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ABSTRACT·
The eggs and the larval and first two postla.rml stage-s of t.he- pink shrimp,

Pe.naelt8 all-ol'arum Burke-nroad, from Florida waters are describe-d and illustrated.
A se-rie-s of drawings of the- rostra of advanced Ilostlurvae is included..

The first six larvwl stage-s through the first protoooea were l'OOre-cl from e-ggs
spawned in the laboratory. The re-maining 10.1'\"0.1 and postlarval stages are
descri!bed from specime-ns obtained.. in plankton samples takeon in the Florida BllY
and Dry Tortugas areas.

The larvaJ. and postIarval ,stages of P. dllhl·a·runI are COIIIlIlJ\.'l.red ~ith tbose of P.
8etiferu8. PO&tlarval stages of P. aztecu8 a.re compared with those of P. duorarunJ..

IV



EARLY DEVELOPMENTAL STAGES OF PINK SHRIMP, PENAEUS
DUORARUM, FROM FLORIDA WATERS

By SHELDON DOBKIN, MARINE LABORATORY

UNIVERSITY OF MIAMI

Study of the life history of pC.Jllteid shrimps has
received great. impet.us in the past 25 yea.rs with
t.he increased commercial import.auee of many of
t.he spec.ies. The species of most importance com
mereiltlly belong to t.he genus Pena.eu8 and the
developmental st.age.'! of several membe.rs of this
genus lmve been described.

Three species of Penaeu8 are fished commer
eially along the South Athtntic a.ud Gulf coasts of
the United States. Of these, P. 8etile?"I.t.~ has re
eeived the most. study; it.s early life history has
been desc.ribe.d by Pearson (1939). The larval
development of P. duomru'fllJ and P. aztecus has
not been described; however, some information on
the postlal"\ral and juvenile phases of their life
history is available (Williams, 195:3, 1955, 1959).

The pink shrimp, P. du.omrll1n, supports a
valuable fishery in Floridlt a.nd accounts for Itp
proximately thl'e>e-quarte.rs of th~ shrimp landed
in the State. The object of this study was to pro
vide deta.iled descriptions of t.he egg a.ud larval
stages of this shrimp.

The author expresses apprecia.tion to Drs. C. P.
Idyll, G. L. Voss, and A. C. Jones, of the Marine
Labomtory, University of MillJ~i, for helpful
advice during the course of t.his study and for
crit.ic-al re.ading of the manuscript; and to T. J.
Costello and H. L. Cook, of the Bureau of
Commercial Fisheries, and ~. S. Iversen, of t.he
Marine Laborat.ory, for valuable suggestions.
The 1\.Ut.hor is indebted to Mrs. D. E. Dimit.riou,
A. E.•Jones, D. I. Dubrow, and J. H. Tweedy for
their help in this study, and to Mrs. E. S. Iversen
'for inking t,he drawillgs of the early stages.

NOTE.-This work was condueted In the Marine Laboratory of
the University of Miami, Miami, Fla.. for tbe Bureau of
Commercial Fisheries with Saltonstall-Kennedy funds under
Contract No. 14-17-008-78.

Approved for publication, July 8, 1960. Fisbery BUlletin 190.

METHODS AND MATERIALS

PLANKTON COLLECTIONS

To obt.ain the eggs and larvae of penaeid
shrimps, which are plnnktonic, more than 500
phtnkton sa.mples were taken bet.we~m January and
Deeember, 1959, in Florida Bay and in the Dry
Tortugns areas and ltdjacent. waters. 'rhese col
lections were made from research vessels of the
University of Miami Marine La.bora,t.ory and from
conunereial t.rawlei'S. Tows we·re. mltde ut all
times of day and night and n.t. several water depths
(see table 1), The depth Itt which the nets were
fished was determined by applying the wire llJlgle
measured by an inclinometer to the k-11own amOlmt
of wire out.. Three-quarter meter (mouth cliam
eter) "Discovel'Y"-type nets were used in most
instances with either it No. 10 mesh silk bolt.ing or
:t No.·2 mesh nylon cod end. A 1-foot. (mouth
diameter) "Turtox" net. of No.6 mesh silk bolting
cloth was also used.

Plankt.on tows were generally of 30 minutes'
duration exeept. when other conside-ra.tions, such
as the neeessity for ma,king hydrographic. observa
t.ions, ell.used t.he net. to be brought. up sooner. A
towing speed of a.pproximately 3% knots was
m.aintaine.d in most cases. The plankton was pre
served in 3-percent formalin buffered with hexa
methylenamine and st.ored in 16-ounce jars.

REARING EXPERIMENTS

Four rea.ring experime~ts we.re con.duded from
late March through July 1959. In t.hese experi
ments, large females (approximately 120 to 170"
111m. totallengt.h) with opaque ova were removed
from the regular commercial hauls of a shrimp
t.ritwler on the Dry TOl'f.ugas fishing grOlUlds and
taken to the laboratory. The shrimp were kept

321
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T ABLE I.-Station data for 161 larvae and postla7Vae of
Penaeus duorarum taken from the plankton, 1959

Station Date Time Loc.'\tlon Depth Number and stage
(m.) of speclmellB

------
ELH 79_____ Mar. 14 0510 25°39' N., 81°41' 6 2 isecond post-

W. arvae).
ELH 104•• __ June 2 0315 24°50' N., 8~011' 0 22 (Ilrst

lt
second,

W. and t Ird post·
larvae).

ELH 111 ____ 3 0040 24°56' N., 82"27' 0 1 (second mysls).
W.

ELH 112____ 3 0205 24°58' N., 82°31' 30 1 (ftrst mysls).
W.

ELH 169. ___ July 16 2045 24°65' N., 82°03' 0 46 (all stages from
W. first protozoea

through third
lll:!:tlarvs).

ELHl72_. __ 16 0320 24°50' N., 82"17' 0 1 Ilrst mysls).
W.

ELH 175____ 17 2152 24°51' N., 82009' 0 4 (third protozewa
W. and Ilrst mysls).

ELH 179_. __ 18 01SO 24°64' N., 82°05' 0 1 (third mysls).
W.

ELH 185'___ 18 0940 24°35' N., 82°09' 2 4 (advanced post·
W. larvae).

ELH 197_. __ 18 2125 25°05' N., 82"08' 0 1 (third mysls).
W.

ELH 221____ Sept.10 0025 24°43' N., 82"36' 28 4 (Ilrst and second
W. protozoea)•

ELH 229____ 10 0905 24°43' N., 82°36' 28 2 (second and third
W. protozoea).

ELH 233_. __ 10 1300 24°43' N., 82"36' 28 25 (all stages from
W. first protozoea

through third

ELH 240____ 24°43' N., 82"36'
mysls).

10 2108 0 18 (Ilrst and second
W. rnysls).

ELH 283•• __ Oct. IJ 2100 25°10' N., 82°14' 0 1 (second mysls).
W.

ELH317••• _ 10 0346 24°43' N., 82°35' 0 1 (advanced post-
W. larva).

ELH334a. __ Nov. 3 1830 Flamingo Canal 0 27 (advanced post
larvae).

, One-minute trawl with seine.

alive in transit in plastic 20-gaJlon trash cans
containing sea water circulated by a 12-volt pump.
About 1 dozen shrimp were held ,successfully in
each container for the ·duration of the 160-mile
trip. The water was cha.nged midwa.y of the trip.

At the laboratory three to six shrimp were
pla.ced in 15-gallon aqua.riums, and circulation
was maintained by filtering sea water through
NQ. 6 silk bolting cloth (fig. 1). The sma.ll size
of the apertures (0.24 mm.) ma.de it certain. that
all eggs found in an aqU3.rium 'were spaWned by
the shrimp being held. The runoff from each
tank W3.S drained through a section of pla.nkton
netting fitted to a collecting jar. During the
course of each experimelit the collecting jars and
n,qu3.rjums were examined for eggs and larvae,
which were removed and studied microscopically.
Periodically, each tank was drained and its entire
contents examined.

Eggs and nauplii removed from the aquariums
were held in a va.riety of containers ranging from
petri dishes to a 4-gallon bell ja.r. The sea wa.ter

in the smaller cont..'\.iners was changed frequently.
In the larger vessels it was generally not renewed
during the course of an experiment, but in several
instances was aerated by means of a.n air pump.
On one occasion a glass phmger provided mechan
iCl.tl agitation of the water in the bell jar.

Several types of food were introduced into the
containers when tJle larvae in them reached the
first protozoeal stage. The first of these was
"Liquifry," tt food intended for fish fry and made
up of particles the size of ciliate protozoans. In
subsequent experiments, cultures of the unicellulax
green algae, Ohlmnydomonas sp. and Dunaliella
sp., were fed to the larvae.

In the last two e.xperimel\ts, an attempt was
mttde to minimize bacterial contamination by a.dd
ing antibiotics to the water in which larvae were
being held. In one instttnce, approxima.tely
400,000 units of penicillin were added to e..'\ch of
several of the gallon jars; in another, several
milliliters of a broad-spectrum antibiotic (10 miI
Iigrams/miIIiiiter aureomycin, 2 rng./ml. chlor
amphenicol, 2 mg./ml. streptomycin) were used.

