abruptly broadened in Isistius (pl. 7,
a), but not in Euprotomicrus (pl. 7, b), and the centra seem to be the more heavily
calcified in Isistius (pls. 6-8).

: Hzap ReGION
The labial, eranial, and pectoral cartilages of Euprotomicrus bispinatus are also
so devoid of calcification as to register very weakly and incompletely on a carefully
exposed radiograph (pl. 7, b). These structures in Isistéus appear from a com-
parable radiograph (pl. 7, @) to be much more heavily, though still weakly, cal-
cified. The jaws of the Isistius are the more massive.

The pattern of the head cartilages of Isistius shows rather well in the radiograph,
but inasmuch as these structures barely show in the radiographs of Euprotomicrus,
we have not studied or described them.

SECONDARY AND PRIMARY SEXUAL FEATURES

Because of their significant bearing on the systmatics and life ways of Euproto-
micrus bispinatus, we have given attention to the secondary and primary sexual
features of this species, and, in comparison, those of the supposedly closely related
Isistius brasiliensis, as represented by one 386-mm adult male specimen (SIO 52-
413-5A), dipnetted on the equator at 100°00’ W.

CrAspER OF EUPROTOMICRUS BISPINATUS DESORIBED AND
COMPARED WITH THAT OF ISISTIUS BRASILIENSIS

Despite the circumstance that claspers (myxopterygia) of elasmobranchs have
been found since the pioneering studies of Leigh-Sharpe (1920, 1926, and inter-
vening “memoirs”), Ishiyama (1958), and some others, and despite the accumulat-
ing evidence that characters related to reproduction are often of paramount im-
portance in the classification of fishes and other animals, many writers on the
Elasmobranchii have negelected to utilize these characters. This is glaringly true
of the great treatises on the Chondrichthyes of the western North Atlantic
(Bigelow and Schroeder, 1948, 1957).

With these ideas in mind, we have examined (pl. 2, fig. 2; pl. 6, a; pl. 8, ¢; fig.
7) the claspers of the four available mature males of Euprotomicrus, 170 to 213
mm in total length (nos. 25, 26, 27, 29; table 1), and, in comparison, the one male
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of Isistius brasiliensis mentioned above. Both species agree with squaloid fishes
in general as described by Lieigh-Sharpe (1920: 259, fig. 8; 1926: 340), who used
the unavailable name Spinacidae in the broad sense for which Hubbs and McHugh
employed the name Squalidae. Points of apparent family significance are the close
adhesion of the claspers to the pelvie fin proper and the inclusion of a knifelike
spine (the spur).

Although the general struetural plan of the clasper is alike in Buprofomicrus
and Isistius, and probably also in Squaliolus (indicating the phyletic value of
similarities in elasper structure), we find that Euprotomicrus and Isistius differ
trenchantly in several features in clasper (and pelvie) structure (table 8; fig. 7;
pls. 6, @, and 8). These differences, as well as fundamental dissimilarities in
visceral anatomy (pp. 25-27), indicate prolonged and profound separation of the
phyletic lines.

The internal struetrue was not determined by dissection, but was examined by
X.ray technique. Some features, especially about the tip of the clagper, could not
be precisely determined, but seem to be quite different in the two species.

In general, the calcification of the pelvic arch and the pelvie and clasper carti-
lages is more reduced in Fuprotomicrus than in Isistsus. The pelvic radials are
invisible in the preparations of Euprotomicrus, but are moderately evident (12
counted) on the X-ray films and radiographs of Isistius.

OvA AND EMBRYOS

The dwarf size and the pelagic habitat of Euprotomicrus bispinatus incite interest
in its reproduction.

Dickens (1956) reported that a 234-mm female (no. 10, table 1) gave birth, a
few hours after he had collected it, to six embryos, each in an imperforated yolk
sac. Marshall (1956) located two additional embryos in this shark. Hence the total
complement was eight. Peter J. Whitehead (personal communication) has meas-
ured the five embryos remaining with this specimen as 22.3, 22.6, 23.0, 24.4, and
24.8 mm in total length.

Parin (1964: 175-176, fig. 3) figured, but did not describe, one of the eight em-
bryos 54—60 mm long which he found, four in each oviduet, in a 256-mm female
(no. 16).

None of the specimens at hand has embryos, and only four, nos. 30, 12, 9, and 31
(the largest known specimens of the species), respectively 240, 242, 233, and 265
mm long (table 1), contain well-formed ova, The first two have four ova in each
ovary; no. 9 has 3 + 3 in successive stages of development, with the full complement
presumably not yet attained; and no. 31 (the largest known specimen of the
species) apparently has four rather small ova in the right ovary and one larger
one and remnants of others (being resorbed?) in the left ovary. (The gonads in
thig specimen are not well preserved.)

On the basis of these six observations it appears that the normal complement of
fully developed ova and of embryos is 4 + 4 = 8. The very small size of this shark
and its limited range in size at maturity (p. 37 and fig. 10) are plausible causes for
the seemingly constant number of offspring per brood—a rare phenomenon among
ovoviviparous sharks.
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TABLE 8

ConrrasTing CLAsPER AND Prrvic CrarAcTERS IN Buprotomicrus bispinatus

AND Isistius brasiliensis
(Fig. 7 and pl. 8)

Character

Euprotomicrus bispinatus

Tsistiua brasiliensis

External

Length of clasper beyond
pelvic base as proportion
of distance from end of
pelvic base to front rim
of cloaca

Basal part of ceratotrichia

Inner face and dorsal
surface of ingide rim of
sperm duct

Spur

Outer edge of spur

Spur groove separated from
sperm duet by

Distal part of sperm duct

Dermal flap on inner mesad
wall of sperm duct

Internal
Pelvic arch

Basal cartilage

Small, intercalated
cartilage

Inner median cartilage

Outer median cartilage

Spur base

About one-half

TFree of flesh and denticles

Tree of denticles

Long, nearly straight

Irregularly serrate

Narrow bony rim

Extended to end of terminal
fleshy flap; very deep

and narrow

Absent

Slender, slightly convex
forward; little expanded
medially

Broader, parallel

Lacking

Clavate base, pointed tip

Apparently present

T-shaped; outer edge
rounded

About one-third

Concealed beneath flesh
and denticles

Covered by denticles

Short, hooked
Smooth

Wide expanse of dorsal
surface of clasper

Ending proximal to terminal

flap; broad and shallow

Present

Thicker, transverse;
markedly expanded
midventrally

Slenderer, convergent
backward

Developed in front part of
caudal fin

Nonclavate base,
parallel-sided

Apparently absent

Pointed; outer edge
angulated
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The disposition as well as the number of maturing ova seems to be consistent.
The ova in the 240-mm specimen (30) are neatly aligned and closely juxtaposed in
each ovary to form an even, parallel file. The overall length of the file on the left
gide (171 per mill of the total length of the shark) is distinetly shorter than the
file in the right ovary (223 per mill). There is bilateral asymmetry also in the loca-
tion of the files: the distance from tip of snout extends from 254 to 425 per mill
of the total length on the left side and from 302 to 521 per mill on the right.

In the 242-.mm female the ova are similarly aligned, and the file on the left side
is the shorter and the farther forward. In this specimen (12), the ova increase in
size backward, reflecting the order of development and growth.

In the 233-mm specimen (9) the ova and the ovary are of similar pattern, but
are in an earlier stage of maturation. In each ovary the most posterior ovum is
about half as long as in specimens 12 and 30 and is preceded by a somewhat smaller
one. On the right side a third ovam was definitely starting to enlarge, and there
seems to have been a trace of a fourth one on this side and of a third one in the left
ovary.

In a 139.5-mm specimen (24), ova were in an early stage of maturation. Some
follicles, associated with ova in various stages of maturation, were found in the
small ovary. One follicle, enlarged about 400 times, shows a vesicle containing a
group of nucleoli in the yolk (pl. 5, fig. 1).

Except for the still huge yolk sac and the filamentous external gills, the advanced
embryo pictured by Parin (1964, fig. 3) looks remarkably like the adult— a point
seemingly related to the dwarfism of the species (p. 54). The pigmentary pattern
on the pectoral and caudal fins was already developing. The eye is relatively much
larger than in the adult, and the fing are more rounded and are shorter, especially
in basal length. Before birth, the embryos presumably attain more than one-fourth
the length of the mother.

By the time they reach total length of about 100 mm, the young are essentially
like the adult. As is detailed in the morphometriec analysis (pp. 9-14), there is
considerable allometry in the differential growth of certain parts of the body.

