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2. Each metaphase chromatid showed two separate 
filaments (half-chromatids) usually connected at the 
centromere and telomere regions. Depending on the degree 
of the separation at the centromere level, the metaphase 
chromosome may exhibit ring-shaped or eight-like 
chromatids. At the EM, a gap between both annular 
'half-chromatids' could be observed (Figure 3, A, B, C, D). 
Although the half chromatids showed longitudinal 
striae, the number of the component filaments could not 
be determined. There remains the question whether 
the striae end as free subfilaments at the telomere, or 
cons t i tu te  a p a r t  of a single, longi tudina l ly  b e n t  f i l ament  
a t  the  te lomere region. 

The morpho logy  of the  chromosomes  af ter  chloroform 
t r e a t m e n t  suggests  some s imi lar i ty  wi th  the  model  
p roposed  by  STUBBLEFI~LD and Wl~AY 4 for the  m a m m a l  
chromosome.  According to th is  model,  each anaphase  
ch roma t id  consists  of 2 ha l f -chromat ids ,  each of which 
has 2 deoxyr ibonuc leopro te in  r ibbons  l inked rio a single 
core and presen t ing  ep ichromat in  loops, la teral ly  a t t ached .  

The chloroform effect  has  been  followed up in several  
exper iments .  Figure 1 and 2 show aspects  usual ly seen, 
Figure  3 shows a mos t  u n c o m m o n  aspect .  In  p repa ra t ions  
t r ea t ed  over  iong per iods  of t ime,  as well as in p repa ra t ions  
t r ea t ed  wi th  chloroform prior  tO fixation,  t he  chromosomes  
were found to lose the i r  in tegr i ty  mak ing  any  analysis  
difficult .  

Our observa t ions  on the  morpho logy  of ch romosomes  
af ter  chloroform t r e a t m e n t  suggest  a mu l t i s t r anded  or a t  
least  a b inemic  model.  How could an uninemic  model  f i t  
the  observa t ions  of well def ined ha l f -chromat ids  w i th  
ev iden t ly  spl i t  te lomeres  ? We suggest  t h a t  the  in te rphase  
chromosome consists  a t  least  of two D N A  s t rands .  
Dur ing  D N A  synthes is  t h e y  uncoil and the  DNA helices 
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replicate.  The d i s t r ibu t ion  of s is ter  helices to t he  same or 
to d i f ferent  ch roma t ids  of the  me taphase  ch romosome  
can only be e lucidated by  an inves t iga t ion  of TH a 
incorpora t ion  pa t t e rns .  

The hypo thes i s  of an un ineme model  was favoured  by  
the  f ind ing  of T H  a heterolabel l ing in the  second genera t ion  
of D N A  repl icat ion of mi to t ic  chromosomeslS,  while an 
isolabelling p a t t e r n  has recent ly  been descr ibed by  
PEACOCt< ~6. Accept ing  the  b inemic  model ,  T H  a iso- 
labelling or heterolabel l ing w o u l d  depend  on the  d is t r ibu-  
t ion of the  sister  helices of each of the  Mt DNA molecule 
to  t he  very  same or d i f fe rent  chromat ids .  More recent ly  
it was shown t h a t  m a m m a l  sex chromosomes  become iso- 
labeled at  Me 4. 

Our au torad iographic  f indings,  discussing the  b inemic  
hypothes is ,  will be repor ted  elsewhere.  

The exis tence  of ~half-chromatids '  should no t  be 
in t e rp re t ed  as an ind ica t ion  tl~at dras t ic  var ia t ions  in 
D N A  con ten t  among  species wi th  s imilar  ka ryo types  are a 
consequence  of di f ferent ia l  po lynemy.  As a m a t t e r  of 
fact,  all species examined  by us p resen ted  'ha l f -chromat ids ' .  
Yet ,  th is  also does no t  necessar i ly  exclude po lynemy,  
since e lucidat ion wi th  respec t  to  the  n u m b e r  of f i laments  
wi th in  ttle ' ha l f -chromat ids '  sti'll needs be t t e r  resolution.  

