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1. INTRODUCTION.

The following studies upon the sturgeons and sturgeon fisheries of the Eastern
rivers of the United “tates were undertaken in the spring of 1888 at the suggestion
of the U. S. Commissioner of Fish and Fisberies, Prof. Marshall McDonald.

Pursuant of these purposes, I repaired to Delaware City, Delaware, a very impor-
tant center of the sturgeon fishery, in order to collect data respecting the fishing; also
to study the variations presented by the individuals of the common sturgeon; to
determine the number of species taken in the Delaware River; their food, relative
abundance, and value; and to find out, if possible, if artificial propagation might be
successfully carried on. The latter part of the month of May and nearly the whole

of June, 1588, were devoted to these objects. 031
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The results which were obtained were to some extent unsatisfactory, owing tothe
difficulty of obtaining an abundance of living ova, aud the difficulties attending their
tertilization by artificial means, as well as rearing the embryos. Notwithstanding
these untoward conditions, a number of novel facts were collected and experiments
were carried out which must be of great significance in any further attempts at the
artificial propagation of these immense fishes. Amongst the most important of my
results, the observation which I regard as of the greatest practical value, is the de-
termination, by experiment, that it is possible to quickly obtain both living ova and
spermatozoa from recently-captured fishes by C®sarean section. The only ova which
I succeeded in fertilizing were obtained from females of the common sturgeon by
cutting open the abdomen of the still living fish. Foreing out the ova by pressure, as
practiced with the shad and salmon, is not feasible in the case of the sturgeon, and
the removal of the ripe ova from the abdominal cavity of the parent fish may be far
more expeditiously effected by slitting open the body ecavity, in the manner usunally
practiced in dressing the carcass for market,

The milt is mostreadily obtained in a similar way fromn the recently captured and
living ripe males, only that in this ease pieces of the enormous testes are cut out and
the milt pressed from the fragments. The success which followed the usual methods
of fertilization proves conclusively that vast numbers of embryos could be hatched
annually from eggs thus obtained and treated. The number of millions which could
be reared in this way would depend entirely upon the number of trained spawntakers
promptly on duty when spawning fish are taken by the fishermen, and the extent of
the facilities for hatching them and protecting them against the attacks of Achlya
and Saprolegnia, forms of fungi which were found to be most seriously destructive to
the life of the ova of the sturgeon in moderately quiet waters.

Other practical information which was obtained related entirely to the manner in
which the eggs must be treated in the work of artificial propagation. The extent
and valuoe of the caviare industry was also investigated, as well as the determination
of the number of species which frequent the Delaware and other Bastern rivers in
which sturgeonsare taken. The important fact was also determined that the common
sturgeon (Acipenser sturio) is the only species which is at the present time of any
commercial value in the fishery of the Delaware. It was my good fortune also
to secure no less than five specimens of the A. brevirostris of Le Sueur, which has, so
far as 1 can learn, not been certainly recognized since that naturalist’s time; recent
writers have in fact almost uniformly confounded it with the common and far more
abundant species. This species was originally discovered in the Delaware, and there
have been, so far as I can discover, no trustworthy identifications of the species from
any other waters. That it has a wider distribution is probable; it may be that its
prineipal center of distribution is other than the river in which it was first taken.
The comparative rarity with which it is taken speaks much in favor of this view.

‘The embryological data of this monograph have been drawn partly from original
sources, namely, from the embryos which I succeeded in rearing from artificially fer-
tilized eggs, and partly from the work of other authors. The embryos of the common
sturgeon here illustrated are, as far as I have been able to learn, the first of that species
that have ever been figured. While it may occur to some persons that the attempt
to complete the survey of the external features of the ontogeny of the sturgeons from -
the work of others is a useless duplication of labor, I wish to here state that it seems
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to me that, so far from that being the case, it has only thus been made possible to get
something like an adeqnate notion of the remarkable changes through which these
fishes pass, from the time the egg is fertilized until adolescence is reached. To this
end I have had no hesitation in laying under contribution the labors of Knoch, Salen-
sky, Parker, and Balfouar, on the larval stages of the sterlet, in addition to what I have
been able to glean in regard to the development of the common species.

