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1 IDEBNTITY
1.1 Nomenclature
1.11 Valid name

Ponacus metiferus (Linneaus) 1767, Syst.
Net.(®d.12) 1:1054

The oontroversy over the use of the
neme getiferus for the present species or for
P, schmittd bas been definitely decided in
favor of the firat alternative by the Inlter—
national Commisslon on Zoologloal Nomenolsature
in their Opinion 817 (1967, Bull. zool.
Nomencl. 24(3):151).

1.12 Objeotive synonymy Y

‘Astacus fluvietilis, Americanus, Seba,

1759

Cencer setiferus Linneeus, 1767

Astecus setiferus (Linneeus) Olivier

1791

Cancer (Uammarellus) setiferus
(Linnseus) Herbst, 1793

Peneeus fluviatilis Say, 1818 (an
objective synonym of Cancer setiferus
L., 1767, through the type seleciion

by Holthuis, 1964, Bull. zool. Nomencl.,
21(3)3233).

Penaeus setifer (Linnaeus) 1L,

Agassiz, 1849

1.2 Tazonomy
1.21 Affinities

Supragensric (to famlly after Waterman
and. GChace, 1960)

Phylum Arthropoda
Clags Crustaceea
Subclass Malacostraca
Series Fumalacostraca
Superorder Eucarida
Order Decapoda
Suborder Natantia
Sectlon Penaeidea
Family Penaeidae
Subfamily Penaeinge

Qenerio

Genus Penaeus Fabrioius, 1798, Suppl.
Ent.Syst.z}gﬁ,Aog, Type species, by selection
by Latreille, 1810, Consid.gén.Anim.Crust.
Arachn.Ins.:102,422;: Penaeus monodon Fab~
rioius, 1798, Suppl.Ent.Syst.:408. Gender:
magouline .

Definition

Rostrum toothed dorsally and ventrally.
Carapace without lomgitudinal or transverse
subures; cervical and orbito—antennal sulel
and antennal cerinase always present. Hepatic
and antennal mpines pronounced, plerygostomial
angle rounded. Telson with deep median sul-
cus, without fixed subapical spines, with or
without lateral movable gpines. Mirat an-
tennular gegment without & spine on veniral
distomedian border. Antennular Fflagella
shorter than carapace. Maxillulary palp with
2 or 3} segments, usually 3, Basial spines on
lst and 2nd pereiopods; exopodm on lat 4 per~
eiopods, usually present on 5th. Potasma
symmetrical, pod-like with thin medlan lobes
with or without distal protuberances; lateral
lobes often with thickened ventral margin,
Appendix masculine with distal segment sub-
triangular or ovoid, bearing numerous gpines.
Thelycum usually with an anterior process,
variable in shape, lying between the coxae of
4th perelopods; with or without lateral plates
on sternite XIV., Pleuvobranchise on somites
IX to XIV: & rudimentary arthrobranch on
somite VII, and a posterior arthrobranch on
somite XIII; mastigobranchiae on =momites VII
to XII. Zygocardiac ossicle consisting of
8 principal tooth followed by = longitudinal
row of smaller teeth which often end in a
cluster of minute teeth, Body glabrous,
(After Dall, 1957, slightly modified by Pérez-
Farfanie),

Specific
Identity of type specimens

The specimen figured by Seba (1759, Loou-
plet. Rer. nat. Thes. 33 pl. 17 fig. 2) is the
holotype, or if the original description was
based on more material, the lectotyps of Cancer
setiferus L. (by the selection by Holthuim,
1962, Gulf Research Rep. 1(3):115). fThe
original fype material is lost and a neotype
has been designated by Burkenroad (1939, Bull.
Bingham oceanogr. Coll. 6(6):117). The neotype
is a male from Mataenzas Inlet, Florida (0-10
fathoms, otter~travl 2 April 1934, M.B, Bishop)
in the Blnghaw Oceanographic Collsction of Yale
University, New Haven, Conn. U.S.A., premerved
under no. B,0,C. 237. "This neotype selsction
has been validated by the International Come
mission on Zoological Nomenclature in their
Opi?ion 817 (1967, Bull. zool. Nomencl, 24(3)s
151).

Type locality

"In Indiis" (Linneeus, 1767), restricted
to "America" (Seba, 1759) by the lectotype
selection (Holthuis, 1962) and s%ill further
restricted to Matenzas Inlet, Floridae, U.S.4.
by the nectype selection (Burkenroad, 1939).

E7‘Th@ suthors wigh to express their appreciation to Dr. Holthuis who provided the infermation in

this section,
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Diagnosis

Adrostral oarina not reaohing behind
middle of oarapaoce; gastrofrontal oarina
absent; hepatio oarina present; rostral
teeth usually 9 dorsal, 2 ventral; an-
terior portion of the veniral margin of the
plsuron on the 1lst pleonio somite almost
straight; thelyoum of female with open
seminal reoceptiole; posterior portion
of 14th sternite of female with oonspio-
uous pair of fleshy protuberances; disto—
ventral lobule of distomedian lobe of petasma
rounded and not projeoting; petasma of male
with diagonal ridge aoross ventral face of
distoventral lobe (Burkenroad, 1934, 19363
Ewald, 1965).

Subjeotive synonymy

Penaeus orbignyanus latreille, 1817
{(see Burkenroad, 1939, p.19).

Penasus graoilirostris Thallwitz, 1891
(ses Burkenroad, 1939, p.17).

Key to aspeoies

For key to speoies of the western
Atlantic see seotion 1,21 of synopsis on
Penaeus sohmitti by Isabel Pérez—Farfanta
(1970).

1,22 Taxonomio status

Penaeus setiferus is one of the about
28 gpecies of the genus Penaeus, and the
first to ever get & valid soientifio name.
It is very olose to Penaeus sohmittli Burken—
road (see Species Synopsis 10) and was only
disginguished from that species as late as
1936,

1.23 Subspeoies

No subspeoies are ourrently recognized
in this speoiss.

1,24 Standard oommon names

U.S.A.s white shrimp
Mexioo: oamardén blanoco

Vernaoular names

U.S.A.s oommon shrimp, arohaio
green shrimp (Southport, N.Carolina
i " Jacksonville, Florida
gray shrimp (N.Carolina and Florida
green-tailed shrimp (Pamlioo Sound,
N.Carolina)
blue-tailed shrimp (Ooraooke,
N.Carolina)
lake shrimp (Louisiana)

1.3 Morphology
1.31 External morphology

Young (1959) demoribed in detail the
skeletal and musole systems and disoussed the
nervous, oiroulatory, digestive, exoretory, and
reproduotive systems. Burkenroad (1934, 1939)y
Rioja (1939, 1940, 1941), and King {1948)
desoribed minute details of the external and
internal reproductive systems.

Williame (1965, p.18) desoribed the oolox
"Body transluoent, bluish white with dusky bands
and patohes oomposed of soattered blaok speokss
rostrum and sides tinged with pink; Dblades of
pleopods marked with dark red; antennze dark
brown; uropods with tips of blades dark brown-
ish purple with narrow sitripe of yellowish
green along mavglin,"

Burkenroad (1934) reported that speoimens
from the Atlantio ooast of the United States
bave longer rostirums than those from the Gulf
of Mexioo, but Lindner and Anderson (1956) be-
lieved Burkenroad was oomparing immature Atlan~-
tio speoimens with mature Qulf shrimp. Pérez-
Farfante (personal ocommunioation) deteoted no
differencesg between the Atlantio and Gulf of
Mexioo populations.

Mature shrimp bhave a shorter rostrum than
immature shrimp of the same total lenmgth. Lind~
ner and Anderson (1956, Fig.30) showed the rela-
tion between rostral length and total length for
immature and mature female shrimp from Louisiana.

The bodies of older shrimp tend to thicken,
and their weights are greater in proportion to
length than are those of younger shrimp (Ander-
son and Lindner, 1958; Viooa, 1920).

(See almo 3.11)
1.33 Protein speoifioity

Serological oomparisons of saline-hemooya-
nin filtrates of P, getiferus, P. azteous and
P, duorarum from North Carolina by Leone and
Pryor (1952, p.31) ".., place P, azteous and
P, duorarum oloser to eaoh other than either is
to P, setiferus ..." and "P, setiferus is more
similar to P, duorarum than it is to P, azta-
ous,” These authors also stated, "The sero-
logioal differences are significant, and support
the theory that these organisms are three dis-
tinot, but olosely related, species",




o ]_446 -

;EB@/S101 Penasug getiferus

239

2 DISTRIBUTION

2,1 Total area

According to Pérez-Farfante (personal
communication), P. getiferus is limited to the
gagt coast of the United States and the Gulf
of Mexico, land areas 235, 237, 238, and 311
of FAO dimtribution code (Helthuis and Rosa,
1965), It has been reported from Fire Island,
Wew York (Burkenroad, 1939), south 4o St.
Lucie Inlet, Florida (Cunter, 1963), with the
cenier of abundance off Georgia and north-
sastern Florida. It was generally thought to
be absent between St. Lucie Inlet and
Ochlocknee River, Florida (Joyce and Eldred,
1966), but Springer and Bullis (1952), re-
corded one specimen from about 46 m of water
at lat.24°46' W, and long. 82°59' W. Trom
Apalachicola Bay, Florida, a concentration ex-
tending westerly and southerly +to northeastarn
Mexico has a center of abundance in Louisiana.
A third concentration in the southern pard of
the Gulf of Campeche extends northeasterly
along the coast from about Tupilco, Tabasco
%o Campeche, Campeche (Lindner, unpublished
records). Bullis and Thompson (1965) caught
P. sesiferus at lat.20°17' N, long. 91°35° U,
which appears to be near the limit of its oc-
currence in this area. The greatest depth re-
corded for P. setiferus is about 82 m in the
Gulf of Mexico near the mouth of the .
Misgiseippl River (Bullis and Thompson, 1965,
ORECON mtation 1495, lat.28%48° N, long.
89%26" W; 45 fm (82 m)).

The species is mos+t abundant in areas
characterized by extensive inland, brackish
marshes connected by passes to shallow, off=-
shore areas of relatively high salinity and
mud or clay bottoms (Anderson, King and
Lindner, 1949). In the bays and shallow
waters along the coasts of Georgia and the
northwestern Gulf of Mexico, it is most
frequently taken by otter trawls in associa~
tion with fishes of the Family Sciaenidae
(Anderson, personal communication; Gunter,

1945),

2.2 Differential distribuiion

2,21 Spawn, larvae, and juveniles

Most, and posmibly all, spawning of FP.
setiferus is at sea. Off Louisiana, spawning
probably does not occur in depths less than
about 9 m (Pearson, 1939; Lindner and
Anderson, 1956). At Port Aransas, Texas,
Heegaard (1953, p. 78) believe it "spawns
immediately outside the coamt at a distance
of 5 40 6 miles (9.3 to 11.1 km) from shore."
Some spawning along a portion of the Atlantic
coast may occur near shore. Pearson (1939)
collected eggs on 5 occasions at St, Augumstine
Inlet, PFlorida, and Lindner and Anderson
(1956, p. 616) on the basie of ripe shrimp
taken in trawls stated, ". . . most spawning
in Georglia and northern Florida is in outside

waters more than 1 mile (1.9 km) from shore,
although some spawning may actually occur in
inside waters in this area.”

