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Xu~zmary 

W e  show t h a t  there  are  corre la t ions  in r egene ra t i ve  
fresh w a t e r  p lanar ians  be tween  all t he  par t s  of the  body.  
W h e n  p lanar ians  are  wounded  in a n y  pa r t  of the  body,  
th is  m u t i l a t i o n  will  set  r egene ra t ive  cells in  m o v e m e n t ,  
wh ich  a r e  able  to  t r a v e l  a v e r y  long w a y  in t he i r  
migra t ion .  The  e x t e n t  and  the  speed of m i g r a t i o n  haves  
been shown b y  the  m e t h o d  of local ized X - r a y  ir- 
radia t ions .  

W h e n  the  r egene ra t i ve  cells t h a t  are  neares t  to  the  
w o u n d  h a v e  been  ki l led w i t h  X- rays ,  r egene ra t ion  oc- 
curs t h r o u g h  the  access of cells f rom the  f a r the r  pa r t s  of 
the  body.  The  n a t u r e  of  t he  s t imu lus  is n o t  y e t  known.  

On Temperature Regulation and Metabol ism 
in the Swift,  Mieropus  a.  apus L., during fasting 

As a p a r t  of a more  c o m p r e h e n s i v e  i nves t i ga t i on  con- 
ce rn ing  the  eco logy  and phys io logy  of t he  swift ,  Micropus 
a. apus L., a series of e x p e r i m e n t s  was car r ied  ou t  in 
o rder  to  exp la in  how this  species, b o u n d  to  feed on the  
insects  in t he  air, can  su rv ive  dur ing  a fas t  caused by  a 
p r o t r a c t e d  per iod  of bad  weather .  I n  t he  following, an  
a c c o u n t  of t he  mos t  i m p o r t a n t  resul ts  of th is  p r e l i m i n a r y  
e x p e r i m e n t  is g iven.  

As e x p e r i m e n t a l  an ima l s  y o u n g  swif ts  aged  a b o u t  
4 - 5  weeks  and  b reed ing  adu l t  swif ts  were  used. I m -  
m e d i a t e l y  a f t e r  be ing  t a k e n  f rom t h e  nes t  t h e y  were  
p laced  in sepa ra te  glass vessels.  No n o u r i s h m e n t  or  
wa t e r  was g iven  dur ing  t h e  expe r imen t .  E a c h  bird  was 
weighed  e v e r y  hour ,  l ikewise the  b o d y  t e m p e r a t u r e  was 
measu red  once  an hour .  VCeighing was car r ied  ou t  w i t h  
o r d i n a r y  ana ly t i c a l  scales.  I n  measu r ing  the  b o d y  t e m -  
p e r a t u r e  a t h e r m o c o u p l e  was  used. The  b o d y  t e m p e r a -  
t u re  was measu red  in t he  t h roa t .  The  me tabo l i c  ra te  
was d e t e r m i n e d  by  means  of t he  we l l -known m e t h o d  of 
}-IALDANE, modi f ied  b y  KENDEIGH 1. 

Table I 

Environmental 
temperature (aC) 

19 
24 
30 

Survival time (hours) 

Adult 

100 
100, 100, 120, 135 

110 

I Juvenile I 

150, 175 
205, 210, 220, 290 

A t  24°C the  su rv iva l  t i m e  of y o u n g  swifts  (Table I) is 
on an  a v e r a g e  a b o u t  230 hours  (about  9 days).  I t  is, 
however ,  to  be no ted  t h a t  th is  va lue  was ob t a ined  under  
u n n a t u r a l  e x p e r i m e n t a l  condi t ions ,  in wh ich  the  birds,  
for t he  sake of  t he  d i f fe ren t  measu remen t s ,  were  reg- 
u la r ly  d i s tu rbed .  This  causes,  of course,  a decrease  in 
h u n g e r  res is tance.  Accord ing  to  HuGuEs~ 2 y o u n g  swifts,  
k e p t  in comple t e  qtl iet ,  were  able  to  fas t  13 o r  even  21 
days.  BREHM a men t ions  a fas t  of 6 weeks,  t he  or igin  of 
th is  repor t ,  however ,  no t  being given.  -- Thc  y o u n g  of the  
smal l  insec t ivorous  birds  are  genera l ly  known  to  be v e r y  
sens i t ive  to  lack of food. A fast  exceed ing  2 days  n m y  be 
qu i t e  excep t iona l  (compare  GROEBBELS 4, p. 571). 

