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Abstraet: Ten s)'napornorphies are delllonstr:lIcd 10 scparale Ihe cJoscd Ihelyea PenflelH subgenera (Farfllllft'f)erWeU.f. 
rermn0!1t'nllt'lIs. MaT.wpenaeus. Melicerlus. and Penlleu.f Lf.) frolll (he open thel)'cum subgcnus Liloperwel4s. The 
phylogenelic pasilion of Lilopenaeus was investig:ued wilhin Ihe con le XI of Ihe Iribc Penaeae (genera FllndUl/ia. 
HeluoIJerlllt'UJ. 1't'lflRopt'nfleu_f. and Pentleus: Burkenroad 1936). A cladislic analysis using general genilal characlers 
posilioned LiIoIJt'rwt'lls basal wilhin Ihe lribe: cladislic analysis based upon genilal and key somalic charaelers allowed 
several h)'polheses of rclalionships 10 be developcd. Thc firsl of thcsc hypolheses. one compatible wilh Ihe curren! 
c1assification. juxlaposed Litoptntleus and lhe closcd Ihelyca Pt'nllel4S subgener'.1. a.e; siSlcr laxa, proposing ,hal Ihe SlclIl 
Liwptnat'us spccics underwenl reversals 10 ancestral characler Slales (atavisms). The Olher hypothescs wcrc congruenl 
wilh lhe hypolheses ba.scd upon genital characters. 

Key words: Pnwt'IH, Ljwpentleus. tribc Penacae. phylogcnetie analysis. 

Marine shrimps of the genus Penaeus 
Fabrieius (1798) eonslilule one of Ihe rnosl 
significant decapad cruslacean groups. 
Shrimps in lhis genus comprise a global 
fishery wilh sorne' of the 28 specics inlen
sively eullured (Dall e/ al. 1990). Indeed. 
many Latin American and Asian economies 
depend hcavily upon Pellaeus fisheries and 
aquaculture for revenuc. 

Pellaeus shrimps are also imporlant from a 
phylogenclic standpoint. Penaeids. indced all 
dendrobranchiates (aristcids, solenoccrids. 
sergeslids. elc.). exhibil a nUl11ber 01' ple
siomorphic character stales (e.g. naupliar lar
yac) poinling 10 a basal position in decapod 
phylogeny (Burkenroad 1981. Felgenhauer 
and Abelc 1983. Baucr 1986). The sornalie 
morphology of lhese shrimps is conservative 
allhough dendrobranehiale laxa display a 
diversily 01' genilal slruelUres (Bauer 1986. 
1991). And. sorne genera. e.g. Pellaeus. ha ve 
f10urished since the carly Mesozoic 

(Glaessner 1969. Dall e/ al. 1990) wilh only 
slighl morphological changc. relalive lO olhcr 
decapod taxa. 

Despilc lhc importance of Pellaells. Ihe sys
lemalics of this laxan has rarely been inveslj
gated within an evolulionary framework and 
Ihe c1assification of penaeids is typological. Thc 
c1assificalion of species and subgencra in Ihis 
genus was formulalcd withoul indicating 
genealogical relalionships (Pércz Farfanle 
1969). The eoml11only aeecpled subgenerie 
divisions of Pellaeus 16 subgenera: 
FarJall/epellaeus Burokovskii (1972). 
Felllleropenaeus Pérez Farfanlc (1969). 
Li/opellaeus Pérez Farfanle (1969). 
Marsupenaeus Tirmizi (1971), Melicertus 
Rafinesque (1814), and Pellaells s.s. Fabricius 
(1798)1 wcre based upon delails of earapace 
sculpturing and gcnital struclurc (Pérez Farfanle 
1969). va lid erileria. ahhough only a seareh ror 
synapomorphies can determine whelhcr Ihesc 
species groupings are natural. Penaeid system-
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arics has cmphasizcd anatomical dctails of the 
highly modiried endopods of rhe male firsr 
plcopods (perasma) and rhe female posterior 
[horacic somi[es XII - XIV uscd in sperlll 
storage and transfer (rhelycum), which cOl1sti
[u[e Ihe gcnitalia in Ihese decapods (Bauer 
1994). Dis[inCI morphological [rends have 

heen noled in Ihe elaboration of lhese slruc
lures and it has heen proposed rhat aspects of 
penaeid genital complexily can serve as a 
qualilalive indicalor 01' phylogenelic position 
(Bauer 1986. 1991). 11 is inlercsling lo nOle 
Ihat al l  Penlleus subgenera excepl 
LilOpelllleus have an apomorphic closed Ihe
Iyculll where Ihe spermatophores are cnclosed 
in a seminal receplacle shielded by laleral 
plates arter inscmination. Fig. I prcsents a 
schemalic of thelycal Slruclure differcnces 
hClwcen open and closcd Ihelycal Penaeus 
laxa. The l11orphological 'colllpactness' of lhe 
closed Ihelyca subgenera. by virtue of Iheir 
unique genilal Slruclures. slrongly suggesl 
lhey c o nslitule a monophylelic group. 
Inclusion of Ihe open thelycum Litopelllleus 
in lhe gcnus Penlleus, a subgenus with a dis
tinclly plesiomorphic genilal form, suggests 
Iha! Penaeus is a paraphyletic laxon. 

