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large chromosomes  (18 pairs in Xenopus  and 9 in Hymeno-  
chirus) : if i t  is t rue,  as regards  the  Amphib ia ,  t h a t  evolu-  
t ion is general ly  accompanied  by a reduc t ion  of the  
ch romosome  mate r ia l  s,ls, th is  fact  m a y  cons t i tu te  a 
character is t ic  of karyological  pr imi t iveness  wi th  respect  
to t he  Microhylidae,  t he  Pe toba t idae  and the  higher  
Anura,  which have,  a t  the  most ,  7 pairs of large homo-  
logues in the  more p r imi t ive  forms and a smal ler  number  
in the  higher  forms. 

(3) As prev ious ly  s tated,  the  Pe loba t idae  show var ious  
affinities wi th  the  Lep todac ty l i dae ;  compared  wi th  the  
la t ter ,  t hey  do no t  appear  more  pr imit ive .  W h a t  seems 
more  in teres t ing is t h a t  cer ta in  Leptodac ty l idae ,  in thei r  
turn,  show karyological  relat ionships,  on the  one hand  
wi th  t he  Hy l idae  and on the  o ther  hand  (certain Aus t ra l ian  
Leptodac ty l idae)  perhaps  wi th  the  Bufonidae  and  the  
Ate lopodidae  le,lT. All these families therefore  cons t i tu te  
a group of karyological ly  associated forms, perhaps  con- 
verging in a lep todact i lo id  (or pelobatoid)  s tock;  t hey  
form a na tu ra l  group, also f rom the  ana tomo-compara -  
t i r e  poin t  of view, because they  comprise the  h igher  
Anura  hav ing  an arciferal  shoulder  girdle 1. 

(4) The  Microhylidae,  karyological ly  heterogeneous  bu t  
no t  obviously  pr imit ive ,  m a y  be related to the  Ranidae ,  
which  are  re la ted to the  Hypero l idae  ~3. This  vas t  group 
of forms, compris ing the  f i rmis ternal  Anura  1, is con- 
t ras ted ,  f rom its  ex t en t  and the  n u m b e r  of species, wi th  
the  group discussed in section (3), t oge the r  wi th  which i t  
comprises  all the  h igher  Anura.  

The  fact  t h a t  the  Bufonidae,  considered 'a  paedomor-  
phic offshoot '  of the  p r imi t ive  Aus t ra l ian  Lep todac ty l i -  

dae 1, approach  the  ka ryo type  of the  families of group 4, 
m a y  signify t h a t  (perhaps among  the  Leptodac ty l idae)  
there  m a y  exis t  forms of which the  karyotype has char-  
acter is t ics  in t e rmed ia t e  be tween  these  of t he  2 large 
groups of  families (cf. 18)lg 

Riassunto. Lo s tudio cariologico di specie di Anur i  
appar tenen t i  alle famiglie p i t  p r imi t ive  del l 'ordine  con- 
duce a fo rmula te  le seguent i  ipotesi :  (1) Ascaphidae  e 
Discoglossidae sono s t r e t t a m e n t e  col legat i  fra loro, e si 
differenziano da  quasi  t u t t i  gli al t r i  Anur i ;  (2) i P ip idae  
afr icani  e quel l i  amer ican i  sono mol to  diversi  fra loro; 
(3) i Pe loba t idae  hanno  var ie  affinitA cariologiche con i 
Lep todac ty l idae ,  e quest i  con gli Anur i  superiori  p reva -  
l en t emen te  arciferi ;  (4) i Microhyl idae  hanno  rappor t i  
cariologici  con i Ranidae .  
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The Mitotic Chromosomes of the Lamprey Mordacia mordax (Agnatha: Petromyzonidae) 

As representa t ives  of the  most  p r imi t ive  group of 
l iving ver tebra tes ,  the  lampreys  are of considerable  phylo-  
genetic  interest .  However ,  l i t t le  is known abou t  the  cyto-  
genetics of this group because the  ve ry  small  size and high 
number  of chromosomes  has made  the  analysis  of karyo-  
types  ex t r eme ly  difficult .  I t  would  appear  t h a t  cen t romere  
posi t ions and length  va r i a t ion  of chromosomes  wi th in  
complements  h a v e  no t  been c lear ly  establ ished for any  
lampreys .  ZANANDREA and CAPA•NA x, in the  only s t udy  
which deals  in some deta i l  w i th  l amprey  chromosomes,  
have  g iven  counts  for 3 species wi th in  the  genus Lampetra.  
Other  references to l amprey  diploid numbers  *-4 also refer 
to  nor thern-hemisphere  species. 

The  exclus ively  southern-hemisphere  genus Mordacia 
has been regarded by  most  au thors  as suff icient ly different  
f rom nor thern  genera  to mer i t  being placed in a t  least  a 
separa te  sub-family  6. The  cur ren t  s tudy  was carr ied ou t  
on M .  mordax (Richardson),  to  p rov ide  morphologica l  
detai ls  of the  chromosomes  of a m e m b e r  of the  Pet ro-  
myzon idae  and to  de te rmine  the  diploid n u m b e r  of 1 of 
t he  4 species of sou thern-hemisphere  l ampreys  for com-  
par ison wi th  those  a l ready  recorded for nor the rn  species. 

