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Nitocrameiiu bdellurce, nov. gen. et spa, a Copepod of the Family Cantho- 
By J. A. LIDDELL. caniptidq parasitic in the Egg-cases of Btlellzcm. 

(Conimunicated by Prof. G. C. BOIJRNIC, D.Sc., F.R.S., F.L.S.) 

(PLATES 10 S: 11 and Text-figures.) 

[Reed 31st bhuch, 1918.1 

OCCrRREXCE. 

'THE specimens from whicli this description is tnlien were obtained froiii 
Limilus which were kept in spirit for dissection, in the Department of 
( 'onipamtivr Anatomy a t  Oxford. The precise locality froni which the 
Litmlus came i4 iiiiknown, except for the fact that they were brought from 
Anicricn. some twenty-five years ago. 

The gills of LimiiZiis are coniinonly infested by parasitic turbellarians of 
thc group Bdelluridm. Wheeler h;is described three species of these : in the 
egg-cases of two, Btlellirr*a caiidida, Girard, and B. propiiiqua, Wheeler, 
which measure 2.5 to 4 inin. :ind 1-25 niiii. respectively in length, u sniall 
copepotl of the family (hnthocaniptidrc was found, for which I suggest the 
n:i rnb S i t  OCIW tneirtc Lilelluiw. 

With rryprd to the occurrence of these egg-cases, tlione of U. popiriqua 
were far more coni~non, ant1 were situated alniost exclusively near the bases 
of the leaves foriiiing the gill-books. Those of R. candida only occurred 
r:irely and were generally full of egg<, but thrce empty cases were found to 
contain the copepod. 

The niuch snialler cases of k?yricdidu)n, JVhecler, which are found a t  the 
margins of the leaves, nerer contained any inhabitants. 

The copepod W:IS only found in empty egg-cases, though a certain amount 
sf orgaliic tldbris was generally present, and in one case the remains of a 
turbellariaii embryo were found. 

Older 
oncs, inucli torn at) the opening, or containing particles of sand aud inorganic 
dibris, were never occupied. 

One or two 
were sonictime.j found, but threc to six seemed commoner. Larger numbers 
often occurred, one case containing 23 feniales and G males. 

The number of males and females was approxilnately equal, the latter 
preponderating slightly. 

Nauplius and nietanauplius stages were also found in the Saiiie c;tscs as 
their parents. 

LINN. JOURS.--%OOIA3GY, YOL. S S X I I .  !I 

They only occurred in egg-cases which were coiiiparutivcly fresh. 

The nuinber of copepods in each case varied considerably. 

Very few hnlf-gro\vii s1)eciiiiens were found. 
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SEGMENTATION. 
The adult Nitocrmteiru is minute, the total length h i n g  1-26 mm. 

-37 mm. of this length represents the caudal set=. The body is slender and 
almost cylindrical, though somewhat compressed in thc head region. Them 
is no sharp demarcation between the thoracic and abdominal regions, and the 
segments are not sharply defined a t  the margins. 

The third, fourth, and fifth thorncic segments are distinctly ringed, though 
fused to the head, and the limits of the second can be seen laterally. l 'he  
first is thoroughly fuscd to the head, no marking being apparent betwecn 
them. 

The articulation between the fore and hind parts of the body, which occurs 
between the 5th and 6th thoracic segments, allows very free movement, and 
in many of t,he spirit specimens the abdomen is flexed dorsally SO as to form 
almost a right angle with the cephalothornx. 

There are four free abdominal segments excluding the telboii, the first of 
which bears the genital aperture. 

I n  the female the first and second are thoroughly fuscd, and no articulation 
nor any mark is apparent between them. 

I n  the male the genital segment bears a pair of minute, indistinctly bilobed, 
setose projections, which may perhaps bc regarded as the vestiges of a pair of 
appendages. 

The eggs are carried in an egg-sac regularly arranged in a double row, 
and iiumbor from seven to twelve. 

The spermatophore is pyriform, and hoolted a t  the " neck " end. 
The rostrum is small, narrow and conical. The caudal rnmi are short, and 

bear only a few setae. The large seta is roughly one-third of the total length 
of the body. Another seta less than half this length lies externally to it, ant1 
there are three small set= in addition. 

The only structural trace Nitocranaeira shows of its semi-pnrasitic 
existence is the extreme smoothness of the urosome. 

The strong claw-like posterior rnmus of the 2nd antenna of the Nauplius 
larva may also be :L modification for attachment to the walls of the egg-sac. 