Off Lousiana, most spawning was in depths
between 9 and 31 m (Lindner and Anderson,
1956). The greatest depth at which Pearson
(1939) encountered larvae was aboub 595 me

The eggs are demersal and the larval
gtages planktionic. Occasionally, eggs and
larvae are carried into the estuaries (Pesarsom,
1939), but normally the young shrimp enter the
estuarine nurseries am postlarvas at a total
length (tip of rostrum to tip of telmon) of 6
to 7 mm (Weymouth, Lindner end Andersom, 19333
Pearson, 1939; Anderson, Xing and Lindner,
1949; Bearden, 1961; Baxter and Renfro,
196653 On reaching the estuaries, the pomb-
larvae become benthic (4nderson, Lindner and
King, 1949; Williams, 1955), Habitats are
characterized by shallow water, muddy or peaty
bottoms high in organic detritus, abundance
marsgh grasses, moderate to low salinities, and
widely fluctuating temperaiures (Weymouth»
Lindner and Anderson, 1933; Anderson, King
and Lindner, 1949; Williams, 1955, 1955as
Loesch, 19653 Mock, MS3).

As the shrimp grow, they move graduwally
from the shallow marginal areas to the deeper
parts of the estuaries and then out %o the
open sea. They Tirst appear on the estuarine
fishing grounds in June or July, depending on
locality, at a modal size of between 80 and
100 mm total length. Minimum length is abou
50 mm (Weymouth, Lindner and Anderson, 1933:
Gunter, 1950; Lindner and Anderson, 1956)
Usually within a month of their appearance on
the estuarine fishing grounds, some of the
young have reached the open smea at a modal
length of between 100 and 120 mm. This sea~
ward movement continues throughout summer and
is heightened in fall and winter by lowering
temperatures (Lindner and Anderson, 1956).

2622 Adults
See sections 2.1, 3.51, and 5.31.

2s3 Determinants of distribution changes

The determinants of distribution changes
are largely unknown. Cenerally, it im presumed
that postlarvae enter esiuaries for food and
shelter. Lindner and Anderson {1956) specula=-
ted that the movement from estuarine areas to
the open sea was associated with approaching
maturity. They and Gunter (1950) agree that
this movement is intensified by falling tem—
peratures during the latter pari of the years

Migrations along the Atlantic coast and
offshore~onshore movemenis in the northern
Gulf of Mexico during fall and winter were
attributed to temperature changes by Lindner
and Apderson (1956),



- 1447 -

FRm/S101 Penaeus setiferus

389

3 BIONOMICS AND LIFE HISTORY

3.1 Reproduotion
3,11 Sexusality

Heterosexual. Sexes are easily disting-
uished: male with endopod of the 1st pair of
pleopods modified to form a copulatory organ,
the petasmaj female with open type thelyoum
sltuated between the 3rd, 4th and 5th pereio-
pods.

Rioja (1939, 1940) described the intern—
al or medial antennular flagellum of adult
males as being thioker and more robust than
that of adult femalesj and having 16 of its
segments each bearing 1 uniformly-large
central and 2 small lateral spines. The later=
el spines are lacking on some of the segments
however, especially on the distal ones. The
spines are absent in females, which have a
tuft of bristles near the base of the external
border much longer than in males. Rioja (1939)
believed this antennular organ of the males to
be sensorial and intimately related with
sexual functions.

Four male white shrimp (143 to 180 mm
total length) from the Texas coast that were
examined by us differed from Rioja's descript-
ion, which presumably was based on shrimp from
the Qulf of Campeche. Three of the shrimp had
26 of their antennular segments bearing a large
central spine, and the 4th had 24. There was
only 1 lateral spine per segment and not all
segments with large central spines had lateral
spines. The number varied from 12 to 17,

Dall (1957) said in his description of the
genus Penseusg that the 3rd maxilliped is
sexually dimorphio. Rioja (1948) who studied
in detail the 3rd maxilliped of P. californien-
- 8is Holmes, P. stylirostris Stimpson,

P. vannemei Boone, and P. setiferus, stated
that the 3rd maxilliped of P. oaliforniensis
was sexually dimorphio. He did not describe,
however, sexual dimorphism in the other species.
From this statement we conolude that Rioja
found no difference between the 3rd maxilliped
of P. setiferus males and females. We examin-
ed 2 females (150 and 191 mm total length)

and 1 male (163 mm) from the northwestern

Gulf of Mexico and oould find no sex=linked
differenoes betiween proportions of each seg-
ment of the 3rd maxilliped against dactylus

or between the total length of the shrimp
against length of 3rd maxilliped. In all 3
specimens, the 3rd maxilliped extended to the
distolateral edge of the antennular pedunole,

Weymouth, Lindner and Anderson (1933)
noted a difference which inoreased with age in
mean total lengths of the sexes. This dispar-
ity was later studied by Williams (1955) who
conoluded that after the mean size of the

shrimp in the population exceeded 100 mm, the
mean totsl lengths of the females were consist-
ently larger than those of the males.

3.12 Maturity

Broad (1965), intepreting length-frequen—
cy plots of Louisiana white shrimp published
by Lindner and Anderson (1956), determined
that sexual maturity is reached at a total
length of 140 mm. Burkenroad (1934) reported
that females become sexually mature at a
carapace length of about 35 mm (about 165 mm
total length)and that ripe sperm first appear
at 25 mm carapace length (about 119 mm total
length).

Distinctive ochanges in color end size
accompany maturation of the ovary (King, 1948).
Using these ohanges, King differentiated the
following phases of development which are
easily ldentified in the field.

Undevelopeds ovary small and transparent.

Developings ovary opaquej scattered
melanophores over the surface.

Yellows ovary yellow to yellow-orange.

Ripes ovary drab, olive-brown coloreds
very distended.

Recently spents overy collapsed and notd
as deeply colored as when ripe.

3,13 Mating

There is no record that mating has been
observed, but it is believed that P. setiferus
is promiscuous. The male attaches a spermeto-
phore to the female before spawning. The
spermatophore is placed externally between the
3rd,)4th, and 5th pairs of pereiopods (King,
1948).

3.14 Fertilization

(Generally believed to be externalj upon
emission, the eggs are fertilized by sperm
from the spermatophore. Cook, however, (umn~
published recordsg reported that reoently
oaptured gravid females, without external
spermatophores, spawned viable eggs in the
laboratory. These eggs hatched into apparent-
ly normal laxrvae which were reared to subadult
gize, The sex ratio of the juveniles was {311,

3,15 QOonads

No detailed investigations have been
made on the relation of gonad size and number
of eggs to body length, weight, or age. It
has been estimated, however, that from 500,000
to 1,000,000 eggs are produced by one
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individuel &% o spawning. Anderson, King and
iindwer (1949) counted about 860,000 eggs in
the ovarles of a ripe female 172 mm total
lsngth. Burkenroad (1934) reported that the
gparmatophores of large mature males were no
larger than those from smaller mature males.

] {1948), who examined the entire gonads of
soveral speoimens of both mexes, reported them
%o be homegenous in structure and stage of
devaelopment of the germ cells.

3016 Spawning

The number of times & white shrimp spawns
in o single year is unknown. Most shrimp
blologiste agree that these ashrimp may spawn
repeatsdly in o single sesson. Lindner and
Anderson {1956} speculated that a single
shrimp could spawn as many as 4 times in a
segason and indicated that a few females probab-
ly survived to spawn during a second season.

Weymouth et al, (1933, p. 24) stated that,
"P. setiferus spawns from March or April %o
August or September o o o o" With comsider-
ably more data than those available to
Hoymouth et ale, Lindner and Anderson {1956,
P.616) concluded, "When we consider sampling
technique and errors, it appears probable that
there is little, if any, difference between
spawning seasons in any of the localities we
covered between South Carolina and Texas.
There probably is not more than about 2 weeks'®
difference in the begimning of spawning between
any of the localities. Spawning may stard
later in South Carolina and Georgia than it
doeg in FPlorida, louisiana, and Texas, but in
all the lcoalitles it probebly beging either
during the latter part of March or early in
April and mey possibly continue on into ,
Kinvember, though probably it is compieted by
the end of September,”

Lindner end Anderson (1956} placsd the
peak of spawning in June or July. MNore recent
gtudies on ovarian development in the northe-
wostern Gulf of Mexigo by Renfro and Brusher
(MS) and on coourvence of larvas in planition
oollections by Temple end Fischer (1968)
substantiate the Tindings of Lindner and
Anderson (1956 ).

Spawning in laboratory aguariums has
socurred only at uight. On 2 ococasions,
2. setiferus spawned between 2230 and 2300
Central Standaxrd Tine (Coaky unpublished
rocords Jo

Spawning is assocloted with sigze and
probably slso with age becauss the largest
females & an first {(Weymouth et al., 19333
Lindner ar Anderson, 1956 ).

Spewnlng also appears to be affected by
temporaturs. Lindwer and Anderson (1956,
ve 520) stated, "Spawning in Louisiana appears

t0 be more closely associated with rising and
falling temperatures than with absolute tempe=
rature. . « The comparatively abrupt rise in
the spring temperature coincides rather close=
ly with the beginning of the spawming season
and may, indeed, initiate it; while the season
peeme to terminate as soon as the temperatures
begin to decline rapidly in the fall, even
though they are at that time sppreciably highe-
er than those which evidently induced spewning
in the spring."

Data from studies in sreas where the 3
species P. getiferus, P. duorarum and P. azte-
ocus occur together suggest that spawning sea~
sons of the first 2 probably coincide. That
of P. aztocus overlaps the others bul its pesk
of spawning activity is either later or earlier
(willisme, 1955; Joyce, 19653 Christmas, Cun-
ter and Musgrave, 19663 Renfro and Brusher,
MS). Temple and Fischer (1968) indicated that
in the norihwestern Oulf of Mexico peak spav-
ning of P. aztecus ocours later than that of
P. setiferus and that the larvae or postlarvae,
or both, of P. aztecus overwinter in waters of
the continental shelf,

The eggs are spawned directly inte the
vater and there iz no nesting or reproductive
isolation,

Spewning activity within a seasgon appesrs
to increases $0 a single peak and then decline,
but the young produced de mot follow this pat-
tern. Depending upon the looality, two or three
broods of young shrimp may appear on the fishing
grounds each season {Uunter, 19503 Lindner and
Anderson, 1956 ).

