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DYSTROPHIC MORPHOLOGY AND 
ITS SIGNIFICANCE1 

i l ~ o s ~  in-the environinental factors ~ ~ h i c h  
fluence the a t~uc ture  and functions of the liv- 
ing organism, nutrition is of primary impor- 
tance. One of the most fruitful methods of 
stuclying the process of nutrition is that of 
inanition. By withholding 01' decreasing the 
normal diet (total inanition) or merely orle or 
more of the essential nutritional elements (par-  
tial inanition), we may observe effects which 
throw much light upon the normal process of 
nutrition from the standpoint of physiology, 
of pathology or of normal morphology. I t  is 
with the morphological aspect of the problem 
that we, as  anatomists, ape primarily concernerl. 
TTTe clesire to learn the significance of the form 
and structure of the living organism ancl the 
factors concerned in its morphogenesis. 
, Experimental work by many investigators in 

this field during the past century ha, resnltecl 
in a large number of midelj~ scattrreil data 
concerning the effects of inanition upon the 
gro~vtli and str~lcture in numerous spt~cies. 
These effects of inanition have been extensively 
and carefully studied, not only in  the verte-
brates, but also among the lower organisms, 

the inrertebrales and the plants. I t  mag 
therefore be profitable to review briefly some 
of the principal result, of inanition in  these 
lower forms, partly because they are less well 
l<noliri1 to anatomists in general and partly 
because certain asprots of the problem are 
more clearly revealed in these simpler organ- 
isms. I n  general, only those phases mill be 
consiclerecl \i.hich appear  of most significance 
in comparison with the results in the higher 
animals, including man. 

EFFECTS OF IKANITIOS IN PLANTS 

Plants in general, much more than animals, 
appear susceptible to modification by various 

1 Presidential add~ess,America11 Association of 
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external factors, including the food supply. 
I t is difficult to summarize briefly the principal 
morphological effects of inanition upon plants 
on account of the wide range in the character of 
these organisms and the great differences in 
their mode of nutrition. In general, however, 
it is clear that the effect of inanition is to re
strict or inhibit their growth during the devel
opmental period, often resulting in premature 
development with the production of marked 
abnormalities of form and structure. In the 
poppy (Papaver) an inheritance of some of 
the experimentally produced variations is 
claimed (De Vries, Hoffman, Eignano). In 
later stages the plants are usually less sus
ceptible; but sooner or later a deprivation of 
nutriment will usually produce protoplasmic 
atrophy and progressively degenerative 
changes in the cells and tissues, finally result
ing in the death of the organism. Of the cell 
constituents, the formed storage products 
(starch, oil, etc.) are usually consumed first; 
then the cytoplasmic structures are attacked; 
lastly the nucleus, which is the most resistant. 

These effects are produced not only by gen
eral or total inanition (either complete or in
complete) but also often in a strikingly char
acteristic manner by partial inanition, when 
there is a marked deficiency of only one (or a 
few) of the numerous essential factors of plant 
nutriment. Lack of any one of these f a c t o r s -
water, calcium, potassium, magnesium, iron, 
phosphorus, sulphur, manganese, nitrogen, car
bohydrates and possibly vitamins—will cause 
stunting of growth with variable degenerative 
cell-changes. These are expressed by morpho
logical and physiological derangements, often 
resulting ultimately in the death of the organ
ism. The effects are apparently most severe 
in the case of phosphorus or nitrogen defi
ciency. 

In addition to the deleterious effects more or 
less common to all these partial deficiencies, 
there are in each ease certain peculiarities 
due to the special functions which each of the 
food-elements normally performs. These pe
culiarities appear also to vary considerably in 
different classes of plants. 

Thus wrater deficiency is usually expressed 
promptly by characteristic changes in form and 
structure of plants on account of its funda
mental importance in morphogenesis and vital 

structure, as well as in transportation. Of the 
various salts, those of calcium, potassium and 
magnesium are especially essential for chloro
phyll production and staiveh formation. Phos
phorus appears to be more concerned with the 
transformation than with the origin of carbo
hydrates. Cellulose formation proceeds in the 
absence of phosphorus, but i- impossible with
out calcium. Mitosis may occur in the absence 
of calcium or of magnesium, but not without 
potassium or phosphorus. The process of in
florescence and the development of the sexual 
organs in general appear to he unusually sus
ceptible to the effects of malnutrition and in 
some eases (especially in fern prothallia) a 
deficiency of calcium or nitrogen may influence 
sex by inhibiting the development of the female 
organs (archegonia). 

EFFECTS OF INANITION IN PROTOZOA 

Some of the more important results of in
anition among the protozoa may be indicated 
briefly in relation to changes in body sizc? 

endoplasm and ectoplasm, nucleus (maeronu-
cleus and micronucleus), reproduction (cell-
division and conjugation) and recovery upon 
refeeding. 

Change in size and form of the body—'All 
the evidence shows a marked reduction in the 
size of protozoa during inanition. The main
tenance of the original size in Nociiluca is 
merely apparent, the increase in peripheral 
vacuoles masking the decrease in cytoplasm* 
The recorded data indicate a decrease in length 
to about one half of the original in Parameciumy 

one fifth in Stent or and one tenth in Dileptus 
and Pleurotrichia. Thus in these extreme eases 
the volume may be reduced to less than one 
per cent, of the original The rapidity of the 
loss varies according to temperature. There 
are also more or less marked and variable 
changes in form accompanying the diminution 
in the size of the body. 