APPENDAGES. 
1st  Antenna.-The first antenna is eight-jointed, the third joint bcing in 

both sexes small, and bearing the greatest number of set=. 
I n  the female there is a distinct bend a t  the third joint. The fourth bears 

n long three-jointed aesthetasc. The last two joints :ire small, but quite well 
defined. 

The 
esthetasc, which is blunter terminally than in the fcmnle, rises from the 
point of fusion of the two segments. 

I n  the male the fourth and fifth joints arc fused and espandcd. 
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Tlie joint wliic!li transfortiis the :intenna into :t grasping organ occurs 
between th(1 fused fourth ant1 fifth, a n d  the sistli segments. The latter is 
proritlccl :interiorly wit,li four short tooth-like spines. 

The seventh and eighlh scgnients arc smaller than in tlie female, and the 
joint lwtween thein is not so well tlcfincd. 

%?d hteiiiw.-The aecond :intenn:i is fairly long. The proxiinal joint is 
sub-divided, though not w r y  distinctly. The outer rainus is small, uni- 
articulate., expanded distally, :ind be:irs tlirce spines. 

Tlie distill joint of the antenna is cxpiindecl and bears three strong geni- 
culatcd set%, whicli arc? scrrated on tho hinder edge, distitlly to tho 
geniculation. 

There are also three niore slender sd:C :i.ntcrior to these. 
illanc1ihle.--The inanclible is sitnplc. The biting-edge consists of a sharp, 

soine~vliat curred blade, :intL about fourteen minute teeth arranged in :i 

double row bc4iintl the blatlo. 
Tlie palp is biiirticulate with tlie prosiin:ll joint slightly expanded. Tlio 

distal joint bears four long set% tcrniin:illy, :ind :i shorter one laterally. 
1 s t  Mu.rbllu.--The first inaxillit consists of a large terminnl lobe bsarinp 

three stroiig, somewhat curred spines. Anteriorly there are three lobes. 
Tho first two ;ire a little shorter thiin the niain lobe and each bears four aetce. 
The tliirtl lies :it the base of the niost anterior of theso two. It is rninutc 
and 1JC:lI.s two setrc., one long, the otlicr short. 

211d ~la.rillu.-Tlie second maxilla ends clistallg in two lobes, each bearing 
it stout cui~vetl spine and a slender seta. There is also a single seta 
iin teriorly. 

itl;txilliped.-The masillipetl or first thoracic :ippentl;:ge is biarticulate ant1 
ends in ii stout recurred spine. Thc: swollen distal joint is setosc on its 
auterior edge, the whole forming ;I subchelate prehensile hand. 

1 s t  t l w e  Zep.-The first true legs or sccond thoracic appendages are birainous, 
each rainus consisting of three joints. Tho eiidopotlitc is narrow and niucli 
longer tlinn the csopoditc, Ixit its inicldle joint is short. 

Tlic num1)cr of plumose satm is reduced, there being only olio on the 
proxim:il joint, onc on tho iniclcllc joint, and it spinc aud two plumose set% 
terniinnll?- on the clistal joint. 

I n  t l ~ e  exopodite there is only one plumose scta om the inner sidc, instead 
of t l~ree :is in the second, third, : i d  fourth legs. 

Tliere are three terminiil &:v, and four esteriial spines, the last two of 
which are slightly plumose. 

Tlic second, tliircl, and fourth true legs only differ from each other in the 
relntive length of the pluiiioso set= and spines, and in the relative sizes of 
tlie endopodite :inti exopoditc. The latter is largcst in the third pair of legs, 
and the sctz  are lougcst in the fourth. 

9* 
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The fifth legs or sixth thoracic appendages arc reduced in both sexes to 
Those of the male are less reduced, 

In  both sexes the distal joint bears six s e k ,  the apical seta in the female 

In  the male the internal expansion of the proximal joint bears three sets ,  
There is an external seta on this joint in both 

expanded terminal and proximal joints. 
and more like those of the female than is usual in the family. 

being stout and remarkably long. 

and in the female five set=, 
sexes. 

N A X .  I. 

Nitocrn. Nitocrainsirn. Am'ra. 
FIG. 1. 

Nitma. iXtocra~nnaira. Ameba. 

Fro. a. 

CLASSIFICATION. 
Nitocranieiru does not fall under any recognized genus, according t o  the 

generic characters given by Sars in his Monograph on the Crustacea of 
Norway. 

The two genera it approaches most nearly we i%tocru and Ameiru. 
I n  its general appearance i t  resembles the latter, owing to the smoothness 
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of its urosonie, but in a large number of other iniportant characters its 
affinities are with Nitocra. 

