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I N  M E M O R I A M  

Carl G. Hartman's 
Contributions to the Physio logy of Reproduction* 

Few people know t h a t  CARL HARTMAN WaS immorta l ized 
when two  species of fungus growing ants  were named af ter  
him: A tta Hartmanni Wheeler, and Trachymyrmex turri/ex 
Wheeler caroli Sub. sp., Wheeler .  He is best known, how- 
ever, for his basic contr ibut ions  to the embryology of the 
opossum (Didelphis virginiana)  and the reproduct ive  phy- 
siology of the  m o n k e y  (Macacus rhesus). 

In  1912 Professor  J.  T. PATTERSON offered HARTMAN 
an ins t ruc torsh ip  in his depa r tmen t  of zoology with the 
request  to s tudy  the embryo logy  of the opossum. \Vhy 
the opossum ? 'Fo r  the  same reason tha t  PATTEI~SON 
selected the a rmadi l lo :  the prairie and the  creek bot toms 
were full of both  species and nobody  had yet  bothered to 
s tudy the  deve lopmen t  of these, the most  bizarre of all 
American mammals .  I t  was, therefore,  at  the Univers i ty  
of Texas  t h a t  the  essential  character is t ics  of their  mode 
of reproduct ion  was cleared up. '  (HARTMAN.) For  th i r teen 
years, he relates in a biographic sketch, ' I  hunted  the 
animals in the field. I also took care of them (at first at  
my home),  opera ted  on them,  secured, fixed, sectioned, 
and s ta ined the i r  eggs and photographed  the  sections 
myself. '  

Based on a thorough  s tudy  of near ly  1000 females from 
which several  thousand  eggs were obtained,  ttARTMAN 
established the  i m p o r t a n t  stages in the intra-  and ext ra-  
uterine d e v e l o p m e n t  of the  opossum. He found tha t  the  
opossum is polyest rous  wi th  a modal  length of the cycle 
between 28 and 30 days.  Dur ing  its tubal  journey,  the 
ovum of the  opossum first acquires a heavy  a lbuminous  

* Paper read at hi,; eightieth birthday, June :I, 1:~59. 

coat,  and litter, in the dis tal  par ts  of the tubes,  a soft shell. 
He tagged ova  at  ovu la t ion  with  Ascaris eggs and re- 
covered them 25 h litter in the uter ine folds. He  thus  proved 
t h a t  the ovocy te  of the  opossum t ravels  th rough  the  ovi-  
ducts  a t  a h igher  speed than  do the eggs of the  mouse, rat ,  
rabbit ,  or pig. F r o m  these exper iments  HARTMAN gener-  
alized tha t  there must  be a close and cri t ical  t ime rela- 
t ionship between ovula t ion  and fer t i l izat ion in mammals .  
Incident ly ,  HARTMAN brought  to the  a t t e n t i o n  of the  
gynecological  world the exper iments  of I,. I,. I.EWlS, pub-  
lished in 1911, on t imed mat ings  in the sow, which sup- 
ported a l imited v iabi l i ty  of the m a m m a l i a n  ovum.  
HAMMONI) has la ter  supplemented  precise d a t a  for the  
short  period of v iabi l i ty  of the ovocy te  in the  rabbi t .  
Together  with the facts learned from the p r imates  the  
notion of a restr ic ted v iabi l i ty  of the opossum egg has 
given great  m o m e n t u m  to the research of the fertile and 
sterile days  in the menst rual  cycle of women.  

The opossum wits the first wikl species to yield the  
complete  s tory of its embryo logy  and r ep roduc t ive  phy-  
siology. Most females were caught  while a l ready  p regnan t  
and, for tunate ly ,  ma t ing  dates  were no t  known.  To  
establish the chronology of successive s tages in fetal  de- 
ve lopment  HARTMAN modified l{ischoff's t echn ique  of 
t imed and repeated u te ro tomies  with fetal  ewmuat ions  in 
the course of the same pregnancy.  He discovered tha t ,  in 
the  opossum, in each estrous cycle m a n y  more eggs are  
ovula ted  than  ever  become fertil ized. In addi t ion,  10 to 
20% of the owmytes  fertil ized degenera te  at  d i f ferent  
stages during pregnancy.  F rom observed mat ings  and 
from t imed operat ions  on the p regnan t  opossum he learned 
something  about  the large degree of wtr iab i l i ty  in the  
course of fetal deve lopment ,  l )a t ing  m a m m a l i a n  embryos  
as to their  'coital  age '  or as to specified 'days  of p regnancy '  
is possible only with  al lowance for a wide margin  of 
variabi l i ty.  This impor t an t  fact  has too often been 
neglected, even  by present  workers  in the  fiekl. 