Upon reaching the fishing grounds I was tirst made aware of the great unlikeness
in the outward appearance of the young, from 5 inches to 3 feet in length, as compared
with adults of the common species. This fact led me "to examine somewhat closely
into the visceral -anatomy of the young, with the result of finding that the internal
differences are as great as the external ones, as the accompanying plates displaying
the viscera will testify. Between the youngest obtainable material and the embryos
studied by Balfour, Knoch, Parker, and myself, there still remained a gap so great
that, in the time allotted me for the completion of my work, it was impossible. to
obtain the required missing stages. " Fortunately those gaps are almost completely
bridged by the oldest larve figured by Parker, and the post-larval stages of the ster-
let figured only two years ago by Zograff, Zograff’s figures, in conjunction with an
old figure of a very young specimen of the gigantic Huso of eastern Europe, published
in 1833, by Brandt and Ratzeburg, enable us to trace very satisfactorily the history
of the dermal armature of the genus. Comparisons of these disclose the fact that the
dorsal row of scutes on the body appears first, then the lateral, and last of all the
ventral rows, Other changes in outward appearance also occur, which can only be
fully appreciated by reference to the figures which have been reproduced in the
plates accompanying the text of this paper. These facts it seems to me are a sufficient
warrant for my having drawn so largely from other sources. Moreover, since this
report is intended, not m’mpl_'s7 for the information of naturalists, but more especially
for those interested in the practical question of the propagation of the sturgeon as a
source of food, I have felt it incumbent upon me to give as full and popular an
account of its natural history as it was in my power to produce. Some of the most
important literature on the subject being in German, French, and Kussian, it is neces-
sarily inaccessible to the general reader in this country. It has therefore been with
much pleasure that I have here brought together the figures from such out-of-the-way
or generally unreadable foreign authorities as will give such a reader a fair notion of
the singnlar changes which these huge fishes undergo in the course of their lives.

The illustrations of the adults are from photographs, reproduced by one of the many
recent and highly successful photogravure processes. These give an adequate notion
of the forms of the heads of the adults and an idea of the texture of the surface of the
skin of the fresh fish such as is impossible except at the hands of an exceedingly skill-
ful but expensive artist. I have been impelled also to offer these new illustrations of
the common sturgeon in view of the fact that there are not now in existence half a
dozen illustrations of the external appearances of this species that are trustworthy
as to details. Nearly all the figures in existence are either poorly executed or taken
from distorted or ¢ stuffed” specimens.

The illustrations of the young, 20 inches in length, are also photogravures, and serve
to contrast the wide differences, in the form of the head especially, with that of the
adults. The contrasts between these and the Acipenser brevirostris figured along
Wwith them are equally striking, and the latter may be also profitably compared with
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the illustrations of the heads of the adults. The photogravures of A. brevirostris also
show the great ditference in the dermal armature of that species in comparison with
that of the young of the common species. In the former the strong spines of the
bucklers have disappeared, while in the latter of the same age they are still retained.

2. SYSTEMATIC REVIEW OF THE STURGEONS OF THE EASTERN COAST.

The following systematic review of the sturgeons of the Eastern coast is here
offered. The definitions of the order, family, genus, and the two Eastern species are
modified and corrected so as to correspond with the present state of our knowledge
of the group. This has been found necessary, since a few minor errors as to matters
of fact have crept into the definitions given in Jordan and Gilbert’s ** Synopsis of the
Fishes of North America,” upon which the ones here given are based.

Order GLANIOSTOMI.

A pracoracoid arch; symplectic represented by cartilage, but without membranous
ossification; maxillary present; no suboperculum or praoperculum; interoperculum
present; mesopteryginm distinet; interclavicles present; basihyals and ceratohyals
without membranous ossifications; branchihyals partially invested by ossifications in

membrane.
Family ACIPENSERIDA.

The Sturgeons.

