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ABSTRACT

Studies in the western Atlantic have relied primarily on the key of Cook (1966) to identify and discriminate early life stages (ELS) of
Xiphopenaeus kroyeri (Heller, 1862) and Rimapenaeus spp. Pérez-Farfante and Kensley, 1997, even though larvae had not been reared
successfully past the zoea phase at that time. We surveyed the penaeid literature for descriptions of reared mysis stages of X. kroyeri and
Rimapenaeus, compared characters with those of Cook (1966), and found that Cook had reversed illustrations and criteria to discriminate
taxa. We also examined plankton-collected mysis stages and identified new characters and previously unrecognized differences between
taxa. Mysis stages of X. kroyeri have a slender median spine laterally near the posterior margin of pleomere five, not those of Rimapenaeus,
although some early first myses of Rimapenaeus may have a vestigial spine laterally on pleomere five. Rimapenaeus has single dorsomedian
spines on pleomeres four through six with the spine on pleomeres five and six >40% (usually about 50%) of fifth pleomere length as
measured along the dorsal midline. Rimapenaeus lacks a pterygiostomial spine, although a spine on the distal margin of the developing
antennal peduncle near the ventrolateral border of the carapace can be confused with a pterygiostomial spine. Xiphopenaeus kroyeri has a
pterygiostomial spine and single dorsomedian spines on pleomeres four through six with the spine on pleomeres five and six <35% (usually
about 25%) of fifth pleomere length. Xiphopenaeus kroyeri also has a gap about the width of one spine between the longest and adjacent
outer pairs of furcal spines along the posterior margin of the telson, whereas Rimapenaeus has contiguous furcal spines. Differences in
spine length dorsally on pleomeres five and six, and the presence or absence of a pterygiostomial spine should be used to discriminate taxa
because the low hepatic spine and median spine laterally on pleomere five can be difficult to detect in X. kroyeri, even with a biological
stain applied. Likely misidentification of mysis stages and possible overexploitation of X. kroyeri and Rimapenaeus spp. stocks in the
western Atlantic emphasizes the need to re-assess information on ELS and the necessity of accurate identifications.
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INTRODUCTION

The multi-species shrimp fishery of the western Atlantic pri-
marily targets larger, commercially important penaeids in
the genus Farfantepenaeus Burukovsky, 1997, and Litope-
naeus Pérez-Farfante, 1969. Secondary species, like seabob,
Xiphopenaeus kroyeri (Heller, 1862); roughneck shrimp,
Rimapenaeus (formerly Trachypenaeus) constrictus (Stimp-
son, 1874); and roughback shrimp, Rimapenaeus (formerly
Trachypenaeus) similis (Smith, 1885), are smaller and less
abundant, but ecologically important members of coastal and
shelf communities (Bauer and Lin, 1994). We follow the tax-
onomy of Pérez-Farfante and Kensley (1997) and McLaugh-
lin et al. (2005) despite ongoing debate about the generic or
sub-generic classification of some members of Penaeidae.
Xiphopenaeus kroyeri, R. constrictus, and R. similis are
widely distributed throughout the western Atlantic. Xiphope-
naeus kroyeri occurs from North Carolina to southern Brazil
and supports a small commercial fishery in the northern Gulf
of Mexico (Fig. 1), but it is heavily fished from Guyana
through southern Brazil and is currently considered over-
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exploited (Castro et al., 2005; Gusmao et al., 2006; de
Francisco et al., 2008). A cryptic species of Xiphopenaeus
Smith, 1869, occurs off Central and South America (Gus-
mao et al., 2006), but only X. kroyeri is currently recognized
(McLaughlin et al., 2005). Rimapenaeus constrictus occurs
from Nova Scotia through the Gulf of Mexico to south-
ern Brazil, and R. similis from the northern Gulf to south-
ern Brazil (Pérez-Farfante and Kensley, 1997). These two
species of Rimapenaeus support a small fishery in the north-
ern Gulf (Fig. 1), but are generally ignored elsewhere due to
their small body size (Bauer and Lin, 1994; Castrejon et al.,
2005). Continued exploitation of R. constrictus as by-catch
in commercial fisheries, however, has significantly reduced
stock size off Brazil (de Francisco et al., 2008).
Maintaining sustainable populations of X. kroyeri and
Rimapenaeus spp. in the western Atlantic requires an un-
derstanding of larval biology (Anger, 2006) and informa-
tion on how early life stages (ELS) respond to changes in
structure and function of coastal ecosystems because popu-
lations depend on the annual supply of new recruits for stock
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replenishment. Fishery managers routinely use information
on ELS to establish patterns of spawning and recruitment,
distribution and abundance, and environmental and habitat
preferences. Acquisition of reliable early life history infor-
mation for stock assessment purposes, however, requires ac-
curate identification and staging of targeted taxa because
each stage has specific adaptations to the pelagic environ-
ment, and environmental fluctuations and perturbations may
affect the behavior, dispersal, recruitment, and population
dynamics of ELS differently (Anger, 2006).

Studies in the western Atlantic have relied primarily on
the key of Cook (1966) to identify and discriminate ELS of
X. kroyeri and species of Rimapenaeus. When Cook (1966)
prepared his key, however, X. kroyeri had been reared suc-
cessfully only to the first zoea (Renfro and Cook, 1963).
Larvae of Rimapenaeus were partially described from plank-
ton collections as T. constrictus (Pearson, 1939), but had not
been reared. We surveyed the penaeid literature for descrip-
tions of reared X. kroyeri and Rimapenaeus, and examined
plankton-collected mysis stages to evaluate criteria Cook
(1966) used to discriminate taxa. Our objectives were to:
determine the likely number of mysis stages for X. kroyeri
and Rimapenaeus; evaluate criteria Cook used to discrimi-
nate taxa and identify new characters, if possible; and, com-
pare mysis stages of X. kroyeri and Rimapenaeus with those
of related taxa from the Indo-West Pacific.