Material  and methods. M .  mordax occurs  in r ivers  in 
south-eas tern  Austral ia .  The  diff icul ty  of ob ta in ing  adul ts  
prec luded the  use of gonadal  mate r ia l  for the  s tudy  of 
mi to t ic  and meiot ic  configurat ions.  A m m o c o e t e  larvae  
were therefore  employed  for counts ,  the  source of mater ia l  
being the  epi thel ial  cells l ining the  gut.  Tissue was re- 

moved  from animals,  af ter  t hey  had been placed in 0.01% 
colchicine solut ion for 5 h, and macera ted  in saline. The  
resul t ing cell suspension was t rea ted  hypoton ica l ly  and 
f ixed in 3:1 methanol -g lac ia l  acetic acid. Counts  were 
m a d e  f rom pho tographs  of air dried prepara t ions  s ta ined 
w i t h  e i ther  Giemsa or  2% aceto-orcein.  Br igh t  field and 
phase microscopy helped to  dis t inguish indiv idual  chromo-  
somes which could no t  be  resolved f rom photograph ic  
prints .  

Results and discussion. Many  preparat ions ,  made  f rom 
the  guts  of  numerous  ammocoetes ,  were  examined  in 
order  to f ind spreads clear  enough for accura te  count ing.  
The  d is t r ibu t ion  of counts  ob ta ined  f rom the  23 satis- 
fac tory  spreads is shown in the  Table.  

Despi te  the  small  size, large number  and occasional  
over lapping  of the  chromosomes,  a range in counts  of 
75-79, and the  occurrence of 76 chromosomes  in more  
t h a n  half  t he  to ta l  n u m b e r  of counts ,  indica ted  t h a t  
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Distribution of somatic chromosome counts for 23 spreads 

Diploid numbers 

75 76 77 78 79 
No. of counts 5 12 3 2 1 11 I I I ql,ct l q l , ( l  

0% 

44 p q t 
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Figs. 1 and 2. Mitotic metaphases in gut cells of ammocoetes of 
M. mordax. Figure 1. Chromosonles showing distinct ehromatids and 
many showing the median position of the centromere. Figure 2. 
Spread showing variation in length of chromosomes within a single 
complement. 

p repara t ive  techniques  had no t  grea t ly  d is rupted  the  
spreads. I t  should be ment ioned,  however ,  t ha t  2 spreads 
were re jected because they  had widely sca t tered  chromo-  
somes and dras t ica l ly  lowered chromosome numbers ,  a 
resul t  t h a t  could be  clear ly  a t t r i bu t ed  to rup tu r ing  of 
nuclei  dur ing spread prepara t ion .  The  fact  t h a t  the  dis- 
t r ibu t ion  of ch romosome numbers  is not  nega t ive ly  dis- 

m a n y  of the  chromosomes  in Figure  1, indicates  t h a t  the  
ma jo r i t y  of chromosomes  are  metacen t r i c  or  sub-meta -  
centr ie .  F igures  2 and  3 show the  considerable  va r i a t ion  
in the  length  of the  chromosomes  in a single complement .  
Fur thermore ,  the  longest homologous  pair  is c lear ly  dis- 
t inguished in spreads conta in ing  chromosomes  tha t  are  
not  h ighly contracted.  

The  high diploid n u m b e r  in M. mordax and Entosphenus 
reissneri 4 and the  ex t r eme ly  high numbers  recorded for 
3 Lampetra species, wa r ran t  the  genera l iza t ion t h a t  the  
l ampreys  as a group are charac ter ized  by  high chromosome 
numbers .  Diploid numbers  as high as 76 for M. mordax 
have  been recorded f rom fishes, amphibians ,  birds and 
m a m m a l s  bu t  a diploid complemen t  of 156 in L. / luviat i l i s  ~, 
appears  to be among  the  highest,  if no t  the  highest ,  
recorded for a member  of the  P h y l u m  Chordata .  However ,  
i t  should be noted t h a t  there  is considerable  d iscrepancy 
in o ther  figures g iven for the  l a t t e r  species2, =. 

Most of the  chromosomes  of M. mordax are metacen t r i c  
or submetacent r ic ,  while NOGOSA has repor ted  t h a t  those  
of E. reissneri 4 ' seem to be of te lomit ic  na tu re ' .  I f  the  
cen t romere  posit ion in the  chromosomes  of these 2 species 
does, in fact,  differ  so markedly ,  a deta i led  s tudy  of 
chromosome morpho logy  in o the r  nor thern-  and southern-  
hemisphere  lampreys  is desirable, since i t  m a y  present  
i m p o r t a n t  in format ion  regarding phylogenet ie  relat ion-  
ships wi th in  the  group. 

Rdsumd. L'6 tude  des chromosomes  somat iques  de la 
lamproie  de l 'h6misph~re sud, Mordacia mordax (Richard-  
son), mont re  que  l ' 6qu ipemen t  ch romosomique  diploide 
de ce t t e  espSce est  compos6 de  76 chromosomes  tr~s 
peti ts .  La  p lupa r t  des chromosomes  sont  m6tacen t r ique  
ou bien subm6tacen t r ique .  Ces chromosomes  sont  diff6- 
rents  en nombre  de ceux d6crits pour  les lamproies  de 
l 'h6misph~re nord.  
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ing of large numbers  of ve ry  small  chromosomes,  

The  locat ion of the  cent romeres  which is easily seen in 


