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STERNAL SPINES IN PENAEID POSTLARVAE (DECAPODA: PENAEIDAE):
LIFE-PHASE-SPECIFIC AND SYSTEMATICALLY SIGNIFICANT?

James G. Ditty ∗

National Oceanographic and Atmospheric Administration, National Marine Fisheries Service,
4700 Avenue U, Galveston, TX 77551, USA

A B S T R A C T

Our ability to identify and discriminate postlarvae of penaeids below family level remains poor due to phase brevity and a lack of taxonomic
characters. Whether sternal spines are unique and taxonomically significant to postlarvae has not been resolved. I describe number and
placement of spines in Parapenaeus sp. Smith, 1885, and a specimen tentatively identified as Xiphopenaeus kroyeri (Heller, 1862) from
the Gulf of Mexico; review information for penaeids worldwide; and evaluate the significance of sternal spines as a life-phase specific
taxonomic character and to penaeid systematics. To date, sternal spines have been described for 14 of 32 genera and 26 species. Most taxa
share one of two common sternal formulas: either 0 + 0 + 0 + 1 + 0, or 0 + 0 + 0 + 1 + 1. Only Metapenaeopsis Bouvier, 1905, and
the tentative Xiphopenaeus kroyeri have a pair of spines on at least the first-two sternal plates, and only Metapenaeopsis and Litopenaeus
Pérez-Farfante, 1969, contain members with different sternal formulas. I suggest that differences among taxa in shape of the sternal
plates may be an unrecognized taxonomic character. Sternal spines are not life-phase specific and do not reflect lower-level systematic
relationships within Penaeidae regardless of generic nomenclature applied. The unusual length, shape, and reverse orientation of the spine
on plate five in species of Parapenaeus, and presence of an elongate ventromedian spine on one or more pleomeres in Parapenaeus and
Funchalia Johnson, 1868, supports molecular and morphological data that Penaeidae may be paraphyletic. While generally ineffective as a
stand-alone taxonomic character, differences in number, placement, and orientation of sternal spines, i.e., the ‘sternal pattern’; knowledge
of geographic distributions; and, perhaps differences in sternal plate shape should be included in the suite of characters used to discriminate
and identify penaeids during the postlarva phase.
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INTRODUCTION

Penaeidae Rafinesque, 1815 contains at least 25 genera and
225 species or subspecies worldwide (Tables 1, 2). The
seven new genera proposed by Sakai and Shinomiya (2011)
from within Parapenaeopsis Alcock, 1901, elevate the total
to at least 32 genera (De Grave and Fransen, 2011). Of
known species, about 77% occur only in the Indo-Pacific,
9% occur only in the Western Atlantic and 7% occur only
in the Eastern Pacific. Here, I follow the taxonomy of Pérez-
Farfante and Kensley (1997) and McLaughlin et al. (2005)
despite ongoing debate about the sub-generic or generic
classification of some members of Penaeidae (Dall, 2007;
Flegel, 2007; McLaughlin et al., 2008; Ma et al., 2011).

Members of Penaeidae occupy estuarine, shelf, and oceanic
waters over 500-m deep (Holthuis, 1980) with many species
important commercially and as prey for fishes and other ma-
rine organisms. Dall et al. (1990a) characterize the complex
life cycle of penaeids into one of four types. Type 1 re-
main in low salinity estuaries throughout life and includes
most species of Metapenaeus Wood-Mason, 1891. Type 2
spawn offshore and early life stages (ELS) move into estu-
aries to develop and grow before returning offshore to en-
ter the adult population, e.g., Farfantepenaeus Burukovsky,
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1997; Litopenaeus Pérez-Farfante, 1969; and, Xiphopenaeus
kroyeri (Heller, 1862). Type 3 shrimp prefer higher salin-
ity estuarine and coastal areas, e.g., Rimapenaeus Pérez-
Farfante and Kensley, 1997, and, some species of Metape-
naeopsis Bouvier, 1905. Type 4, e.g., Funchalia Johnson,
1868, some species of Metapenaeopsis, Parapenaeus Smith,
1885, and Penaeopsis Bate, 1881, remain offshore through-
out life (Dall et al., 1990a).

Complex life cycles often require unique traits that dif-
fer from previous and succeeding life stages of the same
species; represent adaptations to the planktonic environ-
ment; and, permit exploitation of resources other than those
utilized by the adult (Anger, 2006). The penaeid life cy-
cle includes a pelagic larva phase, short transitional ‘post-
larva’ phase, and benthic juvenile-adult (Dall et al., 1990a;
Anger, 2006), except the entirely pelagic Funchalia and
Pelagopenaeus Pérez-Farfante and Kensley, 1997. The term
‘postlarva’ is frequently used incorrectly to refer to all life
stages from termination of the mysis phase through on-
set of sexual maturity (Dall et al., 1990b). More appropri-
ately, the ‘postlarva’ (Gurney, 1942; Harvey et al., 2002),
‘megalopa’ (Williamson, 1969; Kurata, 1970), or ‘decapo-
did’ phase (Kaestner, 1970; first postlarva only, Felder et al.,
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Table 1. Distribution of penaeid genera whose sternal spine pattern has been described for one or more taxa. 1 Assignment of postlarvae to Penaeopsis by
Burkenroad (1934a) is tentative. 2 Assignment to Xiphopenaeus is tentative.

