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Alex Willig 

From the Institut fuer Tierphysiologie und Angewandte Zoologie 
[Institute of Animal Physiology and Applied Zoology], 
Freie Universitaet Berlin, 
Berlin, (West-) Germany 

• Summa  

The discovery of insect molting hormones (ecdysones) in crustaceans indicates 

that molting in crustaceans and, probably, in all  arthropode  is controlled by 

ecdysones, a group of non-polar sterols. In crustaceans, the predominant substan-

ce appears to be crustecdysone (20-hydroxy-ecdysone). This hormone is biosynthe-

sized from cholesterol or from phytosterols ' similar to cholesterol. Sterols are 

essential constituents of the diet of crustaceans, since these animals have been 

found to be incapable of synthesizing sterols. Except for the conversion of u-

ecdysone to crustecdysone, the intermediate steps in crustecdysone biosynthesis 

are as yet unknown. The site of ecdysone formation appears to be the Y-organe, 

a pair of glands located in the second antennal or second maxillary segment. 

Preent  address:  Abteilung fuer Biologie I ['First Department of Biology], 
University, Ulm, Federal Republic of Germany. 
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either.  
Extirpation of the Y-glands duringcthe intermolt stage or an early premolt 

stage prevents molting; after're-implantation, the animals undergo molt. The 

activity of the Y-organs is controlled by neurohormones released by the X-organ 

sinus gland complex in the crustacean eyestalk. During proecdysis e  the molting 

hormone titer rises and reaches a maximum before ecdysis. During ecdysis, the 

titer is already decreasing. During proecdysis, a series of biochemical and 

morphological changes take place, which are probably, mediate4 by the elevated 
tvIclue-eti 

hormone level. Some of these events have been 	 - 	 administra- 

tion of exogenous ecdysones, e.g., stimulation of protein synthesis in the epi- 

dermis and hepatopancreas, formation of a new auticle, formation of gastroliths 

in freshwater craygish, yolk formation, and leg regeneration. In these experi-
mtowi-mmg 

mentsI successfulehas fenly occasionally been observed. This may be explained by 

the fact that injection.  of ecdysones mimics to an inadequate degree the endo-

genous hormonal environment during the premolt stages. It may be assumed that a 

characteristic change of the hormone titer as a function of time is necessary 

to induce the various biochemical and morphogenetic events in an ordered sequence, 

and that an integrated progression is a prerequisite for successful ecdysis. 

Crustecdysone acts not only as hormone but also as pheromone by influencing the 

sexual behavior of certain male crabs, when it is released by molting females. 

1. Crustacean ecdysones  

In order to be able to grow, crustaceans, like insects, must molt at periodic 

intervals, i.e. shed or cast off their exoskeleton and.produce a new, larger 

one. Experimental work carried out by Kopec in 1922 had already demonstrated 

that the molting process in insects is under hormonal control. Subsequently, 

bpth Gabe (1953) and Echnlier (1954; 1955) demonstrated that the molt of crus-

taceans also is induced by a hormone produced in the Y-organs. 

The first attempts to iSolate the molting hormone of insects were undertaken 

by Butenandt and Karlson (1954). The latter workers were able to isolate 25 mg 

of crystalline hormone from 5001% of dried pupae of the silk moth (Bombyx  mon).  

":P:»J 
fne 	1,,!»:trn);;"1,-, 



3

This molting hormone was called ecdysone. The process of gradual concentration

of the hormone was observed with the aid of a biological test, i.e. the

Callipohra test (Fraenkel, 1935; Becker and Plagge,.1939), in which prepupate

dipterous larvae are subjected to ligation behind the first third of the body,

so that the larvae are able to undergo pupation in the first third of the body.

The posterior part of the body, which does not undergo pupation, responds to

injection of molting hormone-containing solutions with either complete or par-

tial pupation. The rate of pupation can be related to the quantity of hormone.

injected. The structure of the molting hormone has been elucidated in its most

important aspects by Karlson and his coworkers (for a review, cf. Karlson, 1966).

The final structure was determined with the aid of X-ray structural analysis

(Huber and Hoppe, 1965) to be 2013P,14a,22R,25-pent;a-hydroxy-5P-cholest-7en-6one.

During the processing of their extracts from Bo mb,,yx mori, karlson et al. isola-

ted small quantities of a substance very similar to ecdysone, but somewhat more

polar in character, which substance was also active in the Calliphora test. That

substance was described as p-ecdysone, and the original substnnce, as ce-ecdysone.

Subsequently, O-ecdysone has been isolated by various groups of workers, and

has been identified as 20-hydroxy-ecdysone (Hoffmeister, 1966; Hos'fineister and

Gruetzmacher, 1966; Hocks and Wiechert, 1966; Hoffmeister et al., 1967; Hocks

et al., 1967).

Followi.ng isolation of ecdysone from insects, Karlson and his coworkers

(Karlson, 1956a; Karlson and Skinner, 1960) found substances in extracts from

crustaceans that were active in the Calliphora test. An attempt to isolate the

active principle from three tons of the common European shrimp (Crangon vulgaris)

was initially without success (Harlson and Schnialek, 1959). Pollowing develop-

nient of a new extraction and concentration procedure, it became possible to
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isola -te a small quantity (2 mg) of the pure hormone from one ton of lobster 

offal (thorax of Jasus lalandei),  which hormone was named crustecdysone  (Hamp-

shire and Horn, 1966). It turned out that crustecdysone and P-ecdysone repre- 

sent the same substance (Hoffmeister et al., 1967; Horn et al., 1968). 20-Hydroxy-

ecdysone has been detected furthermore in a series of plants and--independent-

ly--was given two additional names, so that six different names are used for 

this steroid: 20-Hydroxy-ecdysone,P-ecdysone, ecdysterone, crusteedysone, iso-

inokosterone, and polypodin A. Plants contain additional ecdysone-like substan-

ces; no unequivocal experimental results are as yet available regarding their 

function (for a review, of. Rees, 1971). The group designation n eedysones" is 

used for all endysone-like steroids from arthropods and from plants. Apart from 

crusteedysone, Horn et al., (1966) isolated from Jasus lalandei  a somewhat less 

polar steroid, which initially was regarded as being a-ecdysone. However, iso-

lation of that substance on a greater scale showed that the substance in question 

was 2-deoxy-crustecdysone (Galbraith et al., 1968). Occurrence of a-ecdysone in 

crustaceans has hitherto not yet been demnnstrated. Faux et al. (1969) found 

two additional ecdysones in extracts from Callinectes sapidus, viz. callinecdysone A 

a-Edysone 
Crustecdysi.mt 	 R., 	R, .•- 1•1, lt. i  rrr. R., 	R A  . 011 
2-1koxycrusts.cclysone R; , 1:„ . • R. — 11, IC, ,..- R. . --. 011 
Callinc(1)-.,IyeA 
Crilinedysme 

	

R 2 	R. 	11, R i 	R. 	()1- 1 

	

4. 	. 	. 	•• 	A 	9 

R i 	R, 	1t.„ 	011 
11,  1 1 	11 -4 	01-i, R, 	CI I, 
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and callinecdysone B, which are probably identical with the plant ecdysones

inokosterone and makisterone A.

Very little is Inown at the present time regarding the biosynthesis of the

crustacean ecdysones. The crustaceans probably are unable to synthesize the

sterol skeleton, and are forced to ingest sterols with their diet. In Astacusq

Homarust Cancer and Tiebasi synthesis of sterols from radioactive acetate or from

mevalonic acid could not be demonstrated (Zandeef 1962; 1966; 1967; Van den Oord,

1964; Teshima and Kanazawa, 1971). Synthesis of the ecdysonesq thus, probably

starts with sterols ingested by these animals with their diet, as in the case of

insects, where conversion of radiolabelled cholesterol to a-ecdysone and crust-

ecdysone has been demonstrated (Karlson and Hoffneisterg 1963; Galbraith et al.i

1970; Willig et al., 1971). Intermediate steps of ecdysone biosynthesis have

been demonstrated in unequivocal fashion neither in crustaceans nor in insects.

King and Siddal (1969) found in both Crangon and Uca conversion of labelled

a-ecdysone to crustecdysone, i.e. pprobably the terminal step in crustecdysone

biosynthesis. Interestingly, that conversion was more pronounced during molt

than during the intermolt period.

2. Y-or^ans

The Y-ora-ans are regarded as the site of synthesis of the molting hormone

of crustaceans. These organs are paired groups of epithelial cells located either

in the second antennal segment or in the second maxillary segment (Gabel 1953;

1954). In general, they are regarded as organs corresponding to the prothoracie

(or molt) glands of the insects (Passano, 1960; Herman, 1967). Extirpation or

destruction of the Y-organs prevents subsequent molting; re-implantation of these

glands leads to renewed molting (Echalier, 1954; 1955; 1959; Passano and Jyssum,



1963; 14aissiat, 1970a). During proecdysis, the Y-organe  exhibit histological 

changes speaking for increased secretory activity (Gabe, 1956; Uatsumoto, 1962). 

These organs responded with histological Changes also to injections of crust-

ecdysone or of other steroids (Miyawaki and Taketomi, 1970; 1971; Miyawaki et 

al., 1971). However, assessment of the different results on the Y-organs is dif-

ficult, since, in part, structures have been described as Y-organs, which, with-

out any doubt, have nothing in common with the molt gland, and, in part, the 

locations of the organs investigated have not been properly described (Sochasky 

et al., 1972). As yet, there exists no direct evidence indicating that the Y-

organs produce ecdysones. As indirect evidence, however, we have the findings 

1  . 
reported by Carlisle and Connick (1973) who have been able to extract ecdyso-

nes from the Orconectes Y-organe  located in the antennal segment; the quantities 

of these ecdysones varied in dependence on the molt cycle stages. 

The secretory activity of the Y-organs is controlled by neurohormones. Re-

moval of the eyestalks, which contain the neurosecretory X-organ-sinus-gland 

complex, leads in many crustaceans to precocious molting, as does the removal 

of the sinus gland alone. Re-implantation of the sinus glands delays ecdysis. 