Body elongate, subeylindric; skin armed with five rows of bony bucklers, each
with a median longitudinal carina, terminating in a retrorse spine in the young and in
some small species. A median dorsal series, and a lateral and abdominal series on
each side, some of the abdominal series in later life (the preanals of A. sturio, and
abdominals of A. rubicundus) becoming covered and more deeply embedded in the
integument, so as to become invisible from the surface. The lateral rows of seutes give
passage to the canal of the lateral line. Between the rows of large scutes the skin is
rough with small, irregular, embedded dermal ossifications. Snout produced,depressed,
conical or subspatulate, with sensory areol® on inferior surface. Mouth small,
inferior, protractile, with thickened lips, produced into characteristic marginal lobes.
No teeth, except in the larval stages. Four barbels in a transverse series on the lower
side of the snout in front of the mouth. Eyes small; nostrils large, with two open-
ings, and with olfactory membrane with a smooth central disk, surrounded by a
rosette of folds. Gills 4; branchial arches 5; an accessory opercular gill. Gill mem-
brane united to isthmus. No branchiostegals. Maxillary distinct from premaxillary.
Head covered by bony scutes or dermal ossifications united by sutures. Fin-rays
slender, all articulated, except first spine-like ray of pectoral. C(audal with fulera,
pectorals placed low. Ventrals many-rayed, behind middle of body. Dorsal placed -
posteriorly; anal somewhat behind it, similar. Tail heterocereal; the lower lobe
developed. Air-bladder large, simple, connected with the msophagus by a spacious
laterally compressed, short pneumatic duct. Pseudo-branchial or spiracular gills very
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small or obsolete. Stomach without blind sac. Rectum with spiral valve. Mush-
room-shaped pancreas, divided internally into cmecal appendages, the external inter-
spaces between which are filled up with connective tissue, so as form an apparently
solid organ, the cavities in which open into the upper-end of the duodenum through
three passages.

“Large fishes of the seas and fresh watersof Northern regions. Most of the species
are migratory, like the salmon which are found in the same waters. Genera two,
species about twenty, although more than five times that number have been described.
The American specics especially have been unduly multiplied, particularly by Au-
guste Duméril, who has found upwards of forty of them in the museum at Paris.
The actual number of American sturgeons does not exceed seven, and is more likely
still less. The changes with age are considerable; the snout in particular becomes
- much shorter and less acute, and the roughness of the scales is greatly diminished.
* * * The number of plates, although one of the best specific characters, is

subjeet to considerable variations.”

ACIPENSER Linnsus.
Sturgeons.

Snout subconical above, more or less depressed below the level of the forehead ;
more or less nearly flat below. Spiracular opening nearly twice as far behind the tip
of the snout as the eye. Caudal peduncle of moderate length, deeper than broad,the
lateral rows of bony scutes distinct to the base of the caudal fin. Tail not produced
into an abortive filament or opisthare, as in Scaphirkynchops (shovel-nose sturgeons),
but with its tip bearing caudal rays. Gill-rakers small. Pseudo-branchim or spirac-
ular gills preseut. Ouly two sharply defined species found in the waters along the
Atlantic coast of the United States. Possibly three other good species inhabit the
United States; one of these is the very distinet lake or fresh-water sturgeon of the
lake region, and two others are said to be found on the Pacific coast.

