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As has been established by previous studies performed on Astacus
(Kowoxk 1961, 1962) a very significant role may be attributed generally to the
neuroendocrine integration system in the reflex processes responsible for the
adaptation of the organism to its environment, especially in the case of in-
vertebrates. As it is evidenced by former investigations and the findings of se-
veral authors (WATERMAN 1961), this holds true especially in connection with
light, one of the most important ecological factors.

The time in which neuroendocrine activity begins in the course of
ontogeny, the modes of its changes, and its role are interesting and important
problems worth to be investigated from the point of view of both ecology and
physiology.

The investigations reported in this paper were designed to examine that
phase of ontogeny in which the independent life of the individual animals
starts. Hatched from eggs the young crayfishes are living still for a while under
the protection of the female (clutching at the pleopods, and leaving them only
occasionally), nevertheless, they are already exposed directly to various
environmental effects, as light for instance, which induce active reflexesin them.
All these considerations necessarily support the assumption that there may
exist in the neuroendoerine system a certain degree of activity, which is
primarily responsible for the existence and co-ordination of processes of adaptive
character.

Material and methods

_ 108 young animals (Astacus leptodactylus Escrz.) hatched in aquarium
originating from one female were used in these investigations. The one day old
youngs were separated from the pleopods of the female. One group of them
was placed in an illuminated (1000 Lux) basin, another group in a darkened.
After 48 hours the two groups were interchanged. Samples were taken for
control from the two groups at the end of this 48 hours long exposure to
constant light conditions. After the interchange of animals, samples were taken
from the two groups (from both basins) at every thirty minute during a period
of two hours.

The position of pigments in the chromatophores of all prepared animals
was defined at first, directly under microscope. The observation did not involve



38

any special difficulty in the case of these translucent animals, as compared
with the more adult specimens possessing a shell strongly incrustated (KoNOK
1961). After registering the state of the chomatophores, the whole animals
was fixed in Bouin solution (instead of acetic acid trichloracetic acid was used).
Then the material was embedded into celloidin-paraffin and sections were
made in series. The sections were stained by aldehyde-fuchsin method
(Gomory, 1950) modified by HaLmr (1952).%*

Results

Chromatophores

Chromatophores characteristic of the genus Astacus containing red and
white carotenoids as well as blue (astaxanthin) pigments are already present
in the otherwise translucent integument of young crayfishes. In comparison
to adult individuals the number of xanthophores is considerably less than that
of erythrophores. Erythrophores resp. the red as well as the blue pigment are
found in relatively large number in the integument. An adaptive movement
of pigments depending upon changes in light conditions is observable similar
to that found in case of adult animals. The arrangement of pigments produced
in response to illumination is characterized by the dispersion of red white
pigments and the simultancous concentration of astaxanthin pigments. On the
effect of darkness the reverse process takes place (KoNok 1961). )

These changes occur unambiguously and simultaneously in every
chromatophore located on the whole surface of the body, within 100—120
minutes subsequent to changes taking place in light conditions (Fig. 1).

Fig. 1 Adaptive movement of pigments in the chromatophores in light (A) and dark"
(B) adapted conditions. Ordinate: the expansion of pigments in terms of percentage
of maximum expansion (approximative values), abscisse: time. ———— = red,

------ = white, —+— . —+— = blue pigments
1 dbra. Pigmentek adaptéciés mozgésa a kromatoférokban fényhez (A) és séte}tség_l_mz
(B) val6 adaptécié esetében. Ordinata: a pigmentek expanzi6ja a maximédlis széttertilt-
ség 9, -dban (megkozelité értékek), abszeissza: az adaptécié id6beni lefolydsa.
——— — piros, -------- — fehér, — . — . — . — = kék  pigmentek

* I should like to express here my thanks to technical assistants Mrs. Brigitta
Szab6é and Miss Etel Szabo for their valuable assistancy in the microtechnical work.
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Hyestalk

In the ocelli of young crayfishes the movement of proximal retinal
pigments in response to illumination occurs in the same way as has been
previously reported in the case of adult specimens (KoNok 1962), namely in
darkadapted state the pigments are located below the basal membrane,
in response to light, however, they migrate above it. Under reversed conditions
there is & movement of pigments in the opposite direction. In comparison to
adult animals some differences exist in the time required for the adaptation
of proximal retinal pigments, namely in case of young specimens the light-
adapted state sets in sooner (within 20—40 minutes), whereas the adaptation
to darkness needs a longer period (90—120 min).

