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A B S T R A C T

H is to lo g ic a l c r i t e r i a  w e re  d e v e lo p e d  to  a g e  p o s to v u la to ry  fo ll ic le s  f ro m  e x a m in a t io n  o f  la b o ra to ry -  
s p a w n e d  n o r th e rn  a n c h o v y  a n d  u s e d  to  e s t im a te  th e  f re q u e n c y  o f s p a w n in g  o f  n a t u r a l  p o p u la tio n s . 
O n e-d ay -o ld , p o s to v u la to ry  fo ll ic le s  w e re  th e  p re fe r re d  e s t im a to r  o f  s p a w n in g  fre q u e n c y , 4 8  h o u r s  a f te r  
s p a w n in g  p o s to v u la to ry  fo ll ic le s  co u ld  n o t  b e  c o n s is te n tly  id e n tif ie d  b e c a u se  o f  t h e i r  r a p id  d e g e n e ra ­
tio n ; a n d  th e  o c c u rre n c e  o f  p o s to v u la to ry  fo ll ic le s  le s s  t h a n  2 4  h o u r s  o ld  w a s  a ffe c te d  b y  h o u r  o f 
s a m p l in g  a n d  s e x u a l  c o m p o s i tio n  o f  t h e  sch o o l. T h e  n ig h t ly  s p a w n in g  in c id e n c e  w a s  e s t im a te d  to  be 
1 6 ± 4 %  o f  th e  n o r th e r n  a n c h o v y  p o p u la tio n  in  F e b ru a ry  a n d  12%  in  M arch . T h u s ,  fe m a le s  s p a w n e d  
a b o u t  e v e ry  6 -8  d a y s  d u r in g  t h e  p e a k  o f  th e  b re e d in g  s e a s o n . T h e  r a t e  o f  o o cy te  d e v e lo p m e n t c o rre s ­
p onded  w ith  th i s  re p ro d u c t iv e  r a t e ,  in d ic a t in g  t h a t  a  n e w  m o d e  o f  y o lk e d  oocy tes  m a tu r e d  a b o u t  o n c e  a  
w eek . N e a r ly  a l l  eg g s  in  t h e  m o s t  a d v a n c e d  m o d e  in  th e  o v a ry  w e re  s p a w n e d  in  o n e  n ig h t  a n d  th e  
n u m b e r  o f  eg g s  s p a w n e d  w a s  e s t im a te d  to  b e  3 8 9 ± 5 9  e g g s /g  o f  fe m a le  (o v a ry -free  w e t w e ig h t) . T h e  h ig h  
s p a w n in g  f re q u e n c y  a n d  th e  p ro lo n g e d  b re e d in g  s e a s o n  o f  t h e  n o r th e r n  an c h o v y  in d ic a te  t h a t  to ta l  
fe c u n d ity  m a y  b e  l im ite d  b y  food a v a i la b i l i ty  a n d  e n e rg y  re s e rv e s .

Ich thyoplankton surveys have become one of the 
s ta n d a rd  m e th o d s 'fo r  e s t im a tin g  b io m ass of 
m arine  fish populations. A t h ig h  la titu d e s  m any 
fishes produce a  single spaw ning  b a tch  per year 
(Q asim  1956) an d  spaw ning biom ass m ay be d i­
rec tly  estim ated  from to ta l fecundity  and produc­
tion  of eggs an d  la rv a e . M u ltip le  (frac tiona l) 
spaw ning  fishes a re  charac te ris tic  of subtropical 
an d  trop ical seas (Nikolsky 1963) an d  estim ation  
of spaw ning  biom ass from  egg and la rv a l produc­
tion is dependent upon th e  nu m b er of spaw nings 
per y ea r  and th e  num ber of eggs per spaw ning. A t 
p resen t, no adequate  m ethod ex ists  for es tim ating  
these  two param ete rs for pelagic, m u ltip le  spaw n­
ing  fishes.

P a s t m ethods have employed m easu rem en ts of 
size-frequency d istribu tion  of yolked oocytes (usu­
a lly  eggs >0.2  m m  in  d iam eter). E ggs a re  often 
d istribu ted  in  one to th ree  modes an d  th e  num ber 
of eggs in  th e  m ost advanced m ode h as  been  as­
sum ed to  be equal to  th e  num ber of eggs produced 
p e r  spaw n ing  (C la rk  1934; M acG regor 1968). 
A nother approach has been to  count a ll yolked 
oocytes in  reproductively ac tive  fem ales an d  to
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’ D e p a r tm e n t  o f  B io lo g y , W h i t t i e r  C o lle g e , W h i t t i e r ,  C A  
90608.

assum e th a t  these a re  equal to the  num ber of eggs 
spaw ned in a  season (M acer 1974). N e ith e r ap ­
p ro a c h  p ro v id es  co n c lu s iv e  ev id en c e  for th e  
nu m b er of spaw nings nor to ta l egg production. All 
eggs in  the  most advanced mode m ay not ovulate 
(C la rk  1934; Y am am oto an d  Y am azak i 1961) 
and a tre s ia  m ay reduce th e  num ber of eggs per 
spaw ning  (M acer 1974; Ivankov 1976). F u rth e r, 
th e  to ta l num ber of yolked oocytes m ay no t p ro­
vide a n  estim ate  of to ta l fecundity  because some of 
th e  sm all unyolked oocytes, no t included in  such 
counts, could m atu re  la te r  du rin g  th e  sam e breed­
ing  season.

