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- FreURE 51.—Penaeus (3.) wzteous sublilis Pérez Farfante. a. Cephalothorax, ¢ 36
mm. ¢l, Gulf of Venezuela, Venezuela. b. Cephalothorax, ¢ 85 mm. cL, off mouth
of Surinam River, Surinam.
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of carpus. Third pereopod reaching at least to
distal half of second antennular segment and at
most exceeding peduncle by entire length of dactyl.
Fourth pereopod reaching at least midlength of
carpocerite and at most exceeding it by entire
length of dactyl. Fifth pereopod equal in length to
fourth or surpassing it by 15 to 14 length of dactyl.

- Exopods on all pereopods. Long ischial and basial

spines on first pereopod; rather long basial spine
on second pereopod.

ABDOMEN

Carinate dorsally from posterior half of fourth
somite posteriorly, carina gradually increasing in
height posteriorly to form median keel on sixth
somite, ending in sharp spine on posterior margin.
Dorsolateral suleus (fig. 52) usually narrow, ratio
of height of keel to width of suleus from
2 to 8.5, modally 3 in the Caribbean region and
eastern Brazil (fig. 58), and 3.5 from the Gulf of
Paria to Camocim, Brazil (fig. 55) ; in the Carib-
bean region and eastern Brazil modal value of
K/S 15 3 or less in all size classes (fig. 54) whereas
in the Gulf of Paria to Camocim modal values of
K/S range from 2 to 8 in the various size classes,
although figure 56 shows a strong tendency toward
a grouping of these values around 4; range of K/S
is same in males and females; dorsal lip of dor-
solateral sulcus rounded, ventral lip sharp. Sixth
abdominal somite with three prominent cicatrices
on each side, anterior one the longest; fifth ab-
dominal somite with one cicatrix and series of mi-
nute pits anterior to sinus on posterior margin of
somite; fourth abdominal somite with similar se-

1 mm,

FIGURE 52 —Penaeus (M.) aztecus sublilis Pérez Farfante,
sixth abdomingal somite, posterodorsal portion, € 36 mm.
c.l., Gulf of Venezuela.
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Figure 53 —Percentage of distribution of keel-sulcus
(R/8) values in Penceus (M.) artecus subiilis Pérez
Farfante from the Caribbean region and eastern Brazil.

ries of pits dorsal to sinus on posterior margin
of somite. Telson unarmed, with deep median
sulcus and sharp pointed tip.

PETASMA (fig. 57)

Ventral costa increasing uniformly in width
proximally, mesiodistal portion forming gentle
are, distal portion unarmed along free border—
rarely with two or three widely spaced spinules—
and with two to four series of small teeth arranged
in elongate, narrow patch on attached border; apex
of costa adnate to adjacent membranous portion of
ventrolateral lobule, latter with extensive armature
of thickly set spines, Distal fold rather small,
usually armed with spinules, often in large num-
bers, but occasionally plain. Distomedian projec-
tions rather thick, and short, overhanging slightly
distal portion of ventral costae.

APPENDIX MASCULINA

Relatively elongate, length 124 to 184 times max-
imum width, armed with strong, short spines along
slightly concave outer margin and with longer
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Ficure 54.—Frequency distribution of keel-sulcus (K/S)
values (both sexes included) in Penacus (M.) aztecus
subtilis Pérez Farfante of differeni size classes from
the Caribbean region and eastern Brazil.

spines along distomedian margin. Anterior surface
subplane, posterior surface strongly concave, with
sharp longitudinal ridge projecting from median
margin.

THELYCUM (fig. 58)

Anterior process projecting ventrally in sharp,
relatively low, marginal arc-shaped ridge, often
expanding on both sides, and surrounding shallow
depression with knob usually present at center.
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Teure 55—Percentage of distribution of keel-sulcus
(K/8) values in Penceus (A1) aztecus sublilis Pérez
Farfante from the Gulf of Paria to Camocim, Brazil.

Posterior process broad, with anteriorly bifurcate
median carina, resulting ribs turning medially and
converging at base of anterior process, giving rise
to diamondlike structure; enclosed area deeply
concave or almost flat, plain, or, more often, bearing
median rib anteriorly, posteriorly, or along entire
length.

COLOR

P. a. subtilis, although variable in color, is most
often brown-—thus, the name camarén marrén
(brown shrimp) in Venezuela, and camardo lixo
(dirty shrimp) in Brazil. Grayish brown or yel-
lowish specimens are rather common, and in some
localities individuals are translucent pale yellow
and are called camario branco (white shrimp) in
Brazil.

According to Holthuis (1959) and Davant
(1963), no large dark spots have been observed
on the sides, at the junction of the third and fourth
abdominal somites, in this shrimp, at least in those
along the northern and northeastern coasts of
South America.
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valueg (both sexes included) in Peneeus (M.) aztecus
subtilis Pérez Farfante of different size classes from
the Gulf 'of Paria to Camocim, Brazil.

Distribution and Morphological Variations

P. a. subtilis ranges from Cuba through the An-
tilles and from Honduras throughout the Carib-
bean Coast of Central and South America and the
Atlantic Coast of South America to at least Cabo
Frio, Brazil. Burkenroad (1989) reported and il-
lustrated specimens of this subspecies from “Rio
de Janeiro” (fig. 49). The distribution of the dark
shrimp is far from uniform, because population

WESTERN ATLANTIC SHRIMPS OF GENUS PENAEUS

1 mm.
| I

Figure 57—Penacus (M.)
aztecus sublilie Pérez
Farfante, Petasma, lat-
eral view, & 384 mm.
cl, off Punta Gallinag,
Departamento de la Gua-
jira, Colombia.

5mm,
e e rrrrrrrE———

FreURE b8 —Penveus (2.) aztecus subtilis Pérez Farfante.
Thelycum, ¢ 455 mm. cl, off Isere Point, French
Guiana.
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densities differ greatly over its range. It is scarce
on the northern coast of Cuba and rare on the
southern coast, except in Orlente province, where
T collected many specimens in the bays of Guanté-
namo and Santiago de Cuba. It is not common in
the rest of the Greater Antilles, the Virgin Islands,
and the Lesser Antilles. P. a. subtilis is moderately
abundant in some areas along the coast of Central
America.

Croker (1967) did not cite this subspecies as
constituting part of the commercial catches in the
northeast coast of South America, but collections
from that region identified by Holthuis (1959),
Bullis and Thompson (1959, b), and me show that
P. a. subtilis is not only present, but is apparently
rather abundant in the area. Curiously enough,
whereas Croker reported P. d. notialis as present
in the commercial catches, Holthuis recorded but
a single female of P. d. notiolis from Surinam, and
Bullis and Thompson did not find it along the
northeast coast of South America. P. a. subtilis
abounds along the southernmost part of its range.

P. o. subtilis has a rather wide bathymetric
range; it has been caught in waters as deep as 105
fm., NE. of Punta de Gallinas, Departamento de la
Guajira, Colombia (Oregon Sta. 5684, lat. 12°80°
N., long. 71°48’ W.),at 100 fm., west of Cabo dela
Vela, Colombia (Oregon Sta. 4913, lat, 12°09” N.,
long. 72°47" W.), and at 95 fm. off Punta de Gal-
linas, Departamento de la Guajira, Colombia
(Oregon Sta. 5685, lat. 12°29’ N, long. 71°54’ W.},
the type locality.

The population of P. a. subtilis from the Gulf
of Paria to the neighborhood of Camocim, Brazil,
as discussed by Pérez Farfante (1967), is distin-
guishable from the populations at both ends of the
range of the subspecies. In the Paria-Camocim
population, the adrostral sulei are shorter (fig. 59)
(ending 1% to %, of the length of the carapace
from its posterior margin), shallower and acumi-
nate posteriorly, and the rostrum is longer and
more sinuous. Many individuals, however, show
feeble indications of the posterior portion of longer
adrostral sulei as well ag isolated pits where these
sulei would seem. to have terminated. In addition,
at both ends of the range of this intermediate
population, in the Gulf of Paria, and near Camo-
¢im, individuals with the above characters were
found intermingled with individuals possessing
the characters typical of the shrimp found to the
north and south. Also, in Colombia and Vene-
zuela, the ranges of variations of the length and
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width of the adrostral sulei and the length of the
rostrum. overlap those of specimens from the Gulf
of Paria to northeastern Brazil; figure 59 shows
the overlapping in length of adrostral sulci. Fur-
thermore, the ratio X/S is not significantly differ-
ent throughout the range: in the samples from the
Caribbean region and eastern Brazil the ratio K/S
is modally 8 and in those from the Gulf of Paria-
Camocim, 3.5. In the Caribbean and eastern Brazil
areas, K/S ranges from 2 to 5 and at Gulf of
Paria-Camocim K/S ranges from 2 to 8, but in
only a small percentage of the samples does the
K/S reach values above 5. It appears as if the
observed differences could be due to environmental
conditions, because the intermediate population
occupies the area receiving the discharge of the
Orinoco and Amazon Rivers.

Relationships

P. . subtilis differs from all the other grooved
Penaeus in the western Atlantic by the narrower,
shorter, and peculiarly shaped posterior portion of
the adrostral sulei and (except from P. paulensis)
by the shallower, usually interrupted, and shorter
median suleus. It may also be distinguished from
typical P. a. aztecus by the K/S ratio, which is
modally 8.5 (dorsolateral suleus narrow), whereas
in P. a. aztecus it is 1.25. Also, females of P. a.
subtilis tend to have the anterior and posterior
processes wider and often the anterior process flat
instead of deeply concave. In both subspecies the
third pereopod has about the same lengths for each
carapace length to 40 mm. c.l.;in larger individuals
of P. a. aztecus it is longer (compare figures 29 and
38, which show the lengths of the carpus—indica-
tive of the lengths of the third pereopod—for
various carapace lengths in P. a. astecus and P. a.
subtilis, respectively). The third pereoped of P. a.
subtilis less than 40 mm. c.]. appears shorter than
that of P. a. astecus for, at most, it exceeds the
antennular peduncle by only the length of the
dactyl, whereas in P. a. azfecus it exceeds the
peduncle by the entire length of the propodus. This
apparent difference in length is due to the shorter
antennular peduncle in P. a. aztecus.

P. a. subtilis may be distinguished from its close
relative P. paulensis (which has a similar ill-de-
fined median sulcus) by the broader dorsolateral
sulcus with a rounded dorsal lip and by the sinu-
ous rather than straight rostrum. Moreover, in
P. a. subtilis males the ventral costa of the petasma
has a different shape, and its attached border is
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differently armed (with a narrow patch of closely
set teeth). In females the anterior and posterior
processes are much broader than those of P.
paulensis.

Reproduction

SUBADULT STAGE-SEXUAL MATURITY

The smallest size at which males were found
with the petasma joined was 16 mm. c.l, 72 mm.
t.1. and the smallest size at which females were
found with a functional thelycum was 18 mm.
el, 83 mm. t.l. The size at which P. ¢. subtilis
reaches sexual maturity is not known.