On the basis of the latter findings, workers have postulated the existence of 

a molt-inhibiting hormone (IÀIH) (Brown and Cunningham, 1939; Stephens, 1951; 

Passano, 1953), representing a peptide hormone, which has already been concen- 

trated and partly characterized (Rao, 1965). The LIIH is produced by the neuro-

secretory cells of the X-organ located in the eyestalk; its release takes place 

by way of a neurohemal organ, viz,  the sinus gland (for review articles, cf. 

3.  
Tranolntores note:  See also D.B. Carlisle and F. Knowles, - ndocrine Control  
in CrItAncenns,  Cambridge University Press,  New York,  1959. 



Bern, 1962; Scharrer and Weitzman, 1970). Since the removal of the eyestalks 

occasionally also delays or prevents molting, several authors have postulated 	58 

the existence of a molt-accelerating neurohormone (MA.H) (Carlisle, 1953; Car- 

lisle and Dohrn, 1953; Scheer and Scheer, 1954; McWhinnie and Kirchenberg, 1962; 

Aiken, 1969; Merhinnie et al., 1969; Mehinnie and Mohrherr, 1970). However, 

hitherto it has not yet been possible to obtain definite evidence regarding the 

actual existence of such a hormone. An effect of MAH on the production of ecdy-

sones in the Y-organs also has as yet not been established. According to recent 

findings reported by McWhinnie et al. (1969; 1972), it appears that MAH controls 

directly, at least, partial events in the preparation for proecdysis, such as 

the decalcification of the old exoskeleton. 

• 3. The molt cycle  

In the past, the term 'molt' has been used in two different senses in crus-

taceans and insects, respectively. In part, that term covered only the shedding 

of the exuvia; in part, already the separation of the epidermis from the old 

cuticle, i.e. an event taking place considerably earlier than shedding. Already 

Drach (1939) regarded that separation as the actual molting event. Subsequently, 

Jenkin (1966) and Jenkin and Hinton (1966) have introduced for ail  arthropods 

the concept of apolysis, which covers the separation of the epidermal cells from 

the old cuticle. 

The molt cycle of the crustaceans can be divided into distinct stages. Drach 

(1939) has developed certain criteria for the differentiation of the individual 

stages of the molt cycle of brachyura, which will be outlined only briefly in 

the present paper: 
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Stage A: The period following immediately after casting-off of the old skele-

ton (ecdysis, exuviation); the new exoskeleton is still entirely soft.

StaLe B: Solidification of the new exoskeleton, due to hardening of the cuti-

cle and incorporation of calcite particles, sets in.

Stage C: Intermolt period. The cutiele hardens further until, finally, the

innermost, so-called membranous layer has been produced.

Stage D: Proecdysis starts with apolysis and ends with exuviation (casting-off).

Five substagesq Do to D4, are distinguished.

Stage E: LTolt (ecdysis, exuviation). Casting-off of the old exoskeleton.

For differentiation of the individual stages, we use morphological charac-

teristics like the state of development of new bristles, the thickness of the

newly formed cuticle, opening of the dorsal rupturing line in the exoskeleton,

the different hardening stages of the new exoskeleton$ etc. This division into

stages, originally applied only to the crabsq has subsequently been modified

and extended to include other crustacean groups. All stages have been divided

further into substages (Drach and Tchernigovtzeff, 1967; iricWhinnie, 1962; Skinner,

1962; Stevenson, 1961; 1968; Stevenson et al., 1968; T.ravist 1965a; 1965b; early

literature, in Passano, 1960). Adelung (1967; 1969; 1970) has employed a some-

what different division of the molt cycle for juvenile Buropean shore crabs

Carcinus maenas), which takes into consideration, in particulart the state of

development of the walking legs.

The subdivision of Stage D is of particular interest with regard to inves-

tigations of the hormonal control of the molt cycle. Since we will discuss ft,irth-

er below the morphogenetic and physiological events taldng place during the pre-

paratory phase of ecdysis in connection with the molting hormone titer of a cray-

fish (Orconecte„ limos2ts, Willig and Keller, 1973), we wish (in agreement with

Stevenson, 1972) to define at this point the substages of Stage D, with parti-

cular consideration given to the situation existing in the astacurans.



Do: Apolysis in parts of the integument; appearance of gastroliths; regene-

rate growth.

DI^ Apolysis in the entire integument; formation of new bristles at the uro-

pods; the new bristles are fully differentiated at the conclusion of

this substage; sub-substages Ih1 to D11" may be distinguished on the basis

of the state of bristle development (Drach, 1944; Drach and Tchernigov-

tzeff, 1967; Stevenson et al., 1968).

D2: Secretion of the new cuticle on the branchiostegites; at the end of this

substage, the new cuticle has attained one half of the thickness exhibited

at ecdysis.

D!3^. Further growth of both the cuticle and the gastroliths.

DA: The lower seam of the branchiostegites is distinctly set off from the

carapace due to complete decalcification and advanced cuticular reabsorp-

tion (molting line).

4. I:Ioltin hormone titer and events of the nre rator phase (Fi ires 1 and 2)

DO: This stage characterizes the onset of preparation for ecdysis. The

sole definite characteristic for the onset of the premolt period is found in the

appearance of small gastroliths, which are formed apparently under the influence

of a slightly elevated ecdysone level (71illig and Kellerg 1973; McWhinnie et al.,

1972) (in the following discussionst the term ecdysone will be used as group

name org otherwiset be characterized as a-ecdysone). The Stage Do is frequently

described as a period of activation, in particular, of the integumentary tissue.

That activation, however, has hitherto been defined only to an inadequate extent,

since, arart from a certain enlargement of the epideraql cells (Travis, 1955;

Dennelq 1960; Skinner, 1962; Stevenson et al., 1968), neither light-microscopical

nor electron-r.ricroscopical changes have been detected in the integumentnry tissue

(Keller and Acieltulg, 1970; Ruemnel et al., 1970); the exoskeleton also appears
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to exhibit no changes (Travis, 1965a). The DiTA content of the epidermis, re-

n

lated to the f resh w eight of the tissue, decreases greatly during this stage;
total

however, it is probable that the DTE7A quantity remains constant, i.e. the dew

creases is only an apparent one due to the enlargement of the cells (;Iumphreys

and Stevenson, 1973). It then is still unclear whether DNA synthesis takes place

during Do, although Tchernigovtzeff (1959) has reported seeing mitoses. The

ribosomal RiIA is as stable as during the C Stages. The protein synthesis of the

epidermal cells is clearly reduced during Do compared to the intermolt stages,

during which that synthesis remains about constant, if we regard the rate of

incorporation of labelled leucine into protein (related to the DNA content) as

reliable measure for protein synthesis independent of the water content of the

cells (Humphreys and Stevenson, 1973). The oxygen consumption of the integumen-

tary tissue also is reduced compared to the intermolt period (Skinner, 1962).

In view of these findings, equalization of Stage Do with a period of activation

of the epidermal cells appears to be a questionable suggestion. It may be more

readily imagined that that stage represents a kind of transition period, during

which the growth processes in the integument are arrested, and the biosynthe-

tic apparatus of the cells is redirected toward the approac.hing morphogenetic

events.

We must, however, remember that the afore-mentioned findings have been ob-

tained chiefly in the integumentary tissue of the branchiostegites, i.e. the

lateral flanks of the carapace. The epidermal activation processes may already

be advanced further in the limbs. In the uropods, for instance, we may already

see apolysis ( Stevenson, 1972); furthermore, regeneration of new limbs starts

during Do; loss of limbs, on the one hand, accelerated the, entire preparation

for ecdysis ( Skinner and Graham, 1970; 1971), while, on the other one, the

60
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subsequent development of the regenerates is stimulated by the molting hormone 

(Rao et al., 1971). In-vitro  experiments have demonstrated somewhat increased 

protein synthesis in the midgut gland (Gorell and Gilbert, 1971). 

The events taking place during Do apparently are induced by an ecdysone - 61 

titer only slightly elevated; further development requires an increase of the 

hormone, because development of events is arrested, if either the Y-organs are 

removed (Echalier, 1954) ar the environmental conditions become unfavorable (cf. 

Passano, 1960). 

D1 :  The course of molting can still be inhibited during Stage DI  by re-

moval of the Y-organs. This particular stage is characterized by apolysis in 

wide parts of the integument, in particular, in the branchiostegites. In the 

uropods, there appear the new bristles; at the conclusion of this stage, they 

are fully developed. Subsequently, only the cuticle of the bristles and that of 

the integument become thicker. During DI, activation processes in the epidermis 

are reflected in a somewhat more pronounced development of the rough endoplasmic 

reticulum; in addition, a pronounced increase of the Golgi fields is in eviden-

ce (Kuemmel et al., 1970). The Q of the integumentary tissue increases  (Skin-

ner,1962), as does the turnover of ribosomal ENA (Skinner, 1962). Despite fur-

ther enlargement of the epidermal cells (corresponding to a weight increase), 

the DNA content, related to the fresh weight of the integument, increases again. 

The synthesis of protein, related to the DNA content e  increases at the onset of 

DI; then decreases again; and finally rises to values, that are greater than 

those measured during the C Stages (Humphreys and Stevenson, 1975).  Vie are 

permitted to assume that synthesis of enzymes for breaking down the old cuticle 

is taking place. In some parts of the inter,ument—in particular, in the limbs, 

secretion of the new cuticle is already starting. This increase of metabolic 

activity is preceded by a triplication of the ecdysone titer. 

o  
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According to findings recently obtained by Stevenson and Tardif (Stevenson, 

1972), the increase of protein synthesis is perhaps based on regulatory pro-

cesses at the translation level. Actinomycin did not inhibit, but stimulate the 

incorporation of leucine into protein, with that stimulation being greater dur-

ing Do than during Di; during D2 1  however, actinomycin had an inhibitory effect. 

Possibly, we are dealing here with a RNA-dependent, labile translation repressor 

for certain proteins, the synthesis of which is inhibited by actinomycin. Appar-

ently, synthesis of this repressor decreases during the natural course of the 

molt cycle. 

