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PREFACE 

This species p r o f i l e  i s  one o f  a se r i es  on coas ta l  aquat ic  organisms, 
p r i n c i p a l l y  f ish,  o f  spor t ,  commerci a1 , o r  eco log i ca l  importance. The p r o f i l e s  
a re  designed t o  p rov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t he  b i  01 og i c a l  c h a r a c t e r i s t i c s  and environmental requ i re -  
ments of t he  species and t o  descr ibe  how popu la t ions  o f  the  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonany, 1 i f e  h i s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h ree - r i ng  b inde r  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they are prepared. This 
p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U.S. Army Corps o f  Engineers and 
t h e  U.S. F ish  and W i l d l i f e  Service. 

Suggestions o r  ques t ions  rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one 
of t h e  f o l  1 owing addresses. 
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CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

m i l  1  imeters  (mn) 
cent imeters ( an) 
meters (m) 
k i  1  ometers ( km) 

2 
square meters (m ) 10.76 
square k i  1  ometers ( km2) 0.3861 
hec ta res  (ha )  2.471 

l i t e r s  ( 1 )  
cub i c  meters (m3) 
cub ic  meters 

m i l  1  igrams (mg) 
grams ( g )  
k i l  ograms ( kg )  
m e t r i c  tons ( t )  
m e t r i c  tons 
k i  1  ocal o r i e s  ( kcal  ) 

Cel s  i u s  degrees 1 . 8 ( " ~ )  + 32 

U.S. Customary t o  M e t r i c  

inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
f a  thoms 1.829 
m i l e s  ( m i )  1.609 
nau t i ca l  m i les  ( m i )  1.852 

square f e e t  ( f t 2 )  0.0929 
acres 2 0.4047 
square m i l e s  (mi ) 2.590 

gal  1  ons ( g a l  ) 
cub ic  f e e t  ( f t 3 )  
ac re - f ee t  

ounces ( o z )  28.35 
pounds ( I b )  0.4536 
s h o r t  t ons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B t u )  0.2520 

Fahrenhei t  degrees 0.5556(" F - 32) 

To Ob ta in  

inches 
inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

gal 1  ons 
cub i c  f e e t  
ac re - f ee t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 
B r i t i s h  t h e n a l  u n i t s  

Fahrenhei t  degrees 

m i l  1  imeters 
cen t imeters  
meters 
meters 
k i l  ometers 
k i  1  ometers 

square meters 
hectares 
square k i l ome te rs  

1  i t e r s  
c u b i c  meters 
cub ic  meters 

grams 
k i  1  og rams 
m e t r i c  tons 
k i  1  ocal o r i e s  

Cel s i u s  degrees 
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Figure 1. California grunion. 

CALIFORNIA GRUNIOI\I 

Scientific name ........... Leuresthes 
tenuis (Ayres) 

Preferred common name.. .... .California 
grunion (Figure 1) ...... Other comnon names Grunion, smelt ...................... Class Osteichthyes ..................... Order Atheriniformes ....... Family Atherinidae (Silversides) 

Geographic range: coastal waters from 
San Francisco, Cal iforni a, to Magdalena 
Bay, Baja Cal ifornia; uncommon north 
of Point Conception (Figure 2). 

rakers 5-7 + 28-29; vertebrae 47-50. 
Body elongate and slender; eye dia- 
meter equal to snout length; maxillary 
not reaching pupil; premaxi llary pro- 
trusible; jaw teeth lacking or minute; 
anal fin begins below 1st dorsal fin; 
scales between dorsal fins 7-9. 

Color in life: greenish above, 
with a silver-blue lateral stripe; 
silvery below; bluish blotch on cheek. 

REASON FOR INCLUSION IN SERIES 

California grunion are caught by 
hand by sport fishermen during the 

Dorsal fin V-VI I + I ,9-10; anal ' ~ a r ~ e l ~  extracted from Jordan and 
fin 1-21-24; midlateral scales, 75 Evermann (18961, Miller and Lea 
(Moffatt and Thompson 1978a); gill (1972), and Eschmeyer et al. (1983). 
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t h e  U n i t e d  S ta tes .  



open season when t h e  f i s h  spawn on 
beaches above t h e  s u r f  l i n e  a t  n i g h t  
( see  L IFE  HISTORY). The commercial  
c a t c h  o f  g r u n i o n  i s  t a k e n  i n c i d e n t a l l y  
w h i l e  f i s h i n g  f o r  o t h e r  s p e c i e s  and i s  
marke ted  f r e s h  as " sme l t . "  L i m i t e d  
q u a n t i t i e s  a r e  used f o r  l i v e  b a i t .  