Changes in the endoplasm—The cytoplasmic 
changes at first appear chiefly in the endoplasm^ 
which becomes progressively reduced in amount 
and transparent, on account of the disappear
ance of the food-vacuoles and similar inclu
sions. In the later stages of inanition a pro
gressive vacuolation of the endoplasm has been 
described in various species by all recent ob
servers except Lipska. Such vacuolation of the 
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endoplasm apparently does not occur in  Nocti- 
luca and Pleurotricitia, horvever, and Lipska's 
results indicate that even in Paranwcium i t  is 
probably only an indirect effect of inanition, 
being due primarily to other enviroilmental 
factors. 

C7~c~agesi??the ectoplasm-In all cases the 
cell-membrane and associated ectoplasmic 
structures (cilia, trichocysts, cytopharynx, etc.) 
appear  more resistant than the endoj~lasm, but 
in the later stages of inanitio~l they also may 
be attacked ancl partially reso~.bed. Asqo-
ciated ~ i t h  lhese regressive changes there is a 
progressive decrease in motility and in othel* 
vital phenomena. 

A7zccleclr clrcozges-The nucleus in  general is 
much mole resistant than the cytoplasn~, but 
may sho~r- changes in forin with loss of chro- 
matin content. I n  forms such as Paramecium, 
with inaci.onucleus and micronucleuf, the for- 
mer sholr-s more distinct changes. I n  the 
earlier stages of inanition it  frequently elon- 
gates and enlarges. Later it  usually divides 
and may sho~v degenerative changes, with gran- 
nlaiion, racuolation, fragmentation and rariable 
extent of resorption. The micronucleus usually 
persists practically unchanged, although rarely 
it may divide reunion of the~ i ~ i t h  daughter 
nuclei. This persistence of the nucleus is a 
facto? of great importance for  the survival of 
the organism during periods of inanition. The 
less importaizt constituents of the organism are 
usually consumed first, the most essential ap- 
parently survive longest. The persisteilce of 
the nucleus during starvation recalls a similar 
behavior when living cells are engulfed and 
digested (8.g. by P,.iclzosphaerium, according to 
Schaudinn) ancl i n  trypsin digestion experi-
meats upoil dead cells. This may be of signifi- 
cance as indicating the presence of similar 
enzymes during the autolgsis of cells in  star- 
vation. 

Eflects on repvocluctio~+-The relations of in-
anition to reproduction in protozoa have at-
tracted much attention. Xany  observers have 
noted a n  apparent stimulus to division re-
sulting from n brief period of star:.atlon. R. 
Hertwig, ho~veuer, observed that  whiie under 
certain conditioiis fasting protozoa may divide 
more readily than well nourished, as claimed 
by Jickili and others, this does not occur as  a 

gei~e'al rule. I n  Parenzccium, ~vhich has I~eeii 
illore extensively stnilied, divisions occur to a 
variable degree ill the early stages of inani-
tion, but rarely or never in  the later stages. 
Accol*ding io Hertwig's theory, inanition upsets 
t h ~cell-ecluilibrium as expressed by the ilnclens- 
plasma ratio; but the relalive increase ill the 
nucleus may be eqnalizeil later by a reduction 
in ch~omatiil, aqsociatecl with the process of 
conjugation. 

Rolph, who proposed a nutritive theory of 
qes, claimed that conjugation occurs in  pro- 
tozoa when conditions ~*e>ult in  a n  interfereilce 
~v i th  their nutrition. Thus sex is coilsiilerecl as 
primitively a form of Ilangei*. ~vhicli drives 
the o:ganism to engulf its neighbor ("iso-
phagy"). A siinilala theory of sex TTas elnbo- 
I-ated by Oeddes a11d Thompson. The s t d i e s  
of Afaupas and of numerous more recent in-
ve,tigato~~s, holr-ever, have shown that the life 
czycle of the protozoa, with its phases of sexual 
and asexual reproduction, is apparently a very 
complicated pl-ocess, involving both internal 
and external factors. Among the latter, in-
anition is doubtless a n  important factoy, which 
undeiS certain conditions may induce conju-
gation. This was obqerved by Xanpas and 
others in  numerous species of Infusoria. Hert-
~ ~ i gdiscovered that when lonr temperature 
cultures (which have a relaiively large nucleus) 
are placed a t  a high temperature and kept 
without food, a n  artificial depression is pro-
duced which leads to conjugation. This mas 
confirmed by Prandtl for  Didiniurn, and by  
Popoff for  Epistyiis. Conjugation has been 
observed ia the easliei* stages of ordinary inani- 
tion in Paramecizcm by Ilasanzeff, llTallengren 
and Chainsky; hut Calkins and Lipska found 
inanition very unfavora,hle to conjugation. I t  
is evident that further research is necessayy in 
ordey to clear u p  this fundamental problem. 

Recovery ~ p o j t  refeediag-The protozoa 
show an astonishing capacity fo r  recuperation 
upon carefnl refeecling after inanition. Maupas 
fo~lnd  that an atrophic Sfelator regained its 
original size in t r o  clays of abundant reali- 
mentation, which evidently involved an in-
crease of over one hundred times its redcced 
volume. Joukowsky observed a similar remark- 
able capacity f o r  recuperation in Plez~rotrichia. 
I n  Paravzecizinz T\T~llengren found a normal re- 
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cu\e-,y possible, evcil in the greatly aacuolateil 
condition af ler  fifteen days of ~nenition. Lip- 
skn, horvever, fonnct recovery in  general possi- 
ble only up to four or five clays of inanition. 
Tlie process of recovery is the inverse of that 
clnzing inanition, and cel l -di~is ion~ begin after 
tliree to five days of refeeding. Jeiinings 
noted that variability in size is increased dur- 
ing refeeding, some inclivirinals recuperating 
m o x  rapidly than others; but the normal con-
dition is eventually restored. 