The simplest way of showing it.: rescinblance to these genera, is by 
arranging the generic characters of the three genera in tabular form (see 

With regard to tlie 1st mnxillx, of X~~OCTYX and Ll)iiez'nz, Sars's figures do 

That of Nitowa is descrilml as having the exopodal and epipodal lobes 

Sars's figures, as will be been in test-figure 1, show three setiferons lobes 

That of Aiiieirn is described as having tho exopotlal and epipodal lobules 

The figure shows two setiferous lobes anterior to the jaw-liko portion. 
The rcseiiiblniice of tho 2nd inaxillti of ATitoci*a~i~eiin to that of Aineira is 

p. 92). 

not help to make the description very clear. 

defined, and the accessory lobe wanting. 

in front of the jaw-like teriiiinal portion, :IS is also the case in Nitocru~neii~a. 

not defined and the accessory lobe present. 

shown in the ~econtl test-figure. 

LIFE-HISTONY. 
Tho life-history nnd habits of Ji'towaweiru are necessarily incompletely 

It is evident that reproduction taltes place in the egg-cases. 
The figurc? shown in fig. 3 (Pl. 10) contained two females and one male. 

Each feniale hiis a brood of eggs, xnli also a brood of larvae. Numerous other 
cases were found containing numbers of' larva with their parents. 

No stage was found betwecn the older larvz shown in fig. 3 and halE- 
grown adults, The inference is that the egg-case is left by the 1arvt.z wl1cn 
they have reached the stage of development shown in fig. 3. They then lead 
a free swimming esistence until half or threc-quarters grown, when they 
enter R fresh egg-case for their rcproductive life. In cases that containrd 
large numbers of copepods, as for instance that with 29, the aperture was so 
small and thc inmates so tightly packccl, that it seems evident that they 
entered when very small. 

They might linvc been hatched in tlie same egg-case in which they were 
found, but it is difficult to see where the food would coine from. 

In  practically all individuals the gut was well filled, the food probably 
consisting of embryo triclntls. Geiicrally the organic detritus present was so 
macerated as to br unrecogiiizablr, but in one case the hdf-devoured remains 
of an embryo mere certainly prescii t. 

known, but a certtiin amount can be deduced froni the specimens found. 

LITERATURE. 
WHEELER.- Journal of Morphology, is. 1894, p. 1G7. 
SAM, G. 0.-An Account of the Crustacca of Norway. Vol. v. 

parts svii. and xviii. I). 211 s t y .  1907. 
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Tsbulntion of Generic C'liaractcrs of :- 

3oay ..... 

h a 1  operclt 

Oaudal ram 

Rost rnni . , 
int .  I. .... 

knt. 11. ... , 

Mandible ., 

Maxilla I. .. 

Maxilla 11. 

First pair o 
legs. 

Nat atory 
legs. 

Last pair ., 

Nitocra. 

Slnnder, cylindric. 

Coarsely spinnlose urosoine. 

Denticulate a t  edge. 

Short and covered with 
spinules. 

Very small, narrow, conical. 

Moderate size, 8-articulate, 
densely fringed with setre ; 
last two jointr not very 
reduced. 

Oiitm ramiia short, uniarti- 
culate, dilated distally. 

slightly dilated. 
Palp biarticulate, basal joint 

Three lobes inside jaw-like 
portion. 

Two setiferous lobes inside 
terminal claw-bearing part. 

Rather strongly built, dis- 
tinctly prehensile. Inner 
rauius 3-articulate, with 
oiiter two joints more or 
less bent on inner. 

Rather fully developed, with 
iuner mmus of all d ie  
tinctly %articulate, and 
not transformed in male. 

Distal joiut compressed. 
Large iuner expansion of 
y m a l  joint fairly pro- 

uced. 

I 

I 
I Arneirn. Nitocwimeiru.  

Slender, noinewhat conipreesecl A,'  Slender, somewhat com- 

Practically sniootli urosome. A. Lesa spinulose than 

Slnooth. A.' Smooth. 

Short, almost smooth. A. Short, scarcely spinu- 

anteriorly. pressed anteriorly. 

A'itocva. 

I 

Small, narrow, conical. N 

Moderate size. 8-articuiate. 
densely fringed with bristles; 
last two joints distinct. N 

Outer ratnus short, uniarticu- 
late, dilated distally. N, 

slightly dilated. N 
Palp biarticulste, basal joint 

Three lobes inside jaw-like 
portion. N 

A single claw-bearing lobe, 
h i d e  claw-bearing part. A 

Somewhat more slender than 
Mtocra. Inner ram113 much A 
longer than outer, 3-articu- 
late, last joint as long as 
first. 