1. A. sturio L. Common Sturgeon.

Snout one.third of the length of the head; rounded above, nearly flat below, bluntly
rounded in outline at tip, as seen from above, in the adult. Snout of young much
more acute and produced than in the adult, and about half the length of the head.
Barbels arising nearly midway between mouth and tip of snout, not reaching mouth;
in the young longer and more slender. A median, lanceolate smooth fenestra or area
between the parietal and frontal plates in the young, which entirely disappears with
age. Gill-rakers small, slender, pointed, sparse, not longer than the pupil. Small
dermal plates between dorsal and lateral rows tending to form successive oblique
rows, in which many of these small plates tend to become lozenge-shaped. Average
number of plates in dorsal row, 11; in lateral rows, 28; in ventral rows, 10; 4 or 5
preanal scutes. Opisthocentrous in young, mesocentrous in adult. Mouth narrow.
Dorsal, 40-44; anal, 26-30; ventral, 26; pectoral, 35; caudal, 90; lower caudal lobe
short; peritoneum never deeply pigmented, so that the viscera when exposed are
nearly white. Color of skin olive-greenish above. Variety oxyrhynchus is based
partly upon the young of this species and partly upon old individuals which retained
their unusually lengthy snouts. My own opinion is that the snout of this species
undergoes actual shortening and loss of substance during growth. The actual varia-
bility of this species can not be appreciated unless one has had the opportunity to
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compare hundreds of recentindividuals. Atlantic Ocean; ascending rivers of Eastern
sea-board.
2. A. brevirostris Le Sueur. Short-nosed or Blunt-nosed Sturgeon.

Snout of half-grown individuals about one-third the length of the head, but propor-
tionally wider at base than in the preceding species. Barbels usually arising a little
nearer to tip of snout than to the mouth; not reaching mouth. Little or no difference
beiween the form of the snout of the young and adult. No smooth area or fenestra on
the top of the head of the young, between the parietal and frontal plates in the median
line. Top of head less deeply concave between the eyes than the preceding species.
Small dermal plates between the dorsal and lateral rows of scutes never tending to form
oblique rows. Smaller dermal ossifications never tending to become lozeuge-shaped,
excepton the sides of the upper lobe of the candal fin. Dorsal, lateral, and veuntral scutes
not so closely crowded together as in the preceding species. Average number in dorsal
row, 10-11; in lateral row, 25; in ventral, 7-8; no preanal plates. Mesocentrous very
early in life and in both sexes. The smaller dermal ossifications can scarcely be per-
ceived by the touch in stroking the skin between the dorsal, lateral, and ventral rows
of scutes in a fresh specimen. The species is in faet almost absolutely smooth over
the unarmored parts of the skin when compared with the preceding. Mouth very
wide; one-sixth wider in proportion than in the common species.. Dorsal, 33; anal,
19-22; ventral, 17-21; pectoral, 30-31; caudal, 60; lower lobe of candal long. Peri-
toneum dark brown, sometimes very dark, so that the viscera are nearly black when
exposed upon opening the body cavity. Color of the skin above reddish brown;
nearly white below.

This species occurs in the Delaware River, whence the author of its name obtained
it, somewhere about 1817. Since no absolutely distinctive characters have been yet
offered by which the species wmight be recognized, it has afforded me great pleasure to
supply this lacking information in the entirely new diagnoses given above of this as
well as the common species. How wuch mcre extensive than the Delaware River its
range may be I have no means of knowing, as I have found only one specimen, besides
the five obtained by myself at Delaware City, which can be regarded as an authentic
e¢xample of the species. This single specimen is in the museum of the Academy of
Natural Seiences of Philadelphia, and consists of a dried and stuffed varnished skin
marked in white paint “84.” 1t agrees in every esseutial external particular with my
own aleoholie specimens, but no record of its history is accessible amongst the cata-
logues of the collections of that institution; all traces of the old manuscript cata-
logues of the Bonaparte and the other old collections of fishes belonging to the
Academy’s museum having been lost. I have, however, the strongest suspicion that
this specinen, which is evidently very old, judging from its present condition, may be
one of the originals of Le Sueur’s description published in the Transactions of the
Amwerican Philosophical Society for 1818, though it does not correspond in minor
details. That it may possibly be one of the types of the species seems to me not at all
improbable, from the fact that Le Sueur was also one of the early members of the
Academy and may have presented the specimen. There can be no doubt of its
identity with the fresh specimens which I have made out to be the true 4. breviresiris,
and I have, therefore, incorporated it in the list of material which I have used to
frame the specific diagnoses of both forms. The figures of A. brevirostris on Plate I
of Brandt and Ratzeburg’s work, is from a specimen belonging to the Bloch collection
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and agrees closely with the dried skin in the museum of the Academy of Natural
Sciences of Philadelphia, the lateral line being indicated in the figure as in the speci-
men mentioned, as a well-marked canal extending across the wide interspaces between
the lateral plates. The figure reputed to be of this species which was published in the
plates pertaining to the natural-history volumes of the quarto report on the Fisheries
Industries of the United States is really that of the adult of the common species.
The figure intended to represent the comwon species, var. oxyrhynchus, in the same
work, is merely the young of the latter, and the figure of A. rubicundus is also from an
immature young specimen, and far inferior to the beautiful etching of the adult, done by
Le Sueur himself, and published with the same paper in which he described A4.
brevirostris. I append the original description of that form in order that the evidence as
to the distinetness of this singularly well-defined species may be made more accessible.