D2:  During this stage, during which the new cuticle attains about half 

the thickness normally exhibited, we are able to discern, already in morpholo-

gical terms, maximal activation of the integumentary tissue (Keller and Adelung, 

1.970). That finding corresponds to the peaks reached by the Q02 
(Skinner, 1962) 

and protein synthesis (Humphreys and Stevenson, 1975), respectively. The turn-

over of ribosomal RNA increases further (Skinner, 1966). The appearance of the. 

new cuticle is accompanied by a very distinct increase of the incorporation of 

acetyl glucosamine-14 0 and glucose- 4 0 into chitin (Hornung and Stevenson, 1971; 

Lang, 1971; Speck et al., 1972; Stevenson, 1972). Interestingly, the increase 

in thé incorporation of acetyl glucosamine takes place both earlier and more 

intensively than the incorporation of glucose, which bécomes more pronounced 

only following ecdysis. Speck et al. (1972) have suggested the existence of an 

intracellular regulatory mechanism, which interferes with the fructose 6-phosphate 

glucosamine 6-phosphate reaction and, prior to ecdysis, blocks the formation 

of chitin from glucose. Gwinn and Stevenson (Stevenson, 1972) have been able to 

demonstrate an acetyl glucosamine kinase in the epidermis of Orconectes,  which 

returns the acetyl glucosamine liberated from the cuticle, without detour by 



-14- 

way of glucosamine, directly into the newly formed chitin. Synthesis of chitin 

Gim <— Acuff, 

AcC 1m-6-P—> 	 --> UDI'AcGlm Chitin 

is inhibited by actinomycin D, indicating an activation of transcription for 

new enzymes (Stevenson, 1972). Apart from the enzymes required for the formation 

of the new cuticle, the cuticular proteins themselves have to be synthesized. 

These highly distinct synthetic activities are associated with the peak of the 

molting hormone titer, which, compared to the preceding stages, has increased 

thirty-fold (Willig and Keller, 1973). During D2, i.e. following maximal release 

of ecdysones, removal of the Y-organs no longer prevents ecdysis. 

31 3  and Dg:  During these stages, during which the pre-exuvial cuticle is 

produced, we see, at the morphological level, increasing inactivation in the 

integumentary tissue. The epidermal cells are transformed, due to shrinking, 

from a cylindrical type into a stilt type (Keller and Adelung, 1970). The Q 
02 

(Skinner, 1962) and the protein synthesis (Humphreys and Stevenson, 1973) de-

crease again. In the midgut gland, protein synthesis, which was increased during 

the early premolt stages, also decreases again (Gorell and Gilbert, 1971). On 
. the 

the other hand, the incorporation of acetyl glucosamine into chitin of the new 

exoskeleton does not increase compared to D2. A certain autoradiographic find-

ing (Keller and Adelung, 1970)--according to which the incorporation of uridine 

into the e -Jidermal nuclei reaches a peak during D3 and D4--cannot directly re-

conciled with the general inactivation being in evidence (apart from the syn-

thesis of chitin). However, it appears possible that this increased incorpora-

tion of uridine represents a sign for decreased turnover and accumulation of 

o  
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stable RITA for the subsequent morphogenetic events and, in particular, for the

formation of the endocuticle and the synthesis of chitin following ecdysis. The

ecdysone titer decreases strongly in the course of these two stages. The gastro-

liths have attained their maximal size.

A and B: The stages following ecdysis are distinguished by fvrther inacti-

vation in evidence at the morphological level; the stilt-type character of the

epidermal epithelium becomes more pronounced; the incorporation of uridine into

the epidermal nuclei decreases (Keller and Adelung, 1970). On the other hand,

the incorporation of glucose-a.: C into chitin increases considerably (Hornung

and Stevenson, 1971; Langt 1971); that incorporation attains its peak during

these stages, and decreases only at the end of Stage B, with the final product-

ion of the endocuticle. Hohnke (1971) found maximal chitin synthetase activity-

dur-ing Stage A; during Stage B, already a decrease of that activity. In contrast

to the premolt stages, the synthesis of chitin is no longer inhibited by acti-

nomycin (Stevenson and Tung, 1971); apparently, no additional RNTA is required

for that synthesis. On the basis of these findings, we would be permitted to

conclude that either the RiiA or the enzymes involved in chitin synthesis are

extraordinarily stable, because synthesis of chitin continues for two weeks af-

ter ecdysis. The titer of the molting hormone decreases steeply during Stage A,

and during Stage B reaches the very low values of the intermolt period. The

considerable synthetic performances occurring during these two stages7 thus,

must be independent of the synthesis of both IUTA and protein induced by hormonal

means.

Comparison of the hormone titer with the metabolic events tak:ing place at

the same time perisits the conclusion that these events-during the premolt per-

iod and Stage 1)2--depend on a continuous hornional action. Each one of these
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stages can be shortened by administering exogenous ecdysone (Stevenson and

Tschantz, 1973). The possibility that these processes are elicited during an

early stage by means of a release of hormone and then continue on independent

of the hormone is excluded. Artificial induction by means of injected ecdysone

(cf. further below) requires quantities, exceeding by far the maximal endogen-

ous levels measured (Adelung, 1969; Willig and Keller, 1973); this, probably,

to ensure more prolonged action. The course of the hormone titer, furthermore,

suggests that the ordered sequence of the molt-preparing events depends on an

integrated change of the ecdysone titer. For the normal development of the

events, it is apparently.necessary that a relatively low, only gradually rising

ecdysone level be maintained over a relatively long period of time (Do to D1).

The very marked activation processes occurring during D2 require a very high

hormonal level, as is indicated by the thirty-fold increase of the molting hor-

mone titer compared to D1.

The molting hormone titer curves of Orconectes (Willig and Keller, 1973)

and those of Carcinus (Adelung, 1969) exhibit agreement in several important

aspects. In both cases, we find the peak values between Dy and D4, with the

Carcinus curve, however, exhibiting two maxima in that range-a feature not in

evidence in the case of Orconectes. In Carcinus as well as in Orconectes, the

hormone titer decreases sharply already prior to ecdysis, i.e. during D4. In

Orconectes, a very low value (0.3 ng/g) is reached during Stage B, while, in

Carcinus, the average value is higher (16 ng/g) during the postmolt stages.

Apart from specics-specific differences, that particular difference might be

due to the fact that the interrolt period was much shorter in the juvenile shore

crabs employed by Aci.elLUig than in Orconectes, since that author had removed

seven of the ei;;ht walking legs of his aninuils for the purpose of stimulating

1 '
631

V,

k.
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and synchronizing the molting evénts. Removal of the walking legs can induce

precocious molting (Skinner and Graham, 1970; 1972); it is probable that that

intervention stimula-tes the release of ecdysones. It is possible that the nor-

mal intermolt stage, with its low hormone titer, is omitted in the case of leg-

amputated Carcinus. In correspondence, the rise to the hormone peak is only six-

fold in the latter case, while Orconectes exhibited a thirty-fold rise.

Both titer curves exhibit a steep drop shortly before ecdysis, which drop

appears to be very essential as an event, since normal ecdysis and normal cut-

icle formation do not occur without that drop; that has been demonstrated in

experimental work, in which the hormone level was artificially increased shortly

before ecdysis by administration of exogenous ecdysone (cf. further below). Re-

cently, Carlisle and Connick (1973) have published a hormone titer curve for

Orconectes, which deviates significantly from the results reported by Adelung

(1969) and by Willig and Keller (1973) to the extent that it shows strongly

elevated hormone values also after ecdysis. Comparison of the respective find-

ings, however, is difficult, since several methodical details-for instance,

the reference basis for the hormone values-have not been reported [by Carlisle

and Connick, 19731• Faux et al. (1969) have also found high hormone levels in

Callinectes sapidus after ecdysis. During the early premolt stage, these blue

crabs contain small quantities of callinecdysone A; shortly before ecdysis, grea-

ter quantities of that hormone, and, at the same time, a little crustecdysone;

and after ecdysis, high concentrations of crustecdysone, in addition to a little

callinecdysone B. The high crustecdysone titer after ecdysis has been associated

with the hardening of the new cuticle, as is the case in insects, where Karlson

and Sekeris (1^j62) have been able to demonstrate an induction of the synthesis

of tarunin*g quinones by ecdysone. Hoviever, hardening of the cuticle apparently
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does not depend on the presence of this hormone in both Orconectes and Carcinus. 

It is probable that the latter event is controlled by neurohormones produced in 

the eyestalks (Fingerman and Yamamoto, 1964). 

5. Action of exogenous ecdysones  

Soon after the isolation of the insect molting hormone, viz. ecdysone, 

ecdysones were isolated also from crustaceans. The suggestion that ecdysones 

controlled the molting events also in that arthropod group arose. As soon as 

synthetic ecdysones or natural ecdysones of adequate purity had become available, 

workers went ahead and attempted to induce ecdysis in crayfish [and related ani-

mals] with the aid of these substances. Furthermore, it had become possible by 

that time to investigate the action of the ecdysones on individual metabolic 

processes involved in the ecdysial event. 

1.5.11.1_1221Ii.11M 

The most important question, of course, was whether ecdysones actually 

would induce molting in crustaceans, i.e. whether administration of exogenous 

ecdysone would lead to a reduction of the duration of the intermolt period. 

The first evidence in that direction was provided by Carlisle (1957), who re-

ported that ecdysis was induced in Carcinus maenas  by means of injecting Y-

organ extracts. Once methods for extraction and concentration of ecdysones had 

been developed, Carlisle (1965) was able to induce ecdysis in juvenile shore 

crabs by means of repeated injections of extracts from a series of crustaceans 

(copepods, euphausiaceans, mysidaccans, Carcinus)  and from the migratory desert 

locust (;chistocerca). The hromone content of these extracts is not known. The 

Y-organs or the shore crabs employed hnd been destroyed prior to injection, in 
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order to prevent molting hormone production by the experimental animals. However, 

in shore crabs still possessing their Y-organs, Adelung (1967) was able to de-

termine no reduction of the molt cycle following administration of about 0.2 

ecdysone; Skinner and Graham (1970) obtained a similar negative result in Ge-. 

carcinus lateralis.  Lowe et al. (1968) also were unable to induce ecdysis in 

intact Procambarus simulans  using crustecdysone doses of 0.025 to 0.250 g/g. 

