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Chromosomes of the Lancelet, Branchiostoma floridae (Order Amphioxi ) 

A l t h o u g h  l ance le t s  ho ld  cons ide rab le  p h y l o g e n e t i c  i n t e r e s t  
to  v e r t e b r a t e  evo lu t ion i s t s ,  t h e i r  c y t o t a x o n o m y  has  been  
la rge ly  ignored.  Ea r l i e r  worker s  on ly  v a g u e l y  a l luded  to  
l ance le t  c h r o m o s o m e s  in  t h e i r  desc r ip t ions  of ovogenes is  
or  of egg d e v e l o p m e n t  in  Branch ios toma lanceolatum ~-5. 
NOGUSAe, 7 is t h e  on ly  r e sea rche r  to  s t u d y  l ance l e t  
c h r o m o s o m e s  f r o m  a c y t o t a x o n o m i c  v iewpoin t .  

C h r o m o s o m e  n u m b e r s  h a v e  n o t  b e e n  d e t e r m i n e d  for  
a n y  species of w e s t e r n  A t l a n t i c  l ance le t ;  t hus ,  t h e  pu r p o s e  
of t h i s  p a p e r  is to  desc r ibe  t h e  c h r o m o s o m e s  of t h e  lance le t ,  
Branch ios toma ]loridae H u b b s .  T h i s  species  is f ound  in  t h e  
Gul f  of Mexico  a long  t h e  wes t  coas t  of F lo r i da  to  t h e  
m o u t h  of t h e  Miss iss ippi  River .  T a x o n o m i c  a c c o u n t s  a re  
g i v e n  b y  BOSCHUNG a n d  GUNTER s' g. 

T w e n t y  i nd iv idua l s  of B .  [loridae were selected f rom a 
large  series of spec imens  col lec ted  off P e t i t  Bois  I s l a n d  in  
Mississipi  S o u n d  on  26 J u l y  1970. Slides of gonada l  t issue,  
gill  ep i the l ium,  a n d  f in  e p i t h e l i u m  were  m a d e  us ing  t h e  
t e c h n i q u e  of HOWELL a n d  DENTON 10. Mi to t ic  a n d  meio t ic  
d iv i son  f igures  were  a b u n d a n t  in  ma le  gonada l  t i s sue  b u t  
n o n e  were f o u n d  in female  gonads .  Mi to t i c  d iv i s ion  f igures  
were  a b s e n t  in  gill  a n d  f in  ep i the l ia .  E v e n  t h e  t r e a t m e n t  
of spec imens  w i t h  colchic ine  fa i led to  a c c u m u l a t e  m i t o t i c  
m e t a p h a s e  figures.  T h e  r e a s o n  for  t h e  lack  of soma t i c  
m i t o t i c  a c t i v i t y  is n o t  c lear ;  however ,  we be l ieve  i t  to  be  
co r re l a t ed  w i t h  ou r  o b s e r v a t i o n  t h a t  a d u l t  l ance le t s  he ld  
in  c a p t i v i t y  t e n d  to  unde rgo  t i ssue  d e g e n e r a t i o n  w i t h  
m u c h  s lough ing  a w a y  of t issue,  especia l ly  f rom t h e  h e a d  
a n d / o r  t a i l  regions.  I t  seems  t h a t  w h e n  t i ssue  d e g e n e r a t i o n  
se ts  in ,  t h e  c a p a c i t y  t o  r e p a i r  s loughed  t i ssue  b y  mi tos i s  is 
lost .  Consequen t ly ,  t h e  d a t a  p r e s e n t e d  in  t h i s  p a p e r  was  
o b t a i n e d  f r o m  sl ides  of g o n a d a l  t i s sue  f rom e igh t  a d u l t  
males .  

E i g h t y  wel l - spread  meio t ic  f igures  were  coun ted ,  one  
of wh ich  is s h o w n  in  F i g u r e  1. T a b l e  I shows  t h e  d i s t r i bu -  
t i on  of meio t ic  counts .  A l t h o u g h  c o u n t s  r a n g e d  f r o m  18 
to  20, a s t r o n g  m o d a l  hap lo id  n u m b e r  of 19 was  o b t a i n e d .  
14 m i t o t i c  f igures  were coun ted ,  one  of w h i c h  m a y  be  
seen in F igu re  2. Tab le  I I  shows  t h a t  t h e  d i s t r i b u t i o n  of 

m i t o t i c  c o u n t s  r a n g e d  f rom 37 to  40 w i t h  a s t rong  moda l  
d ip lo id  c o u n t  of 38. 