“2. A. brevirostrum.

Head large, convex; snout short, pointed, with a black spot near its extremity ; the
four beards are flat, disposed in pairs, and placed nearer the nostrils than the eud of
the snout; nostrils near the eyes, though lower, the posterior one larger than the
anterior one, which is small and almost round; pupil of the eye round, irides golden;
the length of the head, from the tip of the snout to the end of the operculum is a fifth
part of that of the body ; body elongated, with five ranges of tubercles ; back with nine
tubercles and one at the base of the dorsal fin—these plates are pretty regular, oblong,
radiated, and surmounted with a sharp keel ; sides with twenty-six tubercles, irregular,
largest on the anterior part of the body, and oblong on the posterior part, the latter
presenting a small carina. Sometimes one remarks between these tubercles the rudi-
ments of others ; the plates of the abdowmen are oblong and small, on the left side five,
on the right side three, placed opposite to the center of the former; before each
abdominal fin there is a small tubercle; the skin above is of a blackish color, tinged
with olive, with oblique black bands, and other corresponding ones, of a paler hue, on
the sides; the deep color of the upper parts does not transgress the lateral line formed
by the tubercles; sides reddish, mixed with violet; abdomen white; the fins are of
a medium size.

“The head, which is remarkable in this species, varies a little in the varieties which
follow; in this it is short in proportion to its breadth, between the eyes it is depressed,
and in width 2§ iuches, between the auricular orifices [spiracles] 3 inches, from the
end of the snout to the eye 23 inches, length of the whole head 6} inches ; the auricular
brifices are situate 1 inches behind the eyes, and near the rim of the bony shield of
the head; the plates in general of this species are rugose and regularly radiated ;
the skin which appears smooth, is nevertheless furnished with small spinous asperi-
ties which render it disagreeable to the touch, and there is a kind of regularity
observable in the dispositions of these spines, which are scattered equally over the whole
skin; the regularity is not perceptible in the A. rubicundus and its varieties, the spines
of which are more numerous and more serrated.

“ The individual deseribed was a female; its length 2 feet 9 inches from the tip of
the snout to the fork of the tail, which was furnished with lozenge-formed plates.

“This species is rare. I have been enabled to behold but two specimens. It

"inhabits the Delaware.

« First variety., Length 1 foot 7 inches; body with five rows of tubercles, all very

entire, well defined, and radiated, surmounted with a carina, projecting behind into a
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spine ; the two first abdominal plates are imbricated, the remainder at equal distances,
and seven on each side; side plates twenty-six, dorsal plates nine, and one at the base
of the fin ; between the dorsal fin and the tail, and likewise between the anus and anal
fin, and the last and caudal fin, there are sometimes one simple plate, and sometimes
several plates, in this species; the head only presents the difference of its snout
being a little more elevated, and it is not convex between the nostrils; the small as-
perities of the body are nearer together and more numerous than in the preceding.
Inhabits the Delaware.

¢ Second variety. Dorsal plates ten, mcludmg that at the base of the fin, lateral
plates twenty-three, abdominal seven; all pretty regular and radiated, without earina
and spines—these plates appear to have replaced those of the first growth, they not
having been worn or rubbed; head large, short, and resembling that of the first de-
sceribed of this species ; snout larger and rounder than in the first variety; length of
specimen 2 feet 4 inches. Taken in the Delaware.