MATERIALS AND METHODS

Use of subjective criteria to determine stage of development
made comparisons within and across taxa difficult. We
adopted the staging criteria and terminology of Dall et al.
(1990a) to ‘standardize’ descriptions and illustrations of
mysis stages in order to compare and evaluate characters to
discriminate taxa. We defined stages as follows:

First mysis: carapace covers or nearly covers thorax;
exopod of second antennae flattened to become antennal
scale and with spine; pereopods biramous and segmented
with or without rudimentary chela on first-three; pleopod
buds absent or rudimentary.
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Commercial landings of Xiphopenaeus kroyeri and Rimapenaeus along the Atlantic and Gulf coasts of the United States (source: NOAA, 2010).

Second mysis: chela on first-three pereopods distinct, but
small; pleopod buds obvious, or pleopods biramous and
segmented, but non-setose.

Third mysis: pleopods lightly to moderately setose, but
propulsion remains thoracic.

A short, transitional ‘megalopa’ phase (Williamson, 1969;
Kurata, 1970), also referred to as a postlarva (Gurney, 1942)
or decapodid (first postlarva only; Felder et al., 1985), begins
when the mode of propulsion changes from thoracic to
pleopodal, and chela on the first-three pereopods become
functional (Dall et al., 1990a).

We modified illustrations of X. kroyeri and Rimapenaeus
from Kurata (1970) based on a consensus of characters com-
piled from the literature (Tables 1-2) and observations we
made on plankton-collected mysis stages. Differences be-
tween taxa discussed here should be considered ‘generic’
because Ledén Otero (1982) and Torres Virviescas et al.
(1982) used adult Xiphopenaeus from waters where a cryp-
tic species can occur as spawning stock for rearing stud-
ies. In addition, ELS described as R. constrictus by Pearson
(1939) and Kurata (1970) were plankton-collected; there-
fore, species assignment is problematic. We photographed
or illustrated other important characters to emphasize dif-
ferences among stages and taxa. Mysis stages we examined
were collected with a 0.5-m ring net (0.500-mm mesh) in a
tidal pass into Galveston Bay, Texas and preserved in 70%
non-denatured ETOH or 10% formalin.

RESULTS AND DISCUSSION

Xiphopenaeus kroyeri and Rimapenaeus spp. likely have
three mysis stages (Tables 1-2; Figs. 2-3). Kurata (1970) de-
scribed several ‘later zoea’, i.e., mysis stages, and megalopa
of X. kroyeri, and noted that the megalopa appears more
larval than ‘postlarval’. Based on criteria we applied and
light to moderate pleopod setation, Kurata’s (1970) mega-
lopa is the third mysis stage of X. kroyeri. Le6n Otero (1982)
and Torres Virviescas et al. (1982) described three mysis
stages for X. kroyeri, but illustrations and associated text
depict only the first and second mysis stage based on our
criteria (Tables 1-2). Actual number of stages can be dif-



DITTY AND SALAS: MYSIS STAGE MISIDENTIFICATION OF XIPHOPENAEUS AND RIMAPENAEUS 933

Table 1. Characteristics of the first mysis stage of Xiphopenaeus kroyeri (Heller, 1862) and Rimapenaeus Pérez-Farfante and Kensley, 1997 from the
western Atlantic, and Trachysalambria fulva (Dall, 1957) and Trachysalambria curvirostris (Stimpson, 1860) from the Indo-West Pacific. We adopted
the staging criteria of Dall et al. (1990a) to ‘standardize’ descriptions and illustrations across taxa. All larvae were lab-reared, unless otherwise indicated
under ‘Comments’. NI indicates no information. ! Absent or vestigial in some on third pleomere; 2Character uncertain due to poor quality of illustrations;
3lustrated, but not mentioned in text; * Assumes all first myses possess or lack same characters with no variability; 5Mysis stages originally described as
Trachypenaeus constrictus (Stimpson, 1874), but species assignment is tentative; 6Referred to only as a ‘suborbital’ spine in text; Mlustration of mysis
designated as stage 5 is inconsistent with others and should not have a pterygiostomial spine; 8 Absent or vestigial; 9Vestigial in some.

Taxon and reference Dorsal rostral

Spines on carapace

Pleomere with median

teeth spine dorsally
Supraorbital ~Antennal Pterygiostomial Hepatic 1-3 4 5 6

Xiphopenaeus kroyeri

Kurata (1970) 1-2 Yes Yes Yes No Some!  Yes Yes Yes

Leodn Otero (1982) 1-2 Yes Yes Yes No Some!  Yes Yes Yes

Torres Virviescas et al. (1982) 1-2 Yes Yes Yes? Yes Some!  Yes Yes Yes

Cook (1966)* NI Yes NI NI No No Yes Yes NI
Rimapenaeus5

Pearson (1939) 1 Yes Yes® No No No Yes  Yes Yes

Kurata (1970) 1 Yes Yes No’ No No Yes  Yes Yes
Trachysalambria fulva

Chong (1991) 0-1 No Yes Yes No No No Yes Yes
Trachysalambria curvirostris

Ronquillo and Saisho (1995) 0-1 Yes Yes Yes No No Yes® Yes Yes

Pleomere with median Applicable illustrations Comments

spine laterally

1-3 4 5 6
Xiphopenaeus kroyeri

No No Yes No
No No Yes No?
No No Yes No?
NI NI No NI
Rimapenaeus5

No No No No
No No Some?® No
Trachysalambria fulva

No No No No

Trachysalambria curvirostris
No No No No

Stages 5-6 (Plate 12, Figs. B-C, E-F,

Ilustrates hump along dorsal midline of carapace, but only
mentions character as present in early zoea.
Does not illustrate or discuss hump along dorsal midline of

Does not illustrate or discuss hump along dorsal midline of

Mysis stages plankton-collected. Note that characters are
consistent with first mysis of Rimapenaeus described

H-I)
Plates 8-9
carapace.
Fig. 9
carapace.
below.
Fig. 43

Stages 5-6 (Plate 18, Figs. B, D, F;
Plate 19, Figs. A, E)

Figs. 7A-C and 8-10 are first mysis,
not first, second and third mysis
stages as labeled.

