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tochores,  as i n d i v i d u a t e d  b y  t he  d i s t anc ing  of d a u g h t e r  
ch romat ids ,  var ies  f rom a d i s ta l  to  a med ia l  locat ion.  The  
soma t i c  para l le l  pa i r ing  of homologous  ch romosomes  was 
recognizable  on ly  in some plates .  The  c h r o m o s o m e  coun t s  
con f i rm  the  expec ted  d ip lo id  n u m b e r  of 32. 
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Fig. 1. Oocyte bivalents at metaphase-I. 
Fig. 2. Spermatocyte bivalents at early pachitene. 
Fig. 3. Spermatoeyte bivalents at late paehitene. 
Fig. 4. Spermatocyte bivalents at diakinesis. 
Fig. 5. Mitotic chromosomes at prometaphase in eieaving eggs. 

Discussion and conclusion. T h e  hap lo id  n u m b e r  16 and  
the  diploid  n u m b e r  32 h a v e  been  conf i rmed  w i t h o u t  
d o u b t  for t h e  p o p u l a t i o n  of M. manhattensis f rom t h e  la- 
goon of Venice  ~. A l t h o u g h  i t  has  n o t  been  poss ible  to  
ex ami n e  popu la t i ons  of M. manhattensis f rom the  
W o o d s  Hole  area,  I suspec t  t h a t  t h e  h ap l o i d  n m n b e r  of 
18 g iven  b y  CRA2CIPTON g for an i ma l s  f rom t h a t  zone is 
p r o b a b l y  e r roneous  due to t h e  r a t h e r  q u es t i o n ab l e  
t e c h n i q u e  employed  b y  t h e  au thor .  

W i t h  respect  to  c h r o m o s o m e  behav iour ,  precocious  
s epa ra t i on  of d a u g h t e r  k ine tochores  ~ an d  d i s t a n t  somat i c  
pa i r ing  of homol0gous~ has  once aga in  been  no t ed  for 
c leav ing  eggs. 

Consider ing  ch romosome  morphology ,  M. manhattensis 
possess b o t h  te locentr ic ,  acrocentr ic ,  s u b m e t a c e n t r i c  a n d  
m e t a c e n t r i c  ch romosomes  an d  r o u n d i s h  deep ly  s t a ined  
oocyte  b iva len t s ,  as Botryllus schlosseri s, t h e  on ly  
pecu l i a r i t y  be ing  the  presence  of 1 couple  of c h r o m o s o m e s  
clear ly d i f fe renc ia ted  f rom t h e  o the r s  b y  v i r t u e  of i ts  
g r ea the r  l e n g t h  a n d  t h e  aspec t  of s p e r m a t o c y t e  b i v a l e n t s  
a t  la te  diakinesis .  

Because  t h e  ka ryo logy  of M. manhattensis shows more  
pecul ia r i t i es  t h a n  t h a t  of Botryllus schlosseri, I feel 
inc l ined  to s u p p o r t  t h e  view, a t  p r e sen t  based  on com- 
pa r i son  b e t w een  gross m o r p h o l o g y  9,1~ t h a t  Molgul idae  
are less p r i m i t i v e  t h a n  Styel idae.  

Riassunto. Nel l ' uovo  in s egmen taz ione  di 2VIolgula 
manhattensis i c romosomi  p r e s e n t a n o  u n a  precoce sepa- 
raz ione  dei c ine tocor i  f ra te l l i  ed u n  a p p a i a m e n t o  a 
d i s t a n z a  dei c romosomi  omologhi .  M. manhattensis si 
d i s t ingue  dagl i  a l t r i  S t o l i d o b r a n c h i a t i  per  la morfologia  
dei b i v a l e n t i  s p e r m a t o c i t a r i  e per  la p resenza  di  u n a  
coppia  di omologhi  n e t t a m e n t e  p ih  g r a n d e  degli  a l t r i  
c romosomi .  
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Male C h r o m o s o m e s  in t w o  P o p u l a t i o n s  of Branchiostoma lanceolatum 