First Experiment

The first rearing experiment took place from
March 26 to April 2. Six ripe female shrimp
were brought to the laboratory on March 30; three
shrimp were placed in a 15-gallon aquarium, and
the other three in a large concrete holding' tank.
Eggs were found in the collecting jar of the
aquanum the following morning, a.nd the entire
aqua.rium was drained and the eggs gathered.
The eggs were placed in a va.riety of containers
(in 32-, 16-, a.nd 10-ounce jars and in petri dishes)
a.nd by early afternoon they were beginning to
hatch. The wa.ter in which,the larvae were held
was changed a.pproximately twice daily. Within
2 dttys the lttrvae that had not succumbed in the
nauplius stage, approximately 10 in number, ha.d
developed to the first protozoea. They were fed
on Liquifry, approximately 1 milliliter being
n.d.ded per 32 ounces of wttter, and examination of ,
the gut of the protozoea showed that feeding had ;
taken place. Despjt.e this, all the remaining
larvae died in the first protozoeal stage within 5
days of the time the eggs were found. Beca.use the
number'of eggs spawned was relatively small and
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FIGURE i.-Aquariums used in rearing experiments, showing plankton netting attached to collecting jar to catch larvae
and eggs in runoff.

mortalit.y was high, insufficient larvae were ob
tained to be certain of the number of nauplial
stages.

Second Experiment

In the second rearing experiment., April 8 to
17, 17 shrimp were brought to the laboratory and
divided among 3 ll.<.J.uariums. On the morning of
April 13, viable eggs.and both newly hatched and
advanced nauplii were observed in the runoff from
one aquarium. This aquarium was drained and
the eggs and In.rvae collected and placed in 16
and 32-Otmce jars as well as in a 5-gallon
aquarium, the bot.tom of which was covered with
sand and equipped with a subsand filter. Indi
vidual eggs were isolated in petri dishes in an
attempt to determine the nwnoor of molts under-

gone by the nauplii and the interval between
molts. The developing eggs and nauplii were
observed continuously for 36 hours, in order to
preserve specimens of €Inch developmental stage.

The eggs isolated in petri dishes failed t.o de
velop past the first nanplius. The larvae in the
5-gallon aquarium did not survive the molt into
the first prot.ozoeal stage. Of the approximately
40 first protozoea th..'l.t. did develop in the 16- and
32-ounce jars, only 1 larva passed through t.he
next. molt. This high mort.ality in the first proto
zoeal st.age was probably due to a combination of
factors, one of which was that the larva must now
seek food for t.he first time, having been supplied
by its own yolk in the nauplial stages (Pearson,
1939; Hudinaga, 1942). During the experiment
a culture of Ohlantydomonas sp. was fed. to the
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first protozooa in the 16- and 32-ounce jars by
a.dding approximat.ely one medicine dropper full
of the c.ult.ure per 3~ OlUlc.es of wate.r per day, and
although the digestive trac.ts of many of the larvae
were eolored green, this food appeared to be in
adequa.te, .Another factor that c.aused high
mortality was entanglement of the setae of the
larvae by algae, by the shrimp's own exc.rement.,
which is emitted in long strands, and by other
particles that l1.re found in the water. The larvae
so entangled settled to the bottom where theoy
eould not, feed. .

Eggs, the five. nauplial stages, and the first pro
tozoea were preserved in suffident quantit.y during
this experiment to describe these stages.

Third Experiment

The third rearing experiment took place from
June 3 to June 6. Twenty-two shrimp were
brought to the laboratory on .June 3, and were
placed in tIiree 15-gl1.llon aquariums. Eggs were
found in two of the aquariums 011 the morning of
.June 6 and were l~move.d and plac.ed in 1~ I-gallon
jars. Approxima.tely 400,000 units of penicillin
were added to six of these jl~rs, amI the wate.r in
one wu.s agitated meehanically. A number of the
eggs developed, and two newly hatched nauplii
were seen. Several hours later, howeve.r, eggs
removed from t.he jars were not. viable., a.nd no
additional nauplii were found.

Fourth Experiment

In the fourt.h rearing experiment, July ~0-27,

approximately ~o female shrimp were placed in
three 15-gaJlon aquarilUns at the laborl1.tory in HIe
early afternoon of July 20. The following morn
ing eggs and newly hatc.hed nauplii were found in
each aquarium and were removed to six 1-gallon
jars. and a 4-gallon bell ja.r. Approximately 5
milliliters of t.he broad-spectrum antibiotic were
added to three of the I-gallon jars and about 20
milliliters were added to the bell jar. The latter
was agitated mee-hanically by a glass plunger.
The water was not changed in these containe.rs
during the course of this experime.nt.

The larvae had advanced t.o the fifth nauplial
stage by' the late afternoon of 'July ~2, and tIle
following morning all the jars were fmUld to con-

t.ain first protozoea. They were fed a eulture of .
DnnaHeUa sp. (which was used as food for oyster
and elam larvae by Davis and Guillard, 1958), by
l1.dding approx.inl.'ttely 4 milliliters to eac.h I-gal
lon jar and 10 milliliters t.o the bell jar daily.

High mort.ality again occ.urred in the first pro
tozoeal stage. The larvae held in the jars to
whi.ch no l1ntibiot.ic W:1.S added were aU dead by
the a.ftel1loon of .July ~4, and by the morning of .
.July 27 all of the. larvae in the other jars had died.
None of the larvae moited into the second pro
tozoon. despite the fact that feeding had taken
place.

During this experiment., photomicrographs of
the egg in various stag~ of development. and of
the nauplial and first protozoeal stages were taken.

Conclusions

To rear Penaeu8 dUff/'ar/llm, suc.cessfully, suitable
food and t.he prevention of crowding of the larvae
are necessary. Hudinaga (194~) was successful
in raising larvae of Pe'1laeu,fj japO'1li(lU8 through the
c.ritical protozoeal st.age by feeding them the
diatom Skeletomww. c08tat·lI/m.. He reported that .
the mysis stage could be rais~d on t.hat. diatom
alone, although good results were obtained by mix
ing the nauplius of P. japonimt8 with the diatoms.
Heldt (1938) found that the protoz06<'t of several
species of pelllieids prospered on small copepods if
the individual larva was isolated and the debris
and excrement relnoved from the water.

Broad (1957) reported that caridean larvae fed
on algae did no better than those that were not.
fed. He reared larvae to the young adult stage by
feeding them Adem,ia nauplii, and limited t.he
number of larvae placed in each 4-inch finger bowl
to 10. Costlow 'and Bookhout. (1959) were suc
cessful in rearing zoeae of the blue crab, Oa.lli
'1lecte8 8apidu,fj, by placing them in plastic com
partmented boxes with one zoea per compartment
and feeding them A:rbaaia. eggs and Artem-ia nau
plii. The author (unpublished data) succeeded
in rearing the larvae of several species of carideans
by placing from 1 to 10 larvae in each compart
ment of plastic compartmented boxes and feed
ing them on .A.rtemia nauplii. Each compartment
c.ontained from 50 to 75 m1. of sea water, and the
water was changed each morning.
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ABBREVIATIONS USED IN ILLUSTRATIONS

EGG

Several hundred eggs were obtained from the
spawning of mature female pink shrimp in the
laboratory. Fifty-three viable eggs measmed
from 0.31 to 0.33 millimeters in diameter. The
viable eggs are yellow brown in color n.nd opaque,
although when light is reflected in a certain way,
t.he chorion shows the blue hue reported by Pear
son (1939)'for t.he eggs of P. setife1'Us.

The complete development of the fertilized egg
was not observed, since the eggs were alrendy in ail
advanced st.at.e when found. The development. of
eggs of Penaeus .7rt.poniC'/.(.8 is adequately described
by Hudinaga as summarized by Pearson (1939).
Development in P. dnm'a1"lMn may be simila.r, since
condit.ions under which the eggs of the t.wo species
of shrimp were reared and deve.Iopment. subse
quent to hate-hing are compa.rable. Photomicro
graphs of several stages of viaNe eggs were made
(fig. 2).

Hatching wns observed by the aut.hor in the
laboratory. At water temperatures of 27° to 29°
C., the nauplius emerges nbout 13 or 14 hours after
the eggs are spawned (Hudinaga, 1942). Prior to
its emergence., the nauplius moves its appendnges
convulsively at short intervals. After the furcal
spines puncture the egg membrane, the nauplius

15838370-&1-2

aI-first antenna
a2--second antenna
ab-abdomen
c-carapace
ch-chela
d~digest.ivetract
e-eye
en---endopod
ex---exopod
fr-frontalorgans
fu-furca
gp-gill plate
la-labium
1m-labrum
md-mandible
mp-mastigobranchial

plate
mxl-first maxilla

mx2-second maxilla
mxpl-first maxilliped
mxp2-second maxil-

liped
mxp3-third maxil-

liped
o-ocellus
ped-pedlUlcle
per-pereiopods
pl-pleopods
pr-protopod
r-rostrum
sc-scaphognathite
st-statocyst
su-supraorbital spine
th-thorax
u-uropods

FIGURE 2.-Photomicrograph of eggs in several stages of
development.

emerges, posterior half first, by pushing against
the membra.ne with the first. antennae. Emergence
from the egg requires 2 to 3 minutes.