Genus Min. no.
of species

Hemisphere Isobath (m) References

West East Within 75 75-200 Beyond 200

Atypopenaeus Alcock, 1905 5 X X Holthuis (1980)
Farfantepenaeus Burukovsky, 1997 8 X X X Holthuis (1980);

Spivak (1997);
Felder et al. (2009)

Fenneropenaeus Pérez-Farfante, 1969 6 X X X Holthuis (1980)
Litopenaeus Pérez-Farfante, 1969 5 X X Holthuis (1980);

Spivak (1997);
Felder et al. (2009)

Marsupenaeus Tirmizi, 1971 1 X X Holthuis (1980)
Megokris Pérez-Farfante and Kensley, 1997 9 X X Holthuis (1980)
Melicertus Rafinesque, 1814 8 X X X Holthuis (1980)
Metapenaeopsis Bouvier, 1905 76 X X X X X Holthuis (1980)
Metapenaeus Wood-Mason, 1891 30 X X X Holthuis (1980);

Spivak (1997)
Parapenaeus Smith, 1885 17 X X X X Holthuis (1980);

Spivak (1997);
Felder et al. (2009)

Penaeopsis Bate, 1881 71 X X X X Holthuis (1980);
Paramo and
Saint-Paul (2012)

Penaeus Fabricius, 1798 3 X X Holthuis (1980)
Trachysalambria Burkenroad, 1934a 9 X X X Holthuis (1980)
Xiphopenaeus Smith, 1869 12 X X Holthuis (1980);

Spivak (1997);
Felder et al. (2009)

Table 2. Distribution of penaeid genera whose sternal spines have not been described. 1 Restricted to Southwest Atlantic; 2 entirely pelagic; 3 isobath
information unavailable; 4 restricted to Southeast Atlantic; 5 count includes seven new genera partitioned from within Parapenaeopsis by Sakai and
Shinomiya (2011); 6 restricted to Eastern Pacific; 7 Caribbean only.

Genus Min. no.
of species

Hemisphere Isobath (m) References

West East Within 75 75-200 Beyond 200

Artemesia Bate, 1888 1 X1 X Holthuis (1980);
Spivak (1997)

Funchalia Johnson, 1868 5 X2 X X Hopkins et al.
(1994)

Heteropenaeus De Man, 1896 1 X3

Macropetasma Stebbing, 1914 1 X4 X Holthuis (1980)
Parapenaeopsis Alcock, 1901 215 X X X X Holthuis (1980);

Sakai and
Shinomiya (2011)

Pelagopenaeus Pérez-Farfante and Kensley, 1997 1 X2 X X X X Burkenroad (1936)
Protrachypene Burkenroad, 1934a 1 X6 X Holthuis (1980)
Rimapenaeus Pérez-Farfante and Kensley, 1997 6 X X X Holthuis (1980);

Felder et al. (2009)
Tanypenaeus Pérez-Farfante, 1972 1 X7 X Pérez-Farfante

(1972)
Trachypenaeopsis Burkenroad, 1934a 3 X X X Almeida et al.

(2007); Crosnier et
al. (2007); Felder
et al. (2009)

Trachypenaeus Alcock, 1901 1 X X Holthuis (1980)
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1985) generally consists of three to six transitional stages
between the late pelagic larva and recently settled juvenile
when propulsion switches from thoracic to pleopodal, chelae
on the first-three pereiopods become functional (Dall et al.,
1990b; Anger, 2006), and transition to the adult body form
begins (Felder et al., 1985). I use the term ‘postlarva’ here,
and restrict its usage to this transitional life-phase.

Postlarvae remain difficult to identify below family level
due to phase brevity and a lack of taxonomic characters
(Felder et al., 1985; Dall et al., 1990b). Characters tradi-
tionally used to identify and discriminate ‘postlarvae’ and
early juveniles include: scaphocerite shape and lateral spine
length; number of rostral teeth; carapace, pleonal and furcal
spination patterns (Cook, 1966; Dall et al., 1990b; Calazans,
1993); presence or absence of spinules in the adrostral
and epigastric regions, and along the dorsal carina of the
sixth pleomere (Ringo and Zamora, 1968; Cabrera-Jimenez,
1983); antennule morphology (Cabrera-Jimenez and Gil-R.-
S., 1991); relative length of antennular flagellum segments
(Motoh and Buri, 1981; Calderón-Pérez et al., 1989; Ditty,
2011); and, chromatophore patterns (Motoh and Buri, 1981).
None of the aforementioned characters, however, are re-
stricted to the postlarva phase.

