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Ueber den Bau und die Entwicklung

von Achtheres percarumn----

Von Ce ClausSe-
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Zeit. fur Zoologie. XI,. 1962, pp. 287-307s
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Since Nordmen's excellent paper there has
been no noteworthy contribution to the develop-
ment of Achtheres. But he described only the
youngest larva and the adult, so that there are
sti1l many gaps in the life-history.. It 1is of
the unxnown intermediate stages, thru which the
newly-hatched larva is transformed into the seXx-
ually mature parasite, that we venture to speak.

Moreover Nordmann did not describe the outer
and inner anatomy so fully that a resumption of
the subject will not be interesting and profitable.
These reasons influenced me to study again the
parasitic copepods of the river perch, which can
be obtained in large numbers at the local fish-
markets. Unfortunately I must acknowledge that
I nave not been able to completely rinish my in-
vestigations, as I desired, so that there are still
some gaps in our knowledge of this crustaeean
family..

After the eggs have matured inside the fe-
male ovaries and have been fertilized, they are
surrounded by a secretion of the shell-gland for
the building of two long oval egg-cases out of the
two sex-openings— The form and size of the case
vary much according to the age and size of the fe-
male, and also the right and left ones on the same
animal vary. The eggs then pass through the stages
of embryoral development in these cases fastened
to the body of the mother, as in most copepods.

But it is astonishing that there is here a complete
lack of the cellular space around the eggs, as we
see in the free-swimming and parasitic forms. The
egeg—sac 1s a simple thick capsule, fastened at the
sex opening by a short neck, and in its inner
cavity the eggs lie freely together, without being
each surrounded by a secondary cell-like recepta-
cle. 8till the equivalent of the secondary recep-
tacles are not wholly lacking.

Fach egg possesses a thick skin, a delicate
yolk membrane and a somewhat thicker egg-membrane,
which is formed of a layer of the secretion of the
shell-gland stiffened..
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In even the mature egg-sac the latter 1s still
visible as a tough thin circle around the yolk of
membrane, which like the outer egg-sac stiffens
into a strong membrane. The entire difference. thus
rest s in the varying behav®ir of the second layer
surrounding the egg, which ordinarily fuses one
with another into a honey-comb structure with
firm walls, but in this case remains separate and
hardens into a tough egg-shell- - Nordmann recog-
nized both egg-coverings, but was rnot able to judge
correctly their relation and significance. The
inner one he did not recognize as a yolk membrane,
since it surrounds not only the yolk, but also the
albumen, but the outer one he remarks, "die zweite
H?lle entsteht oder wird erst spater im Sacke deut-
Ileher",

With reference to the formation of the embryo
I have rothing to offer, only in general that the
embryo lies along a primitive streak, which is
not astonishing considering the size of the egg,
and the advanced condition of the emerging larve-

A large residue of yolk remains during develop-
ment inside the embryo, a mass of larger and smal-
ler oll globules, of which a few peripheral glob-
ules later enter into the body cavity of the larva,.

but by far the larger portion enters the intestine
(Figo l,mo )o

In later development on each side of this
yolk mass appear on the ventral surface two large
pigment spots, and on the dorsal surface on the
mid-line a fifth pigment spot, and in addition
on the sides of the probascis two small brown
pdgment spots (Fig. 1)s« 1In consequence of this
plgmentation of the embryo the egg-sacs assume a
brown-spotted appearance, the ¥ large ventral
spots on the eggs being most noticeavle.

Wnile the appendages can be seen on the ven—
tral surface, on the dorsal surface near the an—
terior portion of the yolk-mass are two bean-shaped
bodies made up of a mass of very small kernels in
a Tine grained matrix. Then there 1is formed at the
anterior end of the body, where the frontal margin



)

of the later embryo lies, a singular organ, whiech
Nordmenn saw,-but mistook for the eyes- = (Fig.
1,,%). This structure, whose formation we will
discuss later, is an attachment organ with whieh
the larva rastens itself at the next molt.. This

is in the form of an oval central mass, dotted with
nuclei which shows a diviéion into right and left

. halves. later there arises out of this, on the

‘mid-line, a homogeneous body which lies close to
the anterior margin of the larva.

- In connection with this frontal peg a fatty

- glistening median string extends into the Cine-
‘grained tissue, which inéreasés at the expense orf
the latter and vecomes coiled spirally- - Flhally
the fine-grained parenchyma is fully fused with
the nuclei ard only the spiral cord is visible, -
whicH vegins at the anterior peg and underneath
the latter on the median line terminates in a top-
shaped swelling. : ‘ '

‘ This spiral organ 1s no simple homogeneous
string, as one would assume at rirst sight from
-'the uniformity of its texture, but it is a canal
-f1lled with a stiff homogeneous -adhesive substance,
whose wall and contents reflect the 1light similar-
Iy- I regard this as the duct of a gland .filled
with a secretion, the secretory tissue arising -
from the rine-grained substance dotted with nucled,
which goes into the formation of the canal and
the rilling of it with adnesive substance. The-
glistening anterior enlargement is the origin and
insertion point of. the spiral canal, the top=shaped
swelling under it the opering through which ‘the
adhesive substarice “is smeared on the external ob-
Jeet for fastening the larva- Nordmann mistook
the origin or the canal for the eyes "welches sich
zwar nicht durch geférbtes Pigment, aber durch
eine dunkle Begrenzung leicht bemerkbar mache"s;:
~he saw also underneath them the spiral rod, which
ne supposed connected with the mouth-parts.