FIRST NAUPLIUS

Individuals of the first nauplial st.age (fig. 3)
ranged from 0.35 to 0.40 mm. in body length.
Their greatest body width was from 0.18 to 0.20
mm. Body length ~vas measured from the anterior
to t.he posterior end exclusive of the furcal spines.
Greatest. body width between the lateral margins
was measured dorsally and oce-urred at a point
between t.he. first h'o pairs of appendages. De
scription of the first nauplius is based on 13 speci
mens ra.ised from eggs.

The nauplius is yellow brown in color and
opaque, the opaqueness being more pronounced in
preserved specimens. Viewed dorsally the body
is pear-shaped, the anterior part. being the wider.
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B

and mandibles. The antennae are considerably
larger than the mandibles.

The first antenna is uniramous and finger
shaped and is slightly more than three-quarters
the length of the body. It bears 2 short lateral
setae, 2 long terminal setae, and a third long seta
which appears to be terminal, but which actually
arises from the dorsal surface of the appendage.
The bud of a third terminal seta is present.
"Short" setae measure less than 0.1 mm. in length,
"moderate" setae between 0.1 and 0.2 nun., and
"long" setae more than 0.2 mm.

The second antenna is biramous, the exopod
slightly longer than the endopod and equal in
length to the first antenna. The endopod bears
2 short lateral and 2 long terminal setae. The
bud of a third terminal seta is present. The exo
pod bears 3 long lateral and 2 long terminal
setae.

The mandible is biramous arid approximately
half the length of the first appendage. Each
ramus bears 3 long setae. All setae on the exopod
are terminal. Two of the setae on the endopod
are terminal, the third seta arises from a con~

striction in the appendage approximately four-

. FIGURE 3.-First nauplius. (A) Ventral view.
(B) Lateral view.

FIGURm 4.-Photomicrograph of first naupllus immediately
following hatching.

Newly hatched first nauplii resemble two spheres
joined at the middle (fig. 4), but shortly there
after they completely unfold and become typically
pyriform (fig. 5).

Viewed laterally, the anterior part is elliptical,
due to development of the labrum (fig. 3B) . This
structure is present at the point where the a~terior

and posterior halves join and where the posterior
half is flexed ventrally. The body appears to be
divided into anterior and posterior parts with a
constriction between; nevertheless, it is not truly
segmented.

An ocellus, or "nauplial eye," is present near
the anterior end of the body. Posteriorly, there
is a dorsally flexed pair of furcal spines which
are approximately two-fifths as long' as the body.
A small dorsomedian triangle-shaped spine
(fig. 3B) is present near the posterior end of the
body.

Three pairs of appendages, natatory in func
tion, are present: first antennae, second antennae,

'"
!
I.
I
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FIGURE 5.--Photomicrograph of first nauplius soon after
hatching.

FIGURE 6.-Ventral view of second naupUus.

SECOND NAUPLIUS

Specimens of the second nauplius (fig. 6) meas
ured 0.40 to 0.45 mm. in length and 0.18 to 0.20 mm.
in body width. The major differences between this
stage and the preceding one are in the setation of
the first and second antennae, the appearance of
setules on the longer setae, and a slight change in
the shape of the body. The description of the
second nauplius is based on 27 specimens. raised
from· eggs.

The single pair of furcal spines found in the
first nauplius is still present, and no others have
been added. The dorsomedian spine near the
posterior end of the body is no longer present.

The first antenna bears 3 lateral seta.e, 2 of
which are short and 1 is of moderate length; also
3 terminal setae, 1 of which is long, 1 moderate,
and 1 short.

A short terminal seta has replaced the bud pres
ent in the preceding stage on the endopod of the
second antenna. A short terminal seta,. is also
added to the exopod of this appendage, making
a total of 3 lateral and 3 terminal setae. The num
ber of setae on the exopod of the second antenna
increases by 1 in each successive nauplial stage
and the setation of this appendage is therefore
an excellent characteristic for differentiating be
tween the various stages.

The endopod aJld exopod of the mandible con
tinue to bear 3 long setae each, in the same :r>osi
tion as in the preceding stage.

.~

... ;.. ..~ -e-.- ...

\
.......

~..,.:'"..
'1:'" ~-!:

. -

•. or .

. . .:~.~~ ..

fifths of the distance from the body. Although
setation of the first and the second appendage
varies in the different nauplial stages, that of the
mandibles remains consta.nt.

During the nauplia.l stages, the la.rva.e feed on
yolk grnl~ules, which, beca.use of their opaqueness,
ca.n, easily be seen in the tra.nspa.rent body of the
nauplius. The description of locomotion in the
nauplius of P. setiferus (Pearson, 1939) and P.
japonlou.s (Hudinaga, 1942) was found to hold
true for P. duora1-wm. The nauplius swims
upward by a rapid beating of its appendages,
which lasts approximately 5 seconds; after that
the nauplius sinks dorsal side down with its ap
pendages extending upwards. This period of in
activity lasts several times longer than the period
of activity, being from 15 to 30 seconds in
duration.
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The post.erior portion of t.he body of the second
nauplius has become somewhat elongated. The
caudal end is now t.runcate or concave rather than
rounded.

The longer setae of the appendages have become
plumose in the second nauplius with the addition
of fine setules. The appendages remain unseg
mented. The furca1 spines do not acquire t.he
distinct. barbs reported by Hudinaga (1942) for
P. japoni.("/U1, but t.heir margins are no longer
smooth.

THIRD NAUPLIUS

Specimens of the third nauplial stage (fig. 7)
ranged in length from 0.45 to 0.49 mm. and from
0.17 to 0.20 mm. in greatest. body width. Meas
urements were made on 24 specimens raised from
eggs. The major differences between this and t.he
preceding stage are the development of 2 dist.inct
furcal processes, the addit.ion of 2 spines on each of
these, and differences in the setation and the first
sign of segmentation of the appendages.

The caudal end of the body is now divided into

2 furcal processes with a distinct notch between.
Each furca bears 3 spines, the middle one being ap
proximately two-fifths the length of t.he body.
The external spine measures about one-third the
lengt.h of the median one and the internal spine
about one-sixth. The median spine bears minute
barbs but. the other 2· spines are smooth. The
furcal spines are flexed dorsally, as can be seen
in lateral view.

The first antenna has lost it.s posterolateral seta
and now bears 2 lateral and 3 terminal setae. The
basal portion of this appendage shows traces of
the segmentation t.hat. will appear in the next
molt.

The endopod of the second antenna has the same
complement. of setae as in the preceding stage;
however, the anteriormost of the ternlinal setae
hns grown to almost the len.gth of the others.

The exopod of the second ant.enna has added
another terminal set.a, making a total of 3 lateral
and 4 t.el1uinal setae.

The set-ation of t.he mandible remains the same·.
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FIGURE 7.-Ventral view of third nauplius.
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FOURTH NAUPLIUS

The fourth nauplii (fig. 8) e.xamined measured
from 0.48 to 0.55 mm. in body length and from
0.18 to 0.20 mm. in greatest body width. Six speci
mens that had been reared from eggs were studied.
The major differences between this and the pre
ceding stage are in the number of fureal spines,
the appearance of the next four pairs of appen
dages, and segme.ntation and Setation of the
appendages.

There are now 5 spines on each furcal process,
with the addition of 2 weak spines external to the
3 already present in the preceding stage. T~le

longest spine bears minute barbs, while the other
4 are smooth.

This stage is the first in which there is a definite
segmentation of the appendages. This segmenta
tion is often indistinct and the best criterion for
its determination is the presenc.e. of indentations
along the margins of the appendages.

The frontnl organs reported to be present in late
nauplial stages in several other species of penaeids

were never seen in this stage in P. du,oraru1n, al
though several specimens were examined under
500 power speeifieally for this charaeter.

FIFTH NAUPLIUS

Individuals of the fifth nauplial stage (figs. 9
and 10) measured from 0.53 to 0.61 mm. in body
length and from 0.17 to o.~:w mm. in greatest body
width, based on 28 specimens raised from eggs.
The most noticeable differences between this and
the preceding stage. are· the development. of the
masticatory portioil of the mandible, the trans
parency of the endopod of that appendage, the in
creased number of fureal spines, the outline of a
future carapace, and the setation of the
appendages.

The furcal processes now bear 7. spines each,
with the addition of 2 spines, 1 weak a.nd 1 mod
erate, internal to the 5 found on eaeh furca in the
preceding stage. The 3 median spines benr minute
barbs.

Frontal organs were observed on the anterior
margin of se.veral fifth nauplii taken from the

'/'~
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FIGURE S.-Ventral view of fourth nauplius.



330 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

plankton. The original examination of material
obtained from rearing experiments did not dis
close these structures, but a photomicrograph (fig.
9) shows them clearly. With this proof of their
existence and tJ:1eir subsequent discovery on the
planktonic specimens, -the presence of frontal
organs was established.

The first antenna now bears 3 setae on the an
terolateral and 2 on the posterolateral surfaces,
as well as 3 t~nninal setae. This is a total of 8
setae as compared with the 5 found on this ap
pendage in the preceding stage. The segmenta
tion remains the same as in the fourth nauplius.

The endopod of the second antenna is unseg
mented and bears 3 lateral and 4 terminal setae.
Two of the lateral setae originate from the same
p~int close to the distal end of the endopod. The
exopod of the appendage now bears 9 setae, with
the addition of a short lateral seta which is the
most proximal to the body.