Post-mysis stages of many penaeids have spines ven-
trally along the cephalothorax (Burkenroad, 1934a), a char-
acter possibly unique to postlarvae (Jackson et al., 1989).
Heldt (1938) first mentioned and illustrated sternal spines in
reared Melicertus kerathurus (Forskål, 1775). Later, Jack-
son et al. (1989) described spine number and placement
in reared Atypopenaeus formosus Dall, 1957 and Metape-
naeopsis palmensis (Haswell, 1879); examined and com-
pared sternal spine placement in several species of Metape-
naeus, Penaeus Fabricius, 1798, and Megokris granulosus
(Haswell, 1879), which Jackson et al. (1989) label Trachy-
penaeus Alcock, 1901 from the Indo-Pacific; and developed
the sternal spine formula to describe number and place-
ment of spines on each thoracic plate. Pérez-Farfante and
Kensley (1997) subsequently elevated five sub-genera of Pe-
naeus to generic level, i.e., Farfantepenaeus, Fennerope-
naeus Pérez Farfante, 1969, Litopenaeus, Marsupenaeus
Tirmizi, 1971 and Melicertus Rafinesque, 1814, and parti-
tioned Trachypenaeus into four genera, i.e., Megokris Pérez-
Farfante and Kensley, 1997, Rimapenaeus, Trachypenaeus,
and Trachysalambria Burkenroad, 1934a, which obscured
the potential significance of sternal spines as a life-phase
specific character.

Identification of reliable life-phase specific taxonomic
characters for accurate discrimination of targeted taxa is
essential for ecological and behavioral studies of ELS,
development of aquaculture techniques, and acquisition
of early life history information for stock management
purposes (Anger, 2006). Shrimp stocks depend on the annual
supply of new recruits for replenishment. Fluctuations in
oceanographic conditions due to global warming, ocean
acidification, and other environmental perturbations that
can alter physiological processes, behaviors, dispersal and
recruitment pathways, and habitat use patterns of ELS
may adversely impact the population dynamics of shrimp
and necessitate alternate management strategies (Ramirez-
Rodriguez et al., 2003; Cury et al., 2008).

The significance of sternal spines in penaeid taxonomy
and systematics remains poorly understood. My objectives
were to: describe number and placement of sternal spines
in Parapenaeus sp. and a specimen tentatively identified as
Xiphopenaeus kroyeri from the Gulf of Mexico; review in-
formation for penaeids worldwide; evaluate the significance
of sternal spines as a life-phase specific taxonomic character;
and, determine whether sternal spines provide insight into
family relationships and penaeid diversity.

MATERIALS AND METHODS

I examined sternal spine number and placement in Parapenaeus sp. (n = 4
myses, 3-5 dorsal teeth (DT); 3 postlarvae, 5 DT), Farfantepenaeus aztecus
(Ives, 1891) (n = 13; 3-6 DT), Farfantepenaeus duorarum (Burkenroad,
1939) (n = 9; 3-6 DT), Litopenaeus setiferus (Linnaeus, 1767) (n = 8;
3-5 DT), Melicertus kerathurus (n = 1; 2 DT), and a postlarva tentatively
identified as Xiphopenaeus kroyeri (n = 1; 4 DT). Rostral tooth counts
exclude the epigastric tooth. Farfantepenaeus aztecus, Farfantepenaeus
duorarum, Litopenaeus setiferus and the tentative Xiphopenaeus kroyeri
were collected by hand-net, drop trap, or benthic sled along western
Louisiana and south Texas, or with a 0.5-m plankton net (0.500-mm mesh)
in a tidal pass into Galveston Bay. The species identity of Farfantepenaeus
aztecus and Farfantepenaeus duorarum had previously been verified with a
multiplex Polymerase Chain Reaction (PCR) assay, which targeted the 16S
rRNA mitochondrial gene (Alvarado Bremer et al., 2010). The specimen
assigned to Xiphopenaeus kroyeri was identified by characters described
in Kurata (1970) after an unsuccessful attempt to molecularly verify the
identity due to preservation history. I used characters from Paulinose (1979)
and Dall et al. (1990b) to confirm the generic identity of Parapenaeus,
and characters from Heldt (1938) to identify a specimen of Melicertus
kerathurus collected in waters of the northeastern Atlantic off Portugal.