I t has long been known in  te leo s t fishes (C un­
n ingham  1898) th a t a t  ovulation  a  rem n a n t of the  
ovulated  follicle (em pty or postovulatory  follicle) 
rem ains in th e  ovary. Postovulatory  follicles are 
believed to be transito ry  because o f  th e ir  ra r ity  in 
field-collected m ateria l (W heeler 1924; Yamamoto 
1956; G okhale 1957; D eV lam ing 1972; Goldberg 
1977; A ndrew s4), b u t a c tu a l m e asu rem en ts  of 
th e ir  longevity  a re  ra re  because the  tim e  of spaw n­
ing  m u st be known. Y am am oto a n d  Y oshioka 
( 1964), u sing  Oryzias latipes w hich spaw ns every 3 
days, reported  postovulatory  follicles w ere bare ly  
d is tingu ishab le  on th e  th ird  day afte r spaw ning. 
They suggested  th a t  the  frequency of spaw ning

•■Andrews, C . B . 1931. T h e  d e v e lo p m e n t o f  t h e  o v a  o f  th e  
C a l ifo rn ia  s a rd in e  { S a r d in a  ca e ru lea ). U n p u b l. m a n u sc r .,  8 8  p. 
S ta n fo rd  U n iv e r s i ty ,  S ta n fo rd , C A  94305.
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could be determ ined by the  presence o f  postovula­
tory follicles b u t  the  es tim a te  w ould have to be 
m ade soon a fte r spaw ning. T hrough techniques of 
Leong (1971) it w as possible to  induce spaw ning  in 
th e  n o rth e rn  anchovy. E ngrau lis m ordax, in  the  
laboratory , m aking  it possible to characterize the 
histological degeneration of postovulatory folli­
cles on a  tim e  basis. T hus, i t  seem ed feasible th a t 
spaw ning  frequency of n a tu ra l populations of E. 
mordax  could be estim ated  from incidence of post­
ovulatory  follicles in fem ales once the  period in 
w hich they could be detected w as estab lished . 
M oreover, once recently  spaw ned fish w ere iden­
tified, the  ra te  o f m a tu ra tio n  o f  subsequen t egg 
batches a s  well a s  th e  nu m b er of eggs produced per 
batch could be estim ated.

T he objectives of th is  study  w ere to  es tab lish  the 
de tec tion  period for p o s to v u la to ry  follicles in 
n o rth e rn  anchovy and to es tim a te  th e  incidence of 
n a tu ra l spaw ning th rough  histological exam ina­
tion  of these s tru c tu res . In addition , by u sing  th is  
in form ation  to guide o u r selection  of specim ens, 
w e provide a  new  es tim ate  o f  th e  num ber of eggs 
released  per spaw ning or batch  fecundity , an d  the 
tim e required  for subsequent spaw nings. Previous 
e s tim a tes  for anchovy based on frequency d is­
tribu tions of yolked oocytes include those of M ac­
G regor (1968) and N orberg.3

“N o rb e rg , R . H  1975. in v e s t ig a t io n s  o n  th e  fe c u n d ity  o f 
n o r t h e r n  a n c h o v y ,  j a c k  m a c k e r e l  a n d  P a c i f i c  m a c k e r ­
el. U n p u b l. m a n u sc r .,  23  p . C a lif . D ep . F is h  G a m e , 3 5 0  G o lden  
S h o re . L o n g  B e a c h , C A  90802.

METHODS

T he period over w hich postovulatory follicles 
can be detected in  th e  ovary  w as determ ined  from 
anchovy held  in  th e  laboratory . Groups of anchovy 
reared  to  sexual m a tu rity  w ere induced to spawn 
using the  m ethod of Leong (1971). A to tal o f 119 
fem ales w ere sam pled; fish were k illed  a t  th e  tim e 
of spaw ning  and th e re a fte r  a t  24-h in te rvals u p  to 
9 days a f te r  spaw ning. O varies w ere fixed in  
Bouin’s fixative or 10% n eu tra l buffered F orm a­
lin8 an d  em bedded in  P arap la s t. H istological sec­
tions w ere cut a t  6 gm  an d  s ta in ed  w ith H arris ’ 
hem atoxylin  followed by eosin coun tersta in , M as­
son’s  trichrom e, periodic acid-Schiff reag en t, o r 
H eidenhain’s iron hem atoxylin . A classification 
system  for postovulatory  follicles was estab lished  
an d  laboratory  specim ens w ere classified w ithou t 
p rio r knowledge of th e ir  age to es tim ate  th e  accu­
racy of th e  technique. F ield  sam ples w ere then 
classified using  th e  sam e c rite ria . T hree field col­
lections of anchovy fem ales from th e  S ou thern  
C alifornia B igh t w ere exam ined  to determ ine the  
frequency o f  spaw ning  in  n a tu ra l populations: 
3 com m ercial purse seine sam ples o f38-65 tem ales 
each from M arch 1977; 4 research  traw l sam ples of
1-11 fem ales from S eptem ber 1977; and 29 re ­
search  traw l sam ples of 10 or 11 fem ales from 
F eb ruary  1978 (F igure 1).