T he  c h r o m o s o m e s  of on ly  3 m e m b e r s  of t he  cepha lo-  
c h o r d a t e  genus  Branchiostoma are known,  t he  pa r t i cu l a r s  
so far  r epo r t ed  be ing :  t he  hap lo id  c h r o m o s o m e  n u m b e r s  
10 a n d  12 for  B. lanceolatuml-~; t h e  hap lo id  n u m b e r  16, 
conf i rmed  b y  t he  d ip lo id  n u m b e r  32, for B. belcheri 5,6 
a n d  t h e  hap lo id  n u m b e r  19 t o g e t h e r  w i t h  t he  diploid  
n u m b e r  38 for B. floridae ~. Sex-chromosomes  were 
i n d i v i d u a t e d  b y  t h e i r  e n d - t o - e n d  assoc ia t ion  a n d  b y  
t h e i r  size in  B. belcheri ~, in  w h i c h  all ch romosomes  are  
cons idered  to  be  t e locen t r i c  or sub te locen t r i c ,  owing  
to  t h e i r  r o d - s h a p e d  appea rance .  On t h e  con t r a ry ,  n e i t h e r  
X no r  Y c h r o m o s o m e s  were found  in  B. flo~idae and,  
a l t h o u g h  t he  m a j o r i t y  of t he  ch romosomes  were descr ibed  
as h a v i n g  t e r m i n a l  or s u b t e r m i n a l  cen t romeres ,  a few 
m e t a c e n t r i c  or s u b m e t a c e n t r i c  ch romosomes  were n o t e d  ~. 

Material and techniques. 10 ma le  i nd iv idua l s  of Bran- 
chiostoma lanceolatum f rom the  D e v o n  coas t  a n d  5 ma le  

i n d i v i d u a l s  f rom t h e  Gulf  of Naples  were e x a m i n e d  
S q u a s h  p r e p a r a t i o n s  of t h e  t e s t ed  were execu ted  u s ing  t he  
t e c h n i q u e  of COLO•BERA a n d  SALAS. Obse rva t ions ,  
d r aw i n g  an d  p h o t o s  were m a d e  e m p l o y i n g  a Zeiss phase  
c o n t r a s t  microscope.  T h e  m e a s u r i n g  of ch ro mo s o mes  were 
p e r f o r m e d  as e lsewhere  descr ibed  8. 

Branchiostoma lanceolatum from the coast o/ Devon. A t  
p a c h i t e n e  (Figure  1) all  t h e  ch ro mo s o mes  are  nea r ly  
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homogeneous ly  stained,  so t h a t  d i f fe ren t ia ted  zones are 
not  d is t inguishable ;  t he  homologues  are so t igh t ly  pai red 
t h a t  t hey  canno t  be recognized. H e t e r o t y p i c  chromo-  
somes are no t  demons t r ab l e  among  the  var ious  chromo-  
somes which  can be d is t inguished  only  by  the i r  lengths.  
There  are of ten r a n d o m  end- to -end  connect ions  be tween  
the  r a n d o m l y  a r ranged  chromosomes .  The chromosomes  
f rom 14 pach i t ene  pla tes  were counted,  measured  (Table) 
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and a r ranged  according  to  the i r  mean  lengths  (Figure 2). 
The re la t ive ly  h igh  values  for some of t he  larger chromo-  
somes are due to the  fact  t h a t  dur ing  pach i t ene  the re  is a 
d i sp ropor t iona te  condensa t ion  of these  as compared  to  
the  smaller  ones. 

The analysis  of 50 d iakinet ic  p la tes  (Figure 3) conf i rms 
the  haploid  n u m b e r  0f 19, prev ious ly  e s t ima ted  f rom 
pach i t ene  chromosomes,  p rov ided  the  numerous  polyplo id  
me taphase - I  p la tes  are no t  considered.  (Figure 4). At  
diakinesis  3 main  types  of b iva len t s  occur fairly regular ly  : 
1. r ing-shape  bivalents ,  normal ly  the  largest  ones, num-  
ber ing 2 or 3 per  cell, sugges t ing  the  presence  of 2 t e rmin-  
alized ch i a sma ta  and  a media l  or submediM cen t romere ;  
2. cross-shape bivalents ,  ind ica t ing  a medial  or submedia l  
cen t romere  and non- te rmina l ized  ch i a sma ta ;  3. rod-shape  
bivalents ,  by  far the  mos t  f requent ,  charac te r ized  by  a 
t h in  medial  zone connect ing  2 th icker  roundish  ends. 
These b iva lents  m a y  be e i ther  ach iasmat ic  or, more  
probably ,  possess a t e rmina l  cen t romere  wi th  one-end  
te rmina l ized  ch iasmata .  