Sternal spines are located on one or more plates along the ventral surface
of the cephalothorax between pereiopods (Fig. 1A). Plates are numbered
one through five toward the pleon (Fig. 1A) following Jackson et al. (1989).
By comparison, Kitani (1993a) numbers the plates four through eight,
and Pérez-Farfante and Kensley (1997) number the plates 10 through 14.
Following the numbering system of Jackson et al. (1989), a sternal formula
of 0 + 0 + 0 + 1 + 1 indicates that plates one through three lack spines,
while plates four and five have one spine each (Fig. 1A).

Number, placement, orientation, and length of sternal spines can differ
among taxa, which I call the ‘sternal pattern.’ Sternal spines are located
near the body midline in taxa with one spine on a given plate, and on
each side of the body midline in taxa with two spines on a given plate.
Spines located on the same plate are comparable in length, but spine
length often differs among plates (Fig. 1). I used a digital camera coupled
to a stereo-zoom microscope to document spine placement, length, and
orientation, and shape of the sternal plates for taxa I examined. Sternal
spines are re-illustrated here for Litopenaeus setiferus and Farfantepenaeus
aztecus because diagrammatic illustrations in Ditty (2011) are not to scale,
and depict differences in sternal plate shape(s) inaccurately. Sternal spines
generally range in total length from about 0.01 to 0.1 mm and may require
a biological stain to enhance definition, but are easiest to observe in cleared
and stained specimens (Jackson et al., 1989).

RESULTS AND DISCUSSION

Postlarvae of most penaeids share one of two common
sternal formulas: 0 + 0 + 0 + 1 + 1 or 0 + 0 + 0 + 1 + 0
(Table 3). Atypopenaeus formosus, Marsupenaeus japonicus
(Bate, 1888) and most former members of the ‘Penaeus’
complex, i.e., Farfantepenaeus, Fenneropenaeus, Melicertus
and Penaeus, have a longer spine on plate four and shorter
spine on plate five (Fig. 1A-D). Metapenaeus and members
of the former ‘Trachypenaeus’ complex, e.g., Megokris and
Trachysalambria, have a spine on plate four only (Table 3;
Fig. 1E-F). Species of Litopenaeus also have a spine on plate
four (Fig. 1G), except Litopenaeus occidentalis (Streets,
1871), which has a spine on plates four and five (Kitani,
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1996) like Farfantepenaeus, Fenneropenaeus, Melicertus,
and Penaeus (Table 3).

The sternal spine pattern in the tentative Xiphopenaeus
kroyeri differs from that described for other penaeids.
Xiphopenaeus kroyeri has a pair of spines on each of
the first-three sternal plates, i.e., 2 + 2 + 2 + 0 +
0, which become progressively smaller and more widely-
spaced from plates one to three (Table 3, Fig. 1H). Species of
Metapenaeopsis from the Indo-Pacific have a pair of spines

on the first and second plates, and may have a single spine
on plates four and five (Table 3; Fig. 1I-K). To date, only the
tentative Xiphopenaeus kroyeri has a pair of spines on the
first-three sternal plates.

Myses and postlarvae of Parapenaeus sp. have a slender,
elongate, posteroventrally-directed spine near the posterior
margin of plate five, i.e., 0 + 0 + 0 + 0 + 1 (Fig. 1L),
which differs in length, shape, and orientation from ster-
nal spines described for other penaeid genera (Fig. 1A-
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Fig. 1. Number and placement of sternal spines in postlarvae of 12 penaeid taxa. Sternal spines are located on one or more plates along the ventral
surface of the cephalothorax between pereiopods. Sternal plates are numbered from one through five toward the pleon. Arrow indicates circular base of the
pereiopods, which were removed for clarity. A, Atypopenaeus formosus; B, Farfantepenaeus aztecus; C, Melicertus kerathurus; D, Penaeus semisulcatus; E,
Metapenaeus ensis; F, Megokris granulosus; G, Litopenaeus setiferus; H, tentative Xiphopenaeus kroyeri; I, Metapenaeopsis palmensis; J, Metapenaeopsis
barbata; K, Metapenaeopsis dalei; L, Parapenaeus. Images are rescaled to standardize the horizontal measurement unit. Horizontal scale bar represents
0.1 mm. Vertical scale bar represents 0.5 mm and applies only to images C and L. Note considerable difference in size of postlarvae of some taxa based on
width of the sternum. Images A, F and I from Jackson et al. (1989; Fig. 15C-E), with F labeled Trachypenaeus in Jackson et al. (1989); B-C, G-H and L
are originals; D from Ronquillo et al. (2006; Fig. 11R); E from Ronquillo and Saisho (1993; Fig. 11Q); J from Ronquillo and Saisho (1997; Fig. 8N); and
K from Choi and Hong (2001; Fig. 11I, original sub-figure mislabeled). Images are reproduced with kind permission of the publishers through Rightslink®:
CSIRO Publishing (Collingwood, VIC, Australia), Oxford University Press (Oxford, UK) and Springer-Verlag with permission from Springer Science +
Business Media (Berlin, Germany). Other images are reproduced with permission of NOAA Fisheries.
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Table 3. Sternal spines in penaeid postlarvae. Each plate is associated with one of the five pereiopods. 1 Some species have a spine on plates four and
five. 2 Describes spine placement for three unverified species. 3 Describes spine placement for two species tentatively assigned to Penaeopsis. 4 Tentatively
assigned to Xiphopenaeus kroyeri.

