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Quantities of ecdysones in various animals from natural waters 

EXPERIENTIA 30[7 

Whole animal Stage Weight extracted (kg)  Ecdysone Ecdysone concentration (mg/kg) 

Hoyr~f~ts a~4gV$CaJr 14 

Jasus lalandei ~ 

Callinectes sapidus ~ 

Postmolt 5 
Intermolt 1,000 
Intermolt 3,000 
Premolt 'Green' 25 
Premolt 'Peeler' 25 

Postmolt 'Soft Shell' 25 

Mytilus edulis ~5 _ 
Carcinus maenas 15 Interlnolt -- 
Crangon vulgaris 16 Intermolt 3,000 

Ecdysterone 0.006 
Ecdysterone 0.002 
2-Deoxyerust-eedysone 0.00007 
Inokosterone 0.005 
Inokosterone 0.020 
Ecdysterone 0.004 
Ecdysterone 0.280 
Makisterone A 0.024 
N.I.~ 
N.I. 
N.I. 

Not identified. 

were separa ted  f rom the  shell and ex t rac ted  3 t imes  wi th  
n -bu tano l  in a blender.  The combined  bu tano l  ex t rac t s  
were concen t ra t ed  at  55 ~ under  vacuum,  yielding a red 
oil, The la t te r  was t aken  up in e thy l  ace ta te  and  ex t r ac t ed  
3 t imes  wi th  water .  The wa te r  ex t rac t s  were backwashed  
3 t imes  wi th  e t h y l  ace ta te  and concen t ra ted  to dryness  
under  an N 2 s t ream.  The residue of the  aqueous ex t rac t  
was s t i r red f irs t  w i th  cold pe t ro leum ether,  t hen  wi th  cold 
acetone.  The acetone ex t rac t  was f i l tered and evapora ted  
to dryness,  

Thin  layer  c h r o m a t o g r a p h y  (TLC) of a small  por t ion  of 
th is  mater ia l  on silica gel w i th  ch lo ro fo rm/methano l /  
acetone (6:2:1)  as e luent  gave 3 rad ioac t ive  spots ;  one of 
which  cor responded exac t ly  w i t h  the  r e t en t ion  t ime  of an 
ecdys te rone  s tandard .  This  ! rac t ion  was subsequen t ly  
isolated by  p repa ra t ive  TLC to give the  crude ecdysterone.  
S t ruc tura l  ident i f ica t ion  was comple ted  by  adding  1 mg 
of ecdys terone  s t anda rd  to  the  crude ecdys te rone  mix tu re  
and ace ty la t ing  wi th  acetic acid - pyr id ine  at  room 
t e m p e r a t u r e  for 2 h 1~. Radio  TLC of the  resul t ing mix tu re  
d e m o n s t r a t e d  t h a t  it  con ta ined  4 rad ioac t ive  p roduc t s  
which co -ch romatographed  wi th  t he  4 p roduc t s  p roduced  
on ace ty la t ion  of au then t i c  ecdysterone.  These resul ts  
were fu r ther  verif ied by  scint i l la t ion count ing  of t he  
act ive f ract ions  on the  TLC plate.  

Recen t ly  it has  been repor ted  t h a t  in jec t ion  of ecdy- 
s terone into b o t h  normal  and des ta lked  in t e rmol t  lobsters  
induced precocious mol t ing  ~. This work suppor t s  our 
results  t h a t  ecdysterone,  by  itself, or in combina t ion  wi th  
o ther  ecdysones,  is p lay ing  a major  role in the  mol t ing  
process of the  lobster.  

In jec t ion  of ecdys te rone  into o ther  a r th ropods  such as 
horseshoe crabs, barnacles,  scorpions,  and spiders also 
in i t ia tes  molting~3. These results  and those  of the  extrac-  
t ion  and  ident i f ica t ion  of ecdys te rone  f rom b o t h  insects9 
and  crus taceans  (Table), s t r eng then  the  hypo thes i s  t h a t  
ecdys te rone  is a general  a r th ropod  mol t ing  hormone  ~. 