SEX RATIO AND DIFFERENTIAL S1ZE OF SEXES

The 33 specimens of Euprotomicrus bispinatus for which we have record of sex are
about equally divided, 16 females and 17 males.

Data on sex, maturity, and size (fig. 10; table 1) indicate that males mature at
a smaller size than females and fail to become as large. A 170-mm male (no. 27) has
the clasper almost completely elaborated, and all larger males, measuring 198 to
220 mm in total length, are mature. So far as known, all females smaller than 220
mm are immature, and all larger ones (233-265 mm long) bear either maturing ova
or embryos (pp. 34, 37).

HORIZONTAL DISTRIBUTION

Enough data are now at hand to draw some conclusions and comparisons regarding
the areal distribution of Euprotomicrus bispinefus throughout the world ocean,
and to correlate its distribution with physical/chemical factors and with the known
distribution of some other organisms.
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TEMPERATURE RELATIONS

Inspection of the distributional charts (fig. 9) shows that the surface isotherms
of 65° I, (18.3° C.) and 80° F', (26.7° C.) for summer (for August in the northern
and February in the southern hemisphere) seem to circumseribe or at least to
approach nearly all the 32 plottable records of the species (all 37 listed in table 1
with the exception of 8-5 and 26). The two outstanding exceptions are two pre-
sumed strays (specimen 8, from Campbell Island, south of New Zealand, and
specimen 7, from west of Cape Horn, both approaching the Antarctic Conver-
genee).

The surface temperatures at or near the place and time of capture varied in
rounded figures from 16° to 27° C. for the 21 specimens for which data are available
(fig. 8). Since we do not know to what depths Euprotomicrus descends by day
(p. 42), we cannot plot the temperature-salinity (T-S) values for the depth range
of the speeies, as Ebeling (1962: 120-138, figs. 45-67) effectively did in identifying
the water masses in which melamphaid fishes oceur, on the basig of the envelopes
of T-S curves that characterize the different water masses (Sverdrup, Johnson,
and Fleming, 1942: 605-761, figs, 158-212, esp. 739-745, fig. 209; Bradshaw, 1959;
Jobnson and Brinton, 1963; Dietrich, 1963: 201-202, fig. 81).

Since we can assume, on the basis of food items eaten by Euprotomicrus (pp.
45-53), that it does deseend well beyond 200 m, we may consider the 200-m tem-
peratures where Fuprotomicrus occurs. These temperatures ranged from 10° to
21° O (in rounded figures) for the fifteen available records taken at or near the
place and time at which the species was dipnetted at the surface (fig. 9).

If we compare the mapped distribution of Euprofomicrus with a chart of the
temperature of the world ocean at 200 m (such as Chart IV by Sverdrup, Johnson,
and Fleming, 1942), we note, except for the apparent strays in the far south, a
concentration of the occurrences at points where the 200-m temperatures range
from 13° to 21° C. This is notably true in the North Pacifie, both central and
eastern, and in the southeastern Pacifie, and holds also for the cluster of records in
the Indian Ocean and for the one record from the Atlantic Ocean. Even more
striking is the lack of records from the well-worked bands off the west coasts of
North and South Ameriea oceupied by the California and Peru currents (Wooster
and Reid, 1963), where the temperature at 200 m is charted as well below 13°, and
in the great eastern wedge of Pacific Equatorial Water (Knauss, 1963), which is
also cool at 200 m, and is largely ocecupied, near the surface, by the Pacific equa-
torial currents. (For a generalized map of the current systems see Chart VII in
Sverdrup, Johnson, and Fleming, 1942.) Furthermore, there are no records from
the Kuroshio Current area, where the species is probably absent or extremely rare.

Although the areal distribution of Euprotomicrus appears to depend in some
way on water temperature, there is much regional variation in the temperature
inhabited at given times. For example, in the northern Pacifie, the five northern-
most locations, from 32°46” to 35°13’ N., each for one specimen (9, 12, 29-31 of
tables 1 and 2 and fig. 9) registered only 15.6° to 18.3° at the surafee, whereas the
three specimens from 18°07 to 29°51’ N. registered 22.3° to 25.6° at the surface.
The northeastern group of specimens (9, 29-31) came from places where the tem-
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perature in deep water was unusually low for the speecies: 10.15° and 10.9° for nos.
9 and 31, respectively, at 200 m; 13.5° and 12.5° for nos. 29 and 30, respectively,
at 119 m and 125 m (at hottom of BT casts).

In the southeastern Pacific the surface temperature for the four stations (speci-
mens 19, 23, 27, 28) from 08°26’ to 14°16” S. were 24.3° to 26.3°; from one station
(specimen 15) at 32°007 8., 21.8°; for one station (specimen 37) at 33°46/ 8., 21.2°;
for one station (specimens 13 and 14) at 37°55 8., only 16.8°. The temperatures
at 200 m so far as recorded from these three sets of collections were 16.5° to 20.5°,
17.83°, and 12.4°.
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Fig. 8. Prequencies of temperature records for Buprotomicrus bispinatus at surface (above
borizontal line) and at 200 m (below line). Data, from table 2 and from Parin (1964: table 1

on p. 166), expressed to nearest whole degree C. Some data for a station adjacent in time and
place to station of capture.

In the Indian Ocean, the north-south series of temperatures, for specimens (21
and 22), 20, 18, and 17 ranged as follows: at the surface, 22.1°, 20.1°, 17.0°, and
18.4°; at 200 m, 17.4°, 16.2°, 13.5°, and 12.8°

Continuing farther south, toward the Antarctic Convergence, we note that the
sea-surface temperatures inhabited seem to drop greatly. Basing the estimate on
the World Atlas of Sea Surface Temperatures (Seripps Institution of Oceanog-
raphy, 1948) the temperature for May at Campbell Island, south of New Zealand
(for specimen 8) i about 7°, The annual range for 56° 8., 90° W., roughly where
specimen 7 was taken (at an unspecified date), is approximately from 3° to 7°.

It appears that this pelagic shark is not directly and eritically delimited in range
by either the surface or the deepwater temperature. The relation may well be of
an indirect and long-term nature,

SALINITY AND DISSOLVED OXYGEN

Other than the possible role of the sharp depletion of oxygen with depth in Pacific
Equatorial Water (Wooster and Cromwell, 1958: 179, 180, profiles 1¢, 1d; Knauss,
1963: 241-244, figs. 7, 8), chemical factors in the open sea do not seem to limit the
distribution of Euprotomicrus.

Comparison of the distributional chart of Euprofomicrus in the world ocean
with a chart of surface salinities (such as Chart VI in Sverdrup, Johnson, and
Fleming, 1942) shows that the species oceurs throughout the usual range of salinity
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communication). Only specimens not chartable are nos. 3-5 and 26.
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(approximately £rom 33.0 to 36.5 per mill). Some actual values for surface salinity
from stations where the shark was taken are 33.78 for specimen 9 (in the northeast
Pacific) and 35.71 to 35.97 for specimens 23, 27, and 32. Salinities at 200 m depth
were recorded for stations of capture as 33.75 for specimen 9 and 35.45 and 35.23
for specimens 23 and 27.

Dissolved oxygen (in ml/L) was recorded as 5.35 at the surface and as 4.76 at
203 m for the station in the northeastern Pacific where specimen 9 wag takern, and
as 4.74 at the surface and 8.51 at 200 m for the station in the southeastern Pacific
where specimen 27 was taken.

DEPTA OF WATER AT STATION

Ordinarily, Buprotomicrus cccupies the upper layers over very deep water. The
15 stations for which we have a definite record range in depth of water from about
1,829 to 9,938 m; all but two records are within the range of 3,000 to 6,000 m (table
2 of this work and table 1 in Parin, 1964).

ReraTioN To WATER MASSES

The correspondence between the known occurrences of Eurprotomicrus and the
pattern of water masses (both illustrated in fig. 9) is in general very close.

All records for the North Pacific are within the bounds of the North Pacifie
Central Water Mass, with some extension eastward toward California; however,
none of the records are for the area of long and intensive survey by the California
Cooperative Oceanic Fisheries Investigations (Ahlstrom and Counts, 1955, and
1958; Fleminger, 1964; Alvarifio, 1965). The eastern boundary of the Central
Water fluctuates considerably, as is reflected in the pelagic fauna as well as by the
physical/chemical data; but the eastward extent of this water mass ig blocked by
the California Current from reaching close to the North American coast. The
records for the southeastern Pacific fall within the accepted limits of the central
water masses or their borders, with one exception (off Chile). Those for the Indian
Ocean are all within the mapped limits of the Indian Central Water. The one, new
Atlantic Ocean record is within the poorly defined South Atlantic Central Water,
and apparently well within the limits of the Equatorial Current as charted. In this
respect, the Atlantic record diverges from those of the Pacific and Indian oceans,
wherein Euprofomicrus seems to avoid the areas of major equatorial current flow.