“R e fe re n c e  to  t r a d e  n a m e s  do es  n o t  im p ly  e n d o rs e m e n t b y  th e  
N a tio n a l  M a r in e  F is h e r ie s  S e rv ic e , N O A A .

FEBRUARY 197 8  

MARCH 1 977  
SEPTEM BER 1977

•#  «

F IG U R E  1.— L o c a t io n  o f  s a m p le s  o f  
f e m a le  n o r t h e r n  a n c h o v y  t a k e n  o ff  
s o u th e r n  C a l if o r n ia  in  M arch  a n d  S ep ­
te m b e r  1977  a n d  F e b ru a ry  1978
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The num ber of eggs p e r  mode w as es tim ated  for 
117 of the  fie ld -caugh t specim ens by fix ing  a 
weighed sam ple in  Gilson’s  fluid and determ in ing  
th e  size-frequency d istribu tion  of yolked oocytes 
(M acGregor 1968; M acer 1974). O ne-hundred  and 
fifty of th e  oocytes >0.20 mm  on th e  m ajor axis 
were m easured  to th e  n ea rest 0.05 mm  from  each 
sam ple and a ll the  rem ain in g  oocytes ( >0 .20  mm) 
w ere counted. W e shall use "d iam eter” to  refer to 
these  m easurem ents bu t since anchovy eggs a re  
longer th a n  wide, i t  is not a  d iam eter in a  s tric t 
sense b u t  th e  major ax is of an  oblate spheroid.

The form  of the  d istribu tion  o f  egg d iam eters 
w ith in  an  ovary w as s im ila r  to  those illu s tra te d  
for o th e r m u ltip le  spaw ning  fishes (M acer 1974). 
D istributions varied  from ones composed of two to 
th ree  d istinc t modal groups of eggs to  ones w ith  
only a  single mode. Even in  those w ith  very  dis­
tin c t m odal groups the ta ils  o f ad jacen t modes 
o f te n  o v e r la p p e d . W e u se d  th e  p ro g ra m  
NORM SEP (Abram son 1971) to se p a ra te  modal 
groups, es tim ate  th e  m ean egg d iam eter w ith in  a 
mode, an d  es tim ate  ite ra tiv e ly  th e  num ber of eggs 
w ith in  a  mode. A lthough one m u st a rb itra r ily  a s ­
sum e egg d iam eters w ith in  a  mode a re  norm ally  
d istribu ted , th e  program  does e lim in a te  som e of 
th e  subjectivity  in  judg ing  th e  range  of d iam eters 
to include w ith in  a mode an d  how th e  ta ils  of 
ad jacent modes should be proportioned.

J u s t  p rio r to ovulation and spaw ning th e  modal 
group of eggs about to be spaw ned ta k e s  up fluid 
an d  sw ells to  th ree  or four tim es its  form er volum e 
(Fulton 1898). These hydrated  eggs g rea tly  in ­
crease the  ovary w eight an d  increase th e  total 
w eight of th e  fem ale. To avoid th is  b ias in  fem ale 
weight we used fem ale w eight less ovary w eight 
(ovary-free w et w eigh t) to  ex p ress  fecund ity - 
w eight rela tions. W e also provide fecundity  es ti­
m ates based on to ta l w eight in  ta b u la r  form  so 
th a t conversions can  be m ade i f  desired.

C L A S S IF IC A T IO N  O F  O V A R IE S

O varies o f laboratory  m a tu red  fem ales th a t  had 
spawned w ith in  24 h  in a ll cases contained  post­
ovulatory  follicles. They w ere s im ila r in  appear­
ance to those described for a  varie ty  of teleosts 
(C unningham  1898; W heeler 1924; Bowers and 
Holliday 1961; Y am am oto an d  Y oshioka 1964; 
Moser 1967; Scott 1974). In  specim ens k illed  0-6 h 
afte r spaw ning, postovulatory follicles consisted of 
irreg u la rly  shaped s tru c tu re s  composed of colum­
n a r follicle cells an d  an  underly ing  connective tis ­

sue theca (F igure 2A, B). In  some cases th e  colum ­
n a r cells had  hypertrophied  slightly . The lum en 
characteristica lly  contained eosinophilic g ranu les  
of uncerta in  origin.

D eg e n e ra tio n  w as  p ronounced  in  m a te r ia l  
exam ined 24 h a fte r spaw ning. The postovulatory 
follicle (F igure 2C) had g rea tly  sh ru n k en  o r  col­
lapsed on itself, vacuoles had become com mon, and 
w alls o f th e  follicle cells w ere no longer d is tin ­
gu ishab le  (F igure 2D). The g ran u la r  m a teria l th a t 
was observed in postovulatory follicles ta k en  a t 
th e  tim e of spaw ning w as s till p resen t b u t no t as 
abundan t. The p rom inen t underly ing  connective 
tissue  theca seen in  new  postovulatory  follicles 
was no longer distinct. D egeneration had progress­
ed fu rth e r, 48 h afte r spaw ning. The follicle was 
one-ha lf to  one-fourth sm alle r th a n  a t  24 h, th e  
lu m e n  w as  very  sm a ll o r  in d is t in g u is h a b le ,  
eosinophilic g ranu les  were absen t, and nuclear 
sizes w ere g rea tly  reduced.