OVARY DEVELOPMENT

The studies by Magalhdes Filho (1943) of the
oxternal genitalia and gametogenesis of “P. bra-
siliensis,” as he identified his material, seem to me
to have been taken on P. astecus subtilis. His il-
Justrations of the thelycum with widely gaping
lateral plates leaving exposed a broad posterior
process and of a petasma with apparently short
distomedian projections indicate that the speci-
mens were probably dark shrimp.

Postembryonic Development

LARVAE, POSTLARVAE, AND JUVENILES

No studies have been made on the Jarval and
postlarval stages of this shrimp.

My studies of small individuals showed that the
adrostral sulci are distinctly developed in . a.
subtilis juveniles 18 mm. t.]. Because the sulcl are
shorter than in other grooved Pengeus from. the
western Atlantic, the juveniles can be readily dis-
tinguished from those of the nongrooved shrimps.
Small males may be distinguished from females by
the larger size of the petasmal endopod and its
more proximal position on the basis. Males also
have a low rib on the midline of sternite XIV,
whereas females have sternite XIV ventrally pro-
duced to a midpoint.

Females with a 10.5 mm. cl, 47 mm. t.L., bear
a small spine projecting caudad from the posterior
margin of sternite XIIL This conspicuous charac-

ter also makes it possible to distinguish them at:

that small size from the grooved sympatric
Penaeus.

GROWTH

It has been reported (Anonymous, 1962) that in
Guyana P. a. subtilis kept in ponds grew from 25
mm. t.1. to 200 to 225 mm. t.l. in 7 or 8 months.
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SEX DIFFERENCES IN SIZE

The largest female examined, caught off Suri-
nam in 50 fm., Oregon Sta. 2016, had 55 mm. ¢.1,,
905 mm. tl.; the largest male, caught off Istre
Point, French Guiana, in 34 fm., Oregon Sta. 2322,
measured 36 mm. c.l., 152 mm. t.1. Boschi (1963)
cited under P. aztecus an unusually large male, 200
mm. long, but no locality was given; neither was
reference given as to which “Form” it belonged.
It is not possible to ascertain if the speeimen was
typical P. a. aztecus, P. a. subtilis, or P. paylensis.

Offshore dark shrimp show a sex-size disparity :
females are larger than males; the difference in
size between sexes increases with depth.

Ecology

FOOD

No studies have been made on the food of this
shrimp. I found a tentacle of the squid Doryfeu-
this plei Blainville hanging from the mouth of a
specimen. from off Departamento de la Guajira,
Colombia. :

SUBSTRATE

Juvenile as well as adult P. a. subtilis prefer
muddy substrates. Holthuis (1959) reported that
in Surinam it was taken on bottoms of soft and
hard mud, and mud with shells. Bullis and Thomp-
son {1959a) stated that on the Continental Shelf
of South America, from off Trinidad to the Ama-
zon River, camarén marrén was foand predom-
inantly on muddy bottoms. It also lives on bottoms
consisting of a mixture of mud and sand and on
those which consist predominantly of coral sand,
where I collected specimens in northern Cuba.

DIEL CYCLE

No information is available on the diel activity
of camarén marrén inshore, Bullis and Thompson
(1959a) noted that in the Atlantic Coast of north-
eastern South America sizes of the catches were
approximately the same day and night, whereas
Croker (1967) stated that off Nicaragua this sub-
species is fished at night.
MOVEMENTS

Postlarvae of P. a. subtilis move into inshore wa-
ters where the young are known to live. Most of the
specimens T examined from the Antilles came from
bays. Bwald (1965¢) reported that in Venezuela
juveniles are found in abundance in lagoons and
mouths of rivers and are taken commercially in
Lake Maracaibo. Davant (1963) had previously re-
ported specimens up to 100 mm. long from various
estnarine waters of Venezuela. Farther along the
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Atlantic Coast, juveniles and subadults are fished
in brackish water in Surinam and Brazil,

Little is known of the seasonal abundance of the
young. According to Lijding (1956, fide Holthuis
1959), inshore catches in Surinam are higher dur-
ing July and August; Lindner (1957) reported
that in northern Brazil they are caught the year
round, but reach a peak of abundance from May
to October,

EFFECTS OF TEMPERATURE

No information is available on the effects of tem-
perature on P. 4. subtilis. Tts distribution, however,
seems to indicate that it requires relatively high
temperatures bhecause it is restricted to the Carib-
bean Sea and the warmest waters of the western
Atlantic.

EFFECTS OF SALINITY

The young, from late postlarvae to subadults,
can live within a considerable range of salinities—
from estuarine waters to small lagoons of high sa-
linity, for example in Laguna Doctor, Playa de
Baracoa, Cuba, and in pools in Surinam which
have a salinity higher than sea water because of
strong evaporation (Holthuis, 1959).

ENEMIES AND DISEASES

No investigations on camarén marrén predators
and enemies have been undertaken. Like its con-
geners, it most probably constitutes an important
component of the diet of variéus carnivorous ani-
mals, particularly fishes, Holthuis (1959) reported
one specimen from the stomach of the kingfisher
Chloroceryle americana (Gmelin).

Commercial Importance

P. a. subtilis 1s fished commercially in some
areas throughout its range. It is taken in small
numbers in many Antillean islands, usually along
with the other abundant Penacus. The fact that
often no common name identifies this subspecies,
whereas the other Penaeus are known by a variety
of descriptive names, indicates that it is not fre-
quent in the catches here. Camarén marrén con-
tributes to the commercial catches in Honduras
{Loesch, 1962 ; Croker, 1967), Nicaragua {Croker,
1967; Instituto de Fomento Nacional, 1967}, Co-
lombia and Venezuela. Ewald (1965¢) reported
that young are caught in the northern portion of
Lake Maracaibo and adults in the Gulf of Vene-
zuela; Lindner (1957) mentioned a fishery for
adults at Puerto Cabello. Sampling by the Oregon
along the coast of both Venezuela and Colombia

WESTERN ATLANTIC SHRIMPS OF GENUS PENARUS

has suggested that large adults of this subspecies
are found throughout the region at depths beyond
the present range of fishing. Lindner (1957) and
Lijding (1956, fide Holthuis, 1959), reported that
the young are fished in the estuarine waters of
Surinam, and, in recent years, adults have been
caught off the Gruianas.

Camarén marrén is also commercially exploited
in Brazil. In inland waters and off beaches along
the northern coast, from the eastern shore of Baia
de Maraj6 through Siao Luis to Parnaiba, fishing
is very active; the young are also caught in Sal-
vador. Finally, for many years, a fishery for adults
has existed along the eastern coast, from Rio Doce
to Cabo Frio.

Penaeus (Melicertus) paulensis
»
PEREZ FARFANTE

Figures 60 to 67

Brazil : camario rosa. Uruguay: langostino.

Penaeus setiferus: Heller, 1865: 121 [part]. Not
P. setiferus (1.), 1767,

Penaeus bragiliensis : Kingsley, 1882 : 106 [part?];
Moreira, 1901: 6, 7, 72 [part] ; Moreira, 1905:
120 [part?].

Penaeus brasiliensis: Ortmann, 1890: 446, 447,
449 [part], pl. 36, fig. 1 a—c; Sharp, 1893: 109
[part] ; Pesta, 1915: 113 [part] ; Lindner, 1957:
15; Devold, 1958: 20 [part]; ?Lindner, 1958:.
32; Barattini and Ureta, 1960: 49. Not P. brasi-
liensis Lat., 1817,

Penaeus aztecus: Burkenroad, 1939 [part, “Form
O] 20, 27, 35, 36, 38, 89, 41, figs. 32-34; Lind-
ner, 1957: 11,12, 14; Lindner, 1958: 33; Eldred
and Hutton, 1960: 91, 106, 108; Miles, 1962: 193
[part]; Boschi, 1963: 26-29, fig. 11 [part];
Boschi, 1964: 40, 41 [part]; Mistakidis and
Neiva, 1964: 472; Neiva and Wise, 1964.: 132,
(133 [part]); Tremel et al., 1964: 6, 7,12, 14, 15,
19, 24, 30, 32, 34, 36, 38, 40, 42 [part]) ; Holthuis
and Rosa, 1965: 4 [part]; Mistakidis, 1965: 9,
11-13, 38 (4, 8, 85 [part]); da Silva, 1965: 3, 4
(7 [part]); Tremel and Mistakidis, 1965: 2,
summary (4, table 3 [part]); Williams, 1965:
25, 26 Mistakidis and Neiva, 1966: 434; Neiva
and Mistakidis, 1966: 2, 5, 6, fig. 10 a—d; [fide]
Pérez Farfante, 1967 : 84, 87. Boschi, 1968 : 222
223, Not, P. aztecus Tves, 1891,

Penacus paulensis Pérez Farfante, 1967: 84, 86,
87, 93, fig. 1 a-d (holotype, &, USNM 119128,
Santos, Sio Paulo, Brazil, April 1964, M.
Vannueei) ; Boschi, 1968 : 223.
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Camario rosa: Richardson and Moraes, 1960: 8,
10-12, 16-18, 32-34, 42, 48, 53, 70, 71, 80, 81
[part]; Braga, 1962: 48, 49, 51, tables 1, 2
[part].

Taxonomic Remarks

The specimens at the Academy of Natural
Sciences of Philadelphia (No. 69) collected at Rio
de Janeiro by W. S. Ruschenberger and recorded
by Sharp (1893) as P. brasiliensis are actually two
female P. paulensis.

3 Study Material
For list of records see Pérez Farfante, 1967.

Diagnosis

Adrostral sulcus broad posteriorly and long, al-
most reaching posterior margin of carapace. Me-
dian sulcus short, ending well anterior to posterior
end of adrostral sulcus, shallow, continuous or in-
terrupted, often limited to anterior concavity. Dor-
solateral sulcus very narrow. Petasma with ven-
tral costa extending proximally in slight curve, or
almost straight line, broad and blunt at distal end,
with free distal border even or with faintly un-
dulating flange and bearing group of medium-size,
irregularly set testh close to apex; distal fold rela-
tively small, usually armed with spinules. Thely-
cum. with anterior process small, posterior process
very narrow and bearing anteriorly bifurcate me-
dian carina; lateral plates with anteromedian

angle markedly divergent, leaving median carina
exposed.
Description

ROSTRUM (fig. 60)

Teeth ﬁ;: mode % (percentage distribution:
7/2—50, 8/2—47, 7/1—1, 8/1—1, 6/2—1; N=100)
+ epigastric; position of ventral teeth variable,
first tooth situated well anterior to slightly pos-
terjor to last dorsal tooth; rostrum relatively short,
longer in larger juveniles and subadults, reaching
at most to distal end of antennular peduncle:
maximum length in relation to carapace length
apparently obtained at about 20 to 25 mm. c.l.