The purpose of Ihis paper is 10 apply an 
explicil melhodology lO delermine Ihe phylo
genctic  and syslemalic posilion of Ihe 
Penaeus subgenus Litopellaeus. Following 
Burkenroad's classificalion (1936. 1983). Ihe 
putalive sisler laxa of Penaeus are the genera 
Ff/llehalia Johnson ( 1867). Hereropellaeus de 
Man ( 1896). and Pelagopellaeus Burkenroad 
( 1934). The Pellaeus sister taxa ha ve open or 
semiclosed Ihelyca (j.e. laleral plales partial
I y  covering slernile XIV bUI not forllling 
seminal receplacles) and exhibil a Ihelycal 
l11orphology inlermeJiate thal of Litopenaeus 
and the closed thelyca Penaeus subgenera. 
The specific ail11s of this study were: 1) lo 
explicate phylogenelically significant charac
ler slale differences belween Litopenaewi and 
Ihe closed Ihelyca Pellaeus subgenera. 2) lo 
examine genilal characler stale transilions 
belween Lifopenaeus and the tribe Penaeae, 
and 3) 10 examine phylogenetic hypotheses 
of Ihe tribe Penaeae using genital characters 
and genital plus key sOlllatic slructures. This 
is an ¡nilial altell1pt to understand Pellaells 
evol�rion within the context of other penaeid 
genera. 

Slernile XIII 

Coxae 

Setae _-\-+-1.., 
Slernile XIV 

.... ,....-- Median protuberance 

Laleral plates 

Fig. l. Schcmalic rcprcscnlalion of open and closcd lhely
cal morphologics in Ihe genus Pell(lt'II.f. A. An open Ihcly
curn bascd upon P. (L.) o('{;idt'rl/alis. n. A closcd Ihclycum 
bascd upon P. (P.) /1/onod(lfI. 

MA TERIALS ANO METHOOS 

Specirnens 01' Lilopellaells [P. (L.) occidell
talis SlreelS ( 1871). P. (L.) sehmirri Burkenroad 
(1936), P. (L.) seriferlls Linn"eus (1767). P. 
( L . )  sryliro srris Slimpson ( 187 1). and P. 
(L. )vallllamei Boone ( 1931)J. Farf{lIIrepellaeus 
[P. (F.) brasiliellsis Lalreille ( 18 17). P. (F.) 
ealifomiellsis Holmes (1900). P. (F.) dllorafllffl 
Burkenroad ( 1939). P. ( F .) lIorialis Pérez 
Farfanle (1967). and P. (F.) sllbrilis Pérez 
Farfanle (1967)]. Felllleropellaells IP. (F.) ori
entalis Kishinouye ( 1896)J. Marsllpellaeus IP. 
(M.) japollieus Bate ( 1888)]. and PellaellS s.s. 
IP. (P.) mOllodoll Fabricius ( 1798)] were exam
ined from Ihe coll ections of Ihe Cenlro 
Nacional de Acuicultura e Investigaciones 
Marinas (CENAIM). Ecuador, Oepartment 01 
Biological Sciences, Florida Inlernational 
University, and Ihe Universily of Miarni 
Rosenstiel School of Marine and Atmospheric 
Science. Published descriplive malerial 
(Burkenroad 1934. 1936. Oall er al. 1990) on 
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Illcmbers of Ihe tribe Penaeac was used to sup· 
plcmcI11 examination of  Ihe malerials. 
SJX!cilllens of the subgenus Melicertus were nOl 
cxamined as they differ ralher slighlly from 
mcmbers of Farjantepenaeus. The penaeid 
Pellaeopsis serrata Bale (1888) was used lO aid 
in characlCr slate polarization by outgroup 
comparison becausc Ihis species exhibits a ge· 
neralizcd penaeid rnorphology. 