Owing to  th e ir  rapid  degeneration , postovula­
to ry  follicles w ere difficult to age in laboratory  
specim ens sam pled 48 h  afte r spaw ning. A t th is  
tim e they  m ay be confused w ith  in te rm ed ia te  
stages of a tre tic  oocytes (L am bert 1970). On the  
other hand , classification of postovulatory follicles 
into age 0 day and age 1 day w as done w ith  an 
accuracy of 76 to 84% (Table 1). In view of th is , the  
following system  w as estab lished  for classification 
of ovaries from field-caught specimens:

Hydrated: ovaries w ith  m any hyd rated  eggs (eggs 
en larged  by fluid up take  ju s t  p rio r to  ovula­
tion) and no postovulatory follicles. (Spaw n­
ing considered to be im m inent.)

Age 0 d a y : new  postovulatory follicles, show ing 
no sign  of degeneration  a s  described above 
(F igure 2A, B). H ydrated  eggs m ay occa­
s io n a lly  be p re se n t. E lapsed  tim e  from  
spaw ning < 24  h.

A ge 1 day: reg ressin g  postovu lato ry  fo llicles, 
show ing  d e g e n e ra tio n  a s  d esc rib ed  for 
specim ens (F igure 2C, D) sam pled 24 h a fte r 
spaw ning. E lapsed tim e from spaw ning  5*24 
h b u t <48 h.

N o n s p a w n in g  (m a tu re ):  o v a r ie s  w ith  m a n y  
y o lk e d  oocy tes; m ay  c o n ta in  p o s t­
ovulatory  follicles in  advanced stages of de­
generation  w hich canno t be read ily  d is tin ­
g u ish e d  from  o th e r  a t r e t ic  s t r u c tu r e s .  
E lapsed tim e  from  spaw ning  48 or m ore 
hours.

Im m ature : few or no yolked oocytes.
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FIGURE 2 .— P h o to m ic ro g ra p h s  o f  n o r th e rn  a n c h o v y  o v a r ie s  fro m  la b o ra to r y  sp e c im e n s : A  (4 0 0 x )  a n d  B  ( 1 ,0 0 0 x ) , 
p o s to v u la to ry  fo llic les  (e la p se d  t im e  fro m  s p a w n in g  0 -6  h); C  (4 0 0 x )  a n d  D  ( l.OOOx), p o s to v u la to ry  fo ll ic le s  (e la p s e d  tim e  
fro m  s p a w n in g  2 4  h ). A rro w  in d ic a te s  lu m e n  o f  p o s to v u la to ry  fo llic le .
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day 1 postovulatory follicles (95% C.I., T able 2). A 
n o rm a l-lo g  n e g a t iv e  b in o m ia l d is t r ib u t io n  
(Johnson an d  Kotz 1970; Zweifel7) w as used to 
estim ate  confidence in te rv a ls  for the  m ean inci­
dence of hyd rated  eggs an d  new postovulatory fol­
licles because i t  gave a b e tte r  fit to th e  d a ta  d is­
tribu tion  th a n  did the  binom ial d istribu tion  (Fig­
ure  3).

R E S U L T S

S exual M a tu rity

All fem ales ta k en  in  F eb ruary  and M arch were 
m ature, bu t only 67% of those taken  in Septem ber 
w ere m atu re . No re la tio n  existed betw een repro­
d u c tiv e  a c t iv i ty  a n d  le n g th  in  th e  fem a les  
exam ined. Tw elve fem ales taken  in F eb ruary  in 
sou thern  inshore s ta tio n s (F igure 1) w ere <90 mm 
standard  leng th  (SL), which is sm a lle r th a n  an y  of

7Z w eife l, J .  R . 1978. C o n fid en ce  in t e r v a l s  fo r  th e  m ean  
w h e n  s a m p l in g  fro m  n a t u r a l  e n v i ro n m e n ts .  U n p u b l. m a n - 
u s e r .,  10 p  S o u th w e s t  F is h e r ie s  C e n te r .  N M F S .N O A A . P .O . Box 
2 7 1 . Lb  J o l l a .  ( 'A  92038

TABLE 2 .— R e p ro d u c tiv e  s t a t e 1 o f  fe m a le  n o r th e r n  an c h o v y  co llec ted  o ff  s o u th e r n  C a l ifo rn ia  in
F e b r u a r y  1978.

S ta tio n
n u m b e r

o
£

*
1

 
O 

E T im e of 
d a y

M ea n
len g th
(m m )

N u m b e r o f fe m a le s  in v a r io u s  re p ro d u c tiv e  s ta te s

Poffil»iory Malure-Hvclriltpd l0" 'c le s  n n  m iH n n rn
e g g s  0  d a y  1 d a y  of s p a w n in g

T otal
fe m a le s

2 15 1 8 2 2 124 0 0 2 9 11
3 15 2 0 5 3 122 1 2 2 5 10
4 15 2121 116 1 1 1 7 10
5 15 2 3 0 8 117 2 2 2 4 10
7 16 1908 116 4 0 0 6 10
8 16 214 7 106 2 6 0 3 11
9 16 2 2 1 5 114 0 2 0 8 10