The considerable  difference in DNA con ten t  in the  2 
anuran  species of Odontophrynus used in th is  inves t iga t ion  
is d e m o n s t r a b l y  the  resul t  of polyploidy.  The high DNA 
con ten t  in Eleutherodactylus binotatus is assumed to  be a 
consequence  of r emote  polyplo id iza t ion  and/or  in ters t i t ia l  
dupl ica t ions  ,a. 

Zusammen/assung.  Metaphasech romosome  lassen nach  
Chloroform-Behand lung  eine Aufte i lung in Ha lbch roma-  
t ide  erkennen.  Zytologische Befunde  der  Un te r suchungen  
(Licht-  und  Elekt ronen-Mikroskop)  weisen auf eine bine- 
mische S t ruk tu r  des eukaryo t i schen  Chromosoms hin.  
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C h r o m o s o m a l  Identity of Black Rats (Rattus rattus) f rom the Galfipagos Is lands,  Ecuador 

Considerable  in te res t  has been  given in recent  years  
to the  documenta t ion  of ch romosomal  var iab i l i ty  in the  
cosmopol i tan  h u m a n  commensa l  rodent ,  the  black ra t  
Rattus rattus (Linneaus).  Two ka ryo typ ic  morphs  have  
been descr ibed:  a 2n = 42 m o r p h  f rom eas tern  ~ and  
sou theas te rn  2 Asia and  the  Ind ian  subcont inentS;  and  a 
2 n = 38 m o r p h  f rom south  Ind ia  ~, wes te rn  Asia 5, Europe  6 

Africa v, N o r t h  Amer ica  s, South  Amer icaL and Austra l -  
asia *~ The exac t  cytological  re la t ionships  be tween  these  
va r ian t s  are now- known from Giemsa-band ing  pa t t e rns ,  
and  consis t  of two  Rober t son ian  fusions and  1 to 2 
per icentr ic  inversions11. In  add i t ion  to  the  general  poly- 
typ ic  na tu re  of var iab i l i ty  in diploid n u m b e r  summar ized  
above, i n t r apopu la t ion  po lymorph ic  sys tems  have  also 
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Chromosoma 33, 30 (197t) ; T. H. YOSHIDA and T. SAaAI, Chromo- 
soma .37, 287 (1972). 

2 H. S. YONG, Cytologia 34, 394 (1969) ; J. F. DUNCAN and P. F. P. 
VAN PI?~NAN, Caryologia 2d, 331 (1971). - A. MAR~ZVONC-, J. 
~V[ARSHALL and A. GROPP, Mammal. Chrom. Newslett. 74, 91 
(1973). 

a S. PATHAK, Mammal. Chrom. Newslett. 72, 92 (1971). 
4 ~ .  L. SATYA PRAKASH a n d  N. V. ASWATHANARAYANA, E x p e r i e n t i a  

28, 1504 (1972). 
5 p.  MOSTASHFI, T. RAHMTANI, I-[. I~[OSTASHFI a n d  F. YAZDANI, 

Mammal. Chrom. Newslett. 13, 149 (1972). - J. WAHRMAN and 
P. GOUREVITZ, Jerusalem Chromosome Conf. (1972), p. 19. 

6 E. CAPANNA, •. V. CIVITELLI a n d  R. NEZER, E x p e r i e n t i a  26, 422 
(1970). - A. GROPP, H. WINKING, H. MULLER and J. P. ]~ULLER, 
Mammal. Chrom. Newslett. 72, 118 (1971). - E. CAPANNA and 
3/[. V. CIVITELLI, Experientia 27, 583 (1970). 

7 E. CAeANNA and M. V. CIVITELLI, Boil. Zoologia 38, 151 (1971). 
s W. N. BRADSHAW, Proc. W. Vs. Acad. Sci. d3, 103 (1971). - B. L. 

DAvis and R. J. BAKER, Cytologia 36, 417 (1971). 
9 N. O. BIANCHI, J .  PAULETTE VANRELL a n d  L. A. DE VIDAL RIOJA, 

gxperientia 25, 1111 (i969). - J. t)AULETTE-VANRELL, Mammal. 
Chrom. Newslett. 7t, 99 (1970]. 

I0 T. H.  YOSHIDA, K. TSUCHIYA a n d  K. I~ORIWAKI, C h r o m o s o m a  33, 
252 (1971). - T. H. YOSmDA, K. TSUCHIYA, H. T. tMAI and 
K. MORIWAK*, Jap. J. Genet. 4d, 89 (1969). 