Taxon Sternal plate number References
and spine placement

1 2 3 4 5

Atypopenaeus formosus Dall, 1957 0 0 0 1 1 Jackson et al. (1989)
Farfantepenaeus aztecus (Ives, 1891) 0 0 0 1 1 Jackson et al. (1989); Ditty (2011)
Farfantepenaeus brevirostris (Kingsley, 1878) 0 0 0 1 1 Kitani (1994, 1997a)
Farfantepenaeus californiensis (Holmes, 1900) 0 0 0 1 1 Kitani (1993a, 1994)
Farfantepenaeus duorarum (Burkenroad, 1939) 0 0 0 1 1 Ditty (2011)
Fenneropenaeus indicus (H. Milne Edwards, 1837) 0 0 0 1 1 Jackson et al. (1989)
Fenneropenaeus merguiensis (De Man, 1888) 0 0 0 1 1 Jackson et al. (1989)
Litopenaeus occidentalis (Streets, 1871) 0 0 0 1 1 Kitani (1994, 1996, 1997b)
Litopenaeus setiferus (Linnaeus, 1767) 0 0 0 1 0 Jackson et al. (1989); Ditty (2011)
Litopenaeus stylirostris (Stimpson, 1874) 0 0 0 1 0 Jackson et al. (1989); Kitani (1994)
Litopenaeus vannamaei (Boone, 1931) 0 0 0 1 0 Jackson et al. (1989); Kitani (1993b)
Marsupenaeus japonicus (Bate, 1888) 0 0 0 1 1 Jackson et al. (1989)
Megokris granulosus (Haswell, 1879) 0 0 0 1 0 Jackson et al. (1989)
Melicertus kerathurus (Forskal, 1775) 0 0 0 1 1 Heldt (1938); this study
Melicertus latisulcatus (Kishinouye, 1896) 0 0 0 1 1 Jackson et al. (1989)
Melicertus longistylus (Kubo, 1943) 0 0 0 1 1 Jackson et al. (1989)
Melicertus plebejus (Hess, 1865) 0 0 0 1 1 Jackson et al. (1989)
Metapenaeopsis barbata (De Haan, 1844) 2 2 0 0 0 Ronquillo and Saisho (1997)
Metapenaeopsis dalei (Rathbun, 1902) 2 2 0 1 1 Choi and Hong (2001)
Metapenaeopsis palmensis (Haswell, 1879) 2 2 0 0 0 Jackson et al. (1989)
Metapenaeus affinis (H. Milne Edwards, 1837) 0 0 0 1 0 Hassan (1981)
Metapenaeus ensis (De Haan, 1844) 0 0 0 1 0 Ronquillo and Saisho (1993)
Metapenaeus moyebi (Kishinouye, 1896) 0 0 0 1 0 Kurata and Pusadee (1974)
Parapenaeus Smith, 1885 0 0 0 0-11 1 Pearson (1939); Paulinose (1979)2; this study
Penaeopsis Bate, 1881 0 0 0 1 1 Burkenroad (1934a)3

Penaeus esculentus Haswell, 1879 0 0 0 1 1 Jackson et al. (1989)
Penaeus monodon Fabricius, 1798 0 0 0 1 1 Jackson et al. (1989)
Penaeus semisulcatus De Haan, 1844 0 0 0 1 1 Jackson et al. (1989); Ronquillo et al. (2006)
Trachysalambria curvirostris (Stimpson, 1860) 0 0 0 1 0 Ronquillo and Saisho (1995)
Xiphopenaeus kroyeri (Heller, 1862) 2 2 2 0 0 This study 4

L). Parapenaeus sp. also has a feeble, slender, elongate,
posterioventrally-curved median spine on pleomere one,
and a feeble, shorter, gently-curved, more ventrally-directed
spine on pleomere two. Illustrations of ELS of Parapenaeus
sp. collected off the U.S. Atlantic and Gulf coasts (Pear-
son, 1939; Figs. 50-53) and Parapenaeus longirostris (Lu-
cas, 1846) from the North Atlantic and Mediterranean Sea
(Stephensen, 1923, Fig. 10; Gurney, 1942, Fig. 55) display
sternal and pleonal spines in lateral view. Species of Parape-
naeus from the Indo-Pacific have an elongate spine on ster-
nal plates four and five, or plate five only, and have a ventro-
median spine on the first-two to four (Paulinose, 1979), or
rarely all pleomeres (Gurney, 1942).