Following injection of similar doses into animals whose eyestalks--i.e. the sour-

ce of the molt-inhibiting hormone--had been removed, the animals underwent molt 

more rapidly than did control animals whose eyestalks had also been removed. It 

would then appear that the hormone dose administered was inadequate in the case 

of the animals still possessing their eyestalks, although that dose--as we know 

today--was very high compared to the natural hormone level prevailing prior to 

ecdysis. Using still higher crustecdysone doses of 3 to 25 4g/g, Krishnakumaran 

and Schneiderman (1968; 1969; 1970) were able to induce ecdysis or preparation 

for ecdysis, respectively, in intact Armadillidium,  Procambarus and Uca. Similar 

findings have been obtained by Balesdent (1971) in Asellus aquaticus;  Maissiat 

(1970b) and Maissiat and Legrand (1970) in Ligia oceanica;  Reidenbach (1971) in 

Idotea balthica;  Blanchet and Charniaux-Cotton (1971) in Orchestia gammarella; 

 Graf (1972) in Orchestia cavimana;  Kurata (1968) in Penaeus japonicus; Fukutake 

et al. (1969)
1

Hubschman and Armstrong (1972) in Palaemonetes kndiakensis;  Rao 

et al. (1973) in Homnrus americanus;  Warner et al. (1969) and Warner and Steven-

son (1972) in Orconectes obscurus;  ncWhinnie et al. (1972) in Orconectes  vin-

lis; and Smiley (1971) in both Procambarus clarkii  and Cambarus sciotensis.  We 

may mention in this connection that ecdysis by means of exogenous ecdysones has 

1 

Quoted after 1..iyawaki and Taketomi (1971). o 
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been induced also in chelicerata (Limulus, Araneus, Dugesiella) (Krishnakuma-

ran and Schneiderman, 1970; Jegla and Costlow, 1970; Jegla et al., 1972; Her-

man, 1972). 

In the majority of all these investigations, complete, normally proceeding 65 

moltings have been observed only occasionally, while molt-preparing events-- 

like apolysis, production of a new cuticle, formation of new bristles, regene-

rate growth, and gastrolith formation--have been induced in reliable fashion. 

The early premolt stages up to Stage D2 can be shortened by administering exo-

genous ecdysones (Stevenson and Tschantz, 1973). The finding showing that com-

plete molting can be induced only with difficulty, no doubt, may be explained 

by the fact that the hormonal environment characteristic for the natural premolt 

period can be recreated only to an inadequate degree by administering this hor-

mone. We must assume that gradually increasing release of the hormone as a func-

tion of time is necessary to induce the various biochemical and morphogenetic 

events in the different tisues in an ordered sequence, and that such an integrated 

progression is a prerequisite for successfUl molting. Injection of exogenous ec-

dysone, in fact, will induce molt-preparing processes, but these processes do 

not take place in ordered sequence in time. The integrated progression of the 

molt-preparing events depends on the hormone titer changing in a highly defined 

fashion. It is important not only that the titer rises at the proper point in 

time, but also that it again drops shortly before acdysis. Blanchet (1972) has 

been able to demonstrate in Orchestia  that injection of crustecdysone toward the 

end of Stage Eb impedes and delays ecdysis due to supernormal thickening of the 

new cuticle. Retardation of ecdysis following crustecdysone injection has been 

observed also by Graf (1972). Following administration of high crustecdysone 

doses, Krishnakumaran and Scheiderman (1970) found in rrocambilrus, Uca and various 
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chelirata that abnormal cuticles and deformed bristles had been produced. `Phese

findings demonstrate that hyperstimulation is possible---a phenomenon observed

also in insects, and described by Williams (1968) as hyperecdysonism. In the

natural course of the molting events, that state is avoided by the hormone titer

drop occurring at the proper time. Following ecdysis, i.e. during Stages A and B,

the tissues appear not to respond to ecdysones, since findings obtained by L:aiss-

iat and Legrand (1970) in Porcellio and by Rao et al. (1973) in I-iomarus ameri-

canus have shown that administration of exogenous ecdysone during these stages

does not result in stimulation of cuticle growth. The tissues respond again to

this hormone only during Stage C.

5.2. Different actions of «-ecdysone and crustecd,ysone

In both Uca pugilator and Homarus americanus, high doses of orustecdysone,

in fact, have led to induction of preparation for ecdysis, but the animals died

in most cases before completion of Qcdysis (Rao et al., 1972; 1973). The per-

centage of successful moltings was greater following treatment of the animals

with a-ecdysone. An explanation for the lower mortality following administration

of a-ecdysone may be found in the conversion o:E'cx-ecdysone to crustecdysone,

which has been demonstrated by Isi.ng and Siddall (1969). Gradual conversion could

bring about that a relatively low crustecdysone level is maintained over a re-

latively long period of time, which level imitates the natural situation better
does .

thanione single high crustecdysone dose. That explanation requires that crust-

ecdysone is the actual, active hormone, and that ci-ecdy,sone is merely an inac-

tive biosynthetic precursor, whose presence even in high concentrations is inno-

cuous. However, in insects, it has been found that both ecdysones exert their

specific actions, with an additional metabolite (3-del-kydro-ecdysone) playing a
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certain role (Karlson; cf. pages 23 to 33 of the present volume). A further 

explanation for the higher percentage of successful moltings following admins-

tration of a-ecdysone is found in a result reported by Adelung (1967) in Car- 	66 

cinus maenas. Injected radioactive a-ecdysone was almost completely broken down 

within two hours. Extracts from animals having received injections of ce-ec- 

dysone, in correspondence, contain only very little molting hormone activity 

after a few hours; however, the hormone titer of the animais  rises again to a 

considerable extent several hours after the hormone injection, and then drops 

only slowly. It would then appear that administration of exogenous hormone sti-

mula -tes the production of endogenous hormone in the Y-organs. Due to the exis-

tence of this positive feedback mechanism, a greater quantity of hormone reaches 

the target organs than has actually been injected, and an elevated hormone level 

is maintained for a longer period of time. However, it is not known whether a-

ecdysone alone exerts this effect; it is possible that crusteedysone, too, sti-

mulates the hormone production in the Y-organs, since that hormone brings about 

histological changes in these organs, rhich point toward increased activity in 

the tissues (Miyawaki and Taketomi, 1970). 

5.3. Regenerate growth  

Numerous crustaceans are able to regenerate lost limbs. The lost limb (leg) 

is initially replaced by a soft regenerate, which requires several molts for 

developing into the complete limb. Bliss (1956) distinguidhed two phases of re-

generate growth, viz, basal growth, which takes place during the intermolt per-

iod, and a second growth step, which is observed only during the premolt stae. 

It had to be asstuded that the second growth phase of regenerating limbs is sti-

mulated by the elevated ecdysone level prevailing during that stage. Following 
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injection of ecdysone, Rao et al. (1971; 1972) observed accelerated regenerate 

growth in Uca. It was found that not only the first growth phase, but also the 

second one can be accelerated by administration of exogenous ecdysone. In both 

phases, the rate of growth of the regenerates was higher following adminisbra- . 

 tion of high ecdysone doses than following administration of low doses. 

Amputation of several walking legs results in both Carcinus (Adelung, 1969) 

and Gecarcinus  (Skinner and Graham, 1970; 1972) in a Shortening of the molt cycle. 

On the basis of that finding, we are permitted to conclude that the loss of 

limbs stimulates both the production and the release of ecdysones either directly 

in the Y-organs or indirectly by way of a lowering of the M1H level. Hormone re-

lease accelerates regenerate growth, and leads to precocious ecdysis, after which 

event the animal again possesses a complete set of limbs. It appears probable • 

that the high ecdysone titer and the bimodal character of the titer curve found 

in leg-amputated shore crabs (Adelung, 1969) may be explained by this stimula- 

. tion of hormone release. 

5.4. Calcium metabolism 

During the preparatory phase, or proecdysis, numerous crustaceans produce 

gastroliths in the anterior division of the stomach, which concretions consist 

of calcium carbonate. A part of the calcium released from the old exoskeleton 

is stored in the gastroliths. During the concluding phase of ecdysis (postecdysis 

the gastroliths are again dissolved, and the calcium liberated is incorporated 

into the new exoskeleton. In the case of crayfish dwelling in freshwater con-

taining little calcium, the advantage of that mechanism is found in a saving of 

calcium (i,enihinnie, 1962). Marine crustaceans also retain and store a part of 

the calcium liberated from the old exoskeleton; this, however, not in the form 



• 

- 24 - 

of gastroliths, but in dissolved form in the hemolymph. The calcium content of 

the hemolymph of Carcinus  increases during proecdysis by about 80 per cent, 

and decreases again during postecdysis (Adelung, 1970). However, the absolu-te 

 quantity of calcium stored in the hemolymph is very small; supply of calcium 

for the new exoskeleton represents no problem for marine shore crabs. 

The close connection existing between calcium metabolism and the molting 

events suggests that that metabolism may be controlled by the molting hormone. 

However, due to the low degree of similarity existing between the titer curves 

of molting hormone and of hemolymph calcium during the molt cycle, Adelung (1970) 

believed that regulation.of the calcium level by crustecdysone is improbable. 

On the other hand, injection of Y-organ  ex-tract  reportedly results in Carcinus 

in a three-fold rise of the blood calcium level (Carlisle, 1957). By means of 

injecting crustecdysone, Krishnakumaran and Schneiderman (1970) were able to 

induce gastrolith formation in Procambarus species; Smiley (1971), in both Pro-

cambnrus clarkii  and Cambarus sciontensis;  and McWhinnie et al. (1972), in Or-

conectes virilis.  In Orchestia, crustecdysone promotes calcium storage in the 

caecum (Graf, 1972). Various reports agree that the gastroliths are better de-

veloped following administration of low crustecdysone doses than following ad-

ministration of high doses. Using X-ray photography in intact animals, Mehinnie 

et al. (1972) have been able to determine exactly the time of appearance of gas-

troliths following hormone administration. Following repeated injections of 

1 tg/g, these gastric concretions appeared considerably more rapidly than fol-

lowing injections of 8 p.g/g. It would then appear that a low hormone level is 

required for the coordinated formation of gastroliths. A relatively low ecdysone 

titer actually does exist during the early premolt stages, i.e. at the time of 

gastrolith formation. 
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Juring preparation for ecdysis, the calcium metabolism, however, is not

controlled solely by ecdysone. It appears that neurohormones are also involved,

since injection of eyestalk extract produced in Orconectes a decrease of the

calcium content of the branchiostegites, while crustecdysone brought about no

changes (1::61hinnie et al., 1972). In correspondence, it has been found that the

calcium level in the hemolymph is increased by eyestalk hormones (Charrilantier

Daures and Vernet, 1970). B estalk hormones control the calcium liberation from

the old exoskeleton, while ecdysone promotes the formation of gastroliths.