EFFECTS OF ISASITIOK AYOSCT THE HIGHER 

IXVERTEERATEF 

Although it is impossible to summarize sat- 
isfactorily the effects of inanition u.pon such 
a large and varied group of organisms as those 
1.epresentec1 by the metazoa:i invertebrates, i t  
may be profitable to revie~v briefly some of the 
principal features involved. 

Efects on body lceiglit a?zd 8id~-ih pointecl 
out by P i i t t e ~ ,  the possible decrease in dimen- 
sions during inanition is much lees in those 
forms having a firm skeIeton (e.g., Srthropocla). 
The inas i rn~~m possible rednction in bocly weight 
anrl size varies greatly arliong the higher in- 
vertebrates, rallgillg from fifteen or twenty per 
cent. in some Artl~ropoda to over ninety per 
ceat. in some coelenterates and planarians. 
Among coelenterates, Hyclrtc is reduced to one 
se~ent l i  or less in  lengtil; the jellyfish Auvelia 
to  one f o u ~ * t h  ancl Cassiop~ci to one twenty-fifth 
of tile original vol~ulit:.. Pla~iarians (flatworms) 
rnsy be reduced one trre1f;h in length and to 
one three hunclretlth in volume. I n  the snail 
Aclia ' ,  the loss in weight apparently varies 
from eleven to fifty peP cent, or Ino-re, accord- 
ing to slxcies and conditione, with inuch incli- 
uidual sa~ ia t ion .  A~ilong the Brtliropocls il loss 
of se.-,enty-lire per cent. in c-eight is rccorcled 

f o i  tile water-flea Ucrpil.rcia ancl of fifteen per 
cent, for  the crayfish Astcicax. Great variation 
has also been found amo:ig the insects. 

Theye are relatively fen- {data on the lose 
cl11,~ing inanition ia  larval stages. Tile larvae 
of the Stro~zg~jlorentvott~ssea-urchin liaiclus 
may decrease to half the iliameter of thc orig- 
inal ovum. Ci~ovtopl~aganymphs lose twenty to 
t:verit>--fire per cent. ant1 the tent-cate~pillar 
(Clisincumpu) thirty-five per cent. The re-
markable recluction (to one six hundredth) in  

the larva of the beetle l'rogoderma is appar-  
eiitly exceptional. Tlie loss d ~ r i l l g  the pnpal 
stage in general appears relatively slight. 

Efects o ~ ,the form. of t h e  body-Dnring in-
anition the body is not only reduced in size, 
hut also fl'eyueiitly more oy less changed in 
form. B g d r a ,  fo r  example, becomes a t  first 
abnormally elongated, later greatly contracted 
and ~elat ively broader. The water-flea Dephniu 
preselits a peculiar modification of body form 
attriliutec! to inalnutritioll and said to he hered- 
itary (Woltereck). I n  the sponges, the coelen- 
terates and the planarians the changes are re- 
marliably great, not only in external form but 
also in cor;.esponcling internal structure. The 
so-called "recluction" process in these forms 
more or less resembles a reversal of the de-
velopmental process, which will be discussed 
later. I11 p l a i ~ a ~ i a n sthe involntion frequently 
involves the posterior portion of the bocly to 
a greater extent, resulting in a relative en-
la~*gement of the head region. This is also 
true of the nemertine worm Liaeus lncteus, but 
not of Li?zeus rzbber, which illustrates the dif-
ferences ~ilhich may occur between species. 

Citctnges in cnriozts orga.ns apzd tissues-It is 
a reniai*table fact that the various organs ancl 
tissues of the in~ertebrat-e body differ greatly 
in tlieir resistance to inanition. Some undergo 
changes very quickly, others only after longer 
perioils, and still others show a relnarkahle 
resistance. There are also diberences it1 tile 
extent of atrophy, as  well as  the order of 
seynerlce. 

In  the medusa C'ussiopea the loss is almost 
entirely a t  the expense of the gelatinons grounil 
substance; while in sponges, on the contrary, 
this snhstance is increased in amount. The 
cctotlermal. structures are more resistant but 
they atrophy to a variable extent in different 
regions. I n  planalsians the intestiilal epithe- 
lium, eyes, pigment tissue and sexual duct 
systems are affected relatively early; the mus- 
cles atrophy later, irhile the gonads anct ner- 
vous system peltsist with great tenacity. I n  
Li~zet~sthe relative resistance of the various 
t i~sues  is somewhat similar to that in plana-
rians. Althongh among the higher inverte-
brates the skeleton is  usually unaffected by star- 
rat'ion, in  t.he snail Helix the calcareous shell 
is attacked as  well as  the soft tissues; while in 



sponges the results appear variable. Calcium 
deficiency usually causes involution of the in- 
vertebrate calcareous skeleton, both in larval 
and adult stages. I n  the reproductive pas-
sages of Helix  the lion-glandl~lar parts appear 
more resistant than the accessory al l~u~ninous 
gland, which undergoes an enormous involu-
t o n  IVhile the gland cells are greatly re-
duced, however, the associated op parenchyma" 
(stroma) nuclei persist anel p~:oliferate by 
amitosis. 