L IFE HISTORY 

Spawning 

The g r u n i o n ' s  u n i q u e  spawning 
hab i t s  have 1  ong been r e c o g n i z e d  and 
i t  has been c a l l e d  t h e  " f i s h  t h a t  
spawns on l a n d . "  Through t h i s  unusua l  
b e h a v i o r ,  t h e  C a l i f o r n i a  g r u n i o n  has 
t r a d e d  numerous m a r i n e  p e r i l s  f o r  
f ewer  t e r r e s t r  i a l  hazards,  and t h e r e b y  
improved t h e  p r o b a b i  1  i t y  of egg s u r v i -  
v a l  (Thompson 1919) .  The spawning 
season b e g i n s  i n  l a t e  F e b r u a r y  o r  
e a r l y  March and may e x t e n d  t o  e a r l y  
September; peak spawning i s  i n  A p r i l  
and May ( C l a r k  1925) .  The p r o t r a c t e d  
season may v a r y  f r o m  y e a r  t o  y e a r  b y  
s e v e r a l  months (Wa lke r  1952) .  Most 
f ema les  i n  t h e i r  t h i r d  y e a r  of l i f e  
(age-group 1 1 )  b e g i n  spawning e a r l y  i n  
t h e  season (Apr  i l - M a y ) ,  whereas f i s h  
i n  t h e i r  second y e a r  o f  1  i f e  (age-  
g roup  I )  spawn somewhat l a t e r  (May- 
June) .  Acco rd ing  t o  C l a r k  (19251, 
about  30% of t h e  fema les  w i l l  have 
spawned i n  March, 75% b y  l a t e  A p r i l ,  
and 90% b y  e a r l y  May. The r e m a i n i n g  
10% spawn f r o m  May t o  September. I n  
l a t e  J u l y ,  o n l y  7% o f  t h e  females 
examined c o n t a i n e d  m a t u r e  ova,  and i n  
l a t e  August o n l y  i m a t u r e  ova were 
observed ( C l a r k  1925).  

Grun ion  spawn as f a r  n o r t h  as New 
Sr  i g h t o n  S t a t e  Beach, Mon te rey  Bay 
( S p r a t t  1981)  and as f a r  s o u t h  as 
Mexico.  The 1  a r g e s t  g r u n i o n  spawning 
runs  r e p o r t e d  b y  S p r a t t  (1971)  a r e  
t y p i c a l l y  a l o n g  t h e  beaches i n  
s o u t h e r n  C a l i f o r n i a  ( F i g u r e  2 ) .  

I n  g r u n i o n  spawning w a t e r s  t h e r e  
a r e  two  h i g h  and two low t i d e s  d a i l y .  
The h i g h e r  o f  t h e  h i g h  t i d e s  i s  a t  
n i g h t  i n  s p r i n g  and summer. Each 

month, t h e s e  h i g h e r  t i d e s  r e a c h  t h e i r  
peak a t  t h e  f u l l  and new moon. C a l i -  
f o r n i a  g r u n i o n  spawn e v e r y  4 weeks 
d u r i n g  t h e  f u l l  moon t i d a l  s e r i e s  
(Thompson 1919).  A p p a r e n t l y  an i n d i -  
v i d u a l  g r u n i o n  may spawn abou t  e v e r y  2  
weeks d u r i n g  b o t h  t h e  f u l l  and new 
moon c y c l e s .  Female g r u n i o n  a r e  known 
t o  spawn as many as e i g h t  t i m e s  a  
season on c o n s e c u t i v e  r u n s  ( C l a r k  
1925).  Grun ion  b e g i n  spawning t w o  t o  
s i x  n i g h t s  a f t e r  t h e  peak t i d e s  o f  
each c y c l e ,  when each succeed ing  t i d e  
i s  l o w e r  t h a n  t h a t  o f  t h e  p r e v i o u s  
n i g h t  (Thompson 1919) .  O n l y  t h r e e  o r  

' f o u r  n i g h t s  a r e  s u i t a b l e  f o r  spawning 
d u r i n g  each c y c l e .  The spawning r u n s  
b e g i n  i m m e d i a t e l y  a f t e r  h i g h  t i d e .  A t  
f i r s t ,  s e v e r a l  f i s h ,  n o r m a l l y  males,  
a r e  swept up t h e  beach and become 
t e m p o r a r i l y  s t r a n d e d  on t h e  sand as 
t h e y  swim a g a i n s t  t h e  r e c e d i n g  w a t e r .  
G r a d u a l l y  i n c r e a s i n g  numbers o f  b o t h  
sexes beach themselves w i t h  succeed ing  
waves. Spawning b e g i n s  about  20 
m i n u t e s  a f t e r  t h e  f i r s t  f i s h  appear, 
peaks i n  one hour ,  and l a s t s  30 t o  6 0  
m inu tes .  D u r i n g  peak spawning,  
thousands o f  g r u n i o n  1  i t t e r  t h e  beach 
(Walker  1952) .  When t h e  t i d e  has 
ebbed about  one f o o t ,  t h e  n i g h t ' s  r u n  
t e r m i n a t e s  as sudden ly  as i t  began. 

T y p i c a l  ly, fema les  a r e  accom- 
pan i e d  b y  one o r  more males  as t h e y  
swim t o w a r d  s h o r e  (Wa lke r  1952) .  
U s i n g  a  beach se ine,  Thompson (1919)  
c a p t u r e d  t w i c e  as many ma les  as 
fema les  d u r i n g  a  spawning r u n .  I f  
males  a r e  n o t  p r e s e n t  when t h e  f e m a l e  
i s  r e a d y  t o  spawn, she r e t u r n s  t o  t h e  
sea w i t h o u t  l a y i n g  eggs (Wa lke r  1952) .  
D u r i n g  spawning,  t h e  fema le  a rches  h e r  
body, k e e p i n g  t h e  head up w h i l e  t h e  
cauda l  f i n  v i g o r o u s l y  e x c a v a t e s  t h e  
s e m i f l u i d  sand (Wa lke r  1952) .  As t h e  
t a i l  s i n k s ,  t h e  fema le  t w i s t s  h e r  body 
and d i g s  t a i l  f i r s t  u n t i l  she i s  
b u r i e d  up t o  h e r  p e c t o r a l  f i n s .  Occa- 
s i o n a l  l y  fema les  c o m p l e t e l y  b u r y  them- 
s e l v e s  i n  t h e  n e s t  (Thompson 1919) .  
A f t e r  t h e  f e m a l e  i s  i n  t h e  n e s t ,  up t o  
e i g h t  males  a t t e m p t  t o  mate w i t h  he r  
(Wa lke r  1952) .  The ma les  c u r v e  around 