11 T. H. YOSHIDA and T. SAGAI, Chromosoma 37, 287 (1972); 41, 93 
(1973). 



15. 10. 1974 Specialia I]41 

Karyotypes of Rattus rattus (Lin- 
neaus) from the Galgpagos Is- 
lands: a) male, MVZ 145516, 
James Bay, Isla Santiago ('frugi- 
vorous' phenotype); b) male, 
MVZ 145468, east side Isla 
Pinz6n ('rattus' phenotype); and 
e) male, MVZ 145490, Isla Baltra 
('rattus' phenotype). 

been descr ibed for one or b o t h  va r i an t s  involving a 
diverse  group of mechan i sms :  a) B-chromosome  accmnu-  
la t ion ~2, b) per icent r ic  inversions la, or c) centr ic  fusions 14. 
Thus,  a more  tho rough  knowledge of the  geographic  
e x t e n t  of each numer ica l  m o r p h  as well as the  e x t e n t  and 
na tu re  of var iab i l i ty  wi th in  given popu la t ions  is of 
impor t ance  in unde r s t and ing  the  evo lu t ionary  h i s to ry  of 
the  species itself. In  addi t ion,  since R. rattus is a 'weed '  
species in the  classicaI def ini t ion 15, detai ls  as to the  
genet ic  founda t ions  associated wi th  its except ional  
colonizing abi l i ty  have  grea t  theore t ica l  in teres t .  

The p resen t  s tudy  concerns  the  karyological  charac ter -  
izat ion of Raltus rattus f rom the  Galgpagos Archipelago,  
Ecuador .  Black ra ts  were in t roduced  to  the  is lands 
somet ime  before 1835, as Darwin  collected the  species on 
Isla Sant iago ( =  James  Island) in t h a t  year  16. To date,  
the  species has spread,  p r e s u m a b l y  by  the  aid of mul t ip le  
in t roduc t ions ,  to  inhab i t  7 of the  16 major  is lands of the  
group, and  has d isplaced the  na t ive  roden t s  (genus 
Oryzomys) f rom 4 of these is lands in the  process lL In  the  
typological  sense, the  3 Eu ropean  subspecies  (the nominal  
rattus, alexandrinus, and/ rugivorous)  are known  f rom the  
islands. However ,  t he  p resen t  au thors  follow more recent  
t axonomic  opinions  and app ly  the  t r inomia l  R. r. raltus 
to  all m orphs  d i s t inguished  by  pelage color alone since th is  
p r e s u m p t i v e  subspecif ic  charac te r  is de t e rmined  merely  by  
a l t e rna t ive  alleles segregat ing  at  2 non- l inked au tosomal  
loci is. 

Chromosomal  p repa ra t ions  were m a d e  by  the  s t an d a rd  
in vivo co lch ic ine-hypotonic  c i t r a t e -ace to -me thano l  fix- 
a t ive  sequmme descr ibed elsewhere 19. 31 indiv iduals  of a 
to ta l  sample  of 138 collected were ka ryo typed ,  including a 
r ep resen ta t ive  sample  f rom each island f rom which  b lack 
ra ts  are p r e s e n t i y  known  as well as of each of the  th ree  
pelage color var ian ts .  Voucher  spec imens  in the  form of 
s t u d y  skin wi th  skull or skele ton only  f rom all individuals  
examined  are depos i ted  in the  m a m m a l  collection of the  
Museum of Ver t eb ra t e  Zoology (MVZ), Un ive r s i t y  of 
California, Berkeley.  Sample  sizes, localities, and  m u s e u m  

catalogue number s  are as follows: 3c?, A cad emy  Bay, 
I s l aSan t aCruz  (MVZ145394 145396) ; 2~-29, ConwayBay ,  
Isla Santa  Cruz (MVZ 145473-145476); 2c~-25~, Wreck  
Bay, Isla San Cris t6bal  (MVZ 145426-145429); 1<?-39, 
Black Beach, Isla F loreana  (MV,Z 145430-145433); 
2c~-29, Caleta Tagus, Isla Isabela  (MVZ 145438 145441); 
2c~-29, east  side Isla P inz6n (MVZ 145465-145468); 
3c~-19, Isla Ba l t ra  (MVZ 145490-145493); 2c~-2~, Bahia  
James ,  Isla Sant iago (MVZ 145515-145518). 