The apparent avoidance by Fuprotomicrus of the Pacific Equatorial Water,
which is notably cold at 200 m, follows a ecommon distributional pattern, for this
water mass is definitely the range of some species, but is avoided by others. For
fishes, this cirecumstance has been most notably demonstrated by the Melamphaidae
(Ebeling, 1962), but has been determined in greater detail and with much more
abundant data for various groups of pelagic invertebrates, for example by Dales
(1957), Bieri (1959), Bradshaw (1959), Brinton (1962), and Johnson and Brin-
ton (1963). The apparent avoidance of the Pacific Equatorial Water may be
related to the intensification therein of the oxygen-minimum layer.

Reid (1962) has contrasted the high phosphate-phosphorus content and high
zooplankton volumes of the Pacific Equatorial Water Mass with the low values in
the North Pacific Central Water.
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Tt seems to be assured that Euprotomicrus, at least as a surface swimmer, is to
be ineluded among the moderately antitropical fishes (Flubbs, 1952; Hubbs, Mead,
and Wilimovsky, 1953). Various pelagic invertebrates, for example euphausiid
crustaceans (Brinton, 1962), are similarly distributed.

In summary, BEuprotomicrus inhabits the vast central water masses, chiefly in
the great gyres of the North Pacific, South Pacifie, southern Indian Ocean, and,
we now learn, the South Atlantic. It seems to shun coastal waters, except about
such oceanie islands as Oahu, Campbell, Mauritius, and probably Réunion.

In eomparison, Isistius brasiliensis has been shown to be distinetly more tropical
(Bigelow and Schroeder, 1948: 512; Strasburg, 1963: 33-34, fig. 1). There is
evidence of a slight overlap in the ranges, near the Hawaiian Islands. Specimen
SIO 52-4138-5A, taken at the surface on the equator at 100°00’ W, links the one
record from near the Galdpagos Islands (Garman, 1899: 40; Bigelow and Schroe-
der, 1948: 510) with the 21 localities reported by Strasburg for 22 specimens, all
caught by midwater nets. The other specimen examined by us (FAKU 39108)
brings the range of the species much closer to the American mainland, as it was
taken at 13°46.0/ S., 81°52.0/ W, in the Peru Current, off Peru.

VERTICAL DISTRIBUTION OF
BEUPROTOMICRUS AND OTHER DWARF DALATIINES

Maxrshall (1956: 74) wisely concluded that this “deep sea shark probably spends
much of its time in the ocean depths at several hundred fathoms below the surface.
But from time to time it comes to the surface and there is one other record of its
having been washed aboard a merchant ship.”

Parin (1964: 176) also eoncluded, on the hasis of strong circumstantial evidence,
that Euprotomicrus bispinatus without doubt belongs to the bathypelagic fish
fauna. He stated (our translation):

VERTICAL DISTRIBUTION.—AS mentioned before, all known specimens have been caught at the
surface of the water. In spite of this fact there is no doubt that this species belongs to the
bathypelagial ichthyofauna. This assumption is also eompletely confirmed by their biolumines-
cence, which is lacking, without exception, in all pelagic fishes inhabiting the surface layer.
Obviously E. bispinatus dwells in the upper layers of the bathypelagial and undertakes regular
vertical migrations, rising to the surface during dark hours.

Garrick and Springer (1964: 678-679) also attributed Buprotomicrus to the “little
known midwater shark fauna, along with Isistius, Squaliolus, and Heteroscym-
noides.”

By a study (pp. 45-53) of the contents of the intestinal eanal of this species
we have confirmed Marshall’s and Parin’s convictions. The hatchetfish Argyro-
pelecus cf. aculeatus, the lightfish Vinciguerria nimbarie, and bathypelagic squids
all demonstrate feeding at considerable depth. The hatchetfish suggests descent
to at least 300 meters, The finding of voleanic sand grains in the stomach of one
specimen taken over very deep water on the side of the East Pacific Rise (p. 52)
proves at least occasional deseent to, and presumably some feeding on, the bottom,
possibly in very deep water.

The frequent capture of Euprotomicrus bispinatus at the surface at various
times of night (soon after dusk, near midnight, and early morning are all recorded
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in field notes) indicates to us that its movements to the surface are regular events,
following descents to midwater depths where at least much of the feeding is accom-
plished. The equal sex ratio among the exclusively surface-caught specimens (p.
37), and the finding of bathypelagic organisms in the intestinal canal of specimens
of both sexes, indicate that both males and females partake in the vertical migra-
tions,
CoMPARISON WITH OTHER DWARF DALATIINES

It is probable that Isistius brasiliensis, the somewhat less dwarfed pelagic dalatiine
shark, also undertakes vertical migrations, though it very seldom comes to the
surface. Evidence on its possible vertical migrations is given in the discussion on
activity and reactions to light (p. 45).

The dalatiines of the genus Squaliolus, which are the ultimate dwarfs among
sharks, seem to have a wide depth range and a diverse habitat. The two specimens
deseribed from the Philippine Islands as 8. laticaudus (by Smith and Radcliffe,
in Smith, 1912: 683-685, fig. 4, pl. 54) were taken by beam trawl at depths of 170
and 198 fathoms (311 and 362 m) (Burean of Fisheries, 1911: 38, 42). The type
specimen of S. sarments, deseribed from Maderia (De Noronha, 1926: 384-389, pl.
35), was taken on a vertical midwater setline with hooks from about 500-800
fathoms (914-1,463 m); the depth was indicated by Maul (1948: 135, 139) on the
basis of a report by De Noronha and Sarmento (1948: 45) as “do altio (além de
650 bragas).” The same species was reported by Belloe (1937) and Sigales (1939-
1940) as having been taken in a shrimp net in the shallow bassin d’Arcachon,
connected with the Bay of Biscay on the coast of France. Teng (1959: 1-6, 1 pl.;
1962: 171, fig. 43) described 8. alit from the depth of about 180 fathoms (329 m)
ofl Tung-Kang, Taiwan, where it was taken by bottom longline. Abe (1962) re-
ported the capture in Suruga-wan, Japan, along with the bathypelagic shrimp
Sergestes lucens, of a species of Squaliolus identified by him as 8. laticaudus.
Obviously Squaliolus species have a wide vertical range, and probably share
demersal and pelagic habitats (as various other fishes probably do).

Buorancy or EUPROTOMICRUS AND ISISTIUS

The surface-swimming and the vertical migrations of BEuprotomicrus bispinatus
lead one to suspect that its body is of at least approximately neutral buoyanecy.
Observations under a light on ghipboard (p. 17) certainly give this impression.
Particularly pertinent is the remark by Dickens (1956): “In swimming it was
. observed that the top forepart of its head and the middle of its back were awasgh.”

Elasmobranchs as a rule are demersal creatures, which, because they contain no
gas and have skeletal and muscular tissue that is denser than seawater, either stay
on the sea floor or exert energy to keep off the bottom. Pelagic teleosts that lack
a gas bladder, particularly those of the bathypelagie realm, have attained neutral
buoyaney through such adaptations as deposition of fat, reduced ossification, weak-
ened museulature, and enlarged lymphaties (Denton and Marshall, 1958; Marshall,
1960).

With these thoughts in mind, it may be conjectured that neutral bucyancy in
REuprotomicrus and Isistius may have been attained through comparable adap-
tations. No specifie-gravity measurements of any whole sharks or parts thereof are
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known to us, but we do find indications that these pelagic sharks have become
adapted to or toward neutral buoyancy.

In Euprotomicrus bispinatus the entire skeleton is extraordinarily weak, is
reduced in bulk, and is so devoid of calcification that its different parts vary from
only slightly to not at all opaque to the soft X rays used. The results appear in the
radiographs of the entire shark (Hubbs and McHugh, 1951: pl. 5), of the head
region (pl. 7, b), the posterior parts (pl. 6, @), and the clasper region (pls. 6, a and
8, a). Even with carefully worked-out exposures on sensitive film, the small
cranium and the pectoral arch are barely visible. The pelvie arch and the clasper
cartilages were brought out with difficulty. The vertebral centra show moderately
well, apparently because of calcification around the periphery of the notochord,
to produce the spoonlike eonfigurations shown on the radiographs (pls. 6-8). The
other parts of the centra show very weakly. The centra become greatly reduced in
the caundal region, where the neural arches and the hemal arches and spines hardly
register and the dorsal radials (hasals) produce no trace on the film. On dissection,
the hemal arches and spines are seen to be modified into bladder-like structures
that are probably filled with lymph (p. 32). The ceratotrichia are extremely deli-
cate and the dermal denticles (pl. 1, fig. 3; pl. 2) are minute. All these eonditions
presumably contribute to the neutral buoyaney of this shark. The flattened ventral
surface (Aleev, 1963: 24) and the small size of the fish no doubt are contributing
faetors.