‘He also says-—-"dle lLdnge der Rohre mid der
allmanlig fortschreitenden Entwicklung und. Grosse
des Embryo in geradem Verhaltmis gstenht.. -Je langer
sie ist, um so weiter ist dle Entwicklung des
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Thieres vorwdrts geschritten:: je kiirzer sie 1ist,
um -so- jiinger ist der Embryo®". The eyes of the lar-
va, which are fully formed inside the egg-shell,
were apparently .overlooked by Nordmann not entire-
_ ly,,at least there is in his figure (Taf. IV, fig.
% and 6) a dark spot behind the frontal peg pro—
Jecting 1ike a lens, which apparently corresponds
to the eye pigment- This lies on the dorsal sur-
. face above the spiral organ and is the fifth unpair-
) ed‘gigment spot. already mentioned- . Usually it
is Mi-cornered in shape, wider than long, and it
_lles-over the yolk spherules between the bean- -
shaped fine-grained bodies, and 1s connected with
two large spherical bodies lying at 1its sides,
which are nighly refractive lenses: oo :

I have not seen the escape of the eggs from
the egg-sace. Apparently the thick capsule of the
sac becomes brittle and weak after long immersion in
the water, and this at Jjust the time when the em-
- bryos have accomplished their normal development and
“are beginning to make powerful movements with their
muscles- - This cracks in one or more places,
ag Kollar has observed in the egg-sacs of Basanistes
huchenis, and the eggs come out into the water by
“a direet endosmotic movement.. I =

‘The neck of the ecapsule is much too narrow to
allow the emergence of the eggs after the sever—
ance of the sac from the mother animal. As soon as
the water acts directly on the two egg-membranes,
the rupture of the outer membrane 18 ‘quickly brought
about in a purely mechanical way- S

_The egg swells with the entering water. to a
conslderable size, until the outer membrane bursts
and remains visible at. one pole as a stout folded
skin. Soon the inner skin also bursts under the

-1nfluence of the entering water and possibly also
“in conseguence of the movements of the embryo.

From these changes which take place in the
egg-membranes it comes about that the emergence of
1he embryo is not in consequence of its own exer-
tions; but 1s passive and takes place in consequence
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of the peculiarity of the egg-membranes..

- The free-swimmlng larva, in the condition in
which it leaves the egg, seems poorly equipped for
~ rapid locomotion.. The body is plump and stoeky, an

already by 1ts very form is opposed to quick move-

ments,.

But also the locomotor organs are relatively
small, only the two pairs of appendages (the later
rirst and second antennae) projecting from'the
body as swimming feet - which afterwards lie as
mouth-parts, and the swimming feet are still cov-
ered by the skin, and function first at the next
moit (fig. 2). Henee the. enlarged larva finds 1t-
gself in a transition state of extraordinary short
duration, which in its form is related to the nau-
plius form, but is a much more highly developed
larva, with mouth-parts and swimming feet fully
formed and at the casting off of the outer gkin
all ready.for action.. In a few cases it 18 possi-
ble to trace the individual appendages.of ihe en-
closed larva for their entire length. S

. We see in the first swimming appendages the
%-jointed antennae,. in the second pair, the bira-—
mose swimming appendages, the antennae of the
second pair, with the terminal claws concealed.

We recognize the mouth-eap, which later.be-
-comes -the rostrum,. at whose .sides underneath a
.protuberance furnished with a long seta are the
mandivles and maxillae, then the two maxillary
feet, and finally two pairs of piramose swimming
legs. oOut of this provisional stage, in which
‘the -larva-is incapable of taking nourismment, 1t
emerges after a few hours, casting off the outer
1arval skin. It then appears in a form which, in
:the segmentation of the body, and in the strueture
of,the-anpendages,~corresponds-witn-thevfirst cy—-
clops stage, which comes from the oldest nauplius
form. EEATRE : : :

Whilé'in the metamorphosis of the free-living
Cyclopidee there is a long 1ine of nauplius stages
and with the appearance of the cyclops-form an



7
entire change in the life of the larve is brought
about, we see here in comnnection with.the abundance
egg-material that the entire change disappears or
‘is-indicated -only by the form of a larval skin, .
which is thrown off a few.seconds alter the emer—
gence of the young animal.. ' : .

With this first molting Nordmann has already ac-
guainted us- ~ According to him the outer skin
of. the vody splits along the mid-line and forms

an opening out of which the larva emerges. With an
elongate body, over half a line long, the larva
swims around like a young Cyclops with a vigorous
notion,, to find for its nourighment and support a
suitable dwellingplace- =~ "Already Nordmann has
described correctly the form and structure orf this
larva, and -Kollar has portrayed still better the
analogous stage of Basanistes huchonis.. S

The much larger anterior part of the larva
is made-up of an elongate oval shield, with a flat
ventral,and a slightly arched dorsal surface.
It ‘18 composed of the head and the first thorax
segment. (fig. 5).° Nordmann says that on the -
dorsal surfaes of this anteriér part are two shields
whose line of junction is along the mid-line.
In addition it may be added that the mid-line of
the vack, at least on the ventral surface rades
away and is transformed into a flat comb. ‘

. The shorter and smaller posterior body is
made up of four segments sharply separated from
one another, of which the last one carries the
broad anal laminae. The 3 rirst segments corres-—

~pond to the 2nd, 3rd, and 4th thorax segments,.
while the larger, and toward the end much widened,

" last segment corresponds to the 5th thoraxX segment
from which the abdomen has not:yet been separated.

. If we examine the appendages and mouth-parts
more carefully, we rind the 1st. antennae cylind-
rical, 3-jointed, and armed with numerous thread-
like, .tactile setae. Nordmann distinguished 4
Joints in these antennae, sinece he took an invagi-
nation near ‘the center of the last elongated joint

for the border of a second joint.
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- Kollar has also glven the rirst antennae of
Basanistes as 3-jointed and entirely similar -to
these of Achtheres. The strong awl-like gsetae of
“the short and thick basal joint are the stoutest.
The following avpendages, morphologically the
second antennae, serve our larve as attachment
organs, and are armed at the tip of the longer ram-
us with a claw-like hook, while the second ramus
carries on its rounded end a short papilla. These
appenddges were correctly described by Kollar,
but .they were mistaken for jaws. OF mouth-parts
we .have.next the probascis proceeding out from
the mouth-cap (labrum), the base of which begins
back of the prehensile antennae. By Nordmann.
tnis was described as a swoolen protuberance ®die
wahrscheinlich schon die Rudimente kraftiger, beil
der ndchsten Metamorphose sich entwickelnder
Organe enthdlt®, by Kollar as a probascis in
econnection with the palps. '