5.5. Protein metabolism.

The quantity of organic substances is lower in many crustaceans during the

preparatory phase (proecdysis) than during the C Stages ( cf. Passano, 1960).,

The increased contents of free amino acids (FAA) of the hepatopancreas, the

hypodermis, the muscles and the hemolymph point toward a breakdown of the organic

reserves (1-167hinnie et al. , 1972). Since it was possible to induce that increase

by means of removing the eyestalks, there was evidence for hormonal control of

amino acid mobilization, which takes place either by way of the eyestalk neuro-

hormones or, indirectly, by way of ecdysone production in the Y-organs. That

question was resolved by injecting crustecdysone, which caused the content of

FAA to increase (i,ic`dhinnie et al., 1972).

Either simultaneously with this amino acid mobilization or a little later,

there occurs a marked increase of the de-novo synthesis of proteins in the epi-

der;ass (Skinner, 1965; ic"Whinnie and :tohrherr, 1970; Stevenson, 1972), which

reaches its peak during D2 at the same time as the maximal release of the molt-

in[^ hormone. That increase is controlled by the molting hormone. Gorell and Gil-

bert (1969) ob2erved increased incorporation of leucine into proteins of the
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hepatopancreas following treatment with crustecdysone in vitro; following ad- 68

ministration of crustecdysone, Mc'+lhinn.ie et al. (1972) found also in vivo in-

creased leucine incorporation into both the hepatopancreas and the epidermis.

In that particular experiment, the epidermis responded more rapidly to the hor-

mone with a significant increase of protein synthesis, yiz. within 24 to 36 hurs,

while the midgut gland responded only after 48 hours. These particular results

were obtained following one or two injections of the hormone; it is probable

that these effects would be even more marked under continuous influence of the

hormone.

The finding showing that protein synthesis in the midgut gland is stimulated

by crustecdysone treatment characterizes that organ as a site of attack of the

hormone (Gorell and Gilbert, 1969). Following treatment of the midgut gland with

tritiated a-ecdysone both in vivo and in vitr_o, respectively, Gorell et al. (1972)

found that certain proteins were labeledt viz. a 6.35 S protein and a 11.5 S

protein; the light protein probably represents a subunit of the heavy one. Analy-

sis of the radioactive, bound material surprisingly revealed that it was neither

a-ecdysone nor crustecdysone, but a metabolite still not identified, which is

somewhat less polar than a-ecdysone. The view that this metabolite actually re-

presents the active form of the hormone (Gorell et al., 1972) is supported by

the iact that there exists a specifically binding protein; that would be unusual

in the case of an inactive product of degradation.

The findings presently available underline the influence exerted by ecdy-

sones on the mechanism of protein syUnthesis; however, adequate investigations

reg,ardislg the induction of formation of specific îUrA individuals under the in-

fluence of ecdysone ( s) are still missing in crustaceans. Following removal of

the eyec.inalks, Firi,^erman et al. (1967) observed a decreacse of the IL:A content of

the midgut gland, while Skinner (1966) found a prolonE;ed rise oi the content of



o 

o  

- 27 - 

ribosomal RNA in both the midgut gland and the hypodermis. However, following 

eyestalk removal, we might also be dealing with elimination of neurohormones 

(Kurup and Scheer, 1966), which elimination cannot be distinguished from specific 

ecdysone effects, if the Y-organs have not also beenremoved. 

5.6. Vitellogene  sis  

Removal of the eyestalks led in Leander to precocious yolk formation in the 

ovaries; implantation of eyestalks prevented vitellogenesis (Panouse, 1943)- It 

would appear that vitellogenesis is controlled by neurohormones produced in the 

eyestalks. However, that control possibly takes place only by indirect means, i.e. 

it could take place by way of the ecdysone production in the Y-organs controlled 

by the eyestalk hormone (MIH). In fact, it has been found that yolk formation in 

Porcellio  is inhibited following extirpation of the Y-orgnns (Besse and Maissiat, 

1971). Injection of ce-ecdysone induces precocious yolk formation in Asellus (Rei-

denbach, 1971); in Idotea, ci-ecdysone stimulates growth of the endocrine follicu-

lar tissue, vitellogenesis, and growth of the oostegites (Balesdent, 1971). In 

Orchestia,  however, crustecdysone did not affect the gonads, and vitellogenesis 

was not stimulated (Blanchet, 1972). These findings may be due to either species-

specfic differences or different modes of action of the two ecdysones. 

6. Pheromonal action of crustecdysone  

Already one hundred years ago, Louis Agassiz described the characteristic 

sexual behavior of the males of certain brachyuran species. They search for fe-

males about to undergo molting, and grasp and hold them then for several days 

until molt occurs. Copulation takes place right after the old exoskeleton has 

been cast off. Before the males grasp the females, they run about on the tips 

of the first three pairs of walking legs, with the cephalothorax raised high. 



-28- 

That behavior is exhibited by Portunas sanguinolentus  males kept in isolation, 

is water is led into their aquarium, in which water premolt females has been 

kept first. The female then must excrete a pheromone (Ryan, 1966). That phero-

mone is excreted with the urine, and the males do not respond, if the excretory 

pores of the females have been sealed with paraffin. A pheromone has also been 

demonstrated in the case of Homarus americanus, which is discharged by the fe-

male and elicites sexual behavior in the male. However, in the case of that spe- 

cies, the pheromone is excreted by freshly molted females  (A -berna and Engstrom, 1971), 

The pheromone excreted by portunid females has been concentrated by Kitt-

redge and Takahashi (1972), with the sexual behavior of the males being used as 

biological test [for the degree of concentration attained]. It was found that 

this pheromone was a highly polar steroid. The suggestion that the pheromene re- 

presented excreted molting hormone arose, since it is excreted by premolt females. 

Actually, it has been possible to elicit typical sexual behavior in males with 

the aid of crusteedysone, with concentrations as low as 1Cr la  14 being effective. 

Cancer anthonyi  and Cancer antennarius also responded to crustecdysone. Since 
Lno 

the males exhibitecUsexual behavior in the presence of other premolt males, 

juvenile females of their own species or adult females of closely related species 

(Ryan, 1966), they must have available additional information regarding species 

relationship, sex and physiological state, which, without doubt, cannot be trans-

ferred by way of crustecdysone. However, it has as yet not been investigated 

whether that information mmy be transferred also by chemical means. 



O  

- 2 9 - 

Biblio_ aphy 

1.  ADEt.uNG, D.: Dic Wirkung von Ecdyson bei Carcinus »menus 1.. und der Crustecclysontiter 
v•âhrend eines niutungszyklus. Zool. Anz. Suppl. 30,264-272 (1967). 

2, • Die Aussch:ittung und Funktion  on  ITautungshormon wiihrend eint.s Zwischenhâtaungs-
Intervalles bei der Strandkrabbe Carchtus maenas L. Z. Naturforsch. 24b, 1447-1455 (1969). 

3, - Die Verânclerungen des Kalziumgehaltes in der Kutikula und der Iliimolymphe der Strand-
krabb..,  Carcinus macnas L. wtihrend eines I-Pautungsintervalles. Zool. A  riz.  Stipp]. 33,244. 

21S (197C)). 
AD.EN, D. E.: Photoperiod, endocrinology and the crustacean molt cycle. Science :64,149-155 

(.969)- 
ATrmA,  j.  und D. G. ENGsTRoNt: Sex pheromone in the lobster, Homarns americanns. Nature, 

1.ond. 232,621-263 (1971) •  
EçurNT, M.-L.: Action d'une ecdysone de syntUse sur la 	et sur la  scxualitu  du  crustacé 

iiopode femelle Asellus . ezipfaiicrts L. C. R. Acad. Sci. Paris, Sei. 	273,1972-. 1974 (197 ) . 
4. 1 ■ : (: st R, E. und E. PLAGGE: Ober das Pupariumbildung ausliisende Mormon der Fliegen. Biol. 

7. 1 ). 	3 26-31 1  ( 1 939)- 
1 - 1. A.: The properties of neurosecretory cells. Gen. comp. Endocr., Suppl. /, 117-132 

(t963). 
B1%S17. G. um:I J. MAissiKr: Action de la glande de mue sur la vitellogenese du Crustacé Isopode • 

Porcellio dilate/is. C. R. Acad.  Sc. Paris, Ser. D 273, 1975-1978 (1971). 
11!AXCIU1 ,  M.-F.: Effets sur « la mue et sur la vitellogenese de la fk-ecdysone introduite aux 

&apes A et D, du cycle d'intermue chez Orchestia gammarclla Pallas (Crustacé Amphipode). 
Comparaison avec de la et de la u-ectlysone aux autres (t apes de Pintermue. C. R. Acad. 
Sei. Paris, Ser. D 274,3015-3018 (1972). 

BLANCHET, 	und H. CHARmAux-CorroN: Contrûle du déclendiement et de la durée de la 
période D du cycle d'intermue par Pecdysterone, chcz le Crustacé Amphipode Orchestia 
gammarclia (Pallas); interaction avec la vitellogenese. C. R. Acad. Sci. Paris, Ser. I) 272, 
307-310 (1971). 

Buss, D. E.: Neurosecre.tion and the control of growth in a decapod crustacean. In: (K. G. 
Wingstrand,  cd.)  Bertil Hanstram, Zoological papers in honour of his sixty-fifth birthday 
November 201111956, 56-75. Lund, Sweden: Zoological Institute (1956). 

BRowN, F. A. und O. CUNNINGHAM: Influence of the sinus gland of crustaceans on normal 
viability and ecclysis. Biol. Bull. Woods Hole 77,104-114 (1939). 

5. BUTENANDT, A. end P. KARLSON: Ober die Isolierung eines Metamorphose-Hormons der Insek-
ten in kristalliner FOrDl. Z. Narurforsch. 96,389-39 t (1954). 