E f e c t s  on  the gonads awd se~:--The effects of 
inanition upon the reproductive system and 
process have aroused much interest ancl have 
been carefully observed in various invertebrate's 
as  well as i n  other organisms. In forms where 
the process of reproduction may be either 
aiexual (by budding, fission or parthenogenesis) 
01. sexual, the tenclency of abluidant nutyition 
is to favor asexual reproduction; while inani- 
tion or other unfavorable environinent usually 
occasions a change to the sexual form, in many 
cases especially f a v o ~ i ~ l g  clevelopment of the 
males. The gonads themselves are usually 
very resistant to starvation, being (like the 
nervous system) as a rule anlong the last of 
the organs to undergo involution. There are, 
however, evident varia.tions in different species 
ancl inclivicluals. 

Among sponges the process of inr7olution 
during inanitioil frequently results in  the for- 
mation of numerous small bodies ('gemmules') , 
from which new individuals may be repro-
duced later. I n  B y d r a  budding is inhibited but 
the gonads, especially the testes, may mature in' 
spite of the atrophy of the body as a whole. 
The predominating development of testes in 
Hyrlra during inanition was enil~hasized by 
Nassbaiirn, Schulte and Berninger, but was 
clenied by Hei*twig, Whitney, Hallel, I<rapfen- 
bauer and Frisehholz. 

I n  planarians asexual reproduction is inhib- 
ited by inanition and there is a return to sexual 
reproduction; bnt the 'cocoons' are ~eclucecl in 
size and the ilumber of enclosed young mark- 
edly diminished. I n  the neinertine worm 
Linezis the gonads undergo partial involution, 
but some areas (IiBelvise the cluots) are rei'y 
pe~ssistent. 

I n  the rotifers (wheel-animalcules) Leydig 
noted that inanition causes prompt atrophy of 
the ova1.y anil a tendency to production of 

males. Yussbanm conclncled that in  the rotifer 
H!jdatina underfeeding in the pllase precetiing 
the ripelzing of the orurn tends to produce 
male offspring. This Tvas confirmed by Lennsen 
but opposed by Whitney. Shull concl~itled that 
sex in Hydatina.  is determined by both inte.rna1 
and external factol-s, but that the uroduction of 
males during inanition is probably only a n  in- 
dii*ect effect. 

The relation of nutrition to sex has also lieen 
studied extensively in the crustacean water-iieas 
by Leydig and others. The change froin par- 
thenogenetic to sexual mode of reproduction 
under unfavorable conclitions (especially in-
anition) in this group was noted by KerhervC, 
Cnenot and Issakox-itscll. hiore recently, the 
internal factors have been emphasized, although 
it  is admitted that the hereditary tenclency may 
be inflnencecl by external factors, such as rnal- 
nutrition, especially during the labile periotl of 
the ovum. Green recently concluded that in 
,9imocephalus the sex is probably predetermined 
in the ovary, but is also subject to environmen- 
tal influence, though probably not through star- 
vation. 

liinong the insects the relations of nutritioil 
to scx have been noted especially in the aphids 
(plant-lice), the Lepidoptera and the Hymen- 
optera: The appearance of ~vitlged nlale forms 
in aphids as a result of underfeecling n-as noted 
by ICyber (1813), Leydig and others. The 
same phenomenon in the grape-louse Pi~yl lorera  
was found by Keller and Behr. Thu-i appar-  
cntly all ollqervers admit the effect of unfavor- 
able environment, especially underfeeding, in 
causing the cessation of parthenogenesis and 
the appearance of nlalrs and sexual reproduc- 
tion among the apllicls. The conditions in this 
?:?.oup therefore form strong evidence s~lpport-  
ing the theory of nutritional sex-detertnina-
tioii. 

I n  the Lepidoptera, Treat observed a l)ise-
pondei~ance of males as  a result of uaderfeed- 
ing the larvae of certain butterflies. This w s  
not confirmed Ly Po~llton, although lie acl-
mittecl that a lesser resistance to ilianitiol? in  
the female larvae might result in a seleciive 
molstality \vith survival of a relatively larger 
number of males. This, of course, is not strictly 
a process of sex-deteYminatioa, but rather of 
sex-survival. In  the underfeeding experi~nellts 
by Rellogg ancl Bell on the silk~vorm Boanbyx 
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and by GuyBnot ancl Loeb and Korthrnp on 
Ihe fruit-fly Droeo2?itiln, 110 efYect on the sex-
ratio war ohqervecl. 

Among the termites and Hynenoptera the 
sex is known to be cleterminecl by fertilization, 
the unfeitilized eggs proclucing the males. The 
d x t ,  horvever, cletermines the development of 
the female reproductive tract, which in the few 
la rvz  well-f ed (with '(royal cliet") becomes 
functionally developetl, producing the 
L'queens"; rrhile in  Ilie less richly nourished 
l a r w  the reproclnctive tract remains rudimen- 
tar\-, pi-oclucing the "workers" of thele~ ~ h l c h  
may be different kinds, depencling upon the 
amotlnt of food avallable. There is some evi-
dence, ho.rve.irer, inclicating that in  wasps (and 
possibly other Hymenoptera) the sex-ratio mag 
be affected Ity nutrition, but this is some\?-hat 
~ulccrtain. 