" This provaseis 1s spindle-shaped_and only a
1ittle pointed at the end, which can be moved
gsidewise and forward by speclal muscles. One finds
1t regularly in this latter position, turned for-
ward, if it is placed on the slide with a cover
glass.. It is composed of a flat upper 1lip and a
fluted and grooved under 1ip, which appears to
surround the side borders of the former. At the
tip:the rounded and enlarged portion of the under
1lim:forms a suction opening, which opens into the
cavity inside the probascis., L

As: to the way in which the probascls 1s formed
out of the swelling, which at rirst contains only
the corresponding portion of thé upper lip, I can-
_ noet explain fully.. But I believe that in the form-
atiomr of the same two protuberances take part, -
which 1ie alongside of the mouth-cap - (labrum) and
_ean be seen during the development of the.embryo
.in "the egg. : ) I e

These protuberances increase gradually into
the fluted: underlip, whosetwo halves are not yet
fully fused at the tip. Moreover the probascis is

by no means fully developed at this last period,

and is not fitted for piercing as at a later peri-
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od,, At1 1aeks the: stylet-shaped mandibles. These
1ie just on the outside at its base, and are short
protuberances, peg-shaped, which approach as close-
"Iy in form to the chewing mandibles of. the Cyclop-
idae as to the.plercing stylets of the parasites.

Under the mandibles or just in front of them
lies a second pair of unjointed swellings armed
with a small lateral-protuberance and a few setae:
at the end,, the seeond pair of jaws (mexillae).
These are outside the spindle-shaped probascis and
are-the forms known as palps which M-Edwards de—
seribed long ago as rudiments of maxillary append-

..ages —and which I have also designated as maxillae.
Then follow the mxpds, whose slze corresponds

. exactly with the maxillary feet of tne Cyclopidae,
-with:which, morgover, they are related in form..

- In the embryo still covered by the egg-shell
~and the first larval skin, they 1le as branches-
of a single pair of appendages on the ventral sur-
face. The outer one 18 the shorter, but broader
and more swollen; the inner one fuses with its
- Iellow on the other side (figs. 2 and 3). In the
larva. swimming about in search of its host, the
outer.rami assumes an anterior and a slender inner

palir a posterior position.. .

Fach pair is 2-jointed, those of the inner
mxp'ds being sharply separated into a large basal
‘Joint, and a.short terminal joint, which carries
at 1ts tip the customary claw, and can be folded
over more or less on the basal joint. Finally
rollow at some distance behind the mouth the swim-
ming reet, of which the rirst pair lies at the
end of the carapace — but the second on the rirst
broad segment of the hinder body (2nd thorax ring),
which was overlooked by both Kollar and Nordmann.

~ Both carry on a broad basal segment an outer
and inner ramus armed with setae, but these rami
are not 3-jointed as Nordmann says, . but a simple
7 unjointéd'lamina. Moreover there are on the rol-
lowing body segment the rudiments of swimming feet
as are found in-the corresponding larval form of
Cyclovns.. Here they take the form of a lateral

rapilla armed with two seta, which would manifest-
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Iy never -serve for the production of a functlonal
»pair of appendages. S

: The 1inner anatomy of tne 1arva shows already ¢
-pereceptivle differentiation.. In the axis of the
body lies the intestine, whose form and divisions
Jcerrespond with those in free—swimming Copepods.

c We can distinguish an aesophagus covered by
the surrounding body parts,.a stomach. swollen .

and rilled ror the most part with clear oil-glo-—
gules, and an undulating, scalloped intestine,

- whieh lies in the posterior-hody and opens out
between the anal laminae. ' The brain and the ner¥—
ous system remain undiscovered. Many bundles of
transversely striated muscles-appear in the cephalc
thorax for moving the appendages.. Very distinct-
Iy on the mid-line above the spiral attachment or-
gan can be seen the large eyes with their snining
lenses, situated uncommonly far Baek- in the center
of the carapace between the postl mxp'ds..‘ '

- This position may well have been tne reason
why Kollar, who did not identify.the anterior peg ¢
the attachment organ with the eyes, yet overlooked
the eyes, and tried to explain the dark speck he
saw between the mxp'ds (apparently on the ventral
surface) as a stomacn or heart. .

'Al80 the remaining 4bpa1red pigment spots of
the ventral surrface, to which we have already .
called special attention, are still present and
still as~large as before, with lateral projections
" and collateral dbranches, but thne principal mass
sti1ll retains an elongated'rod~8hape;“

Also the bean—snaped, rine-grained bodies,
"on both sides of the eyes ofthe embrye, have fur—
ther developed and turned: into lobed balls,. out of
which apparently proceed two pairs of duets; which
are seen at a later period -above the mxprds..
Finally in thé last body segment at the insertion
of the anal laminae are two pairs of shining, fine-
grained bodies whose significance is unknown to
me.. .
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"What 1s now the farther:destiny of our larva

and how does the spiral attachment organ serve

"1t ‘for fastening? It is certain that the free-

swimming period is very short, and the nourishment
- 1n this period must be obtained from the gills

"of fisheg as a parasite— -AY rfirst the larva
swims about in a lively manner, but after a few
horns relaxes this energy, and on the second day
they are wearled to such a degree that they make
- only feeble attempts at swimming around, by means
of which they can scarcely change their position.
. ‘= I have not been able to keep the larvae alive
after the second day, as also Nordmann states:
that after this age they very soon:. die ™ apparently
from lack of nourishment®"~ -  The development of
the attachment organs into a condition all ready
‘Tor seizing hold, as well as the formation of the
mouth-parts indicates that the young larva is:striv-
ing to attach itself, and that it must find a fiuid
nourishment on 1its host= - T -

The mandibles, indeed, are not enclosed in the
probascis, and in their yery rudimentary form are
not ritted for piercing (rig..6). However this:
function can be formed provisionally by the sharp
claws on the anterior mxp'ds, and the coniecal proba-
cis will then serve to suck up the liquid food..

. However from this strueture of the mouth-parts,
a substantial nourishing by meams of small bodies
suspended in the water would seem to be much less
provable than by parasitic means. . ,

. Yet it 1s possibvle that the young animal does

not generally make use of its appendages for pliere-
ing and wounding, and that it nourishes itself only
on gill-slime, which it sips up..