Figs. 9A and C: Lacks spine on
antennal scale, but possesses most
other characteristics of first mysis

Mysis stages plankton-collected; three reared to 15 mm TL
to ‘confirm’ identity.

Mysis stages plankton-collected. Illustrates, but does not
mention hump along dorsal midline of carapace.

Illustrates, but does not mention hump along dorsal mid-
line of carapace; rostrum shorter than in 7. curvirostris of
comparable stage.

Does not illustrate or mention hump along dorsal midline
of carapace.

stage.

ficult to determine due to developmental plasticity in tim-
ing of ecdysis and duration of successive molts, intramolt
growth of appendage buds, and because some taxa can skip
a stage, especially during the first-two molts (Dall et al.,
1990b; Anger, 2006). Number of stages can also vary sea-
sonally based on feeding history and environmental con-
ditions (Williamson, 1982) and between plankton-collected
and reared larvae (Dall et al., 1990b) due to unrecognized
developmental artifacts induced by rearing (Anger, 20006).

Comparison of our findings with those of Cook (1966) re-
vealed that he reversed illustrations and criteria to discrim-
inate taxa (Table 1). Couplet 4(3) in Cook (1966) should
read:

Median spine laterally along posterior margin of fifth
pleomere.............ciiiiiiiiia... Xiphopenaeus

Median spine laterally along posterior margin of fifth
pleomere absent or vestigial.............. Rimapenaeus
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Table 2. Characteristics of the second and third mysis stages of Xiphopenaeus kroyeri (Heller, 1862) and Rimapenaeus Pérez-Farfante and Kensley, 1997,
from the western Atlantic, and Trachysalambria fulva (Dall, 1957) and Trachysalambria curvirostris (Stimpson, 1860) from the Indo-West Pacific. We
adopted the staging criteria of Dall et al. (1990a) to ‘standardize’ descriptions and illustrations across taxa. NI indicates no information. All mysis stages
were lab-reared, unless otherwise indicated under ‘Comments’. ! Counts include epigastric tooth; 2 After stage reassignment, hepatic spine appears in third
mysis stage; 3Short to vestigial; 4 After stage reassignment, supraorbital spine supposedly disappears in late second or early third mysis stage; 5 Absent or
vestigial in some on third pleomere; 6Character uncertain due to poor quality of illustrations; 7Pterygiostomial spine illustrated, but not mentioned in text;
8 After stage reassignment, spine vestigial or absent on fourth pleomere in second mysis stage; 9Character uncertain because text and figure title disagree
as to location of bifurcate spine; 10Mysis stages originally described as Trachypenaeus constrictus (Stimpson, 1874), but species assignment is tentative;
Hsecond stage myses that we examined had supraorbital spine; 12Spine illustrated, but never mentioned in text; '3Not in second or third stage myses we
examined, but acute terminal margin of sixth somite in Pearson’s illustration of a second stage mysis may look like a median spine.

Taxon and reference Dorsal rostral Spines on carapace Pleomere with median

teeth! spine dorsally
Supraorbital Antennal Pterygiostomial Hepatic 1-3 4 5 6

Xiphopenaeus kroyeri

Kurata (1970) 3-4 Yes Yes Yes Yes? No Yes? Yes  Yes

Leon Otero (1982) 4 Yes* Yes Yes Yes Some®  Yes? Yes  Yes

Torres Virviescas et al. (1982) 3-4 Yes Yes Yes’ Yes No Some®  Yes® Yes®
Rimapenaeuslo

Pearson (1939) 3 No!! Yes!?2 No No No Yes Yes Yes

Kurata (1970) 3 Yes Yes No No No Yes Yes  Yes
Trachysalambria fulva

Chong (1991) 2-3 No Yes Yes No No No Yes  Yes
Trachysalambria curvirostris

Ronquillo and Saisho (1995) 2-4 Yes Yes No No No Yes  Yes

Pleomere with median
spine laterally

1-3 4 5 6

Applicable illustrations

Comments

No No Yes No

moderately setose pleopods).
No No Yes No®
mysis.
No No Yes No®

No No No No!?
No No No No

Fig. 44

Stage 7 (Plate 13, Figs. A and D depict a second mysis); Stages
8-9 (Plate 13: Figs. B-C and E-F depict an early third mysis);
megalopa (Plate 15: Figs. A and E depict a third mysis based on
Plates 10-11; Plates 12-13 depict a second mysis, not third

Figs. 10-11 depict a second mysis, not a second and third mysis.

Stage 7 (Plate 19, Figs. B and F depict a second mysis); Stage 8

Author notes dorsal ridge along
pleomeres 4-6 in third mysis
stage and later.

Spinules on carapace in third my-
sis stage and later.
Spinules on carapace in third my-
sis stage and later.
Mysis stages plankton-collected.
Mysis stages plankton-collected.

(Plate 19, Figs. C and G depict a third mysis).

Trachysalambria fulva
No No No No

Figs. 7D and 11 depict a second mysis, not fourth mysis; Fig. 12

depict a third mysis, not first postlarva.

Trachysalambria curvirostris
No No No No

Figs. 10-11; Fig. 12 depict a third mysis, not first postlarva based

on lightly to moderately setose pleopods.

Cook (1966) included a purported difference in rostrum to
eye length as a supplemental character to discriminate taxa.
The rostrum to eye relationship, however, can depend on
eye orientation and preservation history (Dall et al., 1990b).
Penaeids normally hold the eyes at about 70° to the median
axis and any alteration in orientation or eye shrinkage during
preservation can affect the rostrum to eye relationship (Dall
et al., 1990b) and result in misidentification. Accordingly,
placement of the rostrum tip relative to the distal margin
of the first antennular peduncle segment, which provides
a socket for the eye, provides a better estimate of rostrum
length.

