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maturity is attained when the fish is much smaller. The exact size at which the sexual organs begin
to develop has not been determined, but fish 114 inches long are plainly adult fish.

This minnow is not generally common, It was taken at only five localities in Chesapeake Bay,
and it was only fairly common in one of these places, namely, Love Point, Md. It frequents very
shallow, brackish water, and is taken in company with F. heferoclitus. This species has rarely
appeared in collections. It was first taken and described by Baird (1855, p. 334) from Beasely
Point, N. J. Then it appears not to have been taken again until Smith (1892, p. 68) secured two
specimens from the lower Potomac. Fowler records the species from Pecks Bay, N. J. (1912, p. 36),
and from Cedar and Parramores Islands, Lotusville Branch, and Virginia Beach, Va. (1912, p. §7).
The senior author found the species common in restricted areas near Beaufort, N. C. (1916, p. 306),
and Crawford took some specimens at Lewisetta, Va. (1920, p. 75). The color of the female appears
not to have been described previously.

The species reaches a small size. The largest specimen taken in Chesapeake Bay during the
present investigation was a female measuring 40 millimeters (15% inches) in length. This fish,
because of its small size and general scarcity, is of little or no commercial importance, either directly
or indirectly.

Habitat.—Coastwise in brackish water from New Jersey to North Carolina.

Chesapeake localities.~(a) Previously recorded: Only from the lower Potomac. (b) Speci-
mens in collection: Love Point, Md., May 11 and 12, 1922; Annapolis, Md., September 9, 1921,
and May 1 to 3, 1922; Solomons, Md., April 27, 1922; Crisfield, Md., November 21, 1921; brackish
swamp opposite Lynnhaven Roads, Va., June 10 to 17, 1921.

Family XXXII.—PECILIIDZE. The top minnows'

Body elongate; compressed posteriorly; head depressed; mouth terminal, or nearly so; teeth
pointed; no lateral line; dorsal fin small, composed of soft rays only; caudal fin usually round,
never forked; anal fin in the male modified, some of the rays produced, others short and more or
less coalesced, the fin forming an intromittent organ. Species viviparous.

47. Genus GAMBUSIA Poey. Top minnows

Body moderately robust; head rather short, depressed; mouth moderate, the lower jaw pro-
jecting; teeth all fixed, pointed, in bands in each jaw; scales rather large; fins small, the anal fin
in the male modified, the third, fourth, and fifth rays much produced, forming an intromittent
organ; color plain; intestinal canal short; species viviparous.

64. Gambusia holbrooki Girard. Top minnow.

Gambusia holbrooki Girard, Proc., Ac. Nat, 8ci., Phila. 1859, p. 61; Palatka, Fla.

Gambusia affinis Smith, 1892, p. 69, Pl. XX (temale), Jordan and Evermann, 1806-1900, p. 680, Pl. CXIII, figs. 200 and 209a;
Evermann and Hildebrand, 1910, p. 160.

Head 3.5 to 4.4; depth 3.5 to 4.7; D. 7 or 8; A. 9 to 11; scales 26 to‘30. Body rather robust
moderately compressed, usually deeper in the female than in the male; caudal peduncle strongly
compressed, its depth 1.75 to 2.3 in head; head depressed; snout short and broad, it length 2.85 to
4.65 in head; eye 2.5 to 3.5; interorbital 1.8 to 2.5; mouth slightly superior, the lower jaw projecting;
premaxillaries protractile; teeth small, pointed, in a band in each jaw; scales moderate, 12 to 14
oblique series between the upper angle of gill opening and origin of dorsal; dorsal fin small, placed
behind origin of anal; caudal fin rounded; anal fin similar to dorsal in female, modified into an intro-
mittent organ in the male, the third, fourth, and fifth rays being much produced, placed propor-
tionately farther forward in adult males than in females; ventral fins small, inserted much nearer
tip of snout than base of caudal; pectoral fins moderate, 1.1 to 1.4 in head.