Nordmann was. fortunate in finding a crowd of
the young clinging to the roof ofthe mouth of the
perch close to one another. "Amass of slime
surrounded them on all sides, in the-midst-of which
they would have escaped the most careful search, ir
1t had not been for their ired body pégment shining
thru"i. If they be taken out and placed in a drop
of water, they will crawl, making use of their
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- mxpds, alongside one another, while others which
have not yet passed their metamorphosis and are
darxer- colored, swim around lively in the water®.
From this observation it follows that our larvae
nave already passed this stage: in the slime of the
perch, and have fastened themselves to 1t by means
of their mxptds. . - o - S

As for the spiral attachment organ, it would

nave scarcely escaped Fordmann,, if it had been de=.
.veloped on the forehead at ‘this period, and had -
been used by the larva for attaching itself.
Apparently this comes out of the body first at the
next moult, in such a way that it remains fastened
to-the larva by the frontal peg, while by the post.
swelling it 1s rastened to the skin:of the fish.

.  With reference to the development and attach-
“ment of this. organ in Achtheres, I have nothing

at command rarther than the unmistakable analogy

of the spiral organwith the frontal filament of

some young Siphonostome, which leads me to conclude
- that 'they areé supported by the same structure.
AlreadyBurmeister has described a frontal filament
or & young Caligus as the distinguishing character
of a new genus, Chalimus. o L

. More recently similar frontal rilaments have
been discovered by Hesse on the young of Trebius,
Ccaligus, Pandarus, Chondracauthus, and explained
‘a8 a larval organ rfor rastening the dbroad to the
mother's body. - However we are by no means inelinec
to- look upon this as an "umbilical cord™, in which
~Hesse  hopes to find the means of securing the pro-

- pagatlion and maintenance of the species. -Hesse

declares that the frontal filament is rot present
at the time of hatching, but first. appears with
the second or third molt, but gives no satisrac-
tory-explanation with reference to 1ts means of
development or structure. -

. We 8till need the proof of its fastening to
the body ‘of the mother and to the gill lamellae,
in order to place its function as an attachment
organ beyond a doubt. I am acquainted with the
frontal filament of the young Caligus thru per-—

sonal observation,, and hope 'O Pe avle to demon—
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strate from this 1ts analogy with the spiral organ
of the young lernean larva. Although the young
-Caligi in the period of fastening to the Temale
adult according to my observations represent differ-
ent stages of morphological development, -since the
oldest already possesses a rudiments of all four
-pairs of swimming legs —while the youngest, if
- also not in the number of body segments and append—
. ages; yet in the structure of the mouth-parts:is
Tarther developed than the Achtheres larva in the
swarming period.. Morphologically, however, they
are in the same stage, as shown also by Hesse's de—
- seription, since those parts necessary for free mo-
tion; the swimming setae on the legs and the furca
 (anal laminae) are moved further back, while the
mandibles are developed out of the stilets and lie
inside of the mouth-tube.. : -

-~ 1t might well be .possible. that in Achtheres
‘arfter the next molt a similar form should follow
as the rirst stationary form, in which the number
- of body segments and appendages is not increased,

_ but. the frontal filament is developed for attach-

ment, the mandivles have been enclosed in the
proboscis,.and the setae of the swimming legs and
the fureca are degenerated in connection with the

Yoss of locomotion..

L I have notrbeen able to find such & form,
whose exlstence is theoretically probable, but
must content myself with a more advanced larva -
whose description I will now give. ' C

_This has an elongate, worm-shaped body, about
1l 1/3: - 2 mm. long, whose connection with the free
swimming larva is not evident at first glance,
“but can ve very easily traced back ‘to it. If we

consider the head and rirst: thorax segment separated,

and the latter unitted with the four ragllowing, dis-
- tended body segments to form a 5-jointed posterior
- body, so we have iIn its ‘essentials the outer rform
development— SR : I T E

- But ‘the dimensions have been very much changed-
the rlattened -larval body has been altéred into a
cylindrical form. The antennae and mouth-parts cor-
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respon essentially with those in the fully develope

‘animal, and out of the broad joints of the furca
roceed pointed processes, which are.very similar
o the’ fork-shaped processes at the postl end of tk

body of many rotifers. : ST e E

- of the spiral attachment organ we can find no
trace, except the remains of the frontal peg—- (Figs
7/ and 10). For this latter I take a homogeneous,
transparent body, which appears in the same place
where the frontal filament goes -over into the peg.

- Instead of the former We now have another at-
tachment organ at the tips of the greatly developec
second mxp'ds. This arises also as a kéng,, trans—
- parent ‘cord whose end is fastened to the. skin of
the roof of the mouth or toa gill lamella.. At
the base this rod is swollen into a flask - shape
and then by a strong corntractiom it passes over
into the enlarged tips of the 2nd. mxpds.. '

’ gince ‘I know nothing of the origin of this or-

gan it would not be wise to say anything with ref-
erence-to its nature, and I will content myself
with calling attention to its similarity Iin form
with the spirald cord of the Caliginae. ’

Wnile the antennae and mouth parts in the vi-
cinity of the mouth-tube possess in general thelr
permanent form, the 2nd. mxp'ds are thus provided
with a provisional attachment organ, which is firs
shed at the néxt molt. Moreover the anterior mxp'(
gtill differ considerably from the adult form —
as-we shall see later. ‘ .

. Interest especially centers an the inner or-
‘ganization, which can be seén thru the thick chitir
- coats without muéh difficulty. -The entire length
of the body is traversed by the intestinal canal,
which begins at the base of the probasc¢is and open!
out between the anal laminae. Its anterior see- .
tion, the thin oesophagus, covered with a chitin
skin,, extends nearly to the base of the large arm—
like mzp‘ds,,and forms at the point where 1t passe
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into the stomach a circular ridge, thru which its
thick.muscle walls pass over into the Iumen of "~
the stomach. Usually the 2 following seetions of
‘the ‘stomach and intestine, are fused impercepti-
vly (Fig. 7.) The former reachés t6 the eenter of
tne hind-bvody and 1s filled with large @ells whose
darkly pigmented contents-lie around a lighter
nucleus. As these ¢éells disappedr the permanent
residue of the intestine contents 1s gathered into

balls of exerement.