1 S. C. KENDEIGH, J. Exp. Zool. 82, 419 (1939). 
A. HucuEs, Bull. See. zool. France 3~ °, 106 (1907). 

a BREr~MS Tierleben, 8 Bd. (VSgel: 3. Bd.) (4. Aufl., Leipzig u. 
Wien, 1911), p. 307. 

4 FR. GROEBB~=LS, Der Vogel, I (Berlin 19B2). 

Table tI  

Adult ] Juvenile Diff. 

Limits M e a n  Limits Mean means 

i 

40.0-45.3 42.2]43.5-53.3 49.2 7.0 
25.1-28.3 26.1 i9 .4-24.9 23,2 2-9 
14.5-18-7 16.1 18.9-30., 26.0 9.9 

26-3-41.4 38.1 13-4-59.5 52.5 14.4 

The  ab i l i ty  of adu l t  swifts  to  res is t  hunge r  is r e m a r k -  
ab ly  lower,  t h o u g h  i t  exceeds  m a r k e d l y  the  genera l  
res is tance of smal le r  birds.  The  adu l t  birds  used in t he  
expe r imen t s  genera l ly  died a f te r  a fast  per iod of 110 
hours  (4 days).  

A t .24°C young swifts are able lo /ast about 120 hours 
(5 days) longer than the adult individuals. This  pecu l i a r i ty  

I n i t i a l  we igh t  (g) 
"Weight a t  dea th  (g) 
W e i g h t  loss (g) 
W e i g h t  loss ( % of 

ini t ial  we igh t ) .  

°C 

27 

36 

35 
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is evidently caused by the fact tha t  a young swift still 
lying in the nest is, under normal conditions, remarkably 
heavier t han  the adults. As seen in Table II ,  the mean 
weight of the young at  the beginning of the experiment  
was 49-2 g, while the adul t  swifts weighed only 42.2 g, 
a weight agreeing with the normal weight of adult  swifts 
(e.g. WEITNAOER~). Thus, the young had a weight sur- 
plus of, on the average, 7-0 g, evidently available for 
use dur ing fasting. 

The mean weight of the young at death was 23.2 g, 
tha t  "of the adults  being 26.1 g. Thu~, the young had in 
fact 7.0 + 2.9 = 9.9 g more available food deposits than 
the adults.  By this means, the average total  weight toss 
of the young, during the experiment, was about  10 g 
greater than that  of the adults.  While fasting, the young 
swifts are able to utilize at  least half (on an average 
52.5 %) of the total  body weight. The weight loss of the 
adults  agrees with the normal weight loss producing 
death in birds (GROEBBELS, op. C.)'o 

In  the first few days, the body temperature  of fasting 
swifts fluctuates within the limits of the normal  physio- 
logical rhy thm (compare e.g. HILD£N and SXENB$.CK a, 
BALDWINand K~eDI~rGH~). Aftera fast of acer ta in  length, 
however, they lose the capacity ]or temperature regulation 
and change in  their thermal reactions like poikilothermic 
animals. During the diurnal  sleep period, the body 
temperature  falls, being, in markedly developed hunger 
conditions, only 2--3°C higher than  the envi ronmenta l  
temperature  (in different experiments varying from 18.5 
to 30°C). 