1 have followed Ihe argumentation of Bauer 
(1986, 1991) concerning morphological lrends 
in pcnacid shrimps. AlI available evidence 
points lO open thelyca, complex sper
malophorcs, open pelas mala. etc .. as ple
siolllorphic characlcr sta les and closed Ihelyca, 
simplcr spermulophores. semiclosed or closed 
petas mala as apomorphic charactcr slalcs. 
Givcn lhe importance of genital morphology in 
penaeid syslcmalics, general aspecls of lhely
cal. sperlllatophore. and pelaslIlal slrUClurc 
were focused on in Ihis study. 

Readers are referred lo Pérez Farfante 
(1969) and Baucr (1994) for lerrninology con
cerning pcnaeid genital struclures. 

The manual cladistic approach of 
Chrisloffcrscn (1987) was used 10 conslrucl and 
leSl phylogenetic hypolheses. This melhodology 
was chosen bccause il allowed a stepwise tesl
ing of hypotheses and the elimination of com
peling hypolheses by lhe idcnlificalion of robuSl 
synapomorphies. The cJadistic hypolheses were 
lhen expanded using PAUP 3.0 (Swofford 
1990). The dala matrix is presenled in Table 3. 
Tree lenglhs (L), consislency indices (CI), and 
rcscaled consistency indices (Re) are presenled 
for Ihe computer generated c1adograms. The 
Iree lopologies presenled differ from lhe com
pUler generaled cladograms bccause many obvi
ous synapomorphies (e.g., simplified sper
rnalophores or lhelycal laleral plales) linking 
laxa were designated as charaCler state reversals 
for lhe oUlgroup by lhe software; lhal is, some 
synapomorphies were presented as plesiomor
phies for lhe lribe with lhe primitive character 
stale presented as an apomorphy (because a 
unique reversal) for lhe outgroup. 

RESULTS 

Phylogenelic Analysis: Phylogenelic com
parison of lhe Pellaeus subgenera with lhe oul
group la:wn Pellaeopsis serrata revealed eight 

genilal synapomorphies which separate the 
subgenera Farfal/tepellaeus, Fellfleropeflaeus, 
Marsupellaeus. Melicertus, and Pellaeus from 
U/opel/aeus. Table 1 lisIs the synapol11orphies 
separaling Ihe closed Ihelyca taxa from 
U/opel/aeus. Some of Ihe plesiomorphic char
aclcr sta les exhibited by U/opellaeus are more 
similar lo those possessed by open lhclyca 
penaeid, aristeid, and solenocerid genera lhan 
lo lhose exhibiled by lhe closed lhelyca 
Pellaeus laxa. Inclusion of nongenilal charac
lers, ¡.e., posllarval thoracic sternal spine for
mulae and lhe conjunction of moulting and 
insemination in closed thelyca taxa (Table 1: 
Dall el al. 1990), supported lhe genilal dislinc
lion 01' lhe open and closed thelyca Pellaeus 
laxa (see also Slernberg and MOloh 1995). 

The information presented in Tablc I pre
sents no evidence lhat Utopellaeus should be 
incJuded in lhe genus Pellaeus. To lest the 
monophyly of Pellaeus. Litopellaeus and the 
cJoscd lhelyca subgenera were phylogenelically 
compared within the context of the tTibe 
Penaeae. A c1adislic analysis of Liropellaeus, 
Func!talia, Heteropellaeus, Pelagopellaeus. and 
lhe closed lhelyca PelJaeus taxa genital mor
phologies revealed an inteTesting taxonomic 
dislribulion of characler Slales. (See Table 2 ror 
a listing of plesiomorphic and apomorphic char
acter stales in the tribc.) Fig. 2 pTesenls modi
fied PAUP generaled cladograms (L = lO, CI = 
1, Re = 1) of Penaeae relalionships based upon 
general genilal characlers. [The phylogenelic 
hypotheses presented are nOl necessarily the 
most parsimonious; (hey are presented. howev
er, to emphasize altematives in Ihe cvolulion of 
lhelycal plales and, possibly, lhe developmenl 
of seminal receptacles (see below).) 

Like Utopenaeus. Ihe genus FUllc!wlia has an 
open lhelycum and a moderalely open pelasma 
(characlers I and 2). (Pelasmala lhal are Oexi
ble and which can be easily opened are referred 
lo here as 'modcrately open' in contrast to lhe 
truly open petasmata of, e.g., the aristeids. 
Moderalely open pelasmala may or may nol 
have the ventral costae meeting along the mid
lineo Pelasmala Ihat are compressed and less 
easily opened are here designated as semi
closed.) FUflchafia, however, differs from olher 
tribe members in having an asymmetrical 
petasma, an apomorphic character state (char
acler 3). A trend toward a more advanccd geni
tal character state can be detected in the laxa 
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TABLE I 

Genital c/U/meter ,mlte di/Jere1U.:es heril/ten LilOpenacus (lfId ¡he dmed IhelyclI Penacus raxlI 