(ratio I% as high as 0.75) ; decreasing progressively
el

with increasing length of shrimp, rostrum reach-
ing distal half of second antennular segment in

shrimp 50 mm. cl. (ratio Iil— reduced to about
el

0.50) ; rostrum straight apically, often along entire
length, occasionally with tip upturned; highest
portion of blade at level of third dorsal tooth;
latter level with anterior margin of carapace;
rostrum tip about ¥% r.L Postrostral carina strong,
prominent and long, extending almost to posterior
margin of carapace. Median sulcus shallow, con-
tinuous or interrupted, often limited to anterior
concavity and minute posterior pit, and short, end-

L l1cm. !

Fraurs 60.—Pengeus (M.) paulensis Pérez Farfante. Rostrum, ¢ 37.5 mm. c.l., off southernmost end
Rio Grande do Sul, Brazil.
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ing well anterior to posterior margin of carapace.
Adrostral suleus broad posteriorly from same to
twice width of postrostral carina, and long, ending
Ys to %o el. from posterior margin of carapace.
Adrostral carina prominent and long, same length
as adrostral sulcus.

CARAPACE (fig. 61)

Gastrofrontal suleus broad, rather deep, ex-
tending to about one-fifth cl.; gastrofrontal ca-
rina pronounced. Orbito-antennal sulcus slightly
less than one-third cl., wide anteriorly, narrow-
ing posteriorly to below apex of hepatic spine,
there widening again into base of spine. Gastro-
orbital carina pronounced, sharp and long, oc-
cupying 4 to 8 distance between postorbital
margin and hepatic spine. Antennal carina very
prominent. Cervical suleus 15 to 14 cl., ending
slightly anterior to midlength of carapace. He-
patic carina sharp, sloping anteroventrally to end
146 to Yoo cl. from anterior margin of carapace.
Antennal spine prominent and acute ; hepatic spine
very pronounced.

ANTENNULES

Lateral flagellum relatively long, two-thirds
length of antennular peduncle, slightly longer ¢than
median flagellum and with articles shorter than
those of median flagellum; anterolateral spine
sharp; stylocerite very acute, reaching midlength
of first antennular segment. Prosartema reaching
proximal one-sixth of second antennular segment.

ANTENNAE

Scaphocerite length 214 times width at base;
spine reaching distal end of antennular peduncle.
Carpocerite length 114 width, its distal end reach-
ing base of eye. Antennal flagellum shorf, 124
body length.

THORACIC APPENDAGES

Third maxilliped reaching approximately distal
end of first antennular segment; length of dactyl
34 to 24 that of propodus. First pereopod reaching
at least to distal end of carpocerite, but not ex-
ceeding it by more than three-quarters length of
dactyl. Second pereopod surpassing carpocerite by
entire length of dactyl or four-fifths that of pro-
podus. Third pereopod reaching at least to distal
third of second but not beyond distal end of third
antennular segment. Fourth pereopod reaching
distal end of carpocerite or surpassing it by one-
half length of dactyl. Fifth pereopod extending
anteriorly one-quarter dactyl length beyond

WESTERN ATLANTIC SHRIMPS OF GENUS PHNABUS

Ficure 61—Penaeus (M.) poul-
ensis Pérez Farfante. Cephalo-
thorax, holotype, 4 35 mm. e¢l,
Bantos, 830 Paulo, Brazil,
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fourth pereopod. Exopods on all pereopods. Long
ischial and basial spines on first pereopod; rather
long basial spine on second pereopod.

ABDOMEN
Carinate dorsally from posterior half of fourth
somite posteriorly, carina gradually increasing
height to form keel on sixth somite, ending in
sharp spine on posterior margin. Dorsolateral sul-
cus (fig. 62) extremely narrow, ratio between
height of keel and width of sulcus from about
3 to 16, modally 6 (fig. 63); K/S ratio showing
same modal value of 6 for all sizes of both sexes
(fig. 64) ; dorsal and ventral lips both sharp. Sixth
abdominal somite with three cicatrices on each side,
anterior the longest, posterior very small. Fifth
abdominal somite with one cicatrix and row of
minute pits anterior to sinus on posterior margin
of somite. Fourth abdominal somite with similar
row of minute pits dorsal to sinus on posterior
margin of somite. Telson unarmed, with deep
median sulcus and sharp pointed tip.

PETASMA (fig. 65 a, b)

Ventral costa slightly curved with distal por-
tion blunt, bearing group of 6 to 12 (modal 6)
irregularly set teeth close to apex, its free distal
margin even or with faintly undulating flange,
apex adnate to ventrolateral lobule. Ventrolateral
lobule with band of spines consisting of single row
or pair of rows distally, with three to six series of
spines extending proximally to about midlength
of lobule. Dorsolateral lobule often with single
row of widely spaced minute spines along midline.
Distomedian projections relatively short, slightly
overhanging distal portion of ventral costae.

1mm.

TIGURE 62.—Pengeus (M.) poulensis Pérez Farfante,
Sixth abdominal somite, posterodorsal portion, holotype,
4 35 mm. cl., Santos, Sdo Paulo, Brazil.
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FIoUre 63.—Percentage of distribution of keel-sulcus
(K/8) values in Penaeus (I3L.) poulensis Pérez Far-
fante.

APPENDIX MASCULINA (fig. 65¢)

Slightly elongated, length 114 to 114 maximum
width, with long spines projecting from distome-
dian margin and with slightly concave lateral
margin armed with short, strong spines. Anterior
surface subplane or slightly convex, posterior sur-
face strongly concave, with sharp longitudinal
ridge along median margin.

THELYGUM (fig. 66)
Anterior process narrow, projecting ventrally
in subtriangular or highly arched ridge, surround-
ing shallow depression with minute knob usually
present at center. Posterior process with median
carina bifurcate anteriorly, resulting ribs turning
medially and converging at base of anterior proc-
ess, giving rise to very narrow diamondlike strue-
ture. Lateral plates with anteromedian corners di-
vergent, leaving posterior process exposed.

T.8. FISH AND WILDLIFE SERVICE
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COLOR

Like other Penaeus, P. paulensis is variable in
color, but most often is pinkish; thus, the name
camardo rosa (pink shrimp) applied to it in
Brazil.

Distribution and Morphological Variations

The range of P. paulensis extends from south of
Cabo Frio along the coast of southern Brazil and
Uruguay as far as northeast Argentina (fig. 67).
Boschi (1968) has found P. paulensis along the

WESTERN ATLANTIC SHRIMPS OF GENUS PENAEUS

FIoURE 65.—Penqeus (M.) peulensis Pérez Farfante. a.
Petasma, distal portion, & 39 mm. cl, Ponta do Boi,
850 Paulo, Brazil. b. Petasma, § 39 mm. c.l, Ponta do
Boi, $do Paulo, Brazil. ¢. Appendix masculina, & 39
mm. ¢.l., Santos, Sdo Paulo, Brazil.

eastern coast of Buenos Aires Province (lat. 38°80
S; long. 57°20" W.) and has, thus, confirmed the
belief (Pérez Farfante, 1967) that the species ex-
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WroURE 66.—Pengeus (M.) paulensis Pérez Farfante.
Thelycum, ¢ 49.5 mm, c.l., Santos, Sio Paulo, Brazil.

tends farther south than the previously generally

accepted southernmost limit of its range, Monte-
video. It is abundant along the northern portion
of its range and the coastal waters of Santa Cata-
rina, Farther south, the young are very numerous
in Lagoa dos Patos and the coastal lakes of Uru-
guay, but adults are rare along the southernmost
portion of the range. Mistakidis (1965) reported
having caught but one adult during exploratory
fishing between Rio Grande and Cabo Polonio.
Possibly the breeding populations extend only to
the neighborhood of Rio Grande. The young seem
to be able to invade waters that the larger adults
cannot tolerate.

These shrimp live as deep as 65 fm.; large con-
centrations are found between 20 and 30 fm.

My studies indicate little variation in the diag-
nostic characters of P. paulensis, The only rather
striking variation is that shown by the median
sulcus, which is usually interrupted but oceasion-
ally continuous, Both types of sulcus were observed
in specimens from the same locality.

Relationships

P. paulensis is closely related to P. ¢. aztecus and
P. a. subtilis. It differs from both by having the ros-
trum usually almost straight and shorter; by hav-
ing a K/S ratio with a modal value of 6, which in-
dicates a very narrow dorsolateral suleus; and by
having both lips of the sulcus sharp. The external
genitalia are also distinet. In males, the ventral
costa of the petasma is almost straight or only
slightly curved instead of markedly convex dis-
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tally and is armed with a group of medium-size, ir-
regularly set teeth almost at the apex. In females,
the anterior process is smaller and the posterior
process narrower than in P. a. azfecus and P. a.
subtilis. P. pawlensis also differs from P. a. aztecus
by the shorter, shallower, and often interrupted
median suleus and the shorter third pereopod and
from P. a. subtilis by the broader adrostral sulel.
P. paulensis tends toward a smaller number of
rostral teeth than any other species of Penaeus from
the western Atlantic; the mode of the rostral teeth

formula is —g- instead of —g— . Also, specimens with

a formula greater than % must be uncommon be-
cause no specimen in the samples examined had
more than 8 dorsal and 2 ventral teeth.

Reproduction
SUBADULT STAGE-SEXUAL MATURITY

The series of small specimens available was too
small to permit a determination of the size range
at which males and females become subadults.

No studies have been made on the size at which
females attain sexual maturity.

OVARY DEVELOPMENT

No studies have been made.
SPAWNING

No studies are known on the spawning charac-
teristics of P. paulensis. The information avail-
able on stages inshore, however, gives some indi-
cation of the spawning season through the range
of this shrimp.

According to Tremel (1965), fishing for the
young in Concei¢io and Imarui Lagoons, Santa
Catarina, Brazil, is carried out from August to
April (peak from December to February). This
timing appears to indicate that some spawning oc-
curs from mid-fall through early winter, but that
mass spawning probably takes place through late
winter and early spring. Mistakidis (1965) re-
ported that in Lagoa dos Patos, southeast Brazil,
small shrimp are found from September to No-
vember, that postlarvae have been taken in the
lakes of Uruguay in October and November, and
that {ishing for young in both areas is carried out
from March to May, with a peak in March. The
young, thus, arrive on these nursery grounds later
than those that arrive in the lagoons of Santa
Catarina. Because large adults are apparently rare
off southern Brazil and Uruguay, the difference
in time of arrival may be due to the longer dis-
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tance larvae must travel from the spawning
grounds to the southern areas.

Postembryonic Development
LARVAE, POSTLARVAE, AND JUVENILES
No studies have been conducted on either larval
or postlarval stages of P. paulensis, The number of
juvenile specimens available to me was too small
to permit conclusions.