All an imals  examined ,  regardless of local i ty  or pelage 
coloration,  possessed a d ip lo id  n u m b e r  of 38. Moreover,  no 
var ia t ion,  e i ther  numer ica l  or morphological  in na ture ,  
was observed wi th in  any  one popu la t ion  sample.  The 
ka ryo type  for those  ra ts  examined  was in te rna l ly  con- 
s i s ten t  and  appears  ident ical  to  descr ibed and f igured 
2n = 38 complemen t s  f rom o ther  pa r t s  of the  world.  The 
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au tosomal  complemen t  consis ts  of one pair  of large, one 
pai r  of medium,  and 7 pairs  of small  m e t a - s u b m e t a -  
centr ics ;  one pai r  of large and one pai r  of small  sub- 
te locentr ics ;  and 7 pairs  of m e d i u m  to small  acroeentrics.  
The X - c h r o m o s o m e  is a med ium-smal l  acrocentr ic  and  the  
Y-chromosome is a small  acrocentr ic  equ iva len t  in size to 
the  smal les t  autosome.  K a r y o t y p e s  r ep resen ta t ive  of 
three  is land popula t ions  are given in the  Figure. 

The d iscovery  of t he  38-chromosome form of the  black 
ra t  in the  Gal~pagos is no t  par t i cu la r ly  surpr is ing since 
these  ra t s  have  the  European  appearance  in all o ther  
respects .  

I t  is of some interest ,  however ,  t h a t  the  popula t ions  
examined  appea r  to  ep i tomize  a genera l i ty  of a ve ry  low 
to non-ex i s t en t  level of ch romosomal  var iab i l i ty  exh ib i ted  
by  all ' i n t roduced '  popu la t ions  of b lack ra ts  t he  world 
over. Despi te  a r a the r  wide range in var iab i l i ty  of ex- 

~0 j .  L. PATTON, S. Y. YANG and P. MYEgS, unpublished data. 
21 This research was supported in part by the Janss Foundation 

and the Penrose Fund of the American Philosophical Society 
and was accomplished during the joint Museum of Vertebrate 
Zoology, Natural History Museum of Los Angeles expedition 
to the Gal~pagos Islands, January and February 1974. We thank 
Dr. JOHN W. WRIGHT, CAROL P. PATTON and NANCY Jo for aid 
in the field; Dr. TJITTES DEVRIES and the staff of the Charles 
Darwin Research Station for logistical support; and the Servicio 
Forestal and Parque National Galfipagos for collecting permits. 

pressed types  of ch romosomal  r ea r rangement s  wi th in  the  
species as a whole, no popu la t ion  as ye t  f rom Africa, 
Australasia ,  or the  Americas  (all wi th  2n = 38) has ex- 
h ib i ted  any  form of chromosomal  var iabi l i ty .  This 
lack of var ia t ion  at  the  chromosomal  level is also paral leled 
by  a similar  cons is ten t  Iow level of genic-based var iab i l i ty  
as judged  by  al lozyme s tudies  2~ Therefore,  a t  least  in the  
case of the  black rat ,  except ional  colonizing abi l i ty  is not  
associated wi th  any  increased genet ic  var iance  (as 
measured  by  chromosomal  or genic characters)  as migh t  
be expected.  Quite to  the  cont rary ,  the  success of the  
species m a y  be due ins tead  to  an ex t remely  wel l - in tegra ted  
and rigid geno type  wi th  ex t reme  f lexibi l i ty only a t  the  
pheno typ i c  level ,1. 

Resumen. Muestras  de ra tas  negras  (Rattus rattus) de 
siete islas del Archipi61ago de Gal~pagos fueron examina-  
das pa ra  estudios de chromosomas .  E1 nfimero diploide de 
todos  los animales  es 38 y los car iot ipos  son id6nticos a 
los de las poblaciones  europeas,  americanas ,  y aus t ra-  
lianas. La conclusi6n general  es que la fal ta  de var iabi l idad 
cariotfpica de las poblaciones  in t roduc idas  se explica po t  
la capacidad  de ra tas  de establecerse por  medio  de 
cambios  fenotipicos.  