+ " The stomach and intestine possess muscular
walls, capable of peristaltic movements, covered
witn an outer serous membrane, set with oil glo-=
_ bules and nuclei, which is bound to the surround-
" ing organs and to the walls of the pody-cavity

by fibers and thread. Into thede>eonneetive rivers
come bundles of striated muscle in the anterior

~ and posti sections of the abdemen, of ‘which the
-1a8t 1s attached -in the 3rd. dbdominal segment,
and produces almost rhythmical ‘contractions .to
the -rignht and left of the intestine walls (figs.
16 and 17). o . —

. The peristalific waves: in the walls of the
intestine work just as strongly, but show in
their progress many-variations, now méving from:
in front-backwards,. now from behind forwards
and again starting at eéither énd and meeting at
the center. Similar movements, as well the per—
istalticras the lateral, éxist in the circulation
of the blood which streams- irrégularly thru the
body cavity.. Moveover we find, on the dorsal” -
surfaee of- the-intestine, behind the attachment
of the mxp'ds,;an éspeclal ééntral orgam, which
pulsates regularly, and from it the blood goes
only into the anterlior part’ of the body- - -

"~ In the posti body, into whieh the blood
streams.on the ventral surface to flow. baek
~again on the dorsal surface, it follows the
peristaltic movements of the 'intestines -

~ 'The pulsating organ in the antérior part
of ‘the body (Fig. Tm.) has a concealed position.
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’behind the intestine and betWeen thé 2 glands”
yet to be.described, so that as g rule one sees
only - the contraction, ‘and I.could not q;spinguish
_whether it is a pouch-shiaped heart, with an an-
~ terior (arterial) and posterior (vendus) ,open—
ing or composed of a right and left muscular '
plate Whicn move together (Caliginae) ) B
The nervous system appears very distincﬁly
its central portion consisting of a bean-shaped
ganglioniec mass above and below the oesophagus..
This lies -direetly over the anterior section of
the stomech wall and is composed of 2 lateral .
nalves from whicn paired nerves erise—-_ . .

- Only a small portion of the gangllonie mass
is"in the position of brain ganglion--by. far the
larger part spreads itself out beneath the oesoph-
agus;, being connected with the rformer with a com—
misure.. Both parts are 80 thoroughly rfused that
one:gan gearcely separate.them.as supra and infra
oesophageal ganglia.. ,

. .out of:this highly concentrated.. gangllonic
mass-arises a row of paired nerves, ~whieh lead ..
to -the antennae, mouth-parts, and mxp'ds._ or .
larger size are 2 central long branches, Anto
which  the posterior corners of the 2 ganglion
halves pass— - These follow back.-along.either.
side-of the-intestine inte the pogterior part.of
the body, and give off.side.branches, but are not
swoilen again into ganglia. _

The nervous system or tne Lernaeopoda thus .
shows, 1f we are to judge from our: laryal form:
the morphelogy of the;-mature andmai, a high de-
gree of coneentration, and lacks the ventral
chain- of ganglia which are found, in many rree-swim-
ming copepods, such as. the: Sapphirinee. :

In the rully developed female the distinguish-
ing orf the nervous system is much more difficult
so- that .we can understand why Nordmann could not
make more of-them, than that they' consisted of an
oval organ of a whitish color, the brain ganglion,
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out” of which proeceeded two branches alongside the
intestine., Of the Bense functions:only that of
taste appears to be. represented, and that thru.-
the getae of the antennae and palps, and further
-thru 2 pairs of cutiecular appendages on the ven-
tral- surface of the 2 first abdominal segments
-{fig..11),,which we shall soon describe in the
‘'sexually mature female. ~ - i . L

- . 7. The eyes are lacking.. At least the pigment
bodies of the larval eyes appear, if not entirely
degenerated, changed to such a degree that we
eould no longer reeognize them as organs of sight,
and so much the less because there are no remnants
of the lenses- Instead of the large and regu-
larly formed eyes of the larva we find above the

-brain in the anterior part of the body an elongate
irregular pigment spot.with lateral processes. and

- pranehes,.which: apparently takes 1its origin in
the pigment of the larval eye.. R R .

.. Moreover the % lateral pigment spots of the
.. ventral .surface have become elongated lengthwise,
and are-branched into lateral preocegses and irreg-
ular protuberances. The.anterior palr seem 1o be
surrounded by a fine grained mass, and are hardened
with it almost into rods which serve: for support
of the-clapping antennae. .- - S o

o -In this connection I will state that by no
means all of the paragitic copepods:lose thelir
organs of sight during development, but that in
some of 'the .eyes persist in the mature and sexually
ripe adult. Of the pigmy males of ‘the Chondra—
cauthidae and Lernaeaqpodidae it .is known, although
no one has pald any . attention to 'it, that the two
lenses: remain-  But in the female sex I, find

in’ Chondracauthus cornutus the unpaired X-shaped
pigment spot underneath the mid-line,.which serves
as:a support for the two antennae. :

-+, . 0Of exeretory organs four glands.deserve es—
pecial mention, which are apparently rormed out
of the fine-grained balls in the body of the young
larva.. These:lie behind the mxp'ds, and open on
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‘the: basal Joints of . tne same thru long, narrow
" canals, whose viscous contents appear to. stiffen

on*emerging rrom.tne opening.

Thw wall of. tnese ducts is composed of & no—
mogeneous: chitin skin,- surrounded with ring-1ike
projéctions. giving: it an' appearance like: the tra—
chea, and a transparent outer:layer set with nucle:
which passes into the parenchyme of the gland
(rig.. 20). These latter are bag-shaped masses a-
longside of the. intestine, and are filled with
~shining bodies having a sharp contour,, between
- which small nuclei may be more or less distinctly

seen.. : S o

‘ Where ‘the tnin,,outer portion of the cnitin
canal begins, one notices inside the gland a hol-
low’ space, Into-which I often’ saw small  bodies.
eatering- rrom the surrounding tissue anﬂ tnen pas—
sing over into the- duet.