3.17 Spawm

The eggs are demersal, ncnadhesive and
spherical. Live eggs measure 0.28 mm. Rech egg
has & #hin, trausparent wmembrans, or chorion,
that gives a purplish-blue woloration in reflsote
ed light under the microscope (Pearson, 1939},

3»2 Pre-adult phase

3.2 Embryonic phase

in late developmental steges, the embryo
is well-differentiated almost filling the ege,
and leaving only & narrow perivitalline space.
The length of the embryo iz about 0.26 mw. The
dark brown embryo is invested by a thin, trang.
parent, and colerless embryonic membravs., Thres
pairs of appendages, oorresponding %o the st and
2nd antennae and mandibles, san be sesn folded
clossly to the body., Several hours before
hatohing the embryo makes convulsive movements
within the egg. The embryonic membrane is
broken by the antennse. The egg membrans is
normally ruptured soon after and the larva
emerges. Aotual emergence from the egg tekas
only a few seconds (Pearson; 1939},
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3,22 Larval phase

White shrimp larvae were desoribed by
Pearson (1939) from speoimens taken from the
plankton. He enoountered 5 nauplial sub-
stages, 3 protozoeal subatages, and 2 mysis
substages. Heegaard (1953) also reported 2
mysis substages but an editorial footnote
suggests more than 2. Three mysis substages
are present in laboratory-reared larvae (Cook,
unpublished records). It is probabls that
Pearson did not encounter tha 2nd mysis sub=-
stage.

Johnson and Fielding (1956) reported that
the length of larval life was 10 to 12 days.
They said; however, that the metamorphio period
is not of fixed duration, but depends to some
extent on looal food and habitat. When reared
in the laboratory at 30° C, larvae grew to ist
postlarvae in 9 to 13 days; those reared at
220 ¢ required 15 to 24 days (Cook, unpublished
records ).

Nauplii do not feed, but utilize yoli
granules whioh fill their body, Feeding starts
at the 1st protozeal substage. In the labora-
tory, they are fed suooessfully with miorosoo-
pio green algae and brine shrimp nauplii.

First protozea feed while swimmingj movements
of the maxillae and maxillipeds produce a feed—
ing ourrent (Pearson, 1939).

The siges of the various larval stages are
given in Table I,

3.23 Adolesoent phase

During the early postlarval stages, the
young shrimp are still planktonio in the off-
shore waters. At a total length of about 7 mm
they enter the sstuarine mureery grounds and
take up a benthio existenoe, undergoing no
striking morphologioal ohanges as they oontinue
development. Williams (1953, 1959) has given
oharaoters whioh allow separation of oertain
g8ize ranges of postlarval white shrimp from
postlarval P. azteous and P. duorarum of
comparable sigzes

Various estimates have been made of growth
during the adolesoent phase. Viosca {(1920) and
Gunter (1950) estimated growth at about 1.0 mm
per days Williams (1955) at 1.2 mm per dayj and
Lindner and Anderson (1956) at 80 mm in 2 mo or
1«3 mm per day. Loesoh (1965) suggested that
%very young white shrimp may grow as much as
65 mm per month"” or about 2.2 mm per day.
Johngon and Fislding (1956) estimated that
captive postlarvae grew at a rate of 2.1 mm per
day for 24 days and 1.7 mm per day for the next
28 days. R. S. Wheeler (personal ocommunioation)
groew postlarvae from 12.2 mm to 92.9 mm in
5 wk during the summer in a pond at Galveston,
Texass growth rate was 2.3 mm per day.

TABLE I
Size of egg, larvae and first postlarvae
of vhite shrimp (Pearson,1939)

Stage of development Length (mm)
Egg 0,28
Nauplius I 0,30~0,34
Nauplius II 0,32=-0,34
Nauplius IIX 0636-0,40
Nauplius IV 0, 38=0044
Nauplius V 0,46-0,56
Protozoea I 0,80-1,14
Protogoea II 1o3 =1.7
Protozoea III 2,2 =2,6
Mysis I 3,2 =3.8
Mysis 1" 400 =4.4
Postlarva I 4,0 =5,0

# Probably Mysis IIT.

Williams (1955, 1955a), who studied
estuarine habitates, noted that bottom areas of
mud or fibrous peat are preferred by young
P. setiferus, but that they ocoasionally oscour
on bottoms of sand or olay. He also oonoluded
that the depth of water over these areas did
not affeot the numbers of shrimp, and that
preferred areas usually had abundant oover,
oonsisting primarily of organio litter and
living vegetation. In oontrolled laboratory
experiments; juvenile P. setiferus ocourred
more frequently on loose peat, sandy mud, and
muddy sand than on shell sand and beaoh sand
(Williams, 1958).

In Mobile Bay, Alabama, postlarval and
juvenile P, setiferus (15 to 70 mm total length)
were most abundant in water less than 0.6 m
deep where the bottom ocontained large amounts
of organio detritus (Loesoh, 1965). Mook (MS),
who sampled postlarval and juvenile white shrimp
in an eatuary at the shore and at a distanoe
of about 15 m ana 30 m from shore, enoountered
98 peroent of the white shrimp at the shore
station. This shore ares was oharaterized by
an organic mat or peat bottom (composed of more
than 40 peroent organios) bordered by emergent
vegetation that was under water at high tide.
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Various investlgators, inocluding Gunier
{1950, 1961), Gunter, Christmas and Killsbrew
{196@?; ¥illiams (1955a),and Joyce (1965) have
reporiad that postlarves and juveniles of
B, petiferun, P. sztecus, and P. duorarum
pengirate towerd fresh water inm the order given.
Gunter, Christmas and Killebrew (1964) recorded
iewor salinity limits of 0.42°/co for P. sebi-
Tozug, Qaﬁﬁc/go for P. aztecus and 2.500/o0 for
I3 vrarum in the northern Gulf of Mexico. On
thw noribeest cosst of Floride the lower sali-
nihy limits wores P. setiferus, 0.26°/ocs
P mztsous, 0.46%/003 end P. duorarum, 0.64°/co
Troyoe, 1965 )

In CGalveston Bay, Texas, Lee Trent and
Jask Pullen (personal communication) om 23 April
1966, caught 9 P. sztscus, ranging iu.total
length btetwssn 40 and 75 mm, in bottom salinity
of 0.1°/o0. The bottom temperature was 28.,0° Ce
On 12 July 1966 they captured 70 P. setiferus,
35 to 65 mm long, in a salinity of 0.79/00 and
s temperature of 29.0° (. (There ig pome Ques-
tion ae to the accuracy of the above low sali-
nity records because they were determined from
chlorinity enalyses.)

At the other extreme, Cuniter (1961) repori-
ef. P. setiferus from o msalinity of 41.3°/co and
Hildebrana (1958) caught them, from #3 %o 76 mm
loung, in Laguna Madre, Mexico in salinity of
47,967 foo, " Wildebrand (personal communication)
shateds "In Laguna Madrs of Texas, I have taken
several specimens &t & salinity of 62.4%/cc.
However, this was in South Bay where the sali-
nity might vary greatly with wind shifts and
tidel patierne over relatively short periods of
time. I aleo took it in salinitiss of 56.8%/on
in the Upper Laguna Madre nsar South Bird Island.
In gensral, I would sgree with Simmons (1957)
that 1t _is generally rarve at salinities grester
than 409/90 and that the few that osour at high-
or melinitiss are strays or pariticularly herdy
individuals which have survived a gradual in-
orsase in salinity.”

in general, results of lazboradory experi-~
ments substaniiate flsld ohgevwationg.
Griffith ond Zein-Eldin (personal communication)
resorded 00 percent survival of P. setiferus
affter 1 wo's exposure to salinities of 4.0 and
5£m0°/a0& These specimens were betwsen 50 and
100 mm total lengthy they were held at a cone
ebant temperature of 25% & and were gradually
acclimated to the finel salinities over & peviod
of 4 wis

In ancther experimenti, when shrimp increas-
ed in aversge jotal length from 6 tc 50 wm in
28 daya, 89 percent of the experimental popul-
asion aur wed salinities of 2.0 and 40.0°/co.
Temperaty 8 wers held constant at 259 O end
the soolimation period wes 48 h.

Zoula Zein-EBldin and Ueorge Uriffith
(pereonal communication) believe that the period
of acclimation is extremely important in deter-
mining the exiremes of salinity and temperature
at which Penueus spp. can survive.

Temperature exiremes are not documented as
well as salinity extremes. Weymouth et al.
(1933) encountered P. setiferus in temperatures
vanging from 9° to 31° €. Both P. setiferus
and P. aztecus have survived a temperaturs of
369 T in e pond in North Caroline (Lunz, 1956).
The total length ranged between 5.1 and 9.5 om
for P. setiforus and between 11,4 snd 178 em
for F. aztecus. The same author (1958) stated
that shrimp (presumebly P. setiferus) in ponds
survived temperatures exceeding 38Y C.

Trent aund Pullen {personal oommunication)g

after examining data from studies in Celveston

Bay, reported the catch of 1 live but immobile
Po getiferus (65 mm total length) on 28 January
1963, where bottom temperature was 2,6° C and
salinity 12.8%/oo. Their records also show &
catch of 531 P. setiferus (mean total length

85 mm) at botiom temperature and salinity of
35.5% ¢ and 24.00foc on 26 August 1963,

Rapidly decreasing temperature is known to
kill P, metiferus.  The rapidity of the changs
appears %o be more important than the soitual
temperature (Gunter, 1941; CGunter and Hildebrand,
19513 Lindner and Anderson, 319563 lums, 1958},
iathal temperatures are not known but Cunter
(1941) reported surface weter im Copano Bay,
Texas, 10 have reached a low of 4° ¢ during the
1940 kill and Iuns {1958) mentioned 4.5° .

Heymouth ot 81, {1933) snd Cunter {3950)
obtalned & positive correlation betwesn salipiiy
and sige of white shrimp, bui Lindner and
Anderson (?956) demonstrated that the size rslat
ion was with locality rather than selinity.

Gunter and Hildebrand developed a relation
between Texas ruinfall and Texas catoh of P. peii-
ferus. The highest correlation was botwoon Loe
catch of the year and the average sonuel rain-
fall of that year and the two previous yeers,
with high oatches associated with high rainfall
values, Thoy believed this welation was ssused
by ealinity changes in the bays (Hildebrand and
Gunter, 19933 Cunter and Hildebrand, 1954).

3.3 Adult phase

3.31 Longevity

Yo method has been developed %o deberming
reliably the age of an individual shrimp.
Lindner (1953) developed a techniqus for ssiime
ating ages for resiricted periods by mark-recap-
ture expeorimenis, and Lindner and Anderson (1956}



- 1451 -

mﬁﬂm/5101 Penaeua setiferus

385,

demonstrated its usefulness in interpreting
length-frequency distributions. Neither this
technique, however, nor the von Bertalanffy
growth formula, 1l = Le (1—1‘K(t"to3), can be
used as a reliable indicator of shrimp age when
the constant K changes as it does in P, geti-
ferus between warm and cold periods. The me—
thod of Ursin (1963) may be an alternative,

Using information giinad fron maturity
studies and length frogueney plots, Lindner
and Anderson (1956) demonstrated that P. seti-
ferus lives at least 16 mo, but owing to high
mortality, the number that live 2 yr or more
is small with respect to the total population.

