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REPRODUCTION SEASONS AND DAY/NIGHT BATHYMETRIC DISTRIBUTION OF THREE SPECIES OF 
DIPHYINAE (SIPHONOPHORAE), OFF CALIFORNIA AND BAJA CALIFORNIA 

ANGELES ALVARIKO 

INTRODUCTION 

Muggiaea atlantica, Chelophyes appendiculata and Eudoxoides spiralis are  abun- 
dant o f f  C a l i f o r n i a  and Ba ja  C a l i f o r n i a .  Publ ishedworks 1’27374’5’6’7’899 i nc lud -  
ed in format ion on t h e  species, and i n  

mordm l a r vae .  Previous works lo*ll 
n o t  based on cont inuous s e r i e s  o f  hau ls  a t  same l o c a t i o n s  and depths, and no 
works a r e a v a i l a b l e  on p o l y g a s t r i c  and eudoxid stages through the seasons. 

MATERIALS AND METHODS 

are  s tud ies  as predators  o f  EngruuZis 
on d a y l n i g h t  bathymetr ic  d i s t r i b u t i o n  a re  

Plankton analyzedwere seasonal c ru i ses  o f1969  C a l i f o r n i a  Cooperat ive Oceanic 
F i she r ies  I n v e s t i g a t i o n s  (CalCOFI) f o r  w i n t e r  (Feb-Mar, 6902-03), s p r i n g  (May- 

June, 6905-06), summer (Aug-Sep, 6908-09), f a l l  (Nov-Dec, 6911-12). Pai red open- 

c l o s i n q  bongo ne ts  were used i n  ob l i que  hau ls ,  c a l i b r a t e d  by speedand leng th  o f  
s t ra tum t o  s t r a i n  1OOOm of water.  Sampling covered CalCOFI reg ion  g r i d  (s ta t ions  

on l i n e s  70, 90, 120), r o u g h l y o f f  Monterey, San Diego, Punta Eugenia; w i t h  t o w s a t  

each s t a t i o n  and depth s t ra tum around noon and midnight  (about 12 hours t ime d i f f -  

erence a t  same l o c a t i o n  and depth f rom d a y l i g h t  t o n i g h t  hau ls ) .  S t r a t a  sampled: 
600-475m,475-350m, 350-225m,225-100m,100-75m,75-50m, 50-25m,25-0m depth. 

The e n t i r e  p lank ton  samples f rom both  p a i r e d  ne ts  were examined from each 

haul .  No f r a c t i o n  o f  samples was taken. 
Physico-chemical da ta  obta ined d u r i n g  the  c ru i ses  a re  used i n  the  d iscuss ion.  
S tandard i za t i on  o f  counts o f  specimens i n  s t r a t a  above and below 100-m l a y e r  

t o  q u a n t i t a t i v e l y  compare data t o  lOOOm water  f o r  each 25-m depth, was obtained 

by t h e  formula:  
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(opening dep t h - c l  os i ng depth) 
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N = s tandard ized number of specimens 
n = number o f  specimens counted i n  bo th  p a i r e d  net;. 
The d i f f i c u l t y  i n  q u a n t i t a t i v e  determinat ion o f  siphonophores was so lved i n  

Diphyinae by  count ing super io r  and i n f e r i o r  nectophores, b rac ts  and gonophores, 
and the  h ighes t  number o f  e i t h e r  p a r t  was app l i ed  t o  the  respec t i ve  p o l y g a s t r i c  

and eudoxid populat ion.  
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RESULTS 

Muggiaea attantica Cunningham 1892, CheZophges appendicutata Eschschol t z  1829, 
Eudoxoides sp imt is  Bigelow 1911, are t h e  most abundant siphonophores, together  

w i t h  some species o f  Lensia, i n  the C a l i f o r n i a  and Baja C a l i f o r n i a  reg ions.  

M. attantica i n h a b i t s  n e r i t i c  waters o f  those reg ions.  P o l y g a s t r i c  stages ex- 
tended from 0 t o  225 m i n  w i n t e r , s p r i n g a n d  sumner, a n d t o  lOOm i n  the  f a l l .  

H ighest  abundance of eudoxids was a t  upper 75 m i n  w i n t e r  and 50 upper m i n  

spr ing,  and absent i n  s u m r  and f a l l ,  probably  due t o  development o f  ben th i c  

stage, as s tated"  f o r  M. kochi ( c l o s e s t  r e l a t e d  t o  M. attantica) (Table 1). 
P o l y g a s t r i c  popu la t i on  obta ined a t  d a y l i g h t  was 5 times t h a t  a t  n i g h t ,  and 

d a y l i g h t  eudoxid popu la t i on  was more than 12 t imes t h a t  obtained a t  n i g h t .  

Reproduction may occur  l a t e  i n  w i n t e r  and sp r ing .  

M. attantica i n h a b i t e d  l a y e r s  above thermocl ine,  and g rea tes t  concentrat ions 

occurred a t  32.98-34.0 o/oo s a l i n i t y ,  9.O0C-2O.99"C temperature, and 4.38-6.1 

ml/L oxygen. 