Among the invertebrates in  gcne~*al t ~ cmay 
therefore conclucle from the available ericlence 
that malt~ntrition tends to  favor the sexual, 
rather than the asexual, mode of reprociaction. 
Furthermore, especially in Hycf;iia, rotifers, 
claphnids and aphids the sex-ratio iq a t  least 
t o  sume extent subject to  environmerital in- 
Anence, inanition tending to produce a pre-
pontleraace of males. Wilaon concluded that; 
nutrition is one factor which may determine 
sex. Schultze reachecl this conclusion for  
Hpclra and Hydatina, but felt less certain 
regarcling the daplinids ancl aphids. How this 
iiitlug~ice becomes ebective, hotvever, is still a 
matter of uncertainty. The whole question 
i.ecluires further investigation, ehpecially in  the 
light of the recent theory of sex-determination 
by tlie accessory chromosome. 

Efec t s  02% cell st~7cctzire--I\~e have noted that 
the e2fect of inanition is to  pisocluce a variable 
decrease in  the size of the body as  a whole, 
which is fo~ulcl to invo1:c a variable redw-
tion in the various parts, organs and tissues. 
This, of conrse, depends ultimately upon the 
changes in  the underlying units, the component 
cells of the organism. Some cells are clestroyecl 
and ahsor.becl, others persist more or less 
clianged. Fro:n his stndp of tlie histological 
changes in Nyclra and planarians during the 
inrolutiorl process of ilianition, Schulcz in-
clined to attribute the nlarkecl clecrease in  size 
of the bods to a clacrease in tlie nclmber of 

cells, those persisting being practically un-
changed in size. The preponderance of evi-
clence is against this view, however. Especially 
in the aclnlt oiganism, all the cells of the bocly 
during illanitio~l tent1 to undergo more or less 
atrophv. The extent ancl character of lhis 
atrophy vary in the different tissues and in 
different cells of the same tissne. The decrease 
in the size of he body is therefore due p a ~ t l y  
to  the complete disappearance of cells and 
partly to a n  atrophy of those persisting. 

Dnring the process of atrophy the cytoplasm 
of the starving cells undergoes in  general a 
series of characteristic changes, first losing i ts  
etorecl food material, pigment, mitochondria 
and various inclusions. Later the cytoplasm of 
the cells often fuses into a syncytium. 'C'acuo-
lation usually appears, with progressive de-
crease in amount of the cytoplasm, and ter-
minal disintegration x-it11 complete absot*ption 
in tile case of some of tile cells. There is 
usually ail earlier stage of 1.ednction in size 
(simple atrophy) and a later stage of degen- 
eration. 

Tlie nucleus is nsually more resistant than 
the cytoplasm, giving a higher nucleus-plasma 
I-atio. d t  first the nucleus may even enlarge, 
but later i t  tends to shrink (pycnosis) with 
perhaps ultiniate f~+agmentation, karyolysis and 
final absorption. Tlie reduction in cytoplasm 
ancl relative increase in nuclear size frequently 
gives the atrophic tissue a n  embryonal ap-
pearance. 

Some further special features in  the atro-
phic cell changes may be revie~~*ecl Asbriefly. 
noted by  Terroine from the chemical viewpoint 
the f a t  changes show great variation among 
species and indivicluals. While f a t  in  general 
is cluiclily absorbed during inanition, in  the 
vitelline glancl cells of planarians it is tena- 
ciously retainecl, disappea~itig only when the 
cells ~mdergo final necrosis. I n  planarians and 
molluscs tile nerve cells may show certaiil de- 
gerierative changes, althongh the nervons tis-
sue as a v-hole is remarkably ~,esistant. I t  may 
be noted that apparently the final absorption 
of the degenerated cells in  the various tissues 
is usually accomplished by simple solution i n  
tIie interst,itial tissue fluids; although phagocp- 
tosis has been notecl in  sponges, sea-urchin 
larvae ancl especially in  the case of tlie nemer- 



tine worm Li?aette, The process of phagocy-
tosis is said to occnr also in  the metaniorpliosis 
of insects. 

Some specific changes in cell-stlwctnre are  
noted during various forms of partial inaai-
tion. Tlins calcium deficiency may loosen the 
intercellular attachments but it does riot affect 
the ciliary inechanisrn and apparently permits 
mitosis to continue in the enlbryonic tissues 
of various invertebrate.. . Phosphorus and po- 
tassi~un, however, are evidently necessary for 
mitosis, as in plants. I n  addition to the mineral 
salts, certain proteins, fats or carbohydrates, 
water, etc., are doubtless essential to  life, but 
we have as  yet little data upon tlie morpholog- 
ical effects of their deficiencies among the 
higher invertebrates. 

Efecls om the  cleeeloping orgutaism-The 
effects of inanition upon the developing inver- 
tebrate organism, especially during the earlier 
embryonal stages in  many respects often differ 
marlcedly from those previously described for 
the adult. The embryonal cells have a charac-
teristic tendency to growth and differentiation 
which may enable certain organs apd tissues 
not o n l ~t o  persist but even to enlarge and 
develop a t  tlie expense of the remainder of tlie 
starving organism. This is true fo r  general 
inanition and is also ejpecially evident during 
various fornis of partial inanition. Tlins in  
many cases i t  is evident that a deficiency in one 
limiting factor does not necessarily altogether 
inhibit the development of the invertebrate 
organism when that factor is exliaustecl, but 
occasions instead a disproportionate, abnornial 
growth, Lhe extent and character of rvllich mill 
vary according to circnmstances. 