FIGURE e.-Photomicrograph of fifth nauplius. (Note
frontal organs.)

The basal portion of the protopod of the man
dible has become swollen and knoblike and bears
a ring of toothlike structures. The endopod has
become transparent in so~e specimens due -to loss
of its musculature. The setation is the same as
in previous stages.

The maxillae and maxillipeds are further de
veloped, and cover the major portion of the ven
t.ral surface of the body posterior to the labrum.
They remain nonfunctional. The developing max
illae and maxillipeds are biramous. The exo
pods of the maxillae ·take the form of swolIen
knobs protruding from t.he distal portions of the
protopods and have been t.ermed sc.aphognathites.
The exopods of the maxillipeds are palplike in
form.

In dorsal view the body appears t.o be in two
segments. This is due to the outline of -the pos
t.erior edge of the developing carapace, which can
be seen under the cuticle at about t.he midpoint of
the body.

FIRST PROTOZOEA

Forty-two first. protozoea (figs. 11 and 12) of
P. dtuo"(l:rulfl"b raised from eggs measured from
0.86 to 1.02 mm. in body length, from 0.35 ·to 0.44
mm. in body width at. the widest part of the cara
pace, and from 0.40 to 0.49 mm. in carapace
length. Seven first protozoea taken from the
plankton measured from 0.98 to 1.14 nun. in body
length.

The first protozooa represents the most radical
change in the form of the larva up to this point.
The body is clearly divided into two parts. The
anterior part is covered by the carapace, which
is just under one-half t.he body length. The cara
pace is rounded anteriorly with a notch at the
midline. The posterior edge of the carapace is
nearly straight and covers the basaJ. portioJl of
the second maxillipeds. The narrower posterior
part is divided into a thorax of six segments and
an unsegmented abdomen. The junction of thorax
and abdomen is marked by a slight swelIing in the
latter. .

Anot.her feature differentiating this stage from
the preceding one is the de.velopment of compound
eyes. These can be seen under the carapace, but
do not become stalked until the next stage. A 2
lobed labium just post.erior and dorsal to t.he la
bruni and a digestive tract are other structures
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FIGURE to.-Ventral view of fifth nau.plius.
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distinguishable in this stage. In addition, the
mandible has lost its endopod and all but a small
portion of its e.'l:opod. I~ masticatory surface
has, however, developed considerably. During
this stage the larvae cease living on yolk and
begin to seek nourishment in the water.

The ocellus persists in the midline between the
developing compound eyes. Just posterior to the
ocellus the two large lobes of the liver, which is
dorsal to the mouth, can be seen in ventral aspect.
The labrum is conspicuous as a roughly oval struc
ture located ventrally in about the middle of the
area covered by the carapace. Its posterior or
free edge has a slight notch at the midline which
is provided with short bristles, and the anterior
edge is marked by a well-developed spine. The
two lobes of the labium extend from under the
labrum and have bristles along their median
borders. The greater portion of the mandible
Consists of an irregnlarly shaped median mastica
tory lobe, which bears 6 to 8 small teeth and 3
or 4 larger ones, and a lateral rounded lobe, which
bears a trace of the exopod.

The caudal furcae each bear 7 spines, as in the
preceding stage.. The spines have setules, except
for the most external spine which is smooth. This
external spine originates from the dorsal surface
rather than from the lateral, terminal, or median
surfaces of the furca, as do the other spines.

The first antenna is divided into three major
parts. The basal portion bears 2 setae along its
anterior margin. The middle portion bears 1 long
seta on ·its anterior margin. ·The distal portion
bears 1 dorsal and 3 terminal setae and, in addi
tion' 1 short seta on its posterolateral margin.
This is a total of 8 setae on the first antenna.

The protopod of the second antenna is 3-seg
mented and bea.rs no setae. The endopod has 2
segments, the basal segment bea.ring 2 setae. Two
additional setae are present at the junction of the
2 segments of the endopod. The distal segment
bears 5 setae, making a total of 9 setae for this
ramus. The exopod of the second antenna is di
vided into about 10 segments and bears 7 setae
on its anterolateral and 2 on itS posterolateral mar-

. gins, as well as 4 terminal setae.
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FIGURE n.-First protozoea. CA) Ventral view. (B) Mandible. CC) First maxilla. (D) Second .maxilla. (E)

Second maxilliped.. (F) First maxilliped.
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The mandible has lost its endopod and all but
a trace of its exopod, has a well-developed masti
catory surface, and lies dorsal and posterior to
the labrum.

The first and second maxillae and first and sec
ond maxillipeds are well developed and become
functional in this stage.

The first maxilla onsists of a protopod of 2
segments, an endopod of 3 segments, and a budlike
exopod or scaphognathite. The inner margins of
the segmen ts of the protopod and the endopod
are lobed and bear setae. The 2 segments of the
protopod bear about 4 setae each. The basal and
median segments of the endopod bear 2 setae
each, and the terminal segment bears 5. The
exopod, or scaphognathite, bears 4 setae. The 5
terminal setae of the endopod are present through
out the protozoeal and first two mysis stages. The
4 setae of the sca,phognathite are present in the

FIGURE 12.-PhotomicrGgraph of first protozoea.
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protozoeal and first mysis stages; the scaphog
nathite is not present beyond the first mysis.

The second maxilla is somewhat larger than the
first. It has a protopod of 4 lobed segments. The
basal segment bears about 5 setae, and the remain
ing 3 segments, 2 each. In the protozoeal and
mysis stages the setae on the protopod of the max
illae are shorter and stouter than the setae found
elsewhere on the body. Each segment of the 5
segmented endopod bears 2 seta,e except the termi
naJ segment, which has 3. This latter number is
constant for the protozoea, bnt in succeeding
stages the scaphognathite increases in size and
possesses an increasing number of setae.

The first maxilliped is the largest of the newly
function a1 appendages. It-. consists of a 2
segmented protopod, a 4-segmented endopod, and
an ullsegment-ed exopod. Both of the lat.ter are
palplike. The segmenls of the protopod bear ap
proximately 3 to 4 setae each; those of the endopod
have 2 or 3 each except for the terminal segment,
which bears 5 -setae. The unsegmented exopod
bears 7 setae.

The second maxilliped is almost identical to the
first, except that it is smaller and bears fewer
setae. The protopod has 2 segments and bears
approximately 5 to 7 setae. The endopod is 4-seg
mented; the terminal segment bears 5 setae and
the other 3 segments be.o'tr 2 setae each. The ex
opod is unsegmented and bears 6 setae.

The digestive tract runs from the mouth to the
posterior end of the body. It is widest at its
anterior and posterior portions. A pair of muscle
bands is present along the margins of the body
in the region of the thorax and abdomen.

SECOND PROTOZOEA

The. second protozoeal stage and succeeding
larval stages were described from a series of speci
mens linked with the first protozO&'L and with each
other by their simu~taneous occurrence in plank
ton tows. Individuals of the second protozoeal
stage (fig. 13) measured from 1.5 to 1.9 mm. in
body length, based on the examination of 15 speci
mens taken from the plankton.

The main diil'erences between this stage and the
preceding one are the acquisition of a rostrum and
supraorbital spines, the appearance of stalked com
pound eyes which are free from the carapace, and
the segmentation of the abdomen.
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FIGURE l3.-Second protozoea. (A) Dorsal view. (B) First antenna. (0) Second antenna. (D) First maxllla.
(E) Second maxilla. (F) First maxilliped. (G) Second maxilliped.
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A ventrally curved rostrum is present on the
carapace. It measures from one-'fourth to one
third the total length of the carapace. The cara
pace also bears a pair of bifurcated supraorbital
spines. It attains its ma.ximwn width at a,bout the
level of the point of attachment of the second
maxillae and then gradually narrows to about half
that width. The posterior margin covers the an
terior part of the third thoracic somite. The
lateral portions of the carapace extend back
slightly farther than t.he dorsal surface.

Gill plates are present for the first time.
There is no great change in the structure of the

appendages from those of the first protozooa. A
single seta is added to the first antenna. Buds of
the t.horacic appendages, t.he third maxillipeds,
and the five pairs of pereiopods appear in this
stage but are very rudimentary.

The 6 thoracic and 6 abdominal segments are
apparent and appear very similar except for the
sixth abdominal segment, which is more elongate
tha.n the rest. The,re is no line of demarcation
between this segment and the telson..

Each furcal process continues to bear 7 spines.

THIRD PROTOZOEA

Individuals of the third protozoeal stage (fig.
14) measured from 2.2 to 2.7 mm. in body length,
based on the examination of 18 specimens taken
from the plankton.

The major differences between this and the pre
ceding stage are the appearance of a pair of
biramous uropods and of spines on the abdominal
somites. All of the somites are fully developed at
this stage.

The carapace now covers the first five thoracic
somites. The small exterior spines on the supra
orbital spines disappear and the latter are t,hus no
longer bifurcated.

The 5 segments of the basal portion of the first
antenna are united in this stage. The second an
tennae, first and second maxillae, and first and
second maxillipeds are essentially the same as in
the preceding stage. The third maxillipeds and 5
pairs of pereiopods have developed further, but
st.ilI remain rudimentary and functionless. They
all are biramous.