t h e  female, p l a c i n g  t h e i r  vents  c l o s e  
t o  o r  i n  con tac t  w i t h  her  body. 
Concurrent ly ,  t h e  female emi ts  eggs 50 
t o  75 mm below t h e  su r f ace  o f  t he  
sand. The males d ischarge  t h e i r  m i l t  
i n t o  the  sand near t h e  female and 
immedi a t e l y  r e t r e a t  toward t h e  ocean. 
The m i l t  f l ows  down t h e  fema le 's  body 
u n t i l  i t  reaches the  eggs below. The 
female then  t w i s t s  f r e e  and r e t u r n s  t o  
t he  sea w i t h  t he  nex t  wave. Gene ra l l y  
about 30 seconds e lapse f rom "nes t "  
d i g g i n g  t o e g g  l a y i n g  b u t  some f i s h  
remain on t h e  beach f o r  severa l  
minutes. 

Waves tend t o  erode sand f rom t h e  
beach as t he  t i d e  r i s e s  and t o  d e p o s i t  
sand as i t  f a l l s ;  consequent ly,  f a l l -  
i n g  t i d e s  depos i t  more sand (41-46 cm) 
over  p r e v i o u s l y  b u r i e d  eggs,  which 
helps p r o t e c t  t he  eggs du r i ng  low 
t i des .  The eggs remain i n  t h e  sand 
f o r  about  10 days, u n t i l  t h e  h i ghe r  
t i d e  o f  t he  nex t  l u n a r  s e r i e s  erodes 
t h e  sand and washes t h e  eggs f r ee .  
Eggs do n o t  ha tch  u n t i l  t hey  a re  
uncovered and a g i t a t e d  by  t h e  s u r f  
(Thompson 1919). Eggs of a  s i n g l e  
c l u t c h  ha tch  w i t h i n  2  t o  5  minutes.  
A g i t a t i o n  i s  necessary because 1  a r v a l  
movement does n o t  a i d  i n  escape f rom 
t h e  egg s h e l l .  Seawater and a g i t a t i o n  
p robab l y  s t i m u l a t e  t h e  re l ease  o f  an 
enzyme t h a t  so f tens  t h e  cove r i ng  o f  t h e  
egg (Daugherty 1962). A  s tudy by 
Thompson (1919) demonstrated t h a t  egg 
capsules e f f e c t i v e l y  p r o t e c t  deve lop ing  
embryos from f reshwater  and d e s i c c a t i o n  
f o r  a t  l e a s t  8 days. Eggs do n o t  
u s u a l l y  ha t ch  p remature ly  un less  t h e  
eggs a re  washed f r e e .  For example, 
eggs l a i d  on a  calm n i g h t  were washed 
f r e e  t h e  nex t  n i g h t  by h i g h  waves 
d u r i n g  a  storm; t h e  r e s u l t  was 
complete mo r ta l  i t y .  

Fecund i ty  

Fecund i ty  i s  p o s i t i v e l y  co r re -  
l a t e d  w i t h  t h e  s i z e  of t h e  female. 
One female 137 mm long  ( a l l  l eng ths  
are t o t a l  l eng ths )  con ta ined  1,475 
eggs and one 171 rnm l ong  had 2,528 
(Thompson 1919). S i x  g run ion  nes t s  

examined by Thompson (1919) con ta ined  
from 1,149 t o  2,705 eggs (mean, 
2,200). Counts o f  1,600 t o  3,600 eggs 
i n  e i g h t  females were made by 
Daugherty (1962) ; i n  severa l ,  1  a rger  
females produced more eggs. 

Ova Development 

Ovar ies o f  females c o l  l e c t e d  
be fo re  January con ta i n  o n l y  immature 
eggs (mode, 0.08 mm; l a r g e s t  diameter,  
0.27 rnm). I n  January t he  eggs form an 
i n t e rmed ia te  s i z e  c l a s s  which b y  t he  
end o f  February a t t a i n s  a  maximum 
diameter  o f  0.78 mm. F i s h  taken i n  
February w i t h  l ess  f u l l y  developed ova 
p robab ly  beg in  spawning l a t e r  i n  t h e  
season. A  ma tu r i ng  egg s i z e  c lass ,  
0.74 t o  1.29 mm, a r i s e s  f rom t h e  
i n t e rmed ia te  c l a s s  and i s  u s u a l l y  
spawned i n  March. Immediate ly  a f t e r  
t h e  f i s h  spawn, a  second ma tu r i ng  
c l a s s  o f  eggs begins d i f f e r e n t i a t i n g  
and i s  spawned 15 days l a t e r .  T h i s  
15-day c y c l e  cont inues throughout  t he  
p e r i o d  o f  spawn ing; t he re fo re ,  as t he  
season progresses, a  s l  i g h t  t ime 1  ag 
i s  e s t a b l  ished between t h e  2-week 
t i d a l  peaks and t h e  spawning da tes  
(C la r k  1925). 

Throughout t h e  spawning season 
t h e  t h r e e  egg s i z e  c lasses remain d i s -  
t i n c t .  As t he  number o f  matur ing  eggs 
d i f f e r e n t i a t e d  f rom the  i n t e rmed ia te  
c l a s s  increases d u r i n g  t h e  spawning 
season, immature eggs a re  p robab l y  
r e c r u i t e d  t o  t h i s  i n t e rmed ia te  group. 
The number o f  in te rmed ia te  eggs i n  
each female decreases from one 
spawning t o  t h e  next.  A f t e r  t h e  l a s t  
spawning, t h e  remain ing i n t e rmed ia te  
eggs a re  resorbed; t he  immature eggs 
a re  c a r r i e d  over  t o  t he  nex t  year  
(C la r k  1925). 