Liropenaeus 

A. L1.lcral plalcs abscnl 

B. Seminal rcccplaclcs abscn! 

C. $tcrniles XIII-XIV wilh pronounccd prominences 
:lOd �Iac for spcrmalophorc attachmcnI 

D. Median protubcrancc abscnt or deeply concave 

E. Spcrmalophorc wilh complcx articulations 
(naps. Oangcs. ridgcs. l'u:.) 
(Pércz Farf:mtc 1975) 

F. PClasma rnodcralcly opcn 

G. PClasrnat ventral coslac shoTl 

H. Median protuberance. whcn prcsent, a unified. 
concave SlroclUrc 

1. Postlarval thoracic slemal spine 
fOfmula O + O + O + 1 + O (Dall el (/1. 1990) 

J. Spcrmatophorc implanlalion does nOI oceur 
jusI after moulling (Dall el al. 1990) 

Other Penaeus subgenera 

Broad 1:lIeral plalcs covering Ihe ventral surface of stemite X IV 

Seminal rcccptacles prcsent 

Ahscncc of prolllinenccs or setae on slemilcs X III-X IV 
for sperrnalophore attachlllenl. 

Median prolubcrance on posterior Illargin of sternilc XIII 
always presen! and nonconcnve 

Sperrnatophore a simplcr, pod-like or round structurc 

Pela.sllla semiclosed 

Petasrnal ventml costae long 

Median prolUbcrance divided into anterior nnd posterior 
proccsscs 

0+0+0+1+1 

Spermatophorc illlplantation occurs just aftcr moulting 

TABLE 2 

Key JlrUClUreJ ir¡ penaeid shrimps alU/lhe;r plesionwrphic and (Jpomorphic c!uJr(u:ler .ftate.f in Ihe Iribe Pl'tUleae 

Genital 

l .  Thelycurn: Open (O), closed with seminal receptacles (1). 
2. Petasma (1): Modemtely open (O), semiclosed (1). 
3. Petasma (11): SYlllrnetricaJ (O), a.<¡Ylllllletrical (1). 
4. Lateml plmes of thelycum: Abscnt (O), rudimentary, forming U-shapcd rim around the centml surface of stcmitc XIV 

(1), partially covering Memile XIV (2), completely covering stemite XIV (3). 
5. Median protubcmnce on posterior margin of stemite XIII (1): Present (O), ahsent (1). 
6. Median protubcmnce on posterior margin of stemile XIII (11): Unified, concave structure (O), differentiated inlO anteri

or and posterior processes (1). 
7. Sperrnatophore: Complex wilh flaps, ridges. flangcs. elc. (O), simpler, pod-like or round (1). 
8. StemilCS XIII-XIV: Prominences for spermntophore allachmenl (selae. prolubcrances, lamellae, elc.) (O), lacking 

prominences (1). 

Somalic 

9. 
10. 
1 1. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2 3. 
24. 

Epipods on lhe )rd thorncic somilcs: absent (O), prcsent (1). 
Pleurobmnchs on the 81 thomdc somile: absenl (O), present (1). 
Pleurohmnchs on the 71h Ihoracic somile: absen! (1), presenl (O). 
Ventml tccth on roslrum: Absenl (O), present (1). 
Integulllent: Pubescent (O), smoolh (1). 
Lateral ridges on inlegumem: Absent (O), presenl (1). 
Pils on inlegulllen!: Absent (O), present (1). 
Setae emerging from pits on integunlen!: Absen! (O), present (1). 
Roslrum: Long (O), sOOrt (1). 
Branchioslegal spine: Present (O), a�'ient (I� 
Dorsal carina on abd0'f:n: 4tH 

10 6t (O), 5 to 6th (1). 
Basal spines on Ihe 2n pereopods: Absenl (O). present (1). 
Branchiocardiac carina: Absent (O). present (1). 
Plerygoslolllial spine: Present (O), absenl (1). 
Ecology: Benlhic. epibenthic (O). pelagic (1). 
Fixed spines on telson: Present (O), absent (1). 
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TABLE 3 

Data mmrix !ludIor cladülic (PA UP) ana/y.tis 

Taxa 

Pl'na�OI}jÜ 
LiIOpl'na�ll.t 
Funchalia 
F unchalia damu 
H�lu()p�nal!us 
Ptla1:opl!nlll!us 
Ptn(Jl!u.t 

()()()()()()()( 
000010001101100001110101 
001100111110010010011010 
001200111110010010011010 
000200111111001101101101 
000200111111110000011010 
110301111101100001110101 