Color of male and female similar but with considerable variation according to the environment
because of the development of color adaptation; usually olivaceous above, grayish on sides, and
pale underneath; scales on upper parts with dusky punctulations, these often concentrated on the
margins of certain scales, forming irregular dark dots; a dark vertebral streak present in front of
dorsal; a dusky area usually present under the eye and at occiput; dorsal and caudal usually slightly
greenish and with dark dots (in light colored specimens the dots are frequently wanting); other
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fins plain translucent, The female with a black blotch on each side of abdomen just above and in
front of vent when gravid, increasing in size with the development of embryos and becoming very
prominent before parturition takes place. ) . o ) .

Many specimens were collected from various restricted areas, ranging in length from 19 to 42
smillimeters (34 to 194 inches), and these form the basis for the above deseription. The species is
recognized by its small size (although not unlike Lucania parva in size), the plain greenish or grayish
coloration, and the depressed head. The males are readily distinguished by the peculiar prong-
shaped development. of the anal fin, which occurs in no other minnow in the vicinity of the Chesa-
peake. Geiser recently (1923, pp. 175 to 188) has shown that Gambusia of the eastern part of the

. : United States differ from those of the Mississippi
drainage in the detailed structure of the modified
anal fin (intromittent organ; also called gonopod by
Geiser). The eastern form has a larger number (11
to 14) of antrorse teeth on the distal ossicles of the
third ray; and the larger ossicles, situated toward the
base of the fin from the distal ones, are posteriorly
1cm -denticulate, whereas in the Mississippi fish these
segments are entire. .The posterior branch of the
o ; fourth ray usually has seven ossicles, with teeth on
the posterior margin in the eastern fish, while the Mississippi Valley fish has only about five ossicles
with teeth. These differences, together with other minute differences, appear to be constant and
therefore of specific value. Consequently the eastern Gambusia must be regarded as distinct from
the central western one; and, as pointed out by Geiser; the Atlantic slope one, in accordance with
rules of nomenclature, becomes G. holbrookt Girard and the Mississippi Valley fish should stand as
@. afinis (Baird and Girard). '

This fish feeds on a large variety of foods, which, however, are taken principally at the sur~
face, the habit of surface swimming and feeding being more strongly developed in .Gambusia than
in any of the other so-called ‘‘top minnows’’ inhabiting the waters of the: United States. In 15
gtomachs examined from specimens in the present collection the principal food consisted of insects
and insect larvee, although a few small crisstaceans and a few egg masses, too, were present.

The young of this species are born alive and well developed, being 8 to 10 millimeters long.
The first young appear )
in May, and spawning
continues until about
September. One female
may deliver several
broods of young during
a single season. The
number of young pro-
duced at one time may
vary from a few to a
hundred or more. The

F16. 718 —Gambusia holbrooki, adult male

largest brood on record lem
(Hildebrand, 1921, p. 12) ~ \
consisted of 211 young. F16. 79.~Gambusia holbrooki, gravid female

As a rule a small female =~
has fewer young than a large one, although there are many exceptions to this rule. . The average

number of young in a brood probably does not exceed 25. A female kept in the aquarium (Hilde-
brand, 1917, p. 6) once produced six broods of young during one summer. The young grow rapidly,
and usually when about 20 millimeters long the sexual differentiation in the anal fin takes place,
and the fish are sexually mature very soon thereafter. Young born in May and reared in the
aquarium have been known to produce young by September of the same Year.

The largest specimen taken during the present investigation was only 13% inches.in length.
This would indicate that the fish run rather small in the vicinity of the Chesapeake, for the maxi-
mum size attained by the species is about 23§ inches. The males, however, are much smaller,

rarely reaching a length of 134 inches.
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This fish is common only in restricted areas in the brackish and fresh-water arms and discon-
nected pools and marshes of Chesapeake Bay, where, as a rule, the water is quiet and more or less
stagnant. Although a few specimens of this fish have been reported as far north as New Jersey,
the species may be said to reach the northern limits of it distribution in the Chesapeake region,
where it is much more particular in the selection of its habitat than in more southern localities.
However, it is usually quite common within the restricted places where it is found.