T h e  pos i t ion  of t h e  c e n t r o m e r e  a p p e a r e d  s u b t e r m i n a l  to  
t e r m i n a l  in  15 to  17 pa i r s  of meio t ic  c h r o m o s o m e s  whi le  
be ing  m e d i a n  to  s u b m e d i a n  in a t  leas t  2 to 4 pairs .  How-  
ever ,  no  a c c u r a t e  p a i r i n g  a n d  k a r y o t y p i n g  were a t t e m p t e d  
as t h e  c h r o m o s o m e s  were  e x t r e m e l y  smal l ,  r a n g i n g  f rom 
0.3 izm t o  3.0 ixm in  l eng th .  

E a r l y  worke r s  1-s r e p o r t e d  d ip lo id  n u m b e r s  r a n g i n g  
f r o m  20 to  24 for  Branch ios toma  lanceolatum; however ,  t h e  
accu racy  of t h e i r  c o u n t s  h a s  been  q u e s t i o n e d  e, L U s i n g  
more  a d v a n c e d  cy to logica l  t echn iques ,  NOGUSA e, r s t u d i e d  
ma le  g o n ad a l  t i s sue  of, t h e  J a p a n e s e  lancelet ,  Branchiosto-  
m a  belcheri Gray ,  a n d  f o u n d  a hap lo id  n u m b e r  of 16 a n d  a 
d ip lo id  n u m b e r  of 32. Thus ,  h is  c o u n t s  are in closer  

Fig. 2. Mitotic metaphase chromosomes from gonadal tissue of male 
Branchiostoma ]lor£dae, 2n = 38. 
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Table I. Distribution of counts for the meiotic (haploid) chromosome 
number of Branchiostoma ]loridae 

Meiot ic  (haploid) numbers 18 19 20 
No. of counts 11 65 4 

Table II. Distribution of counts for the mitotic (diploid) chromosome 
number of Branchiostoma ]loridae 

Mitotic (diploid) numbers 37 38 39 40 
No. of counts 2 10 1 1 

0 
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Fig. 1. Three different metaphase figures showing paired chromoso- 
mes of the first meiotic division from the gonadal tissue of male 
Branchiostoma "lloridae, n = 19. 
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ag reemen t  w i th  our  counts  of 19 (n) and 38 (2n) for B. 
[loridae t h a n  those repor ted  by the  earler  workers  for B. 
lanceolatum. The sizes of the  chromosomes  repor ted  for 
the  Japanese  lancelet  are s imilar  to those in B. floridae. 
However ,  NOGUSA 6,7 repor ted  t h a t  the  chromosomes  in 
B. belcheri are rod-shaped,  indica t ing  sub te rmina l  to 
t e rmina l  centromeres.  He  did no t  men t ion  any  median  to  
submedian  cen t romeres  as found by  us in B. floridae. In  
addit ion,  he found a r emarkab le  size difference in 2 chro- 
mosomes  which he  in te rpre ted  as being an X Y - p a i r  of sex 
chromosomes.  W e  did no t  see any  such chromosomes  in 
B. /loridae. 

There  is much  unce r t a in ty  regarding  the  phylogene t ic  
posi t ion of lower chordates  of t he  subphyla  Cephalo-  
chorda ta  (lancelets) and Urocho rda t a  (tunicates).  I n  
addi t ion,  there  has  been m u c h  specula t ion on the  rela- 
t ionships  of these  lower chorda tes  to  t he  most  p r imi t i ve  
of ver tebra tes ,  t he  agnathans .  Recen t  s tudies on the  
chromosomes  of tun ica tes  n and the  re la t ive  cel lular  D N A  
con ten t  of tunicates ,  lancelets,  and agna thans  12, have  
g iven  us a be t t e r  unders tand ing  of re la t ionships  among  
these groups. The  diploid chromosome numbers  of 32 and 
38 for B. lanceolatum and B. floridae are  ve ry  close to 
those  of 28 and 32 repor ted  for two  species of tunica tes  n. 
In  addi t ion,  the  size of the  tun ica te  chromosomes  n was 
less t h a n  3tLm as in Branchiostoma. Fur the rmore ,  re la t ive  
D N A  values  of the  lancelet  and tun ica te  were lower than  
the  lowest  va lue  obta ined  for any  ve r t eb ra t e  and seem to 
indicate  a somewhat  close lance le t - tun ica te  re la t ionship  x,. 

A compar i son  of lancelet  and l amprey  chromosomes  
indicates  t h a t  the i r  only  s imi la r i ty  seems to be  in the i r  
smal l  size. L a m p r e y  chromosomes  are general ly  under  
3~m in length  a°,xS-~e, excep t  in Aus t ra l i an  lampreys ,  
whose chromosomes  are up to 6 ~m in length  ~s, 1~. The  
ve ry  diss imilar  diploid chromosome numbers  ranging 
f rom 70 to  168 in lampreys  ~e easi ly dis t inguish t h e m  from 
lancelets.  