The abdominal somites are now considerably
longer than those .of the thorax. The sixth ab
dominal somite is about equal in length to the pre-

ceding four combined. The sixth abdominal
somite is separated from the telson and differentia
tion of the body somites is complete. Each of the
first 50 abdominal somites bears a dorsomedian spine
on its posterior border. In addition, the fifth
somite bears a pair of posterolateral spines and the
sixth somite bears a pair of post~rolateral and a
pair of posterovent.ral spines. All of the spines
on the abdominal somites are directed posteriorly.

The biramous uropods are not fully developed.
The exopod is somewhat longer than the endopod.
The exopod bears ,6 short terminal setae and the
endopod 2.

There are now 8 spines on each furcal process,
with 1 having been added internally to the 7
already existing.

FIRST MYSIS

The second profound metamorphosis occurs at
the end of the third protozoeal stage and the larva
enters the first mysis stage (fig. 15). Specimens
in this stage measured from 2.9 to 3.4 mm., based
on the examination of 23 specimens ta·ken from
the plankton. The larva now assmues a more fa
miliar shrimplike appearance. The major changes
are the development of the thoracic appendages
and the nature of the first and second antennae.
The carapace, uropods, and telson have also under
gone extensive development.

The carapace fits the body m()re closely than in
the protozooal stages. The smooth rostrum does
not curve ventrally in as pronounced a manner as
in the preceding stage but projects almost straight
.forward. There is, however, a good deal of vari
ation in its form. Supraorbital spines are still
present, though smaller than in the protozoeal.
stages. A spine is present at the anteroventral
corner of the carapace. A hepatic spine, some
what removed from the anterior margin of the
carapace, is also present. Cephalic and thoracic
somites are fused in this stage. The' carapace does
not quite cover the thorax.

The first a'nd second antennae have changed in
form as well as in function: they are no longer
natatory, but tactile. The first antenna is divided
into 3 segments, the basal segment being equal in
length to the other 2 segments. The distal seg
ment bears 2 branches, the external being twice the
length of the inner branch. The extenlal branch
bears 6 smooth setae and the inner branch 2.
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FIGURE 14.-Third protozoea. (A) Dorsal view. (B) First antenna. (e) Second antenna. (D) First maxilla. (E)
Second maxilla. (F) First maxilliped. (G) Second maxilliped. (H) Lateral view.
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FIGURE 15.-First mysis. (A) Lateral view. (B) First llntenna. (e) Second antenna. (D). First maxilla. (E)
Second maxilla. (F) First maxilliped. (G) Second maxilliped. IH) Third maxilliped. (I) First pereiopod.
(J) Telson and uropod.
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There is a series of plumose set.ae along the mar
gins of the appendage. All of the setae are con
siderably shorter than in the preceding st.age. A
large spine is present about midway along the
inner margin of the basal segment.

The segments of the exopod of the second an
tenna have fused to form a flattened scalelike
struct.ure. A series of 11 setae is present. along the
inner and terminal margins, with a twelfth pres
ent on the outer margin. The endopod has de
veloped into an unsegmented rodlike structure
about two-thirds the length of the exopod. It
bears approximately 4 smooth setae, 3 of which
are terminal. The protopod consists of 2
segments.

The first and second maxillae are essentially
the same as in the preceding stage with the excep
tion that the scaphognathite of the second maxilla
has become enlarged and now bears 10 setae. The
first and second maxillipeds likewise show no ap
preciable change.

The third maxilliped is now longer than the
first 2. It consists of a 2-segmented protopod, a
5-segmented endopod, and an unsegmented exopod.
The endopod bears at least 5 setae, 4 of which are
terminal. The exopod bears approximately 6
setae.

The 5 pairs of pereiopods have developed con
siderably, and are the chief natatory structures of
the larva at this st.age. .In swimming they are
assisted by the 3 pairs of maxillipeds. The first 3
pairs of pereiopods are chelate and show a slight
increase in size from the anterior to the posterior
part of the body. They are composed of a 2-seg
mented protopod, an endopod of 2 segments (the
distal end of the endopod is the rudimentary
chela), and an unsegmented exopod. The chela
bears 2 or 3 short terminal setae and the endopod
6. The fourth and fifth pereiopods are composed
of a 2-segmented protopod, a very short unseg
mented endopod, and an unsegmented exopod
which is 3 or 4 times the length of the endopod.
The endopod. bears about 6 terminal setae.

The first and second abdominal segment.s have
lost their dorsal spines, and those of the third
and fourth segments are much reduced. The dor
sal spines on the fifth and sixth abdominal seg
ments are still fairly prominent. In addition,
the fifth sE\"oment. hears a pair of posterolateral

spines, and the sixth segment bears 2 pairs of pos
terolateral and 1 pair of posteroventral spines and
a ventromedian spine on its posterior margin.
Buds of the pleopods ean be seen on the first 5
abdominal segments.

The uropod now has a protopod which bears 3
spines on its distal border. The exopod and en
dopod aTe about aqua.} in length, however, the for
mer is much the wider. The exopod bears about
8 setae on its inne.r ma.rgin, as well as 2 or 3 short
setae between the subterminal spine on the outer
margin and its distal edge. The endopod bears
a.bout 6 lateral and '3 terminal setae.

The telson bears 7 pairs of terminaJ spines and
a pair of small lateral spines. The median notch
in the distal margin of the telson is quite well de
veloped, the height of the tip of. the notc.h falling
between the lateral and terminal spines. The
depth of the noteh and the level of its tip in rela
tion to the spines on the telson are important
characters in differentiating the three mysis stages.

SECOND MYSIS

Specimens of the second mysis stage (fig. 16)
measured from 3.3 to 3.9 mm., based on examina,:"
tion of 8 specimens found in the plankton. The
distinguishing characteristic of this stage is the de
velopment of rudimentary pleopods.

The carapace now extends back, completely cov
ering the thorax. The appearance of the rostnlm
and the spination of the carapace are the same
as in the preceding stage.

The branches from. the distal segment of the first
antenna are now almost equal in length_ Numer
ous setae are present at the junction of the seg
mentis of the appendage. A bulge, which is the
developing statocyst, appears in the basal segment.

A subterminal spine appears on the outer mar
gin of the exopod of the second antenna. The
l!ttter bears 8 setae along its inner margin, 4 ter
minal setae, and 3 set.ae between the distal tip and
the subterminal spine. The endopod remains un
segmented and rodlike, and in this stage is ap
proximately half the length of the exop~d. The
distal segment .of the protopod bears a median
spine.

The scaphognathite of the first maxilla has dis
appeared, while that of the second maxilla has
increased in size and now bears 14 setae.
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FIGURE l6.-Second mysis. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxilla. (E)
Second maxilla. (F) First maxilliped. (G ) Second maxilliped. (H) Third maxilliped. (I) First pereiopod.
(J') TeIBOn and uropod.
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The maxillipeds are much the same as in the
preceding stage, except that the exopod of the.
third maxilliped now has 2 segments.

The pereiopods lllwe. grown considerably but
their structure remains essentially the same. Of
the 3 pairs of chelate pereiopods, the third pair is
the longest and the first pair the shortest.

Rudimentary pleopods appear on the abdominal
segments in this stage. They are uniramous.

The spination of the abdomen and the appear
ance of the uropods .is the same as in the preceding
stage.

The notch at the distal end of the telson is shal
lower than before. The tip of the notch now
reaches only the level of the most external pair
of the 7 pail'S of terminal spines. The most ex
terna.] 2 pairs of terminal spines are farther apart
than in the first mysis.

THIRD MYSIS

Individuals of the third Inysis stage (fig. 17)
measured from 3.7 to 4.4 mm., based on the ex
amination of 6 specimens taken from the plankton.

The distinguishing characteristics of the third
mysis stage are the appearanc.e of a dorsal spine.
on the rostrum and of :well-developed pleopods.

The first and second antennae are much the
same· as in the second mysis. However, the exter
nal branch from the distal segment of the first
antenlllt is now divided into 2 segments. The
same is true. of the endopod of the second antenna.

The fil"St and second maxillae are essent.ially the
same as in the prec.eding stage except that the
scapllOgnat.hite of the latter has continued to in
crease in size and be.a.rs 16 setae.

The endopod of the second maxilliped has 5 seg
ments inste.ad of 4 and the exopod is 3-se.gmented.

The first 3 pairs of pereiopods are made up of a
protopod of 2 segments, an endopod of 4 segments,
and an exopod of 2 segments. The endopods of
the fourth and fifth pereiopods have 3 or 4 seg
ments, the prot.opod and exopod 2 each.

The pleopods a·re well developed although still
funct.ionless at this stage. They are divided into
2 segments.

The telson has become somewhat. more elongate
with the result that the external pair of tel1ninal
spines of the second mysis is now in a lateral

position. The distal notch has become narrower
and shallower, and the height of the tip of the
notch is now at the level of the most external of
the 6 pairs of t.enninal spines.

FIRST POSTLARVA

Thirteen specimens of t.he first post.larval stage
measured froIn 3.8 t.o 4.8 mm. in body length.
All specimens of postlarvne were taken from the
plankton.