HARTMAN established for the opossum wha t  J. p. HILL 
had discovered in the kangaroo:  at  the t ime of pa r tu r i t i on  
a t empora ry  direct  canal  forms between the uteri  and the  
distal  vagina.  The  lateral  wtginal  camtls par t ic ipa te  in the  
changes of the estrous cycle. They,  probably,  serve as 
organs for semen act iwt t ion and they  faci l i ta te  the rapid  
t ranspor t  of the  sperm cells into the proximal  par ts  of the 
fallopian tubes.  

The  span of gestat ion in the  opossum lasts l 2 to 13 days.  
; \ t  bir th the newborn opossum weighs a p p r o x i m a t e l y  
0.13 g. This t iny baby,  by  the force of his forepaws, crawls  
from the urogenital  sinus into the  ma te rna l  pouch  and,  
for the next  two months ,  affixes himself  at  one of the  
13 teats.  F r o m  his repor t  the reader  will sense someth ing  
of the fascination HARTMAN exper ienced when he and his 
wife first witnessed the b i r th  of the opossum (February  6, 
v)2o). 

By uni lateral  oop lmrec tomy  at specified in terva ls  a f te r  
mat ing  HARTMAN demons t ra t ed  tha t  one o v a r y  alone 
suffices for the main tenance  of p regnancy  in both  uteri .  
Bilateral  oophorec tomy in te r rup ts  p regnancy  a t  a n y  stage. 
Cast ra t ion does not  interfer  wi th  lacta t ion.  

When  HARTMAN began to s tudy  the opossum, ve ry  l i t t le  
was known about  this 'mos t  s tupid an imal '  (HARTMAN). 
The only monograph  of some impor tance  was E.  GELEN- 
KA'S Studien itber die Entwicklungsgeschichte der Thiere, 
Vol. 4, Das Opossum. Thi r t een  years later, HARTMAN had 
described the main features of the a n a t o m y  of the  sex 
organs, the estrus, ovula t ion  and fert i l izat ion,  the  ear ly  
embryology,  the  b i r th  and pos tna ta l  d e v e l o p m e n t  in the  
pouch of the opossum. His findings have  been verif ied in- 
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d e p e n d e n t l y  - a n d  s u p p l e m e n t e d  in a few de ta i l s  - b y  t h e  
work  of E. MCCRADY (1938). 

Af te r  he was t h r o u g h  w i t h  t he  o p o s s u m  HAr~TMAN felt  
r e a d y  for s imi la r  s tud ies  in  t he  r e p r o d u c t i o n  of p r i m a t e s .  
I n  1925 he, there fore ,  p l a n n e d  a n  exped i t i on  to t h e  phi l i -  
p ine  i s l ands  to  g a t h e r  m o n k e y  embryos .  B u t  G. L.  STR~E- 
TER of  t he  D e p a r t m e n t  of Embryology-  of t h e  Carnegie  
I n s t i t u t i o n  of W a s h i n g t o n  i n v i t e d  h i m  ' t o  jo in  his  l abo ra -  
t o r y  a n d  s t u d y  t h e  m o n k e y  e m b r y o l o g y  t he  safe a n d  s ane  
way,  b r i ng ing  t he  m o n k e y  to t he  l a b o r a t o r y '  (HARTMAN). 
G, XV. CORNER, in c o n t i n u a t i o n  of his  i nves t i ga t i ons  on  
t h e  corpus  l u t e u m  of t h e  sow, h a d  a l r eady  b e g u n  to  
s t u d y  t h e  m e n s t r u a l  cycle in  a few r h e s u s  m o n k e y s .  I n  
1923 he  d e m o n s t r a t e d  t h e  f i r s t  l iv ing  p r i m a t e  egg. I n  
Ba l t imore ,  t hen ,  HARTMAN t o o k  ove r  CORNER'S m o n k e y  
cages. H e  ' go t  a c q u a i n t e d  w i t h  t he  m o n k e y '  a n d  suc- 
ceeded in ra i s ing  a n d  m a i n t a i n i n g  a large rhesus  colony.  
Thus ,  for  t he  f i rs t  t ime,  a p r i m a t e  b e c a m e  a l a b o r a t o r y  
an imal .  