The  hagfishes wi th  diploid chromosome numbers  of 
48 and 52 are closer numberwise  to  lancelets  t h a n  are 
l ampreys ;  however ,  hagfish chromosomes  are general ly  
larger, some being up to 5 ~m in length  n. 

A compar ison  of the  D N A  values  re la t ive  to the  h u m a n  
leucocyte  va lue  has shown t h a t  the  lancelet  w i th  17% is 
closer to  the  l amprey  wi th  38% than  to  the  hagfish wi th  
78% 1*. 

Our cytological  f indings of a smal l  diploid number  and 
small-sized chromosomes  in B. ]loridae are consis tent  w i th  
t he  idea t h a t  ve r t eb ra tes  evo lved  f rom an organism w i t h  
a ve ry  smal l  a m o u n t  of DNA,  and t h a t  an increase in D N A  
by  gene dupl ica t ions  and polyplo id iza t ion  began  to  occur  
before  t he  j awed  fishes evo lved  1.. 

Rdsumd. Une 6tude des chromosomes  de Branchiostoma 
[loridae Hubbs ,  une esp~ce de lancelet  de l 'A t l an t i que  
occidentale,  r6v61a la pr6sence d 'hap locaryons  e t  diplo- 
caryons  au nombre  de 19 et  de 38 respec t ivement .  Ces 
chromosomes  furent  compar6s  ~ ceux de 2 esp~ces de  
lancelets  du Vieux  Monde, Branchiostoma lanceolatum et  
B. belcheri. On r6sume les 6tudes concernan t  les chromo-  
somes des Urocho rda t a  e t  des A g n a t h a  e t  on  6met  des 
hypotheses  sur  las re la t ions possibles ent re  les Pro to-  
chorda ta  et  Agnatha .  
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Evaporation in Terrestrial  Isopods is Determined by Oral and Anal Discharge 

The  evapora t ion  rates  of the  terres t r ia l  isopods Porcellio 
scaber Latr .  and Armadillidium vulgate (Lair.)  are  known 
to  v a r y  cycl ical ly  in d ry  air  1. The  average  l eng th  of 
t i m e  f rom one m a x i m u m  to  the  nex t  was found to be 
abou t  1 h. This  cycle was also shown to affect  the  or ienta-  
t ion of these  animals  in a h u m i d i t y  grad ien t  1. I h a v e  
repea ted  some of these  evapora t ion  exper iments  using a 
f iner  technique ,  and as a resul t  I now in t roduce  a new 
theory  concerning the  regulat ion of wa te r  loss in te r res t r ia l  
isopods. In  short,  the  evapora t ion  cycle  appears  to be 
the  resul t  of an  oral  and anal  discharge of f luid;  th is  
f luid then  spreads ove r  the  cut icle  and cont r ibutes  to the  
overa l l  ra te  of evapora t ion  of wa te r  f rom the  body.  One 
impl ica t ion  of this  is t ha t  the  wate r  pe rmeab i l i ty  d a t a  
publ ished (cf. reviews by  EONEY 2 and LINDQVlST1) m a y  
be too high. 

The  weight  changes of Porcellio scaber were measured  
using a Cahn 1RG Elec t roba lance  connected  to a 1 m V  
recorder.  The  readings were made  to  the  nearest  0.01 mg. 
The  an ima l  was kep t  in a smal l  brass cage on the  st irrup.  
The  h u m i d i t y  of the  weighing chamber  was control led by  

Dr ier i te  (for 5 ± 2% re la t ive  humid i ty ,  R H )  or  a sa tura t -  
ed solut ion of K H z P O  4 (for 95 ~ 1% R H ) .  Represen ta t ive  
curves  for the  wate r  loss are  g iven  in t he  Figure.  I t  was 
conf i rmed t h a t  the  ra te  of wa t e r  loss a t  b o t h  low and 
high h u m i d i t y  varies  cyclically,  t hough  the  period length,  
especial ly a t  the  beginning,  appeared  to  beh igh ly  var iable .  
There  were  s tepwise changes  in t he  ra te  of wa t e r  loss; 
these steps were sharp  and  genera l ly  occurred in 1 to  3 
rain. On  the  o ther  hand,  the re  were  also long-las t ing 
changes in the  rates  of wa te r  loss; a half  an  hour  or  a 
shorter  period of re la t ive ly  low rate  was followed by  a 
sharp change to a re la t ive ly  h igher  rate,  and  so on. 
Measurements  for each an imal  were made  for 3.5 h 
and towards  the  end of th is  period the  changes in ra tes  
leveled off and occurred a t  longer  intervals .  I n  principle,  
t he  evapora t ion  pa t t e rns  of A. vulgate were s imi lar  to  
those  of P. scaber. 
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