No great. metamorphosis takes place at the molt
which gives rise to the first postlarval stage (fig.
18) . The pereiopods lose their exopods and the
exopods of t.he maxillipeds are lost or modified.
The pleopods tltke over the swimming function.

The rostrum cont.inues to bear 1 spine near its
base and is about equal in length to the eye when
the latter is extended forward. The spine at the
anteroventral corner of the carapace has disap
peared. In most of the specimens examined, the
supraorbital spines were absent and a supraorbital
crest was developed. In .a· few cases, however, a
small spine remained.

The inner and outer branches from the distal
se.gment of the first antenna now have 2 and '3
segments, respe.ctively. The statocyst at. the base
of t.he first antenna is fully developed.

The endopod of t.he first maxilla is much re-
duced, unsegmented, a.nd without. setae. There is
no line of demarcation between it. and the pedun
cle. The same can be sro'd for the endopod of the
second ma.xilla, except. that it st.ill has 3 segments.
T~le scaphognathit.e, which now bears 18 setae, is
the dominant structure of the appendage.

St.riking changes have taken place in the appea-r
anee of the first. maxilliped. The endopod is un
segment.ed, and the exopod hilS lost. its setae. The
peduncle has become greatly widened and bears
numerous set.ae along its inner margin.

The see-ond maxilliped has lost its exopod. The
endopod consists of fi segments of which the distal
3 curve inward. The peduncle consists of 2
segments.

The third maxilliped ha-s undergone little
change, with the exception of the loss of the exo
pod. The endopod still has 5 segment.s and t.he
peduncle 2.
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FIGURE 17.-Third mysls. (A) Lateral view. (B) First antenna. (e) Second antenna. (D) First maxilla. (E)

Second maxilla. (F) First maxillipecl. (G) Second maxilliped. (H) Third maxilliped. (I) First pereiopod.
(J) Telson.
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FIGURE lS.-First postlarva. (A) Lateral view. (B) First antenna. (C) Second antenna. (D) First maxUla.. (E)
Second maxilla. (F) First max1lliped. (G) Second maxilUped. (H) Third maxilliped. (I) First pereiopod.
(J) Fourth pereiopod. (K) Telson.
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TABLE 2.-JIeasurements of 48 advanced-stage postlarvae
ea;amined

postlarva, while the third maxilliped is essentially
the same. The same is true of the pereiopods and
pleopods. .

There are no spines on the third through fifth
a.bdominal segments.

The telson does not differ markedly from the
prec.eding stage. The notch, however, is some
what less evident.

ADVANCED POSTLARVAE

A series of specimens of postlarvae (fig. 20)
from the 3-dorsal rostral-spine stage through the
10-dorsal and 2-ventral rostral-spine stage, meas
uring from 5.7 to 18.6 mm., was examined (see
table 2). From the work of Hudinaga (1942)
on P. japo1liim.t8, it appears probable that several
molts occur, with the postlarvae retaining the same
number of rostral spines. Hudinaga's observa
tions were made on living material. Although the
present study dealt exclusively with preserved ma
terial, it was noted that the anteriorniost rostral
spine of a group of postlarvae having the same
number of rostral spines often varied in size.
Since this spine is always the one most recently
developed, this may be added proof for the sup
position that the same number of rostral spines
are retained through several molts.

The first ventral spine on the rostrum appears
in the stage that has 7 dorsal rostral spines (at
approximately 10 to 11 mm.), although the stage
or stages preceding it have 7 dorsal and no ventral
rostral spines. Likewise, the second ventral spine
appears when 8 dorsal spines are present (at ap
proximately 12.5 to 13.5 mm.), although there are
specimens with 8+1 rostral spines.

The biramous condition of the pleopods is first
clearly evident in the 8+ 1 stage, but development
may have begun in the preceding stage.

16 5.7- 7.0
2 7.2- 7.3
5 8.1-9.4
3 10.2-10.4
2 9.3-9.6
4. 10. 4-n. 3

. 4 10.o-n.7
8 12.5-13.6
6 113. 7+
3 I 16.11+

Number of Body
specimens length,
emmined (mm.)

Number of rostral spines (dorsal+ventral)

I Adult P. tluorarum have 9 or 10 rostral spines.

8+0 .. • . _. _
4+0 . • .•_. _
11+0__ -_--__ .. • ._ ---_ • _
6+0 -- . --- - . - • . _. _
7+0••• . • . _
7+1. . .• . _
8+1. __ --- -- .. • . • _
8+2- --- •. ., • •• _
9+2 . . • _

10+2 • __ . • •_. _

The first 3 pairs of pereiopods consist of a pe
dWlcle of 2 segments and an endopod of 5. The
chela is formed by the fourth and fifth segments
of the endopod. The fourth and fifthpereiopods
have the same number ofsegments as the first three
but do not bear chelae. Instead, the fifth segment
of the endopod is slightly curved a.nd pointed.

The pleopods have 3 segments, the most distal
of which bears about 10 setae. The first three
pleopods are better developed than the fourth and
fifth.

The dorsal abdominal spines are variable in this
stage. Almost all specimens examined had a dor
sal spine on the fifth segment. Some had small
spines on the third and fourth segments, but others
did not, The dorsal spine on the third abdominal
segment was the one most often missing. The
Ia,OOral spines on the fifth abdominal segment were
absent on almost all first postlarvae examined, but
were present, although reduced, on at least 1 speci
men. The 2 pairs of lateral spines on the sixth
abdominal segment have disappeared.

The telson is further elongated and now bears
3 pairs of lateral and 5 pairs of terminal spines.
The notch is further req.uced, its tip falling be
tween the most posterior pair of lateral spines and
the terminal spines.

SECOND POSTLARVA

Individuals of the second postlarval stage (fig.
19) measured from 4.7 to 6.6 mm., based on 22
specimens tK'tken from the plankton.

The chief difference between this stage and the
first postlarval stage is the presence of a second
dorsal spine on the rostrum. In addition, the ros
trum is shortened and does not reach the end of the
eye when the latter is extended forward.

The inner of the 2 branches from the distal end
of the first antenna is now somewhat longer than
the external branch and has 3 segments. The
flagellum of the second antenna is larger and is
composed of 5 segments.

The maxillae are more developed. The sca
phognathite of the second maxilla is larger and
bears approximately 30 setae.

The endopod of the first maxilliped is much
smaller than the exopod, and the mastigobranchial
plate has developed greatly. The second maxilli
peel is curved to a greater degree than in the first
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FIGURE 19.-Second postlarva. (A) Lateral view. (B) First antenna. (0) Second antenna. (D) First maxilla.
IE) Second maxilla. IF) First maxilliped. IG) Second maxilliped. (H) Third maxilliped. (I) First pereiopod.
(J) Fourth pereiopod. (K) Telson.
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t.he larvae of P. iapO'l~im18 t.hrough 6 nauplial
stages, while Heldt (1938) fOlmd 8 in P. trisWca
t·u,-~. Pearson (1939) found 5 nauplial st.ages in
P. seti!e,-,,(.s, while Heegaard (1953), working only
with planktonic material, found 3 stages for the
s~me spoc.ies. All of these authors found that the
species with which t.hey were working passed
through 3 protozoeal stages, while 3 mysis sta.ges
were observed in P. }(tpO'lIJrlls, 4 in P. trisulealus,
and 2 in P. sctife.l·US. Broad (1957) noted a varia
tion in the number of Inrval stages in Palac'l1wne
tes, depending on tlle quantity of food available.

COMPARISON WITH P. SETIFERUS

The number of nauplial stages found in this
study for P. d~WI'ar!(.m was five, the same as was
fomld by Pe.arson for P. setifetw, but there are
slight differences between the corresponding stages
of the two spedes. . In. the first. nauplius, Pearson
made no mention of the dorsomediau spine near
the posterior end of the body that was noted in
P. dUOIf'af1'Wm. Pearson found the second nauplius
of P. setiferus possessed two pairs of furcal spines.
Heegaard described as a first nauplius of the same
species a stage which the editors of his paper con
cluded was a second nauplius because of the
appearance of setules on its setae. This stage
had a single pair of fureal spines, the condition
found in the second nauplius of P. d'Uora'l"l.llm.
Pearson found frontal organs on the fourth and
fifth nauplial stages, while Heegaard found them
on his "last" nauplial stage and first protozooa.
Frontal organs were seen only on the fifth nauplius
of P. dUOlf'a'l'wrn.: however, tlley may also be present

. on the fourth nauplius. .
Of considerable interest is the number of mysis

stages. Pearson describes two mysis stages and
Heegaard does likewise. An editorial 1;'000 in
Heegaard's paper states, "Heegaard's 'Second
Mysis' appears to represent a considerably less
advanced stage than Pearson's and it seems prob
able that there are more than two mysis molts in
P. sctifn'1NJ (ct. Heldt, 1938, and Hudinaga, 1942,
on other spedes of Perwe1t$])." This appears true
for certain charact.ers, e.g., the absence of a rostral
spine, but other st.I1.1ctures, such as the OOlson, ap
pear to be well developed.

Three mysis stages were found in the develop
ment of P. dMl'aM(.m. The presence of three
stages was based upon the development of the

M

L L ....--~~.