GROWTH
No studies have been made.

SEX DIFFERENCES IN SIZE

The largeést female T examined was 54 mm. c.l.,
9215 mm. t.1, from off Rio de Janeiro; the largest
male was 40 mm. c¢.l., 171 mm. t.1., from off Ponta
do Boi, Sio Paulo, Brazil. Offshore the females
are larger than males, and the size of both sexes
increases with depth.

Ecology

SUBSTRATE

Little is known of the habits of this shrimp.
Juveniles and subadults occupy soft muddy bot-
toms, but the largest concentrations of adults are
on bottoms of firm mud.

DIEL CYCLE

P. paulensis is mostly nocturnal; fishing for
young on the nursery grounds and for adults off-
shore is carried on at night.

EFFECTS OF TEMPERATURE

P. paulensis has a wide range of temperature
tolerance since it occupies the waters of southeast-
ern Brazil, where temperature is highly variable,
and penetrates into the coast of northeast Argen-
tina, where the water is relatively cold.

EFFECTS OF SALINITY

There is little information on the effect of salin-
ity on P. paulensis.

According to Closs (/n Mistakidis, 1965}, salin-
ities in the southern portion of Lagoa dos Patos,
the single largest nursery area for the species, vary
from 1 p.p.t. to 29 p.p.t., and Mistakidis (1965)
reported that in the coastal lakes of Uruguay
salinities range from 2 p.pt. to 26 p.pt. This
shrimp, thus, seems to be able to withstand a
rather wide range of salinity during the inshore
phase of its life cycle. Production from the nursery
areas, however, shows large fluctuations from year
to year, and it has been suggested by Lindner
(1957) and Mistakidis (1965) that in Lagoa dos
Patos, at least, declines in produetion are probably
caused by excessive rainfall. Lindner states that
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“gxcessive quantities of fresh water in Lagoa dos
Patos might restrict the area of shrimp nursery
grounds.” The reduced production could be due
also to swift currents following heavy rainfalls
which might prevent the shrimp from gaining
access to inshore water.

Commercial Importance

This species is not locally distinguished from 2.
brasiliensis. Both are known and classified n
statistical studies as camarfio rosa. Consequently,
it is not possible to ascertain the quantities of P.
paulensis that are caught.

The young of P. paulensis are commercially
taken in Bafa de Guanabara, Brazil, and from
numerous lagoons and coastal lakes as far south as
Laguna de Rocha, Uruguay. Offshore fishing is
more restricted and is carried out only in the
northern portion of the range, from off Baia de
Guanabara to the neighborhood of Rio Grande.

Tt seems that the majority of the camarfo rosa
landed at Santos, Sio Paulo, is P. paulensis (Mis-
takidis, 1965). The Instituto de Pesca Maritima of
Sio Paulo, Brazil, caleulated that landings of
camario rosa in Santos—the most important port
for landings from the ocean fishery—were 891,000
kg. in 1964, 1,868,000 kg. in 1965, and 2,157,300
ke in 1966.

Landings of camario rosa in the State of Rio
Grande do Sul—almost entirely P. paulensis
(Mistakidis, 1965) —present large annual fluctua-
tions as shown by the landings from 1963 to 1966.
The Centro de Pesquisas Oceanograficas do Rio
Grande reported that the production reached
4,918,700 kg. in 1963, decreased to 1,568,600 kg. in
1964, rose to an all-time high of 5,844,400 kg. in
1965, and amounted to only 648,300 kg. in 1966.

Penaeus (Melicertus) brasiliensis
LATREILLE
Figures 68 to 77

United States: pink spotted shrimp, spotted
pink shrimp, brown shrimp, Caribbean brown
shrimp. Nicaragua: camarén rojo. Venezuela:
langostino rosado con manchas, camardn rosado
con manchas, langostino amarillo. Brazil: cama-
rio rosa, camario lixo.

Penaeus brosiliensis Latreille, 1817: 156 (neotype,
designated by Burkenroad, 1939, ¢, British
Mugseum (Natural History), Brazil) ; H. Milne
Edwards, 1837: 415; Stimpson, 1871: 132
[part]; Miers, 1878: 299, 306 [part]; Bate,
1881: 175; Smith, 1885: 170; Doflein, 1899:
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185; tDoflein, 1900: 127; Young, 1900: 452;
Moreira, 1901: 6, 7, 72; Rathbun, 1901: 100,
101 [part]; Moreira, 1905: 130; de Man, 1911:
95 [part]; Pesta, 1915: 118 [part]; Bouvier,
1918: 6; Burkenroad, 1934: 61, 75, 77, T8
[part]; Schmitt, 1935: 128, 129 [part?];
Schmitt, 1986 : 364; Johnson and Lindner, 1934:
68; Wheeler, 1937: 325, 326, 329-339, 343, 344
Burkenroad, 1939 26-81, 34, 39, 4245, 50, figs.
16, 17, 22, 34; von Ihering, 1940: 194, 871; de
Oliveira, 1940: 141 ; Magalhées Filho, 1944 : 100,
101,fig.4A ; de Oliveira, 1944 :133 ; Anderson and
Lindner, 1945 : 305 ; Holthuis, 1948: 1104, 1105;
Anderson et al,, 1949 : 16 ; Gunter, 1950: 22; Hol-
thuis, 1950: 27; de Oliveira, 1950: 371, 386;
Sanchez Roig and Goémez de la Maza, 1951:113—
119; Gémez de la Maza, 1952: 167, 169; Sin-
chez Roig and Gomez de la Maza, 1952: 153,
fig. 6; Pérez Farfante, 1953 : 232, 233, 238 ; Pérez
Farfante, 1954b: 30, 31; Voss, 1955: 5, 8, 10,
figs, 12-13; Anderson, 1956: 4, 12, 13 [part?];
Dall, 1957: 149, 226, 227; Lindner, 1957: 11-
15, 34-36, 159, 160, 165; ¢ Rossignol, 1957: 111;
Woodburn et al, 1957: 24; Devold, 1958: 20;
Lindner, 1958: 31, 33; Sufirez Caabro, 1958: T;
Bullis and Thompson, 1959a: 33-85, 41; Bullis
and Thompson, 1959b: 1, 4-6, 9; Higman, 1959:
8, 10, 14; Holthuis, 1959: 43, 66, 67, fig. 6c;
Young, 1959: 15; Eldred, 1960: 164, 165; El-
dred and Hutton, 1960: 91, 98, 99, 101, 106, fig.
7b; Anonymous, 1961: 34; Costello and Allen,
1961: 21; Eldred et al, 1961: 87, 89, 101, 107,
109; Pérez Farfante et al., 1961: 40, 52, 58, 59,
61, 65; Gunter, 1962a: 108; Hutton et al., 1962:
327 Kutkuhn, 1962: 843; Tabb, Dubrow, and
Jones, 1962: 11, 28; Boschi, 1963: 5, 6, 13, 20,
23, 25, 26, 29, 35, 37, figs. T (1-5), 11; Davant,
1963 9-15, 29-31, 33, 85, 65-71, 85-89, 91, figs.
6a, Ta, b, Ba,.b, 9a, b, 10 and bis; Simpson, 1963 :
92, 23; Costello and Allen, 1964: 31; Ewald,
19684 : 20-23, (24, 28, tables, [part]); Hutton,
1964: 440, 445; Iversen and van Meter, 1964:
549-552; Jones et al, 1964: 1; Mistakidis and
Neiva, 1964: 472; Neiva and Wise, 1964:
132, 133 [part]; Tremel et al, 1964: 7,
24, (6, 12, 14, 15, 19, 30, 32, 54, 36,
38, 40, 42, fig. 2 [part}) ; Broad, 1965 : 89; Bullis
and Thompson, 1965: 6; Cervigbn, 1965: 21;
Ewald, 1965a: 29; Ewald, 1965c: 52, 59, 63,
67, 70, 12, T4, 80, 82, 84-86, 91, 93-96, 114 (80,
88-90, 92, 97-99, 113 [part]); Holthuis and
Rosa, 1965: 4; Joyce, 1965: 115, 116, 132, 134,
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170, 220, 221 ; Mistakidis, 1965: 9, 11, 13, 38 (4,
8, 35 [part]); Pericchi Lopez, 1965: 24; da
Silva, 1965: 8, 4, (7 [part]); Simpson et al.,
1965 77; Tremel and Mistakidis, 1965: 2, sum-
mary (4, table 3 [part}); Williams, 1965: 26;
Alves Coelho, 1966 163, 168, 171; Costello and
Allen, 1966: 450, 452; Joyce and Eldred, 1966:
11, 25, 88 Neiva and Mistakidis, 1966: 1, 2, 5, 6,
fig. 9a~d; Croker, 1967: 63, 72, 13, 78, 80, 81,
87, 95, 98; Instituto de Fomento Nacional, 1967
5, 8; Pérez Farfante, 1967: 84, 94.

Penecus brasiliensis: H. Milne Edwards, 1837:
414.

Penacus setiferus: Heller, 1865: 121 [part]. (Ac-
cording to Pesta, 1915.) Not P. setiferus (L.),
1767.

Peneus brasiliensis: Smith, 1869a: 27; Smith,
1869b: 390; von Martens, 1872: 140, 141
[part?]; von Ihering, 1897: 156; % Torralbas,
1917: fig. 69; Rathbun, 1919: 319; Schmitt,
1924: 61; Boone, 1930: 15, 101-105 [part?].

Penaeus braziliensis: Kingsley, 1882: 106 [part];
Verrill, 1900: 580; Moreira, 1901: 6, 7, 72
[part]; Moreira, 1905: 130 [part]; Verrill,
1922: 4143 [part], pl. 13, fig. 3, pl. 14, fig. 2, 2a
(%) Idyll,1950: 10; Ingleet al.,1959: 6; Anon-
ymous, 1962: 56; Lyles, 1967: 371.

Penaeus sp. (brasiliensis): Scholander, Flagg,
Walters, and Irving, 1958 72,75, 79, 80.

Camario rosa: Richardson and Moraes, 1960: 8,
10-12, 16-18, 39-34, 49, 48, 52, 53, 70, 71, 80, 81
[part]; Braga, 1962: 48, 49, 51, tables 1, 2
[part].

Taxonomic Remarks
The specimens cited by Pérez Farfante (1967)
from Antigua, Lesser Antilles, as P, a. subtilis were
actually two juvenile P. brasiliensis (see under

Study Material).

Study Material
UNITED STATES

North Carolina: 1 &8, YPM, off .Cape Hat-
teras, October 19, 1884, Albatross Sta. 2285. 1 Q,
USNM, between Cape Hatteras and Cape Look-
out, 32 fm., October 18, 1885, Albatross Sta. 2605.