10 16 2 3 2 6 114 0 1 0 9 10
11 17 004 4 112 0 1 1 8 10
13 17 1835 138 0 0 1 10 11
15 17 213 2 134 6 0 1 3 10
21 18 2 0 0 2 137 1 0 0 9 10
2 7 19 210 0 141 0 2 4 4 10
28 19 223 0 135 0 1 2 7 10
34 20 2 2 5 4 138 3 0 3 4 10
3 7 21 2 0 0 2 139 0 0 5 5 10
38 21 2 1 1 7 132 0 0 3 7 10
42 22 1934 103 4 0 3 4 11
45 22 2 3 3 2 80 0 2 0 8 10
48 23 1838 136 0 0 3 7 10
49 23 2 0 0 5 122 1 0 1 8 10
50 23 2 2 0 2 120 0 0 1 9 10
52 24 0 1 2 5 117 0 0 1 9 10
5 5 24 1915 126 0 1 3 6 10
57 24 2 2 2 4 125 2 0 0 9 11
58 25 0 0 0 9 120 1 2 4 3 10
62 25 1915 116 2 1 1 6 10
72 27 0 0 4 5 111 0 0 2 8 10
75 2 7 2 1 1 2 112 2 0 1 7 10

IX 3 2 24 47 192 2 9 5
% 11 8 16 65 100
*95%  C.I. 6 -1 9 5-14 12-20 — —

’ Im m a tu re  s t a t e  n o t in c lu d ed  in ta b le  b e c a u s e  all te m a le s  w e re  m atu ro
?9 5 %  co n f id e n c e  in te rv a ls  fo r m e a n  p e r c e n t  o f ie m a le s  in e a c h  re p ro d u c tiv e  c la ss .

T A B L E  1.— R e s u lta  o f  b lin d  c la ss if ic a tio n *  (n u m b e r  o f  fe m a le s )  o f  
p o s to v u la to ry  fo ll ic le s  o f fem a le  n o r th e r n  an c h o v y  s p a w n e d  in  
th e  la b o ra to ry .

C lassification

E la p se d  
lim e from  
sp aw n in g  

(d a y s) n

P o s to v u la to ry
fo llicles

P o s to v u la to ry  
fo llicles o lder 

th a n  2  d a y s  o r 
n o  e v id e n c e  of 

sp aw n in g

P e rc e n t
co rrec tly

c la ss if ie d0  d a y 1 d ay

0 21 16 5 0 76
1 19 0 16 3 84
2 23 0 0 23 100
3 20 0 0 20 100

4  9 38 0 0 38 100

'E la p s e d  t im e  from  s p a w n in g  w a s  u n k n o w n  to  c lass ifie r

All sea  sam ples were classed in to  the  above 
categories. T he m ean incidence for each category 
w as calcu lated  w ithout regard  to th e  classification 
un ce rta in ties  reported  in  T able 1. Confidence in ­
tervals for m ean  incidence for each reproductive 
s ta te  w ere  calcu lated  for the  F eb ruary  se t o f sam ­
ples b u t no t for those ta k en  in  M arch or S eptem ber 
because th ese  sets contained only th ree  or four 
sam ples. The norm al approxim ation of the  bino­
m ia l d is t r ib u t io n  w as u se d  to  e s t im a te  th e  
confidence in te rv a l (C.I.) for the  m ean  incidence of
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FIGUKE 3 .—F re q u e n c y  d is t r ib u t io n  o f  th e  n u m b e rs  o f  sa m p le s  
from  F e b ru a r y  1978  c o n ta in in g  0 -6  fe m a le s  in  e a c h  o f  th r e e  
r e p ro d u c tiv e  c la s se s  (so lid  b a rs ) . O n  le f t  s id e s  o f  t h e  u p p e r  tw o  
p a n e ls  a r e  d is tr ib u t io n s  fo r h y d r a te d  eg g s  a n d  fo r d a y  0  p o s t­
o v u la to ry  fo llic les , co m p a re d  w ith  t h a t  e x p e c te d  (d a s h e d  lin e ) 
fro m  th e  b in o m ia l  d is t r ib u t io n .  O n  th e  r ig h t  s id e s  th e y  a r e  com ­
p a re d  w ith  t h a t  e x p e c ted  fro m  th e  n e g a t iv e  b in o m ia l :  t h e  n e g a ­
t iv e  b in o m ia l g a v e  th e  b e t t e r  f it in  b o th  c a se s . B o tto m  p an e l: th e  
f re q u e n c y  d is tr ib u t io n  fo r d a y  1 p o s to v u la to ry  fo llic le s  is  com ­
p a re d  w ith  t h a t  e x p e c ted  (d a s h e d  lin e )  fro m  th e  b in o m ia l d is ­
t r ib u t io n ,  w h ic h  g a v e  a n  a d e q u a te  fit t o  th e  d a ta .

th e  reproductively ac tive  fem ales found by C lark  
an d  P hillips (1952). They reported  th a t  only a few 
fem ales m a tu re  a t  90-100 mm  SL, about 30% m a­
tu re  a t  100-120 m m , and 50% a t  130 m m , w hereas 
a ll fem ales we collected in F eb ruary  and M arch, 
regard less o f  size, were sexually  m a tu re . S im ilar 
to our observations, B rew er (1978) reported an ­
chovy as sm all as 81 m m  SL w ith  well-developed 
ova from S an  Pedro Bay. The size of anchovy a t  
first reproduction m ay have changed since 1946- 
52 w hen C lark  and P h illips m ade th e ir  observa­
tions. On the  o ther hand , all of our collections and 
th o se  o f  B rew er (1978) w ere  from  so u th e rn  
C aliforn ia w hereas those of C lark  and Phillips

(1952) included collections from  the  north  (M on­
terey). I t is possible th a t  specim ens liv ing a t  the  
n o rth e rn  end of th e  range  of th e  cen tra l subpopu­
lation  could be la rg e r a t  f irs t m a tu rity .