Rdsumd. L'ecdys tgrone ,  ho rmone  de mue  des insectes, 
a 6t6 ex t ra i te  de homards  femelles (Homarus americanus) 

v e n a n t  de muer.  Sa concen t ra t ion  moyenne  est  de 6~zg/kg 
de h o m a r d  v ivant .  L ' ass imi la t ion  de cholest6rol (4-~4C) 
par  des h o mard s  femelles a v a n t  la mue  et  la b iosynthgse  
d ' ecdys t6 rone  g pa r t i r  de ce pr6curseur  est  d6montr6e.  
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Adapt ive  Metabo l i c  Var ia t ion  of C h r o m o s o m e  F o r m s  in Mole  Rats ,  Spalax 
Speciat ion t h rough  chromosomal  r ea r r angemen t  is 

widespread  in animals  1, ye t  t he  significance of chromo-  
some var ia t ion  is stil l  largely specula t ive  and needs 
fu r ther  elucidat ion.  MAYR ~ suggested t h a t  i t  m a y  act  

b o t h  as an isolat ing mechan i sm and a p ro tec t ion  for 
favourable  supergenes,  as ini t ial ly po in t ed  out  by  
WALLACX a. Ev idence  suggest ing associat ion be tween  
ka ryo typ ic  var ia t ion  and  ecophysiological  adapta t ion(s)  
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m a y  at  least  pa r t l y  provide  the  selective basis for chromo-  
somal  di f ferent ia t ion,  and  indi rec t ly  suppor t  the  super-  
gene hypothes is .  

Chromosome var ia t ion  in t h e '  Eas t -Med i t e r r anean  
fossorial roden t  S p a i n \  is r emarkab le  in b o t h  morpho logy  
and diploid num ber s  which  range f rom 48 to  62 ~. Four  
main  ch romosome  forms occur in Spa lax  ehrenbergi f rom 
Israel  and v ic in i ty  (Figure). These involve diploid number s  
(2n) 52, 54, 58 and 60, which  are d i s t r ibu ted  clinally and  
pa rapa t r i ca l ly  f rom n o r t h  to  south  Israel  along a s teep  
and shor t  (160 km) ecological g rad ien t  of increasing arid- 
i ty  5. Their  p a t t e r n  of d is t r ibut ion ,  ka ryo typ ic  homo-  
zygosity,  re la t ive  ra r i ty  of na tura l  hybr ids  and  p robab le  
selective ma t ings  6 suggest  t h a t  these  forms are closely 
re la ted  biological species. The presen t  s tudy  was designed 
to tes t  the  hypo thes i s  t h a t  the  di f ferent  ka ryo types  of 
Spa lax  ehrenbergi are d i s t inc t  adap t ive  ecophysiological  
sys tems.  

Mater ia ls  and methods. Oxygen  consumpt ion  was 
measured  and  compared  in 5 popula t ions  belonging to 
3 ch romosome  forms of Spa lax  ehrenbergi (Figure and 
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Distribution of chromosome forms of Spalax ehrenbergi in Israel. 
Open symbols indicate all karyotyped localities. Black symbols, 
numbered 1 to 5, indicate populations studied for BMR. 

Table). Two geographical ly  d i s t an t  popula t ions  were 
s tudied  in the  ka ryo types  52 and  58 in order  to compare  
the  basal  metabol ic  ra te  (BMR) and  its var iance  wi th in  
and  be tween  chromosome forms. 