Fllnch alia danae Burkenroad ( 1940), 
Heteropenaeus, and Pelagopellaeus which 
have thelyca with no seminal receptacles and 
wilh laleral naps bUI possessing moderalely 
open pelasmala. The developmenl of laleral 
plates is considered importan! as thcse struc
lures appear to ha ve been a precedent for the 
evolulion of seminal reccptacles in Penaeus. 
The laxa F.danae, Heteropenaeus, 
Pelagopenaeus. and Penaeus (exclusive of 
LilOpenaeus) ha ve lateral pI ates which cover 
rhe seminal receptacles on s!ernitc XIV 
(Pellaells); or laleral plales whieh panially 
cover slernilc XIV (F.dallae, Heleropenaeus, 
and Pelagopellaells) (eharaeler 4). The possible 
rudimenls of lateral plates can be detecled in 
the open thelyca Fwrchalia taxa. Fwrchalia has 
a U-shaped rim or margin surrounding the cen
Iral surfaee of slernile XIV wilh the bonom of 
the U the posterior border of the sternite. The 
lateral plales of F.danae, Heleropenaeus. 
Pelagopenaeus. and Penaeus can be considered 
derivations of the U-shaped thelyeal rim 
(Burkenroad 1936). In addition, the taxa 
F/lm:halia, Heleropenaeus. Pelagopenaeus, and 
Pellaells have well developcd median protuber
ances on the posterior margin of sternite XIII 
(character 5). The presence of a median protu
berance in this position is nol an apomorphic 
characler Slale as Penaeopsis serrala also has a 
similarly positioned structure. A median protu
berancc on lhe posterior margin of stemilc xm 
is absent in all LilOpenaeus species except P. 
(L.) vamramei; the absence of this slructure is 
the derived condition. 

The median protuberance of Pellaeus show 
moderate to pronounced differentiation into 
anterior and posterior processes, an advanced 
eharaéter (6). 

Fig. 2. Phylogenetic hypolheses o( laxie relationships in 
the lribe Penaeae (Burkcnroad 1936. 1983) bascd upon 
genital eharaeters. Possibililie. .. in Ihe evolulion o( charac
ter 4 (lateral plate development) are empha .. ized. OG indio 
enles the outgroup laxon <Pl!nal!op.ti.t .ttrram). 

The closed and semiclosed Ihelyca laxa can 
be distinguished from Liropellaeus by the 
simpler, pod-like or round spcnnatophores (7). 
In LilOpenaeus, as in olher pcnaeoid laxa. the 
spermalophores exhibit complex prominences 
(e.g. naps) for attaehment 10 the thelyeum 
(Pérez Farfante 1975). Furthennore, these taxa 
lack prominences on lhe ventral surface of ster
nites XIII and XIV for spennatophore attaeh
ment (8) which are present in Lilopenaeus. 
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Bascd upon Ine charaClcrs stated above, all 
parsimonious hypothcses places Litopellaeus 
in a basal posilion within Ihe tTibe and poinls 
10 the paraphyly of Pellaells (Fig. 2). Fig. 3 
prcsenls polarilics in genital character state 
cvolution in Ihe tTibe based upon Ihe clado
grams in Fig. 2. The hypothesis proposed 
hcrc is Iha! Ihe transition froOl an open 10 
scmicloscd or closcd Ihelycum was a unidi
reclianal proccss (Fig. 3A). Howcver, il 
should be nOled that Ihe computcr gcncratcd 
hYPolhescs prcscnt FUflchalia laxa as having 
lost the lateral plates (Fig. 38). 

Thc exclusive emphasis upon gross genital 
charactcrs states overlooks many somalic fea
tUfes uscd in pcnacid syslcmarics. Fig. 4 pTe
scnts schcmata 01' rclalionships (cqually parsi
monious) in lhe Pcnacac bascd upon genilal 
and key somalic characlcrs. AlI characlers 
bcing 01' cqual wcighl and unordered, Ihe firs1 
modified PAUP hypothesis (L = 34, el = 
0.765, Re = 0.529) denotes Litapellaeus as the 
sisler taxon 10 Penae"s , a placemenl congruenl 
with the currenl implied classification of Lhe 
tribe (Fig. 4A). However this hypothesis postu
lates ¡hal Lhe progenitor Lo Lhe Litopenaeus 
clade underwcnl severa! reversals lo Ihe 
penaeid morphological groundstate (atavisms). 
Pig. 5 presellls a scheme 01' evoluLionary events 
that are demanded by phylogenetically plaeing 
Litopellaeus adjacenL 10 Pellaeus. 