Fig. 1 illustrates the body temperature of a young 
swift in  a fairly deep hunger  coma, between the 6 t h -  12 th 
fast-nights. The body temperature of the young swift in 
the resting condition is rather low (38--39°C). This value 
lasts till l/he early afternoon, whereupon the body tem- 
perature gradually begins to fall• and the bird is sunk 
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1 E. WEITNAUIER, Orn. Beob. 41, 133 (1947). 
I t  should be mentioned that in HVGD~;S' fop. e.) experiments, 

in which the birds were in absolute quiet, the weight loss was 62 and 
o/ of the initial body weights (57 and 68 g resp.). 6 3 / o  
tl A. HILDt~N and K. S. Sre~nXCK, Skand. Arch. Physiol. 3~, 382 

1916). 
a S. PRENTISS BALDWIN and S. C. KENDEIGH~ Sci. Publ. Cleve- 

land Mus. Nat. Hist. ~, 1 (1932). 
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in coma. The minimal  body temperature  is reached be- 
to, tween 1 and 3 a.m., after which time recovery of coll- 

sciousness and a rise in the body temperature  take place 
very rapidly. Each night over a longer period (in this 
case about  a week) the body temperature  falls to 
25--29°C, the environmenta l  temperature  being 24°C. I n  
an environmental  temperature  of 19°C, on the 7 TM fast- 
night, a body temperature  of 20.1°C was measured. 

After the bird recovers consciousness, the body tem- 
perature rises regularly to the normal  day rate or at  
least close to it. The period of high body temperature,  
however, diminishes from day to day, 

The mechanism of temperature  regulation in adul t  
birds is disturbed more easily (Fig. 2). Later on, the fall 
in body temperature  to the critical l imit  takes place, 
likewise, more rapidly and without  a dist inct  period of 
reversible coma (Fig. 4). 

Along with the loss oI the capacity for temperature  
regulation the whole metabolic rate changes in a manner  
corresponding to t ha t  of poikilothermic animals. The 
rate of breathing, under  normal conditions about  40 
times/rain, falls to 10 t imes/min.  Fig. 4 shows the carbon 
dioxide ou tpu t  during coma. I n  an entirely correspond- 

mh ing manner  the oxygen consumption,  the water loss, and 
the body weight loss fall remarkably.  In  an awakening 
young swift the average body weight loss is 100-150  
mg/hour. In  the deepest reversible coma the weight loss 
falls to I / i  o of tha t . - -The  awakening from the com~ 
generally occurs very rapidly, in some cases even in 
about  20 mimltes. A waking-- in  part icular a freshly 
awakened - swi f t  is exceedingly energetic and forceful. 

The practical significance of the coma condition, 
described above, may, by lowering the energy require- 
ments, be very remarkable. Under na tura l  condit ions the 
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e n v i r o n m e n t a l  t e m p e r a t u r e  dur ing  the  n igh t  drops  
not iceably .  In  consequence  of this,  a po ik i to the rmic  con- 
d i t ion  dur ing  the  n igh t  is ev iden t ly  v e r y  advan tageous .  

A t e m p o r a r y  po ik i lo the rmy,  appear ing  in a typ ica l  
h o m o i o t h e r m i c  animal ,  is an  in te res t ing  p h e n o m e n o n  of 
genera l  physiology,  wor th  especial  a t t en t ion ,  A p p e a r i n g  
only  in a s t a te  of a fair ly long-deve loped  hunger ,  i t  mus t ,  
indeed,  be  r ega rded  in cer ta in  r e spec t s  as a pa tho log ica l  
phenomenon .  I n  spi te  of this ,  i t  e v i d e n t l y  p lays  an  
i m p o r t a n t  role in na tu re  (compare  KOSKIMI~:S~). 

