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raent find generally nothing reninins. The lobes of the 
maxilla? (fig. 2 c) have lost all their numerous setae found in 
the male (fig. 1 d) and in immature specimens, and the bifid 
outer lobe has been shortened. Beside?, all these mouth-
parts have the muscles considerably or much reduced ; but 
the muscles to the mandibular palps, still shaped as in the 
males, have been preserved. The hypopliarynx has been very 
reduced (fig. 2^), being only about half a3 large as in the 
male (fig- 1/) . The maxillipeds are still more interesting; in 
the female with brood (fig. 2 d) the four distal joints have 
been reduced in size, especially the lobes are much shorter 
and have lost all the setue found in other specimens (fig. 1 e) ; 
the lobe from second joint has lost its distal setae, but the two 
proximal joints with the epipod are, on the contrary, ex­
panded to such a degree that their joint surface is between 
twice and three times largrer than in tbe male of the same 

O 

size; some of the muscles in the palp have been reduced in 
size and all are lighter in aspect, while the musculature 
moving the expanded proximal portions is well developed. 
As in Cymothoidfe the first joint of the female maxillipeds 
has a thin free ciliated plate directed backwards; the second 
joint is shorter than in the male, but much expanded out-

_wards,iand the free outer margin furnished with long plumose 
setae not found in the other sex. We can therefore not say 
that the mouth-parts as a whole have been reduced in adult 
females; the proximal half of the maxillipeds has, on the 
contrary, been developed as a special instrument for produc­
ing a current of water through the marsupium, while the 
distal half of the maxillipeds and the outer mouth-parts, the 
mandibular palps excepted, have been strongly reduced, ami 
are even unfit for use. The direction of ihe current must, of 
course, be observed in living animals; judging from various 
reasons, I am, however, convinced that it goes from behind 
forward. 

The genei-a in which the females with brood have the mouth-
parts metamorphosed are enumerated above. The altera­
tions are e.«;senriallv a.̂  in C v m o d o c e , but it must be men-



I FAMILY SPUzEllOMlD.E. 85 

tioned tliat in Cercei.s and especially in Dy a a m e n e (Xujsa) 
bideatafca (Mont.) I find the differences behveen mouth-parts 
in adult females (fi^js. - ta-^e) and other specimens (6gs. 
3a-3d) still more astonishing. In both genera more than the 
proiimal half of the lower outer surface of the female man­
dibles is so completely fused with the skeleton of the head 
that even a suture cannot be detected when the mandible 
with the adjoining firm portion of the head is taken out and 
examined under the microscope, while the outer margin itself 
of the mandible protrudes above the skeleton mentioned and 
is indicated on figs. 4 a and 4f by dotted lines. Furthermore, 
the distal half of the mandible has not only lost every vestige 
of an incisive d^t^k-colou^ed part, lacinia and molar process, 
but it shows a very different shape (figs. 4 a and 4 6 as com­
pared with fig. S a)j being distally rounded, with fine and 
short hairs at the margin. Maxillulae and maxillae have not 
only lost all setae or spines^ but have been much reduced in 
size (figs. 4 c and 4 cZ as compared with figs. 3 b and 3 c). The 
maxillipeds (fig. 4 e) have the expansions from epipod and 
from first and second joints much larger than in Cymodoce, , 
while the lobe from second joint has been strongly reduced 
in size, the joints of the palp somewhat reduced but yet with 
some short setae on the lobes. 