¢ Third variety. This individual resembled the last in its form and size, but had its
snout more pointed, flatter above, and more elongated, narrower, and more concave;
body with five rows of tubercles, those of the back nine, including the one at the base
of the fin, regularly radiated, raised into a sharp keel, and terminated in a central
point; lateral plates twenty-three, slightly carinated; the plates of the abdomen are
seven with a hardly perceptible keel—the form and disposition of the tubercles are
pretty regular; between the lateral plates there are several smaller ones. It is very
remarkable that the left side only of this specimen had a range of eleven tubercles and
several radiments of others, situate between the lateral and abdominal rows. Inhab-
its the Delaware.

“This species, which is not the objeet of a specul fishery, is nevertheless more
sought after, and commands a higher price, than the large common species, which
attains to the length of about 10 feet. The A. brevirostrum and its varieties are brought
to the Philadelphia market in the vernal season and fetch from 25 to 15 cents apiece.
They are eaten by the common people only.”

(These last remarks, as to the estimation in which the A. brevirostris was held in Le
Sueur’s time, do not hold at present. It does notseem to be eaten at all by the present
generation of Delaware fishermen.)

The foregoing descriptions, based on the five specimens which fell into Le Sueur’s
hands, agree in all essential respects with my own observations. He gives the color
perhaps too dark, as is also shown by the skin in the museum of the academy, but
that specimen shows the dark bluish oblique cloudings or bands which he refers to as
occurring on the sides, and which are faintly perceptible even below the level of the
lateral rows of plates. Some of my specimens are much darker than others, deep
brown on the back, verging to a warmer, richer brown on the sides, but reaching
only, as he observes, to the lateral rows of plates.

Le Sueur also distinetly confirms my conclusion that the species is always small;
his largest example was a female measuring but 33 inches; the largest one that I
obtained was only 23 inches long. He also states that it is rare, just as I learned was
the case upon making an attempt to get a series of examples, all of which were taken
in herring and shad gill-nets. The characteristic dark-brown or brown color of the.
animal; its small size, wide mouth, comparatively smooth skin, early maturity, ren-
der it impossible to question the identification which is thus established. The color
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alone is diagnostic; none of the young of the common species are dark-colored, while
the charaeteristic dirty olive green or brownish, with a shade of green in it, is always
markedly characteristic of the common species at all stages of its growth. Le Sueur’s
incidental remark as to the length of the common species in his day shows, if his
report signifies an average, that it has since then diminished in size.

A. brevirostris is never taken in the large gill-nets used in capturing the common
form, for the reason probably that it never reaches a large enough size. This con-
clusion is confirmed by the fact that sexual maturity is reached much earlier than in
the common form as is proved by the condition of the reproductive organs of the suite
of examples in my possession. Out of the series of five specimens the sex may
easily be made out by inspection of the young roes and milts of four of them. The
smallest specimen even, although only a little over 18 inches in length, has the internal
reproductive organs far more developed than specimens of the common species of the
same size. In fact, I have not been able to make out the sex with certainty by simple
inspection with the naked eye, in specimens of the common species, as large as my
largest examples of A. brevirostris, measuring 23 inches in length. These data, taken
in connection with the presence of the long lanceolate median fontanelle or fenestra
on the top of the head of the sharp-nosed young of the common species, show that the
latter matures much later and only after becoming much larger than the A. brevirostris.
The latter probably corresponds to the sterlet of Europe as respects size and pre-
cocious maturity, but differs entirely from it in its dermal armature, which is essen-
tially mesocentrous, while in the sterlet the dermal armature is opisthocentrous.

3. THE DERMAL ARMATURE OF THE BODY.

The armature of the body and tail is subject to a good deal of variation in both
of the species of sturgeons found in the Delaware. This is well shown by the follow-
ing table, giving the number of dermal scutes found in the dorsal, lateral, and ven-
tral rows in the young and adults of Acipenser sturio, and in the young and probably

two-thirds mature stage of A. brevirostris Le S.

(The vulgar fractions in this table are used to indicate the number of scutes in the lateral and ventral
rows of opposite sides of the body.)