3,32 Hardiness

Acoording to de Sylva (1954), P» seti-
ferus is the least hacdy, P. aztecus is the
most hardy, and P. duorarum is intermediate.
Field observations by the senior author while
trawling, oonfirmed by David Harrington (per-
sonal communication), indicate P. duorarum to
be the most hardy of the 3 species and P.
setiferus the least. Butler (1962) observed
that under laboratory conditions P. aztecus
is more hardy than P. getiferus.

On the basis of size distribution in wint-
er, Lindner and Anderson (1956) believed that
juvenile and subadult P. setiferus are better
able to withstand cold than the adults. Con-
firmation of this relation by experimental
evidence is lacking.

Shrimp are extremely vulnerable to agricul-
tural pestioides (Chin and Allen, 1957; Butler,
1962, 1963, 19663 Butler and Springer, 1963).
Postlarval and emall shrimp are generally more
sensitive to pesticides than large shrimp;
large white shrimp are less tolerant to some
pesticides than large brown shrimp (Butler,
1962). Butler and Springer (1963, pp. 380,
381) stated, "Because shrimp, orabs, and other
crustaceans are arthropods, like the insects,
they understandably are sensitive to many of
the chemical insecticides. Concentrations of
heptaohlor, endrin, and lindane in the range of
0.3-0.4 popsbe killed or immobilized half of
the adult commercial brown and pink shrimp
exposed in 48-h laboratory tests. Other chlor-
ineted hydrocarbons,; including DDT; chlordans,
toxaphene, and dieldrin, showed similar effects
at 1=6 p.p.b. In the laboratory, paralyzed
individuals may live for days or even weeks,
but in the struggle for survival in the sea
thie condition results almost immediately in
death."

3,33 Conmpetitors

Little ies known about the competition
among the 3 species of Penaeus. P. setiferus
and P. aztecus may pe competitors during most
or all of their lives (Broad, 1965). Where the

3 species occur off Galveston, Texas,

however, the adults oocupy quite distinct
areas. BAdult P. setiferus are most abundant
on mud or sandy mud bottoms shoreward of 27 m,
and adult P. aztecus are on similar bottoms
seaward of 27 m. Adult P. duorarum oocur most
abundantly on shell or sandy shell bottomss.

On the Calveston Bay nursery grounds,
the bulk of P. aztecus young are leaving or
have left these grounds before most postlarval
P. duorarum and P. setiferus have arrived.
When the postlarvae occur together on the same
nursery grounds, those of P. metiferus are
closer to shore than those of P. aztecus
(ioesch, 19653 Mook, MS). Postlarvae of
P. duorarum seem to prefer grass flats.
Williams (1955m) reported seasonal, size, and
areal differences in the estuarine distribut-
ion of postlarvae and juveniles of the 3 speoc-
ies in North Carolina.

3,34 Predators

No exhaustive study of white shrimp pred-
ators has been undertaken. Predators on larvae,
undoubtedly numerous, are unknown. Robert
Temple (personal oommunication) has observed
Penaeus mysis in the digestive traots of arrow
worms ZChaetognatha), but he was unable to
determine whether the arrow worms had been
feeding on the larval shrimp or whether they
had accidently ingested the larvae while in
the plankton net or while dying from the pre-
servative.

Knapp (1949) examined 10,016 stomacha of
34 speoies of fishes from coastal waters of
Texas between 7 June and 31 August 1948.
Shrimp, prinoipally P. aztecus, occurred in
61.8 percent of the 5,946 stomachs containing
food. He reported shrimp as being the most
widely used food between June and August, the
season when P. aztecus is at peak biomass
{Kutkuhn, 1962).

The following fish predators of Pensaeus
shrimp have been reported from the United
States (areas 235 and 238 by Gunter (1945),
Knapp (1949), Darnell (1958§:

Coryphaena hippurus
Bairdiella ohrysura

Cynoscion arenarius
Cynoscion nebulosus
Micropogon undulatus
Menticirrhus sp.
Galeichthys felis Pogonias cromis
Ictialurus furcatus Sciasenops ocellata
Roccus miscissippiensis Scomberomorus cavalla
Lutjanus blackfordi Scomberomorus maculatus
Pomatomus saltatrix Istiophorus (Maksaira)
Rachyentron canadum Paralichthys lethostigma

Caranx hippos

Wo believe the above list of predators is

Carcharhinus leucas
Dasyatis sabina
Elops saurus
Megalops atlantious
Anchoa mitchilli

Bagre marinus
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incompletes To us, Gunter's (1957, ». 102) Class Cestoda: Prochristianslla penael
remarks seem entirely appropriate: "It is a Kruse (1959)s Found by Kruse (1959) in

general observation of everyone working with
shrimp that they are eaten by almost everything
that is large enough to eat them, all the time.
They are eaten by everything that lives around,
in, or above the ses, including the lowly jelly
fishe They are not only eaten but they are
preferred,”

H

The defense reaction of Penasus is a rapid
flexing of the abdomen that causes the animal
to dart backward. In large specimens the dis-
tance may be 1 m or more in less than 1 sec
(observations of the authors).

3,35 Paragsites, diseases, injuries,
and sbnormalities

The following parasites have been recorded
from P. setiferus:s Class Telosporideas
Nematogsls penazeus Spragus, 1954. Tound in
intestinal tract of host {Sprasue, 1954);
ooccurs as trophozoites, sporonts, and gameio-
oysts (Kruse, 1959). Kruee (1959) reported
100 percent infection in Alligator Harbor and
Apalachicola Bay, Florida. Shrimp have to be
continually reinfected, or they lose the infec~-
tions (Sprague, 19543 Kruse, 1959). Intsstinal
epit%slium can be appreciably damaged (Sprague,
1954 )o

Class Cnidosporideas Thelohanie penaei
Sprague, 1950. Found in reproductive organs of
male and female (Sprague, 1950)3 ooocurs as
spores and sporonts (Sprague, 1950). Viosca
(1943) stated that in 1919 about 90 percent of
P, setiferus in Louisiana were infected with
a protozoan that destroyed their reproductive
organs.

Gless Cnidosporideas Thelohania sp. Kruse,
1959, Found mainly in musocles, it also occurs
in other organs as sgporonts, pansporoblastis,
and spores. Kruse (1959) recorded 10 percent
infeotion in Alligator Harbor and Apalachicola,
Florida, and cousidered this orgenism to be the
saugse of the "ocotton" or "milk" condition in
P, setiferus, P. aztecus and P. duorarum.
Weotton shrimp," for esthetic reasons, & are not
acceptable for marketing in the United Statess

Class Trematodas Opecoeloides fimbriatus
{Linton, 1934). Hutton et al. (1959, p. 19)
found thisg parssite "Bnecysted in the hepato-
panoreas, the gonads, in the wsoft tissues of
the head, around the mouth, around the stomach
and in the soft tissues under the exoskeleton.”
It occurs as metacercaria in Penaeus, adults in
various species of fishes of the Family
Scisenidae {Kruse, 19593 Hutton et al., 1959).
Hutton et al. (1959) found a single specimen
in white shrimp from Apalashicola Bay, Florida,
Kruse (1959), who worked in the eame area,
encountered it only in P. duorarum.

"digestive gland and tissues surrounding
digestive gland end stomach, blastooystis of
larvae frequently penetrating wall of digeste
ive gland.'" Plerocerci occur in Penasus,

adults in the ray Dasyatis mabine {(Aldrisch,
1965)e Kruse (1959) stated that in the northe
eastern QGulf of Mexico 94.4 per ceunt of P. Botdm

ferus were infected with an average of T4 7
plerocerci. Aldrich {1965) reported 50 percent

of the white shrimp in Ualveston Bay, Texas, %o
be infected. Both incidence and intensity of
infection increase with the sise of the shrimp,
up t0 a sizge of about 14 wmm carapace length
(Aldrich, 1965 ).

Glass Cestodas Polypocsephalus spe
(= Parataenis sp.). Hutton 5?9345 listed this
cestode as 1nfect1ng P. setiferus a2s an inter—

mediate host. He reported it 40 be present im
numerous localitiss in Florids.

Class Nematodas Contracasum sp. Kruse
(1959} found juveniles "in digestive gland and
tigsues surrvourding digestive gland and stomach,
not encysted.” The mame author reported 5.5
percent infection in Alligator Harbor and
Apalachicola Bay, Florides, and an average of
4 parasites per shrimp. Hutton, Ball and
Eldred (1962? sncountered 15.5 percent infest-
ation and as many as 22 parasites in one spacgie
mena

Dawson (1957) found maturing Balanus on 4
white shrimp.

304 DNutrition and growih

3.41 DPeeding

From observations on Penseus feeding in
aguariums, the senior suthor is convinced that
they are selective and partioulate feeders.
Shrimp searob through the sand grains with their
pereiopods and pass toward the mandibles only
that which they choose. They appear o be
particularly fond of polychaeste worms.

3,42 Tood

Studies on the food habits of shrimp heve
been hindered because their stomach contenis
are usually macerated and difficult to identify.
Viosca {1920) and Weymouth et al. (1933) report-
ed P. setiferus to be omnivorous. In reviewing
the literature on the food of the 3 species of

Penaecus of the United States, Darnell (1958}

and Broad (1965) reached the same conclusion.
Gannibalism in oaptive P. setiferus was observ-—
ed by Weymouth et al. (1933), Williame (1955),
in discussing the food of the 3 speclies in
North Carolina estuaries, staled thatl stomachs
usually were full during summer,; full or half-
filled during fall, and nearly always empty im
winter,
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3.43 Orowth rate

Lindner and Anderson (1956) demonstrated,
by means of mark-reoapture experiments, that
growth in P, setiferus along the coasts of the
United States was much less when the temper-
ature was below 20° ¢ than when it was above.
They developed Walford (1946) growth lines from
successive 10-day intervals for the period of
rapid growth. These data, converted to 30-day
lires, had the following oharacteristics:

Males Y « 45.8 + 0.7427 X L, = 178.0 mm

Females Y = 5604 + 0.7225 X L, = 203.0 mm

Combined ¥ = 54,00 + 0.7322 X L = 190,45 mm

&c

Klima (1963; and personal oommunioation)
caleulated von Bertalanffy growth parameters
from two mark-recapture experiments. For
7-day periods these parameters weres

(Personal
1963 communiocation)
to -006 -0.2
L, 224 om 214  mm
Woe 87 & 75.1 g
K 0.06 0,09

3,44 Metabolism

Johnson and Fielding (1956) fed fresh fish
to 2 groups of small white shrimp at a rate of
10 percent of their initial body weight per day.
One group was held at 34°/oo salinity and the
other at 18.5%°/oo for 2 wk. Their results are
summarized in the table given belows

P. getiferus are able to regulate total
body fluid oonoentrations. Body fluide are
hyperosmotic in brackish water and hyposmotic
in hypersaline environments. Regulation app-
ears to be more effeotive in low~salinity
water. Also, the shrimp regulate the ioniec
concentration of Na; Cl, K, Ca and Mg in their
serum (MoFarland and Lee, 1963).