Similarly there are differences between young and adult specimens in the
anatomical properties of the eyestalk, for instance in the direction of the
position of the single medullae, further in the morphologically well defined

N%

Fig. 3. Quantity changes in granular cells
in terms of percentage of maximal value.
———— = adaptation to darkness,
-------- = adaptation to light

3. dbra Granulocitdék mennyiségének vélto-

zésa a maximdlis érték 9% -dban. —— —— =

sotétséghez valé adaptécid, -------- = fény-
hez val6 adaptéci6

appearance of the so called ,,sensory pore” (rudimentary eye-papilla) in the
eyestalks of young animals (Fig. 2). In the case of young crayfishes the com-
mon axis of medullae is at 50 —60° angles to the axis of eyestalk, whereas
in adult animals the direction of the two axes is nearly parallel.

The sinus gland is well developed, and axon terminals in large number
are located dispersely between the medulla externa and medulla terminalis
on the inner sides of eyestalks. The axon terminals constituting the sinus
gland are coloured lilac-red in both dark- and light-treated animals, if they
are kept at constant conditions for 48 hours. Nevertheless, after 30—60
minutes subsequent to the change in light conditions this colouring changes
blueish-lilac.

In the eyestalk of permanently illuminated animals the absolute quantity
of granular cells is high. Upon darkening their number falls almost to zero
during the first 30 minutes, and subsequently rises again suddenly to a high
value. Conversely, in animals kept in darkness, the amount of granular cells
decreases to minimum from a good average value within about 100 minutes
in response to illumination (Fig. 3).

In comparison to more adult specimens the medulla terminalis X organ
is even more undeveloped in young crayfishes, and consists of one group of
secretory cells located on the external, lateral surface of the medulla terminalis.
Not only the absolute quantity of secretory cells is lower, but even giant
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A type cells are absent (Konox 1960). The X organ does not display secretory
activity. The existence of sensory pore X organ (KNxowLESs and CARLISLE 1956)
is not demonstrable.

Central nervous system

The central nervous system of young specimens of Astacus leptodactylus
still shows anatomical and micromorphological differences in comparison to
adult animals. These differences are obviously characteristic of an earlier stage
of development. -

The fusion of originally six pair ganglia, constituting the subesophageal
ganglion is still not complete, resp. the connectives between the other five pair

stomach

I%g. 5. The central nervous system of three days old Astacus leptodactylus (lateral
view). Secretory cells are marked by stripes

5. dbra. 3 napos Astacus leptodactylus kozponti idegrendszere (oldalnézet). A esfkozott
rész szekréeids sejtdllomédny

of ganglion in the cephalothorax and the six pair ganglia located in the single
segments of abdomen are still so short that there is an almost direct contact
between the adjoining ganglia. Nevertheless, the single ganglia are well
developed but, due to the insufficient length of the connectives, they are
accumulated in such an extent that the single ganglia are covered by a con-
tinuous, common ,,envelope’ of secretory cells (Fig. 4). The secretory cells
are located peripherally on the ventral side of nerve cord (Fig. 5).

Paraesophageal ganglia are located laterally on both sides of the esophagus
on each of the two connectives combining the supraesophageal and ‘sub-
esophageal ganglia. Not only motoric neurons but also a great number of
secretory celles (Fig. 6) are present in these paraesophageal ganglia, in opposi-
tion to similar organs reported in other groups of crustaceans (CARLISLE and
KxowLEes 1959).