Specimens. Dorsal soutes. | Lateral scutes. | Ventral scutes. | Preanal plates. Remarks,
No.L A. 8turio...ceeeecennneneeeen .. 10 29 10 Present . ...... Young.
No.2. A, 80urio. ...ocoiiiiiiiaeaaiiaas 1 26 11 veado ool Do.
No.3. A. 80Uri0.ccceniiainriiniaaaannans 12 30 11 [P (. S, Do.
No.d, A. 8UTIO. o eoeniiniaeranaaannn 13 30 1 [ [ SN Do.
No.b. A. BUrIO. oo neniaecnnan -, 11 48 10 EERNY: [ Do.
No.6. A. sturio.... 11 20 10 RPN U, R Do.
No.7. A. sturio .......cooeiveeiiaiiian. 10 28 10 odo.e, Do.
No.8 A, gturio. ....ccooviniiaineannnnns 1 20 fr ceardO el Do.
No.O A, 8turi0 oooee oo e ceienaaans 1 29 9 R {4 S Adult,
AVOTAZO . oeceecvaann e aneeen 113 283 103
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Specimens. sﬂg?ezl. l;’g;‘t’;:'l Zgggg:‘_] Pectoral. | Ventral. | Anal. | Caudal 1(&;:3111. Remarks.

No.10. 4. sturio....... 10 33 % S [ R 90 2.085 | Adult specimen
in Cope’s Coll

No.1l. A. sturio....... 11 33 18 35 26 26 90 .49 Delaware City.

No.12. A. brevirostris.. 12 24 Z 31 17 19 (...l .54 Do.

No.13. A. brevirostris.. 11 3% 2 30 20 IO 60 .46 Do.

No. 14. A. brevirostriz..|(9}) 10 38 2N VU SUUUURRR IDRRN RO .58 Do.

No. 15, A. brevirostris.. 11 F R P .56 Do.

No.16. A. brevirostris.. 11 38 3 31 21 22 60 .812 | Mus. Acad. Nat.
Sci., Phila.

Frequently the last dorsal scute, just in front of the dorsal fin, is divided in the
median line as indicated in the formula of the dorsal scutes of No. 14, or, there may
be two small scutes partially intercalated between the tenth and eleventh dorsal on
either side of the median line.

The contrasts between the dermal armature of the dorsal, lateral, and ventral
rows of plates is sufficiently well marked to constitute a good specific mark of dis-
tinetion; but these are not the only differences which the integuments of the twe
species present when compared together.

In the young of A. sturio, the most deeply pigmented portion of the integument lies
above the lateral row of scutes, while the abdomen presents almost a silvery white
tint. In the adult, on the other hand, the pigment is extended somewhat farther
down the sides and becomes different in color; so that instead of being greenish-
brown, as in the young, there is a more decided greenish or olive tint observable over
the back and sides.

The skin of 4. brevirostris in specimens up to nearly 2 feet in length 1s nearly
smooth, in a fresh specimen, between the dorsal, lateral, and ventral rows of scutes,
and of a richer and darker brown than in A. sturio.

In the young of a A. sturio, on the other hand, the skin in the same region is
beset with minute, retrorse, dermal denticles, having an acuminate tip and a flat ex-
panded base embedded in the integument. There can be little doubt that the sharp
tips of these denficles represent, in part at least, the enamel caps of the dermal
denticles of other fishes, while the expanded flat bases represent the cementum plates
of such teeth.

As the animal becomes adult the well-marked roughness or shagreen-like feel of the
skin in A. sturio, becomes less marked; the fine points or denticles projecting above the
general level of the integunment are no longer observable unless one exerts some pres-
sure upon the skin, especially along the sides and ventral surface. The small, isolated
denticles, with their circular basal plates, as seen in the young of A. sturio, are
replaced in the adult by small lozenge-shaped iutegumentary ossifications standing in
oblique rows between the dorsal and lateral rows of scutes. The edges of these loz-
enge-shaped pieces approximate each other much more closely than do the edges of
the basal plates of the small integumentary denticles of the young. It is also clear
thiat these latter stand in a genetic relation to the lozenge-shaped plates on the sides
of the body of the adult sturgeon; that the basal plates of a number of the small der-
mal denticles of the young have fused together by their edges to form the larger
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rhombie scutes, just as in all probability the dorsal, lateral, and ventral rows of scutes -
were in part formed, but at a very much earlier stage.