This top minnow and closely related varieties or species are now widely employed in the
Bouth for the destruction of the aquatic stages of the mosquito. Gambusia are so effective for
this purpose that it is doubtful if a more valuable fish swims in American waters. For accounts
of the importance of this fish for the control of mosquito breeding see Hildebrand (1919, 1921,
and 1925) and Howard (1920).

Habitat.~As here understood, the range of G. holbrooki extends from New Jersey to Florida.
The top minnows of this genus that occur in the United States have been considered identical and
as belonging to a single species by some writers while by others they are considered three distinct
species. Geiser, from studies based upon the microscopic anatomy of the anal fin of the male,
as already stated, has recently determined (1923, pp. 175 to 188) that the structure of the distal -
part of this fin (““gonopod’’) is different in the eastern Gambusia from those of the South Central
States, and he also found slight differences in this structure between specimens from the Central
and Southwestern States; but he regards this last difference as of varietal importance only, while
the more pronounced difference between the eastern and central specimens he regards as of spe-
cific value. He also found the Mexican species, G. senilis, extending into Texas. According to
Geiser, the species of Gambusia should now stand as follows: Eastern form, G. holbrooks; central
form, G. affinis; southwestern form, G. affinis var. (unnamed, presumably pairuelis Baird and
Girard) ; and the Mexican form, G. sentlis, from southern Texas. On the basis of these new divisions,
the exact limits of distribution of the species and varieties remain to be established. (A further
revision of the species of Gambusia and their distribution has appeared since the foregoing was
written, in “Studies of the Fishes of the Order Cyprinodontes, VI,”” by Carl L. Hubbs, in Miscel-
laneous Publications No. 16, Museum of Zoology, University of Michigan, 1926, pp. 26-40, to which
the reader is referred.)

Chesapeake localities.—(a) Previous records: ‘Lower Potomac” and St. Georges Island. (b)
Specimens in collection: Annapolis, Love Point, Solomons, Oxford, and Crisfield, Md.; also from
the marshes of Lynnhaven Bay, Va.

Order SYNENTOGNATHI
Family XXXIII.—BELONIDZE. The needlefishes

Body very elongate, slender, compressed or not; both jaws produced, forming a beak, the
lower one & little the longer; maxillary united with the premaxillaries; each jaw with a band of
short, pointed teeth and a series of enlarged ones; lateral line low, running along the edge of belly;
scales small; dorsal fin opposite the anal; no finlets; air bladder present.

KEY TO THE GENERA

a. Body only moderately or not compressed, the depth not greatly exceeding the width
__________________________________________________________________ Tylosurus, p. 147
aa. Body rather strongly compressed, the width less than half the depth____._ Ablennes, p. 150

48. Genus TYLOSURUS Cocco. The needlefishes; the garfishes

Body very elongate, little or not compressed; gill rakers obsolete; lateral line on sides of
abdomen, becoming median on the eaudal peduncle; dorsal and anal elevated anteriorly, falcate.
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KEY TO THE SPECIES -

a. Origin of dorsal behind origin of anal, about equidistant from base of ventral and base of
caudal, with 13 to 17 rays; caudal fin scarcely forked, the margin merely concave; a dark,
lateral band present on sides and a median band on baek____ __ .. ____.._... marinus, p. 148

aa. Origin of dorsal over the origin of the anal, much nearer the base of the ventral than base of

caudal, with 23 rays; caudal fin well forked; no dark bands on sides or back... acus, p. 149

65. Tylosurus marinus (Walbaum). Garfish; Houndfish; Billfish; Needlefish.

Esoz marinus Walbaum, Artedi Piscium, III, 1792, p. 88; Long Island,

Belone longirostris Uhler and Lugger, 1876, ed. I, p. 142; ed. II, p. 121,

Tylosurus marinus Bean, 1883, p. 366; Bean, 1891, p. 92; Smith, 1892, p. 69; Jordan and Evermaxm, 1896-1900, p. 714, Smith
and Bean, 1899, p. 185; Evermann and Hildebrand, 1910, p. 160; Fowler, 1912, p. 54.