CARLISLE, D. B.: Studies on Lysmata seticaudata Rossi (Crustacea: Decapoda) - III. On the 
activity of moult accelerating, principle(s) when administered by the oral route. IV. On the 
site of origin of the moult-accelerating principle - experimental evidence. Pubbl. Sta. Zool. 
Napoli 24,278-291 (i9i3)• 

- On the hormonal inhibition of moulting in decapod crustacea. II. The terminal anecdysis in 
crabs. J. Mar. Biol. Ass. U.K. 36, 291-307 (1957). 

- The effects of crustacean and locust ecdysones on moulting and proecdysis in juvenile shore 
crabs.  Con.  comp. Endocr. 5, 366-372 (1965). 

CARLISLE, D. B. und P. F. R. Dolim•;: Studies on Lysmata  set  icaudata Rossi (Crustacea: Deca-
poda) - II. Experimental evidence for a growth- and moult-accelerating factor obtainable 
from  eyestalks. Pubbl. Sta. Zool. Nztpoli 24,69-83 (1953). 

CARLISLE, D. B. und R. 0. C0NN1CK: Sur Porgane Y, la glande de la mue chez les Crustacés 
décapodes macroures.  C. R Acd . Sil 	1.) _c.. 	_er. _ 27 6 , 45-47 (1973). 

ClIARMANTIER DAURES, M. C. und G.1. !ERNET: Effets de l'ablation des pécloncules oculaires sur 
la variation de la concentration en calcium dans Phémolymphe de Packrears!“ marmorauts 
Fabrieins au cours du cycle d'intermue. C. R.  Acad. Sci. Paris, Ser. I) 271,16.16.-1649 (1970). 

DENsm.t., R.: Integument and exoskeleton. In;  The  Physiology of Crustacea (T.11. Water-
man, cd.) vol. 1,449-472. New York: A 11(leMiC Press 1960. 

DRACII, P.: lue et cycle d'intermue chez  les crustacés décapodes. Ann. Inst. Oceanogr. Monaco 
19,1o3-391 (t939). 

- Etude préliminaire stir le cycle d'intermue et son conditionnement hormonal chez I.candcr 
SC11'.1::!S (Pennant). Bull. Biol. Fr. Bel.,;. 78, 40 - 82 (19:14). 

I):Acti, 1'. und C. Tci (Fit NIGOVT1.EFF: Sur la Inéthode de détermination des static e d'intermue et 
son application générale aux crustacés. Vie  Milieu  Se t. A :  biol. ma t , i s, 595  6 1 0 (1967). 



•s

-30-

6.

7.

8.

9.

IicnAt.ttt, G.: Rc•cilerc!te•s expérimentales sur le riule de <,l'organe l'» dans la nlue dc C:rn•c•intts
marnas (L.) Crustacé Décapocle. C. R. Acad. Sci. Paris 2;5, 523-525 (1954).
Rvle de l'organe Y dans le clérermiuisnlc de la mue de Carcintu mrtetnts (L.). I:xpCriences
d'implantation. C. R. Acad. Sci. Paris zlo, 1581-103 (1955)-
12orr;anc Y et le detcrminisroc de la croissance et de la mue chcr Cerclons macn,xs (I..),
Crustacé Dccapodc. Ann. Sci. Nat. Set-. r_>, Zool. Biol. Anit». 1, t-S7 (1959).

Faux, A., 1). }1. S. I-IottN, E. J. Mtuttl.r•.•rc,V, 1-I. M. Fit.t:s und Al. E. Lowe: 112oulting hormones
of a crab during cccl)'sis. Chcm. Comm. 1969, 175-176 (jg6g)-

FINGLRMAN, M. und Y. YAMAMOTO: Endocrine control of tanning in the cra)•fish c•.xosicclcton.
Science r:1.j, 1q62 (1q6,1).

FiNcsres!A,N, \1.'l'., T. DustrwciAt:, M. MtYANrntct, C. Ocur.o tuid Y. YAS1AatoTc,: I\tcurocndo-
crine control of the }lcpatopancrcas in the crayfish PlocarnLalas clarkii. Physiol.7.ool.r,o,z3-
30 (1967)-

Fn:v'\;-taa., G.: A hornlonc causing pupation in the blowfly Callipliora crytbroccphvl,t. Proc. R.
Soc. (B) 118, 1-12 (1930•

G:.t.r., M.: Sur l'existence, chez quelques Crustacés Malacostracés, d'un organe comparable â la
glandt de Ia mue des insectes. C. R. Acad. SCI. Paris 2 17, 1 11 1 - - '1 13 (1953)•

- Particularités inmorphologiques de l'organe Y (glande dc la mue) des Crustacés Malacostracés.
Bull. Soe. Zoo]. Fr. 79, 166 (195^1)•

C;;t,:,.\L: Histologie comparée de la :'land,, de mue (o:ganc Y) tics Crustacés Alalacostrice's.

Ann. Sci.Nar. Scr. ir,Zool. Biol. Aninl. rR, r.I5-15' (1956).

GA!!.•::=vrx, 1). H. S. Hoxx, E.J. IMtuots'ro"', und R. J. IIncn:^ta: Structure of cl,osy-

crustrcd7sonc, a second crustacean nloultin,; hornlonc. Client. Comm. 1965, S3-S5 (1965).

Gat.t.x,ttrtt, M. N., D. H. S. I-tortN, E. J. A[tunt.t:i'o` und J. A.'l'xoNtsoN: '1110 biO.;)*lltllCSi5 Of

crusteccl)•>crle in the hlo-,vtl)• C.tllij,Lora s!ySia. Chem. Comm. 1970, 179--t So (1970).

Gom:t.t.,'1-. A. und 1.. I. G:t.ttrtt'r: Stimulation of pro.ein and RNA synthesis in the crayGsh
hepatopancreas by crustecd)•sone. Gen. con,p. Endocr. 13, 308-310 (r969).

Protrin and RNA s5•uthe4s in the prenlolt crayfish Orconec[es virilis. Z. vrr,;l. l'h)•siol. 73,

:•;i-3iE(197t)-
GC.;::t.t., T. A., L. I. Gtt.ut=.r,T und J. B. StooAt.L: Binding proteins for an ec1)•;one nlctahulitc

in the cru>taccau hcpatopancrcas. Proc. Nat. Acad. Sci. USA 69, Stz•-Si5 (1972)•

G::.^r•, \l. F.: Action de l'ecdysterone sur la ntue, 11 cu;icle et 10. métabolisme du calcium cli,-/
Urc.';c•stL, c<rvi»:ana Hcllcr (Crustacé Amphipode 1-alitridé). C. It. Acad. Sci. Paris, S,r. 1.)

'7=. 1". 91-.173•1 (1972)-
i :.lat F. und I).1-3. S. 13ovq: Structure of crustccclysone, a crustaccan nio;tltin,; hor-

r.:^: c. Chctn. Comm. T966, 37-3S (1966).

I i-r>1A::, W. S.: The ecd)•.ial glands of nrthropods. In: «International Reciel;• of C)'tolu,;y.

l;aurnr und J. F. Dtnielli, eds.) vol. 22, 269-347. New York: Acadcmic Press (1ry67).

- Mo!t initiation in response to ph)•toeccl)•soncs and low (loses of animal ccdy.-ncs in tLc

arthropod, Linr.tlus po^vpLcnuts. Gcn. comp. Enclocr. 18, 301-305 (197'-)-
I lucta, P. und R.\\hecnrtrr: ao-}-lydrox)'-L'cd)•son, iiolicrt aus lnsetuen. Tctrahcclron I.ctt.

1966, z9Sq (1966).
I loc:r.s, P., G. Scttut.a, E. \\'A•17.\ti tlntl P. I\ntuSCl\: Die Struktur des (j-i:cclysola (t). \'atur-

wls;cnschaRcn 5.,, 44-•.15 (1967)-

!c;rt:.tsrru, IL: liccl)stcron, cin ncucs I3:iutun s}lort»on der rn;clarn. Ange,;. Ci,ct». 7C,1

269--27-1 (1966). -
i in: t>tr.!src;;, H. 1111cl 1-I. F. Cnü-t•z*,Ntactttat: 7:ur Chenlic des 1:cd5-stcrons. Tctrahcclrun l.ctt.

1966, .1^1 7•-4023 (1966).

1 L,: r>tr!srrt., IL, 11. F. Grü'rzatncnra und K. I)ünxFtu;tt.: Ulttcrsurhungcn übt•r St•uktur und

bit,:;tcmisdhc \C'irlcun ;\•otl F.cdystcron. Z. N.tturfuruh. >>li, 66--70 (1967).

}1o;[xt l, L. A.: Enzymes of chitin tucttbolisul in thc dccapocl, 11cmiyr.rp>u; r:;rluc. Conlp.

I ioa:etn. Ph)•cial..lo, 757-779 (1971)•

I 10,N, 1). 11. S., E. J. ,l. A. \\ t;,Xut.ttu('!t und F. l l,tatrsttna:: Id"lltit)' Of 11W 1110111E

in; !n rmt,nr Of insccts and c•rustac-ns. Cime ni. Comm. 1966, 339 - -3-11 (19'6).
I 10;N, 1). 11. S., S. Fntntt, F. 1 i.,Nmsttllcr•. uncl M. I:. I C,\rt:: I>olation of cruatcc'l)>n:lr (2ch-

hycir0\) crd)•suue) frntu a cra)•fish (Jasu.c l.rl,r,xlc•i 11. 1\•lil nc-1?clwzrtls). I"iorh":;n. J. to9, 399--
.;c6 (t9 6â).

I1Oa.Nt'vc, IE. uucl J. R. ti-tt Vrt.!,u-,: in tue r.ltc of chitin s)•nthr;is tlurinl, tif. cr.l)•-

fiat t»oltin, ; c)•.•le. Car»p. Rin,hcnl. Pilpsiol..,;.11 -i.1G (tq7t).

^. vH1Y•..-A^p-r,+,....TY:C."^.hyTR'°^y :T^*"J.^T-^4TSlT`.!r,7^.c^F.•'.F.TY,S-.!f.Ç.r.,..^.^..^2...a



- 31 -

10. ilurr'.r,, R. und W. T-lorpi:: Zur Chcmie des F.cdysons. VIT. Die Tiristall- und A4olckülstrulaur-
anlly.e des Inscktcn^crpuppun;shorntons Ecclyson mit dcr autontatischrn Paltmolrkiilana-

1)'se. Chrm. Ber. 98, 2403-2424 ( 1965).
Ht:tacu .t,^x, T. T r. und P. W. Axms'rtto-NG: Influencc of ccdystcronc on moltinl; in P.al,tr»7otx•tcs.