The decreased roughness of the skin as observed in the adult of 4. sturio is due in
part to the erosion of the apices of the dermal denticles and the loss of the acuminate
tips of the larger scutes, and in part also to the fact that the integument gradually
thickens and the basal ossifications sink into it more deeply. This is well illustrated
by the history of the preanal plates. These plates in the young are very obvious
externally as a closely aggregated group, but in the adult they frequently become so
deeply embedded in the integument that one must feel for their presence through the
abdominal walls of this region.

The gradnal loss of integumentary asperities is apparent in other regions in the
transition from youth to age. This is especially noteworthy in regard to the pair of
large, nearly rhombic bucklers between the bases of the pectorals just behind the
isthmus. In the young of A. sturio these bucklers have strong caring along their
inner, longitudinal borders; in the adult, on the contrary, these carin® are quite oblit-
erated externally.

The young sturgeon, as a consequence, is provided with a dermal armor which is in
Some respects much more efficient than that of the adult. One is reminded very
strougly of the strong, sharp spines which are found on the heads and edges of the
opercles of the young of many strictly marine fishes, where in some forms, such spines
are so strongly developed as to render it difficult to realize that they are eventually
suppressed so as to be practically without any spinous defensive apparatus in the
adult stage.

That such a change oceurs in the sturgeons generally is proved by the very promi-
nent retrorse spines found surmounting the posterior moiety of each of the dorsal,
lateral, and ventral plates of the young from 9 to 18 inches in length.

In still younger stages of 4. huso under 2 inches in length, according to the figures
of Brandt and Ratzeburg, Plate XLIV, Fig. 22, this central, thorn-like portion of each
of the bucklers is still more prominent than in specimens a few inches longer. As the
animal grows still larger, as in examples ot from 6 to 10 feet in length, the retrorse,
thorn-like character of the median prominence on each buckler vanishes, and all that
remains to indicate its former presence is a very low couical, or ridge-like elevation
in the middle of each plate. This change in the external armature of the bony plates
is due partly to the manner in which they increase in size and partly to the erosion of
the prominent external median portion.

The advantage of the markedly rougher armature of the young in the straggle for
existence is obvious, as it is clearly adapted to render the young animals less conven-
ient of deglutition or mastication by the more ravenous predaceous forms inhabit-
ing the same waters.

The marked difference in external features between the young and the adult has
invited the misguided attention of systematic writers, chief amongst whom must be
mentioned Auguste Duméril, who has divided the genera found in various parts of the
world upon the basis of the position of the armature of the bony integumentary plates.
As a little acquaintance with the development of these fishes would enable any one
to predict, the spinous prominences are found in a posterior position in the small
Species, while in the larger species this prominence is about the center of each plate.
The groups, Opisthocentres and Mesocentres, of Dumnéril are therefore tounded upon more
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or less unreliable and transient characters, as is proved by the fact that upward of
forty American species have been discovered by this reckless author amongst the ma-
terials preserved in the Museum d’Histoire Naturelle at Paris. The actual number of
American species of sturgeons is seven, according to Jordan and Gilbert (Synopsis
Fishes, N. Am., p. 83),and probably even less according to these authors. The fictitious
‘species, A. oxyrhynchus, has clearly been based for the most part upon the young
of A. sturio, as is shown by some of the reputed figures of the former. Referring to
the original description by Mitehill of A. oxyrhynchus, it is clear from a letter which he
quotes from a Mr. De Witt, that then, as now, it was supposed by some of the fisher-
men that the sharp-nosed, small sturgeous were a distinet species. This belief is
widely prevalent amongst the sturgeon fishermen of the Delaware River, where the
young animal is popularly known as the ¢“Mamoose