Branchiosloma lanceolatum from the Gulf  of Naples.  
Pach i t ene  (Figure 5) and d iak ine t ic  chromosomes  
(Figure 6) are m u c h  the  same as those  found in t he  
popula t ion  of the  Devon  coast .  The same hap lo id  n u m b e r  
of 19 was de te rmined ,  a l though wi th  some reservat ion ,  
due to  the  small  n u m b e r  of p la tes  avai lable for s tudy.  
Heterocycl ic  chromosomes ,  which  migh t  be in t e rp re t ed  
as sex-chromosomes ,  were also absen t  in t he  tes tes  of 
amph iox i  f rom the  Gulf of Naples  and  th i s  mate r ia l  
con ta ined  the  same t y p e  of b iva len t s  as were found  in the  
popu la t ion  f rom the  coast  of Devon.  

Discuss ion and conclusion. A majo r  incongru i ty  t h a t  
develops Ir0m a karyological  analysis  wi th in  the  genus 
Branchios toma is cer ta in ly  t h a t  of t he  seeming absence 
of corre la t ion be tween  chromosomal  charac ter i s t ics  and  
the  r a t h e r  homogeneous  morphologica l  s imi la r i ty  a t  
o the r  levels. But,  a f ter  a close e x a m i n a t i o n  of the  da t a  
avai lable in the  l i terature ,  I am incl ined to  believe t h a t  
the  earlier repor t s  concerning B. lanceolalum and B. 
belcheri chromosomes  are ques t ionable  and t h a t  some of 
the  differences found be tween  male b iva len ts  of B. 
floridae and B. lanceolatum are s imply  due to the  use of 
colchicine in the  s t u d y  of the  former  species. I t  follows 

Fig. 1. Pachitene chromosomes in male gonads of Branchiostoma 
lanceolatum from the Devon coast, 
Fig. 2. Idiogram constructed on male pachitene chromosomes. 
Fig. 3. Diakinetic bivalents in male gonads of B. lanceolatum from 
the Devon coast. 
Fig. 4. Polyploid cells in male gonads: diakinetie bivalents. 
Fig. 5. Pachitene chromosomes in male gonads of B. lanceolatum 
from the Gulf of Naples. 
Fig. 6. Polyploid cells in male gonads of B. lanceolatum from the 
Gulf oi Naples: diakinetic bivalents. 

Chromosome length reckoned from 14 pachitene plates 

Chromosomes Chromosome length ([zm) Standard deviation 

1 1.19 ~ 0.1 
2 1.47 ! 0.07 
3 1.71 -4- 0.08 
4 1.95 -~z 0.o7 
5 2.14 4- 0.09 
6 2.19 ~ 0.07 
7 2.28 ~z 0.o7 
8 2.33 :t: 0.07 
9 2.38 ~ 0.07 

10 2.47 -4- 0.06 
11 2.61 _u 0.09 
12 2.71 =t= 0.07 
13 2.85 ziz 0.1 
14 3.09 -4- 0.14 
15 3.19 4- 0.11 
16 3.33 _u 0.04 
17 3.52 -4- 0.13 
18 3.90 -V 0.13 
19 3.95 i 0.14 

All values are means :~ standard deviation. 



15.4. 1974 Specialia 355 

t h a t  the  h igh  morphologica l  un i fo rmi ty  found  in the  genus 
Branchiostoma exis ts  also a t  a karyological  level, if t he  
older doubt fu l  resul ts  are no t  considered.  

In  p a r t i c u l a r  t he  genus Branchiostoma seems to be 
charac te r ized  by  chromosomes  which  are all autosomes,  
regular ly  graded in size, ma in ly  te locentr ic ,  w i th  only 2 
me tacen t r i c  pai rs ;  the  ch romosomes  number s  are 19 (n) 
and  38 (2n) respec t ive ly  and  the  con t en t  of D N A  is 
ve ry  low, in compar i son  w i t h  that of v e r t e b r a t e s L  
Spermatogenes i s  is eh iasmat ic .  