The sccond modificd PAUP hypothesis pre
sented in Fig. 48 (L = 34, el = 0.765, Re = 
0.529) is eongruent with the basal plaeement of 
Litopellaeus in {he Penaeae based soley upon 
genital eharaeters (Fig. 2). This sccond hypothe
sis presents genital charaCler states as 'flickering 
on and off' in pcnaeid phylogeny (i.e. parallel 
evolution) in thal the absenee of defined lateral 
plales in FWlchaJia is presented as a eharaelcr 
state reversal (4-2 to 4-1 transition: Figs. 38 and 
48). The hypothesis argucd for here is that later
al pi ates evolved from a FWlchalia-like ground
state. nol Ihe reverse (Pig. 3A; Burkenroad 
1936). If this second hypothesis is correet then 
(he semieloscd thelycum of F.danae and possi
bly Pelagopellaeus would have been aequired 
indepcndenlly of other laxa in Ihe tri be Penaeac. 
Fig. 4C prcsenls a modified slriel eonsensus tree 
of Penaeae relationships based upon lhe eladistie 
infonnation prcscnled in Figs. 4A and 48. This 
hypothesis postulates the irreversibility of thely
cal evolulion from primitivc (4-0, 4-1) LO 
derived (4-2. 4-3) eharaeter states (Fig. 3A). 

8auer (1986, 1991) has made a convineing 
case Ihal genital morphology is a key indicalor 
of phylogenetic position. Whether the ple
siomorphic character stales exhibiled by 
Litopellaeus denote a basal phylogenetie posi
tion (Figs. 2, 3, 48. and 4C) or are atavisms 
(Figs. 4A and 5), the distinetions separating this 
genus from Penaeus are qualiLative and pro
found. 
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Closed thelycum (seminal receptacles) 
Simple, pod-like spermatophore 
Semiclosed petasma ------------t-------------

Semiclosed thelycum, lateral pi ates 
Simple, pod-like spermatophore 
Moderately open petasma ------------t -------------

GJ Open thelycum, rudimentary lateral pi ates 
Simple, pod-like spermatophore 
Moderately open petasma ------------t------------
Open thelycum, no lateral plates 
Complex spermatophore 
Moderately open petasma 

,Closed thelycum (seminal receptacles) 
Simple, pod-like spermatophore 
Semiclosed petasma 

- -----------t-------------
Semiclosed thelycum, lateral plates I Fd. PI, He I Simple, pod-like spermatophore 

_____ -r' __ ::d�r:� �:�p�tasma 

El Open thelycum, rudimentary lateral plates 
Fu Simple, pod-like spermatophore 

Moderately open petasma -----------------,,-------
B Open thelycum, no lateral plates 

Li, Pen Complex spermatophore 
Moderately open petasma 

447 

Fig. 3. Schcmata of gcnital character state polarity in the lribe Penaeae based upon the cladograms in Fig. 2. Arrows denote 
characler Iransilions from an open Ihclycum, complex spermatophorc. and modcrately open pclasma 10 a closcd Ihclycum. 
simplc spcrmalophore. and scmicloscd pelasllla. In Ihis schcme Lifoperlllells (Li) posscsscs the characlcr groundslalcs (as do 
the laxa F'wdwlia (Fu) and Pelllleopsü (Pen» and is separaled frolll Pentleus rcslricled (Pe) by 'intenncdiatc' laxa [F.dlllllle 
(Fd), Pelagol,enal'Us (PI), and HeferopefUleus (He)). 
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oc fW/I(Ju¡lio F. dllllM PtloKflPtlllJllIJ Htltroptnotws UIO{Jtflll(IIJ PtnatllJ 

oc /jWptfUJtliJ Fune/mUa F. danat Ptll1gfl(ltfI/JtIIJ Htltmptnotw 

oc UIOptnot/iS FlIl'dalifl F. dQtllJ( PtlogoptnotllJ HtltfoptMtUJ 

Fig. 4, A . C. Phylogenclic hypotheses or 13xic relationships in Ihe Iribe Pcnacae based upon genital and key somalic charne
ter slales .• Possibililies in lhe evolutioll or charncter 4 (lateral plme developmcnl) and charncter slale reversals are cmpha. .. izcd. 
OG indicates ¡he outgroup laxon (Ptrllltop.fis surara). 
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Closed thelycum (seminal receptacles) 
Simple, pod-like spermatophore 
Semiclosed petasma --t-------------
Semiclosed thelycum, lateral plates 
Simple, pod-like spermatophores 
Moderately open petasma 

----1-------------
Open thelycum, rudimentary lateral plates 
Simple, pod-like spermatophores 
Moderately open petasma 

Open thelycum, no lateral 
Complex spermatophores 
Moderately open petasma 

pi ates 

Fig. 5. Trends in penaeid genital structure evolution wilh characler stale reversals based upon Ihe cladogram in Fig. 4A. 
Legend for scheme same as for Fig. 3. Urge arrow denotes 3 large charncler slnle reversals in the stem UlOptnatUs clade 
a(ter sepamlion from Ihc PtnlltUS reslricled cladc. This schemc of characler stnle polarity depicls lhe evolutionary evenlS 
implied in lhe curren! classification of lhe genus Peneaus and lhe lribe Penaeae. 