The C a l i f o r n i a  g run ion  egg i s  
sphe r i ca l  and about 1.6 mm i n  d i a -  
meter a t  ha tch ing  (David 1939). A 
range of 1.75 t o  2.20 mm was repo r t ed  
by Mof fa t t  (1977). The eggs l ack  t h e  
f i l a m e n t s  at tached t o  eggs o f  many 
a t h e r i n i d  species (C la r k  1925). Newly 
depos i t e d  eggs have many o i  l g  1  obu 1  es 



( D a v i d  1939).  The s i z e  and number 
v a r y  d u r i n g  development u n t i l  o n l y  one 
l a r g e  u n c o l o r e d  o i l  g l o b u l e  remains  i n  
t h e  y o l k  sac of t h e  l a r v a .  C leavage 
i s  u s u a l l y  comp le te  12 h o u r s  a f t e r  
f e r t  i l  i z a t i o n .  The .embryon ic  a x i s  i s  
formed about  18  h o u r s  a f t e r  f e r t  i l i z a -  
t i o n ,  b u t  t h e  l e n s e s  and a u d i t o r y  cap- 
s u l e s  do n o t  f o r m  u n t i l  about 34 
hours.  The h e a r t  b e g i n s  b e a t i n g  a t  
about  46 hou rs  and t h e  head and t a i  1  
a r e  f r e e  a t  about 62 hours .  B lood  c i r -  
c u l a t  i o n  can a l s o  be  observed a t  t h i s  
t i m e  and t h e  f o r m a t i o n  o f  t h e  s o m i t e s  
i s  n e a r l y  complete.  A t  about 84 h o u r s  
t h e  eyes o f  t h e  embryo a re  pigmented, 
t h e r e  a re  two o t o l i t h s  i n  each a u d i -  
t o r y  capsu le ,  t h e  myomere c o u n t  i s  45 
o r  more, and melanophores a r e  p r e s e n t  
on t h e  head, upper s i d e s ,  and above 
t h e  gu t .  A t  about  184 hours ,  t h e  
embryo has reached i t s  f u l l  l e n g t h ,  
i t s  p i g m e n t a t i o n  i s  comple te ,  and i t  
i s  r e a d y  t o  ha tch .  I n  one s tudy ,  
Thompson (1919),  who c o l l e c t e d  eggs 
f r o m  a  spawning beach d a i l y  t o  obse rve  
development,  r e p o r t e d  t h a t  most  eggs 
ha tched  on t h e  1 0 t h  day (240  h o u r s )  
a f t e r  spawning (and c o l l e c t i o n ) ,  1 day  
b e f o r e  t h e  n e x t  s e r i e s  o f  h i g h  t i d e s .  
The r e m a i n i n g  eggs hatched on t h e  n e x t  
day,  showing t h a t  t h e  r a t e  and d u r a t i o n  
of  egg development i s  i n  synch rony  
w i t h  t h e  t i d a l  c y c l e .  The e v o l u t i o n  
o f  egg s i z e  and y o l k  volume i n  g r u n i o n  
has a p p a r e n t l y  been i n f l u e n c e d  by  t h e  
t i d e s  more t h a n  by  t e m p e r a t u r e  o r  any 
o t h e r  f a c t o r  ( I Y o f f a t t  and Thompson 
1978b).  

L a r v a l ,  Pos t1  a r v a l  , and J u v e n i l e  
S tages  

I n  c o n t r a s t  t o  l a r v a e  o f  o t h e r  
m a r i n e  f i s h e s ,  C a l i f o r n i a  g r u n i o n  a r e  
1  a r g e  and we1 1  -deve loped when hatched. 
They a r e  6.5 t o  6.8 mm l o n g  a t  
h a t c h i n g  and 7.8 t o  8.0 mm l o n g  a f t e r  
t h r e e  days (Dav id  1939).  A c c o r d i n g  t o  
May (1971) ,  t h e  average l e n g t h  o f  9  
r e c e n t l y - h a t c h e d  l a r v a e  was 9.0 mm and 
t h a t  o f  20 4-day o l d s  was 9.4 mm. 
Newly-hatched g r u n i o n  a r e  e x t r e m e l y  
a c t i v e  and t h e  eyes and jaws a r e  
f u n c t i o n a l  (Thompson 1919; May 1971) .  

The l a r v a e  a r e  capab le  of  immedia te  
f e e d i n g  b u t  r e t a i n  a  y o l k  sac f o r  4  t o  
6 d a y s  ( D a v i d  1939; May 1971).  I n  
l a b o r a t o r y  f e e d i n g  s t u d i e s ,  May (1971)  
showed t h a t  g r u n i o n  l a r v a e  can l i v e  
f o r  a  r e l a t i v e l y  l o n g  t i m e  w i t h o u t  
food -- some as l o n g  as 3  weeks. I n  
one exper imen t ,  a l l  l a r v a e  t h a t  s u r -  
v  i ved 16 days w i t h o u t  f o o d  began 
f e e d i n g  when o f f e r e d  f o o d  and were 
a l i v e  a t  t h e  end o f  t h e  s t u d y  20  days 
l a t e r  (May 1971).  