A large number of secretory cells is to be found in the central nervous
system even if their absolute number is considered. The cell types marked as
A, B and C by Koxoxk (1960) are all-identifiable. Morphological signs of very
strong secretory activity are found in both A and B cells. Separated units
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of secretory cell groups are observable in the ventral nerve cord. The transport
of secretory substances in the axons is also observable. No unambiguous
relationships were demonstrable either in this case between the functional
phases of cells and the single phases of the adaptation to illumination (Kowox
1962).

Discussion

The young specimens of Astacus leptodactylus newly hatched from eggs
already respond normally to various light conditions, although they still live
under the protection of the female, clutching at the pleopods under its abdomen,
and leaving their abode chiefly only in night hours, in the daytime, however,
only under the cover of stones and other objects. Even carotenoid pigments
characteristic of adult animals are already present in the integument in large
amounts. The number of xanthophores in the integument is still small, that
of the erythrophores, however, is great. The pigmentmosaic patterns of adaptlve
character produced in this phase of development are obviously due to the
increased light-sensitivity of the crayfishes having still completely translucent -
unincrustated integument.

The central nervous system is still in an early phase of development.
The neuroendocrine activity—obviously related not only to the regulation
of colour adaptation—is also still incomplete. Whereas, namely, there are
secretory neurons of increased activity to be found in great number in the
whole central nervous system, the medulla terminalis X organ in the eyestalk
is not yet completely developed, and shows morphological signs of inactivity.
This observation directly leads to the conclusion that no importance should
be attributed to X organ in the activation of chromatophores.

The morphological picture supports the supposition that the paraeso-
phageal ganglia represent a new source of secretory substances. This observa-
tion necessitates further studies not only in the case of Astacus leptodactylus.
Namely, on basis of these considerations, another function and importance
should be attributed to these organs as contrasted with some paraesophageal
ganglia described earlier in some other crustanceans (CARLISLE and KNOWLES
1959) since they do not contain exclusively motoric neurons but also secrctory
ones.

Summary

Evaluating macro- and micromorphologically the experiments con-
cerning the hght adaptation in newly hatched crayfishes the followings were
established as regards their neuroendocrine activity.

1. There are already all types of chromatophores resp. all kinds of pig-
ments with the exceptlon of xanthophmes present in great quantity in the
integument. The number of xa,nthophores is still small both in absolute and
in relative sense.

2. The light- adaptive arrangement of pigments takes place in a way
similar to that observed in adult animals. The accommodating migration of the
proximal retinal pigments of ocelli equals also to that observed in adults.

3. In comparison with adult animals there are morphological differences
regarding the direction of the position of single medullae in the eye-stalk.
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The number of secretory neurons present in the medulla terminalis X organ
is still low, there are no A type cells present, and no activity is observable.

4. Changes in the relative quantity of granular cells in relation to the
single phases of adaptation are also observable. ;

5. The central nervous system is not yet completely developed morpholo-
gically. Indicative of that is the incomplete fusion of the six pair ganglia
forming the subesophageal ganglion, further the fact that the other ganglion
pairs of the nerve cord are still in direct contact with each other—due to their
size, resp. to the shortness of their connectives.

6. A continuous common secretory cell ,,envelope’” covers ventrally not
only the fused ganglia but also those connected with each other.

7. One paraesophageal ganglion is present on each connective running
along on both sides of the esophagus. The basic difference between these ganglia
and similar organs described by other authors in other groups of crustaceans
is that they do not contain only motoric neurons but a considerable part of the
small sized ganglia is constituted of secretory neurons.

8. The secretory cells present in large number in the brain and in the
ganglia of the nerve cord are in the phase of a strong activity. The existence
of such a strong neuroendocrine activity is suggested also by observations
made on both the hormone transport and the morphological picture of sinus
gland.
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A NEUROENDOKRIN AKTIVITAS VIZSGALATA
A FENYADAPTACIOVAL KAPCSOLATBAN, FRISSEN KELT KECSKERAK
|(ASTACUS LEPTODACTYLUS ESCHSCHOLZ) IVADEKOK
KOZPONTI IDEGRENDSZEREBEN

Konok Istvan
Osszefoglalas

Egynapos Astacus leptodactylus rékivadékokkal végzett fénykisérletek makro- és
mikromorfolégiai értékelése alapjan a szerz6 a kovetkezd megéllapitdsokat tette.