Love and Thompson (1966) studied the amino
acid concentration in abdoméns of P. sstiferus
and P. aztecug. The amino acids they found are
shown in Table II. Nitrogen content did not
vary seasonally in brown shrimp tails or offal,
but certain amino acids did. Concentrations of
a number of amino acids differed significantly
between P, aztecus and P. getiferus,; but the
variation between analyses of Po aztecus on
different dates indicates that the differences
between speoies may not be truly significant.

In an esarlier study, Jones, Moeller and
Gersdorff (1925) reported tryptophane in the
muscle of P. setiferus.

Boroughs, Chipman and Rice (1957, p. 82)
stated that P. setiferus "accumulated strontium
rapidly from sea water."

3.5 Behaviour
3.51 Migrations and local movements

The young shrimp are planktonio in the
offshore waters during their larval life and
enter the estuaries as postlarvae about 7 mm
total length. It is gensrally believed that
these Yyounger stages are not capable of exten-
sive movement and thai to reach the inside
waters they must encounter favorable currents.
Once in the estuaries, they make their way to
the less saline, shallower areas, presumably by
utilizing tidal currents. After growing rapidly
for 3} or 4 mo, the young move into the deeper
waters of the rivers and bays and then to sea.
Movement out of the estuuries appears to depend
on stage of maturity and temperature.

Lindner and Anderson (1956) desoribed the
general migration of adult white shrimp from
shrimp tagged with Petersen discs. Klima (1963)
reported on 2 experiments in Louisiana in which
biological stains were used to mark white sghrimp
and found the same pattern of movement as des-
cribed by Lindner and Anderson for tagged shrimp
in that area.

The following aocount of white shrimp
migrations has been taken from Lindner and
Anderson (1956). The longest migration recorded

Salinity Initial Terminal Gain Gain Food Conversion
o weight weight consumed ratio
/o0 () (&) (8) (%) ()

34'0 32'7 37‘3 406 1401 19-2 4-0921
1805 2904 3207 3.3 11,2 1704 5.27:1
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Average amino acid ooncentrations in $ail meats of Qulf of
(adapted from Love and Thompson, 1966 )

TABLE II

Mexico Shrimp

Averaps amino acid concentration

Significant species
difference beiusen

Anino aolds P. o taon P. setiferan sample§07gyzz on

14/1/63 _20/2/64 25/3/63 20/2/64

s moles/mg N pumolos/mg N

Alanine 370 3.64 4e26 4,36
Arginine 3016 3.81 3060 3.81
Aspartio acid | 3,98 4o14 4064 5057 #
Oystine/2 033 0,36 0,09 0,38
(lutamic acid 4,90 4,97 5064 6,22 *
Glycine 6035 6,19 6045 6,96
Higtidine 0,67 0.79 0.76 0,86
Hydroxylysine 0,05 0,03 0,01 0,04
Hydroxyproline] 0,09 0,11 003 0,01 *
Isoleucine 1.86 2,02 2,13 2,59 #
Leucine 3+35 359 3,87 4032 %
Lygine 2,82 3,52 3011 3.46
Methionine 087 1.04 1.06 1,25
Orpithine Qe13 0,10 0412 0,11
Phenylalanine 1,11 1.26 1.30 1.42
Proline 2,131 2429 2046 2047
Serine 1,92 1,96 2,33 2,40 w
Taurine Q.47 0,31 0657 0,65 ki
Threoning 1.70 1,77 1.93 2,16 #
Trypiophan 0,39 - 0045 -
Tywosine o ¥ 0,85 074 0,89
Ures 0,07 0,08 0,16 -
Yaline 2,06 2631 257 2,80 i

* Indioater difference
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was 360 mi (667 km) in 95 days, and the great-—
est time between marking and reoapture was

257 days.

After reaoching outside waters, movements
vary with mize, loocality, and season. Shrimp
less than 130 mm, total length, did not migrate
extensively, but remained adjacent to their
nursery areas. oShrimp larger than 130 mm
exhibited distinot migrations that varied with
looality.

Atlantio ooasts The white shrimp in this
area migrate southward during the autumn and
early winter and then move northward again in
late winter and early spring. These movements
paralle) the ooust; and do not extend into deep-
er water far from the ocoast. During late
spring and summer movement is not pronounoced.

Northern Qulf east of the Missiesipis All
that is known of movement in this area is that
during eutumn and winter the shrimp move into
deeper water and toward the mouth of the
Mississipi River.

Northern Gulf west of the Mississipi River:
The only definite movements in this area are
offshore and onshore movements. The large
shrimp move offshore and disperse durivng autumn
and winter. Apparently the Mississippi River
acts as a natural barrier.

Central Texas and northern Mexioo: The
migration in this part of the Gulf appears
similar to that on the Atlantio ooast, but the
evidenoce is not conolusive. Indioations are
that the shrimp move from oentral Texas into
northern Mexioo during autumn and early winter.

There should also be a corresponding northward
migration out of Mexioo in the spring.

.52

Hildebrand (1954) stated that white
shrimp sohool more extensively than related
gpeoies.

Sohooling

The senior author believes that white
shrimp of about the same age or length tend to
aggregate in groups but that these aggregations
do not posmess the oonsistenoy through time
generally attributed to a sohool of fish.

3.53 Responses to stimuli
Thermal

See section 3.16 for effect of temperature
on spawning and 4.42 for lethal temperatures.

Lindner and Anderson (1956) found that
P. setiferus moved from shallow to deeper wat-
er in response to unusual oold spells. They
also unoovered evidence that the smaller shrimp
moved back into shallower water as the water
temperature inoreased.

Optioal

Temple and Fisoher (1965) demonstrated
that penaeid larvae showed vertioal diurnal
migrations when the water oolumn was vertioal~
ly stable. Lurvae moved into the surfaoce
layers in darkness and into deeper water during
daylight.
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4 POPULATION
41 Structure
40,11 Sex ratio
he sex ratio is lsl.
4412 Age composition

The mortality rate is high, and while
gome white shrimp may live more than 2 yr,
the percentage ie insignificant. Age com-
position of the catch consequently varies di-
rectly with reoruitment and movement of the
maturing shrimp into offshore waters,

The young enter the inshore fishery at
an age of about 2 mo and the offshore fishery
at about 3 or 4 mo.

4,13 S8ize composition

Size composition varies in the same mane
ner as age composition.

The young enter the inshore fishery at a
minimum total length of about 50 mm and the
offshore fishery at a minimum total length of
about 100 mm. ' Lindner and Anderson (1956)
glve an L, of 203 mm for females and an L, of
178 mm for malea (see also 3.43).

The weights of large shrimp are greater
in relation to length than are those of small
ounes, Thers is no appreciable difference in
longth~weight relations between sexes. Chin
(1960) expraessed the length-welght relation
with the following equation:

Tog W = -5,289 + (3.075) {Yog i)

This equation agrees with the lengih-
welght velation given by Anderson and Lindner
{1958) un$il the shrimp reach a %total length
of 143 mm, Above this wsize, weights 2% com-
parable lengths given by Anderson and Lindner
were greater tham those of Chin (1960),
Anderson and Lindner found a difference in
length-weight relations betwsen mature gnd
immature shrimp; mature shrimp weighed more
&% o given total length, Chin believed thatb
this factor might explain the differences be-
twean the 2 Bots of data.

402 Abundance and deneity of pooulstion

4,22 Changes in abundanco

Whid: dhrimp production peakesd in the
early 1940 #s, Production inm 1940 is eatimated
to have been asbout 65,000 metric tons, whole
welght. A% this %ime, intensive fishing for
brown and pink shrimp had not started, and
white shrimp were estimeted %o account for 95
porcent or more of ths $otal catoh (And@rson,

Lindner and King, 1949). DBetween 1945 and
1948, production of white shrimp deslined and
has not approached the high levels of the
early 1940's since then. During the years
for which we have reliable statistics (1957
to 1965, Table III), the cetoh has varied
from 14,447 metric tons in 1957 to 36,188 in
1963. The cause of these fluctuatione is not
known,

TABLE IIL
United States white shrimp landings
in metric tons, whole weight

B P T Bk
%o PFlorida to_Texas
1957 6,673 1,774 14,447
1958 5,032 17,980 23,012
1959 5,816 17,167 22,983
1960 8,522 19,826 28,348
1961 6,365 10,093 16,458
1962 5,504 16,181 21,685
1963 3,297 32,891 36,188
1564 3,683 30,720 34,403
1965 749395 23,470 30,865

In 1940, the white shrimp population in
South Carolina and Gzorgia was decimated by s
severe wold spsll. In 1941, the return of
landings %o normal indicalded that a normal
crop maey be produced by relatively few spawne
ers {Lindner and Anderson, 1956}, Kutkubn
(1962) atirituted the low 1957 landings of
white shrimp in Loulsiana to the effecis of
severe storms which struck the cosst whils the
young of the spring spawning olasz were ln the
estuaries, Again, ithe fichery mede a good ro-
covery afier 1 yr.

4023  Average density

Kutkuhn (1962) indicsted the d-yr trend
{1956 %o 1959} in biomass of P, setiferaus in
the morthern Culf of Bexzice @ have been Ly
creasing o the sast of the Hississippl River
and decreaging to ths wesde

fo24 Changes in density

There are 2 perlods of inorsased densidy
on the offshore fishing greunds, one in late
fall sad the other in spring (Weymouih, 8% mlo,
1923% Lindner and Andexson, 19565 Hudluhn,
1962},
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4.3 ¥atelity and recruitment 4.43 TPaotors affeoting morbidity
4.33 Reoruitment See sections 3.23; 3.32, and 3.35
Rate of recruitment has not been determined. 4,6 The populetion in the ocommunity and
With some looal variation,; inshore reoruitment the ecosysten
starts in June and continues until the omset
of ©old weather (Lindner and Anderson, 1956). After making an extensive survey of maoro-
fauna on the white shrimp grounds in the Gulf
4.4 Mortality and morbidity of Mexioo, Hildebrand (1954) listed the domin-
ant organisms to bes White shrimp, Penasecus geti-
4.41 Mortality rates ferugs blue orab, Callinectes danasj ses pansy,
Renilla mullerisy Texas venus, Pitar texasianaj
Klima (1963) gave an instantaneous total silver seatrout, Cynoscion nothusj Atlantio
mortality rate of 0,92 for white shrimp of¥f oroaker, Mioropogon undulatusj Atlantic thread=
Louisiana from September through November. fin, Polydaotylus ogtonemusj and sea oatfish,
This is a 14-day rate of deoline of 60 percente Qaleiothys felis.