I t is easy without dissection to perceive whether the maxilli­
peds of an egg-bearing female belonging to this family have 
been altered or have preserved their normal size and shape. 
The question whether the mouth-parts have been meta­
morphosed can generally be decided without difRculty by 
looking at the end of the mandibles, whether they are very 
dark or yellowish- But an anomaly must be mentioned here. 
Of ten females with marsupium of C v m o d o c e p i l o s a 
(M.-Edw.) eight had all their mouth-parts altered as described 
above, but in two specimens the curious feature was observed 
that the maxillipeds and maxilla) had been completely meta­
morphosed, wldle the alterations in the two anterior pairs 
of appendages were less complete. In one of these specimens 
the eud of the mandibles had kept their dark colour and the 
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outer lobe of both inaxilluUc their spines, while Uicinia niobilis, 
etc., had disappeared ; in the other specimen only a little of 
the dark colour on the end of the mandibles and the spines 
on one of the maxillulae were preserved. 

Giard and Bonnier have shown that in the Bopyrinac the 
females have the first joint with its epipod and second joint 
of the maxillipeds strongly expanded and adapted for pro­
ducing a current of water. Schiudte and Meinert pointed out 
that in the /Eginse ( i E g a , R o c i n e l a ) the marsupial plates 
cover the entrance to the mouth, so that egg-bearing females 
cannot take any nourishment; females with marsupium have 
never been found on fishes, but are not uncommonly captured 
with dredge or trawl. In 1800 the present author sliowed that in 
the iEgtnaa and in all other Cymothoidse, sens, lat. ( C i r o l a n a , 
C o r a l i a n a , -^g"^? N e r o c i l a , C y m o t h o a , etc.) the adult 
females have the two proximal joints—with the epipod—of the 
maxillipeds strongly expanded and evidently adapted for the 
same purpose as the corresponding part in female Bopyrinae, 
but in no form any real reduction of the other mouth-parts 
was observed. In several genera of Spha^roraidae we have a 
similar expansion of the proximal half of the maxillipeds, but 
their distal iialf a,ud all the other mouth-parts are reduced in 
a moat peculiar way, and so strongly that the animals cannot 
take any food at all. Such metamorphosis of the mouth-parts 
in females carrying brood is, as far as I know, without 
parallel, not only among other Arthropods, but among animals 
of every other series. 

Finally, the^•e is the question as to the systematic value and 
biological bearings of this metamorphosis. In Limuoriince, 
Plakarthriiua*, and probably in all platybranchiate Sphtero-
mina) (I have examined females with brood of representatives 
for the four sections constituting tliis group) the mouth-parts 
are similar in both sexes; in all these animals the end of 
abdomen has either a rather shallow uotch ( P l a k a r t h r i u i u ) 
or a uotch not visible from above ( C a m p e c o p e a ) or, gene­
rally, no notch. Tiie hemibrauclnate Spha?romiuie are naturally 
divided into two sections, Sphicromiui and Cymodocini; in 
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SphLcroinini the females have no notch at the end of abdomen 
and the mouth-parts normal as in the males^ while in Cymo-
docini the same sex has a distinct, most frequently bilobed 
notch at the end of abdomen, and the mouth-parts metamor­
phosed; it may be added tliat no other distinguishing character 
between the two sections could be discovered. In the 
eubranchiate Sphierominae the case is more difficult. In this 
group the end of abdomen is a little emarginate in one genus, 
C a s s i d i n o p s i s (n. gen.), in all other genei-a furnished with 
a notch of very different shape; in some of the genera the 
female mouth-parts are normal, in others highly metamor­
phosed. Nevertheless, there is evidently a connectioq. be­
tween the presence of metamorphosis of the raouth-parts and 
the development of the abdominal notch. In the female 
D y n a m e u e b i d e n t a t a (ilont.) , and especially in another 
species of the same genus, a species constituting a transition 
stage to N t e s i c o p e a (Stebb.), the mouth-paits are meta­
morphosed and the abdominal notch very deep and looking 
much upwards (it is, besides, widened at the bottom and very 
constricted in the distal par t ) ; in Cerceis(M.-Edw.) the notch 
is i*ather deep and turned upwards, in P a r a c e r c e i s (n. gen.) 
moderately large and deep and turned backwards, but the 
end of abdomen is somewhat produced. In both these genera 
the mouth-parts are metamorphosed. In S c u t u l o i d e a ( C h i l t . ) 
the notch is less deep than in the preceding genera, in 
C a s s i d i n o p s i s e m a r g i n a t a (Guer.) only a rather slight 
emargination is found; in both these genera the mouth-parts 
are normal; in a female of A m p h o r o i d e a fa lc i f e r (Thorns) 
"with the marsupium well developed, but without brood, the 
mouth-parts are normal and the notch as in S c u t u l o i d e a . 
Difficulties are found in C y m o d o c e l i a (Pfeff.) and D y n a -
m e n e i l a (u. gen . ) ; in the former genus the notch is very 
w^eli, though peculiarly, developed, and the mouth-parts 
normal; in D y n a m e n e l l a the female notch is about as iu 
P a r a c e r c e i s , but the mouth-parts seem to be normal. Kor 
want of material I cannot further prosecute this topic, but in 
spite of the difficulties mentioned it can be stated that in the 
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genera with the notch rather feebly or very feebly developed 
the tnouth-parts are normal, in the genera with the notch 
rather de^p or very deep and looking upwards the mouth-
parts are metamorphosed, while in a few genera with tlie 
notch looking essentially backwards and at least of moderate 
depth the mouth-parts vary as to the feature in question. 
Considering the whole family, we arrive at the result that in 
all forms with the abdominal notch shallow or wanting in the 
females the mouth-parts are not metamorphosed; in the large 
majority of forms with the notch well developed, and in all 
forms having either a rather deep or very deep notch looking 
essentially upwanls, or a notch divided by a mesial process, 
the mouth-parts are metamorphosed; while only at most two 
genera with the notch well developed remain as being—at 
least for the present—apparent exceptions from the rule. 
Some remarks on the sicrnificance of the notch and on the 
remarkable connection between the shape oE the end of the 
abdomen and the development of the mouth-parts in egg-
bear iug females are set forth in Chapter V, 