Newly ha tched  l a r v a e  u s u a l l y  l i v e  
a t  o r  nea r  t h e  wa te r  s u r f a c e  ( D a v i d  
1939).  The mouth i s  open t h e n ,  and t h e  
f i r s t  buds o f  t h e  g i l l  f i l a m e n t s  a r e  
v i s i b l e .  L a r v a e  do n o t  b e g i n  a c t i v e  
f e e d i n g  u n t i l  t h e  second day  a f t e r  
h a t c h i n g .  Between t h e  f i f t h  and n i n t h  
day, swimming a c t i v i t y  i n c r e a s e s  and 
t h e y  descend s l i g h t l y  be low  t h e  s u r -  
f ace  f i lm ( D a v i d  1939) .  The average 
l e n g t h  o f  10 l a r v a e  16 days o l d  was 
1 2 . 2  mm, and t h a t  o f  1 0  25 -day -o ld  
l a r v a e  was 15.1 mm (May 1971).  

L a r v a l  a t h e r i n i d s  l i v e  predomi-  
n a t e l y  i n  t h e  neus ton  ( s u r f a c e )  l a y e r  
( L i n d s a y  e t  a l .  1978) ;  however, i n  
c o l l e c t i o n s  f r o m  C a l i f o r n i a  c o a s t a l  
wa te rs ,  Kauffman e t  a l .  (1981)  c o u l d  
n o t  i d e n t i f y  t o  s p e c i e s  t h e  a t h e r i n  i d  
l a r v a e  l e s s  t h a n  15 mm long.  Most 
p o s t l a r v a l  and j u v e n i  l e  a t h e r i n i d s  
l o n g e r  t h a n  15 mm were i d e n t i f i e d  as 
g run ion .  L a r g e  1  a rvae  ( > I 5  mm) were 
c a p t u r e d  e x c l u s i v e l y  a t  n i g h t  u s i q g  
sampl i n g  gea r  f i s h e d  near  5he s u r f a c e .  
T h e i r  mean d e n s i t y  was 10/m . G r u n i o n  
l a r v a e  l o n g e r  t h a n  15 mm were s c a r c e  
nea r  t h e  s u r f a c e  d u r i n g  t h e  day  and 
absen t  a t  m i d  and bo t tom d e p t h s  d u r i n g  
day o r  n i g h t .  G r u n i o n  l a r v a e  a r e  
s t r o n g  swimmers and may s i m p l y  
a v o i d  t h e  sampl i n g  gea r  d u r i n g  t h e  
day. A c c o r d i n g  t o  Kauffman e t  a l .  
(19811, a t h e r i n i d  l a r v a e  l o n g e r  t h a n  
10  mm accounted f o r  more t h a n  90% o f  
t h e  l a r v a e  sampled g u r i n g  t h e  day 
( d e n s i t y  up t o  90/m . A l l  l a r v a e  
caugh t  a t  m id -dep th  and n e a r - b o t t o m  
were l e s s  t h a n  10  mm l o n g  ( d e n s i t y  
0. 5/m3). The pe rcen tage  i n c r e a s e  o f  
t h e  s m a l l e r  l a r v a e  i n  m id -dep th  



samples taken a t  n i g h t  i n d i c a t e s  t h e y  
d i spe rse  a t  n i g h t  (Kauffman e t  a l .  
1981). The young f i s h  grow r a p i d l y  
and a re  about 127 mm l ong  a t  t he  end 
o f  t h e i r  f i r s t  year  o f  l i f e  (Walker 
1952). 

A d u l t s  

Except f o r  spawning h a b i t s  and 
behavior ,  l i t t l e  i s  known about t h e  
a d u l t  s tage  i n  t h e  c o a s t a l  zone. 
Grunion popu la t i ons  seemingly  move 
1 i t t l e  a long t h e  shore1 i n e  (Walker 
19521, b u t  seasonal i n sho re -o f f sho re  
movements n o t  assoc ia ted  w i t h  spawning 
are well-documented. 

M a t u r i t y  and L i f e  Span 

Grunion mature i n  t h e i r  second 
year  o f  l i f e  and have a s h o r t  l i f e  
span. I n  January some y e a r l  i n g  
females con ta ined  immature eggs, and 
o t h e r s  i n t e rmed ia te - s i zed  eggs. I n  
February n e a r l y  a l l  young females had 
bo th  imnature and i n t e rmed ia te  eggs, 
and young males appeared t o  be nea r i ng  
m a t u r i t y .  They appa ren t l y  spawn i n  
t h e i r  second year  o f  l i f e  (age group 
I ) .  The l a r g e s t  g run ion  c o l l e c t e d  by  
C la r k  (1925) was a 3 -year -o ld  male 170 
mrn long. She c o l l e c t e d  no g run ion  
o l d e r  than age 11. 

GROWTH CHARACTERISTICS 

Scales can be used t o  s t u d y  t h e  
age and growth o f  grun ion.  I n  con- 
t r a s t  t o  many f i s h ,  g run i on  fo rm an 
annulus i n  J u l y  and August r a t h e r  than 
i n  t he  s p r i n g  ( C l a r k  1925). Growth 
da ta  g i ven  here, however, are based 
l a r g e l y  on l e n g t h  d i s t r i b u t i o n  r a t h e r  
than  t h e  s c a l e  method. I n  September, 
a t  an age of about 2  months, average 
l eng ths  were 79 mm f o r  males and 8 1  mm 
f o r  females. U n t i l  September, t h e i r  
mean d a i l y  growth r a t e  was 0.73 mm 
(C la r k  1925). From September t o  t h e  
end o f  January, t h e  g rowth  r a t e  
dec l  ined because o f  low w i n t e r  temper- 
a t u res  b u t  acce le ra ted  aga in  i n  e a r l y  
February  through A p r i l .  I n  September, 

young-of - the-year  females were o n l y  
s l i g h t l y  longer  than  young-of - the-year  
males, b u t  by  A p r i l  t h e  females were 
about 10 mm longer .  T h i s  d i f f e r e n c e  
was ma in ta ined  throughout  a d u l t  l i f e .  
The growth of age-groups I and I 1  a l s o  
a c c e l e r a t e d  i n  l a t e  w i n t e r  and sp r i ng ,  
then  tended t o  dec l  i n e  i n  e a r l y  May 
w i t h  l i t t l e  growth e v i d e n t  i n  l a t e  
May, June and J u l y  ( C l a r k  1925). 
Growth began again i n  August. 