On the other hand, in  illany cases the devel- 
oping enibryo or larva (in some species even 
the adnlt organism) tends to  undergo during 
inanition a series of retrogressive changes more 
or  less reversing tlie normal order of develop- 
ment. This process (technically called 'redno- 
tion') mas apparently first described by Lillie 
(1900) in  P lnmar i~  mnctclatn. It is often .well 
marked in sponges, coelenterates and plan-
arians, though apparently rare i n  the more 
highlv organized inx-ertebrates. Even i n  the 
lower invertebrates, however, there is some 
question as  to whether the (often remarkable) 
resemblance of the a-crophic organism to the 

earlier embryonic stages may not be more 
apparent than real. But in many cases these 
atrophic remnants are  actually able, under 
proper conditions of nutrition, to regenerate 
the normal strncture of the organism. Chilct 
conclndes that starvation results in  morpho-
logical rejnvenation, followed by  physiological 
regeneration upon 'efeeding. 

The relatively great resistance to inanition 
usually offered by the gonads has already been 
mentioned for  adults. This applies also in  
some cases to the developing organism, so 
that sexual maturity may occur in  undersized 
bodies as  a result of underfeeding (e.g., silk-
worm and certain bees). But in others (star-
fish) sexual maturity is reached only upon the 
attainment of a certain body size, o r  the devel- 
opment of tlie gonads mag even be entirely in- 
hibited by inanition (fruitfly). 

Tlle sex of the offspring, a s  already men-
tioned, may also be influencecl through the 
effect of inanition upon the germ cells in  the 
larval stages, particularly a t  certain critical 
periods (rotifers, daphnids, aphids, etc.) . I11 

some insects sexual maturity appears to be 
determined entirely by larval nntrition, in  
others chiefly by the adult nutrition. 

Underfeeding during the larval period may 
also resnlt in  undersized adults (various iin-
sects) and also sometimes in  marked strnc-
tural modiiicatioas (pigmentation, etc.). I n  
some cases these acqniretl character^, appear  
liereciitai~y, a t  least f o r  a few generations (a3 
fonnd by T\-oltereck, Pictet, Kellogg and 
Bell) ; although ultimately upon adeqnate diet 
there is a n  evident tendency to return to  the 
original condition. 

The experiments with media or diets srarionsly 
deficient have shown that  compounds of P, K, 
Na, Ca, Mg, Pe, S and C1 appear  necessary 
for  development, growth being inhibited or 
variously perverted when the amount stored 
in tlie ovum is exhausted, unless a supply 
from without is available. Remarkable re-
sults in  this field have been obtained by Herbst, 
Locb and others. The marvelous effect of f a t  
upon tlie development of the reprodnct.ive 
tract in  the female Hymenoptera also illus-
trates tlie morphogenetic potency of a single 
rlietary factor. As to  other forms of partial 
inanition, Banmberger liolcls that  protein is 



SCIENCE [ V o t .  LVII, So. 1480 

in geiieral the limiting factor in  the gl*orvth of 
insects. The frnitfly Drosop7zilcc apparently 
reynires yeast as  well as  sugar fo r  g r o ~ ~ t l ~  ancl 
other insects living on fermenting substrata of 
low protein co~iteiit usually feed on the micro- 
o~-ganisms present. Little or ~zotliiag is known 
concerning the possible requiveinent of vitainins 
by the invertebrates in  general. 

Regene,rcttio+z c2urin.g inatz,ition-In many of 
the invertebrates indioatioils of segeaerativct 
activity may be observeil in certain cells or 
regions d ~ u i n g  the degenerative piSocess of in- 
volutiori. Driesch iloted that the reserve ma-
terials of the body ~ v h i c l ~  sue oonsnmed ilnring 
starvation mag be used to bnilcl up  other parts 
of the organism. Thus in daphnids, crustacea 
a~ir l  insects repeated ecdysis (moulting) with 
uegeneration of a new exoskeleton and append- 
ages nlay occur during tobal inanition. This 
regenerative process occurs notably in the lo.cvev 
invertebrates such as  the sponges and coelen- 
terates and has been studied especially in 
planarians by Xorgan, Xchultz ancl others. 
Here the starving organism exhibits the re-
mai*liable capacity to regenerate large portions 
of the body, such as  the head, with a,ll its 

the larvae of the beetles Trogodernzn and Tri-
bolinz. the normal period of life nlay be 
greatly extended by r e t a ~ d i ~ l g  the developineiltal 
pyocesq through alternate period^ of fasting 
and refeecling. 1Tnderfed larvae of the moths 
-4cio?iyetct and p~ocluee snlaller B O I I L ~ Y L  
pupae and aiinlts, the effect in tho case of 
S o n z b y z  being carried orcr  l o  the secaond and 
Iliii~l generations. 