-1 have not been able -to discover any division
- of. the- parencnyme .set :‘with nucleil into cells - as
I-fafled also in the matrix of the outer chitin
skin - (rig.--9) and most of the .tissues. That the
“development -of ‘the sexually mature adult is not
far different, is shown by the great agreement or
the antennase and mouth-parts, with reference to:
which I make some remarks-— From the concentra-
ted morphological body segmentation, and from the
presence of sex differentiation we may conclude.
that this form undoubtedly mol€s into the sexual
“adult. -Two. pear-shaped .bodies, with the points
directed forwards, lie for the most part in the
 seecond .segment: of the post i body and eorrespond

to the "Keimdriisen®,. Near the latter I saw two
broad, almost solid strands which appear. te- cor-
respond tb‘the shell—glands of ‘the female.‘

Sex differentiation also is not wanting, or
what I take to be the same, but since I have paild
attention ito' the sex apparatus of only:-a few lar-
vae in this stage of development - I cannot say
‘with certainty anything in reference- to these two
starids in the male sex. - I neglected to investigate
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the dinerences in the beginnings of the sex or-
gans, because I imagined for a -small- males another

_sort of development, and ccnsidered all forms of"
”thls size young femaless’ - :

Bub since 1t nas turned out in rererence to
the size of the body and the: structure of the mxpds
that both sexes pass thru this stage,,I have been
thrown bvack entirely upon my drawings, from which

I hope to be able to show that in both the -begin-
nings agree with the avbove mentioned scheme. .Ac-
-eording to the variations which.I find in these.
(drawings) I :discover as. characteristic of the .
male beginnings a ndrrow: straight _exeretory - duct
while the gland is made up of small nuclei set in
a fine—grained matrix (rig. 7)e .

-THe female on the contrary, has a wide duct
which starts out with a transverse twisting and-
- gradually passes in front.of the gland- - This
latter .is composed of::a thick grouping of small
nuclei only in its anterior portion: 1in the postl
part it encloses-the large germs..(Keime),(fig. 8).
The contrast upon which T first based the distinc-.
tion of the two :sexes in this stage, 'is found in
the mxpt'ds, aceording to whose form one may dis-
tinguish two sorts of :arvae.. In.the one clags
(fig.7) the two post! mxp'és appear short and thick—
Their tips are Jointed together by the base of the
attachment :filament, but elsewhere they :are free
and separate= . zTney carry also,; on either side,
a tolerably stout claw, in which also & second is
enclosed after tne molt of. the grasping—claws—-“

1t enly needs that the. attachment organ dis—-
appear with the following molt, in order that
both pairs of .mxp'ds. should be furnished with
similar grasping claws, as Nordmann has described
-the sexually mature.male. ;

Also the anterior mxpds show the character
of the male form, in that they carry in a rela—
tively similar position only one small curved
claw which shuts down against a papilla on the .
inner margin. In young females the second mxp'ds

are very elongated,. fully 3 timeg @8 long as in _



20-

tne male and carried forward over the head.. .
“pheir branches also:are fused only at the tips. Dby
- the basal knob of the attachment filament, but.. .
they differ in being swellen and in the .transverse
wrinkles: of the chitin skin,.which call to mind
the coat-of-mail structure of.male mites. . The

‘‘end. claws also are smaller:and weaker than:those

on the broad mxp'ds of the male.. -

: Back of .the .claws one sees (fig..12) a Baund-
~ed and sharply defined clear space, in which lies
a peg, whnich, after:the 'shedding of the skin, ap-
pears to be concerned in the formation of the
.common ‘sucker-like attachment organ- - = -

.In a similar manner -the first-mxptds_differ
from those of the larva in the size of the claw-
‘1ike end joint,.whieh eannot be mistaken for the
small attachment -eclaws' .on the corresponding ap-
pendages of the male (figs 13)i T venture to rec-
ognize in these-differences-already appearing at
! this stage’ of development, the most important -.
- distinctions of .the '4 and ¢ sexes; which are also
-"separated vy the size of the body- - The forms
with grasping-feet of the first kind are small,:
about 11/% to 11/2 mm..long--<the -others with the
¢ type of mxp'ds have:an elongated hinder body and
-are almest 2 mme. long..' ¢ PRI

. Inthe stage-:of Sex- formation, to which tne
pext molt leads, the small male appears with its
4 stout mxprds not much:increased in size arnd diam-
eter- - Its post! body assumes’a:plumper and .
broader form, but in comparison with the abdomen
‘of ‘the female it remains eéxtraordinarily short
and narrow.. Besides its larger size the female
is distinguished from-the male especlally by the
faet that its second mxp'ds, are fused -at the tips
and here thru a common .sucker-like attachment or-
gan remain fastened to the integument of the gill
cavity..- - T

‘They appear'nof to be'aﬁle;tO'leavé*agdin e
the place once taken possession or,. S0 firmly do
we 'find these attachment_plates~fasteged into the
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skin. But in this condition the females undergo
st111l another, change of the outer body form,.in
_that the hind body, in .connection with the increase
of the ovaries, broadens more and more and assumes
a seczshape which. is not a little 1ike tnat or
the Arachinds. = A _ A :

One finds both 1arger and smaller females of
which the former are not yet fully sexually ripe,
bearing egg sacs and differing only sligntly from
the males in their relatively ‘small body-form- '
Nordmann nas already rigured- sueh - in’tne develop—
ment_ of Achtheres (Taf. IV, rig.. 2), wioge déscrip-—
tions also of the rully developed -adult are so exact
and detailed," that we can quote them. | if{ e

~  We have only a feéew notes on the hind body ‘and
appendages to add- For the hind body Nordmann
says that it 1s made up-6f 'six segmentd, of which
the first lies concealéd bveneath the" anterior Yody,
and so is more or less indistinet.- This concealed
connecting part is moréover indistinctly grooved,
corresponds to no separate segment, but is‘only
the forward section of the large rirst abdominal :
.segment. ) , - o

“This leaves only 5 segments to ‘be distinguished
of which the two ITast Seem to be -the least sharply
deriried— 'On the pointed terminal segment are the
two- furcal knobs and on its ventral surface a more
or less prominent arch which is .elongated into a
gointed appendage extending out over tne end of the
'Oyo . ) o