The other common small dalatiine, Isistius brasiliensts, has a considerably less
decalcified skeleton (pls. 6-8), but its spectacularly enlarged liver presumably
provides complete ecompensation (table 5, p. 24; fig. 6).

Aorrvity AND REACTIONS TO LIGHT

The cirecumstance that Euprotomicrus bispinatus has never been captured in mid-
water trawls, despite recent frequent use, and despite our demonstration that this
fish must engage in vertical migrations, suggests that it is a strong and evasive
swimmer. Perhaps it has sufficient light pereeption to escape capture, by avoiding
the Iuminescence induced by the moving trawl; the gleam reflected from the eye
of the related species Isistius brasiliensis indicated to Strasburg (1963: 35) the
presence of a tapetum lueidum. Or, senses other than vision may be involved.

Published observations on the aetivities of this shark at the surface have been
very limited. Hubbs and McHugh (1951: 159) noted that specimen 9 (table 1)
“was eruising slowly at the surface.” Dickens (1956) in reporting on the specimen
(10) he caught, stated: “The swimming actions were seen to be slow with powerful
movements of the tail section and little real body movement [indicating sinuous
swimming],” but when disturbed by electric light in a saltwater bath it swam
frantically. Parin (1963: 131; 1964: 176) stressed the positive phototaxis of the
species to artificial light. Following is our translation of hig 1964 statements:

A peculiarity of this speecies is the positive reaction to artificial light (Parin, 1963). All speci-
mens of E. bispinatus were taken while collecting under a light and they were attracted to the
ship by the rays of deck lights. According to our data, these sharks usually swim in a lighted
zone rather slowly and return to the underwater lamp several times (see also Hubbs and McHugh,

1951). In some observations, however, the sharks moved around more quickly and crossed the
lighted area with greater speed.
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William L. Craig reports that specimen 30 darted rapidly with sinuous movement
of the body through the lighted zone, to disappear under the ship. An hour or so
later, a fish, thought to be the same, reentered the lichted area from beneath the
ship and was promptly dipnetted. It swam about actively and in apparent good
health in a small container for about an hour, until it was preserved.

Comparison of Buprotomicrus bispinatus with the other small pelagic shark
Isistius brasiliensis in respeet to activity is somewhat confused. The faet that only
one specimen (SIO 52-413-5A) of Isistius seems to have been dipnetted under a
light may not prove that this more tropical shark reacts differently to light, but
rather that it probably avoids the surface. The one specimen referred to was dip-
netted just on the equator, where upwelling had reduced the surface temperature
t0 23.6° C. Strasburg (1963: 34-35) noted that all 22 specimens of Isistius that he
reported were taken in midwater trawls and in meter-nets, and all at night. These
were the largest organisms taken in the trawls, thus evoking the query: Are they
slow swimmers, or are they ingensitive to the net? That Isistius is not sluggish seems
obvious from its ability to capture relatively large squids. May not the sharks
discussed by Strasburg have been attracted to the luminescence induced by the
moving net? Probably this genus also engages in vertical movements, but between
lower depths, at each limit, than Euprofomicrus traverses. By daylight it may well
be below the net tows.

The now known bioluminescence and vertical migrations of Euprofomicrus
bispinatus render plausible the assumption that this species aggregates, and prob-
ably schools, although it, like many other fishes so endowed, may scatter at the
surface during night. Parin (1964: 176) stated (our translation) that “ocecurrence
in schools is not so obvious for E. bispinatus as it is for I. brasiliensis (all specimens
of E. bispinatus have been caught one by one).” Parin, however, gave some evi-
dence for aggregation, by indicating that two specimens (13 and 14 and 21 and 22
of our table 1, respectively nos. 7 and 8 of Parin’s tabulation) were twice taken at
one night-light station.

The position of the small dorsal fins of Euprotomicrus, well behind the middle
of the body, may give the body stability in the yawing plane, as Bertelsen and
Marshall (1956: 30) have theorized for the opposed, backward-set dorsal and anal
fins of such teleosts as the Stomiatidae and the Miropinnati.

In the following discussion of the food of Euprotomicrus and, in comparison,
that of Isistius, it appears that these little sharks are sufficiently active to capture
sizable and active fishes and squids and that they are strueturally fitted for preda-
tory existence. Their streamlined form certainly suggests speedy swimming, at
least in spurts.

ITEMS FOUND IN INTESTINAL CANAL OF
EUPROTOMICRUS IDENTIFIED, AND CONSIDERED
IN REFERENCE TO ITS VERTICAL DISTRIBUTON AND BIOLOGY

A survey of the contents of the stomach and intestines of 12 specimens of Euproto-
micrus bispinatus was undertaken bhecause, except for one brief mention by Parin
(1964: 176), nothing seems to have been published on its food, and, in particular,
because it was hoped that such a study would test the hypothesis that this lumines-
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cent pelagie shark descends by day to considerable depths. Authorities for identi-
fications are listed in the introduction, under acknowledgments. Circumstances of
identification and bearings on distribution and biology are stated below in the
discussion of individual food items. In that discussion the gut-content items are
listed in the same sequence as under the heading of each specimen in the following
empirical tabulation. (See table 1 for data on specimens.)

SUMMARY BY SHARK SPECIMENS
Specimen No, 9

Miscellaneous invertebrates—A paper-thin, apparently segmented body sugges-
tive of the abdomen of a phyllosoma larva of Panulirus (spiny lobster), with traces
of probable appendages seemingly consonant with this identification. Also one
stringy piece of (invertebrate?) tissue, with nodular skin.

Squids—One bathypelagie squid, probably a cranchiid, in cardiac section (of
stomach). Other seemingly bathypelagic species suggested by traces of black skin,

Eye lenses (referring to loose lenses, either of squid or of fish) .—One spherical
lens, 3 mm in diameter, in pyloric section.

Specimen No. 11

Squids (?).—Blackish food remaing in intestine and what may be remains of a pen

suggest some dark bathypelagic squid.
Fishes~—One half-grown speeimen, 26 mm in standard length, of Vinciguerria

nimbaria, from cardiac section.
Parasites—One cestode, in cardiac seetion.

Specimen No. 12
Miscellaneous invertebrates (2).—Very small amount, unidentifiable.
Fishes—One small, flattened pelvie spine.
Specimen No. 23

Squids (2).—Some of the very limited food remains suggest cephalopod skin,

Eye lenses.—One lens.
Parasites—Four cestodes, in cardiac section.

Specimen No. 24

Squids ~—One small squid beak.
Fishes.—One vertebral column, 11 mm long, and a piece of digested flesh with

seales of a juvenile bramid, Collybus drechme Snyder.
Parasites—Fourteen cestodes {pl. 5, fig. 2) in cardiac section.
Specimen No, 25
Squids (?2).—Trace of blackish remains, possibly of squid.
Fishes—One subadult of Argyropelecus ef. sculeatus.
Specimen No. 26

Sguids.~—Blackish remains, particularly some skin very thickly set with oval
melanophores, almost surely represent a bathypelagic squid.
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Fishes—One small fish scale, probably of a myetophid, and one fin ray.
Parasites—One small and one larger cestode, in cardiae section.

Specimen No. 27

Miscellaneous invertebrates~—Two very small invertebrates, one a eyelopoid cope-
pod, Oncaea sp., of stage VI or VII, and one hyperiid amphipod, apparently of an
early stage.

Squids (2)—Much digested squid remaing are snggested by fragments of black
skin among the unidentified debris.

Eye lenses.—One minute lens, possibly from a Viniciguerria.

Fishes—One very young specimen, about 12 mm long, almost surely of some
species of Vinciguerria; also various pieces of several still smaller fish, mostly with
photophores like those of Vinciguerria; most or all probably of the same species.
Also one fish scale of some other genus.

Sand groins.—Several small graing, largely of feldspar; all in cardiac section,

Parasites—Two cestodes, in cardiac section.

Specimen No. 28

Eye lenses—Two, one minute and one small (bare trace of other food).
Parasttes.—Hive cestodes of graded size (one minute), in cardiac seetion,

Specimen No. 29

Squids (2).—Trace of food remains, including fragments suggestive of squids.

Specimen No. 30

Squids.—Inclusion of at least one squid in the much digested food remains is shown
by the presence of one small squid beak and a pair of semiovoid eye lenses.