lY. SEXUAL DIFFERENCES. 

In most genera the adult males are larger, sometimes even 
much larger, than the females, in some nearly of the same 
size; in C a s s i d i n i d e a o v a l i s (Say) I have found the ovi-
gerous females larger than an adult male- Of P l a k a r t h r i u u i 
t y p i c u m (Chilt.) I have seen several specimens of very 
different sizes from the same localitv : amouGT the smaller 
specimens I found an adult male and a female with the marsu-
pium complete, while a considerably larger specimen had 
rudimentary marsupial lamellie. 

The adult males of all genera, D y u a m e n e (Ntusa) (Leach) 
and A u e i n e l l a (u. gen.) excepted, possess an oblong or 
very elongate, generally narrow, flat stylus, the " appendix 
masculiua," proceeding from the inner margin—either near 
its base or sometimes at the end—of the endopod of pip*'; * 

' On tiie following paires some abbrevlatious are jeiierally used, viz. pip.', 
p]p.% pip.*, for first to tiftli pairs of pleopods, enJp. for ciidopod, eip. for 
exopod, urp. for uropods. 
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this stylus ia in reality (compare my paper on the ** Asellota/* 
1905) the second joint of that endopod. On endp. of plp.^ 
no ti-ace of an auxiliary stylus is found; in C a m p e c o p e a 
h i r s u t a (Mont.) I found a short process, not marked oflf by 
articulation, proceeding from endp. of plp.^ near its end, 
while the appendix on pip. ' is exceedingly long, and 
originates at the base of eudp. Of three European species 
of D y n a m e n e (Xaesa) (Leach) I have inspected in all several 
adult males, but in none of tliem an appeudix raasculina was 
found, and the inner margin of the endopod of pip-"- is 
simple, not thickened. In adult males of A n c i n e l l a p r o ­
f u n d a (n. gen,, n. sp.) no appeudix masculiua is found, 
but the inner margin of eudp. of pip." is considerably 
thickened, with a longitudinal groove on the inner side of 
this thickening:; in the female this marsi-in is of normal 
inconsiderable thickness without any groove. 