B y  da i ly  r ec t a l  p a l p a t i o n s  of t h e  m o n k e y  ovar ies  HART- 
MAN e s t i m a t e d  t he  t ime  of  o v u l a t i o n  a n d  i ts  r e l a t i onsh i p  
to  the  p h a s e s  of t h e  m e n s t r u a l  cycle.  T h r o u g h  t i m e d  
m a t i n g s  he p r o d u c e d  t he  embryo log ica l  m a t e r i a l  on  wh ich  
G. L. STREETER a n d  CH. H.  HEUSER based  t h e i r  Deve lop-  
m e n t a l  H o r i z o n s ,  t h e  f i rs t  comple t e  embryo log ica l  series 
in  a p r ima te .  W i t h  G, ~V. CORNER, HARTMAN worked  o u t  
t h e  h i s togenes i s  of t he  co rpus  l u t e u m .  W i t h  G. B.  ~VIs- 
LOCKI he  i ndu lged  in  t h e  d e v e l o p m e n t  of t he  p r i m a t e  
p l acen t a .  W i t h  INES DE ALLENI)E h e  s t ud i ed  t h e  cy to logy  
of t he  v a g i n a  in the  course  of t he  m e n s t r u a l  cycle. H e  
p r o v i d e d  t i m e d  spec imens  for G. W.  BARTELMEZ' de ta i l ed  
s t u d y  of t he  h i s to logy  of t he  m u c o s a  u ter i .  

HARTMAN showed  t h a t  t h e  f r e q u e n c y  of a n o v u l a t o r y  
cycles  exp la ins  t h e  r e l a t i ve  s t e r i l i t y  d u r i n g  adolescence  in  
t h e  p r ima te s .  The  b leed ing  w h i c h  f r e q u e n t l y  occurs  a t  t h e  
t i m e  of i m p l a n t a t i o n ,  in  t he  m o n k e y  as  well  as in  women ,  
car r ies  his  n a m e  (HART,~AN'S sign). 

I n  1932 he  s u m m a r i z e d  his  m o n k e y  work  in  t he  now 
classic m o n o g r a p h :  S t u d i e s  i n  the R e p r o d u c t i o n  of the 
M o n k e y .  His  genera l  r ev i ew T i m e  o / O v u l a t i o n  i n  W o m e n  
(1936) m a r k s  a mi l e s tone  in  t h e  sea rch  for  ~acts in  h u m a n  
r ep roduc t ion .  

HARTMAN holds  a c e n t r a l  pos i t ion  a m o n g  t he  workers  
on  r e p r o d u c t i v e  phys io logy  d u r i n g  t he  f i rs t  ha l f  of t h e  
t w e n t i e t h  cen tu ry .  Hi s  b r o a d  a p p r o a c h  to  t he  special  
s u b j e c t  a n d  his  i n e x h a u s t i b l e  i n d u s t r y  secured  l a s t i ng  
resul ts .  M a n y  worker s  in  t h e  f ield owe to  h i m  r e sea rch  
sugges t ions ,  m a t e r i a l  he lp ,  a n d  f r i end ly  adv ice  or  s o u n d  
cr i t ic ism,  He  c o n t e n d s  t h a t  he  n e v e r  said  to  h imse l f :  
' I  a m  going to be  a s c i e n t i s t . . .  I n e v e r  b o t h e r e d  to  con-  
s ider :  is t h e r e  a n y  use in  th i s  s t u d y  ? The  m a i n  t h i n g  was  
t h a t  I was  h a v i n g  fun  do ing  t h e  e x p e r i m e n t s . '  This ,  t h e  
essay is t  feels, is t he  sec re t  w h y  h is  ' r e sea rches  were  to  
occupy  h i s  w a k i n g  h o u r s  to  t h i s  good d a y  . . . ' .  

R.  F.  VOLLMAN 

D e p a r t m e n t  o/ A n a t o m y ,  U n i v e r s i t y  o/ I l l i no i s ,  Chicago,  
M a r c h  16, 1959.  

Z u s a m m e n / a s s u n g  

D er  B e r i c h t  sch i lde r t  die E n t w i c k l u n g  des  Philologie- 
s t u d e n t e n  CARL G. HARTMAN z u m  Naturwissenschaf t l e r .  
S t u d i e n  t iber  p i l zz i i ch tende  A me i s en  u n d  t iber  die 0ko-  
logie soli tXrer W e s p e n  fo lg ten  embryo tog i sche  Versnche  
bei  F lederm/ iusen .  M i t h i e r  ansch l i e s senden  U n t e r s u c h u n -  
gen  zu r  F o r t p f l a n z u n g s p h y s i o l o g i e  u n d  f r i ihen  E m b r y o -  
na lpe r iode  des Opossums  u n d  des  R h e s u s a f f e n  h a t  HART- 
MAN e inen  g r u n d l e g e n d e n  B e i t r a g  zur  m o d e r n e n  For t -  
p f l anzungspbys io log ie  geleis tet .  
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