DlSCUSSlON 

The underlying purpose of this paper has 
becn to examine the phylogenetie and systcm-
3tic position of the penacid taxon Litopenaeus 
relative to othcr Penaeus subgenera. A total of 
len key character slales were identified which 
separare the closcd lhelycum Penaeus from lhe 
open thelyeum Litapellaeus (Table 1). Eight of 
Ihe len putative synapornorphies concern 
aspcclS of genital form and function; no inter
mediate genital rnorphologies bridge the two 
genera. Pérez Farfantc was the first penaeid 
syslematist to slress lhe taxonornic weight of 
genital eharaeters. She noted that the " ... sub
genus LilOpellaeus . . . differ markedly from other 
members of the genus in charaelers of the 
external genitalia ... " (Pérez Farfante 1969). She 
and subsequent workers noted the slrikingly 
plesiomorphic charaeter states typieal for 
Litopenaeus but neverthelcss maintained this 
taxon with the advaneed closed thelyeal laxa. 

The large differenees separating 
Litopenaeus and Penaeus can be explained 
within ihe eontext of thc tri be Penaeae. If we 

consider only genital eharacters in our phylo
genetie analysis of the tri be then LilOpellaeus 
occupies a distant position from Penaeus as 
this taxon holds a basal position within the 
tribe (Fig. 2); the somatie similarities shared by 
the two genera would thus represent paral
lelisms. On the other hand, if we eonsider geni
tal and somatie eharaeters, several phylogenet
ie reconstruetions can be gencrated (Fig. 4). 
One hypothesis juxtaposes Liropellaeus and 
Penaeus with Litopenaeus having undergone 
reversals to the plesiornorphic genital character 
states (atavisms). This phylogenetie hypothesis 
is less tenable than the ones presented in Figs. 
2 and 48 and the modified consensus trce in 
Fig. 4C. This hypothesis proposes that the 
ancestral Litopenaeus lost the lateral pi ates and 
seminal receptacles. acquired articulations. 
prominences, setae, etc., on sternites XIlI and 
XIV, acquired complex spermatophores and so 
on after separating from the Pellaeus clade. 
The faet that this hypothesis postulates large 
character state reversals is not lhe major reason 
for rejecting the 'atavism' hypothesis. First, the 
large genital differences separating or grouping 
taxa are qualitatively distinct from lhe somalic 
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rcalures. Second. many somulic charaClers may 
he adaplalions 10 a benthic. cpibcnlhie. or 
pelagic lifeslyle. Thus relalively simple charae· 
terso e.g . •  sl1100lh versus puhcscenl integuJ11enl. 
Ill<.iy he Ihe reslllt of convergenee. Third. Bauer 
( 19&6. 1991) has pointed out that male and 
remate genilalia and sperrnatophores i n  
penaeoids have coevolved and reveal ordered 
11l0rphoclines. Genital morphology is less like· 
Iy to he shaped hy convergent evolulion 10 sim· 
ililr habitals ane! rellecIs Ihe internal dynamics 
(mi.lling behavior. aspccls 01' sperm310phore 
allachlllenl. pelas mal funclion. elc.) of the 
cladc. Tho rcader should note that the phyloge
!lelic hypotheses arc tentativc and allxillary 10 
Ihe evidence undcrscoring Ihe gulf hClween 
Litopenaell.f and Penaeus (Table 1). Unlike Ihc 
Iradilional approaches lo penaeid syslemalics 
oased upon overall silllilarily. the phylogenetic 
argul11cllIs prcsented here arc subject 10 direcl 
falsificalion. Addilional inforlllalion. particu· 
larly conccrning Ihe onlogcny of penaeid genj· 
talja and Ihe funclional aspccls of various geni· 
lal and sOl11atic slructures will aid in modifying 
and/or rcfuting Ihe hYPolheses prcsentcd. 