Fye lenses.—Three spherical lenses, in addition to two just mentioned.

Fishes.—Midsection of one lanternfish, Myctophum nitidulum, from near shoul-
der girdle to just behind SAO file of photophores, with some scales attached, in
cardiac section; also, in spiral valve, two seales of same type,

Tooth of Euprotomicrus.—One, partly digested, in spiral valve.

Specimen No. 31

Squids—Two: one blackish, relatively very large, its twisted strands forming a
skein extending from near esophagus through the spiral valve, retaining both beaks
and hoth lenses; the other, smaller and almost black, with lenses largely intact.

Eye lenses—One, intermediate in size between those connected with the two
squids.

Discussion oF ITEMS IN INTESTINAL CANAL

‘We now proceed to diseuss the identification and the biological significance of the
various items found in the stomach and intestine of Euprotomicrus bispinatus.

MISCELLANEOUS INVERTEBRATES

Invertebrates other than squids—all crustaceans so far asg recognized—appear
from the examination of 12 specimens to play a very minor part in the alimentation
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of Euprotomicrus. In this respect this shark contrasts sharply with many pelagie
teleosts, but resembles large pelagie sharks of the open sea (Strasburg, 1958: 349-
850), as well as certain large, voracious teleosts, such as tunas (King and Ikehara,
19560).

Panulirus (2) —What appears to be the remains of a phyllosoma larva of a spiny
lobster, in specimen 9 (from off California, at 34°57 N., 131°30" W.) suggests an
epipelagic food item. It is from farther offshore than expected, though Johnson
(1960) has indicated a considerable offshore drift of these animals along the west
eoast of North America.

Minute Crustecea—Several minute crustaceans found in the intestinal canal
of BEuprotomicrus seem much too small to have tempted even so small a shark. They
more likely were items that had previously been ingested by fish prey, remains of
which were in the shark stomachs involved. Shark no. 27 contained a eyclopoid
copepod, which Dr. Abraham Fleminger of Seripps Institution of Oceanography
has identified as a species of the epipelagic genus Oncaea, and a minute amphipod,
the identification of which as a hyperiid has been confirmed by Drs. John A.
MeceGowan and William A. Newman, of Seripps Institution of Oceanography.

SQUIDS

Cephalopods, presumably squids, but possibly including some pelagic octopi,
apparently constitute a considerable proportion of the seemingly meager diet of
Euprotomicrus bispinatus, Remains of eephalopods (all termed ‘‘squids” in the
preceding tahulation) were found in the alimentary canal of this shark, certainly
in 5 specimens and possibly to probably in at least 5 others, among the 12 examined
for food. The types represented are consonant with the fishes eaten in indicating
that this shark feeds well below the surface.

Parin’s (1964: 176) one mention of the food of this shark concerned finding, in
a 216-mm specimen, well-preserved pieces of tentacles of an obviously rather large
squid.

Cramchiid squid~—Remains in shark no. 9 of a squid, identified as almost cer-
tainly one of the Cranchiidae by Dr. John A. MeGowan of Seripps Institution of
Oceanography, strongly confirms the hypothesis that Euprotomicrus bispinatus
commonly feeds well below the surface and engages in diurnal vertical migrations.
This very pale squid specimen has a greatly expanded, very thin tail fin, connected
with the foreparts by a very slender “waist.” Both beaks remain. According to Dr.
MecGowan. the eranchiids are rather common at moderate depths in the open sea,
but are encountered with extreme rarity at the surface.

Blackish remains of other squids—Nearly all the twelve specimens opened eon-
tain at least a trace of muech digested blackish to jet-black remains of flesh and/or
skin which appear to represent squids. Such material was noted in sharks no. 99,
1192, 239, 257, 26, 279, 299, 30, and 31. The better-preserved remnants and even
isolated pieces of skin with thickly set oval melanophores (as in specimen 26),
little resemble the types of squid that are dipnetted under light, and presumably
represent bathypelagic species that the shark had captured during vertical
migration.
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EYE LENSES (OF 8QUIDS OR FISH )

Isolated eye lenses, which have resisted digestion, were found in specimens 9, 23,
28, 30, and 31. Two lenses, seemingly a pair, in specimen 30 are semiovoid (trun-
cated at one end) and seem to represent a squid, but all the other loose lenses are
spherical and are not distinguished as to squid or fish origin.

FISHES

Fishes are obviously of high importance in the nutrition of this extremely dwarfed
pelagie shark, and the species that are eaten reveal something of this shark’s dis-
tribution and life ways. They indicate that Euprotomicrus, as has been suspected,
generally feeds well below the very surface where all specimens have been caught,
and therefore must engage in vertical migrations (p. 42). At least moderate alac-
rity is suggested by the species caught. Biting efficiency of the well-aligned and
sharp lower teeth (p. 21) is reflected in the clean cut through the body of a lantern-
fish, Myctophum nitidulum.

Vinciguerria nimbaria (Jordan and Williams) —The identification of a rather
well preserved, half-grown specimen of this lightfish, 26 mm in standard length,
from Euprotomicrus no. 11, collected in the central North Pacific at 18°24’ N.,
175°12’ 'W., seems fully assured on the basis of characters used by Ahlstrom and
Counts (1958), by Grey (1964: 143-149, figs. 29--34), and by other authors quoted
in those articles. Critical characters are the pair of symphyseal photophores and
the number of gill rakers (5 in this speeimen, with first one reduced + 1 +12 on
each side). The rakers are much more numerous in V. lucetie (Garman), but are
only slightly fewer in V. poweriae (Coceo). Distinction from poweriae is clearly
established not only by the symphyseal photophores, but also by the relatively
small, numerous, and nearly erect mandibular teeth. Half-grown and adult speci-
mens of V. powerice, which we now have from the Pacific Ocean but which was
searcely represented in the material available to the authors just cited, have, as a
trenchant character, the few and large mandibular teeth directed first outward,
then hooked upward. (The Pacific population may be taxomomically distinet.)
The specimen of V., numbaria in question is deposited in the United States National
Museum (Cat. No. 200618).

This species is of special significance in connection with the distribution of
Euprotomicrus bispinatus, It, like Buprotomicrus, seems to be largely confined to
the central water masses, avoiding the shoreline. The one specimen taken very close
to the shore in southern California, and the only other one from the California
Current region (see Ahlstrom and Counts, 1958: 406407, fig. 29) were obviously
strays.

The known vertical distribution of V. nimbarie renders it almost certain that
the specimen of this species under discussion was captured by Euprotomicrus
well below the surface. Grey (1964: 136) had no study material from the surface
and reviewed the vertical distribution of the species as follows:

Vertical Distribution. In the North Atlantie, postlarval stages are found chiefly in the upper

50 m, the metamorphosis stages and adults in 30~150 m. There are only a few records of capture
over shallow depths: the specimen reported here, taken aboard the CAROLINE in a trawl hauled
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in 438~549 m; one specimen in 457 m off West Africa; and possibly the young specimens from
Florida. A specimen was once caught at the surface at night in Funchal Harbor, Madeira; and
specimens have been found washed ashore in South Africa and onto the deck of a ship in the open
Pacific. The vertical distribution in the Pacific is not known, but specimens from the Indian
Ocean were all from depths below 400 m. Norman reported 161 specimens, 17-46 mm, taken in
the Arabian Sea; 79 of them were from midwater hauls made in depths hetween 400 and 2000
m (1-39 per haul), and 82 of them were caught in a single bottom haul made in 549-640 m.

Data checked for us by Bert N. Kobayasghi on the material of this species in
Scripps Institution of Oceanography, mostly from the Pacific Ocean, confirms the
virtual certainty that the specimen eaten by Euprotomicrus was taken well below
the surface. All the 26 cataloged lots, with the exception of the one taken by ex-
plosives close to the California shore and of one other from the stomach of the deep-
living bigeye tuna, Thunnus obesus (Lowe), were captured by midwater trawl.
Not one specimen has been secured during hundreds of collections dipnetted by
the staff of this institution.

Vinciguerria sp.—~Euprotomicrus no. 27 contained one young Vinciguerria of
undetermined species, about 12 mm in standard length, along with various pieces,
mostly with similar photophores, representing still smaller fish. The freshness of
these tiny fish, and the lack in the gut of any animal in fresh enough condition to
have been the primary predator, indicates that at times Fuprotomicrus feeds on
very small organisms,

Argyropelecus cf. aculeatus Valenciennes.—The identification of this hatchet-
fish (by Bert N. Kobayashi, who has extensively studied the genus) is somewhat
tentative because the fish has been broken up considerably. Characters indicative
of A. aculeatus are anal and subeaudal photophores closely grouped; dorsal blade
very high; ecaudal peduncle slender; ventral-profile scales probably spined.