I n  birds,  as far  as is known,  on ly  h u m m i n g  birds 
(Trochilidw) and  some of the i r  re la t ives  (Colias) are  
able, under  cer ta in  condi t ions ,  to fall in to  a c o m a  
(HuxLEY, WEBB, and  BEST2). In  th is  connec t ion  i t  is 
in te res t ing  to r e m e m b e r  t h a t  t he  swifts  a re  v e r y  c losely  
re la ted  to t he  h u m m i n g  b i rd s . - -To  w h a t  e x t e n t . a  cor-  
responding  p o i k i l o t h e r m y  appear s  also in o the r  birds  is 
no t  known.  I t  should,  however ,  be no t iced  t h a t  even  the  
swif t  on ly  falls in to  a hunger  c o m a  af te r  a fa i r ly  long 
per iod  of  s t a rva t ion .  Thus,  i t  is p robab le  t h a t  in o the r  
birds, t he  hunger  res is tance  of which is lower, the  hunger  
c o m a  m a y  be ve ry  dif f icul t  to  d e m o n s t r a t e  e x p e r i m e n t -  

ally.  J. KOSKIMIES 

Phys io log ica l  D e p a r t m e n t  oI t he  Zoological  L a b o r a t -  
ory, U n i v e r s i t y  of Hels inki ,  J a n u a r y  10, 1948. 

Zusammen/assung 

Durch  vol ls t / indiges F a s t e n  k6nnen  junge  und  e rwach-  
sene Mauersegler  in eine A r t  yon  E r s t a r r u n g s z u s t a n d  
ve r se t z t  werden,  Hierbe i  s ink t  ihre K 6 r p e r t e m p e r a t u r  

x j .  KOSKIMIES, Ornis Fennica, in press. 
2 j .  S. HUXLEY, C. S. WEBB, and A. T. BEST, Nature 143, 683 

(193v). 

nach  24st t indigem Schlaf  be inahe  bis auf  die T e m p e r a t u r  
de r  Umgebung) .  So wurde  zum Beispiet  am  7. Fas t -  
t ag  bei 19 ° C eine K S r p e r t e m p e r a t u r  yon 21 ° C gemessen.  
Wtthrend des Tages  wurde  die T e m p e r a t u r  wieder  an-  
n~thernd normal .  Der  E r s t a r r u n g s z u s t a n d  is t  bei Jung-  
t ieren a m  deut l ichs ten .  Bei den e rwaehsenen  Mauer-  
seglern g ib t  es S tSrungen  der  T e m p e r a t u r r e g u l a t i o n ;  
der  Tod  t r i t t  schnel ler  ein als bei den j ungen  Ind iv iduen .  
Die J u n g t i e r e  k6nnen  b e d e u t e n d  l~inger fasten als die 
ausgewachsenen  Mauersegter ,  da  sic re ichl ich Reserve-  
s toffe  bes i tzen (das du rchschn i t t l i che  Gewich t  de r  J u n -  
gen ist  e twa  s iebenmal  gr6ger  als das  der  Erwachsenen) .  
0 b e r d i e s  ist  der  Stoffwechsel  im E r s t a r r u n g s z u s t a n d  
ve r l angsamt .  In  der  N a t u r  dfirf te diese v o m  Verfas-  
ser fes tgeste l l te  H u n g e r s t a r r e  w~ihrend der  Zeit  des 
sch lechten  We t t e r s  eine grof3e B e d e u t u n g  besi tzen,  wenn  
die Mauersegler  -- und  zwar vor  al lem ihre J u n g e n  - 
kein F u t t e r  b e k o m m e n  k6nnen.  