- Head 2.45 to 3.25; depth 14.3 to 24; D. 13 to 17; A. 17 to 21; scales about 325. Body slender,
not compressed, very slender in young; caudal peduncle depressed, broader than deep, with a:
slight keel on the sides, its depth 15 to 20 in head; head long, flat above and with a broad groove;
- cheeks and opercles straight and nearly vertical; snout produced into a long slender beak, its length:
1.47 to 1.87 in head; eye 9.5 to 13; interorbital 9.5 to 13; mouth large, horizontal; lower jaw the
longer; upper jaw scarcely arched; teeth in bands in each jaw, very sharply pointed, the inner
ones enlarged, caninelike; lateral line complete, on lower edge of sides, curved upward on posterior
part of caudal peduncle; scales small, eycloid, present on the preopercle but not on the opercle;
dorsal fin inserted behind origin of anal, about equidistant from base of ventrals and base of caudal,
the anterior 6 or 7 rays much longer than the posterior ones; caudal fin with concave margin;
anal fin similar to the dorsal but with a somewhat longer base; ventral fins rather small, inserted
about an eye’s diameter nearer margin of opercle than base of caudal; pectoral fins moderate, the
upper ravs the longest, 3.4 to 4.7 in head.

Color greenish above, silvery on sides, white below; a dark greemsh stripe on median line of
back and a narrower bluish silvery stripe along sides, becoming broader and less distinet posteriorly
and frequently disappearing on caudal peduncle in large specimens; snout dark green; ¢heeks and
opercles silvery; a blackish bloteh, deeper than long, on upper part of preopercle; dorsal plain
translucent or somewhat dusky, the longest rays yellowish at tips; caudal bluish at base, the lobes
yellowish; anal plain, the longest rays dusky in some specimens, yellowish in others, ventrals and
pectorals plain.

Many specimens of this common species were preserved. The above deseription is based upon
specimens ranging from 47 to 619 millimeters (174 to 2484 inches) in length. This fish is disting-
uished from related species by the short dorsal and anal fins, which, however, show considerable
variation among individuals in the number of rays present. In 130-specimens, 3 had 13 rays in the
dorsal, 11 had 14, 35 had 15, 66 had 16, and 15 had 17. In the same number of fish, 7 had 17 rays
in the anal fin, 40 had 18, 65 had 19, 17 had 20, and 1 had 21. The body is cylindrical at all ages,
but it is much more slender in the young than in larger fish, which accounts for the great variation
in the depth of the body shown in the description.

The food of this gar, according to the literature consulted, consists almost wholly of fish. We
are able to substantiate this statement by the fact that of 18 stomachs examined, the contents,
with a single exception, consisted of small fish, including the silver mullet (Mugil curema), the
killifish (Fundulus diaphanus), and one or more species of silverside. One specimen had fed on
shrimp. It is said to take small fish crosswise in its jaws, afterwards turning its prey around for the
purpose of swallowing it.

Little is known of the spawning habits of this fish, but it is said that the eggs are deposited
during the summer in bays and estuaries (Smith, 1907, p. 157). The ovary is single and a very
large number of eggs are produced at one time. A specimen taken on May 21, 1921, has the ovary
greatly distended with eggs that slightly exceed 1 millimeter in diameter.

The habit of surface swimming, which is correlated with surface feeding, makes this gar one
of the most conspicuous fishes, and it is therefore well known to those living on the sea shores within
the range of the species. Its movements are very swift and it is extremely difficult to catch with
a dip net. It readily becomes entangled in the meshes of a seine or drag net, however, because of
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its large mouth and long teeth, sometimes doing a considerable amount of damage to the nets.
At times it is a nuisance to anglers on account of its bait-stealing habits.