Pr ior  to  measurements ,  all animals  were kep t  in the  
l abora to ry  under  similar  condi t ions  (20-23~ and die t  
for a t  least  2 weeks. Food  was denied to  expe r imen ta l  
animals  24 h pr ior  to test ing.  The measu remen t s  were 
t aken  in an open flow system�9 Oxygen  concen t ra t ion  in 
the  air leaving the  metabol ic  cell was recordcd in a Beck- 
m a n  pa ramagne t i c  oxygen analyzer  af ter  pass ing a 
co lumn of wa te r  and CO s absorbent .  Mole-rats  are ac- 
t ive  and restless animals,  and  only a t  t h e r m o n e u t r a l i t y  
t hey  become calm for pro longed per iods  to enable  
reliable measu remen t s  to be made.  W h e n  amb ien t  
t e m p e r a t u r e  exceeded body  t e m p e r a t u r e  (which is nor- 
mal ly  be tween  35.5~ and 36~ in the  3 ch romosome  
forms under  s tudy) ,  the  animal  struggles vigorously and 
soon a f te rwards  collapses before proper  measu remen t s  
of oxygen can be taken.  At  amb i en t  t empe ra tu r e s  higher  
t h a n  36~ (e.g., 37.0-37.5~ some animals  collapsed, 
hav ing  at  t h a t  t ime  a body  t e m p e r a t u r e  of 43 ~ 

Results  and discussion. Measurements  of the  min imal  
oxygen consumpt ion  in res t ing  mole-ra ts  (BMR), B M R  
devia t ion  f rom tile expec ted  ~, and  lower cri t ical  t emper -  
a tures  of the  t h e r m o n e u t r a l  zone are summar ized  in the  
Table toge ther  wi th  results  of Anova  tes ts  for s ta t is t ica l  
significance and cl imatological  data .  Tile resul ts  suggest  
a) an overall  low metabol ic  rate,  and b) a clinal decrease 
in BMRs  sou thwards  inversely  re la ted  to the  sou thward  
increases in a r id i ty  and dipol id number .  The N E  Jerusa lem 
popu la t ion  (No. 5 on tile Table) represen t ing  the  2n = 60 
karyo type ,  which  ranges mos t ly  in semi-ar id  and arid 
env i ronments ,  shows a ~ignificantly lower metabo l i sm as 
compared  to the  mesic popula t ions  hav ing  2n = 52 
ka ryo type  (Nos. 1 and  2 on tile Table), 

B M R  values s imilar  to  those  of t he  52 chromosome 
form of S. ehrenbergi were found in S. leucodon f rom SE 
Europe.  SAvld 8 repor ted  an average B M R  of 1.0 cm ~ 
O2/g h in 26 animals  f rom Yugoslavia.  GORECKI and  
CHRISTOV 9 recorded an average B M R  of 0.96 cm ~ O J g  h 
in 8 animals  f rom Pe t rochan ,  Bulgaria,  amoun t ing  to  
66% of the  expec ted  BMR. McNAB 1~ recorded in one 
specimen f rom Kas t amonu ,  Turkey,  a B M R  of 0.77 cm 3 
O2/g h, 86% of the  expec ted  7. 

Low metabol ic  ra tes  character ize  deser t  m a m m a l s  in 
general  and roden ts  in par t icu lar  11-t5. Fossorial  roden ts  
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Comparison of climatic type and basal metabolic rates (BMR) of 3 chromosome forms of Spalax ehrenbergi in Israel 

EXPERIENTIA 30[7 

Population Chromosome Locality Climatic type Sample ~ean and Lower 
No. form (2n) and moisture size (N) rangewt. (g) critical 

index ~ temperature 
(~ 

Basal meatbolic 
rate (BMR) mean 
and S.D. 
(em 3 O2/g/h) 

BMR 
measured 

BMR 
predicted b 
X i0o 

1 52 Kerem-Zimra humid to 5 104.0 26.40 
semihumid (92.0-11.5.5) 
(0 to +20) 

2 52 Kiryat-Shemona semihumid 6 128.0 28.31 
to semiarid (101.0-145.0) 
(--20 to --40) 

3 58 Eilabun humid to 4 117.0 30.40 
semihumid (93.0-149.0) 
(0 to +20) 

4 58 NE of Tel-Aviv semihumid 4 124.0 28.40 
to semiarid (115.0-140.0} 
(--20 to --40) 

5 60 NE of Jerusalem semiarid 4 121.0 30.00 
to arid (102.0-147.0) 
(--40 to --60) 