- On’ this animal as- a‘rule are found tne 2 dark
red spherical bodies describved by Nordmann, whose
Tunction we will discuss later (fig. 18).*»Tne :
3-jointed tactile anterinae are’ insertéd on the
frontal plates at the sides of amedian projection..
Outside of these entirely, at the corners of the
forehead lie the two second antennae, directed al-
most horizontally outward like the two mandibles
of & chewing insect.. They are stout, pincher-like
appendages; made up of a broad basal part and two
-‘short end-joints wnicn we Saw included in the two

[ : -
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branches of the corresponding pair of avpendages
in the first larval stage. The outer, Jlarger bran
appears as- tne continuation of a broad middle joint
and carries on its blunted end. 4. or 5 ‘ghort tooth-
like spines,.while the smaller inrer ‘branch term~
inates in a large hook-like process. Probascis,
mandibles, and palp-like maxillae are like -the
corresponding organs of tne Lernaeopodidae.

. The palps do not as yet show anytning of the
antler-like form with pointed processes, as ‘de~
_scribved by Nordmann, but are hend-shaped appendaget
1ike those of: Lernaeopoda galei, on which I could
make out only % sétg-Iike processes. Fo¥ dhe -
mxp'ds, the above described glands are “found in
them even now, and it requires only a 1ittle at=
tention to discover.two ducts and the openings—

The - @unerior mxp ds which remain grasping
organs;, appear to have been moved forwards toward
the .probascis, and to be attached to the body by
a -sort of .frame which proceeds out of their basal
‘Joint.. At their tip .they -carry an elongated claw
which -shuts down against ‘the inner bvorder of the
swollen middle joint- A comparison with the cor-
regponding mxp*'d of the larva is made possible
~without difficulty by the reduction of the corres-
ponding section.. Also ¢fcthie inner structure I -
can only add a few observations to Nordmann's de-
scription. : - o :

I will rirst note the taetile organs on the
ventral surface of the abdomen (rig. 17), in whose
first 2 segments are perceptible 2 pairs of sharp-
1y ‘defined rings. - Thes® lie some distance from
the médian line and are armed with 2 or % short,,
pale ‘8pines, beneath which is :a pear-shaped swWel-
ling filled with nuclei and connectedw with the_
_1ong nerve trunk by a side branch— . - (fig. 11)

We thus have on the ventral surface of tne
hind body a double pair of organs, which in their
structure and nerve conneotions, correspond with
the known sense organs. of insect larvae,, and like
these serve as tactile organs. The intestine cor-
responds in all essentials with that in previous
stages— without convolutions,, dispensing with
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the coecum, it stretches thru the center of the

- body,, contracting in energetic peristaltie move—
ments - and is at its posterior end pulsated rhyth-
miecally te the right and left by the above descrived
-muscle-buncles, This last motion 1is now much strong-

" er than in the larval stage and sways the next
section into intestine to the right and left of
the mid-line. Naturally must the increased mo-
tion also produce an increase in the movement of

. the blood, and thus one s~es the cells and .cell-
masses .suspended in the blood, following the lateral
pushes of the intestine, now streaming percipitately
forward, 'and now rlowing backward under the cor-
responding pull of the intestine. = : N

Also the form of the intestine has changed in
comparison with the last stage descrived, as 1it-
tle in consequence of a marked elongation which .
makes pogsivble tlie side pulls of the intestine, as
thru a contraction of the walls in the anterior
and post! partsm,. in consequence of which a short,
saccate stomach in the anterior body is separated
from the long duect-like intestine in the abdomen.

‘The sex organs of whose beginnings we have
already spoken, are gradually formed with the .in-
crease of the abdomen-  In young females still
bearing egg-sacs they lie on either side of a tube
wound into many spirals, whose blind end is enlarg-
ed ‘into a pear shape- (fig. 16u.)s We have in
the latter a ovary, in the former the oviduct, but
the two are not clearly separated, they gradually
fuse the one into the other. On the latter. there
are usually a larger or smaller number of eggs
Tilled with yolk granules, which distend the walls
of the ovary into berry-shaped swellings.(fig. 16w).
In the sexually ripe female this part’ is branched
‘1lke a bunch of grapes and can be plainly seen .
on each side of the body thru the body walls (rig.

~ 174 ). 1 L
- Moreover rfastened in place by a strands of
the yolk tissue 4t encloses in its Iumen the large
©eggs  now covered with a membrane, which raise the

-walls into the berry-like swellings.
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“-* The other part, ‘the oviduct, is much more.
concealed and can be seen only in ¢areful prepara-
tions ‘more carefully made.. It is entirely rilled
‘with larger and smaller embryos not arranged at
all similar to the grape-like sectiorn, but running
out into ramiried branches and processes - which
open -into the lumen of the oviduct and discharge
the masses of -embryos bourd together in rows, and
widen out around the ripe eggs .under the wall of
the ‘oviduct deprived ‘6¢ the small nucleated cells..
These embryos are smaller and larger cells, bound
together in cords mostly «in double rows, the cells
1¥ing with their membranes in contact with one
another and concealing the germinal vesicle and the
shining rods in a clear yolk not yet filled with
oll. globules. These cords must be regarded as
branches of the germinal stock, which cannot ram-
ify freely 'into the bdody cavity, but produce abund
antly in the- broad lumen of the egg receptacle.