Florida: 1 ¢, USNM, off St. Augustine, 12
fm., January 12, 1965, Oregon Sta. 5158. 1 o,
USNM, N. of Oak Hill, July 4, 1963, E. A.
Joyce. 1 ¢, USNM, S. of Cape Kennedy, 22 fm,,
March 23, 1956, Pelican Sta. 14. 1 @, USNM,,
off Melbourne, 38 fm., January 16, 1966, Oregon
Sta. 5860, 4 & 4 9, USNM, off Sebastian, 20 fm.,
November 11, 1961, Silver Bay Sta. 3529. 1 &
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1 9, USNM, off Sebastian, 31 to 28 fm., January
15, 1965, Oregon Sta. 5203. 2 &', USNM, Biscayne
Bay, 1% fm., February 6, 1962, J. Y. Christmas.
1 & 19, USNM, Matheson Hammock, Biscayne
Bay, July 10, 1960, R. Still. 1 ¢, USNM, S. of
Key Largo, 36 to 25 fm., October 25, 1960, Silver
Bay Sta. 2364. 4 & 7 ¢, USNM, off Key Largo,
40 fm., November 10, 1961, Silver Bay Sta. 3523.
1 ¢, USNM, off Key Largo, 50 fm., November 10,
1961, Silver Bay Sta. 3524.
BERMUDA ISLANDS

1 &, YPM, Hayward’s Bay, David’s Island,
September 6, 1905. 1 ¢, USNM, off Harrington
Sound, February 12, 1888, C. M. Allen. 1 3 192,
YPM, Port Royal Bay, September 21,1905, 1 2,
YPM, St. Georges, January 27-29, 1935. 1 2,
YPM, Bermuda, April 1898, J. M. Jones. 1 ¢,
AMNH, Bermuda, W. Beebe. 1 ¢, YPM, Ber-
muda, 1936. 12, AMNH, Bermuda, August 31,
1935, W. Beebe. 1 ¢, USNM, Harrington Sound,
February 17, 1881, C, M, Allen. 1 ¢, YPM, Mul-
let Bay, St. Georges Island, January 27-29, 1935.
BAHAMAS

18 & 7 ¢, USNM, 79 km. W. of Andros Island,
150 fm., November 11, 1960, Silwer Bay Sta. 2471,
1 ¢ 19, USNM, Little Bahama Bank, Novem-
ber 1953, Ansilles.
CUBA

1 ¢, USNM, Dimas, Pinar del Rio, May 17, 1915,
Tomas Barrere Sta, 5. 1 &, USNM, off Puerto
Esperanza, Pinar del Rio, 1924, M. Sénchez Roig.
1 ¢, USNM, Laguna Doctor, Playa de Baracoa,
La Habana, J. Mayor. 1 ¢, USNM, Laguna Doc-
tor, Playa de Baracoa, La Habana, G, Mayor.1 &,
YPM, La Habana, February 1,1932.6 ¢ 8 ¢,CIP,
S. of Cayo Cruz del Padre, Matanzas, March 1954,
L. Howell Rivero. 15 & 15 ¢, CIP, Bahia de Car-
denas, Matanzas, August 1955, G. Canet and I.
Pérez Farfante. 15 ¢ 16 ¢, CIP, Bahia de Santa
Clara, Las Villas, August 1955, G. Canet and 1.
Pérez Farfante. 8 ¢ 9 ¢, CIP, Bahfa de Santa
Clara, Las Villas, March 1954, I.. Howell Rivero.

JAMAICA

1 & 1 9 USNM, Salt Pond, Montego Bay,
August 1, 1910, E. A. Andrews. 1 & 1 ¢,
USNM, off Portland Point, May 14, 1962, 14 fm,,
Oregon Sta. 3538.

PUERTO RICO

1 &, USNM, Bahia de Boguerdn, January
26-27, 1899, Fish Hawk. 1 & 1 ¢, USNM, off
Bahia de Boquerén, January 27, 1809, Fish Hawk.

564

6 & 3 9, USNM, Bahia de Boquerén, January 26—
27, 1899, Fish Hawk. 1 @, USNM, off La Parguera,
winter 1957-58, D. E. Erdman. 2 & 4 ¢, USNM,
off Hucares, February 13-14, 1899, Fish Hewk.
VIRGIN ISLANDS

St. Thomas: 3 o 1 ¢, USNM, Submarine
Dock, October 2-3, 1959, H. R. Bullis. 4 & 5 ¢,
USNM, N. of St. Thomas, 42 fm., April 19, 1960,
Oregon Sta. 2607. 1 & 3 @, USNM, 8. of St.
Thomas, 26 fm., September 27, 1959, Oregon Sta.
2618. 2 & 8 @, USNM, off St. Thomas, 40 fm.,
September 29, 1959, Oregon Sta. 2625.

St. Croix: 16 & 6 ¢, USNM, Kranse Lagoon,
H. A. Beatty.

LESSER ANTILLES

Antigua: 15, USNM, English Harbor, April
4-9, 1956, Smithsonian-Bredin Exped., Sta. 83-56,
F.A. Chace and D. V. Nicholson. 14", USNM
Tank Bay, English Harbor, April 3, 1956, Smith-
sonian-Bredin Exped., Sta. 74-56, W. L. Schmitt,
F. A. Chace, D. V. Nicholson, and Jackson.

Aruba—Curagao: 1 & 3 @, USNM, off Aruba, 40
fm., October 3, 1965, Oregon Sta. 5656. 4 & 5 Q,
USNM, off Aruba, 38 fm., October 3, 1965, Oregon
Sta. 5654. 1 19, USNM, Riltwater, Curagao,
14 fm., July 26, 1905.

MEXICO-

Quintana Roo: 151 ¢, INIBP, “90° NNE.”
of Isla Contoy, July 17, 1967, H. Chapa Saldaiia,
D. Fuentes, and J. M. dela Garza. 15 19, INIBP,
“90°NNW.” of Isla Mujeres, 21 fm., July 17,
1967, H. Chapa Saldafia, D. Fuentes, and J. M.
de la Garza. 1 @, USNM, Isla de Cozumel, June 29,
1885, Albatross. 1 9, USNM, halfway point between
Punta Nicchehabin and Vigia Chico, N. end of
Bshia de la Ascensién, Smithsonian-Bredin Exped.,
Sta. 93-60. 18 13 2, GSNM, Punta Nicchehabin,
Bahia de la Ascensién, less than 14 fm., April 13,
1960, F. C. Daiber, Smithsonian-Bredin Exped.,
Sta. 65-60.

NICARAGUA

1 ¢ 2 ¢, USNM, N. of Bluefields, 1965, A.
Flores. ,

PANAMA

3 3 8 ¢, YPM, Limén Bay, N. of Sweetwater
River, Colén, February 12, 1934. 7 8 11 ¢, USNM,
Fox Bay, Colén, March 22, 1912, 8. E. Meek and S.
F. Hildebrand. 2 ¢, USNM, Fox Bay, Coldn,
January 12, 1912, S. E. Meek and S. F. Hilde-
brand. 1 ¢, USNM, Fox Bay, Colon, Jan-
nary 27, 1912, S. E. Meek and S. F. Hildebrand. 4
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3 8 ¢, USNM, off Toro Point, Canal Zone,
May 11,1911, S. E. Meek and S. F. Hildebrand.

COLOMBIA

281¢,USNM, Isla de 8. Andrés, June 6, 1964,
H. R. Bullis. 1 ¢, Golfo de Urabd, 34 fm., Oc-
tober 17, 1965, Oregon Sta. 5728.2 & 3 ¢, USNM,
Golfo de Morrosquillo, 23 fm., May 25, 1964,
Oregon Sta. 4886. 3 ¢ 8 ¢, USNM, off Puerto
Colombia, 15 fm., May 23, 1964, Oregon Sta. 4866,
1 48 2 ¢, YPM, Sabanilla, March 16-22, 1884,
Albatross. 4 ¢, USNM, off Punta Faro, 13-14
fm., May 18, 1964, Oregon Sta. 4849, 2 ¢, USNM,
off Tucuracas, Departamento de la. Guajira, 15 fm.,
October 12, 1965, Oregon Sta. 5704, 1 & 7 ¢,
USNM, off Carrizal, Departamento de la Guajira,
19 fm., October 12, 1965, Oregon Sta. 5703, 1 ¢,
USNM, off Carrizal, Departamento de la Guajira,
98 fm., October 12, 1965, Oregon Sta. 5702. 2 2,
TUSNM, off Carrizal, Departamente de la Guajira,

10 fm., June 1, 1964, Oregon Sta. 4919.1 4 1 ¢,

USNM, off Cabo de la Vela, Departamento de la
Guajira, 38 fm., October 12, 1965, Oregon Sta.
5700. 1 ¢, USNM, off Cabo de la Vela, Departa-
mento de la Guajira, 26 fm., October 12, 1965,
Oregon Sta. 5697, 1 ¢ ,USNM, off Cabo dela Vela,
Departamento de la Guajira, 15 fm., October 12,
1965, Oregon Sta. 5695. 1 ¢, USNM, NE. of De-
partamento de la Guajira, 53 fm., September 6,
1963, Oregon Sta. 4400. 3 & 13 ¢, USNM, NE. of
Departamento de la Guajira, 40 fm., September 25,
1963, Oregon Sta. 4392.
VENEZUELA

2 & 3 ¢, USNM, Guif of Venezuela, February
28, 1964, J. J. Ewald. 1 & 3 ¢, USNM, Gulf of
Venezuela, 32 fm., October 5, 1965, Oregon Sta.
5665. 3 ¢ 3 ¢, USNM, off Las Piedras, Gulf of
Venezuela, 26 fm., Oregon Sta. 5664. 3 ¢ , USNM,
off La Guaira, 40 fm., October 17, 1963, Oregon
Sta.4466.1 & , USNM, off Isla de Margarita, 30 fm.,
September 22, 1963, Oregon Sta. 4481. 12 & 9 ¢,
USNM, off Peninsula de Paria, 31 to 34 fm., Sep-
tember 23, 1964, Oregon Sta. 5034. 2 & 2 ¢,
USNM, off Giiiria, Gulf of Paria, 10 fm., Octo-
ber 24, 1963, Oregon Sta. 4493,
TRINIDAD

1 ¢, USNM, Caroni Swamp, August 6, 1965,
P, R. Bacon. 1 ¢, USNM Cocorite Swamp, Au-
gust 31, 1966, P. R. Bacon.