~ l b e r  i n d u z i e r t e  M u t a t i o n s e r s c h e i n u n g e n  

a n  M i l z b r a n d -  u n d  K a r t o f f e l b a z i l l e n  

N a c h d e m  zuers t  GRIFFITH 1 nachgewiesen  ha t t e ,  dal3 
unbekapse l t e  P n e u m o k o k k e n  ein Kapse lb i ldungsve r -  
m6gen  und  d a m i t  eine Ver / inderung  in ih ren  an t igenen  
und  p a t h o g e n e n  E igenscha f t en  e r langen  k6nnen,  w e n n  
sie mi t  ge t6 t e t en  bekapse l t en  P n e u m o k o k k e n  oder  mi t  
E x t r a k t e n  aus solchen z u s a m m e n g e b r a c h t  werden,  konn-  
t en  AVERY und  seine Mi ta rbe i t e r  ~ eine Nukleins~iure als 
E r r ege r  dieser M u t a t i o n  bezeichnen.  BOIVlN und  seine 
Mi ta rbe i t e r  3 mach ten  ebenfal ls  die W i r k u n g  e iner  Nu-  
kleins/ iure ffir die U m w a n d l u n g ,  die sic an  Bacterium 
coil in der  R i c h t u n g  R -> S beobach te t en ,  ve ran twor t l i ch .  
W e n n  es in der  Bak te r io log ie  i i be rhaup t  s t a t t h a f t  ist, 
yon Genen zu sprechen,  so k6nn te  m a n  diese Versuchs-  
ergebnisse  so in te rpre t ie ren ,  dab  sich durch  die Auf-  
n a h m e  einer  b e s t i m m t e n  Nukle ins~ure  aus e inem Bak-  
t e r i e n s t a m m  derse lben B a k t e r i e n a r t  die E rban lage  der  
Bak te r i en  um ein neues Gen (oder v ie l le icht  sogar  u m  
mehre re  Gene) v e r m e h r t  hat .  

Wir  s te l l ten uns  nun  die Frage ,  ob es n i ch t  gel ingen 
k6nnte ,  auch  bei unbekapse l t en  Mi lzbrandbaz i l l en  (Ba- 
cillus anthracis) bzw. bei unbekapse l t en  Kar to f fe lbaz i l -  
len (Bacillus mesenlericus [vulgatus]) das E n t s t e h e n  kap- 
se l t r agender  V a r i a n t e n  zu erhal ten ,  j edoch  n ich t  du rch  
Zel lbes tandte i le  (~(Gene),) der  homologen ,  sondern  du rch  
so lche  der  f r emden  Bak te r i ena r t .  

ZunS.chst wurden  kapsei lose Mi lzbrandbaz i l l en  (Abb. 
la)  m i t  e inem keimfre i  I i l t r ie r ten  Auszug  bekapse l t e r  
Kar to f fe lbaz i l l en  im M6rser  ver r ieben .  N a c h  Aussaa t  
solcher  Gemische  auf  A g a r p l a t t e n  en t s t anden ,  im Ge- 
gensa tz  zu bekapse l ten  Milzbrandbazi l len ,  auch  bei Ztich- 
t u n g  in gew6hnl icher  Atmosph~ire,  in mehre ren  F~illen 
neben  einer  t iberwiegenden Mehrzah l  yon  typ i schen  Ko-  
lonien der  unbekapse t t en  M i l z b r a n d v a r i a n t e  auch  schlei- 
mige Kolonien .  Die sch le imigen  Kolonien,  die e n t w e d e r  
vollst~indig der  G t a t t f o r m  des Kar to f fe lbaz i l lus  en tspra-  
chen oder  yon  ihr  nu r  insofern abwichen,  als sic eine ganz  
homogene  Beschaf fenhe i t  h a t t e n  (Abb. l c  und  d), be- 
s t anden  ausschlie61ich aus bekapse l t en  Bazi l len  (Abb. 
2a). Dabe i  erwiesen sich diese bekapse l t en  K e i m e  als 
ebenso begeil3elt wie die Kar tof fe lbaz i l len  (Abb. 2b). 

t F. GRIFFITH, J. Hyg. 27, 113 (1928), 
O.T. AVERY, J. exp. Med. 79, 137 (1944); 83, 89 (1946); 83, 

97 (1946). 
A. Bolvi~, Exper. Z, 139 (1946). 