Cook’s (1966) error requires corrections to his figures and
tables, and to the work of other authors who relied on the key
of Cook to identify and discriminate taxa (Subrahmanyam,
1971a; Boschi, 1981). Figure 6e in Cook (1966) should
be Xiphopenaeus, and figure 6f should be Rimapenaeus.
Likewise, the character entitled ‘posteriolateral spines of
abdomen’ under the ‘mysis’ sub-heading of the ‘Stage and
Structure’ column of Cook’s Table 1 should be reversed
for Xiphopenaeus and Rimapenaeus. Figure 11 and the
associated description in Subrahmanyam (1971a) depict X.
kroyeri and not Rimapenaeus, while figure 241-15 and the
associated description in Boschi (1981) depict Rimapenaeus
and not X. kroyeri.
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Fig.2. Mysis stages of Xiphopenaeus kroyeri. Images were modified from
Kurata (1970) to reflect a consensus of characters and our observations.
A, first mysis; B, second mysis; C, third mysis (setae removed from along
dorsal margin of pleomeres 5 and 6).

= :,;.“.0_,’7)7'-}3
2

Fig. 3. Moysis stages of Rimapenaeus. Images were modified from Kurata
(1970) to reflect a consensus of characters and our observations. A, first
mysis; B, second mysis; C, third mysis. Arrow indicates location of spine
anterior to ventrolateral border of carapace that can be confused with a
pterygiostomial spine.

Descriptions of reared X. kroyeri and observations we
made on plankton-collected mysis stages of X. kroyeri and
Rimapenaeus spp. revealed new information and previously
unrecognized differences between taxa (Tables 1 and 2;
Figs. 2 and 3). Rimapenaeus has single dorsomedian spines
on pleomeres four through six with the spine on pleomeres
five and six >40% (usually about 50%) of fifth pleomere

Fig. 4. Dorsomedian carina along pleomeres four and five. Dorsomedian
carina begins as a low, thickened ridge midway along pleomere four in
X. kroyeri and continues along pleomeres five and six. Rimapenaeus has
a higher dorsomedian carina along pleomeres four through six, which is
most pronounced along pleomere five. A, third mysis stage of X. kroyeri; B,
second mysis stage of Rimapenaeus. The illusion of having a ‘distinct’ ridge
in X. kroyeri is an artifact created by the separation of body musculature
from abdominal terga. Note comparative length of dorsomedian spine on
pleomeres four and five in each taxon.

length as measured along the dorsal midline. Rimapenaeus
lacks a pterygiostomial spine, although a spine on the
distal margin of the developing antennal peduncle near
the ventrolateral margin of the carapace can be confused
with a pterygiostomial spine (Fig. 3b). Rimapenaeus also
has a dorsomedian carina along pleomeres four through
six, which is most noticeable along pleomere five (Fig. 4).
Xiphopenaeus kroyeri has single dorsomedian spines on
pleomeres four through six with the spine on pleomeres
five and six <35% (usually about 25%) of fifth pleomere
length. Xiphopenaeus kroyeri also has a pterygiostomial
spine and a slender mediolateral spine near the posterior
margin of pleomere five (Fig. 2). In addition, mysis stages of
X. kroyeri have a gap about the width of one spine between
the longest and adjacent outer pair of furcal spines, whereas
Rimapenaeus has contiguous spines (Fig. 5). Xiphopenaeus
kroyeri has a low dorsomedian carina that begins as a
thickened ridge midway along pleomere four and continues
along pleomeres five and six, but is most conspicuous along
pleomere five (Fig. 4). Kurata (1970) noted a dorsomedian
carina in the late third mysis stage and megalopa of X.
kroyeri, but not in Rimapenaeus. Torres Virviescas et al.
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A B

Fig. 5. Furcal spine placement along posterior margin of telson in mysis
stages. A, X. kroyeri; B, Rimapenaeus.

(1982) reported that the second mysis stage of X. kroyeri
has a bifurcate median spine dorsally near the terminal
margin of pleomere six, but their figure 11 and associated
caption places the spine on pleomere five. This discrepancy
in spine placement and the fact that the second mysis stage
of plankton-collected X. kroyeri we examined had a single,
non-bifurcate median spine dorsally on pleomeres five and
six makes this character problematic for discrimination
purposes.

Vestigial characters, particularly in the first mysis stage,
can complicate discrimination, especially when used in a
dichotomous key. Keys require discrete criteria to reliably
discriminate taxa and presume that all mysis stages possess
the same characters, which they may not. For example,
Calazans (1993) key to ELS of fifteen penaeid genera along
southern Brazil discriminates mysis stages of X. kroyeri and
Rimapenaeus by the presence of a dorsomedian spine on the
third pleomere and hump-like structure or ‘tubercle’ along
the carapace dorsal midline in X. kroyeri. While some X.
kroyeri have a short to vestigial dorsomedian spine on the
third pleomere in the first mysis stage, others do not, and
both X. kroyeri and Rimapenaeus can have a dorsal hump
on the carapace in the first mysis stage (Table 1; Figs. 2a
and 3a). Second and third mysis stages of X. kroyeri and
Rimapenaeus lack both characters. Kurata (1970) found that
14% of plankton-collected first myses of Rimapenaeus had a
vestigial median spine laterally on the fifth pleomere similar
to the spine found in X. kroyeri. Although Calazans (1993)
does not use the presence or absence of a mediolateral spine
on the fifth pleomere as a character in his key, illustrations of
both taxa have a spine laterally (see figure 4D, E in Calazans,
1993).

Keys constructed from reared larvae of Indo-West Pacific
penaeids (Jackson et al., 1989; Dall et al., 1990c) include
Trachypenaeus Alcock, 1901, but not X. kroyeri, which do
not occur in the area. After Jackson et al. (1989) and Dall
et al. (1990c) prepared their keys to ELS, Pérez-Farfante
and Kensley (1997) partitioned the Trachypenaeus com-
plex into four genera: Megokris Pérez-Farfante and Kensley,
1997; Rimapenaeus Pérez-Farfante and Kensley, 1997; Tra-
chypenaeus; and, Trachysalambria Burkenroad, 1934. Only
Rimapenaeus occurs in the western Atlantic and eastern Pa-
cific, whereas the remaining genera occur in the Indo-West
Pacific. Descriptions of larvae of former members of the
Trachypenaeus complex, however, have not been updated
to reflect changes in nomenclature. Mysis stages described
as Trachypenaeus constrictus by Pearson (1939) and Kurata
(1970) should be Rimapenaeus, although the species assign-
ment remains uncertain. Descriptions of Trachypenaeus ful-
vus Dall, 1957, by Chong (1991) should be Trachysalam-
bria fulva (Dall, 1957), and those of Trachypenaeus curvi-
rostris Stimpson, 1860, by Ronquillo and Saisho (1995) and
Abdel Razek and Taha (2006) should be Trachysalambria
curvirostris (Stimpson, 1860). The sternal spine pattern and
antennal scale depicted for Trachypenaeus in Jackson et al.
(1989: Figs. 15, 16), and sternal spine pattern for Trachy-
penaeus granulosus Haswell, 1879, in Dall et al. (1990c;
Fig. 3.22) should be that of Megokris granulosus (Haswell,
1879).