This garfish is said to attain a length of 4 feet (Smith, 1907, p. 157), but the largest: ﬂsh observed
in Chesapeake Bay did not exceed 214 feet. Little is known concerning the rate of growth. Young
fish taken during the late spring and summer were of the following sizes: June 10, 1921, Lynnhaven
Roads, 47 to 50 millimeters (174 to 2 inches); June 25~30, Buckroe Beach, 50 to 106 millimeters
(2 to 414 inches); July 10, lower York River, 54 to 70 millimeters (214 to 24§ inches); July 25-30,
lower Rappahannock River, 62 to 129 millimeters (224 to 55 inches). Larger fish are difficult to
group. Thus, while using a small haul seine at Ocean View, Va., on October 3, 15 fish were taken,
measuring from 11 to 18 inches, the intervening sizes being well represented.

. Several specimens were weighed in the field, giving the following results: Length 13.3 inches,
weight 1.4 ounces; length 13.4 inches, weight 1.6 ounces; length 21.1 inches, weight 9.4 ounces;
length 23 inches, weight 9.6 ounces; length 23.2 inches, weight 10 ounces.

This species is comparatively common in the Chesapeake region and is found in all parts of the
bay from Havre de Grace, Md., to Cape Henry, Va. It ascends the various tributaries and has been
recorded from fresh water (Smith and Bean, 1899, p. 185). - Bean (1901, p. 405) states that ‘it
ascends rivers far above the limits of the tide, feeding upon minnows and other small fishes.” It
is generally found in small schools of from a few to several dozen fish, and oceasionally an individual
is taken alone.

Although the flesh of the gar is palatable, the ﬁsh has no commerelal importance in Chesapeake
Bay. It was never observed in any of the fish markets, and it was noted that fishermen always
culled this species from the other food fishes.

F1a. 80.— Tylosurus acus. From a specimen 43 inches long

Habitat.—Massachusetts to Texas, sometimes straying northward to Maine.

Chesapeake localities.—(a) Previous records: Nearly all brackish waters of Chesapeake Bay
and its vicinity; Bryans Point and Aqueduct Bridge, Potomac River. (b) Specimens in collection:
All parts of the bay from Havre de Grace, Md., to Lynnhaven Roads, Va.

66. Tylosurus acus (Lacépéde). Houndfish; Garfish; Needlefish.

Sphyrzna acus Lacépéde, Hist., Nat, Poiss., V, 1803, p. 6, PL I, fig. 2; Martinique.

Tylosurus acus Jordan and Evermann, 1896-1900, p. 716, Pl. CX VI, fig. 309.

Head 2.6; depth 18.5; D. 23; A, 22; scales about 400. Body very elongate, not quite as broad
as deep; caudal peduncle depressed, broader than deep, with a keel on the sides, its depth 24 in
head; head long, flat above, and with a broad, shallow groove; cheeks and opercles straight and
nearly vertical; snout very long and slender, its length 1.85 in head; eye 13.5; interorbital 11;
mouth large, horizontal, the lower jaw slightly pro;ectmg, the upper jaw weakly arched, the
mouth not quite capable of bemg closed; teeth in bands in each jaw, the inner ones enlarged, /
long and pointed, not compressed; lateral line complete, curved upward on caudal peduncle; scales
quite small, eycloid, present on the preopercle but not on the opercle; dorsal fin inserted over the
origin of the anal, much nearer the base of the ventral than base of caudal, the anterior rays elevated,
much longer than the posterior ones; caudal fin forked, the lower lobe much the larger; anal fin
similar to the dorsal, but with a shorter base; ventral fins moderate, inserted about equidistant
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from posterior margin of eye and base of caudal; pectoral fins moderate, the upper rays longest,
5.25 in head. :

Color of preserved specimen brownish above; sides silvery; pale underneath; ventral surface
of head white; no bands on back or sides; dorsal largely black, the anterior part yellowish at base;-
caudal, anal, and ventrals mostly plain translucent, with more or less dusky, at least on the outer
or anterior rays; pectoral fins largely black, only the base and the lower rays yellowish. The general
color of the back is greenish in life.