Gen. comp. I:nducr. iS, .435-435 ( 1974
Ht:M;-HFr.Ya, C. R. mtd J. It. STEVENSON. Chan^es in epidermal DNA, protein at;cl protein syn-

thesis during the molt cycle of the crayfish Orcc» lectre satrGorni (Faaon). Comp. Biochem.

Phy^i01.,):f, It.'-1•-tt2S (1973)-

JEGt.A, T. C. und J. D. Cosrt.ov: : Induction of mo!ting in horseshoc crab larvae by polyllydroxy

steroitls. Gen. cornp. Endocr. 14, 295--307 (1970).

Jt:ct.r.,1'. C., J. D. Gosrt.ov- und J. At.srAUGtr: T.ffects of ccdysoncs and some sy•nthctic analogs

on horseshoe crab larvae. Gen. coutp. Iindocr. f9, 159-166 ( 1972).

JEx~;tN, P. M.: Apolysis and hormones in the moulting cycles of Arthrohoda. Ann. I:ndocr.
Paris 27, 331-3.11 ( 1966).

JrxtaN,1'. M. und H. E. HtN'rort: Apolysis and arthropod moulting cycles. Nature, Lond. 21 1,

S7i (1966).
KAKI SON, P.: BioChcmical studies on insect hormones. In: nVitamins and T-Iormones- (K. \'.

Thimantl, cd.) vol. 14, 225. New York: Academic Press ( t956a).

Chemiscne Untorsuchungen über clic A-fetimorphosehornlone der Tnsektcn. Aun. Sc. Nat.,

Zoo]. Biol. Anitn., Ser. TI, 18, 125-13S (1956b).
12• -• L•'c:lysc,n, Clas Hantungshornlon der Itlselcten. Naturwisscnscllaflcn S-i, 445-453 0 966).

13. .lip.xLSO^, P. und P. Sct-tMn,sLta: Notiz liber (lie Isolierung von ivialons iure-atnid-0-p}lenyl-
üth;'lamid au. Garneelen.IIoppe-Seyler's Z. Physiol. Chcm. 3i6, S3-S7 ( 1959)-

TC.aRLSON, P. and D. M. SKINNER: Attempte.i extraction of crustacean moultini, hormone from
isolated Y-Organ. Nature, Lond. lSS, 5-13 (t96o)•

14• Knr.LSOx, I'. tuid C. B. SEta:ats: Zum "i'yrosinstoflcvecluel der Insekten. 1X. Kontrolle des
'hyrosinstoffwechsels durch Ircdyson. Biochitn. Biophys. Acta 6.;,.}S5-495 (1962).

15• RARLSOZ", P. und H. Hota:atEtsTEtt: Zur Biogenese des L''cdysons. I. Umwandltulg von Chnla-

sterin in T:ctlyson. I-loppe-Seyler's Z. Physiol. Chenl. 33f, 395-300 (1 963)•

16. 11ELLER, R. Und D. ADi•:LUNG 7 Vcrülcichend morphologischc und physiolop;ischc lJntcrsucituigcn

des Int.gumentgevvebes und des I-I:iutuntishornlon^,ehaltes beitu Pluflcrehs Orconectec !i»to-

sn> wiihrend eines 1-I;ilttungs-r.ylclus. \Vilhclm RouM' Archir 164, 209-221 (1970).

KING, D. S. und J. B. StunaLL: Conversion of (k-cctlysone to r,-ecdysone by crustaceans and

insects. \aturc, Lond. 221, 955 956 (1969)•
Iit•rrt:EUCE, J. S. und h.'l'. TAtcnunsfn: The evolution of sex pheromone communication in

arthmpadl. J. theor. Biol. 35, 467-471 ( 1972)-
Kot,E6, S.: Studies on the necessity of the brain for the inception of insect metamorphosis.

Biol. Bull. Woods Hole 42, 323-342 ( 1922)-
KRISH\AAL'Nt:\RA\, A. und I-I. A . SCHNJ:It,i:RNt:\N: Chemical control of moultiu ; in artltropods.

Nature, Lond. zzo, 6ot--603 ( 1968)-
Induction of molting in crustacca by an insect molting hormone. Gen. coulp. 1?ndocr. r=,

5t5-51S ( 1965;)•
Control of molting in mandibulate and chclicerate arthropods by ecdysones. Biol. Bull.

Woods IIole 1_39, 520-538 ( 1970)-
17. IiüMu:!:L, G., H. Ct.AAsseN und R. hrLLrt: % ur Pcinstrulüur von Cuticula und Epidermis 6citn

Flu!',Icrebs Orconcctes limosus w:ihrend cines I-I;iutunnszylaus. Z. '/.cllforsLh. -709, 517-55f

(t970)•
}aat.al':1,T-I.: Induction of molting in a prawn, Pcnracnc jr+pcn:icrrs, by inohosteronc injection.

}tu1l. lap. Soc. Sci. Fi.h. 34, 9o9-9t.} ( t96S).

Iap.cv, \. G. und lI. T. Scttr:tat: Control of protein synthesis in all anomur:ul crust:tcran.

Comp. Biochem. Physiol. fR, 971 (t966).

184 l.:Nxc, I:.: Chitinsynthrw bei dctn Fluflcrehs Orconectes li»:osu>: Aktivi6t der Phoaphv , luru..-

amin-ison:crase und Einbau ve^n ('lucose-U-14C in Chitin. Z. N'c•r1;L Physiol. 73. 3°S-316

(t97t)•
Lovt'r, \I. E., 1). 11. S. I luttn uud \4. N. G:v.at(nrrtt: The role Of crustecdysonc in the nluultinl;

crayfish. Iixpcrirtitia ?.), 5 t 5--5 t 9 ( t9GS).

I oV t.. \1. L. 1111,1 1). 11. S. I101,N: The role of cruaeedy:onc• in nioltinl; and l;.utrolith form.16011

in t!:r irayfish l'rontnrb.n-us çilr,u/.ttts. Pitysiol. Syst. Semiarid Knviron., Srnlin. 1017, 155- t63

(1969).



o 

o  

— 32 — 

NIAtsstAT, J.: Etude expérimentale du rôle de «rms.-tile Y». dans le détermi n isme e n d ocri ne  (l e 
 la mue  cly l'Isopode Oniscoide Porcc/lio di/atauts Brandt. C. R. Acad. Sci. Pari s  270, 257; 

2 57-I ( 1 97 3a). 
- Anecdysis expérimentale provoquée chez POniscoide Ligict occanica I,. et rétablissement d e  11 

mue par injection d'ectlysone ou réitnplantation de glande maxillaire. C. R. Soc. Bol.  16,1, 
T6D7-16z9 (197:1). - 

MAIss!AT ,  j .  und  J. j.  LI:GRAND: CoMributiOn  t l'étude exp!.rimentale du contrôle hormonal 
du cycle de mue chez les Oniscoides Porcellio dilatatus et Ligia occanica. C. R. Soc. 
164,359-362 (197o). 
r s uxt..cto,  R. Experimental studies of the neurosecretory activities of the thoracic gan glion 

or a crab. II cmigrapsus. Gen. comp. Endocr. 2,4-11 (1962). 

NILWIIIN>:;;., M. A.: Gastrolith growth and calcium shifts in the freshwater crayfish, Orco»ectes 
•irdi5. Co•p. rtiochem. Physiol. 7, T—I4 (1962). 

NIcWilixxtr.., M. A. und R.  J. KutcHENBERG: Crayfish hepatopancre. -.s metabolism and the 

interrnoit cycle. Comp. Biochem. Physiol. 6,117-12S (1962). 

NICNVitrxxii., M. A., NI. O. CAHOON tmd R. JottANNEca:: Hormonal effects on calcium meta-

boli , rn in Crustacea. Am. Zool. 9,841-855 (1969). 

Mc  NVII:NNtE, Nl. A. und C. J. MOHRI1E1111: Influence of eyestalk factors, intermolt cycle and 
seasol upon 1 4 C-leucine incorporation into protein in the cray-fish (Orconcctes virilis). Comp. 

Bithhem. Physiol. 34, 415-437 (1970). 
NIcWtuNxt E. M. A., R. j. KIRCIIF.NP.ERG, R. J. UKIIANSIU und J. E. Sca twARz Crustecdysone 

mediated dtanges in c 	1 	% _m. Zool. 12, 357-372 (1972). 
NliyAx.-m-n, NI. und Y. 'FAKEIOMI: Structural changes induced in the cell of Y gland of cray-

fishes by an administration of ecdysterone.11obutsug,aku Zrtsshi (Zool.Nfag.) 79,r so-i 55 (197o). 

Changes of Y gland cell structure of the crayfish, Procambeerus clarhii, during the molt cycle 

and in some experimental conditions. Kumamoto J. Sci., Bid. zo, 55-67 (197 t). 

MIVAM'AM, NI., Y. TAKE-romt und E. F. Couént: The susceptibility of Y-gland cells of the cray-
fish, Procaenbarus clarkii, to exogenous steroids. Attnot. Zool. Japon. 44,41-46 (1971). 

PANOUSE, J. B.: Influence de Pablation du pédoncule oculaire sur la croissance de l'ovaire chez 
I a crevette Lcandcr scrratus. C. R. Acad. Sci. Paris 217, 553-555 (1943). 

PASSANO, L. NI.: Neurosecretory controle of molting in crabs by the X-organs sinus gland com-
plex. Physiol. Comp. Oecol. 3,155-1S9 (1953). 

- Molting and its control. In: ttThe Physiology of Crustacea. (T. H. Waterman,  cd.)  vol. r, 
473-536. New- York: Academic Press 1960. 

PASSANO, I.. M. und S. ,IYSSUNI: The role of the Y-organ in crab proecdysis and limb reg,enera-
tion. Comp. Biochern. Physiol. 9, 195-213 (1963). 

R.0, R. K.: Isolation and partial characterisation of the moult-inhibiting hormone of the crust-
acean eyestalk. Experientia 21, 593-59.5 (196 ) ). 