Due to Cook’s (1966) error, authors have mistakenly com-
pared mysis stages of former members of the Trachype-
naeus complex to X. kroyeri rather than to Rimapenaeus
as intended. Trachysalambria curvirostris and T. fulva have
a pterygiostomial spine that Rimapenaeus lacks, while T.
curvirostris and Rimapenaeus have a supraorbital spine that
T. fulva lacks (Tables 1 and 2). Mysis stages of Rimapenaeus
have a dorsomedian spine on the fourth pleomere that 7.
fulva lack, whereas some 7. curvirostris may have a short
to vestigial spine on the fourth pleomere in the first mysis
stage, but not thereafter (Tables 1 and 2). We did not in-
clude T. curvirostris from the Mediterranean reared by Abdel
Razek and Taha (2006) in comparisons due to lack of spina-
tion normally found in mysis stages (Williamson, 1982), and
what may be delayed development.

Paulinose (1982) described plankton-collected mysis
stages of what he calls T curvirostris based primarily on
adult temporal and spatial distributions, an approach often
criticized due to the higher probability for misidentifica-
tion (Dall et al., 1990c; Calazans, 1993). As described by
Paulinose (1982), mysis stages of purported 7. curvirostris
lack a hepatic spine and median spine laterally on the fifth
pleomere, but have a short supraorbital spine (first mysis
stage only), antennal and pterygiostomial spines, and, a sin-
gle dorsomedian spine on the fifth and sixth pleomeres. My-
sis stages also have a dorsally carinate third pleomere char-
acteristic of adults of some species of Trachysalambria and
Metapenaeopsis Bouvier, 1905 (Dall et al., 1990c). Mysis
stages of Metapenaeopsis, however, have a serrate anteri-
oventral carapace margin (Jackson et al., 1989; Chong and
Sasekumar, 1994; Ronquillo and Saisho, 1997; Choi and
Hong, 2001), which those described by Paulinose (1982) do
not. While the identity of mysis stages described by Pauli-
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Table 3.

Comparison of mysis stages of Xiphopenaeus kroyeri (Heller, 1862); Rimapenaeus Pérez-Farfante and Kensley, 1997; Farfantepenaeus

Burukovsky, 1997; and Litopenaeus Pérez-Farfante, 1969 from the western Atlantic. Characters for Farfantepenaeus and Litopenaeus are based on the
descriptions of Cook and Murphy (1971), Kitani (1985, 1986, 1996), and observations we made.

Taxon Rostrum’ Carapace spines Pleomere with Pleomere with
median spine median spine
dorsally laterally

Supraorbital ~ Antennal  Pterygiostomial — Hepatic 3 4 56 14 5 6
X. kroyeri No Yes Yes Yes Yes? Some?  Yes* Yes No Yes No
Rimapenaeus No Yes Yes No No No Yes* Yes No No No

Farfantepenaeus

and Litopenaeus  Yes Yes No No> Yes Yes® Yes® Yes No Yes Yes

ITip exceeds distal margin of first antennular peduncle segment; 2Low and poorly defined; 3 Absent or vestigial in some first stage myses;
“4Considerably shorter than spine found on pleomeres five and six; >Mysis stages have a spine along corner of carapace in ‘pterygiostomial
region’ often referred to as the ‘anterioventral’ or ‘anteriolateral’ spine; ®Distinct and slightly shorter than spine found on pleomeres five

and six.

nose (1982) is consistent with a species of Trachysalam-
bria, generic assignment remains uncertain because larvae
of Megokris and the monotypic Trachypenaeus anchoralis
(Bate, 1881) have not been described.

Several pronounced differences in elevation and length
of body spines distinguish mysis stages of X. kroyeri and
Rimapenaeus from those of Farfantepenaeus and Litope-
naeus (Table 3). In Farfantepenaeus and Litopenaeus, the
rostrum tip reaches to or extends beyond the distal margin
of the first segment of the antennular peduncle. The long,
slender but distinct supraorbital spine curves forward and ex-
tends well beyond the anterior margin of the carapace with
the tip often above the dorsal margin of the rostrum. Mysis
stages also have a slender, distinct hepatic spine about one-
third of supraorbital spine length that projects away from
the carapace, and single dorsomedian spines on pleomeres
three through six with the spine on pleomeres five and six
slightly longer than the spine on pleomeres three and four.
Farfantepenaeus and Litopenaeus have single dorsomedian
and mediolateral spines on pleomere five of similar length,
whereas pleomere six has a longer dorsomedian than medi-
olateral spine. Farfantepenaeus and Litopenaeus lack an an-
tennal spine, but have a spine along the anterior margin of
the carapace in the ‘pterygiostomial’ region often referred
to as an ‘anterioventral’ or ‘anteriolateral’ spine (Cook and
Murphy, 1971; Kitani, 1985, 1986, 1996). By comparison,
X. kroyeri and Rimapenaeus have a low, poorly defined hep-
atic spine, if present; the rostrum does not extend beyond the
distal margin of the first segment of the antennular pedun-
cle; and, the supraorbital spine generally extends dorsally to
about the lateral midline of the rostrum only. Lab-reared X.
kroyeri may have a vestigial dorsomedian spine on pleomere
three in the first mysis stage, but not thereafter. Rimape-
naeus has not been reared, but the first mysis stage of the
closely related Trachysalambria lacks a dorsomedian spine
on pleomere three (Table 1). Mysis stages of X. kroyeri and
Rimapenaeus lack a median lateral spine on pleomere six
and instead have a rounded lateral margin (Table 3).