Cornparison of the results of inanitioq a.mong 
plants and inve~tebrates wit11 those foand in 
verteI31.ates re-veals marly diffe~zences. Especially 
ill the clegree of change the vertebrates appear  
in general less plastic and more resistant to 
inanition, as  to envilbonmcntal influences in  gen- 
eral. Thus while rnaily invel*tehrates nlay sur- 
vive a loss of 11i11el-y pelz cent. OY more in 
weight, ~er tebra tes  usually pet-is11 when t l ~ c  
loss l,eaChes forty per cent. Lilrexvise there 
are found among ~ertelnaatcs no such uatlical 
and p~~ofount lchanges of structure a s  may 
occur duving inanition alnoiig plants anti 111any 
invertebrates, especially in those ~vllich undergo 
the I-emarkable process of "recluctioi~." 

pal&+ pharynx, nerve ganglia, ~nusculatn~*e On the other haizcl, amidst the cliversity of 
aad  excretory system. Thus even (luring star- 
vation regerie~ation may restore a complete 
llormal indiviclual of much s~naller size. I n  
this process there is a n  extensive involution of 
the older tissues to furnish material fo r  the 
regenerated parts. 

Recovery u p o n  refeedilzg-In general it  is 
possible foY the starving invertebrates to re-
cover their normal size a i d  strcrct,ure upon 
appropriate yefeeding if the process of invo- 
lntion has not proceederl too f a r  in degeneua- 
tion. This applies also to paj~tial inanition. 
111 sponges, fo r  example, the skeleton is re-
folnmed upon restoring calcium carbonate to the 
niedium. I n  planarians regene~*ation of thc 
gonacis is possible even ~vllen they hare nearly 
disappeared after three or fons months of 
inanition. I n  the gland cells of the snail Helix 
stai-ved fire months, evidences of recuperation 
mere founcl by ICrahelska even after only two 
i l a g  of refeecling. Drosophiln (fruitfly) la]*- 
vae are capable of normal development even 
af ter  long periods of retarclation on inade-
quate diet; and j a  this form, as  likewise in  

phenomena resulting from ina~lition in the 
vauious plants and invertebrates we find certain 
features in  essential ag~.ecment \\.it11 those 
occuri~iiig alnong ~ertel)~,atc.;, inrlicating a fun-  
damental resemblance in the reactions of all 
living oi~ganisms. This applies not only to the 
gerieral atrophy of the ~vhole hotly, but aIso 
to the variable c!xtent and character of change 
in tliderent par ts  and organs. Thus the neu-
vow system and (usually) the skeIcton are 
relatively resistant to inailition in  both vey-
tcl~rates alld in\-ertebrates. The variable losses 
in the tlifferent parts of the body leaci to ~narked 
a1)normalities of form xvhich differ greatly 
acco~ding to circumstances. 

Dlu.ing the clevelopunent in both ani~nals  ant1 
plants, inaliition (especially of the chronic 
Q p e )  frequently I-eslilts not ~nerelyin a re-
ta~da t ion  or cessation of gro\vt,h, 1)ut in  an ab- 
normal, tlisp~.oportionate growth, which differs 
greatly according to the species, stage of devel- 
opment, type of inanition and other factors. 
Soine parts rnay show persistent gron-tll a t  the 
expense of others, even during total inanition 
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with continued loss in body weight. This np- 
plies likewise to various types of partial inani- 
tion. The abnormal growth occurring in the 
absence of certain dietary elements necessary 
for normal nntrition is contrary to Liebig's 
&'law of the minimum or limiting factor" ac-
cording to which (as narroaly interpreted by 
some authors) growth should cease when any 
factor essential for normal growth is exhausted. 
Whatever may be the iilfluence correlating the 
relative growth of the various organs and parts 
this correlation may be markedly changed dnr- 
ing total or partial inanition and the process 
of morphogenesis is accordingly subject to  
experimental control. 

. The possibility of regeneration and recapera- 
tion upon refeeding after inanition, although 
more strikingly evident in the lower forms, is 
characteristic of all living organisms. Although 
the effects of inanition vary widely in different 
cases, up to a certain stage of severity perfect 
recovery is possible; beyond this only partial 
recovery (or none at all) is possible, resulting 
in permanently dwarfed and stunted forms. 
The age a t  the time of inanition is very im- 
portant, there being critical periods at which 
the various organs are most susceptible to 
change through inanition and other environ-
mental factors. This is strikingly illustrated 
in the case of the effects upon the sex glands 
and possibly sex determination. 

These various changes abserved in the dys- 
trophic organism are associated with changes 
in the constituent cells. The relative loss in 
cytoplasm and the resistance of the nucleus 
during inanition are characteristic in all plants 
and animals. The general result is to reduce -
the cell to a more embryonal type of strncture 
with a modified nucleus-plasma ratio, which 
may perhaps in part explain many of the 
curious resultant changes in form during 

swelling, with subsequent fatty or vacuolar 
degeneration. The nucleus, though relatively 
more resistant, also later undergoes pi*ogressive 
degeneration, usually with pycnosis and finally 
karyorrhexis or kar~olysis. I t  is apparent 
that the above mentioned possibilities of re-
covery depend chiefly upon the degree of cell 
injury which has been sustained. Cells which 
have undergone extensive cytoplasmic and es-
pecially nuclear degeneration are obviously un- 
able to recuperate. There are always great 
individual differences, however, even among 
cells of the same organ, so tbat some may re- 
main capable of regeneration even though 
others have degenerated beyond the stage of 
possible recovery. 