~ ./
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-,~. .~
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DISCUSSION

The nunibe.r of stages in each of the phases
t.hrough which the larvae pass has been found to
vary with the species.- Hudinaga (1942) reared

c

FIGURE 2O.-Carapace and rostrum in advanced: post
larvae. (A) 6.9mm. (B) 7.2mm. (e) 9.0mm. (D)
10.2 mm. (E) 9.3 mm. (F) 10.4 mID. (G) 11.1 mm.
(~) 12.6 mm. (1) 13.5 mm. (J) 15.5 mm. (K) 15.5
mm. (L) 17.8 mm. (M) 18.6 mm.

~~H _____

Development. of t.he carapace is marked by an
increa~e in size of the hepatic spines. An antero
lateral spine just ventral to the eye appears in the
7 +O-rostral-spine stage and increases in size at
each molt. the.reaft.er.

The relative lengths of the rostrum and eye dif
fer t.hrough the postlarval stages. In the first
post.Iarval stage, the rostrm'n extends to the edge
of tile eye or exceeds it iu length when the eye is
ext.ended forward. The rostrum be.comes short
ened in the second postlarvn.I stage to about two
thirds the length of the eye, and does not again
equal it -in length unt.il approximately the 8+ 2
rostral-spine stage is reached. Thereafter, the
rost.nun is somewhat longer than the extel)ded eye.
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TABLE 3.-Correspondi7!g stages in Pt>naeuB duorarum and
P. BetiferuB

[Data on P. Hflfn", from Pearson, 1939)

pleopoci"s and the telson as mentioned above. In
addition, the third mysis could be distinguished
by the presence of a rostral spine.

A comparison of t.he corresponding stages in the
development of P. set-iferoa (based on Pearson's
work) and of P. duora:rIJlnI. is presented in table 3.
The mysis stages were not included since they may
not be comparable in the two species.

Same as in P. dt.lOl'llnl",.

0.46 IUJII. In IIrst protozoea
with B body length of
O.88mm.

0.80-1.14 mm.

First and second maxillae
and IIrst and second
mUillipeds appear ex
ternally on ventral sur·
face. Biramous.

Each bears 7 spines.

P. ,efilnm

Endopod mayor may not
be segmented and bears
2 lateral and 3 termlnal
setae. Exopod has about
8 segnrent-s and bears 4
l~ter~1 and 4 terminal
setae.

Same as In P. duroam7ll.
except that the endopod
appears to be segmented.

0.4lHl./l6 rom.
O.llHl.20 mm.
.Present.
Present.
Same as In P. duoramlll.

Same as in P. dUMamtll.

Same as in P. duorflnl.tII.

Larger and biramous. Pos
sess short telmlnal setae.

Endopod beBl'll 2 lateral
and 4 terminal setae.
Exopod bears 4 lateral
and Ii termilUl1 setae.

Swelling at base of man
dible pronouneed' shows
spherical masticatory
surface. Endopod tl'Bllll
parent due to lack of
musculature.

Larger and biramous. Pos
_ short terminal setae.
No other description
given.

0.3lHl.44 mm.
0.llHl.18 mm.
Present.
Present.
Same as in P. duoraru",.
Same as in P. duoraru",.

Sameas In precedingstages.

Still under cuticle in mld
lfne.

Same as in P. duorarum.

'same as in P. duorarum.

0.53-0.61 mm_. .
0.17-cl.20 mm. .-_ .. _.• _
Present._ ••.• _•.• _•.. _••. _
Present••• _. _••••_•• __ • _
Large and pointed p0s

teriorly.
Can beseen dorsally under

cut1cle.
Segmented; bears 3 setae

on anterolateral and II
set118 on posterolateral
surfaces; 3 terminal se
tae.

Endopod bears 3 lateral
and 4 terminal setae.
Exopod bears II lateral
and 4 terminal setae.

Swelling at base of man
dible pronouneed; shows
spherlcaJ mastleatory
sW1ace. Endopod may
or may not be transpar
ent due to lack of mus
culature.

Larger and biramous. Ex
opods small and knob
like. EndopodS bear
both terminal lind lat·
eral setae. Second mu·mae 1Brger than IIrst.

Larger and biramous.
Exopods typlcllJly pall"
like and bear tI>.rminal
setae. Endopods bear
both termln~l and lat
eral setae.

Each bears 7 spillN!. BudS
of barbsappear on longer
spines.

0.8&-1.02 mm. (reared
larvae). 0.98-1.14 mm.
(from plankton).

0.4IHI.49 mm•.••••••••_•._

P. duorarum

Un~egmented. Endopod
bears 2 lstereJ and 3 ter
minal setae. Empod
bears 3 lateral and
4 terminal setae.

Same as in preeeding
stages.

Not observed••••• .. _

WeU-devoloped. Each
furca bears 3 spines.

0.48-0.55 mm •._.• _. _
O.IH.20 mm •. _. .
Absent?_._., • • . _.,.
Present_••.. ._. . __
Pointed posteriorly•••• _
segmented. Bears 2

lateral and 3 termlnal
setae.

Endopod appears unseg
mented and bears 2
lateral and 3 terminal
setae. Exopodhasabout
9 segments and beers 4
lateral and 4 terminal
setae.

SweJling appears in" base.
Endopod and exopod
unsegmented. Seta·
tion same as in previous
stages.

First and second muillae
and first and second
maxillipedS appear ex·
ternally on ventral S\ll"
face. BlrBmous; how
el'er, exopods of mull,
las knobllke.

Bear II spines each••• __••• _

Mandible••••• _

Antenna II....

MuIlUpeds••••

Caudal fDrcae
and splnell.

Prot_I:
Body length••_

Carapeee
length.

MaJ:lJJae•••__ ••

Candal turcae
and splDes.

Nau~U:J:. . __
Wldth••.. _
Frontal organs.
Ocellus••_••. __
Labrum••• _

Carapem._•• __

Antenna I •••••

MaxlJJac and
maxillipeds.

TABLE S.-Oorresponding stages tn Penaeus duorarum and
P. setiferus-Continued

Stage and struc
ture

Mandible..••._

Maxillae and
maxillipeds.

Caudal turcae
and!lpines.

NaupJlus IV:
Length•• __ • _
Width. • _
Frontal organs.
Ocellus••• _. _
Labrum. •.
Antenna 1.. _

Antenna 11..._

Mandible.•••••

Naupllus IU-Con.
Antenna 11..•.

Smooth.

0.334>.34 mm.
O.llHl.18 rum.
Present.
Same as in Naupllus I.
Same as in P. duorarum.

Biramous and unseg·
mented. Endopod bears
2 lateral and 2 terminal
setae. Exopod bears 3
lateral and 2 terminal
setae.

Same as in P. duoramm.

P. "Iller",

Unlramous and unseg·
mented; bears 2 lateral
and 3 terminal setae.

Furcae and furcal spines
the same as in P. duora·
rum. No' mention of
dorsomedlan spine.

Same as in Naupllus I.
Faint anJages of IIrst and

second masllllpeds ap
pear posterior to mandi
bles. •

Sllght furcB1 proeesses
each bears 1 strong and
I weak furcalspfne.

Same as in P. dUlll'amm.

Same as in P. duorarom.

0.3CHl.34 mm.
O.llHl.20 mm.
Present.
Same as in P. duorarum.

O.3lHl.tO mm.
0.14-().16 mm.
Present.
SBIIleas in lJ1'8('edingstBges.

Unsegmented. Setatlon
same as in P. dUlll'aro7ll.