TOBAGO

1 &, USNM, off Crown Point Hotel, July 8,
1959, Smithsonian-Bredin Exped. 3 4 4 ¢,

WESTEREN ATLANTIC SHRIMPS OF GENUS PENAERUS

USNM, off Plymouth, 34 fm., March 14, 1966,
Oregon Sta. 5964. 1 8, USNM, 8. of Plymouth,
3¢ fm., March 14, 1966, Oregon Sta. 5970. 9 8 10
¢, USNM, N. of Tobago, 86 fm., March 14, 1966,
Oregon Sta. 5971,

GUYANA

4 3 3 ¢,USNM, off Guyana, 50 fm., August 28,
1958, Oregon Sta, 2221, 2 ¢, USNM, off Guyana,
28 to 46 fm., August 29, 1958, Oregon Sta. 2232. 1
2 1 ¢, USNM, off Guyana, 23 fm., August 29,
1958, Oregon Sta. 2235, 1 & 1 ¢, USNM, E. of
Georgetown, 26 fm., February 19, 1963, Oregon
Sta. 4168.1 ¢ 1 ¢, USNM, off Guyana, 24 fm.,
June 28, 1957, Coquette Sta. 297.2 ¢ 4 ¢, USNM,
off Guyana, 75 fm., November 4, 1957, Oregon Sta.
1993.1 ¢ 1 ¢, USNM, off Guyana,45 fm., Novem-
ber 5, 1957, Oregon Sta. 2000.

SURINAM

1 ¢, USNM, off Surinam, 50 fm., November 8,
1957, Oregon Sta. 2016.1 3.1 ¢, USNM, NE. of
mouth Surinam River, 25 fm., May 12, 1957,
Coquette Sta.28.1 8 1 ¢, USNM, NE. of mouth
Surinam River, 27 tm., May 12, 1957, Coquette
Sta. 31,1 ¢ ,USNM, NE. of mouth Surinam River,
28 fm., May 12, 1957, Coquetie Sta. 33.3 3 4 ¢,
USNM, between mouths of Coppename and Sur-
inam Rivers, 18 fm., June 19, 1957, Coguetie Sta.
251. 1 &, USNM, between mouths of Coppename
and Surinam Rivers, June 26, 1957, Coquette Sta.
279.9 ¢ 5 ¢, USNM, off mouth of Surinam River,
24 fm., June 28, 1957, Coquette Sta. 297. 1 ¢,
UMML, off Surinam, summer 1960, II. Lijding.

FRENGH GUIANA

2 o, USNM; off French Guiana, 34 fm.,
September 14, 1958, Oregon Sta. 2322, 2 & 2 ¢,
USNM, off French Guiana, 38 fm., November 12,
1965, Oregon Sta. 2045,

BRAZIL

Maranhdo: 2 ¢, USNM, off Itha do Caju,
20 fm., March 11, 1963, Oregon Sta. 4241,

Ceari: 2 & 3 ¢, USNM, off Camocim, 15
fm., March 12, 1963, Oregon Sta. 4247. 1 &,
USNM, off Camocim, 18 fm., March 12, 1963,
Oregon Sta. 4250.

Bahia: 1 & 1 @, MCZ-USNM, BSalvador.

Espirito Santo: 2 & 3 9, MNHNP-USNM,
off Itatinas, 21 fm., November 29, 1961, Calypso
Sta, 89.

Rio de Janeiro: 5 & 6 9, USNM, off Baia de
Guanabara, 3% fm., da Silva. 3 & 4 ¢, MNHNP-
USNM, off mouth Bafa de Guanabara, 12 3§ fm.,
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December 8, 1961, Calypso Sta. 115. 1 ¢, YPM,
Rio de Janeiro. 1 ¢ 1 @, YPM, Rio de Janeiro
Market, M. W. Feingold. 26 & 2% ¢, YPM,
Rio de Janeiro, M. W. Feingold and C. Moreira.
5 & 3 9, MNHNP-USNM, Bafa de Sitio Forte,
Tlha Grande, December 9, 1961, Calypso Sta. 119.

S0 Paule: 1 ¢, USNM, Santos, Septem-
ber 12, 1925, W. L. Schmitt. 11 & 5 ¢, USNM,
Canandia, December 16, 1963, V. Sadowsky.
1 & 6 ¢ USNM, Capanéia, April 1965, V.
Sadowsky.

Santa Catarina: 1 ¢, USNM, Lagoa da
Conceigao, ITha de Santa Catarina, November 11,
1965, E. Tremel. 2 & 4 ¢, USNM, Lagoa da
Conceigio, Ilha de Santa Catarina, Novem-
ber 19, 1965, I. Tremel. 1 ¢, USNM, Armagéo da
Piedade, Ilha de Santa Catarina, November 19,
1965, E. Tremel. 2 & 2 9, USNM, Arvoredo,
Ilha de Santa Catarina, October 9, 1964, C. de
Jests.

Diagnosis

Adrostral sulcus broad posteriorly and long, al-
most Teaching posterior margin of carapace. Me-
dian sulcus long, ending immediately anterior to
posterior end of adrostral sulcus, and deep along
its entire length. Dorsolateral sulcus variable in
width, broad to almost closed, narrower in north-
ern portion of range of species. Petasma with

distal portion of ventral costa increasing gradual- -

ly in width proximally and turning proximally in
arc, tnarmed along free border and with elongate
group of sharp teeth on attached border; apex of
costa free; distal fold forming large auricle with
prominent spines; distomedian projection long:
Thelyeum with anterior process small, posterior
process with median carina, if present, located
deep between horns of median protuberance; lat-
eral plates with anteromedian corners produced to
form projections covering posterior process.

Description
ROSTRUM (fig. 68)

7-11 8 ey e
Teeth 5 mode 2 (percentage distribution:

8/2—a4, 9/2—43, 7/2—4, 10/2—3, 11/2—3.50,

9/1—1, 8/0—0.50, 7/0—0.50, 8/1—0.50; N==200) °

+epigastric; position of ventral teeth variable,
first tooth situated from well anterior to slightly
posterior to last dorsal tooth; rostrum in larger
juveniles reaching base of distal one-third of
thickened portion of lateral antennular flagellum;
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attaining maximum length in relation to carapace
.1l .
length at 11 to 15 mm. c.l. (ratio 1;1— as high as
ol
0.78); decreasing progressively with increasing
length of shrimp, rostrum reaching distal end of
first antennular segment in shrimp 50 mm. c.l.

L
(ratio I(;_I reduced to about 0.50); rostrum straight

apically, often along entire length, occasionally
with tip upturned; highest portion of blade at
lavel of third dorsal tooth, latter level with an-
terior margin of carapace; rostrum tip about 14 r.l.
Postrostral carina strong, prominent, and long,
extending almost to near posterior margin of
carapace. Median sulcus deep, sometimes widen-~
ing either in anterior or posterior half; long, ending
near posterior margin of carapace. Adrostral
suleus deep, expanded at level of epigastric tooth,
broad, 34 to 114 width of postrostral carina, and
long, continuing posteriorly to end ¥s to My el
from posterior margin of carapace. Adrostral carina
prominent and long, same length as adrostral
sulcus.

CARAPACE (fig. 69)

Length in proportion to total length smaller in
juveniles, increasing slightly at about subadult
stage. Gastrofrontal suleus broad, extending to
about one-sixth c.l.; gastrofrontal carina sharp.
Orbito-antennal sulcus wide anteriorly, narrowing
posteriorly to below apex of hepatic spine, there
widening again to base of spine. Gastro-orbital
carina pronounced, sharp, occupying approxi-
mately posterior four-fifths distance between post-
orbital margin and hepatic spine. Antennal carina
very prominent. Cervical sulcus about one-quarter
¢l, ending slightly anterior to midlength of
carapace. Hepatic carina sharp, %4 to 14 cl,
sloping anteroventrally to end Y5 to Y5 c.l. from
anterior margin of carapace. Antennal spine
slender, acute, and long; hepatic spine prominent.

ANTENNULES

Lateral flagellum almost three-quarters length
of antennular peduncle, slightly longer than
median flagellum and with articles shorter than
those of median flagellum. Anterolateral spine
very prominent, long, slender, and sharp. Stylo-
cerite acute, reaching slightly beyond midlength
of first antennular segment. Prosartema reaching
distal end of proximal fifth of second antennular
segment.
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Freurr 68.—Penneus (M) brasiliensis Lat. Rostrum, & 38 mm, .., Arvoredo, Santa Catarina, Brazil.

ANTENNAE

Scaphocerite length 214 to 234 times maximum
width, its length, relative to carapace length, de-
creasing slightly with growth; spine reaching
distal end of antennular peduncle. Carpocerite
length 114 width. Antennal flagellum about 124
t.l. of shrimp.
THORACIC APPENDAGES

Third maxilliped reaching at least one-half of
first, but not beyond distal half of second anten-
nular segment; length of dactyl 34 to 24 that of
propodus. First pereopod reaching at least three-
fifths length of carpocerite or exceeding it by
dactyl. Second pereopod surpassing carpocerite
by half length of dactyl to one-tenth that of carpus.
Third pereopod reaching at least base of second
antennular segment and, at most, exceeding third
antennular segment by entire length of dactyl;
proportionately longer in juveniles. Fourth pere-
opod reaching at least base of carpocerite and at
most surpassing it by length of dactyl. Fifth pere-
opod subequal to fourth.
ABDOMEN

Carinate dorsally from posterior half of fourth
somite, posteriorly carina gradually increasing in
height to form keel on sixth somite, ending in
sharp spine on posterior margin. Dorsolateral sul-
cus (fig. 70 a, b) with both lips sharp, variable in
width, broad in populations {rom South America,
ratio between height of keel and width of suleus
(K/S) ranging 1 to 4.5, modally 2 (fig. 71), nar-
rower in specimens from the West Indies north-
ward, K/S ranging from 3 to 9, modally 5 (fig. 73).

WESTERN ATLANTIC SHRIMPS OF GENUS PENABUS

In South America, K/S is also modally 2 in all
size classes except 16 to 22 mm. ¢.l. with K/S mod-
ally 2.75 (fig. 72). In West Indies-Central America
region and northward, K/S mode varies in dif-
ferent size classes—5 in the smallest class and at
23 to 29 mm. ¢.l.; 3 in the class intermediate be-
tween. these two, and 3 in the largest (fig. 74). It
does not seem that any significance could be at-
tached to such a variation that does not show a
trend. Sixth abdominal somite with three cica-
trices on each side, posterior the smallest ; fifth ab-
dominal somite with one cicatrix and series of
minute pits anterior to sinus on posterior margin
of somite; fourth abdominal somite with similar
series of pits dorsal to sinus on posterior margin
of somite. Telson unarmed, with deep median sul-
cus and sharp pointed tip.

PETASMA (fig. 75 a=c)

Ventral costa broadening and curving gradually
from apex to distal end of ventromedian flap, ex-
tending almost straight proximally; distal por-
tion unarmed along free border and with 6 to 12
pointed teeth set in two irregular rows on attached
border; apex free from distal margin of ventro-
lateral lobule. Distal fold intruding considerably
inside petasma, forming large, rounded auricle
with numerous prominent spines arranged dis-
tally in half moon on inner surface. Ventrolateral
lobule with external armature consisting of single
or pair of series abreast distally, increasing in
number proximally. Distomedian projections long,
fingerlike in appearance, extending well over dis-
tal portion of ventral costae.
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| I —
FIGURE 60.—Penceus (M.) brasi-
liensis Lat. Cephalothorax, 2 43
mm, c¢l, off Itatinas, Bspirito
. Santo, Brazil.