1.03 0.16 

0.86 0.07 

0.85 0.27 

0.87 0.12 

0.62 0.10 

96.0 

85.0 

82.0 

83.0 

60.0 

a C. W. THORNTHWAITE, Geograph. Rev. 38, 55 (1948). b Predicted after ]52LEIBER 7, assuming 4.8 Kcal/LO v 

Results of analysis of variance between populations and chromosome forms : 

Population No. Chromosome form F P 

{-2 52-52  8.028 < 0 . 0 1  
3-4  58-58  0.119 < 0 . 5 0  
( 1 + 2 ) - ( 3 + 4 )  52-58 3.074 0.i0 
(1 + 2)-(5) 52-60 18.960 < 0.001 
(3+4)-(5) 58-60 9.702 <0.01 

have  low BMRs (compared wi th  those  expec ted  for the i r  
size), h igh  conductances ,  and high ranges of the rmo-  
neu t ra l i ty  1~ McNAB suggested t h a t  low ra tes  of me tab -  
olism m a y  serve to  reduce water  expend i tu re  and  the  
p robab i l i ty  of overheat ing.  This m a y  par t icu lar ly  be 
t rue  in t he  sub te r ranean  niche where evapora t ive  and 
convect ive  cooling are grea t ly  reduced.  

The BMRs  of the  3 chromosome forms of S. ehrenbergi 
decrease progress ively  and  s ignif icant ly  t oward  the  
desert ,  whereas  the i r  devia t ions  f rom the  expec ted  
values  increase correspondingly.  This  physiological  cline 
along an increasingly arid grad ien t  suggests  t h a t  the  B M R  
is sensi t ive to  env i ronmen ta l  pressures  and  is adap t ed  to 
the  a r id i ty  index.  The K i r y a t - S h e m o n a  popula t ion  
(No. 2, Table) has a lower B M R  value, poss ib ly  due to  its 
locat ion along the  warmer  and  drier  eas tern  slopes of the  
U p p e r  Galilee Mounta ins .  This  reinforces t he  suggest ion 
t h a t  local ecotypic  a d a p t a t i o n  wi th in  a ka ryo type  
p robab ly  reflects  t he  sens i t iv i ty  of B M R  to local condi-  
t ions. I t i s o f s p e c i a l i n t e r e s t t o  f ind ower and progress ively  
declining B M R  values in animals  which  approach  the  
deser t  and  are exclusively fossorial. 

Associa t ion  be tween  ka ryo types  and  BM1Rs m a y  
suggest  one of the  selective fac to rs  involved in the  
successful adap t ive  rad ia t ion  of spalacids to  a r id i ty  via  
chromosomal  muta t ions .  The la t t e r  m a y  have  resul ted  in 
physiological ly  be t t e r  coadap ted  supergenes,  reproduc-  
t ive ly  isolated bo th  cytogenet ica l ly  and ethological ly 6,16 

Rdsumd. Nous avons compar6 la consompt ion  min imale  
d 'oxyg6ne  (BMR) chez 23 ra ts  t aupes  au repos, p r o v e n a n t  

de 5 popula t ions  du Spalax ehrenbergi ell Israel,  avec 
3 formes chromosomales .  I1 s ' ag i t  de diploides  (2n) 52, 58, 
et 60 s ' 6 t endan t  su ivan t  un axe N o r d - S u d .  Lorsque  l 'on  
passe  du nord  h u mi d e  au sud aride, leurs B M R  d i m i n u e n t  
p rogress ivement  et  d ' une  fapon significative,  mats  la 
dif%rence en t re  la valeur  du B M R  et son esp6rance 
m a t h 6 m a t i q u e  augmente .  Ce grad ien t  physiologique 
sugg~re a) que le B M R  s 'es t  p r o b a b l e m e n t  adapt6  a 
] ' index d 'ar idi t6,  sa va leur  faible prSs du d6sert  i nd iquan t  
une r6duct ion  du besoin d ' eau  et  de d6pense calorif ique;  
et  b), que la sp6ciat ion chromosomale  en spalacides est  
due, en pa t t i e  du moins,  au d6ve loppement  de superg~nes 
adapt6s  ~ l 'ar idi t6 de l ' env i ronnemen t .  
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