A single specimen, 830 millimeters (3234 inches) in length, oceurs in the collection. ' In addi-
tion, a fish 32 inches in length, in a poor state of preservation, and which was thrown away by fisher-
men, was found on the shores at Buckroe Beach. This fish was colored blue along the back., The
species of this genus are not all well known and the identification is more or less tentative. This dis-
position of the species is based mainly upon the long snout, the round, sharply pointed teeth, the
small scales, the length of the dorsal fin, and the position of the ventral fins. This species is readily
separated from the common garfish of Chesapeake Bay by the longer dorsal ﬁn, the more deeply
forked tail, and the absence of dark lateral and vertebral bands.

This gar appears to be a West Indian species that occasionally strays northward. In Chesa-
peake Bay it occurs only as a straggler and has no commercial importance. It reaches a length of
414 feet.

Habitat.—Massachusetts to the West Indies; also said to occur in the Mediterranean.

Chesapeake localities—(a) Previous records® None. (b) Specimens in collection or observed
in the field: Lynnhaven Roads, June 8, 1916, pound net; Buckroe Beach, Va., June 21, 1921,
found on beach.

49. Genus ABLENNES Jordan and Fordice. The garfishes

This genus differs from Tylosurus chiefly in the compressed body.

67. Ablennes hians (Cuvier and Valenciennes). Garfish; Needlefish; ‘“Silver gar’; “Silver
fish.”

Belone hians Cuvier and Valenciennes, Hist. Nat. Poiss., X VIII, 1846, p. 432; Havana, Bahia,

Athlennes hians Jordan and Evermann, 1896-1900, p. 718,

Head 3.1 to 3.8; depth 15.9 to 16.5; D. 24; A. 25 or 26. Body very elongate, strongly com-
pressed, head compressed, more or less quadrate, flat above, and with a broad groove, much narrower
underneath, the sides nearly straight; snout very long and slender, 1.4 to 1.5 in head; eye 9.65 to 11.6;
interorbital 9.7 to 11.3; mouth large; teeth in narrow bands, sharply pointed, the inner ones enlarged;
lateral line following the lower edge of the body throughout; scales minute, too small to enumerate
accurately; dorsal fin inserted behind origin of anal, about an eye's diameter nearer the base of
ventral than base of caudal, the anterior rays elevated; caudal fin broadly forked; anal fin similar
to the dorsal; ventral fins rather small, inserted considerably nearer eye than base of caudal; pectoral
fins moderate, the upper rays the longest, 3.5 to 3.9 in head.

Color greenish with bright bluish-green reflections above; lower part of sides and abdomen bright
silvery; snout bright red at tip; dorsal fin mostly greenish, the tip of the produced rays as well as the
posterior rays black; caudal greenish, with more or less dusky and a pale margin; other fins mostly
pale green, the pectorals with dusky tips.

Only two specimens of this gar, 400 and 445 millimeters (1534 and 1734 inches) in length, were
secured. The species is readily recognized by the compressed body and the straight and nearly
vertical sides. ,

A considerable variation in color exists among specimens, as shown by a series of fresh speci-
mens examined at Beaufort, N. C. Some specimens have dark blotches on the sides, others have
distinct black crossbars, and in still others, as in the Chesapeake Bay specimens at hand, the sides
are plain silvery. Much variation with age in the depth of the body, too, was noticed in the Beau-
fort specimens. In nine specimens, ranging in length from 454 to 26 inches, the depth in the length
to base of caudal varied from 11 in the larger fish to 24 in the smaller ones.

This fish is carnivorous. The alimentary canal is a straight tube, without a definite differenti-
ation between the stomach and intestine. The air bladder is very long and narrow and it has very
thin walls. The peritoneum is silvery and it bears dusky punctulations. The bones are greenish.