The Irihe Penaeae. defined by two putative 
synapol11orphies (relenlion of 3rd l11axil1iped 
epipodites and lasl pereomere pleurobranchs: 
Table 2 and Burkenroad 1983). provides a 
'snapshol' of evolulionary trends wilhin Ihe 
Penaeoidea. This trihe cncapsulales a 'primi
live' organizalional stage of penaeid fcmale 
genilalia wilh no seminal receptacles and no 
lateral plates (LiIOIJenaeus). Ihe development of 
laleral plate progenitor slructures (Fullchalia), 
Ihe acquisition of lateral pi ates but wilh no 
seminal receptacle developmcnl (F.danae. 
Hereropellaeus. and Pelagopellaeus), and Ihe 
cmergence of seminal receplacles covered by 
lateral plates (closed thelycum: Pellaeus). 
Similarly. Ihe transition from complex sper· 
malophorcs (LilOpellaells) to simpler. pod-like 
or round spe rl11alophores (Fullchalia. 
Hereropellaeus, Pelagopellaeus. and Pellaells) 
a n d  from moderalely open pelasmata 
(LilOpellaeus, FtmchaJia. Heleropenaeus. and 
Pelagopenaells) lO semiclosed pctasmata 
(Penaeus) is observed. My observalions, as 
they relale lO Bauer's hypolheses of lrends in 
penaeoid evolution (1986. 1991), lead me to 
suggest Ihal cOl11plexification of Ihe genilalia is 
a Irend occurring parallcl in pcnaeid lineages. 
The as'ymmelrical pelasllla of FUflcha/ia, for 

cxumple. was acquired indepcnJently 01' Ihal 
exhibiled by Metapellaeopsü Bouvier (1905) 
(in Ihe tri be Parapenaeae). In olher words. geni· 
lal complexification is indic31ivc 01" an overal1 
phylogcnctic lendency in Ihe pcnilcids hut one 
Ihal is realized independenlly in clades. 

Inasllluch as Liropellaells and Pellaells are 
important dccapod laxa from Ihe ecological. 
c01l1l11ercial. phylogenelic. and systematic pcr· 
speclive. reluctance in accepling Ihe implied 
generic separalion 01' LilOpellaeus frol11 
Pellclells is expected. Argumenls ('ontra 
Litopellaells deserving generic slalus can. 1 
Ihink. lake only Iwo forllls: a) Ihe shared "abi· 
tus 01' Ihe IWO genera and h) Ihe argul11cnl for 
tradilion qua convenience. 

The firsl possihle CQunler argulllcnt can he 
removed by reinlerprcling the generic charac· 
lers formerly used to separatc Pellaeus from 
olhcr mcmbers 01' Ihe tribe Penaeae 
(Burkenroad 1983) as symplesiomorphies. 
Many 01' Ihe charaClers used in penaeid system· 
atics need to be reexamined as SOllle characlCr 
slalcs uscd as key generic indicalors are 
undoubtedly sYl11plcsiolllorphies shared wilh 
other pcnaeid laxa (e.g. smooth integul11enl or 
Icelh on Ihe lower roslral l1largin: Fig. 4). In 
olher words. overall Illorphological sil1lilarily 
may rnask profound phylogenclic differenccs. 
Slrict Hennigian reasoning diclates Ihat a 
11l0nophylelic taxon he recognized as one based 
on shared derived characters: hence. ascribing 
systematic weight 10 genilal characters and 
uniling open and closed thclyca laxa in one 
genus is conlradictory. The synapomorphies 
linking Ihe closcd Ihelyca Penaeus laxa sug
gests Ihat further division of the genus is 
unwarranted. 

The second possible counter argumcnt. ¡.e . •  
Iradilion. can be opposed as il promoles unnat· 
ural. subjeclive classifications. For exalllple. 
Oall el al. (1990) have stated concerning 
PellaellS "In a genus with only 27 (sic) specics 
it is difficult 10 see Ihe justificalion for crcating 
six subgenera ... therc scems linle poinl in com· 
plicating Ihe laxonomy in this way." Such an 
argul11ent overlooks Ihe significant characlcr 
stalcs uniling sorne Pellaeus laxa and the gaps 
between LilOpellaeus and Pellaeus. 
Furthermore, such an argumenl conflates 
spccies number with 1110rphological diversilY. 

It is helpful to place the distinctions between 
Liropellaeus and Pellaeus in Ihe broader con· 
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lexl 01' decapod crustacean syslcmalícs. One 
need only nOle lhe role of gonopod l1lorphology 
in freshwaler crab systematics (Rodríguez 
1982) or the importanee placed upon gonopore 
posilion for Ihe suprafarnilial classificalion of 
brachyurans (Guinot 1978. 1979). Relative to 
other characters used for decapod gencric dis
linction. e.g .. carapace shape, chelac rnorpholo
gy. slraight versus curved gonopods (sorne ocy
podid cmb taxa: Manning and Holthuis 1981). 
ele .. UlOpel/aeuJ can juslifiahly be removed 
fmrn Ihe laxon Pellaells. 
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