Growth o f  g run i on  was most r a p i d  
d u r i n g  t h e  f i r s t  year  o f  1  i f e  and then  
dec l  ined i n  f o l l o w i n g  years  ( C l a r k  
1925). A t  t h e  end o f  t h e  f i r s t  year  
t h e  mean t o t a l  l e n g t h  was about 110 mm 
f o r  males and 119 mm f o r  females. 
A f t e r  t h e  second y e a r ' s  growth, aver-  
age l eng ths  were 129 and 140 mm. For  
t h e  few f i s h  r each ing  t h e  beg inn i ng  o f  
a  second spawning season, t h e  average 
l e n g t h s  were 143 mm (males)  and 154 mm 
( females) .  The 1 a rges t  f i s h  r e p o r t e d  
was 191 mm l ong  ( M i l l e r  and Lea 1972). 
Among spawning f i s h  caught i n  a  beach 
se i ne  i n  A p r i l ,  average l e n g t h s  o f  
males and females were 129.5 and 
142.5 mm (Thompson 1919). Accord ing  
t o  C l a r k ' s  (1925) f i n d i n g s ,  t h e  f i s h  
measured by Thompson (1919) were p ro -  
b a b l y  e n t e r i n g  t h e i r  second spawning 
season. 

The r a t e  o f  weight  g a i n  was n o t  
as p r o p o r t i o n a t e l y  r a p i d  as t h e  co r -  
responding i nc rease  i n  l e n g t h  d u r i n g  
t h e  f i r s t  year  (C la r k  1925). I n  
f o l l o w i n g  years,  as growth i n  l e n g t h  
slowed, t h e  r a t e  o f  we igh t  inc rease  
d im in i shed  o n l y  s l i g h t l y .  I n  Febru- 
ary ,  t h e  mean we igh t  o f  y e a r l  i n g  f i s h  
was 11.8 grams f o r  f i s h  110 mm long,  
and 15.2 grams f o r  f i s h  120 mm l ong  
( C l a r k  1925). F i s h  i n  age group I 1  
and o l d e r ,  wh ich  were 130 t o  140 mm 
l ong ,  averaged 19.3 t o  23.0 grams; and 
those 145 t o  155 l o n g  averaged 26.7 t o  
32.3 grams. C a l c u l a t e d  we igh ts ,  based 
on t h e  f o rmu la  Weight (g)=0.0089 
Length3 (mm) , d i f f e r e d  o n l y  s l  i g h t l y  
f rom t h e  mean measured we igh ts .  



COMMERCIAL AND SPORT FISHERIES 

Cal i f o r n i a  g run i on  a re  sought by 
sportsmen, na tu re  l ove r s ,  and c u r i o u s  
observers  dur ing g run i on  spawn i ng  
runs, y e t  accura te  es t ima tes  o f  t h e  
s p o r t  c a t c h  and t h e  c o n t r i b u t i o n  t o  
t h e  economy a re  l ack i ng .  Desp i t e  
t h e i r  h i g h  c o n c e n t r a t i o n  on beaches 
d u r i n g  spawning, g run i on  a re  n o t  
abundant (Walker 1952). A few a re  
landed commerc ia l l y  by  round hau l  n e t s  
and lamparas and a re  s o l d  f o r  b a i t  o r  
marketed as sme l t  i n  t h e  f r e s h - f i s h  
market (C la r k  1928; Young 1949; 
Daugherty 1962; F rey  1971). Most 
g run i on  landed commerc ia l l y  a re  taken  
i n  l a t e  w i n t e r  and i n  s p r i n g  j u s t  
be fo re  t h e  spawning season (C la r k  
1928). I n  February 1927 t h e  Los 
Angeles County g run i on  c a t c h  f o r  t h e  
f r e s h - f i s h  market peaked a t  about 
6,000 1b and averaged about 2,759 1b 
month ly  i n  January-March. The h i ghes t  
ca t ch  r e p o r t e d  was 9,573 1b from 
October 1926 t o  October 1927. No 
commercial l and ings  o f  g run i on  have 
been r e p o r t e d  s i n c e  (F rey  1971), 
p robab l y  because t h e y  are caught  
l a r g e l y  by sme l t  f i shermen and 
r e p o r t e d  i n  t h e  sme l t  catch.  Grunion 
are o c c a s i o n a l l y  taken  i n  pure  hau ls  
o f  up t o  4  o r  5  t ons  (Daugher ty  1962). 
Only  then  a re  g run i on  s o l d  as f r e s h  
f i s h  and then o n l y  i f  sme l t  a re  
r e l a t i v e l y  scarce. Otherwise, t h e  
mixed ca t ch  i s  s o l d  as b a i t  o r  t o  
canners of p e t  food (Daugher ty  1962). 