This food item, from the mid-North Paecific (from shark no, 25), provides par-
ticularly strong evidence that Euprotomicrus feeds at considerable depths and
engages in vertical migrations. None of the hatchetfishes oecurs at the surface: 300
m approximates their upper limit.

Myctophum nitidulum Garman.~—One specimen of this lanternfish, estimated to
have been 42 mm in standard length (using measurements between photophores
in this example and in net-canght fish), was in the cardiac part of the stomach of
shark no. 30. By special good fortune the diagnostic SAO and VLO photophores
remain, with a few of the VO, to warrant a firm identification. The relative posi-
tion of the photophores to one another and to the lateral line corresponds with that
figured for Myctophum affine (Liitken) by Bolin (1939, fig. 11), and with no other
species treated in that paper, which covered the myctophids then known from off
western North America: SAO.s form a straight and very steep line, with SAQ,
very close to the lateral line; VLO is slightly below the level of SAQ, and directly
below origin of dorsal fin,

Identification with Myctophum affine is correct only to the species group, which
is currently under revision and is known to be a complex. Gibbs (1957) has already
shown that “M. affine” of the Atlantic is a complex of two distinet species, M. affine
proper and M. mitidulum Garman (1899: 266-267, pl. 56, fiz. 3), which was
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described from the east-central North Pacifie. According to Robert I Wisner of
Seripps Institution of Oceanography, an authority on the family, M. nitidulum
is the only species of the M. affine group in the general region from which our
specimen came, and no other myctophid with the observed photophore pattern
oceurs in that area.

The structure of scales still adhering to the specimen, and of two scales found
loose in the spiral valve, econfirms the identification. They are smoothly rounded
on the exposed margin and have a wide and regular fan of radii and strong cireuli
on the concealed anterior field; some of them have extremely fine, readily denuded
vertical lines (circuli?) on the exposed field, which is devoid of ordinary eireuli

This food species is noncommital in regard to the depth at which the shark had
been feeding, because it commonly rises to the very surface at night.

The lanternfish had been clearly bitten in two just behind the SAQ file: a dem-
onstration of the effectiveness of the regular knifelike alignment of the thin yet
strong and interlocked mandibular teeth (p. 21).

Collybus drachme Snyder.—Very slender, vertically elongated scales agsoeiated
with a vertebral column and a piece of flesh in specimen 24 prove, on comparison
with material from the stomach of tunas, to have come from a juvenile of this
bramid. Snyder (1904: 526) had material from the stomach of a dolphinfish (Cory-
phaena) at Honolulu, Hawaii, and King and Tkehara (19565) found this pomfret
to be a significant, item in the food of yellowfin and bigeye tuna in the tropieal
Pacific. Gosline and Brock (1960: 180) noted that the young of Collybus drachme
are taken in nets hauled near Hawaii for offshore plankton. The pomfret, therefore,
was probably eaught near the surface.

Unidentified fish remains—A single small fish scale from the intestinal canal
of shark no. 26, which was taken in the Indian Ocean, closely resembles the scales
of Myctophum nitidulum just deseribed and probably came from some other spe-
cies of Myetophidae. It differs chiefly in having ordinary cireuli on the basal part
of the exposed field, the outer part of which had been digested. A small fin ray
came from the same shark,

A single fish scale, found in specimen 27, remains unidentified despite its very
distinetive structure. It is described because eventually it should be recognized.
The scale is vertically subelliptical, 0.8 x 1.3 mm. Its vertically elliptical nuecleus,
presumably representing the scale of a prejuvenile stage, is covered by vertical,
parallel circuli on the larger posterior fleld and at most one or two circuli on what
was the anterior edge. Outside this nucleus strong cireuli ring the anterior field
and run obliquely aecross the lateral fields. On the posterior field, in the rather
narrow margin outside the prejuvenile vertical circuli, the surface is unseulptured.
The gently curved posterior edge comprises flat, sharply pointed processes. We
do not recognize the group of fish represented by this seale. It seems certain that
the scale is not that of a young Vinciguerria, because V. lucetia (Garman) has
more rounded scales without a prejuvenile nucleus, and has a smooth posterior
field and even posterior border, coarser circuli, and one foldlike median radius in
the anterior field,

The only other unidentified fish remnant found in this study, in shark no. 12,
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seems distinctive, but has as yet defied identification. It appears to be a small
pelvic spine, with a complex and highly asymmetrical base. It is flattened, and is
denticulate along one edge. We do not recall any surface-pelagic fish with such a
spine.
TOOTH OF EUPROTOMICRUS

The single BEuprotomicrus tooth recovered in this food study was found in the
spiral valve of shark no, 30, the teeth of which were much larger, Much of the basal
part of the tooth had been digested. These cireumstances, along with Strasburg’s
findings and conclusions regarding Isistius teeth in the intestinal canal of Isistius,
lead us to believe that Euprotomicrus no. 30 had swallowed one of its own lower
teeth, presumably as a result of its having been snagged, probably with other teeth,
in food being ingested during a previous period of tooth replacement. Perhaps this
tooth had long remained trapped in a fold of the spiral valve. As for Isistius,
cannibalism seems to be & less plausible explanation.

It seems that swallowing its “lowers” is infrequent in Buprotomicrus, though
probably a common ocecurrence in Isistius. Among 8 specimens of Isistius examined
for gut contents by Strashurg, 3 contained teeth (respectively 27, 9, and 3) of the
same species, whereas among the 12 specimens of Euprotomicrus studied for food
only one contained a single tooth. Perhaps Isistius, which reaches a considerably
larger size than Euprotomicrus, attacks larger and stronger prey, which more
often break off the ribbon of mandibular teeth being replaced (pp. 21-22). Stras-
burg did comment on the apparent large size of squids eaten by Isistzus.

SAND GRAINS

Several sand grains were a startling constituent of the contents of the cardiac
gection of the stomach of Euprotomicrus no, 27, which was eollected at the surface
over a point near the eastern edge of the East Pacific Rise, far off northern South
America, at 14°16’ S., 120°40’ W, where the depth was recorded as 3,679 m. Most
of these grains are clear-whitish; one is a flattish black grain with undular surface;
others are a blackish and a brown flakelet. Dr. Albert B. J. Engel and Celeste G.
Engel (personal communication) have identified most of the grains as feldspar
and have expressed the opinion that they resemble the sand grains produced by
weathering of submarine voleanie rock along the East Pacific Rise, as described
by them (Engel and BEngel, 1964).

‘When the inorganic material was found in the stomach of this pelagic shark it
was assumed that it had been scooped up, probably during feeding activity, on a
nearby guyot or a seamount. Examination of a detailed bottom topography chart
being drawn up by Thomas E. Chase for Dr. Henry W. Menard of Seripps Insti-
tution of Oceanography, however, shows no guyots closer than a chain along the
Baster Island Fracture Zone, close to 25° 8., nearly 1,000 miles to the southeast.
A cluster of deep seamounts lies considerably closer, along the Rast Pacific Rim
to the westward. Near the point of collection there are some bottom hillocks, but
of low relief. It is quite possible that there may be guyots or seamounts in the
vieinity, inasmuch as the station where this Euprotomicrus was taken is at the
southern tip of one leg of “Downwind” expedition and a vast region farther south-
ward remains a bathymetric blank. Because it seems unlikely that this tiny shark
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moves far or fast we are prompted to predict the discovery of a major seamount
or guyot nearby. There is no proof, however, that the sand grains may not have
long remained among the mucosal folds of the stomach. Nor can we be sure that
the shark is incapable of very deep dives. Sand derived from the weathering of
undersea volecanics does oceur in very deep water on the Hast Pacific Rise, as
Engel and Engel have shown.

The evidence that this epipelagic shark descends at times to the bottom, and
probably feeds there, is one more link in a long chain of evidence that the distine-
tion between benthonic and pelagie living is not nearly so sharp ag has generally
been agsumed.