Sternal spines have not been described for Funchalia.
Species of Funchalia, however, have an elongate ventro-
median spine on the first-three or four pleomeres (Gur-
ney, 1924; Paulinose, 1974; Lindley et al., 2001) with the
spine on the first-two pleomeres curved slightly forward
rather than backward as in species of Parapenaeus. In addi-
tion, young of Funchalia have posteriorly directed ‘spinules’
along the ventrolateral margins of the sixth pleomere (Gur-
ney, 1924; Paulinose, 1974; Lindley et al., 2001) not reported
to date for other penaeid genera. The unusual length, shape,

and reverse orientation of the spine on plate five in species
of Parapenaeus, and the presence of a slender, elongate, ven-
tromedian spine on two or more pleomeres in Parapenaeus
and Funchalia that other penaeids lack support molecular
and morphological data that Penaeidae may be paraphyletic
(Tavares et al., 2009; Tavares and Martin, 2010).

Information on number and placement of sternal spines
in species of Penaeopsis is problematic. The identity of
post-mysis stages assigned to ‘Penaeopsis’ by Burkenroad
(1934a) has not been molecularly verified, but Burkenroad
notes that wild-caught ‘Penaeopsis serratus’ Bate, 1881, and
‘Penaeopsis challengeri’ De Man, 1911, have “an anteriorly-
directed median spine on sternites XIII and XIV,” i.e., 0 +
0 + 0 + 1 + 1. Penaeid ELS labeled ‘Penaeopsis’ by Gurney
(1924, 1943) and Paulinose (1973) are misidentified and
do not mention sternal spines (Jackson et al., 1989; Chong
and Sasekumar, 1994; Ronquillo and Saisho, 1997; Choi
and Hong, 2001). Myses in Gurney (1924; Fig. 9 labeled
Parapenaeus; Fig. 10 labeled Penaeopsis) have a denticulate
anterioventral carapace margin consistent with a species of
Metapenaeopsis (Chong and Sasekumar, 1994; Ronquillo
and Saisho, 1997). Feathered setae along the telson in the
first postlarva of what Gurney (1943; Fig. 43) refers to as
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mostly ‘Penaeopsis goodei,’ now Metapenaeopsis goodei
(Smith, 1885), also resembles a species of Metapenaeopsis
(Chong and Sasekumar, 1994; Choi and Hong, 2001). The
combination of a denticulate anterioventral carapace margin
in myses and a furcal spine count of 7 + 1 + 7 in the second
and third mysis-stages and first postlarva of what Paulinose
(1973) calls Penaeopsis rectacuta (Bate, 1881) suggest a
species of Metapenaeopsis.

In general, taxa whose sternal spines remain undescribed
have little commercial-value due to their relatively small
size or deep-water distribution. In addition, some taxa have
very restricted regional distributions, e.g., Protrachypene
Burkenroad, 1934a; occur only in deeper offshore waters,
e.g., Pelagopenaeus, Tanypenaeus Perez-Farfante, 1972; or,
are poorly known, e.g., Heteropenaeus De Man, 1896,
Pelagopenaeus, and Trachypenaeopsis Burkenroad, 1934a
(Table 2). Artemesia longinaris Bate, 1888, Macropetasma
africana (Balss, 1913), and several species of Parapenaeop-
sis have been reared, but number and placement of sternal
spines has not been described. The seven proposed new ge-
nera from within Parapenaeopsis have no effect on infor-
mation presented here because sternal spines have not been
described for any species of Parapenaeopsis.

Sternal spine patterns may help discriminate postlarvae
of some penaeids in regions with relatively few taxa, but
should not be used as a stand-alone taxonomic character
for several reasons. First, most penaeids share one of
two common sternal patterns (Table 3). Second, subjective
differences in relative spine length between adjacent plates
can be misleading due to optical parallax, i.e., spine base
and tip not in same optical plane. When looking down
at the sternal plates, spines appear relatively shorter than
when viewed from the side due to their diagonal orientation
relative to the body axis. Third, spine length changes over
time. Spines become progressively smaller and gradually
disappear in most taxa as postlarvae transition to the juvenile
life-phase. ‘Shorter’ spines also disappear before ‘longer’
spines; therefore, a sternal formula of 0 + 0 + 0 + 1 + 1
can become 0 + 0 + 0 + 1 + 0 after loss of the shorter spine
on plate five. Finally, timing of character acquisition and
loss can vary with feeding history, rearing conditions, water
temperatures, and genotype (Hartnoll, 1982; Williamson,
1982; Anger, 2006). Genetics restrict most developmental
events to a narrow window of time, but environmental
conditions can interact with genotype to modify timing of
character appearance or loss (Anger, 2006). Therefore, when
penaeids acquire and lose characters like sternal spines can
vary seasonally, between populations, and with changes in
environmental conditions. Jackson et al. (1989) suggest that
sternal spines may be unreliable as a taxonomic character
for postlarvae with more than four DT. I suggest that the
range varies from about three to five DT depending on taxon,
developmental plasticity, and other factors that can affect the
rate of molting, e.g., food availability, water temperatures,
environmental conditions.