I n  t h e  1920 's  t h e  g run i on  f i s h e r y  
began showing s i gns  o f  d e p l e t i o n  
(C la r k  1928), which was p robab l y  due 
t o  o v e r f i s h i n g  and h a b i t a t  a l t e r a t i o n  
(Walker 1952). From 1927 t o  1946, t h e  
f i s h i n g  season i n  C a l i f o r n i a  was 
c l osed  f r om  A p r i l  t o  June. By 1947, 
abundance had increased and t h e  
r e s t r i c t  i on  was eased. Grunion may 
now be taken by sportsmen o n l y  by  hand 
th roughou t  t h e  year  except  i n  A p r i l  
and May. A l though t h e  p o p u l a t i o n  s i z e  
i s  unknown, t h e  resource  appears t o  be 
m a i n t a i n i n g  i t s e l f  under t h e  p resen t  
s p o r t  f i s h i n g  i n t e n s i t y  (R. K l i n g b e i l ,  
Cal i f o r n i a  Department o f  F i s h  and 

Game; pers .  comm., 1983). S ince  
g r u n i o n  p o p u l a t i o n s  seldom move 
l a t e r a l l y  a long  t h e  shore1 ine, l o c a l  
c o n t r o l s  may be adequate f o r  manage- 
ment (Walker 1952). 

ECOLOGICAL ROLE 

I n  s p i t e  o f  t h e  p u b l i c i t y  g i ven  
t o  t h e  un ique spawning behav io r  o f  t h e  
grun ion,  l i t t l e  a t t e n t i o n  has been 
g i ven  t o  i t s  e c o l o g i c a l  r o l e .  

Gut con ten t  a n a l y s i s  i n d i c a t e d  
t h a t  g run i on  f e d  p r i m a r i l y  d u r i n g  t h e  
day (Kauffman e t  a l .  1981). Food 
found i n  l a r v a e  l e s s  than 10 mm l ong  
cons i s t ed  l a r g e l y  o f  copepod n a u p l i i  
and t i n t i n n i d  protozoans. Cyc lopo id  
copepods, O i thona  sp., n u m e r i c a l l y  
dominate t h e  g u t  con ten t s  o f  l a r v a e  
10-28 mm lonq. The h a r ~ a c t a c o i d  
copepod ~ u t e r ~ i n a  a c u t i f r o n s  and 
t h e  c v c l o ~ o i d  c o ~ e o o d  Corvcaeus 
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a re  much l e s s  ab;ndant 
e t  a l .  1981). The r e l a -  

t i v e l y  low d e n s i t i e s  o f  these animals 
i n  C a l i f o r n i a ' s  coas ta l  waters  suggest 
t h a t  most g run i on  l a r v a e  must search 
f o r  prey. 

A d u l t  g run i on  e a t  food s i m i l a r  t o  
t h a t  ea ten  by l a r v a e  and j u v e n i l e s .  
Stomach con ten t s  cons i s t ed  o f  m ic ro -  
scop ic  and s l i g h t l y  l a r g e r  p l a n k t o n i c  
organisms ( F i t c h  and Lavenberg 1971). 

A l l  l i f e  s tages o f  g run i on  a re  
preyed upon by a  number of p reda to rs .  
Eggs b u r i e d  i n  t h e  beach sand a re  f e d  
upon by sand worms, shore b i r d s ,  and 
even ground s q u i r r e l s  ( F i t c h  and 
Lavenberg 1971). Walker (1949) 
r e p o r t e d  t h a t  shoreb i rds ,  i n c l u d i n g  
marbled godwi t  (Limosa fedoa)  and 
wh imbre l  (Numenius p h a e o p u s ) t i v e l y  
probe t h e  sand i n  search of g run i on  
eggs. An isopod, two spec ies  of 
f l i e s ,  and a  b e e t l e  a l s o  preyed on 
b u r i e d  g run i on  eggs (F rey  1971). Juve- 
n i l e  and a d u l t  a run ion  a re  Dreved uDon 
by ha1 i b u t  (pa ra1  i ch thys  ' c a i  i f o r n i -  
cus).  sand bass (Para labrax ) .  w h i t e  



c r o a k e r s  (Genyonemus 1  i n e a t u s ) ,  and 
o t h e r  1  a r q e  ~ r e d a t o r s  i n c l  u d i n q  man ., . ., 
( F i  t c h  and Lavenberg 1971) .  

ENVIRONMENTAL REQUIREMENTS 

T i d a l  C y c l e  

T i d a l  c y c l e s  may have i n f l u e n c e d  
t h e  e v o l u t i o n  o f  egg s i z e  i n  t h e  
g r u n i o n .  I n  p o s s i b l e  response t o  t h e  
more i r r e g u l a r  t i d e s  o f  Cal  i f o r n i a ,  
t h e  eggs o f  t h e  Cal  i f o r n i a  g r u n i o n  a r e  
much l a r g e r  t h a n  t h o s e  o f  t h e i r  
c l o s e s t  congener L e u r e s t h e s  
s a r d i n a  f r o m  t h e  G u l f  o f  C a l i f o r n i a  
(Moffatt and Thompson 1978b). 

C y c l i c  t i d e s  a l s o  d e p o s i t  a d d i -  
t i o n a l  sand ove r  t h e  d e v e l o p i n g  eggs. 
T h i s  p r o v i d e s  p r o t e c t i o n  f r o m  the rma l ,  
osmot i c, and d e s i c c a t i o n  s t r e s s e s  as 
w e l l  as p r e d a t i o n  (Middaugh e t  a l .  
1983).  

Temperature  

G r u n i o n  eggs h a t c h  o t e r  a  wa te r  
t e m p e r a t u r e  r a n g e  o f  14.0 t o  28.5 OC. 