RA°, R. K., M. T. FINGERMAN und C. IIAYs: Effects of weedysone and 2o-hydroxyccdysone on 
limb reg,eneration and molting' in the fiddler crab, Uca pugilator. Am. Zool. zz, to6 (1971). 

-- Comparison of the abilities of u-ecdysone and 2o-hydroxycctlysone to induce precocious pro-
ecdysis and ecclysis in the fiddler crab, Uca pugilator. Z. vergl. Physiol. 76,270-284 ( 1 97 2 ). 

P.A0, R. K. S. W. FINGERMAN 1.111d M. F1NGEIUIAN: EffeCtS of exogenous ecdysones on the molt 
cycles of foui-th and fifth stage American lobsters, llomarus rourricanus. Comp. Biochem. 
Physiol..14,1105-1120 (1973). 

R ets,  H. II.: Ecdysones. In: t , Aspects  of Terpenoid Chemistry and Biochemistry>,  (T. W. 

Goodwin,  cd.)  London: Academic Press 1971. 
Ruin NnAcAt, 	Action d'une cedysone  de  syntlu'!se sur la mue et le fonctionnement ovarien 

chez le Crustacé Isopode Mote.: balthica (Pallas). C. R. Acad. Sci. Paris, Ser. I) 273, 1614 - 
ley;  (i 97 0. 

RyAN, E. P.: Pheromone: evidence in a decapod crustacean. Science 151, 340-341 (1966)• 
Scumatrn, B. und M. WEITZMAN: Current problems in invertebrate nottrosecretion. In: t.Aspects 

of Neuroondozrinologytt (W. Bargmann und B. Scharrer, eds.) t-23. New York: Springer 
Verlag 

S(.1!: Fn. II. T. und :NI. A. R. SE:11E111: The hormonal regulation of metabolism in crustaceans. 
Pubbl. Sta. Zoo'. Napoli 25,  397-418 (1954).  

51.INNI II, I). 	structure and metabolisln of a crustacean integumentary Ii5SIle during a 
molt cyele. lti. Bell. Woods I lole 123, 635-647 (196 2). 
Amino acid inccn poration into protein during the molt cycle of the land crab, Gcr.teittu. 
/.:fer.ili;.  1. I.xp. / on!. z6z , , 226-233 (1965). 



d 

-  33  - 

-- Macro:no lectihi .  changes associated with the growth of crustacean tissues. Am. Zoo!. 6, 
242 (1966). 

St:INNcii., 1)...\1. und 1). E. (it:AnAm: Moltinr, in land crabs: stimulation by leg removal. Science 
1A9. 3S3-3SS ( 1 97:, )• 

SI:INNrE, D. i■ l. und D. E. GIMIANI: Loss Of limbs as a stitrudus to ccdysis in Brachytira (true 
crabs). Biol. Bull. Woods Hale 143, 222-233  

SSul.1:Y, J. \r;.: J nd uc Lion of gastrolith formation by exogenous ecclysterone. Ass. Southeastern 
Biologists Bull. /8, 56 (1970. 

Soct:AsKY, J. B., D. E. AIKEN Und  N. FL F. WArsoN: Y-Organ, molting gland, and mandibular 
organ: a problem in decapod Crustacea. Can. J. Zool. 50, 993-997 (1972). 

19. SPECK, U.,  • <.. UKICIt Unci U. FIERz-I-ItinNER: Nachweis ciner Regulation der Glucosaminbilclung 

'lei dem Flufflcrebs Orconectes lirnosus zur Zeit der Lliiutung. Z. vergl. Physiol. 76, 34t-346 

( 1 97 2.). 
STEPH.FNs, G. C.: A molt-inhibiting factor in the central nervous system of the crayfish, Cani-

barus  si).  Anat.  Bec.  ///, 572-573 (1951). 
STEVrNsON, J. R.: Polyphenol oxidase in the tegtunental glands in relation to the molting cycle 

of the isopod crustacean Armadillidurn vulgare. Biol. Bull. Woods Fiole 12 1, 554-560 (1961). 

2‘.1etecdyiial molt-  staging and changes in the cuticle in the crayfish Orconectes sanborni 

(Faxon). Crustaceana 14,169-177 (1968). 
- Changing activitieS of the crustacean epidermis during the molting cycle. Am. Zool. I2, 37-

38Q  ( 1 972 )• 
STEvENsoN, J. R., R. H. GUCKEILT Und J. D. COHEN: Lack of correlation of SOrne processes in the 

crayfish. Biol. Bull. Woods 1-Joie  134, 16o-175 (1968). 
STEVENsON, J. R. und D. A. TUNG: Inhibition by actinomycin D of the initiation of chitin bio-

synthesis in the crayfish. Comp. Biochem. Physiol. 39, 559-567 (1971). 

STEVENSON, J. R. und J. A. TscHANTz: Ecdysterone - presence necessary tO sustain the moulting 
process in cray fi sh. Nature, Loncl. 242, 133-134 (1973). 

TcHERNiciowrzEFF, C.: Croissance épithéliale et cycle d'internme chez Leander serraties. C. R. 
Acad. Sci. Paris, Sur. D 243.  600-6o2 

.TESHINIA,  S.  and A. KANAZAWA Biosy-ntliesis of sterols in the lobster, Panulints japonica, the 
• prawn, Pi.waetts japOnieitS, and the crab, Portunus trituberculatus. C:omp. Biochem. Physiol. 

38 B,  $ 97-602 (1971). 
TRAVIS, D. S.: The molting cycle of the spiny lobster, Pantilirtes argus Latreille. 11. Postecclysial 

histological and histochernical changes in the hepatopancreas and integumental tissue. Biol. 
Bull. Woods Hole roS, 88-112 (1955). 

- The deposition of skeletal structures in the Crustacea, 1. The histology of the gastrolith 

skeletal tissue complex and the gastrolith in thc crayfish, Orconectes (a-unbar:es) virili. 

' Hagen -- Decapoda. Biol. Bull. Woods Hole //8,  x7-j49  (1965a). 

- The deposition of skeletal structures in the Crustacea, 5. The histomorphological and histo-
chemical changes associated with the development and calcification of the branchial exo-
skeleton in the crayfish, Orconectes virils Hagen. Acta histochem. 2o, 193-222 (19651)). 

VAN »EN Ocmco, A.: The absence of cholesterol synthesis in the crab, Cancer pagurus 	Comp. 

Biochem. Physiol. 13, 461-467 (1964). 

WARNER, A. C., J. R. STEVENSON und C. CHuRcfn The initiation of precocious premolt in 
Orconec:es obscurus With injection of tc-cedysone and crustecdysone. Am. Zool. 9,1085 (1969). 

WARNER, A. C. uncl J. R. STEVENSON: The influence of ccdysones and eyestalk removal on die 
molt cycle of the crayfish Orconectes obsciirms. Gen. ornp. Endor. r8, .15 4-462 (1972). 

WILLIAMS, C. M.: Ecdysone and ecdysone-analogues: their assay and action on diapausing pupae 
of the Cynthia silkworm. Biol. Bull. Woods Hole /34, 344-355 (1968). 

A., H. 11. RrEs und T. W. Goonwtx: Biosy iithesis of insect moulting hormones in iao• 

lazed ring glands and whole larvae of C'allipbora. J. Insect Physiol. 17, 2317.-2326 (1971). 

A. und R. 1:1:1.1.11: Molting hormone content, cuticle growth and gastrolith gr(lv,.th  iii  

the molt cycle of the crayfish Orconectes /imosus. Z. vergl. Physic)]. (b m Drudt). 

ZANDIA', 1). I.: Lipid inetabCdiSm in ilstaCiti astacaS L. Nature, 1.ontl. /95, 814-815 (1962). 

- Metabolism in the crayfish Astacus asiacus (L.). M. Absence of cholesterol synthesis. Arch. 
mi.  Physiol. Biochem. 74, 435 - 441 (1966). 

- Absence of Choi,. sterol synthesis as contrasted  vthi  the presence of fatty acid 	nthesis 1 11 

some artlitoptids.  ('op.  Biochent. Physiol, 2a, SI 1-822 (1967). 

1)R. 	 Abteilting Biologie 1 der Univesn.itiit.1_11111, 1)--79.Do Uhin, Meal-  Esels1),•!‘i,. 
■■•••••■••■■•■■■■■••• 

Federal Republic of Germany o  



-  34  - 

Translations of foreign-language titles  

1.Action of ecdysone in Carcinus maenas  L. and the crustecdysone titer during 
the molt cycle. 

2. Release and function of the molting hormone during one intermolt stage of 
the European shore crab, Carcinus maenas. 

3. Changes in the calcium content of the cuticle and of the hemolymph of the 
European shore crab, Carcinus maenas,  during one molt 

4. The hormone causing puparium formation in flies. 

5. Isolation of the metamorphosis hormone of insects in crystalline form. 

5a. 20-Hydroxy-ecdysone isolated from insects. 

6. Structure of P-ecdysone. 

7. Ecdysterone, a new molting hormone of insects. 

8. Chemistry of ecdysterone. 

9. Studies of the structure and biochemical action of ecdysterone. 

10.Chemistry of ecdysone. 7. Crystal and molecular structure analysis of the 
insect pupating hormone, ecdysone, with the aid of automatic convolution 
molecule analysis. 

11. Chemical investigations of the insect metamorphosis hormone. 

12.Ecdysone, the insect molting hormone. 

13.Note on the isolation of malonic amide $-phenylethyl amide from shrimp. 

14. Tyrosine metabolism of insects. 9. Control of tyrosine metabolism by ecdysone. 

15.Biogenesis of ecdysone. 1. Transformation of cholesterol into ecdysone. 

16. Comparative morphological and physiological investigations of the integumen-
tary tissue and of the molting hormone titer of the crayfish Orconectes  
limosus  during its molt cycle. 

17.Fine structure of cuticle and epidermis of the crayfish Orconectes limosus  
during one molt cycle. 

18. Chitin synthesis in the crayfish Orconectes limosus:  Activity of phosphoglu-
cose amine isomerase and incorl)oration of glucose-Ui- " C into chitin. 

19.Demonstration of a regulatory mechanism in glucosamine formation in the cray-
fish Crconectes limosus  during the time of molt. 