A compar i son  of ch romosome  numbers ,  morpho logy  
and  con t en t  of ch romosomal  D N A  - al lowing t h a t  t he  
resul ts  ob ta ined  wi th in  the  genus Branchiostoma can be 
ex t r apo la t ed  to  include o the r  amph iox i  - indica tes  a 
closer re la t ionship  be tween  amph iox i  and some ascidians 
f rom the  order  En te rogona ,  r a the r  t h a n  to  pelagic 
tun ica tes  1~ and  a cons iderable  separa t ion  of lower 
chorda tes  f rom the  ve r t eb ra t e s  7, 9, n 

Riassunto. In  e n t r a m b e  le popolaz ioni  di Branchiostoma 
laceceolatum del GoKo di Napol i  e delle coste del Devon-  

shire, Inghi l ter ra ,  6 s ta to  t rova to  il numero  aploide 19. 
Si sono ind iv idua t i  sia c romosomi  me tacen t r i c i  che 
te locentr ic i  ma  non  c romosomi  sessuali differenziat i .  
~; s t a t s  n o t a t a  una  cer ta  somigl ianza t r a  i c romosomi  dei 
cefa locordat i  e di alcnni  ascidiacei.  
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Critical Thermal Maximum: Ecotypic Variation Between Montane and 
Piedmont Chorus Frogs (Pseudacris triseriata, Hylidae) 

The cri t ical  t h e r m a l  m a x i m u m  (CTM) of ec to the rmic  
ve r t eb ra t e s  p rov ides  a conven ien t  index  to  a d a p t a t i o n s  
to  the  t he rma l  e n v i r o n m e n t  t h a t  have  occurred at  t he  
subcellular  level of o rgan iza t ionL Whereas  mos t  pr ior  
a t t e m p t s  to correlate  CTM of amph ib i ans  w i th  var ia t ions  
in the  t h e r m a l  e n v i r o n m e n t  have  relied upon  interspecif ic  
compar i sons  2-7, few inves t iga tors  have  repor ted  ecotypic  
va r ia t ion  of th is  charac te r  w i th in  a single species 6-9. 
We  here  r epo r t  di f ferences  in CTM of m o n t a n e  and  pied-  
m o n t  chorus frogs (Hyl idae:  Pseudacris triseriata) t h a t  
cor respond w i t h  i m p o r t a n t  differences in a m b i e n t  
t e m p e r a t u r e s  of t he  respec t ive  e n v i r o n m e n t s  10. 

Male chorus frogs were cap tu red  f rom breed ing  con- 
gregat ions  in L a t i m e r  Coun ty  in n o r t h c e n t r a l  Colorado in 
May and June,  1973. Three  popu la t ions  were sampled  
b o t h  in t he  p i e d m o n t  (elevat ion 1542-1631 m) and  in t he  
F r o n t  Range  of t he  R o c k y  Mounta ins  (elevat ion 2763- 
3040 m). F ive  animals  f rom each popu la t ion  were accli- 
m a t e d  in darkness  a t  cons t an t  t e m p e r a t u r e s  of 5 ~ and  
20~ for 4-12 days  pr ior  to  de t e rmin ing  CTM by  the  
m e t h o d  of DUNLAP 5. E x p e r i m e n t s  were pe r fo rmed  
be tween  05.00 and  11.00 Mounta in  Day l igh t  Time in 

order  to  minimize  the  effect  of c i rcadian var ia t ions  in 
CTM~I-IK All frogs were  held  a t  5~ unt i l  beginning  
acc l imat ion;  and the  in te rva l  be tween  cap ture  and  
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Table I. Critical thermal maxima of montane and piedmont chorus frogs following acclimation at 5 ~ or 20 ~ 

Elevation Acclimation temperature 
5~ 20~ 

Piedmont Population i 37.0 4- 0.051 
Population 2 37.0 4- 0.037 
Population 3 37.0 4- 0.066 

X 37.0 ~ 

Montane 

38.7 4- 0.037 
38.6 4- 0.040 
38.6 4- 0.049 
38.6 ~ 

Population 1 35.4 4- 0.073 36.9 4- 0.060 
Population 2 35.5 4- 0.051 38.1 -t- 0.037 
Population 3 35.3 • 0.037 38.1 i 0.058 

35.4~ 37.7~ 

Each mean (4- the standard error) is based upon measurements of 5 different animals. 