Water t empera tu res  o f  29.8 OC and 
above reduced  t h e  v i a b i l i t y  o f  g r u n i o n  
l a r v a e  (Hubbs 1965; E h r l i c h  and F g r r i s  
1971).  An i n c r e a s e  o f  about  9  C i s  
r e q u i r e d  t o  d o u b l e  t h e  development 
r a t e  (Hubbs 1965).  Yo lk -sac l a r v a e  
showed a  p r e f e r e n h e  f o r  wa te r  tempera- 
t u r e s  nea r  25 C ( E h r l i c h  and Mus- 
z y n s k i  1981) ,  w e l l  above t h e  r a n g e  
t h a t  produced maximum growth.  Feed ing  
l a r v a e  a p p a r e n t l y  s e l e c t  r e 1  a t  i v e l y  
h i g h  t e m p e r a t u r e s  f o r  growth.  The a b i  1  - 
i t y  o f  l a r v a e  t o  m e t a b ~ l i z e ~ f o o d  ( p r o -  
t e i n J  decreased above 25 C and be low 
16 C ( f a t )  ( E h r l i c h  and Muszynsk i  
1981).  Growth r a t e s  a r e  p o s i t i v e 1  
c o r r e l a t e d  w i t h  t e m p e r a t u r e  between 18  (Y 
and 25.4 C ( E h r l i c h  and F a r r i s  1972).  

S a l i n i t y  

O n l y  h a l f  o f  t h e  g r u n i o n  eggs 
p l a c e d  i n  f r e s h w a t e r  b y  Hubbs (1965) 

hatched.  Lower and upper l e t h a l  s a l  i- 
n i t i e s  f o r  p r o l a r v a e  were 4.2 and 4 1  
p p t  and f o r  20-day-o ld  p o s t  l a r v a e  
t h e s e  s a l i n i t i e s  were, r e s p e c t i v e l y ,  9  
and 30 p p t  (Reyno lds  e t  a l .  1976) .  A  
dec rease  i n  s a l  i n i  t y  t o l e r a ~ i c e  w i t h  
age was a l s o  r e p o r t e d .  

L i g h t  

Exposure t o  l i g h t  seems t o  r e d u c e  
h a t c h i n g  success o f  g r u n i o n  eggs 
(Hubbs 1965).  Young g r u n i o n  a r e  p o s i -  
t i v e l y  p h o t o t a c t i c  and can be a t t r a c t -  
ed t o  1  i g h t  as b r i g h t  as 10,000 l u x  
(Reyno lds  e t  a l .  1977).  The s t r e n g t h  
o f  t h e  g a t h e r i n g  response  i s  appar -  
e n t l y  r e l a t e d  t o  t h e  s t r e n g t h  o f  t h e  
l i g h t  s t i m u l u s .  

O the r  E n v i r o n m e n t a l  F a c t o r s  

Grun ion  eggs r e q u i r e  m o i s t u r e  t o  
p r e v e n t  d e s i c c a t i o n .  I n t e r s t i t i a l  
w a t e r  ( g  w a t e r / k g  sand) i n  g r u n i o n  
n e s t s  can r a n g e  f r o m  1% t o  19% 
(Middaugh e t  a l .  1983).  

An un i d e n t  i f  i e d  non the rma l  com- 
ponen t  o f  power p l a n t  e f f l u e n t s  s i g n i -  
f i c a n t l y  reduces  h a t c h i n g  success o f  
g r u n i o n  ( E h r l i c h  1977).  A t  a l l  t e s t  
t empera tu res  t h e  pe rcen tage  o f  eggs 
ha tched  i n  e f f l u e n t  w a t e r  was l o w e r  
t h a n  t h e  p e r c e n t a g e  ha tched  i n  sea 
w a t e r  c o l l e c t e d  b e f o r e  passage t h r o u g h  
t h e  power p l a n t .  

Exposure o f  eggs t o  benzo- 
( a ) p y r e n e  l e v e l s  o f  24 ppb o r  more 
decreased h a t c h i n g  p e r c e n t a g e  and 
i n c r e a s e d  m o r p h o l o g i c a l  anomal i e s  
( W i n k l e r  e t  a l .  1983).  

The re  i s  no p u b l i s h e d  i n f o r m a t i o n  
on d i s s o l v e d  oxygen o r  t u r b i d i t y  
r e q u i r e m e n t s  f o r  t h e  Cal  i f o r n i  a  
g r u n i o n .  

The g r u n i o n  i s  t h e  h o s t  o f  
s e v e r a l  c r u s t  acean s  and d  i gene t  i c  
t rematodes.  The s i x  known c r u s t a c e a n  
p a r a s i t e s  a r e  t h e  copepods Bomolachus 
p e c t  i n a t u s ,  Cal  i g u s  o l s o n i  , and 
C l a u e l  l o p s i s ;  t h e r a c h i  A r g u l u s  



melanost i c t u s ;  and t h e  isopods todes, Asymphylodora a t h e r i  nops i d  i s  
N e r o c i l a  c a l i f o r n i c a  and L i r oneca  occurs  i n  t h e  p o s t e r i o r  i n t e s t i n e  o f  
c a l i f o r n i c a  (Olson 1972).  Metacer- t h e  g run i on  w h i l e  Lepocredium man te r i  
c a r i a e  w i t h  t h e  c h a r a c t e r i s t i c s  of occurs i n  t h e  expanded a n t e r i o r  
Bucephalops is  l e b i a t u s  (Trematoda: i n t e s t i n e  (Olson 1977, 1978).  The 
Bucephal idae)  i n f e c t  t he  g run i on  h e a r t  e f f e c t s  of these  p a r a s i t e s  on growth 
muscle (Olson 1975). Among t h e  trema- and s u r v i v a l  are n o t  known. 
