Ch. appendicutata, the  most abundant siphonophore i n  these reg ions,  was pre-  
sen t  i n  a l l  s t a t i o n s  covered by 1969 c ru i ses .  It was more abundant o f f  San Diego 

and Punta Eugenia than o f f  Monterey. P o l y g a s t r i c  popu la t i on  peaks were respect -  
i v e l y  a t  d a y l i g h t  and n i g h t ,  a t  0-25m, 50-75m i n  w i n t e r  and f a l l ,  and 0-25111 and 
25-50111 i n  s p r i n g  and sumner. P o l y g a s t r i c  popu la t i on  was more abundant i n  day- 

l i g h t  hauls  o f  spr ing,  f o l l owed  by day/n ight  hauls o f  summer, f a l l  and w i n t e r .  

Eudoxid popu la t i on  presented peaks a t  0-25 and 50-75111 depth, respec t i ve l y ,  a t  

d a y l i g h t  and n i g h t ,  i n  w i n t e r  and spr ing,  and i n  sumner and f a l l  were sca t te red  
through the depth s t r a t a .  

D a y l i g h t  average abundance o f  p o l y g a s t r i c  popu la t i on  was about 1.2 o f  n i g h t ,  

and d a y l i g h t  eudoxid popu la t i on  was 20 t imes t h a t  o f  n i g h t .  P o l y g a s t r i c  and 

eudoxid populat ions were h ighes t  i n  sp r ing .  P o l y g a s t r i c  popu la t i on  was lowest  i n  

w in te r ,  and eudoxid popu la t i on  i n  the  f a l l .  Reproduction appears t o  be con t in -  

uous through the seasons, w i t h  peaks i n  s p r i n g  and sumner (Tahle 2). 

i t y ,  9.14-20.75"C temperature, and 4.38-6.2 ml/L oxygen. I t  was found a t  the 

thermocl ine and above and below t h i s  s t r u c t u r e .  

Highest  concen t ra t i on  o f  Ch. appendicukta occurred a t  32.22-33.67 %, s a l i n -  

Day/night changes d i d  n o t  agree w i t h  'Os ' ' .  

E. spimZis was main ly  abundant i n  warm waters o f  southernmost and o f f s h o r e  
l o c a t i o n s  under the i n f l u e n c e  o f  warm cu r ren ts .  P o l y g a s t r i c  popu la t i on  was high- 
e s t  i n  w i n t e r ,  f o l l owed  by summer and f a l l ,  w i t h  minima i n  spr ing.  Eudoxids 
s t a r t e d  t o . i n c r e a s e i n w i n t e r , w i t h a p e a k  i n  sp r ing ,  diminishingthroughsummerand 
f a l l .  P o l y g a s t r i c  and eudoxid populat ions marked the  rhy thmof  a l t e r n a t i o n  o f  genera- 
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t i o n s ,  maximum p o l y g a s t r i c  o f  w i n t e r  was fo l lowed by maximum eudoxid o f  spr ing ,  

which may be respons ib le  f o r  the  inc rease o f  sumner p o l y g a s t r i c  popu la t ion .  Re- 

p roduc t ion  appears continuous through t h e  year .  P o l y g a s t r i c  popu la t ion  was more 
abundant i n  d a y l i g h t  hauls  o f  w i n t e r ,  summer and f a l l ,  and n i g h t  h a u l s o f s p r i n g .  
Eudoxid popu la t ion  was more abundant a t  uppermost layers  d u r i n g  n i g h t  hauls  o f  

w i n t e r ,  and d a y l i g h t  hauls  o f  spr ing ,  summer and f a l l  (Table 3) .  

D a y l i g h t  p o l y g a s t r i c  popu la t ion  was 1.2 o f  the  n i g h t  popu la t ion .  The eudoxids 
c o l l e c t e d  a t  d a y l i g h t  were 4 t imes those a t  n i g h t .  

Maximum concent ra t ion  o f  E. spirazis concurred w i t h  32.8-34.01 %, s a l i n i t y ,  

13.1-20.75"C temperature, 5.2-6.3 ml /L  oxygen. I t was main ly  p resent  above t h e  
t h e r m c l  ine .  

The t o t a l  p o l y g a s t r i c  popu la t ion  of M. attantica d u r i n g  1969 was 35,815 

specimens, an 

6,260 (average o f  13 specimens per  hau l ) .  T o t a l  p o l y g a s t r i c  popu la t ion  of 
6%. appendiculata was 16,897 (average o f  37 specimens per  hau l ) ,  and t h e  euxoxid 
p o p u l a t i o n  was 9,327 specimens (average o f  20 p e r  h a u l ) .  T o t a l  p o l y g a s t r i c  popu- 

l a t i o n  o f  E. spirazis was 8,888 (19 specimens p e r  hau l ) ,  and 17,864 eudoxids 

(average o f  39 per  haul ) . 
Highest  concent ra t ions  o f  p o l y g a s t r i c  and eudoxids occurred always d u r i n g  

d a y l i g h t  hauls, f o r  M. a t k n t i c a  i n  w i n t e r ,  Ch. appendicuZata i n  spr ing ,  and 

E. spimZis i n  w i n t e r  and spr ing ,  r e s p e c t i v e l y .  
These species are  a c t i v e  predators  on f i s h  l a r v a e  and found7 i n v e r s e l y  r e -  

average o f  78 per  haul, and t h e  eudoxid popu la t ion  amounted t o  

l a t e d  t o  concentrat ions o f  anchovy la rvae.  M. attantica was abundant i n  "anchovy 

water1I7, r i c h  i n  smal l  ca lano id  copepods, and i n  1969 was a l s o  present  w i t h  
anchovy la rvae.  
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