4,42 TFactors causing or affeoting
mortality

See seotions 3,34 and 4.22
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5.1 Wishing equipment
Gearse

fhe various geers used in the inshore
fishery for white shrimp range from the modern
pawl to primitive welrs and include trynets,
peshnets, frame trawls, 1ift or drop nets,
gide frame trawls, seines, cast nels and dip
nets. 1 the Inited States some shrimp are
jaken in estusries for sale as balit, largely
with 8 wingle 3- 0 {i-m otter trawl with a
gtretohed mesh size of 3 to 5 ome. If the
ghrimp are to be kept alive, they are placed
im a tank on the boat equipped with running
ses water, or in a live hox which le towed
behind the bosmt. On shore, the live shrimp are
kept usually in large bait boxes suspended in
the water or in large holding tanks through
which ses water is pumped (Inglies and Chin,
revisad by Baxter, 1966).

Most vessels fishing in offshore waters
use a pair of {2-to 15-m flat or balloon otter
$ravwls, but gome use only one. Almost all
boats uge itrynets, which are miniasture trawls,
to locsate fishable concentrations of shrimp.

A detailed description of trawling gear was
given by Robas (1959).

In the early fishery in the United States,
fighing was primarvily with haul selnes and ocasi
netd, In Mexico, fiwed traps predominated,
Between 1912 and 1915, the otter trawl was
introduced and by 1917, 1t had becoms the stend
ard commercial gear. Practically all shrimp
bosts on the Atlantio cosst were equippsd with
power winches by the mid-twenties, bub with the
sxception of Texas, winchss werxe not Introdige
ad into the Culf until the late thirties
{Johneon and Lindner, 1934 Anderson, Lindndr
and King,; 1949). In the Gulf of Mexico; double-
rig trawling was tried Tirst in 1955, and was
poon adopied by most offshore boats {Kneke,
Murdook and Cating, 1958).

Vensols of varied deaign, usually not
axoseding 9 %o 94 m in Jength, are used in the
inshore fishery., Power is supplled by engines
that burn gasoline or distillats. The boats aers
sguipped usually with power winches and rope or
wire towlines (.8, Fish end Wildlife Service,
1658%,

Yegesle in the offshore fishery ars
predominantly Florida-type trawlsre, which ars
domeribed *r deball by Ceck and Lindner {1970}

5.2 Pishing aroes

5.21 Oeneral goographle distribution
P. potiferus is fighsd along the Atlaniic
coast from Pamlico Sound, Worih Ceroline to
gbout Vero Bemch, Florida (land areas 237 and
238) and in the Gulf of Mexico from Apalachicolas,
Ploride to about lat. 23° ¥ on the Mexioan coast
{lend areas 235, 237, and 311). Hotwasn lat.
23° ¥ and Tupilco, Tabaseo, Mexieo, thore is no
fishery. ¥From Tupileo, however, the fishery
extends eastward to about Champoton, Campeche.
The ‘3 centers of abundance are in Oeorgie,
Iouisiana, snd between Alvare Obregdén, Tabasoco,
and Tele del Carmen, Campoche (Hildebrand,
19553 Carransza, 1959 Anderson amnd lunz, 19653
and Lindner, personal obssrvations)o

5.22 Geographic ranges

The socompenying map (Fig. 1) edapted from
Hildebrand (1954), Lindner and Anderson (1956},
Anderson and Iunz {1965), and Lindner {personsl
observations ), delineates the primary fishing
areas,.

5.23 Depth ranges

The white shrimp has bsen recorded from
depths down to 82 m, but it is most abundant on
bottoms shoreward of 27 m {see sections 2.1 and

3.33)
5,24 Conditlon of grounda
See mecblion 2.7,

5.3 Pishing seasons

White shrimp are harveslted all year but
peak production is in the aubtumn. Betwsen 1956
and 1959, the grealest monlhly cabch in Texms
waters was talen in September, about &3 percent
of the catoh was made during Ssptember and
October and aboub 84 percent from hAugust through
Hovember. The only othsr month of high product-
lon wes May (Gunter, 1962). The greatest catoh
off the east coest of Flordda is meds fzop
Septenber through Januaery and ths pesik ls in
Desember (Joyce, 1965 ).

%4 Fishing operstions and resulin

5.41 Pffort and intensity

Fishermen freguently land mixed ocaiches of
brown, white and pink sehrimp. In theze inataono-
a3, effort is roported only for the dominant
species and not by individusl epecles. 48 8
regult, there have been no reliable siudice that
require effort information on individual speoien.
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5.42 Seloativity

o oriticwl data ave amvuilable for
P potifarvus on the sslective properiiss of
Fony oy eireots of changes in mesh sizes but,
prasunebly satudies on the other 2 species
wanld be applicable,

Hasket prices of all commercial penaeids
in the United States are based on sizej the
japgest gheimp command the highest price.
Tehormen Frogrently fisgh in arveas that yleld
lapger shelap in preference o aveas with oo
many small sheisp., When large quantiitiss of
guell sheimp are faken, 1% ip not uncommon for
$hom o be divosrded either besause they do not
neet winlmun pise regulations,; or bocause the
Fiuhovmen do net wand o bother with them,

Lovs on ninimunm sise are snacted by
individunl stetes and therefora very.

Offohore shrimp fleots are highly nobile,
snd are woviag continuvally from one looation
to another ap sbundancs of the 3 commercially
igportent speocies changen. Duvring perivds of

pealk abundance of one speoles, boats Ffrequente~
ly concentrute in relatlively small sreas,
leaving other areas and speoles unfished. A%
other times of the year; the flest is dispery
ed over the entire fishing range,

5043 Catches
See mection 4.22,

Table IV gives Unlted States shyimp prode
uetion through 1940, It ip estimeted thaet
vhite shrimp congitituted more than 9% percent
of these landings, The United States began
collecting more detelled etatistics on its
Gulf somst landings in 1956 and expanded fhie
coverags to the Atlaentis coast Pfighery in 1957,
Pable IIT (section 4.22) gives the United
States white shevimp lendings gince 1957. Thesa
landings do not inoclude production from the
bait fisheries, whioch in some arsas is substante
ials During 1964, for example, more than
850,000 1b (about 400,000 kg) of shrimp were
takken for bait in Celveston Bay, Texas (Inglis
and Ohin, revised by Paxbter, 1966), About
65 pereent or 250,000 kg were white shyimp
(Konneth Baxber, perwonsl commmication)e
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TABLE IV

United States shrimp landings through 1940
in metrio tons, whole weight (Power, 1950)

Year North Coneting 10’ Florida Florids iﬁaiﬁiaa Total
1889 337 3,767 4,104
1890 337 3,380 3,717
1897 284 3,081 3,365
1902 1,729 5,609 7,338
1908 2,584 5,835 8,419
1918 7,101 14,672 21,773
1923 10,761 21,371 32,132
1927 13,604 31,242 44,846
1928 15,109 37,271 52,380
1929 13,984 35,254 49,238
193¢ 11,886 28,083 39,969
1931 11,564 32,185 43,749
1932 10,189 29,846 40,035
1934 11,776 42,346 54,122
1936 15,226 38,348 53,574
1937 12,445 51,636 64,081
1938 12,503 51,068 63,571
1939 12,558 54,605 67,163
1940 10,297 57,986 68,283
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[ PROTRCTION AND MANAUEMENT

6.1 Regulatory (legislative) measures

In the U.8.A.y ench of the shrimp-produge
ing States has ite own legislation but all
require licenses for Tishing vessels, In
Mexloo, only members of legelly authorized
Pishing cooperatives oean fish commercislly for
shrimp (UV.8. Fish and Wildlife Service, 1958;
Lindner, 1957).

In the U.8.4., regulatory measures vary
groatly between States and sometimes, oven
between counties within a State. The following
types of regulatery meamsures are commonly
imporeds

(1) Limitatlone om sizme and type of gesr
useds
(41) limitations om sise of shrimp permitted
to be lendedy

{id4) limitations on catoh in inside waterss
(iv; permanent and temporary closure 'of
inside watersy
{v) temporary olosure of outside waters
within territorial limits.

6.2 Control or alterations of physical
features of the envirvonment

Mook (M8) demonstirated that the abundence
of postlarval and Jjuvenile shrimp ip reduoced
groatly along bulkheaded portions of estuarine
borders. He has also obiained dete (personal
communication) vhioh whow that silt from
dradging and spoil banks kille submerged veget-
stione Submerged vegetation is & preferved
habltat of young Penseus, end ag the vegeitat-
ion disappears from en area the number of
whrinp deoresses greatly.
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T POND FISH CULTURE

In general, P, setiferus is regarded as
being well suited for pond oculture. Attempts
at oulturing have been experimental, however,
and there are no oommercial pond oculture oper-
ations at the present time.

In one of the earlier culture experiments
conduated by Johnson and Pielding (1956), sex-
ually mature P setiferus that had been reared
or held in diri ponds spawned viable eggs when
placed in a 21 x 9 x 12 m conorete tank filled
with sea water. The resulting larvae were rear-
ed to postlarvae in 10 %o 12 days. The shrimp
were reared to & total length of 50 mm in the
tanks in which they were hatched. Water in the
tank was fertiliszed with a commercial inorganioc
Pertilizer (7 parts eolemental nitrogeny 9 pertis
phosphoric acid; O parts potash) to promoie
algal growth for larval food during early
development. Later stages were fed dally on
ground fish.

The work of Johnson and Flelding has not
been repeated and subsequent workers have had
to rely on postlarvas taken from the estuaries
to0 stock their ponds. Recently, however, Cook
(1969) developed & method for culturing white
shrimp larvae under laboratory conditions.
Although +this method needs further modification
before large-soale culture becomes praoctical,
sufficlent numbers of postlarvae were reared to
stook a 0,05-ha (1/8=acre) pond. After the
laboratory-reared shrimp had been in the pond
117 days, Ray Wheeler (personal communioation)
harvested 32 kg (70 1b) of shrimp with an

average total length of 112 mm. Survival was
84 percent. Wheeler did not add supplemental
foods inetead he fertilized the pond water with
chicken manure. During the first 35 days, the
shrimp grew at & rate of 2,33 mm per day, but
during the remainder of the experiment average
growth was reduced o only 0.23 mm per day.

iunz (1967) reported that white shrimp
stooked in ponds as young adulis in the spring
reached sexual maturity the following spring,
but they did not spawn. Personnel at the Bears
Bluff Leboratories, Wadmalaw Island, South
Cerolina, have also sucoeeded in rearing white
shrimp postlarvae from egge spawned in the
laboretory. Lunz (1967) said that some eggs
hatched and 2 percent of the resulting larvae
were reared to postlarvae.