At least in the sub-family Sphrerominae, the appendix 
masculiua does not appear before the animals are nearly full-
grown, but it is easy by another character to distinguish 
males even when not half-srrown from immature females. As 
is known, the males have two processes close together on the 
seventh thoracic sternite; these processes, which are tubes 
containing the terminal portion of the ducts from the genital 
organs, are sometimes rather short ( T e c t i c e p s ) , sometimes 
rather long ( D y n a m e n e ) , very long ( C y m o d o c e p i l o s a ) , 
or even exceedingly long ( D y n a m e n e l l a b e r m u d e n s i s ) ; 
tliey are found in all genera. Of C y m o d o c e p i l o s a (M.-
Edw.) I collected at Siracusa a rich material consisting of both 
sexes in very different size and a g e ; an unusually small adult 
male measures 10*7 mm., the largest male 15 mm. in lensrth, 
but in numerous immature males measuring from 9'7 to 13"7 
mm. no vestige of the appendices on endp, of plp.^ can be 
found, while the processes a t seventh thoracic sternite are 
shorter than in the adults, but yet very distinct. The marsupial 
lamellae.are mentioned above. The length of flagellum of 
antennulie and antennae in the two sexes has not been specially 
examined, but at least sometimes differences are well marked. 
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Ill several genera, viz. Sphaero tna (Bosc), C y m o J o c e l l a 
(l*feff.), S c u t u l o i d e a (Cliilt.), A n i p h o r o l d e a (M.-Edw.), 
C a s s i d i n o p s i s (n. gen.), C a s s i d i u i d e a (n. gen.), L e p t o -
sphaeroraa (Eliig.), L i m n o r i a (Leach),and PI a k a r t h r i u m 
(Chilt.), there are at most rather slight sexual differences in 
shape of thorax, abdomen, thoracic legs or uropoda; but in 
some of them the males are larger tlian the females. In other 
genera, as I s o c l a d u s (Mievs), Z u z a r a ([.each), Cy m o d o c e 
(Leach),Cilicaea (Leach), C i l i a c a e o p s i s (n .gen . ) ,Bregmo-
c e r e l l a (tfasw.) D y n a m e n e (Leach), P a r a c e r c e i s (n.gen.), 
adult specimens of the two sexes diSer exceedingly from 
each other in various respects; the males are distinguished by 
processes on sixth or seventh thoracic segments or on the first 
portion o£ abdomen, shape of uropoda, frequently shape of 
the end of abdomen, etc., in B r e g m o c e r e l l a even processes 
on the head. LeacL _^stablished some genera on adult maleSj 
referring the majority of females and young specimens to 
S p h a 3 r o m a or D y n a m e n e , the latter of which was estab­
lished excIusEvely on such specimens. Similar confusion is 
still found ia papers published in the last six years. In 187-3 
Hesse stated the species of S p h a s r o m a are female of C y m o -
d o c e , D y n a m e n e females of N^esa. As to the European 
forms of D y n a m e n e it is quite correct (exotic forms referred 
to D y n a m e a e cnnnot remain in this genus), but regarding 
Splice rom a the case is more complicated ; among the Euro­
pean forms refen-ed to the latter genus, those without terminal 
notch are well-founded species—with males and females— 
of S p h r e r o m a itself, while those possessing an abdominal 
notch arc females or young males of C y m o d o c e or other 
genera. Miers has correctly referred females and males of 
some exotic species of C y m o d o c e , but he did not undertake 
a special study of the family. It is scarcely necessary to give 
here a detailed account of the sexual differences alluded to 
in these genera,- the notes in the systematic chapters may be 
sufficient. But one thing must be added. At Sicily I collected 
a rich material of three species of C y m o d o c e j while the 
adult males were uut difficult to separate, it was only after a 