In c id e n c e  o f  S p a w n in g

V aria tion  existed in the  percen tage of fem ales 
occurring in  the  th ree  reproductive s ta te s  th a t 
w ere ind icative of im m in en t or recen t spawning. 
O f th e  fem ales ta k en  in F eb ruary , 11% had only- 
hyd rated  eggs, 8% had  new postovulatory  follicles, 
a n d  16% had 1-day-old postovulatory  follicles (T a­
ble 2). I t is critical to our objective of estim ating  
spaw ning  frequency to consider w hich of these 
s ta te s  provided th e  b e tte r  es tim ates . The d is trib u ­
tion  of the  num ber of sam ples con tain ing  fem ales 
w ith  hydrated  eggs and th a t  for fem ales w ith  0 day 
postovulatory  follicles gave a poor fit to  the  bino­
m ia l d istribu tion  ind icating  possible b ias from 
contagion w ith in  sam ples, w hereas no such prob­
lem  existed for 1-day-old postovulatory  follicles 
(F igure 3). F urthe rm ore , evidence existed for a 
b ias in sam pling fem ales w ith  hyd rated  eggs and 
those w ith new postovulatory  follicles th a t  was 
re la ted  to tim e of day (discussed below) and w ith  
sexual composition of th e  school (to be discussed in 
a se p a ra te  section). F or these  reasons, we believe 
th e  1-day-old postovulatory follicles a re  the  p re­
ferred  estim ator of spaw ning  frequency.

Anchovy spawn only a t  n ig h t, an d  estim ates 
m ade by S m ith8 from staged  eggs ind icated  th a t 
m ost spaw ning occurs betw een 2000 an d  0400 h. 
Since hydration  precedes ovulation  an d  spaw ning, 
one would expect th e  fem ales w ith  hydrated  eggs 
to be the  m ost common before 2000. In  F ebruary , 
fem ales w ith  new  p o stovu la to ry  follicles w ere 
p robab ly  un d ersam p led  an d  fem ales w ith  h y ­
d ra ted  eggs possibly oversam pled, because most 
sam ples were ta k e n  before m idnight. No fem ales 
w ith  hyd rated  eggs occurred in  th e  F ebruary  col­
lections a t  n igh t before 1900 h; six  M arch fem ales 
taken  in  th e  m orning showed th e  first signs of 
hydration  b u t the  eggs w ere no t sufficiently de­
veloped to be classified as hydrated . In  February  
the  num ber of fem ales w ith  hyd rated  eggs in­
creased  sh a rp ly  a f te r  1900 a n d  g en e ra lly  re ­
m ained  high u n til 2400 (Table 3). F em ales w ith 
new  postovulatory follicles occurred for the  first

» S m ith . P . E . 1978. A fie ld  s tu d y  o f  an c h o v y  sp a w n in g  
t im e . S o u th w e s t F is h .  C e n t. A d m in . R ep . N o . L J -7 8 -8 , 1 p. 
S o u th w e s t  F is h e r ie s  C e n te r ,  N M F S , N O A A , P .O . B ox 2 7 1 . La 
J o l la .  C A  92038 .
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TABLE 3 .— P e rc e n t  o f  fe m a le  n o r th e r n  a n c h o v y  s a m p le d  ofF 
s o u th e rn  C a l ifo rn ia  i n  F e b r u a r y  1978  w ith  h y d ra te d  e g g s , a n d  
p o s to v u la to ry ’ fo llic le s  (a g e  0  d a y  a n d  a g e  1 d a y )  b y  t im e  o f  d ay .

T im e
H yd ra ted  

e g g s ’

P e rc e n t o l fe m a le s

P o s lo v u la to ry  fo llicles 

0  day2 1 d a y
T otal no. 

o l fe m a le s

1 8 0 1 -1 9 0 0 0 0 19 3 2
1901 2 0 0 0 2 4 5 17 41
2 0 0 1 -2 1 0 0 S 8 24 50
2 1 0 1 -2 2 0 0 2 2 14 12 51
2 2 0 1 -2 3 0 0 10 6 12 51
2 3 0 1 -2 4 0 0 7 17 7 30
0 0 0 1 -0 1 0 0 3 10 23 3 0
0 1 0 1 -0 2 0 0 0 0 10 10

T otal 2 9 5

’O n ly  h y d ra te d  e g g s ,  n o  p o s to v u la to ry  fo llicles
'In c lu d e s  s o m e  fe m a le s  w ith h y d ra te d  e g g s  a n d  n ew  p o sto v u la to ry  fo llicles

tim e betw een  1900 and 2000, b u t w ere m ore com­
m on la te r  in  th e  n igh t. As expected, the  occurrence 
o f fem ales w ith 1-day-old postovulatory  follicles 
showed no p a tte rn  w ith tim e of sam pling.

