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Portunus xantusii (Stimpson) w a s r ea red in the l abora to ry from the ^ 
egg through the second zoeal stage. The l a r v a e w e r e r ea red under ^ 
s imulated day and night conditions c-t a t empera tu re range '<f 23 to {3 
26.5 C and a sal inity r ange of 33.S to 33.6°/oo- The f i rs t two zoetil stages tjd 
a r e fu l ly described and figured. Hs 0 

INTRODUCTION o § 
Portunus xantusii (S t impson) , a swimming crab, is found f rom 

Santa Monica Bay, Cal i fornia ( B a t h b u n 1930) to Chile ( Johnson and 
Snook 1927). This s tudy describes the first and second zoeal stages as 
an aid to the identification of this crab in plankton samples. 

MATERIALS AND METHODS 
An ovigerous P. xantusii was cap tu red in San Pedro Bay, near Seal 

Beach, Cal i fornia , on Augus t 27, 1971, and t r anspor t ed to the labora-
tory at California S ta te Universi ty, Long Beach, where it was placed 
in an aera ted 8 l i ter container . The eggs hatched approx imate ly 3 hr 
a f t e r the crab was cap tu red . Thir ty-f ive first zoeae were placed in each 
of ten 266 mm plastic cups. The s tudy was conducted at ambient 
labora tory t empera tu res r a n g i n g f rom 23 to 26.5 C and day and n igh t 
conditions were simulated. Sea water was obtained f r o m Seal Beach 
and t r anspor t ed to the labora tory in 19 liter plastic carboys. The wate r 
was filtered through two number one W h a t m a n qual i ta t ive filter papers . 
The sal ini ty of the water var ied f rom 33.5 to 33.6^r. The larvae were 
t r ans fe r r ed daily, by means of a pipet te , into clean cups conta in ing new 
sea water . The water in these cups was not aera ted . Nour i shment fo r the 
zoeae was provided in the form of f resh ly-ha tched Artcmia salina 
naupli i . 

In order to avoid mor ta l i ty due to bacterial infection, a commercial 
p repa ra t ion of penicillin and s t reptomycin was used. The volume of sea 
water used each day was t rea ted with 0.2 cc of the p repara t ion pe r l i ter 
of sea water . 

All zoeae and exuviae were preserved in a v)r/< solution of fo rmal in . 
F r o m 5 to 10 specimens were used to s tudy externa 1 anatomical var ia-
tion. Appendages were dissected with fine insect p ins and mounted in 
glycerin. All figures were d r a w n with the aid of a camera lucida. 

RESULTS 
All series of a r m a t u r e are listed in the descript ion f r o m proximal to 

distal. 
First Zoea 

The carapace of the first zoea ( F i g u r e 1-A) has a rost ra l and dorsal 
spine, and a pa i r of lateral spines. The mean of the pe rpend icu la r 
1 P r e s e n t a d d r e s s : Cal i fornia Department of Kish a n d ( ! a m c , Marino Kosonreos I l e g i o n , 

350 G o l d e n S h o r e , L o n g B e a c h , C a . !K)S02. A c c e p t e d f o r publication J >ooenibor 10":!. 
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distance between the t ip of the rostral spine and the t ip of the dorsal 
spine is 1.09 mm. There is a small hair or setule present above each 
lateral spine. The eyes are not stalked. The abdomen (F igure 1-B) con-
sists of five segments or somites and a b i furca ted telson. The postero-
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F IGURE 1. First zoea of Portunus xantusii (Stimpson). A , lateral v iew; B, ventral v iew of 
abdomen; C, antennule; D, antenna; E-l and E-2, right and left mandibles re-
spectively; F, maxillule; G , maxilla; H, first maxill iped; I, second maxilliped. 
Scale = 0.1 mm. 
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la teral edges of somites th ree t h rough five extend caudal ly as spines, 
over lapping the ad j acen t somite. The second somite bears a p a i r of 
la teral hooks and the t h i r d somite, a pa i r of l a te ra l spines. A p a i r of 
setules is present on the posterodorsal border of somites two th rough 
five. The first somite has no o rnamenta t ion . Each f u r c a of the telson 
has three plumose setae on the inner marg in , two smooth and unequa l 
spines on the outer marg in , and another smooth spine (not shown in 
F i g u r e ) on the dorsal side posterior to the la t te r two. The an tennu le 
( F i g u r e 1-C) bears twTo long, unequa l aesthetes and one seta. The 
a n t e n n a ( F i g u r e 1-D) has a pro topodi te which t e rmina tes as a long 
dent icula te spine, and a shor ter exopodite bear ing two unequa l t e rmina l 
setae. The r ight and le f t mandibles ( F i g u r e 1, E - l and E-2 respect ively) 
differ sl ightly in s t ruc tu re . The two-segmented endopodi te of the maxil-
lule ( F i g u r e 1 - F ) has no a r m a t u r e on the f irst segment and six setae 
on the t e rmina l segment, most of which are plumose. The basipodi te 
and eoxopodite bear five and six setae respectively, most of which are 
plumose. F o u r plumose setae f r i n g e the border of the scaphognathi te 
of the maxil la ( F i g u r e 1 -G) . The bilobed endopodi te has two setae on 
each lobe. The bilobed basipodite and eoxopodite bear 4-4 and 3-3 
plumose setae respectively. The pro topodi te of the f irst maxi l l iped 
( F i g u r e 1 -H) has a setal a r r angemen t of 2-2-3-3, most of which a re 
plumose. The five-segmented endopodite has a f o r m u l a of 2, 2, 0, 2, 5. 
The protopodi te of the second maxi l l iped ( F i g u r e 1-1) has an a r range-
ment of 1-1-1-1, and the three-segmented endopodi te has a f o r m u l a of 
1, 1, 5. The exopodite of the first and second maxi l l ipeds is incompletely 
segmented and bears f o u r long plumose setae. 