CESTODE PARASITES

Cestodes were found in 6 of the 12 specimens of Buprotomicrus which were exam-
ined for food. They appear to represent a single type (pl. 5, fig. 2). They range
in size from barely above microscopie to a length (preserved) of 17 mm. All were
loose in the cardiac section of the stomach. The number per fish was 1 in specimen
11 (see table 1), 2 each in 26 and 27, 4 in 23, 5 in 28, and 14 in 24, Nos. 11 and 24
came from the north-central Pacifie, 23, 27, and 28 from the southeastern Pacific,
and 26 from the Indian Ocean,

These parasides were identified by Dr. A. J. MaeInnis, University of California,
Los Angeles, and Dr. Robert J. Goldstein, University of Texas Southwestern Medi-
cal School, ag trypanorhynchan cestodes. Dr. Goldstein kindly referred the ma-
terial to the outstanding authority on the group. Dr. Robert Ph. Dollfus, Liabora-
toire d’"Helminthologie et Parasitologie Comparée, Paris, who, after examining the
specimens further, has definitely identified them as Sphyriocephalus tergestinus
Pintner (1913: 123), particularly on the basis of the diagnostic character of the
ova in one adult specimen. Parasites of this group may mature in the spiral intes-
tine of elasmobranchs, but none was found there in Euprotomicrus. Sphyriocepa-
alus tergestinus, the type species of the genus, was deseribed from “Alopecias”
[Alopias] vulpinus (Bonnaterre). Dr. Dollfus informs us that this cestode has
been reported from the stomach of Isurus “gloucus” [ozxyrinchus Rafinesque],
from dJapan, by Yamaguti (1934: 9495, figs. 145-151), under the name of
Sphyriocephalus viridis (Wagener).

Foop or EUPROTOMICRUS AND ISISTIUS COMPARED

There seems to be congiderable similarity between Euprofomicrus and Isistius in
respect to their food, which is surprising in view of their sharply contrasting
internal anatomy (pp. 23-34}. Strasburg (1963: 35) found that the food of Isistius
commonly consists of squid, as is true for the subjeet of our study, and of fishes,
including Vinciguerria, which is likewise eaten by Euprotomicrus. Vinciguerria,
however, may have been caught by Isistius in the trawl, as Strasburg suggested.
One of the eight specimens of Isistius studied by Strasburg contained “three crus-
taceans which bear some resemblance to ealigoid copepods.”

In agreement with the findings of Strasburg, the one Isistius in the Scripps
collection, a 386-mm mature male dipnetted at the surface on the equator at 100°
00" W., contained the following material: in the eardiac section of the stomach, in
addition to some food debris, a single squid beak 7.7 mm in longest dimension (con-
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firming Strasburg’s findings that Isistius feeds on surprisingly large squid) ; in the
duodenum, 3 lenses of either squids or fish; and, in the valvular intestine, only
some food debris. The suggestion that Isistius ingests larger food items than Eupro-
tomicrus does is consonant with its larger size and firmer tissue, and with its
broader mouth and stronger jaw (p. 33; pl. 7).

The Scripps specimen, in this respect also resembling Strasburg’s, contained
considerable liquid oil in the body cavity and a small amount within the alimentary
canal. The abundance of oil in Isisttus and the lack of appreciable quantities in
Euprotomicrus seem to be related to the immense liver of Isistius and the much
reduced organ in Euprotomicrus (pp. 24-26; figs. 5, 6).

DWARF SIZE

Except for the still more dwarfed squaloid sharks of the related genus Squaliolus,
discussed, with references, in the section on systematic status (p. 8), Euproto-
micrus bispinatus is the smallest known shark. Males are even smaller than females
(p. 37). The small size is related to the pelagic habitat, and is interpretable as one
of the adaptations toward the attainment of neutral buoyancy (p. 43).

Total lengths, available for 83 of the 36 known specimens of E. bispinatus (table
1; fig. 10), range for males from 97 to 220 mm and for females from 105 to 265 mm.
‘Weights, seemingly alike for the sexes, range from 5.3 to 67.6 g.

The two reported sets of embryos, all retaining large yolk sacs, varied from 22.3
to 24.8 and from 50 to 60 mm in total length. We presume that the length at birth
is between 70 to 95 mm, hecause the four smallest known juveniles are 97 to 112 mm
long. These are essentially small replicas of the adults. A 170-mm male is almost
fully mature, to judge from the almost completely elaborated eclasper, and all
eleven larger males, 198 to 220 mm long, are fully mature. The three females 140
to 161 mm long are immature, and none of the four females 201 to 219 mm long
seems to be gravid. Six females 233 to 265 mm long contain developing ova or
embryos. The largest one, the only one longer than 256 mm, may show signs of
senility, with some ova possibly being resorbed (p. 34).

The length-weight eurve (fig. 10) appears to be of typical exponential form.
Because the weights are of preserved specimens of varying condition and treat-
ment, the length-weight relations have not been analyzed in any detail.

The dwarf size of this shark, nicely paralleling the dwarf size of certain melam-
phaid teleosts disecovered by Ebeling (1962), undoubtedly of genetic basis in each
group, seems to be correlated with existence in waters of low nutrients and low
plankton production (Reid, 1962).

CHARACTERS CORRELATED WITH DWARFISM

Many of the distinctive characters of Euprotomicrus Dispinatus are of the sort
that have been correlated with dwarfism in other fishes, particularly by Te Winkel
(1935) in her study of Mistichthys luzonensis, which was the smallest known
vertebrate (Smith, 1902) until the discovery (Herre, 1927: 198-199, pl. 15, fig.
3; 1929) of another still smaller gobioid fish. Among the features of Buprotomicrus
correlated in other fishes with small size we note the following: Cartilage is re-
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Fig. 10. Length and weight relations of the sexes of Buprotomicrus bispinatus. Above: length-
weight relations; sex indicated by conventional symbols, with cireles blackened for mature males
and for four females with maturing ova. Numbers correspond with entries in table 1, Below: all
available total-length data (as in table 1); bars broadened for mature males and for the six
known females with maturing ova or embryos. (Narrow lines represent immature males and
either immature or unchecked females.)

tained to a marked degree in the skeleton. In Buprotomicrus this is paralleled by
the very limited ealcification of the skeleton, already stressed in the aceounts of
the vertebral column, the head region, and the claspers and adjacent structures
{pp. 27-34; pls. 6-8). However, this feature in Euprotomicrus may also be re-
garded as an adaptation for neutral buoyancy.

Segments and other meristic features are few. As pointed out above (pp. 27, 30),
the number of vertebrae in Buprotomicrus is fewer than in any other shark, with
the exception of the still more dwarfed sharks of the related genus Squaliolus, The
teeth are also few (pp. 22-23). However, the numbers are few also in relatively
large members of the same family (secondarily increased in gize?). Certainly the
photophores are not few.

Some characters, notably the essentially diphycercal tail, are interpretable as
being juvenile or even embryonic. This feature, shared by the even more dwarfed
genus Squaeliolus and approached by Isistius, is perhaps the most definite of the
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features related to dwarfism in these sharks, for the larger dalatiines have hetero-
cercal eaudals (Bigelow and Schroeder, 1948: 499-532; 1957: 109-136). The
relatively large head, large eyes, and large spiracles are interpretable as juvenile
characters.

The embryos are few, with a seemingly constant complement of 4 + 4 = 8 (pp.
34, 37).

The clasper (pp. 33-36) is much less differentiated from the pelvic fin proper
than in most elasmobranchs. This again seems to be in part a group character,
rather than being, or in addition to being, a feature related to dwarfism. Perhaps,
however, the manifestation of such characters in the larger dalatiines may reflect
secondary increase in size of the larger genera.

SUMMARY

Euprotomicrus is treated as a distinet monotypic genus in the subfamily Dalatiinae
of the family Squalidae (equivalent to the superfamily or suborder Squaloidea in
some classifications). Squaliolus, comprising the only smaller sharks, is maintained
as a distinet genus, Very trenchant differences in clasper structure, in the skeleton,
and even more spectacularly in visceral anatomy indicate that the differentiation
of Buprotomicrus and Isistius hag been long and profound.

The species names maurttianus, labordii, and hyalinus are listed as synonyms in
the complete synonymy of Euprotomicrus bispinatus.

Only 8 specimens of the species were reported prior to 1951. We now list 37.

Color varies from light brown to brownish black.

Detailed morphometrie analysis discloses no specific distinctions, but suggests
the possible slight differentiation of a race in the Atlantic Ocean, from which the
species is now recorded.

The abdomen grows with positive allometry; the caudal and head regions, con-
sistently with compensatory negative allometry. Other regions grow isometrically.

Euprotomicrus is luminescent, emitting a blue-green glow from thousands of
tiny photophores on the ventral surface. The photophore structure resembles that
of Isistius, but is different from that of the luminescent squaline sharks Etmopterus
and Centroscyllivm in that the light organs of Euprotomicrus form a complicated
network, lack an iris-like feature, and contain a single photogenic cell. Some fea-
tures are generalized, some specialized. It is thought that the struectures alleged to
be photophores in Somniosus are not light organs.

Denticles of Euprotomicrus are dimorphice, The larger ones are variably pitted.