Differences in dorsomedian spine length on pleomeres
five and six, and presence or absence of a pterygiostomial
spine should be used to discriminate X. kroyeri and Rimape-
naeus because the low, poorly defined hepatic and slender

mediolateral spine on pleomere five can be difficult to lo-
cate in X. kroyeri even with a biological stain applied. Dif-
ferences in size, shape and number of appendage segments;
number of setae per segment; and, other characters not re-
viewed here, including some body spination may also dis-
criminate taxa. However, observations like number of setae
per segment often require tedious, time-consuming manipu-
lation and excision of appendages (Rothlisberg et al., 1983),
which reduces the time needed to identify the large number
of specimens often collected in routine monitoring surveys.

Misidentification of mysis stages of X. kroyeri and Rima-
penaeus, and the existence of a cryptic species of Xiphope-
naeus in the western Atlantic (Gusmao et al., 2006) have
important implications for stock management. Since most
studies used the key of Cook (1966) to identify and dis-
criminate ELS, existing information on seasonality, distri-
bution and abundance patterns, and environmental and habi-
tat preferences are likely inaccurate (Temple et al., 1964;
Subrahmanyam, 1971b; Bozada and Péez, 1987; Criales and
McGowan, 1993; Castro, 1998; Lépez and Garcia, 2001;
Fehlauer and Freire, 2002). Uncertain identifications and a
cryptic species of Xiphopenaeus may also account for the
finding that juvenile X. kroyeri recruit to estuaries year-
round in the western Atlantic (Fransozo et al., 2000; Cas-
tro et al., 2005). The fact that X. kroyeri and R. constrictus
are currently considered overfished off Brazil (de Francisco
et al., 2008) indicates a need to re-assess stocks because
exploitation patterns differ and populations depend on the
annual supply of new recruits for replenishment. If popula-
tions are recruitment limited, climate and other environmen-
tal changes that can affect the survival, dispersal and recruit-
ment pathways of ELS may impact adversely stock dynam-
ics and necessitate different management strategies, which
emphasize the need to re-examine the abundance and distri-
bution of ELS and the importance of accurate identifications.

ACKNOWLEDGEMENTS

Thanks to NOAA’s Southeast Fisheries Science Center for funding sup-
port. Thanks also to Dr. Geoftrey Matthews (retired), formerly of NOAA’s
Galveston Laboratory, and to Shawn Hillen of NOAA’s Galveston Labora-
tory who participated in sample collection. Findings and conclusions of this



938 JOURNAL OF CRUSTACEAN BIOLOGY, VOL. 32, NO. 6, 2012

study are those of the authors and do not necessarily represent the views of
NOAA.

REFERENCES

Abdel Razek, F. A., and S. M. Taha. 2006. Experimental larval development
of Penaeidae shrimp, Trachypenaeus curvirostris (Stimpson, 1860) from
Egyptian Mediterranean coast. Egyptian Journal of Aquatic Research 32:
362-384.

Alcock, A. 1901. A descriptive catalogue of the Indian deep-sea Crustacea
Decapoda Macrura and Anomala, in the Indian Museum. Being a revised
account of the deep-sea species collected by the Royal Indian marine
survey ship “Investigator”. Indian Museum, Calcutta, 1-286 + iv pages,
3 plates.

Anger, K. 2006. Contributions of larval biology to crustacean research:
a review. Invertebrate Reproduction and Development 49: 175-205.

Bate, C. S. 1881. On the Penaeidea. Annals and Magazine of Natural
History 5: 169-196.

Bauer, R. T., and J. M. Lin. 1994. Temporal patterns of reproduction and
recruitment in populations of the penaeid shrimps Trachypenaeus similis
(Smith) and T. constrictus (Stimpson) (Crustacea: Decapoda) from the
north-central Gulf of Mexico. Journal of Experimental Marine Biology
and Ecology 182: 205-222.

Boschi, E. E. 1981. Larvas de Crustacea Decapoda, pp. 699-758. In, D.
Boltovskoy (ed.), Atlas del Zooplancton del Atlantico Sudoccidental y
métodos de trabajo con el zooplancton marino. Publicacién especial del
INIDEP, Mar del Plata, Argentina.

Bouvier, E. L. 1905. Sur les Pénéides et les Sténopides recueillis par
les expéditions francaises et monégasques dans 1’Atlantique oriental.
Comptes rendus hebdomadaires des séances de 1’ Académie des Sciences,
Paris 140: 980-983.

Bozada, L. L., and M. Pdez. 1987. La fauna acuatica del litoral, pp. 48-
63. In, Serie Medio Ambiente en Coatzacoalcos. Vol. XIV. Centro de
Ecodesarrollo, Universidad Veracruzana, México.

Burkenroad, M. D. 1934. Littoral Penaeidea chiefly from the Bingham
Oceanographic Collection, with a revision of Penaeopsis and descrip-
tions of two new genera and eleven new American species. Bulletin of
the Bingham Oceanographic Collection, Yale University 4(7): 1-109.

Burukovsky, R. N. 1997. Selection of the type species for Farfantepenaeus
Burukovsky, 1972 (Crustacea: Decapoda: Penaeidae). Proceedings of the
Biological Society of Washington 110: 154.

Calazans, D. 1993. Key to the larvae and decapodids of genera of the
infraorder Penaeidea from the southern Brazilian coast. Nauplius, Rio
Grande 1: 45-62.

Castrejon, H., R. Perez-Castaneda, and O. Defeo. 2005. Spatial structure
and bathymetric patterns of penaeoid shrimps in the southwestern Gulf
of Mexico. Fisheries Research 72: 291-300.

Castro, P. P. 1998. Contribucion al conocimiento de las larvae de crustaceos
decapodos del Golfo de Salamanca, Caribe colombiano. Tesis Biol. Mar.,
Universidad de Bogota Jorge Tadeo Lozano, Bogota, 45 pp.