Second Zoea 
The mean of the distance f r o m ros t ra l spine to dorsal spine of the 

second zoea ( F i g u r e 2-A) is 1.28 mm. This is an increase of 17% over 
the previous stage. Setules on the carapace have increased to six and 
there are two setules on the dorsal spine. There is a plumose seta on 
each side of the vent ro la te ra l marg in of the carapace. The eyes are now 
stalked. The posterola teral spines of somites three th rough five of the 
abdomen (F igu re 2-B) have increased considerably in size. The telson 
has added a naked seta on each side of the f u r c a l angle and there has 
been a reduct ion in size of the smaller spine on the outer m a r g i n of each 
fu r ca . The an tennule ( F i g u r e 2-C) now7 bears five aesthetes a n d one 
very small seta (not shown in the F i g u r e ) . Other t han the increase in 
size, the an t enna ( F i g u r e 2-D) and mandibles ( F i g u r e 2, E - l , a n d E-2) 
are unchanged. There is no change in the a r m a t u r e of the endopodi te of 
the maxil lule ( F i g u r e 2 - F ) , but the basipodite now has seven setae. The 
setation of the eoxopodite is general ly six and r a r e l y seven. A seta 
has been added to the la te ra l border of the protopodi te , below the endo-
podite. There are seven setae on the border of the scaphognath i te of 
the maxil la ( F i g u r e 2-G), and the f o r m u l a of the bilobed endopodi te 
is now 2-4. There is no change in the a r m a t u r e of the basipodi te and 
eoxopodite. The a r m a t u r e of the pro topodi te and endopodi te of the 
first maxil l iped ( F i g u r e 2-II) is unchanged. The now completely seg-
mented exopodite has general ly six plumose setae, r a re ly five and seven. 
The protopodi te and endopodi te of the second maxi l l iped ( F i g u r e 2-1) 
have no a r m a t u r e change. The plumose setae of the still incompletely 
segmented exopodite have increased to six. 
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F IGURE 2. Second zoea of Portunus xantusii (Stimpson). A , lateral v iew; B, ventral v iew 
of abdomen; C, antennule; D, antenna; E-l and E-2, right and left mandibles 
respectively; F, maxillule; G , maxilla; H, first maxill iped; I, second maxill iped. 
Scale — 0.1 mm. 
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DISCUSSION 
Of the ini t ial 350 zoeae, three molted into the second zoea 9 days a f t e r 

ha tching and another two molted 11 days a f t e r ha tching . All second 
zoeae died within 4 days a f t e r reaching this stage, and all zoeae were 
dead 15 days a f t e r hatching. This very high morta l i ty was probably 
due to the high t empera tu res at which the larvae were kept. The ambient 
t empera tu re of the collecting area was to be approx ima ted d u r i n g the 
s tudy, bu t the cooling un i t which was to be used became inoperat ive. 

Since ha tch ing of the eggs occurred only 3 h r a f t e r the c a p t u r e of 
the ovigerous crab, embryonic development took place almost ent i re ly 
under n a t u r a l conditions. Therefore , there should be very f ew differ-
ences, if any, between the first zoea described and tha t f o u n d in na tu re . 
However, since the second zoea described developed at abnormal ly high 
tempera tures , differences between it and t h a t f o u n d in n a t u r e might 
exist. 

Lebour (1928) s ta ted tha t there are f o u r to five zoeal s tages in the 
f ami ly P o r t u n i d a e and five zoeal stages in the subfami ly Po r tun inae . 
Accordingly, P. xantusii should have five zoeal stages. However, Costlow, 
and Bookhout (1959) repor ted as m a n y as eight zoeal stages in Cat-
linectes sapidus R a t h b u n rea red unde r l abora tory conditions. They also 
indicated tha t this number might not be representa t ive of tha t f o u n d 
unde r n a t u r a l conditions. 

Lebour (1928) s ta ted tha t it is prac t ica l ly impossible to dis t inguish 
among the zoeae of Portunus, Bathyncctcs, and Poly bins. Callincctcs 
might also be added to these genera. Leng th rat ios such as the la te ra l 
spine to ros t rum rat io and the an t enna ! exopod to an tenna l peduncle 
rat io have been suggested by Rober ts (1969) as a means of sepa ra t ing 
the genera of Por tun idae . However, as Rober ts f u r t h e r indicated, much 
more knowledge of larval histories is needed to establish the va l id i ty 
of these rat ios in separa t ing the genera. 

Since p o r t u n i d la rval stages are very similar, it is necessary to use a 
combination of diagnostic charac ters to i den t i fy species. Those char-
acters most use fu l a r e : the pe rpend icu la r distance between the t ip of 
the ros t rum and the t ip of the dorsum, and the a r m a t u r e of the anten-
nule, maxillule, and mixilla. 
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