Johngon and Fielding (1956) were troubled
by excessive mortalitles, am have been subse=
quent workerg. One of the ceuses of mortality
has been the preseéence of predaseous fish., Iung
and Bearden (1963) found that rotenone, & mpec-
ific polson for fish,; does not kill shrimp and
other decanod crustaceans when applied in prop-
er concentrations. They used 1.4 kg (3 1b) of
powdered oube root with_a S5-percent-rotenone
content for each 1,233 m” of water; giving a
rotenone concentration of about 1.5 parts per
million. Saponin, a poison contained in tea
seed ocake, is used for fish control in Asias,
but Lunz snd Bearden (1963) found it %o be too
expensive for general use, even though it
worked satisfactorily.



-~ 1464 -

FAm/3101 Penaeus setiferus 8:1

8 REFERENCES

4tgegalis, L., Twelve leotures on comparative embrioclogy, delivered before $the Lowell
1849 Institute, in Boston, December and January 1848-9, Redding and Co., Boston,
104 p.

4ldrich, D.V., Observations on the ecology and life cycle of Prochrisiisnslle pansei
1965 Kruse (Cestoda: Trypanorhyncha). J.Parasit., 51(3):370-6

Anderson, W.W. and M.J. Lindner, Length-weight relation in the oommon or white shrimp,
1958 Penacus petiferus. Spec.scient.Rep.U.S.Fish Wildl.Serv.(Fish.), (256):13 p.

Anderson, W.W. and G.R. Lunz, Southern shrimp; & valuable regional remource. Lesfl,
1965 Atlant .St .mav.Fish.Coman, (4):6 p.

Anderson, W.W.y, J.B. King and M.J. Lindn@r; Barly steges in the life history of the
1949 common marine shrimp, Penaeus getiferus (linnasus). Biol.Bull.mar.biol.Lab.,
Hoods Hole, 96(2):168-72

Andexson, W.W., M.J. Lindner and J.B. King, The shrimp fishery of the southern United
1949 States. Comml Fish.Rev., ll(25:1~17- Also issued as Fishery leafl.U.S.Fish
Wildl.Serv., (368):17 D.

Baxter, K.N. and W.C. Renfro, Seasonal ocourrence and size distribution of postlarval
1966 brown and white shrimp near Galveston, Texas, with notes on species identi-

fidation. Fishery Bull ,U.S.Figh Wildl.Serv., 66(1):149-58

Bearden, C.M., Notes on postlarvae of commercial shrimp {Penseus) im South Cerolina.
1961 Contr.Bears Bluff Lebs., (33):8 p.

Boroughs, H., W.A. Chipman and T.R. Rice, Laboratory experimenis om the uptake acou=

1957 mulation and loss of radionuclides by marine organisms. In The effects of
?tom§0 radiation on oceanography and fisheries. Publs natn.Bes.Coun..Wzsh.,
551):80~7 )

Broad, A.C,, Fnvironmental reguirements of shrimp. Puble publ.Hlth Serv, .Hash,, (993¢
1965 WP-25):86-91

Bullig, H.R., Jr. and J.R. Thompson, Colleotions by the fishing vessels OREGON, SILVER
1965 BAY, COMBAT and PELICAN made during 1956-1960 in the soutbwestern noxth
Atlantic. Spec.scient.Rep,U.S,Fisk Wildl.Serv.{Fish,), (510):130 p.

Burkenroad, ¥.D., The Penascidee of Louisisna with a discussion of their world relsition-
1934 shipe. Bull.Am Mus.nat.list., 68(2):61-143 '

A new species of Penagusm from the American Atlantioc. Anale Aced.brag,

1936 méienc‘, 8{4):315-8

Further observetions on Penaeidae of the northern Gulf of Mexico., Bull,

1939 éiggham oceanogr,Coll., 6{6):1-62

Butler, P.d., Effects on commercial fisherles. In Effects of pesticides on fish and
1962 wildiife in 1960. Circ.fish Wildl.Serv.,Wash., {143):20-4

s Commercial fisheries investigations. In Peaticide-wildlife studles, a
1963 review of Pish and Wildlife Service investigations during 1961 and 1962,
Ciro.Fish Wildl.Sexv.iash., (167):111-25

s Fixation of DDT in estusries. ~Trans,N.Am.¥ildl.Conf., 31s184~9
BT T S =



- 1465 -

832 FRe/8101 Penseus setifszus _

Butler, Poldo and P.F. Springer, Pesticides — a new facior in coastal environments,
1963 Trans.NeAmoWildl.Conf,, 28:378-90

Carransza, Jo, Pesca y recursos pesqueros. In Los recursos naturales del sureste y su
1959 aprovechamiento, Mexico, DeFo, Insitituto Mexicano de Reoursos Naturalesm
Renovables, 3:149-238

Ching Bo, The bait shrimp fishery of Galveston Bay, Texase Trans.Am.Fish.Soc,, 89(2):
1960 135-41

Chin, E, and DoM. Allen; Toxicity of an insecticide %o %wo species of shrimp, Penasum
1957 aztecus and Penaeus setiferus. Tex,J.Scle, 9(3):270~8

Christmas, Jo¥., G. Gunter and P, Musgrave, Studies of annual abundance of postlarval
1966 penaeld shrimp irn the estuarine waters of Mississippi as related 1o subse~
quent oommercial catches. GQulf Res.Rep,, 2(2):177-212

Cook, H.L.; A method of rsaring penaeid shrimp larvee for experimental studies. FAO
1969 Pish.Rep., {(57) Vol.3:709-15

Cook, Holis and MoJ. Lindner, Synopsis of biological data on the brown shrimp Penasus
1970 azteous aztecus Pérez-Farfante, FAO Fish.Rep., {57) Vol.4:1471-97

Dall, Wo, A revision of the Ausiralisn speciss of Penacinse (Crustacea Decapodas
1957 Penaeidae). Aust.JemarsFreshuat.Res,, 8(2):136-231

Darnell, ReMo, Food habits of fishes and larger inveriebrates of Lake Pontcharirain,
1958 Louisiana, an estuarine community, Publs.Inst.mar,Sci.Univ.Tex., 5:353-415

Dawson, CoEo, Balanus fouling of shrimp Penaeus. Science, N.¥,, 126(3282):1068
1957

De Sylva; DoPo, The live bait shrimp fishery of the northeast coast of Florida. Tech,
1954 SeroFla,S8t,8d Conserv., 11335 p, B

Eweld, JoJs, Investigaciones sobre la biologia del camarén comercial enm el ocoidente
1965 de Venezuela, Infme 2.Fondo nac.Invesitnes agropec., Caracas, 2:139-47

Gunter; Go, Death of fishes due to cold on Texas coast, January, 1940, Ecolo 0
1941 223203-8

Studies on marine fishes of Texas, PublsoIngtemare.Scio,Univ,Tex,, 1(1):

1945 1-190

s Seasonal population changes and distributionsz as related to salinity, of
1950 certain invertebrates of the Texas coast including the oommercisl shrimp.
Puble,Instemar, Sci,UniveTex,, 1(2):1=-51

y Principles of shrimp fishery managements Proc.Qulf Caribb,Fish,Ingt,,
1957 8:99~106

s Habltat of juvenile shrimp (Family Penaeidas), Boology, 42:598-600

1961

9 Shrimp landings and production of the state of Texas for the period 1956-
1962 1959, with a oomparison with other Qulf States. Publs Inst.mar.Sol.Univ.
Tex., 8:216-26

s The proper zoological name of the North Ameriocan white shrimp, Proo,
1963 Gulf Caribb,fMish.Inst., 15:103-10




- 1466 -

FRm/8101 Ponaeus setiferus 823

Ounter, U. and H.H. Hildebrand, Destruciion of fishes and other organisma on the south
1951 Texes coast by the cold wave of January 28-February 3, 1951. Boology, 32(4)s
7316

s The relation of total reinfaell of the staite and catch of the warine
1954 shrimp (Penseus setiferus) in Texas waters., Bull.mar,Soi.0ulf Caribb,, 4(2)s
95-103

Gunter, U,y J.¥. Christenas and B, Killebrew, Some relations of salinity to population
1964 distributions of motile estuarine orgenisms, with speciaml reference to
ponseid shrimp. Eoology, 45(1):181-5

Hoegaard, P.E,, Observations on spawning and larval history of the shrimp Penasus
1953 setiforves (L). Publs Insi.mer.Sci,Univ.Tex., 3(1):73-105

Herbest, J.F.W,, Versuch einer Naturgeschichte der Krabben und Krebse nebst einer systemn-
1793 atimchen Beschrelibung lhrer verschiedenenm Arien, Berlin, Vol.2; 225 p,

Hildebrand, HoH.;, A study of the fauna of the broun shrimp {Penasus azteous Iven)
1954 grounds in the western Gulf of Mexico., Publs Ingt.mar.Sci.univeTexe s 3(2)s

231-366

o & study of the fauna of the pink shrimp (Penaeus duorarum Burkenroad)
1955 ggounds in the Gulf of Campeche, Publs.Inat.mar.Sci, Uni Lo g 4(1)s

169-232

¢ Estudios bioléglcos preliminares sobre la Laguna Madre de Tamaulipase
1958 Ciencia, Méx,, 17(7~9):151-73

Hildebrand, H.Ho and G. Gunter, Corrslation of rainfall with the Texas catch of white
1953 shrimp, Penasus setiferus (Linnaeus)s TrangeAm,Fish,Soc,, 82:151-5

Holthuis, L.Bo, On the names of Pensoug petiferus (L.) and Penseus sehmitti Burkenroad
1962 Qulf Res.Rep., 1(3):115-8 °

¢ Cancar setiferus Linnaeus, 1767 (Crustacea, Decapoda): proposed validew
1964 tion of neotype selection under the plemary powers Z.No(S.) 1617, Bulle
5001, Nom,, 21(3):227-9

Holthulas, L.Bs and H. Rosa, Jr., List of species of shrimps and prauns of economio
1965 value, FAQ Fish.tech.Pap., (52):21 p,

Hutton, HoFo, A second limt of parasites from marine and coastal animals of Floridae.
1964 TrangeAmemiorosc.Soce, 83(4):439-47

Hutton, RoFo, T. Ball and B. Eldred, Immature nematodes of the genus Contracaecum
1962 Railliet and Henry, 1912 from shrimps. J, Parasit,, 48(2):327-32

Hutton, ReFo, 8t al., Investigations on the parasites and diseames of salt water
1959 shrimps zPenaeidae) of 'sports and commercial importance to Florida.
TechoSer,Fla St,Bd Conserve, 26:38 p.