P.duoramm

0.3H.tO mm. ._._.
0.llH1.20 mm • __ . _
Present••• ... _
Rounded. ventrally 10'
~~~~dS at le"!' of

Unframous and unseg·
mented; bears 2 lateral
and 3 "termiDBl" set118 (2
terminal and I dorsal).
Bud ofanother terminal
seta present.

Biramous and unseg·
mented. Endopod
bears 2 lateral and 2
terminal setae. Bud of
another terminal seta
present. Exopod bears
3 lateral and 2 terminal
setll8.

Biramous and unseg
mented. Endopod and
eJ:opod bear 3 terminal
setae eaeh.1

Furcae undeveloped.
Caudal end bears I pair
furcB1 spines. Dorso
median spine present
Dear posterior end of
body.

Smooth••••••.••••_••• , •••

0.4IHI.4li mm__••••__ ••••••
O.IH.110 mm._••••_•••••••
Present•••_••._._. __ ••••••
Same as Naupllus 1_••••••
Unsegmented. Bears 2

setae on anterolateral
and I on posterolateral
surface, and 3 termInB1
setae.

Unsegmented. Endopod
bears 2 lateral and 3 ter·
mlnal setae. Empod
bears 3 lateral and 3
terminal setae.

Same as NauD1lus I. .
Not obeerl'ed••••__ •••••••

Caudal furcae FIJI'CllIl~ undeveJ-
and spines. oped. Caudal end still

bears I ]l8Ir strong furcal
splnell.

setae•••.•._••_ LoDger setae of append·
ages bear numerous
setules.

0.4&-0.49 mm._••• ••••
0.17-cl.20 mm_ .• •••..• __
Present. ..... ._.. _, _
Same as In precsding

stages.
Antenna 1..___ ShOWB sillns of segmenta

tfon. lJean 2 lateral
and 3 termInB1 setae.

See footnote at end of table.

Mandlble•••••_

AntouDan••••

Caudal furcae
and splnell.

Antenna 1..••_

Mandlble_•••_.
MuIlJII8 and

mull1lpeda.

Antenna n..__

Stage and struc
ture

Nau~~:::::::
Omllus.•••_._.
Labrum••••. _.

setae. ••__ •.

Nau=t~:._••••
Wfdth._•••••••
Ooel1us. •...
Labrum•••••••
Antenna 1_••••

NBU~~~~:..__.
Wldth•••• __ ••.
Ocellus••_._ •••
Labrum•••_•.•
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J ODe of the 3 terminal setae of the exopod actually arises from a constrle.
t10n In the ramus approlllmately four·tI1'ths the d1stanca from the body.

TABLE 3.-0orrf>spondmg stages in Plmaeus duorarWll and
P. setiferus-Continued

COMPARISON WITH P. AZTECUS

Unfortunately, the lal'\"al stages of the brown
shrimp, P. aztecus, have not been described. Pear
son (1939) compal'ecl various-sized post]arvae that
he originally called P. bro:dlien.sis (and, in a foot
not.e, tentatively referred them to P. azteml8) with
similar-sized spec.imens of P. setiferu~. He found
four principal characters separat.ing t.he two spe
des in these stages. These characters concern the
spina,t,ion of the rostrum nnd the relationships of
the lengths of the rostrum and the third pereiopod
to the length of the eye.

'WilIiams (1959) reviewed the characters de
scribed by Pearsoll and presented a provisional
key which could "be. useel to distinguish the post
larvae of P. setife1'1.M, P. (/.::t,te.ml8, a.nd P. duorarlltm
under 12 mill. totallengt.h. In this key, a differ
en<'e is noted between the antennal scales of the
young postlarYl\e of the lntter two species. In P.
({ztecIl8, the antennaI seaIe is ·"nea.rly uniform in
shape with the lat.eral spine extending beyond the
bmadly rounded tip," while in P. duorarum, "the
tip was more or less arutely rounded with the a~x
near the inesial aspect of the. tip. The late.ral

The descriptions of the second and t.hird pro
tozooa of P. seti/cl"I/.s arc not detailed enough to
allow a tabnlul" cOlllrarisOl~ of the t.wo species.
The second protozOelt measured from 1.5 to 1.9
nun. in P. rluo/'a'/'lf'll/ COlli pared with 1.3 to 1.7 mm.
in P. setije1'lf8. l\femmrement.s of the t.hird pro
tozoea were 2.2 to ~.j mill. in the pink shrimp and
2.2 to 2.6 mm. in the white shrimp.

From Pearson's dl'a.willl! (1939: fig. 9, p. 18) it
ea11 be. seen that the secund protozoen. of P. sell
{(>'I'(({I( lacks a seta. at the jmwtion of the distal two
segments on the posterohlteml margin of the first
antennll. The conesponcling stage of P. duo
1"U'/f.11/- has a· short seta at this location. Other
wise, little differelH'e ('Hil be. noted at this stage
between the two species.

The first and secon.l postlarval stages of P. duo
ra·"/'u11'/, and P. setlje/'lIs are also very similar on the
basis of available des<.'l'i pt ions. Pearson reports
that, the supraorbital spines of the first postlarva
are s~i1l present, alt.hough reduced, while examina
tion of that stage of P. dU01'(/·1'lIrn reveals t.hat the
spines are almost a1WllY~ missin~. Size ranges of
t.hese stages a.re similar.

P.lltl/em.

Protopod, 2 lOCgments and
without setae. Enda
pod, 2 segments and
8 setae. Exopod, 9 or 10
segments and 12 setae.

Mandible modified into
flattened plate with ser·
rated edRe on Inner
margin. Both endopod
and exopod temporarily
lost.

Protopod has 2 segments;
lobed on Inner margins.
ll:ach lobe bears about
4 setae. Endopod has
3 segments ana bears
8 setae. Several addl·
tional outer lateral setae
also present on endoood.
Exopod (scsphognatfllte)
a small lobe bearing
about 2 setae.

Larger than first maxma.
Protopod has Inner mar·
gin divided Into 4 small
lobes each bearing 2
setae. Endopod has 4 Or
6segments each with pair
of setae. EllOpod (scs
phognathlte) knobllke
and bears 3 setae.

Elongate biramous struc·
ture. Protoood has 2
segments ana 4 setae.
Endopod has 9segments,
each segment except dis
tal bearing pair of setae.
Distal segment has 4
setae at the tip. Exopod
has single segment and
bears about 4 lateral and
4 terminal setae.

Considerably smaller than
the first. Protopod has
2 segments and 4 setae.
Endopod has 6 segments
and 10 setae. Exopod
has single segment and
hears 7 setae.

Bifurcation of tall stronger
than in fifth nllUpllus.
Median notch made by
bifurcation Is semlovate.
7 spines on each furca.

Consists of oesophagus,
stomach, and intestine
and ends in anus which
opens somewhat ven·
trally at the apex of the
notch at the posterior
end of the body.

Anterior edge sharply
pointed; posterior edllC
rounded and covers a
section of mandibles.

No description given.

Same as in P. duorarum.

Absent.
Same as In P. duorarum.

P.duorarum

Larger than first muma.
Protopod has 4 lobed
segments and about 10
setae. Endopod has 6
sellments with approlli·
matl'ly11 setae. Exopod
(scaphognathlte) bud·
like and bears 6 setae.

Largest of maxillae and
maxll1lpeds. Protopod
has 2 segments (not
lobed), eaeh segment
bearing 3 to 5 setae.
Endopod has 4segments
and about 11 setae.
EllOpod unsegmented
and bears 7 setae. Both
endopod and 8llopod
palpllke.

Smaller tban first ma.xil·
1Iped. Protopod has 2
segments and ahout 6 to
7 setae. Endopod has
4 segments ana 9 or 10
setae. EllOpod unseg·
m'ented and bears 6
setae.

Each furea bears 7 spinestthe most external OJ
which emanates from
dorsal surf,\oo. Longer
spines bear setules.

Wider in anterior and pos·
terior portions than
between.

Protopod has 2 segments;
endopod 3. Inner mar·
gins of these segments
lobed. Exopod (sea
phognatbltel Is budllke.
Protopod has about
8setae, endopod approx·
imately 9, and ellopod 4.

Developing under cars-

AK:ec;:i.. .... ..._
Present between develop·

Ing compound eyes.
Roughly oval. Anterior

edge has large spine:
posterior margin sllllht
notch and short bristles.

2 lobed; extends from
under labrum; bristles
along median border'of
lobes.

Divided into 3 major seg·
ments; with basal seg·
ment subdivided Into
6 segments. Belll'll 8
setae.

Protopod, 3 segments and
wltbout setae. Endo·
pod, 2 sell'ments and
9 setae. Exopod, ap·
proximately 10 segments
and 13 setae.

Has lost endopod and all
but trace of exopod.
Well·developed mastlca·
tory surface.

0.311-0.44 mm .. . . __ 0.36 mm. in first protozoea
witb a body lengtb of
O.86mm.

same as In P. duorarum.

Maxilla IL•.•_

Maxilliped 1.__

Maxilliped II..

Antenna 1...__

Lablum_. _

Caudal furcae
and spines.

Antenna II••••

Digestive
tract.

Mandlble..•• __

MlllliJla 1.... __

Stase and struc
ture

Protozoea I-Con.
Carapace

width.

Compound
eyes.

FrOntal organs_
Ocellus _

Labrum.. _
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spine did not reac.h the tip." Examination of
post-larvae of the two species under 12 mm. tota.}
length showed this to be an accura~e description.

'Villiams (1953) compared .postlarval and ju
veniles of P. setiterus, P. azteC/ts, and P. duo
1'a1"'lnn. He included drawings of the ros.tra of
17-, 27-, 37-, and 47-mm. shrimp of the three
species; hence the series of rostral drawings of
P. dWJ1'armn were terminated at approximately
18 mm. in this pa.pe.r.

Lebour (1~59) reported larvae of P. d,uo1'arum
in collections ma.de oft' the coast of tropical West
Africa. She figured a 4+0-rostral-spine stage
(fig. la, p. 141), having well-developed biramous
pleopods-a condition not appearing in postlarval
P. duorarU1n from Florida waters until the stage in
which 8 or 9 dorsal spines are present on the
rostrum.

SUMMARY

Four rearing experiments were conducted in
which the larvae of Pena.eu-8 d11.ora:rtnn, the pink
shrimp, were raised from eggs obtained from ma
ture females. Young were reared through five
nauplial stages imd into the first protozoeal stage. "

The egg, five nauplial, three protozoeal, three
mysis, and two postlarval stages n·re desc.ribed and
illustrated. In addition, a series of thirteen draw
ings of the rostra of advanced postlarvae is in
duded. The first six stages were desc.ribed fl-om
spec.imens raised fmm eggs, while the remainder
of the stages were described from specimens
collected fmID the plankton.

The larval stages of P. duo1'a.ru,m are compared
with those of P. setite'J"Il8 as described by Pearson
(1939). Dift'e.rences betwee.n the postlnrvae of
P. l!A1.()'J'a:ru,m. and P. aatecus, as noted by W"illiams
(1959), are discussed.
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