J. L. PATTON and  P. MYXRS 

Museum of Vertebrate Zoology, 
2593 Life Sciences Building, University of California, 
Berkeley (California 94720, USA), 22 Apri l  1974. 

S e x  At trac tant  Inh ib i tors  of  the  Codl ing  M o t h  Laspeyresia pomonella L. 

Sex a t t r ac t ion  in lep idoptera  is of ten inhib i ted  by  
compounds  closely re la ted to  the  a t t r a c t a n t  chemical,  
bu t  differ ing by  the  posi t ion or geomet ry  of a double 
bond  or the  presence or absence of an ester  function1, 2. 
Due to the i r  effect iveness in coun te rac t ing  response  to  
pheromones ,  inhibi tors  m a y  have  a po ten t i a l  use in 
insect  control.  

In  a search for s t rong inhibi tors  of the  codling moth ,  
Laspeyresia pomonella, sex pheromone ,  we have  employed  
the  rout ine  procedure  ~ of add ing  various chemicals  3 to 
cyl indrical  t raps  ba i ted  wi th  trans- 8, trans- 10-dodecadien- 
1-ol ~ (Codlemone 5 caps) or wi th  3 virgin females. The 
tes ts  wi th  di f ferent  chemicals  were conduc ted  over  various 
t ime  in tervals  i n  apple  orchards  at  Opfershofen and 
T~gerwilen dur ing  the  codling m o t h  f l ights  of 1972 and 
1973. 

The Table lists the  catches  wi th  each chemical  as 
compared  wi th  those  of the  control  group over  the  same 
t ime  period.  Of all compounds  tes ted,  cis-8-dodeeenyl 
ace ta te  was the  s t ronges t  codling m o t h  inhibi tor .  Catch 
was reduced by  ca. 90% wi th  1 mg of th is  chemical  (No. 
16), and a lmost  to ta l ly  wi th  5 mg (No. 17). Ins t ead  of 
codling moths ,  these  t r aps  a t t r ac t ed  males of the  p lum 
frui t  moth ,  Grapholitha/unebrana, probab ly  f rom s tands  
of p lum trees outs ide  the  apple  orchard.  Cis-8-dodecenyl 
ace ta te  has been known as a sex a t t r a c t a n t  of th is  in- 
sect  ~. Compared  wi th  catches  wi th  th is  chemical  alone, 
Codlemone seemed to have  no effect  on p lum frui t  m o t h  
males. 

A n u m b e r  of o ther  chemicals  also s ignif icant ly  inhib i ted  
codling m o t h  a t t rac t ion .  3 compounds  were t e s t ed  agains t  
virgin females, cis-8-dodecenyl ace ta te  (16 and 17) which  
was a s t rong inhibi tor ,  and  cis-lO and trans-lO-dodecenyl 
ace ta te  (Nos. 21 and 22) which were modera te  inhib i tors  

of Codlemone.  All 3 chemicals  were s t rong inhibi tors  of 
male a t t r ac t ion  to  females.  As s t rong evidence has been 
obta ined  for the  i den t i t y  of trans-8, trans-lO-dodecadien- 
1-ol wi th  t he  na tu ra l  codling m o t h  phe romone  7, our 
results  seem to suggest  t h a t  the  females emi t  th is  com- 
p o u n d  at  a lower ra te  t h a n  Codlemone caps since the i r  
a t t r a c t a n c y  was reduced more  dras t ica l ly  by  inhibi tors .  

S t ruc tures  of codling m o t h  inhibi tors  found in th is  
s tudy  are l is ted in the  Figure in order  of decreasing inhi- 
bi t ion.  Al though  prolonged tes t s  migh t  have  a l tered the  
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l, 354 (1972). S. VOERMAN and A. K. MINKS, Envir. Entom. 2, 751 
(1973). 
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bromides, the cis-6 isomer from 5-bromopentan-l-ol and 1-heptyne, 
as in W. L. ROELOFS and H. ARN, Nature, Lond. 219, 513 (1968). 
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by Drs. W. L. ROELOFS and A. HILL, Cornell University, Geneva, 
N. Y., USA. 
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