Inglis, A. and E, Chin, (revised by K.N. Bexier), The Bai% shrimp industry of the
1966 Qulf of Mexico. Fighery leafl.U.S.Fish Wildl.Serv,, (582):10 p, Also
imsued as Fighery leafl . U.S.Fish Wildl,.Serv,., (480)14 p. (1959)

Johneon, F.F, and M.J. Lindner, Shriwmp industry of the South Atlentic and Gulf mtates.
1934 Investl Rep.U,S,Bur.Fish,, 21:83 p,

Johnsony M.C. and J.R. Fielding, Propagation of the white shrimp, Penaeus seoiiferus
1956 (Linn.), in captivity. Tulane Stud.Zool., 4(6):173~90




- 1467 -

814 FRm/S101 Penacus setiferus

Jones, D.B., O. Moeller and C.E.F. Gersdorff, The niirogen distribution and peroentages
1925 of some amino aoids in the muscle of the shrimp, Penaseus setiferus (L),
J.biol,Chem., 65(1):59-66

Joyce, BoA.y Jr.;, The commercial shrimps of the northeast ooast of Florida., FProf.Pap,
1965 Ser.mar.Lab.Fla., 6:224 p.

Joyce, B.A.y Jr. and B, Eldred, The Floride shrimping industry. PEduc.Ser.Fla Sit.Bd
1966 Conserv., 15:47 p,

King, J.BE., A study of the reproductive organs of the ocommon merine shrimp, Penaeus
1948 setiferus (linnaeus). Biol.Bull.msr.biol.Lab,,Woods Hole, 94(35:244—32

Klima, E.F,, Mark-reocapture experiments with brown and white shrimp in the northern
1963 Qulf of Mexioo. Proc.Qulf Caribb.Fish.Inst., 16152=64

Knake, B.0., J.F. Murdook and J.P. Cating. Double-rig shrimp trawling in the Qulf of
1958 Mexioo. Fishery Leafl.U.S.Fish Wildl.Serv., (470):ll p.

Knapp, F.T.,' Menhaden utilization in relation to the conservation of food and game
1949 fishes of the Texas Qulf ooast. Trang.Am.Fish.Soc., T79:137-44

Kruse, D.N., Parasites of the commercial shrimps, Penseus aztecus Ives, P, duorarum
1959 Burkenroad, and P, setiferus (Linnaeus). Tulane Stud.Zool., (47112344

Kutkuhn, J.H., Qulf of Mexico commercial shrimp populations - trends and oharscoter-
1962 istics, 1956~59., Fishery Bull.U.S.Fish Wildl.Serv., 62(212):343-402

Leone, C,A. and C.W. Pryor, Serological correspondence among three species of penaeid
1952 orustacea. J, Elisha Mitohell scient.Soc., 68(2%:27—31

Lindnér, M.J., Estimation of growth rate in animals by marking experiments. Fishexry
1953 Bull.U,S.Fish Wildl.Serv., 54(78):65-9

, Survey of shrimp fisheries of Central and South America. Spec.sclent.
1957  Rep.U.S.Fish Wildl.Serv.(Fish.), (235):166 p.

ILindner, M.J. and W.W. Anderson, Orowth, migration, spawning and size distribution of
1956 shrimp Penaeus setiferus. FPFishery Bull.U.S.Figh Wildl.Serv., 56(106):555=645

Loesoh, H,, Distribution and growth of penaeid shrimp in HMobile Bay, Alabama. FPubls
1965 Inst.mar.Sci.Univ,Tex,, 10:41-58

Love, ToDo and MeH. Thompson, Annual report Bureau of Commercial Fisheries Technolo-
1966 gical Laboratory, Pascagoula, Mississippi, Fiscal Year 1965, Ciro.
Fish Wildl.Serve Mashe, (251):25 p, =

Lunz, G.R., Harvest from an experimental one-acre sali-water pond at Bears Bluff Labora-
1956 tories, South Carolina., Progve Fish Cul%, 18:92-4

s Pond cultivation of ‘shrimp in South Carolina., ProceQulf CaribbeFish,

19586 Inst., 10:44-8

, Annual report 1965-1966, Bears Bluff Laboraiories,Wadmalaw Island,
1937 South Carolina., Contr.Bears Bluff Labs., 44311 p,

Lunz, G.R, and C.M, Beardeny; Control of predaceous fishes in shrimp farming in South
1963 Carolina. Contr.Bears Bluff Labg., 36:9 p.

MoFarland, WoN. and B.D. Lee, Osmotic and ionic concentrations of penaeidean shrimps
1963 of the Texas coasts Bull.marsSci.Gulf Caribbs., 13(3):391—417




- 1468 -

¥Bm/5101 Penasus setiferus 8:5

Hock, C.Roy Natural and altered estuarine habitats. Oalveston, Texas, Bureau of
MS Commercial Fisheries Biological Laboratory, 18 p.

Olivier, G.4., Ecrevisse. Astaous. In Encyclopédie méthodique. Histoire naturelle,
1791 Insectes. Paris, Vol.6:327-49

Paarson, J.C., The early life histories of some American Penaeidae, chiefly the ocom=
1339 merciel shrimp, Penscus setiferus (Linn,). Bull,.Bur.Fish,.Wash,, 49{3)s73 p,

Péreg-Farfante, I., Western Atlantic shrimps of the genus Penasus. Fish.Bull.U.S.Fish
1969 Wildl, Serv., 67(3):461~591

ey Sinopsis de datos biologicos sobre el camardén blanco Penasus sohmitéi
Ti970 Burkenroad, 1936. FAO Fish.Rep., (57) Vol.4:1417-38

Power, B.A., Fishery statistics of the United States, 1958, Statist.Dig.U.S,fish Wildi.
1960 Berv., 431424 p.

Renfro, W.C, and H.A. Brusher, Seasonal ebundance, size distribution, and spawning of

NS penaeid shrimp in the northwestern (Gulf of Mexico.
Rioja, B,y Estudios caroinoldgioos. *. Caracteres sexuales seoundarios de los
1939 Penaeidae - Kl 6rgano antennular de los machos. An.Inst.Biol.Univ.Méx.,
105 313-9

» Betudios carcinolégicom. 4. Observaciones sobre las antenulas dso al-
1940 gunas especies del género Penasus. An.Inst.Biol.Univ.Méx., 11126773

s Bstudios carcinolégicos. 8. Contribucién a le morfologis e inter—
TTTY941T T pretacién del petasma de los Penaeides (Crust. Decapodos). An.Inst,.Biol.Univ,

Méx., 12:199-221

9 Bstudios carcinolégicos. 20. Valor diagnéstico del tercer maxilipedo
1946 y de sus cerdas en algunas especles del género Ponaeus da la coste de
México. An.lnst.Biol.Univ.Méx., 19:453-67

Robas, J.8., Shrimp $trawling gear as used in the Gulf of Mexico. In HModern fishing
1959 gear of the world, edited by H. Kristjonsson. ILondon, Flshlng News (Books)
Ltd.; pp. 311-6

Say, Te, An account of the Crustacea of the United Simtes. J,Acad.net.Sci.Philad, 1z
1818 235-53

Seba, 4., Locupletissimi rerum naturalium thesauri acocurate descripiio, et Loonibus
1759 artificiosissimis expremsio, per univevsam physicee historian. Amsiolaesdami,
H.D. Qaubius, Vol.3, 212 p.

Simmons, E,8., An ecological suvrvey of upper laguna Madre of Texas., FPublas Insi.mar.
1957 Soi.Univ.Tex,, 4(2):156~200

Sprague, V., Noites omn $hree microsporidian parasites of decapod crustaces of Loulsisna
1950 coaztal waters. OQcc.Pap.mar.lab.le St.Uaive, (5)sl=8

e Protozoa. In OGulf of Mexico, its origin, waters and marine lifas.
1954 Pishery Bull U.S.Fish Wildl.Serv., 55(89):243-56

Springer, S. and H.B. Bullis, IExploratory shrimp fishing in the Gulf of Mexlco, 1950-
1952 51, Pishery Leafl.U.5.Fish Wildl.Ssrv., (406):34 p.

Templa, R.¥, and C.C. Fisher, Vertical distribution of ihe plankionic stages of penseild
1965 shrimp. Publs Inst.mar.Sci.Univ,Tex,, 10:59-67




- 1469 -
816 FRm/8101 Penaeus setiferus

Temple, R.F. and C.C. Fisher, Seasonael distribution and relative abundeance of planktonio~
1968 stage shrimp (Penacus spp.) im the northwestern Oulf of Mexico, 1961. Figh-
ery Bull.U,S.Fish Wildl.Sexrv,., 66(2):323-34

United Statea Fish and Wildlife Service; Survey of the Unlted States shrimp indusizy.
1958 Vol.i. Speo.sclient.Rep.U.S.Fish Wildl.Serv.(Fish.), (277)s31L p.

Ursin, E., On the incorporation of temperature in the von Bertalanffy growth equation.
1963 Moddr .Danm . Fisk .—og Havunders, 4(1):1-16

Viosoa, P., ILouisiamna greatest in the production of shrimp, Penassus setiferus. Blemn,
1920 Rep.le Dep.Conserv., 4:106-30

s A critioal analysis of praotices in the management of warm-water fish
1943 with a view %o greater food production. Trans.Am.Fish.Soc., T3:1274-83

Walford, L.A., A new graphic method of describing the growth of animsls. Blol.Bull,
1946 mer.biol.lab..Hoods Hole, 90(2):141=7

Waterman, T.H, and F.A. Chace, Jr., Ueneral orustacean blology. In The physiology
1960 of orustacea, edited by T.H., Waterman, New York, Academic Presm, Vol.l:
1-33

Weymouth, F.W., M.J. Lindner and W.¥W. Anderson, Preliminary report on the life history
1933 of the common shrimp Penacus setiferug (Limm.). Bull,Bur.Fish.,Wash., 483
1-26

Williams, A.B,, Identification of juvenils shrimp (Penzeidae) in North Carolinge.
1953 JoBlisha Mitchell scients800., 69(2):156~60

, A contributiom to the life histories of commercial shrimps (Penseidsae)
1955 in North Carolimae. BullemareScioGulf Caribbe, 5(2):117-46

A survey of North Carolina shrimp nursery grounds. dJ.Blishe Mitchell
1955g EOlenteSOC$, 71.(2) 2200~

Substrates as a factor in shrimp distribution. Limnol.0ceanogr,, 3(3):
g 283—90

s Spotted and brown shrimp postlarvae (Penasug) in North Carolina. Bull,
1959 mareSci.Oulf Caribb,, 9(3):281-90

Marine decapod crustaceans of the Carolinas. Fishery Bull.U.8.Figh.Wildl,
1965 Serv., 65(1):298 p,

Young, J.H., Morphology of ths white shrimp Penaseus setiferus {Linnaeus 1758). TFigh.
1959 Bull. U.S.Fish Wildl.Serv., 59(145):168 p.

Anon., , Cenoer metiferus Limnaeus, 1767 (Crustaocea, Decapoda): validation of the
1967 neotype under the plenary powers. Bull.zool.Nom., 24(3):1151~-2

o N W o ¢ % %