D espite our fa ilu re  to  ob ta in  fish over th e  en tire  
n ig h t of spaw ning, th e  proportion of fem ales in 
F eb ru a ry  w ith  h y d ra te d  eggs, com bined w ith  
those  w ith  new  postovulatory  follicles, was 19% 
an d  w ith in  th e  confidence in te rv a l for the  estim ate  
based on 1-day-old postovulatory follicles (Table 
2 ).

F ebruary  d a ta  indicate th a t  spaw ning  over a
2-wk period occurred a t  a r a te  of abou t 16 ±4% of 
th e  population per n igh t. This m eans th a t  m a tu re  
fem ales spaw ned every 6-7 days. The th ree  purse 
seine sam ples ta k en  in  M arch 1977 also indicated 
a  high frequency of spaw ning; 14% of th e  fem ales 
had  1-day-old postovulatory follicles an d  9% had 
new  postovulatory  follicles (Table 4). T he M arch 
collections w ere ta k en  in  th e  early  m orning afte r 
spaw ning  had ended, hence th e  new and 1-day-old 
postovulatory follicles can be considered as sepa­

r a te  e s tim a tes  of spaw ning frequency for d ifferent 
days. T h is line  of reasoning  leads to  th e  conclusion 
th a t  th e  proportion of fem ales spaw ning  in  M arch 
m ay h av e  been about 12%, eq u iv a len t to  spaw ning 
every 8 days.

O f th e  24 fem ales ta k en  in Septem ber, only 1 
had hyd rated  eggs, 2 had  new  postovulatory folli­
cles, and none had  1-day-old postovulatory  folli­
cles. Lower spaw ning activ ity  would be expected 
in Septem ber because egg and la rva l survey data 
ind icate peak  spaw ning usually  occurs in  Feb­
ru a ry  an d  M arch and has declined g rea tly  by Sep­
tem ber although some spaw ning occurs th ro u g h ­
ou t th e  y ea r  (Lasker and Sm ith  1977).

Sex R a tio  a n d  In c id e n c e  o f  S p a w n in g

T he sex ra tio  of n o rthern  anchovy schools is 
know n to vary  m arkedly  from schools composed of 
nearly  a ll fem ales to ones composed of n ea rly  all 
m ales (C ollins 1969; K lingbeil 1978). I t seemed 
useful to determ ine if  spaw ning  ac tiv ity  varied 
w ith  sex ra tio  because the  g re a te s t variab ility  in 
sex ra tio  occurs during  th e  peak  m onths of spaw n­
ing  (K lingbeil 1978). Tw enty-five fish from each 
traw l sam ple  ta k en  in F eb ruary  1978 were sexed. 
We grouped these  sam ples into th ree  classes on 
th e  basis o f sex ra tio  (num ber of fem ales/(m ales + 
fem ales)) and calculated th e  proportion of fem ales 
in each of th e  th ree  sex ra tio  classes th a t  fell 
w ith in  th e  following reproductive classes: spaw n­
ing  on th e  n ig h t of cap tu re  (fem ales w ith  hydrated  
eggs or new postovulatory follicles); spaw ning on 
th e  n ig h t before cap ture (fem ales w ith  1-day-old 
postovulatory  follicles); and no evidence of spaw n­
ing  (none of the  above categories).

TA BLE 4 .— R e p ro d u c tiv e  s t a t e  o f  fem a le  n o r th e r n  an c h o v y  co llec ted  in  M a rc h  1977 a n d  S e p te m b e r  1977 o ff
s o u th e r n  C a lifo rn ia .

S ta tio n
n u m b e r

D a y  of 
m on th

T im e  of 
d ay

M ean 
S L  (m m )

N u m b e r o f fe m a le s  in v a r io u s  

P o s to v u la to ry  
fo lliclesMwrlratiirl

re p ro d u c tiv e  s l a t e s

M ature , 
no  e v id e n c e
o f s p a w n in g  Im m atu re

T otal
fe m a le s

1 IJU' U%VU---------------------
o g g s  0  d a y 1 d ay

M arch  197 7

1 20 0 4 0 0 120 0  2 11 3 2 0 45
2 21 0 3 3 0 119 0  7 6 54 0 6 7
3 21 0 6 3 0 113 0  5 4 29 0 38

XX 0  14 21 115 0 150
% 0  9 14 78 0

S e p te m b e r  1977

1 9 2 1 0 8 124 1 0 0 4 0 5
2 9 2 30 0 129 0  2 0 9 0 11
3 10 2 0 4 3 113 0  0 0 0 1 1
4 10 2 2 3 6 1 1 2 0  0 0 1 6 7

XX 1 2 0 14 7 24
% 4  8 0 58 29
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In  sam ples con tain ing  m ostly m ales (m ean sex 
ra tio  =  0.25), n ea rly  40% of the  fem ales spawned 
on th e  n ig h t o f cap tu re , w hereas in sam ples con­
ta in in g  m ostly fem ales (m ean sex ra tio  =  0.84), 
only 10% of th e  fem ales spaw ned on th e  n ig h t of 
cap ture (Table 5). A ch i-square  te s t  ind icated  th a t  
th e  proportion of fem ales spaw ning  on the  n ig h t of 
cap tu re  differed am ong th e  th ree  classes of sex 
ra tio s  (P <0.001) b u t no d ifference ex isted  for 
fem ales w ith  1-day-old postovu lato ry  follicles. 
Therefore, m ost spaw ning  occurred in  m ale domi­
nated  schools b u t fem ales th a t  spaw ned on the  
previous n ig h t occurred in abou t equal propor­
tions in  a ll schools.