Valamennyi kromatofér tipus, illetve pigmentféleség — kivéve a xanthophorokat
— mér nagy mennyiségben megtalalhaté az integumentumban. Xanthophorok még —
abszolit és viszonylagos értelemben egyarant — kis szamban figyelhet6k meg. A kromato-
forok, illetéleg pigmentek fényadaptativ atrendezddése a felndtt allatokéhoz hasonléan
megy végbe. Az ocellusok proximalis retina pigmentjeinek akkomodéciés véandorlasa
ugyancsak megegyezik a kifejlett kecskerakok esetében megfigyeltekkel.

Kifejlett allatokkal osszehasonlitva, a szemnyélben morfolégiai eltérések figyel-
het6k meg az egyes medullak egyméashoz val6 orientéciojat illetéen. A medulla termi-
nalis X szerv még kevés szekréciés neuront, A tipusu sejtet pedig egyaltalian nem tartal-
maz és aktivitdst nem mutat. A granulocitak relativ mennyiségi valtozasa az adaptécié
egyes fzisaival dsszefliggésben, fiatal rakokndl is megfigyelhetd.

A kozponti idegrendszer morfologiailag még nem alakult ki véglegesen. Részben
a suboesophagealis ganglionban nem teljes még a 6 par ganglion dsszeolvadasa, masrészt
a hasdiclanc tovabbi ganglion parjai — nagysfiguk, illetve az 6ket dsszekoté konnekti-
vumok rovidsége kovetkeztében — téomoriilve, egyméssal kozvetlen dsszekéttetésben
helyezkednek el egymés utin. Az sszeolvad6, de az egyméssal dsszekodttetésben 4116
{;ovébbi ganglionokat is ventralisan Osszefliggd, kozds szekréciés neuron allomény

oritja.

A nyeléesé két oldalan futé konnektivumokon laterélisan egy-egy paraoesopha-
gealis ganglion taldlhaté. Ezek a ganglionok més szerzék 4ltal mds rakesoportoknal leirt,
hasonlé elnevezésti képletektdl lényegesen kiilonboznek abban, hogy nem csupin motoros
neuronokat tartalmaznak, hanem a kis méret{i ganglionok nagy részét szekréciés neuron-
4llomany alkotja. '

Az agyban és a hasdtclinc ganglionjaiban nagy mennyiségben talalhaté szekré-
cibs sejtek aktiv szekréciés fazisban vannak. A hormontranszport és a szinuszmirigy
morfolégiai képe alapjan is- er6s neuroendokrin aktivitds allapithaté meg.
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Fiy. 2. Eyestalk of three days
old Astacus leptodaetylus (hori-
zontal section), m.e. = medulla

externa, m.i. = medulla inter-
na, m.t. = medulla terminalis,
s.g. = sinus gland, s.p. = sen-

sory pore, X = medulla termi-
nélis X organ
2. abra. 3 napos Astacus lepto-
dactylus szemnyelo (horizontélis
metszet), m. 0. = medulla ex-
terna, in. i. = medulla interna,
m. t. = medulla terminalis, s.
m. = szinusz mirigy, s. p.
sensory pore, X = medulla
terminélis X szerv

Fig. 1. Continuous secretory
cell ,,envelope” in the ventral
nerve cord (3 days old Asta-
cus leptodaetylus). ggl. = gang-
lia, s.c. = secretory cells
/. abra. Osszefiiggd szekrécids
sejtallomany a hasduclancban
(3 napos Astacus leptodaetylus).
ggl. = ganglionok, s. c. =
szekrecios sejtek

Fiy. ti. Paraesophageal gang-
lion (3 days old Astacus lepto-
daetylus). es. = esophagus, s.c.
—secretory cells
6. abra. Paraoesophagealis
ganglion (3 napos Astacus lep-
todactylus). es. = nyel6cs6, s.
c. = szekrécios sejtek
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