APPENDIX MASCULINA (fig. 75 d)

Relatively broad, its length 114 to 134 maximum
width, lateral margin with short spines reaching
apex, median margin with long spines (almost half
length of appendix) on distal half. Anterior sur-
face slightly concave, posterior surface concave,
with sharp longitudinal ridge projecting from
median margin.

THELYCUM (fig. 76 a~c)

Anterior process typically small, projecting ven-
trally in subtriangular ridge, enclosed surface
slightly to deeply concave. Posterior process rather
weakly developed, often (not always) with short
median carina situated deeply between horns of
median protuberance, delimited by narrow suleus
on each side. Lateral plates with anteromedian
corners extended anteriorly forming projections
meeting along midline, and reaching base of an-
terior process, thus covering posterior process.
Projections pointed or rounded anteriorly; if
rounded, overlapping.

COLOR

The range of colors varies considerably. The
usual pink or brownish-red specimens are desig-
nated camarido rosa in Brazil, and langostino or
camarén rosado in Venezuela, both meaning
pink shrimp. Yellow individuals, also common,
are called camardén amarillo (yellow shrimp)
and brown ones are not infrequent. The young
are usually brownish and are called camardo lixo
{dirty shrimp) in Brazil. P. brasiliensés usually
possesses & roundish, dark reddish-brown spot on
each side at the juncture of third and fourth ab-
dominal somites, similar to that in P. d. duorarum
and P. d. notialis. Davant (1963) and Holthuis
(1959) pointed out that individuals of P. brasi-
liensis from Venezuela and Surinam-French
(Guiana, respectively, always seem to have the two
spots, but that P. a. subtilis and P. d. notialis lack
them. The two spots were also observed in individ-
uals from Baia de Guanabara, Brazil, by da Silva
(1965).

Distribution and Morphological Variations

P. brasiliensis ranges from off Cape Hatteras
south to the Florida Keys and, although rarely,
reaches the Tortugas grounds. It also ranges from
the Bermudas through the Bahamas and Antilles
and along the Atlantic Coast of South America, to
Rio Grande-Lagoa dos Patos, Brazil. It also occurs

TU.8. FISH AND WILDLIFE SERVICE

>
L
Z
=
C
Jri
o
"
t
.
1
L
o
u
o




ther
hort
s of
leus
lian
10115

an-
0SS,
- if

The
Sig-
, OF
ing
on,
1p)
mg
1X0
Uy
on
ab-
U
uis
8-
ich
WO
ek
id-
va

'as

TIGURE T0.—Penaeus (M.) bresiliensis Lat. a. Sixth abdominal somite, posterodorsal portion, € 37 mm, cl, off
Camoeim, Brazil, b. Sixth abdominal somite, posterodorsal portion, ¢ 39.5 mm, ¢l, Little Bahama Bank.

from the Isla Contoy along the Caribbean Coast
of Mexico, Central America, and South America
(fig. 77). It is absent from the Gulf of Mexico,
north of Tortugas-Florida Bay to the vicinity of
Cabo Catoche, Lindner (1957) indicated that it

1mm. .
L

might be present in the coastal lakes of Uruguay.
This probably erroneous assumption was based on
the observation of specimens in the commercial
catches at Rio Grande do Sul (Milton J. Lindner,
personal communication); however, as implied
above, no specimens have been collected so far
south.

P. brasiliensis is generally very scarce in the
northernmost portion of its range. The record
from off Cape Hatteras given by Burkenroad
(1989) was the first positive evidence of the pres-
ence of the species, as restricted by him, in the
waters of the United States. Previous references
of the occurrence of P. brasiliensis along the At-
lantic Coast of the United States were based on
collections of P. . azlecus and P. d. duorarum,
which were previously identified as P. brasiliensis.
It may be that specimens of P. brasiliensis were
represented in the collections. Eldred and Hutton
(1960) stated that the range of the species in-
cluded the Caribbean and Atlantic Coasts of
South America and indicated the possibility (prob-
ably based on Burkenroad’s only record) that it
also oceurs along the North American coast. Kl-
dred (1960) found P. brasiliensis in Biscayne Bay,
Fla., and, thus, corroborated its presence in the
southeastern United States. Recently, Costello and
Allen (1964) collected this species in eastern
Florida Bay; and Joyce (1965) recorded it from
northeast Florida. I have also examined speci-
mens from other localities in Florida, north

of Fort Pierce and off Key Largo (see Study Ma-
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terial). The presence of this species in the Tor-
tugas is based on a single male specimen de-
posited in the Bureau of Commercial Fisheries
Biological Laboratory, Galveston, Tex, It was
taken in a commercial catch made at approxi-
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Freure 73.—Percentage of distribution of keel-suleus
(K/8%) values in Peneeus (2f.) brasiliensis Lat. from
the West Indies, Central America, eastern United
States, and the Bermudas.

mately lat. 24°54’ N., long. 82°15" W., in water
13 fm. deep (Milton J. Lindner, personal com-
munication).

P. brasiliensis apparently is not abundant in the
Greater Antilles, although it is taken with P. a.
subtilis through the Lesser Antilles, whereas P.
schmitti seems to be extremely rare and P.d. noti-
alis has not been recorded. The 1-year sampling
carried out by Pérez Farfante et al. (1961) at
Laguna Doctor, Playa de Baracoa, Cuba, showed
that P. bresiliensis is the least common among the
shrimp living in this body of water, making up
only 10 percent of the total sample. This percent-
age seems to be representative of the relative
abundance of the species, at least in northern
Cuba. Although present along the southern coast
of the island, P. drasiliensis is extremely scarce. I
found only a very few individuals in the stomach
of snappers (Lutjanidae). The three specimens
listed by Boone (1930) as “P. brasiliensis” from
Cuba, two from the “south coast” and a third from
Guanténamo, I found to be P. d. notialis.

Holthuis (1959) reported that in Surinam 2.
brasiliensis 1s far less common in shallow water
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Fraure 74.—Frequency distribution of keel-suleus (K/8)
values (both sexes included) in Penaeus (M.) brasilien-
sis Lat, of different size classes from the West Indies,
Central America, eastern United States, and the
Bermudas.

than P, a. subtilis, although it is more frequent in
deeper water (20 to 30 fm.). He also indicated
a similar finding in French Guiana, where most
P. brasiliensis were caught between 22 and 38 fm,
Bullis and Thompson (1959a) stated that com-
mercial quantities of this species are present off the
Guianas, and that maximum catches were taken
near the 30-fm. curve. The same depth distribu-
tion seems to persist along the coast to Brazil,
where it is also abundant,

WESTERN ATLANTIC SHRIMPS OF GENUS PENABUS

The bathymetric range of P. brasiliensis while
broad, is not so great as that of P. d. notialis. The
greatest depth at which it has been collected is 150
fm. At this depth a collection was made west of
Andros Island, Bahamas, at Oregon Sta. 2475,
Other deep water records (see Study Material)
include depths of 95, 100, and 105 fm.

Rossignol (1957) reported P. brasifiensis from
West Africa. It seems probable that the specimens
were actually P. duorarum notialis, and that the
author identified them using the old name P. bra-
siliensis, a name employed before Burkenroad
(1939) recognized that three species were included
under the latter name,

Tn P. brasiliensis both the petasma and the thely-
cumn vary, but none of the variations may be cor-
related with a restricted portion of the range. In
the petasma the number of teeth on the attached
edge of the ventral costa vary in number, and
the band of spines along the membranous portion
of the ventrolateral lobule may be narrow or rela-
tively broad. The thelycum, in turn, may or may
not have a median carina projecting caudad from
the posterior process; the protracted anteromedian
corners of the lateral plates may taper anteriorly
or may be expanded into disklike projections that
overlap. Neither of the characters mentioned, how-
ever, is typical of shrimp from a limited region.

As stated above, the keel-sulcus ratio increases
progressively (the dorsclateral suleus narrows)
from northern South America northward; no
distinet break occurs in the range of this ratio
anywhere within the range of the species. The
length of the rostrum also shows a south-north
cline, a tendency to increase from south northward,
reaching a maximum in the populations from the
Bahamas, the United States, and the Bermudas.

Relationships

Adults of P. brasiliensis are readily separable
from adults of the other species of Penaeus from
the western Atlantic. Females can be identified by
the small anterior process and the anteromedian
corners of the lateral plates, which are produced
anteriorly and completely cover the posterior
process, and by the lack of a median carina on the
latter or the possession of a short one which is
situated at the posterior end, sunk between the
horns of sternite XIIT. Males may be recognized
by the free apex of the ventral costa, the distal
fold that forms a large auricle armed with strong
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WIGURE T5.—Penaeus (M.) brasiliensis Lat,

—— 1

a. Petasma, & 36 mm. c¢l, N. of Peninsula de Paria, Venezuela.
b. Petagma, interior surface, & 36 mm. cl, N. of Peninsula de Paria, Venezuela,
& 86 mm. cl., N. of Peninsula de Paria, Venezuela.

e. Petasma, distal portion,
d. Appendix maseulina, & 42 mm. cl, off Guyana.

U.8. FISH AND WILDLIFE SERVICE




=
-
-
=
-

FI1gure T6.—Penueus (M.) brasiliensis Lat. a.
Median protuberance with horns on posterior
margin of sternite XIIT, 9 43.5 mm. cl., E, of
Georgetown, Guyana. b. Thelycum, ¢ 41 mm.
¢l, off Surinam. c¢. Thelycum, 2 42 mm. c.l,
off Surinam.
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spines on its inner surface, and the long disto-
median projections of the petasma.

P. brasiliensis also often has the cicatrices on the
sixth abdominal somite conspicuously smaller, par-
ticularly the posterior one, than those of any other
Penaeus from the entire region. .

P. brasiliensis juveniles closely resemble those of
P. d. duorarum and P. d. notialis; in P. brasilien-
sés males, however, the median ridge on sternite
XIV is higher, particularly in the anterior por-
tion which is produced in a triangle (as seen in
lateral view), and the groove surrounding the
ridge is deeper than that found in the two sub-
species of P. duorarum. Furthermore, in males 10
to 11 mm. c.l., 47 to 51 mm. t.1., the ventral costa of
the petasma lacks distomarginal spines. Males 12
mm. c.l., 55 mm. t.1., usually have the distomedian
projections of the petasma longer and more slender
than those of P. d. duorerum and P. d. notialis of
corresponding size. In females, 12 mm. ¢.1,, 55 mm.
t)., the anterior process is smaller; the lateral
plates have the anteromedian corners angular or
pointed anteriorly rather than rounded, and if the
posterior process bears a median carina, it is lo-
cated between the horns. In addition, in the Carib-
bean region, the dorsolateral suleus in P. brasilien-
sig 1s usually narrower than in P, d. notialis.