Well-developed ; both raiui 3- 
iirticulate, inner not trans- 
formed in inale. 

Distal joint long and c o w  
pressed. Inner expansion o f  
proriinal joint not much 
produced. 

Male.much less reduced in 
~ comparison than either 

.??-itocm or Ankeira. 

Letter N denotes reseinblance to €iitocra. 
Letter A denotes resemblance to Anreira. 

lose. 

Aliuost obsolete. 

Last two joints very 
small, not well de- 
fined. 

Outer raiuui iiniarticu- 
late and narrow. 

Mand. pulp niow de. 
veloped. baa1 joint 
dilated iiitr, D seti- 
ferous expansion. 

Two lobes inside jnw- 

Only a single lobe (reti- 
ferous) inside the ter- 
minal claw - bearing 
part. 

Dirtinctly prehensile, 
but more slender than 
Nitocra. Inner rainug 
inuch longer than 
outer and distinctlg 
%articulate. 

like portion. 

Both rami well develo. 
ped, %articulate, inner 
not traiislbrined ir: 
inale. 

Sulidl distal joint, mort 
or less contracted dis- 
tally. lnner expan. 
sion of proxinial joint 
not niuch produced. 
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SU.\I.\[;\RY. 

iVitooumeiva bdellurtr~, nov. g ~ n .  clt sp., from egg-cases of Bdellura 
propirzpu,  Wliwlcr ; ant1 less frequently tliosc1 of Bdellirra caididu, Girard. 

H A R 1' A c T I c o I I) E A, f;iniily C: A N T H o c -4 nf P T I D a. 
Genus NITOCRAMEII~A. 

Uochy. Long, sinootli, alniost cylintlrical, somcwliat coinpressed anteriorly. 

J l r ~ t .  I. 8-jointed, setosc anteriorly, last two joints wcll-defined. :)-jointed 
Male 

.I / i t .  / I .  B:isal joint sub-divided ; outer ramus uniarticulatc and niuch 

I l f u r d i 6 l u .  On(. cutting-blatlr ant1 crowu of short teeth. Palp biarticulate, 

I l f u d l ( i  /. Esp;indctl jaw-like portion bcnring three spines and two almost 

Afti.cil1u //. Two lobes with stout terniin:il spines. 
Muxillipecl. 8ulclicIl:itc prehensile Iiand. 
/ horuck l e p .  Entlopoclite ;ultl esopodito thrcc-jointed, except last which is 

First pair prolicwsil(~, lnst pair much reduced, but inore siniilar in 

Rostruni siii;ill ; caudal rami short. 

zsthetnsc on scgmrnt 4. 
4th ant1 5th joints fused ; whole forming :L strong clasping orgqn. 

roclucid. 

prosiinal joint slightly espa~itlrd. 

(yua1 lobw : ~ 1 1 ( 1  a third w r y  minute sctose one anteriorly. 

Fcnialc antennie bent a t  3rd joint. 

Distal joint only, bears S C ~ .  

,. 
red ncctl. 

inale ant1 femalc than is usual in the family. 
In sonic gencxric cliaractcrs rrscmblcs S i t o c i ~ . ~ ,  in otlicrs Avzeira. 

13YPLANATION OF THE PLATES. 

PIATE 10. 

Pig. 1. iVitocrcwrcira, female, lateral view. Partly diagraniinatic as the appendages of the 

2. View of last thoracic and first abdominal segments of male, showing lmt thoracic 

3. Egg-cue of Bclellum propinqua containing one niale and two female Nitocrameira. 

right side only are shown. 

limbs, rudimentary abdominal appendages. and spermatophore. 

1i:acli of the females h u  a brood of developing eggs, and two stages of larvs  ar 
shown, six of each stage. 

4. Youug Nauplius larva about 9 9  mm. long. This was tho conimonest larval stage 
that occurred. 

5. First antenna of female. 
6. First untenn:i of male. 
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PLATE 11. 
Fig. 7. Second antenna of male. 

6. Mandible. The anterior side is to the right. 
’ 9. 1st maxilla. ,, ,, ,, I .  , I  

10. 2nd maxilla. ,, ,, 17 7 9  

11. IIaxilliped. The anterior side ia to the right. 
12. First thoracic swimming leg. 

14. Third ,, 9 , I  

15. Fourth ,, ,f 1 9  

16. Fifth or reduced leg, male. 
17. Fifth or reduced leg, female. 

13. Second ,, ” . ” 