The effect of developmental plasticity and changes in en-
vironmental conditions on timing of acquisition and loss
of transitory characters like sternal spines should not be
overlooked. One reviewer expressed concern that Farfan-
tepenaeus duorarum collected in Florida Bay during July

and postlarvae reared from known parentage with three to
five DT had a spine on plate four only, while wild-caught
postlarvae with three to five DT collected during Novem-
ber had a spine on plate four only, or a spine of reduced
length on plates four and five. Variability in timing of ster-
nal spine loss is not surprising given geographic and sea-
sonal differences in morphology of Farfantepenaeus duo-
rarum across the Gulf of Mexico (Ditty and Alvarado Bre-
mer, 2011). Populations of Farfantepenaeus duorarum along
the U.S. Atlantic and Gulf coasts display high haplotype and
nucleotide diversity consistent with the possibility of dif-
ferent ecological populations (McMillen-Jackson and Bert,
2004). Discrete ecological populations of the same species
are an increasingly common pattern in the Gulf of Mexico
normally associated with barriers like the Mississippi River
that restrict gene flow (Felder and Staton, 1994).

Sternal spines are not restricted to the postlarva phase.
Mysis-stages, juveniles and adults of some penaeids can
have sternal spines. First-stage myses of Melicertus kerathu-
rus have rudimentary spines (Heldt, 1938), as do 25-35%
of second-stage myses of Litopenaeus vannamei (Boone,
1931), Farfantepenaeus brevirostris (Kingsley, 1878) and
Farfantepenaeus californiensis (Holmes, 1900), and third-
stage myses of Litopenaeus occidentalis (Kitani, 1993a, b,
1996, 1997a, b). In addition, mysis-stages of Parapenaeus
sp. have a spine on one or more sternal plates (Pearson,
1939; Paulinose, 1979). Some species of Litopenaeus and
Farfantepenaeus with six DT from the eastern Pacific (Ki-
tani, 1993a, b, 1996, 1997a, b) and Farfantepenaeus aztecus
collected during spring and fall in the northern Gulf of Mex-
ico with up to 6 − 7 + 1 rostral teeth, which may be early
juveniles, can also have a vestigial spine on plate four (Ditty,
2011). Additionally, juveniles and adults of some species of
Metapenaeopsis have prominent spines along the sternum.
A juvenile Metapenaeopsis sp. (5.3 mm carapace length
(CL)) from Florida Bay had a sternal formula of 0 + 2 +
0 + 1 + 1. Larger juveniles and adults of Metapenaeop-
sis sp. no longer had the spine on plates four and five, but
retained the pair on plate two (M. Criales, personal com-
munication, April 2014). Juvenile (6.0-6.5 mm CL) Metape-
naeopsis mineri Burkenroad, 1934a, from the Eastern Pacific
also have a pair of spines on plate two (Burkenroad, 1934a).

Characters used to identify when the postlarva phase
terminates are often subjective because postlarvae essen-
tially represent the morphologically under-developed juve-
nile (Anger, 2006). Large, setose, functional pleopods; func-
tional chelae on the first three pereiopods with short bristles
terminally; antennules with segmented flagella; and, lack of
a supraorbital spine often found in myses distinguish the my-
sis phase and first postlarva of most taxa (Dall et al., 1990c).
Dall et al. (1990b) use number of rostral teeth, body length,
and a change in telson shape and number of furcal spines to
identify when the postlarva phase terminates. However, body
length and attainment of the adult complement of rostral
teeth are generally inadequate metrics to delimit the phase
because rates of growth and development can vary with envi-
ronmental conditions (Paulinose, 1979; Anger, 2006). In ad-
dition, what defines a ‘countable’ rostral tooth varies among
authors. Loss of the characteristic squarish telson profile and
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a reduction in furcal spine count may be ‘better’ traits to dis-
tinguish the postlarva from early juvenile.

I suggest that differences in sternal plate shape may be an
unrecognized taxonomic character. I base my suggestion on
apparent differences in height, width, and contour of indi-
vidual plates in former members of ‘Penaeus’ (Fig. 1B-D,
G), and between Metapenaeopsis palmensis, Metapenaeop-
sis barbata (De Haan, 1844), and Metapenaeopsis dalei
(Rathbun, 1902) (Fig. 1I-K). My observation is preliminary
because plates are incompletely developed in postlarvae and
authors do not describe how they determine plate shape
for illustration purposes and may have interpreted and de-
picted plate characteristics differently. Nevertheless, based
on a standardized horizontal scale of 0.1 mm, differences
in overall width of the sternal plates may help discrimi-
nate some taxa (Fig. 1A-L). The relationship between ster-
nal spine length and plate height, however, cannot be used
as a basis for taxonomic identification because spine length
changes over time and the height of individual plates can
differ among taxa.