. However extraordinary the fdrm ‘of ﬁne ovary
‘may ‘appear at rirst glance, yet it 18 by no means
without analogy since, I speak only of thnose para-

sitic copepods whose sex organs have been hitherto
inveetigated in the cnondracauthidae the tree-
7like ovaries, branched ‘thru the entire body cavity
- seenm to correspond to the cord-like processes of
: the egg—stock in Achtheres., , :

A ‘second part of the female sex-apparatus is
the shell-glands (frig. 17x), & bag rilled with a
fatty, shining secretion, which lies in either .
half of the vody ‘'on the outside of the’ ovary, turn:
in toward the mid-line not far from the sex-openin
and empties into ‘the widened terminal ‘portion of

-~ ‘the oviduct. - Its outer surface 18 covered with ba:

and strings of yolk’ tissue,‘wnich accumulate under-
neath the clear skin’ especially in the hinder part
-of ‘the body. Its anterior blind end is swollen in-
to a club-shape, rounded, and its broad lumen

seems- almost segmented in consequence of dark tran

verse Greases— Nordmann has describved this
latter portion as an. egg—etring, and the part ly=—
ing between as a’ sdck-shaped enlargement— How—

ever these regular rings belong not to the outer
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surface of the gland wall but to the .lumen, sofar
as.,I can determine in the dirfficult investigation
of these objects. S ' oA

-1 distinguish on the club-shaped gland under-
neath .a homogeneous membrane a dense fine-grained
wall .and the clear ghining.contents whose contour
is traversed by broad,.dark lines.  Inside the.
terminal swelling lies, instead of the oily shin-
ing secretion, a mass of rine-grained striped ..
material witn a number -of small nuclei—

- Tne wall itself 1n wnich I searcned in vain
“for 1arge gland: eells, shows- the histological struc—
ture- of a fine-grained mess, in which lie numer-
‘ous. small nuclei; but:.is of unequal- thickness and
on the side where the dark half rings lle, is.
thickest: - Here- the wall appears &s a thick 1ayer,
in whienh I recognize the matrix of the homogeneous
‘secretion, thrown into eross folds and thereby .
.Tormed into a large number of. ring—snaped cavities
which are filled with the homogeneous gland secre-
tion.. In the terminal portion .the contents are
separabed into a 1arge mass with a dark contour.

: Near tne oyary and snell—gland there is fin—
ally a 3rd. portion of the female. sex organs. to
descerive, which is .in direct connection with fer-

- tilization.. Nordmann noted at the end of the
posterior body *two small,. dark-red,. spherical
bodies, which contained a golden fluid and were
connected with the sexual opeming by a. short canal".

These bodies are. round regularly as two
round capsules on a. pointed process between the

. two.anal laminae. They have thick brownish-red

chitinous walls and enclose .a spherical cavity,
which goes out into a long narrow canal. The two
canals, which gradually anproach_each other on
,the{mid—lime,.do not extend. to: the sex-openings

. supported by numerous chitin rods — but run into
a transverse bag lying underneath the intestine,
which broadens out into a trumpet-form on either
side; and opens into & common cavity of the ovary
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‘and shell-gland.. The position and connection .of
these organs leave scarcely any doubt- that- they
are connected with the sex apparatus- P

But with reference to the function of the
- eapsule there may be different views.. 1 regard
“them: first as spermatophores, which are placed
at® the two openings of:the.canal by the male. -
~In a similar manner: I:have recently designated
entirely similar capsules on the hind body of
Lernanthropus kroyeri as spermatophores, and for
a long time the rounded bodies in Burmelster's
figures 0f Lernauthropus pupa and paradoxus, then
- 1n Nordmahn's figure of Lamproglena and Brachiella
impudica, and also on the hind end of the body in
Basanistes huchonis, and Anchorella uncinate, have
‘been similarly designated. ® But on closer inves-
- "tigation it was found that these capsules also
open on the side opposite to the insertion and -
pass into a short” canal lying moéstly on the slde-
While I turned my attention anew to these bodies,
it struck me again that they were not spermatophor
discharged by the male. These are rar larger oval
bodies with thinner walls (fig. 19), which are
-fastened by means of a long coiled neck to the
~6pening of the brown-red capsule-' ' - Fromthis
it results that the latter 1s a part of the fe-
“male sex apparatus and corresponds to the recep-
tacles which Leydig has described for- Argulus and
has designated as' the Receptaculum seminis.

: There are thus entirely definite openings’
to which the @permatophores are rfastened - and
this 1s true also for Cyclops and almost all

the genera of free-swimming copepods - ' and in
the -:second- place symmetrically- developed passages
and receptacles into which- the: sperm is poured.

For Achtheres and perhaps for all the Lernaeo
podldae :and Lernauthropinae .this aparatus for the
reception of -the semen 1s composed of 2 ‘capsules,.
2'cahals connected with them:; and:a bag-like trans
verse receptaele, which 1s in communication with
the oviducts. - We find a similatr arrangement for
the reception of the semen in the Caliginae also,
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put nere the 2 thick-walled capsules at the end

of the semen ducts are wanting, the latter open-
ing by short canals into the large transverse
receptacle between the sex openings. At these
openings one often finds fastened 2 empty spermato-
phores - while the strongly developed transverse
receptacle containg the hair-like sperms.. .

Cassel, August 1861.

Pig. 1. An embryo still enclosed in both egg mem-
branes nearly ready to hatch.

Pig. 2. Newly hateched larva. All appendages eX—
cept the first 2 pairs lie close to surface
of body.

Fig. 3. Nouth-parts of same seen from side. Under
the knob at the side of the upper lip lies
the rudiment of the 3 appendages, the
mandibles. The maxillae and mxp'ds. follow.

Fig. 4. Hind body with 2 pairs of swimming legs.

Fig. 5. larva after rirst moult - 12 hours after
hatching.

Fig. 6. Mouth parts of same enlarged. c. upper lip,
d. under 1ip, e. Md, f. First mx.

FPig. 7. larva of later period with attachment cord
on rused outer mxp!'ds. 8.

g. remains of frontal gland, - n. nervous
system, - m-1. heart, - m. intestine,-

t. testis, - v. vas deferens, - S. gran-
nlar mass..

Fig. 8. Beginning of female organs at this period.

Fig.10. Remains of frontal gland.

Fig.ll. Tast organ with nerve and ganglion in ab-
domen.

Fig.l2. End of outer arm like mxp'ds. after remov-
al of the common attachment organ. ¢
larva..

Fig.l%. Inner inxp'ds, without basal joint.

Fig.14. Part of the cell thread from which eggs
are developed.

Fig.l5. Same attached to ezge.



Fig.l6.
Pigel7e
Fig.18,

Fig.19.
Flg.20.
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Abdomen of young female. £
Sexually mature female - 3 mm. long.
Posterior part of body showing sex appara-—
tus.- ;5
Aspermatophore. ;
One of the glands belonging to the outer

‘'mxptds. of the larva shown in rig. 7.
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