Castro, R. H., R. C. Costa, A. Fransozo, and F. L. M. Mantelatto. 2005.
Population structure of the seabob shrimp Xiphopenaeus kroyeri (Heller,
1862) (Crustacea: Penaeoidea) in the littoral of Sao Paulo, Brazil.
Scientia Marina 69: 105-112.

Choi, J. H., and S. Y. Hong. 2001. Larval development of the kishi velvet
shrimp, Metapenaeopsis dalei (Rathbun) (Decapoda: Penaeidae), reared
in the laboratory. Fishery Bulletin (U.S.) 99: 275-291.

Chong, V.-C. 1991. The larval development of the Malaysian penaeid
shrimp (Trachypenaeus fulvus Dall, 1957) reared in the laboratory. Asian
Fisheries Science 4: 165-187.

,and A. Sasekumar. 1994. Larval development of the fiddler shrimp,
Metapenaeopsis stridulans (Alcock, 1905) (Decapoda: Penaeidae) reared
in the laboratory. Journal of Natural History 28: 1265-1285.

Cook, H. L. 1966. A generic key to the protozoan, mysis, and postlarval
stages of the littoral Penaeidae of the northwestern Gulf of Mexico.
Fishery Bulletin (U.S.) 65: 437-447.

,and M. A. Murphy. 1971. Early developmental stages of the brown
shrimp, Penaeus aztecus Ives, reared in the laboratory. Fishery Bulletin
(U.S.) 69: 223-239.

Criales, M. M., and M. FE. McGowan. 1993. Coastal oceanic plankton
distribution of natantian shrimps in the Florida Keys, U.S.A. Revista de
Biologia Tropical, Suppl. 41: 23-26.

Dall, W. 1957. A revision of the Australian species of Penaeinae (Crustacea
Decapoda: Penaeidae). Australian Journal of Marine and Freshwater
Research 8: 136-231.

, B. J. Hill, P. C. Rothlisberg, and D. J. Staples. 1990a. Chapter 2.

Morphology, pp. 7-54.In,J. H. S. Blaxter and A. J. Southward (eds.), The

Biology of the Penaeidae. Advances in Marine Biology 27. Academic

Press, San Diego.

, and . 1990b. Chapter 3. Taxonomy,
pp- 55 126. In J.H.S. Blaxter and A. J. Southward (eds.), The Biology
of the Penaeidae. Advances in Marine Biology 27. Academic Press, San
Diego.

, and . 1990c. Chapter 6. Moulting and
Growth pP- 213 250.In,J. H. S. Bldxter and A. J. Southward (eds.), The
Biology of the Penaeidae. Advances in Marine Biology 27. Academic
Press, San Diego.

de Francisco, A. K., A. P. Pinheiro, T. B. Silva, and P. M. Galetti, Jr. 2008.
Isolation and characterization of microsatellites in three overexploited
penaeid shrimp species along the Brazilian coastline. Conservation
Genetics 10: 563-566.

Fehlauer, K. H., and A. S. Freire. 2002. Occurrence of decapods larvae,
specially Xiphopenaeus kroyeri (Penaeidea) in the shallow shelf of
Parand. Nauplius, Rio Grande 10: 37-45.

Felder, D. L., J. W. Martin, and J. W. Goy. 1985. Patterns in early
postlarval development of decapods, pp. 163-225. In, A. M. Wenner (ed.),
Crustacean Growth: Larval Growth. Crustacean Issues 2. A. A. Balkema,
Rotterdam.

Fransozo, A., R. C. Costa, M. A. A. Pinheiro, S. Santos, and F. L. M.
Mantelatto. 2000. Juvenile recruitment of the seabob Xiphopenaeus
kroyeri (Heller, 1862) (Decapoda, Penaeidea) in the Fortaleza Bay,
Ubatuba, Sp, Brazil. Nauplius, Rio Grande 8: 179-184.

Gurney, R. 1942. Larvae of Decapod Crustacea. Crustacea Issue 129: 1-306.
The Ray Society, London.

Gusmao, J., C. Lazoski, F. A. Monteiro, and A. M. Sole-Cava. 2006. Cryptic
species and population structuring of the Atlantic and Pacific seabob
shrimp species, Xiphopenaeus kroyeri and Xiphopenaeus riveti. Marine
Biology 149: 491-502.

Haswell, W. A. 1879. On the Australian species of Penaeus in the Macleay
Museum, Sydney. Proceedings of the Linnean Society of New South
Wales 4: 38-44.

Heller, C. 1862. Beitrage zur naheren Kenntnis der Macrouren. Sitzungs-
berichte der mathematisch-naturwissen-schaftlichen Classe der Kaiser-
lichen Akademie der Wissenschaften (Wien) 45: 389-426.

Jackson, C. J., P. C. Rothlisberg, R. C. Pendrey, and M. T. Beamish.
1989. A key to genera of the penaeid larvae and early postlarvae of
the Indo-West Pacific region, with descriptions of the larval development
of Atypopenaeus formosus Dall and Metapenaeopsis palmensis Haswell
(Decapoda: Penaeoidea: Penaeidae) reared in the laboratory. Fishery
Bulletin (U.S.) 87: 703-733.

Kitani, H. 1985. Larval development of the pink shrimp Penaeus duorarum
Burkenroad reared in the laboratory and the comparison with earlier
descriptions. Bulletin of the Japanese Society of Scientific Fisheries 51:
1239-1248.

. 1986. Larval development of the white shrimp Penaeus vannamei

Boone reared in the laboratory and the statistical observation of its

naupliar stages. Bulletin of the Japanese Society of Scientific Fisheries

52: 1131-1139.

. 1996. Larval development of western white shrimp Penaeus
occidentalis reared in the laboratory. Fisheries Science 62: 883-891.

Kurata, H. 1970. Studies on the life histories of decapod Crustacea of
Georgia: Part III. Larvae of decapod Crustacea of Georgia. Unpublished
report, University of Georgia Marine Science Institute, Sapelo Island: i-
iv, 122-274, pls. 1-105.