The evolutionary origin of sternal spines is unknown.
Characters like sternal spines can develop independently
in different taxa as a secondary adaptation to the pelagic
environment (Felder et al., 1985) and may be common in
aquatic organisms with planktonic ELH stages (Williamson,
1982; Felder et al., 1985; Anger, 2006). Little informa-
tion exists on genital development in penaeids, but species
like Metapenaeus affinis (Milne Edwards, 1837) and Litope-
naeus setiferus incorporate the spine on plate(s) four and/or
five into the sternal wall after the last postlarva stage. After
modification, plates four and/or five eventually develop into
the thelycum of females (Burkenroad, 1934b; Heldt, 1938;
Hassan, 1981; Dall et al., 1990c).

Sternal spines do not reflect lower-level systematic rela-
tionships within Penaeidae regardless of generic nomencla-
ture applied because most taxa share one of the two common
sternal formulas (Table 3). Recall that only Metapenaeop-
sis, and perhaps Litopenaeus, contain species with different
sternal formulas. A molecular study of species of Metape-
naeopsis from the Indo-Pacific identified two clades based
on presence (Metapenaeopsis barbata and Metapenaeopsis
palmensis) or absence (Metapenaeopsis dalei) of stridulat-
ing ridges along the carapace (Tong et al., 2000). Members
of each clade also differed in the distribution of adults, e.g.,
shallow versus deeper-water species or vertical depth distri-
bution, structure of genitalia (Crosnier, 1994a, b), and ster-
nal spine pattern in postlarvae (Table 3; Fig. 1I-K). Tong et
al. (2000) suggest that deeper water Indo-Pacific species of
Metapenaeopsis diverged from shallow-water forms during
the Pleistocene Epoch when sea-level was 50-150 m lower
than today. Colonization of deep waters by shallow water
species as Tong et al. (2000) suggest are consistent with eco-
logical and morphological diversification in Metapenaeop-
sis as revealed by the different sternal patterns. Note that
most taxa with one of the two common sternal patterns,
e.g., species of Metapenaeus and former members of ‘Pe-
naeus’ and ‘Trachypenaeus’ (Table 3), generally occur over
the inner shelf and in estuarine habitats. If Tong et al. (2000)
are correct, other speciose genera with members that oc-
cupy a wide range of ecological habitats like Parapenaeopsis

should also contain species with different sternal configura-
tions.

Whether sternal spines reflect higher-level systematic
relationships within Penaeoidea is unclear. Reared ELS and
preliminary information on ELS of other penaeoid families
appear consistent with the suggestion of Burkenroad (1934b)
that mysis and early post-mysis stages of Penaeidae and
Sicyoniidae Ortmann, 1898, have spines along the sternum
that members of Benthesicymidae Wood-Mason, 1891 and
Solenoceridae Wood-Mason, 1891 lack. For example, reared
Sicyonia carinata (Brunnich, 1768) have a single, long,
ventromedian spine on plate four (Heldt, 1938; Fig. 124).
Juvenile and adult Sicyonia Milne Edwards, 1830, also
have a long spine on plate four (Huff and Cobb, 1979), or
plates four and five, and some species have a pair of spines
near the posterior margin of plate one (De Freitas, 1984).
Few members of other penaeoid families have been reared,
but Gennadas elegans (Smith, 1882), Pleoticus muelleri
(Bate, 1888), and Solenocera membranacea (Risso, 1816)
apparently lack sternal spines (Heldt, 1938; Iorio et al.,
1990). Although characters like sternal spines can evolve
independently in different taxa due to convergent evolution,
phylogenetic analyses based on morphology support a close
relationship between sicyoniids and penaeids (Tavares et al.,
2009).

In summary, reliable discrimination of closely related taxa
requires traits with high diagnostic power that reduce the
subjectivity often found in taxonomic identifications. Ster-
nal spines do not meet that criterion because postlarvae of
most penaeids share one of two common sternal patterns
(Table 3). Moreover, when sternal spines disappear varies
among taxa and with feeding history, environmental condi-
tions, water temperatures, and genotype. Sternal spines do
not reflect lower-level systematic relationships regardless of
generic nomenclature applied and are not life-phase specific
because mysis-stages, juveniles, and adults of some penaeids
can have spines along the sternum. Sternal spines should
not be used as a stand-alone taxonomic character. However,
knowledge of the number and placement of spines; the ge-
ographic distribution of adults; and, perhaps differences in
sternal plate shape or overall dimensions of the sternum
should be included in the suite of characters used to iden-
tify and discriminate penaeids during the postlarva phase.
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