The upper and lower teeth are profoundly different. The needle-pointed npper
teeth are arranged in quineunx, The lower teeth form an even-edged series, locked
together and replaced as a unit. The 19 to 23 mandibular teeth seem to remain
constant in any individual.

Stomach is J-shaped; duodenum is an inverted U, leading directly into the val-
vular intestine, which contains about 13 turns. The small 2-lobed liver is restricted
to the front of the body cavity. Spleen has a long inner arm. Pancreas is well
developed. Isistius has a straight stomach; a short duodenum connecting end of
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stomach with the valvular intestine behind its blind anterior end; 7 turns in the
spiral valve; and an immense, rolled liver filling almost entire body cavity.

Vertebrae are notably few, about as in Squaliolus: monospondylous vertebrae
are remarkably constant (31 or 32); diplospondylous ones number 28 to 38, of
which 15 to 20 are precaudal and 11 to 19 caudal. Caleification is almost wholly
confined to region of notochordal sheath (more so than in Isistius). In the tail,
neural arches and radials seem devoid of caleification, as also the hemal arches,
which form thin-walled bulbs. These structures are weakly caleified in Isistius.

Cranial and labial cartilages also seem to be virtually devoid of calcification in
Euprotomicrus, moderately caleified in Isistius.

Clasper structure is of the squaloid type, with marked external and internal
differences between Euprotomicrus and Isistius.

Euprotomicrus is ovoviviparous with, uniquely, a complement of four embryos
in each ovary. Bven at a length of 54 to 60 mm embryos closely resemble adults,
and young of about 100 mm are essentially adult in appearance.

Sex ratio of 33 sexed individuals is 16:17. Mature male specimens are con-
sistently smaller than mature females.

Euprotomicrus bispinatus is known almost exclusively from the relatively sterile
central water masses of the North Pacifie, South Pacifie, South Indian, and South
Atlantie oceans. It avoids the major marginal currents, where temperatures are
low at the depth of 200 m. It also avoids the great eastern wedge of Pacific Equa-
torial Water, where the temperature is also low at 200 m and the oxygen minimum
layer similarly shallow. Strays have been taken twice not far north of the Antarctic
Convergence.

The depth of water where Euprofomicrus has been taken, always at the surface,
ranges (15 records) from 1,829 to 9,938 m.

The hypothesis that this luminesecent shark undertakes vertical, presumably
diurnal, migrations has been confirmed by a study of its food, which includes
bathypelagic squids and fishes. Isistius probably also moves vertically, but has
seldom been caught at the surface. Squeliolus seems to have a wide vertical range
and to be both benthonic and pelagie.

Euprotomicrus seems to be neutrally buoyant, apparently as a result of adapta-
tions involving weak tissues, including a delicate skeleton largely devoid of caleifi-
cation. Small size is no doubt a contributing factor.

This shark is attracted to light and is an active swimmer and a predaeious feeder.

Bathypelagic squids and fishes enter prominently, and perhaps chiefly, into the
nutrition of this shark. Despite the abundance of crustaceans in the waters pre-
sumably traversed by this shark, it seems to rely primarily on fishes and ce-
phalopods, as do some of the largest and most predacious pelagic sharks and
teleosts. For such prey the grasping upper teeth and the shearing common edge
of the lower teeth seem admirably adapted. The considerable proportion of nearly
empty alimentary tracts, the lack of any full stomachs among the 12 studied, and
the small size of food commonly taken (such as lightfish, Vinciguerrie sp., 12 mm
and less in standard length) is concordant with the oceanographic evidence that
Euprotomicrus typically inhabits the oligotrophic central water masses. Occa-
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sionally Euprotomicrus swallows its lower teeth, probably during replacement, but
apparently less often than does Isistius. Volcanie grains of sand in one specimen
indicate occasional feeding on the bottom, possibly in very deep water (further
deemphasizing the sharpness of the contrast between henthonic and pelagic dis-
tributions).

Trypanorhynchan cestodes, of one species, Shyriocephalus tergestinus, are of
frequent oceurrence in the cardiac section of the stomach.

Except for the still more dwarfed sharks of the related genus Squaliolus,
Euprotomicrus is the smallest known shark. Lengths range from 97 to 265 mm;
weights (of preserved specimens), from 5.3 to 67.6 g. Length at birth is presumably
between 70 and 95 mm. Juveniles about 100 mm long essentially resemble adults.
Mature male specimens range from 170 to 220 mm; gravid females, 233 to 265 mm.
Length-weight curve is of typical exponential form.

Characters correlated with dwarfism include very limited caleification of the
skeleton; few vertebrae and few teeth; essentially diphyecercal caudal, a neotenic
feature; large head, eyes, and spiracles; few embryos; and the less than usual differ-
entiation of the clasper from the pelvic fin.
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PLATE 1

Euprotomicrus bispinatus (Quoy and Gaimard)

Fig. 1. Lateral aspeet of specimen 27, 170 mm in total length,
a male with claspers not quite fully elaborated, from southeast-
ern Pacific Ocean at 14°17’ 8., 108°52’ W,

Fig. 2. Ventral aspect of same specimen.,

Fig. 8. Much enlarged view of dentieles, but no photophores,
on dorsal surface of specimen 24.

[66]






PLATE 2

Enlarged views of skin of Euprotomicrus
bispinatus, specimen 27

Tig. 1. Dorsal region in front of first dorsal fin, showing den-
tieles hut no photophores.

Fig. 2. Ventral region, including pelvie fins, claspers, and
adjacent arca with denticles and crescentic groups of photo-
phores.
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PLATE 3

Photomicrographs of photophores and denticles of three
luminescent sharks

Euprotomicrus bispinatus: 4, belly, x 45; B, preoral part of
snout, x 45; C, ventral surface of caudal peduncle, X 54; D,
longitudinal seetion of photophore near bhase of pectoral fin,
x 630,

Etmopherus lucifer: E, flank, x 40; 7, dorsum hefore first
dorsal fin, x 45.

Centroscyllium ritteri: &, flank, x 45.

Kuv: 1, lens; lo, light organs; m, melanophores; ph, photo-
genic cell; ps, pigment sheath; s, scale.
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PLATE 4

Mandibular dentition of Buprotomicrus bispinatus

Fig. 1. Replacment dentition of specimen 24. Four transverse
rows of replacement teeth, showing four longitudinal sets on
right side and three on left side of the two-shouldered median
tooth in each row. Slightly retouched.

Fig. 2. First eight mandibular teeth of left side, in band being
replaced on specimen 29, Band wag intact but broke as it was
being flicked off a bit prematurely. Scale in millimeters,

Fig. 3. Longitudinal section through mandible and lower teeth
of specimen 24, Shown in sequence in the one longitudinal row
sectioned are the teeth of 534 horizontal rows: (1) tooth of erect
functional row; (2) teeth of four replacement rows, the first ap-
parently about ready to revolve into position for service, and
three more in successive stages of development; (3) a single
tooth bud.
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PLATE 5

Euprotomicrus bispinatus, specimen 24

Fig. 1. Barly-maturing follicle from right ovary. Note group
of nucleoli in vescicle. Magnification x ca. 400.

Fig. 2. Two cestode parasites, Sphyriocephalus tergestinus
Pintner (1913: 123), each about 10 mm long in preserved state,
from cardiac part of stomach.
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PLATE 6

Radiographs of adult males of two dalatiine sharks

(@). Posterior part of specimen 29, 211 mm long, of Euproto-
miorus bispinatus. Note: (1) abrupt change, marked by arrow,
from last monospondylous vertebra to first diplospondylous one;
(2) much reduced and very irregular caudal vertebrae (counted
as 15 behind upper origin of caudal fin); division between pre-
caudal and caudal vertebrae marked by vertieal line; (3) lack
of register of uncaleified vertebral arches; (4) pelvic and clasper
cartilages,

(b). Caudal skeleton of Isistius brasiliensis. Specimen (SIO
52-413-5A), 386 mm long, from equator at 100°00° W. long.
Caudal vertebrae counted as 22, the last 2 interpreted as much
elongated.
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PLATE 7

Radiographs of head region, in dorsal aspect, of
Euprotomicrus bispinatus and Isistius brasiliensis

Represented are: (a) a 386-mm example (SIO 52-413-5A) of
Isistius, from equator at 100°00’ W. long., and (b) a 211-mm
specimen (29} of Euprotomicrus.
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PLATE 8

Radiographs, from above, of claspers and adjacent parts of
Euproto*rniams%ispinatus (a) and Isistius brasiliensis (b)

Same specimens as in plate 7. Radiographs somewhat re-
touched.
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