Le6n Otero, B. 1982. Desarrollo larval del camarén titi Xiphopenaeus
kroyeri (Heller, 1862) en condiciones de laboratorio. M. S. thesis,
Facultad de Ciencias del Mar, Fundacion Universidad de Bogota Jorge
Tadeo Lozano (Columbia): 1-74.

Lépez, A. C., and C. B. Garcia. 2001. Postlarvae and juveniles of the
shrimps Farfantepenaeus spp. and Xiphopenaeus kroyeri at Boca de la
Barra (Cienaga Grande de Santa Marta), Colombian Caribbean. Boletin
de Investigaciones Marinas y Costeras — INVEMAR 30: 177-198.

McLaughlin, P. A., D. K. Camp, M. V. Angel, E. L. Bousfield, P. Brunel,
R. C. Brusca, D. Cadien, A. C. Cohen, K. Conlan, L. G. Eldredge, D. L.
Felder, J. W. Goy, T. Haney, B. Hann, R. W. Heard, E. A. Hendrycks,
H. H. Hobbs 111, J. R. Holsinger, B. Kensley, D. R. Laubitz, S. E. LeCroy,




DITTY AND SALAS: MYSIS STAGE MISIDENTIFICATION OF XIPHOPENAEUS AND RIMAPENAEUS 939

R. Lemaitre, R. F. Maddocks, J. W. Martin, P. Mikkelsen, E. Nelson,
W. A. Newman, R. M. Overstreet, W. J. Poly, W. W. Price, J. W. Reid,
A. Robertson, D. C. Rogers, A. Ross, M. Schotte, F. R. Schram, C.-T.
Shih, L. Watling, G. D. F. Wilson, and D. D. Turgeon. 2005. Common
and Scientific Names of Aquatic Invertebrates from the United States and
Canada: Crustaceans. Special Publication 31: 1-545. American Fisheries
Society, Bethesda, Maryland.

NOAA. 2010. Commercial fishery landings. NOAA Fisheries, Office of
Science and Technology, Fisheries Statistics and Economics Division.
www.st.nmfs.noaa.gov/st1/commercial/

Paulinose, V. T. 1982. Decapod Crustacea from the International Indian
Ocean Expedition. Larval and post-larval stages of Trachypenaeus
curvirostris (Stimpson) (Penaeinae). Journal of Natural History 16: 663-
672.

Pearson, J. C. 1939. The early life histories of some American Penaeidae,
chiefly the commercial shrimp Penaeus setiferus (Linn.). Bulletin of the
U.S. Bureau of Fisheries 49: 1-73.

Pérez-Farfante, 1. 1969. Western Atlantic shrimps of the genus Penaeus.
Fishery Bulletin (U.S.) 67: 461-591.

,and B. Kensley. 1997. Penaeoid and sergestoid shrimps and prawns
of the world. Keys and diagnoses for the families and genera. Memoires
du Museum National d’History Naturelle, Paris 175: 1-233.

Renfro, W. C., and H. L. Cook. 1963. Early larval stages of the seabob
Xiphopenaeus krpyeri (Heller). Fishery Bulletin (U.S.) 63: 165-177.

Ronquillo, J. D., and T. Saisho. 1995. Early developmental stages of
southern rough shrimp, Trachypenaeus curvirostris (Stimpson, 1860)
(Decapoda, Penaeidae) reared in the laboratory. Crustaceana 68: 833-
863.

,and . 1997. Larval development of Metapenaeopsis barbata
(de Haan, 1844) (Crustacea: Decapoda: Penaeidae). Marine and Fresh-
water Research 48: 401-414.

Rothlisberg, P. C., C. J. Jackson, and R. C. Pendrey. 1983. Specific
identification and assessment of distribution and abundance of early
penaeid shrimp larvae in the Gulf of Carpentaria, Australia. Biological
Bulletin 164: 279-298.

Smith, S. I. 1869. Notice of the Crustacea collected by Prof. C. F. Hartt on
the coast of Brazil in 1867. Transactions of the Connecticut Academy of
Arts and Sciences 2: 1-41.

. 1885. On some genera and species of Penaeidae, mostly from
recent dredgings of the United States Fish Commission. Proceedings of
the U.S. National Museum 8: 170-190.

Stimpson, W. 1860. Prodromus descriptionis animalium evertebratorum,
quae in expeditione ad oceanum Pacificum septentrionalem, a Republica
Federata missa, Cadwaladaro Ringgold et Johanne Rodgers Ducibus,
observavit et descripsit. Proceedings of the Academy of Natural Sciences
of Philadelphia 12: 22-47.

. 1874. V1. — Notes on North American Crustacea in the museum
of the Smithsonian Institution. No. III. Annals of the Lyceum of Natural
History of New York 10: 119-136.

Subrahmanyam, C. B. 1971a. Descriptions of shrimp larvae (family
Penaeidae) off the Mississippi coast. Gulf Research Reports 3: 241-258.

. 1971b. The relative abundance and distribution of penaeid shrimp
larvae off the Mississippi coast. Gulf Research Reports 3: 291-345.

Temple, R. F., D. L. Harrington, and C. C. Fischer. 1964. Larval distribution
and abundance. U.S. Fish and Wildlife Service Circular 183: 18-24.

Torres Virviescas, M. J., L. E. Martinez Silva, R. Remolina Caro, and
H. J. Maldonado. 1982. Propagacién artificial y desarrollo larval del
camar6n titi Xiphopenaeus kroyeri Heller (1862) en el laboratorio,
pp. 320-354. In, IV Simposio Latinoamericano de Acuicultura U-20
(Enero 25-29 de 1982, Panam4, R. de Panama).

Williamson, D. 1. 1969. Names of larvae in the Decapoda and Euphausi-
acea. Crustaceana 16: 210-213.

. 1982. Larval morphology and diversity, pp. 43-110. In, L. G. Abele

(ed.), The Biology of Crustacea. Vol. 2: Embryology, Morphology and

Genetics. Academic Press, San Diego.

RECEIVED: 14 February 2012.
ACCEPTED: 18 June 2012.