Juveniles of P. brasiliensis are distinguished
from those of P. a. aztecus and P. a. subtilis by the
usually almost straight rostrum which is also
shorter than in P. a. subtilis through their com-
mon range; males may also be distinguished by the
sharp median ridge on the ventral surface of ster-
nite XIV, and females by the posterior process,
which is less prominent, is not produced caudally,
and oftten lacks a median carina, which, if present,
is situated more dorsally. The median sulcus is
also deeper and longer, and the adrostral sulcus
much wider and longer than in juveniles of 7. a.
subtilis. The typical characters of the external
genitalia mentioned above also distinguish P. dra-
siliensis Jjuveniles from those of P. paulensis. Fur-
thermore, the dorsolateral sulcus is usually broader
in P. brasiliensis throughout their common range.

Reproduction

SUBADULT STAGE-SEXUAL MATURITY

The smallest males observed with joined pe-
tasma were 15 mm. cl, 69 mm. t.1.; many indi-
viduals to 22 mm. cl., 97 mm. t.1, however, had
unjoined petasmal endopods. It, therefore, appears
that males reach the subadult stage within the
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size range 15 to 23 mm. c.l., 69 to 101 mm. t.]. The
smallest females with functional thelyca were 15
mm, ¢.L, 70 mm, tl., but in many females 19 mm.
e, 86 mm, tl, the lateral plates were non-con-
tiguous. Thus, they reach the subadult stage with-
in the size range 15 to 20 mm. ¢.l., 70 to 90 mm. £.1.
No studies have been made to allow conclusions as
to the size at which females first reach maturity.
COPULATION

As it seems to be true in other Penceus with a
closed thelycum, copulation in P, brasiliensis is
believed to take place between a hard-shelled male
and a soft-shelled female.

OVARY DEVELOPMENT AND SPAWNING

No studies have been conducted.
SEX RATIO

No intensive sampling has been carried out to de-
termine the male-female ratio,

Postembryonic Development

LARVAE, POSTLARVAE, AND JUVENILES
No studies have been made on either larval or
postlarval stages of this shrimp.

My studies showed that juvenile P. brasiliensis
of 18 mm. t.1. have distinetly long adrostral sulei.
This character allows for the separation of early
juveniles of this as well as those of the other
grooved Penaeus, from those of the nongrooved
P. setiferus and P, schmitti. At a minimum of about
20 mm. t.1. males and females are distinguished, as
are those of the other grooved Penaeus in the west-
ern Atlantic, by the endopods of the first pair of
pleopods, which in the males are longer and are
located more proximally on the bases than in the
females. In addition, males have a sharp, high
ridge on the midline of sternite XIV, whereas in
females the sternite XIV is produced on the mid-
line where a knob is frequently present. (See also
under Relationships.)

GROWTH
No studies have been made.

SEX DIFFERENCES IN SIZE

The largest females on record were 250 mm, t.l.,
reported from eastern Venezuela by Davant
(1963), whereas the largest I measured was 58.5
mm. ¢l, 214 mm. tl, from off Guyana. The
largest male rvecorded was 191 mm. t.l., reported
by Holthuis (1959) from Surinam waters. Off-
shore samples indicate that, as in other Penaeus

WESTERN ATLANTIC SHRIMPS OF GENUS PENAEUS

from the western Atlantic, P. brasiliensés females
become larger than males.

Ecology

SUBSTRATE

P. brasiliensis juveniles are more abundant
where the bottom consists of soft mud. Laguna
Doctor, Playa de Baracoa, Cuba, where Pérez
Farfante et al. (1961) carried on their sampling,
has a bottom of very soft mud covered with vege-
tation, a habitat typical of most nursery grounds
for Pengeus shrimp, Adults seem to prefer rather
firm bottoms. According to Bullis and Thomp-
son (1959a), along the Continental Shelf of South
America, from Trinidad to the Amazon River, this
species is most abundant on bottoms consisting
chiefly of a mixture of mud and sand.

DIEL CYCLE

P. brasiliensis has mostly nocturnal habits; the
young in inshore water are fished at night. Tremel
and Mistakidis (1965) described in detail the night
fishing for camarfic rosa (P. brasiliensis and P.
paulensis) in the coastal lagoons of the State of
Santa Catarina, Brazil. Adults are also active at
night; Bullis and Thompson (1959a) stated that
during their exploratory fishing, “catches fell off
at or before daylight, and daytime trawling was
unproductive for this species.”

The only information available concerning the
influence of the lunar phases on the behavior of
this species is that given by Wheeler (1937) ; his
observations were made in the Bermudas. This
author stated that P. brasiliensis showed a rhyth-
mic pattern of activity and quiescence over the
new and full moon, respectively, and concluded
that the most probable cause of periodic swarming
is the eyclic absence of light, He also indicated
that the effect of light is occasionally subject to
interference by such factors as the opacity of the
water.

MOVEMENTS

No information is available regarding migra-
tions of P. brasiliensis at any stage of its life cycle.
The only data gathered are a few records of the
time juveniles and subadults occupy inshore waters
in different areas throughout the range. Eldred
(1960) reported juveniles and subadults in Bis-
cayne Bay, Fla., in July, December, and February.
Later this species was found to form a large per-
centage of the shrimp that live in the Bay during
the summer. I have identified specimens from in-
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shore waters of Florida taken during both summer
and winter.

Tt appears that in the Caribbean region P. brasi-
liensis occupy the nursery grounds at least from
December to June. The sampling carried out by
Pérez Farfante et al. (1961) in Laguna Doctor,
Playa de Baracoa, Cuba, showed that small indi-
viduals to 95 mm. tl. were present during two
periods each year, March-June and September—
December. Individuals up to 110 mm. t.1. were col-
lected in January and February, and larger

shrimp, 126 to 130 mm. t.1, from March through -

May. No $pecimens were taken in July or August.
According to Lindner (1957), fishing for the
young is usually carried out in the marshes of
northern Colombia from January through May;
farther east, in the Gulf of Venezuela, Ewald
(1964, 1965¢) found specimens 18 to 23 mm. el.
from December to June.

Tremel and Mistakidis {1965) reported that in
the State of Santa Catarina, Brazil, P. brasiliensis
and P. paulensis ave caught in the coastal lagoons
from August to April.

EFFECTS OF TEMPERATURE

P. brasiliensis seems to prefer waters of rela-
tively high temperatures. It is the only one of the
four Penaeus in the southeastern Atlantic Coast of
the United States that does not invade the colder
waters north of Cape Hatteras, and in the South-
ern Hemisphere only stragglers seem to wander
south of Laguna, Brazil. Furthermore, the densest
concentrations of 7. brasiliensis are found in the
warmest portion of its range. Experiments by
Scholander et al, (1953) showed that “Penaeus sp.
(brasiliensis)” could not tolerate temperatures
lower than 8° to 12° C., nor those above 35° C.
EFFECTS OF SALINITY

P. brasiliensis, like other species of Penaeus, ap-
pears to have a wide range of salinity tolerance
during the inshore phase of its life. The meager
information available, however, suggests that at
least the young have a high optimum salinity.
Lindner (1957) reported that although the young
are fished intensively during the dry season— Jan-
uary through May—in Ciénaga Grande de Santa
Marta, Colombia, the extensive marsh area in
northern Colombia between Barranquilla and
Santa Marta, they are caught during the entire
year when rainfall is not heavy and the marsh
waters are not greatly diluted. During floods fish-
ermen are unable to locate shrimp in the area.
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ENEMIES AND DISEASES

Iversen and van Meter (1964) published the
first record of a parasite in P. drasiliensis. In Bis-
cayne Bay they found this shrimp infested with
Thelohania duorara Iversen and Manning, the
microsporidian that causes the condition known
as “cotton” or “milk” shrimp. Infestations of this
parasite in P. d. duorarum are common.

Commercial Importance

P. brasiliensis is important to the fisheries of
several Latin American countries, although it
ranks lowest among the commercial Penaeus from
West Indies northward, In Biscayne Bay, the
only area in the United States where it is known
to be significantly represented in the catches, this
species may contribute to 41 percent of the shrimp
caught during July (Costello, 1963; Joyce and
Eldred, 1966). It abounds there in summer and
fall.

This species forms only a very small percent-
age of the catches in the Greater Antilles, Milton
J. Lindner has informed me that the U.S. boats
have been taking spotted pink shrimp in numbers
off Contoy, Mexico, for several years. P. brasilien-
#is contributes substantially to the catches made
off Nicaragua (Croker, 1967; Instituto de FFomen-
to Nacional, 1967). Lindner (1957) reported that
the young are taken in Ciénaga Grande de Santa
Marta, Colombia. Ewald (1964, 1965¢) stated that
it is the least important of the commercial species
of Penaeus in western Venezuela, where it is
caught only seasonally in the northeastern portion
of the Gulf of Venezuela and outside the Gulf
proper, north of Cabo San Ramon, P. brasiliensis

supports the fishery of Isla Margarita, which, ac-

cording to Croker (1967), probably accounts for
most of the 236,757 kg. of shrimp taken along the
coast of Venezuela, east of the Gulf.

P. brasiliensis makes up most of the gigantic
catches made along the Atlantic Coast of South
America, from Guyana to Baia de Marajé, Bra-
zil. In 1965, exports to the United States from that
area amounted to about 7 million kg.

This species apparently has limited commercial
value throughout the coastal waters of northeast-
ern Brazil, but it is important to the fisheries in
the neighborhood of Cabo Frio and southward.
Da Silva (1965) stated that the young of P. bra-
siliensis are the most abundant ghrimp in Baia de
(uanabara ; offshore the adults make up 2 relative-
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ly large percentage of the shrimp catches, Land-
ings of camarfio rosa (P. brasiliensis, P. poulen-
sés, and perhaps P. ¢. subtilis) in Rio de Janeiro
during 1965 amounted to 63,900 kg., but in 1966
to only 10,700 kg. (SUDEPE).

The estimates by Braga (1962) indicate that £.
brasiliensis together with P. paulensis make up 2
large percentage of the landings at Santos, Sfo
Paulo. The majority of the shrimp landed there
under the name camario rosa, however, seems to
be P. paulensis. According to Tremel and Mista-
kidis (1965), camarfio rosa (P. brasiliensis and P.
paulensis) is fished in the State of Santa Catarina
in the lagoons and the ocean throughout the year.
The production in that State during 1965
amounted to 248,600 kg., and during 1966 reached
an all-time high of 688,500 kg. (Centro de Pes-
quisas de Pesca). -

Mistakidis (1965) found, contrary to previous
information, that P. brasiliensis is very scarce in
Lagoa dos Patos, where P. paulensis is responsible
for the large commercial catches in that vast body
of water,
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