The question as to why certain cells or ors-
gans have a greater resistance to inanition has 
received various answers. Roux has long held 
that during inanition those cells persist which 
require less food in the struggle for existence. 
This theory mas opposed by Schultz and others 
-who claimed that the order of disappearance 
of the (invertebrate) organs reverses the order 
of t l d r  appearance during ontogenetic and 
phylogenetic development. Another view widely 
held is the teleologic explanation that those 
organs persist longest which are most valuable 
to the organism or species. All such theories, 
however, appear inadequate to explain the 
facts observed. Runnstrijm (for sea-urchin 
larvae) proposed a more rational theory, ex-
plaining the morphological changes upon the 
basis of the varying physico-chemical conditions 
in the starving organism. Future investigation 
along this line will probably give better com-
prehension of the phenomena involved. 

The question may also be raised as to why 
the degenerative changes in the various ceils 
during inanition are so similar, not only in the 
various types of total and partial inanition, 

dystrophic growth. While mitosis is ~ ~ s u a l l y  but likewise in many other abnormal conditions, 
inhibited during inanition, it may persist with 
great tenacity in those organs in which growth 
continues. 

JVllile the cells during inanition are reduced 
to an embryonal condition, from which re-
covery i s  possible upon refeeding, they do not 
so remain permanently. Sooner or later, in 
all living organisms, they pass from a stage of 
simple atrophy to a condition of degeneration. 
The cytoplasm typically undergoes cloudy 

such as extremes of temperature, fatigue, toxic 
or electrical stimuli, etc. Various answers to 
this question are possible, but the most prob- 
able would appear to be that the effects are 
similar because these all represent conditions 
which obstruct the normal cell metabolism, 
thereby causing the same degenerative cell 
changes. The fundamental similarity in the 
cellular results of such varied conditions recalls 
the dictum of Cu6not that "la plupart des 
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influences de milieu se ramhnent en somme B 
des differences de nutrition." 

Nutrition therefore becomes a factor of pri- 
mary importance for morphology as well as 
for physiology. The form and structure of all 
living organisms are clearly dependent in large 
measure upon the quantity and quality of their 
nutriment. The effects of inanition of various 
types apparently account for many of the 
variations observed among living organisms, 
under both normal and abnormal conditions. A 
knowledge of these effects gives a deeper in- 
sight into the process of morphogenesis and a 
means whereby it may be experimentally con- 
trolled to a degree hitherto generally unrealized. 
Furthermore, even though it be contrary to the 
generally accepted biological doctrine, there is 
another possibility which must be considered. 
Not only the somatoplasm, but under certain 
circumstances even the germ plasm may per- 
haps likewise be modified by nutritional con-
ditions, a possibility of fundamental signifi- 
cance for heredity and e-volution. 

CLARESCE&I.JACICSOS 


the formation of stars and stellar systems, or 
the stability of rotating bodies; statistical in- 
quiries concerning the structure of the universe; 
and, of growing importance, the application of 
tl~eoretical physics and chemistry to celestial 
bodies. 

The theoretical astronomer can get along 
without a telescope, but he needs a library and 
the assistance of computers. His usual posi- 
tion, therefore, is that of professor of astron-
omy at a college or university. He will ordi- 
narily be expected to conduct classes, but at 
many institutions some research will be pos-
sible if he is suficiently eager and persistent. 
The American student who is looking forward 
to work of this character should prepare to 
teach, as there are few theoretical astronomers 
in the United States who do not hare dulies of 
instruction. 

AstropJi ysics-For one whose interest is along 
the lines of physics and chemistry there is the 
expanding realm of astrophysics. This science 

A RESEARCH CAREER IN 

ASTRONOMY 


WIDELYdifferent types of investigation are 
now included in astronomy, and only the most 
general remarks would apply to all of them. 
For the student who is considering a profes-
sional career in astronomical research it may be 
useful to outline the various branches from 
the standpoint of the personal aptitudes of the 
investigator. 

THEORETICAL ASTROXOMP 

For the mathematically inclined there is the 
great field of theoretical astronomy. The theo- 
retical astronomer is a mathematician who uses 
the principles of mechanics, for example, to- 
gether with calculus, infinite series, etc., to 
achieve his purposes, as a carpenter uses ham- 
mer and nails. If the tools and materials are 
nst  properly handled the structure either never 
x.ises a t  all, or collapses the first time its 
strength is tested. Hence a thorough appren- 
ticeship is essential. Typical prcblems with 
which the theoretical astronomer deals are the 
computation of orbits of comets, planets, satel- 
lites, meteors and double stars; the more gen-
eral problems of celestial mechanics, such as 

is concerned with deriving all possible informa- 
tion from a study of the quality and intensity 
of the light received from the heavenly bodies. 
The observational goal of astrophysics is a com- 
plete knowledge of the spectral energy curves 
(including state of polarization) of the light 
radiated from every celestial source. The heart 
of the matter lies in the interpretation of these 
curves and here astronomy and physics blend. 
The three main divisions are spectroscopy, pho- 
tometry, and radiometry. 

Spectroscopy is the study of spectral details, 
i.e., lines and bands, without special reference to 
the absolute intensities. This line of work has 
i~ndergone a remarkably extensire development 
since the pioneer days of Secchi and Huggins. 
The chief subjects of research are chemical 
identifications, physical conditions, radial veloc- 
ities, and intrinsic stellar luminosities (which 
when combined with apparent Inminosities give 
distances). There are, of coume, many special 
plaoblems of great importance, in particular, 
those referring to the disk of the sun. I t  would 
take too much space even to outline the con-
tents and value of the branches of astronomical 
spectroscopy, but nearly every school library 
contains a few books describing them. Miss 
Clerke's "Problems in astrophysics" and "The 