T h a t groups of pelagic spaw ners could be m ale 
dom inated is ind icated  by the  reproductive be­
h av io r of ano ther pelagic spaw ner, the  Pacific 
bonito, S arda  chiliensis, described by M agnuson 
and P resco tt (1966). They reported  th a t  during 
courtship , groups of m ales closely follow a  single 
fem ale. If  m ale anchovy show sim ila r behavior, 
then  traw l collections ta k e n  a t  th e  tim e of spaw n­
ing  m igh t be m ale dom inated . To explain  the  
dom inance of fem ales in  com m ercial catches, 
K lingbeil (1978) suggested  th a t m ale-dom inated 
groups m ay  no t form  th e  la rg e  d en se  schools 
necessary  for effective pu rse  se in ing . I t seems 
r e a s o n a b le  t h a t  a c tiv e ly  sp a w n in g  (m ale- 
dom inated) groups, would n o t be as likely  to p re­
serve th e  density  or th e  in teg rity  o f th e  school as 
well as nonspaw ning groups. T h u s, th e  variab ility  
in sex ra tio  of anchovy schools m ay be a ttr ib u tab le  
in p a r t  to  reproductive behavior, th a t  is, th e  for­
m a tio n  o f  m a le -d o m in a te d  s p a w n in g  g roups 
w hich m ay be sm alle r an d  less dense th a n  com­
m ercial schools. The fem ale com ponent of such 
groups would be expected to change from day to 
day because a f te r  24 h, spaw ned ou t fem ales oc­
curred  w ith  equal frequency in  all sam ples reg a rd ­
less of sex ratio.

G ro w th  o f  O o cy tes

Incidence of postovulatory  follicles ind icated
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th a t  in F ebruary  16% of th e  fem ales spawned 
daily  or an individual fem ale spaw ned on the  av ­
erage once every 6.25 days. In  th e  fecundity  sec­
tion  th a t  follows, we show th a t  nearly  a ll o f  the  
eggs in  the  m ost advanced mode are  spawned in 
one nigh t. T hus, a new m ode of eggs m u s t m atu re  
every 6-7 days to m a in ta in  a  spaw ning  frequency 
o f  16%. In the  laboratory, spaw ning  begins when 
the  average d iam eter of the  eggs in  the m ost ad ­
vanced mode is betw een 0.6 an d  0.7 mm. T hus the  
eggs rem ain ing  in the  ovary afte r spaw ning m ust 
a t ta in  th is  size in  6-7 days.

To d e te rm in e  if  su ch  r a p id  oocyte g ro w th  
se em e d  re a so n a b le , we e s tim a te d  th e  m e an  
d ia m e te r  o f eggs in  th e  m ost advanced mode an d  in 
th e  second mode for som e of th e  fem ales ta k en  in 
F eb ruary  an d  M arch. Fem ales w ith  hydrated  eggs 
w ere placed in the  sam e class as those w ith  new 
p o sto v u la to ry  fo llicles b ecau se  h y d ra te d  eggs 
w ere no t included in  th is  ana lysis . The nu m b er of 
fem a les  an a ly zed  an d  th e  e lap sed  tim e  from  
spaw ning  were: elapsed tim e  0 day (hydrated  eggs 
an d  new postovulatory follicles) n  = 43; elapsed 
tim e  1 day (1-day-old p o stovu la to ry  follicles) 
n = 35; and elapsed tim e 3.5 days (nonspaw ning 
m a tu re  fem ales) n  =  38. T he tim e from  spaw ning 
in th e  la s t class w as unknow n. We assigned  the 
m idpoin t o f the  in te rval 2-5 days to  th is  class be­
cause a ll fish classified as nonspaw ning would fall 
w ith in  th is  in te rval if  th e  spaw ning  cycle w ere 6 
days. The m ean d iam eter of oocytes in  th e  second 
m ode w as  e s t im a te d  o n ly  for n o n sp a w n in g  
fem ales. In  these  m ore m a tu re  fem ales, m ost of the  
oocy tes in  th e  second  m ode w ere  > 0 .2  m m , 
w hereas, in  less m a tu re  fish a  significant propor­
tion of the  oocytes in the  second mode w ere <0.2  
m m , and th u s below th e  low er lim it of our m ea­
surem ents.

T he average d iam eter of eggs in  th e  ovary in  the  
m ost advanced mode im m ediate ly  a fte r spaw ning  
w as 0.46 mm; 1 day a fte r spaw ning  it  h a d  in ­
creased to 0.51 mm an d  w as 0.59 m m  in  nonspaw n­
ing  fem ales. F igure  4 illu s tra te s  how grow th in  the  
d iam eter of eggs in th e  m ost advanced mode and

TABLE 5.— S ex  r a t i o  in  s a m p le s  ( fem a le sA m ale s  +  fe m a le s ) )  a n d  p e rc e n t o f  s p a w n in g  n o r th e r n  an ch o v y  
ta k e n  in  F e b r u a r y  1978  o ff  s o u th e r n  C a lifo rn ia .

S e x  ratio P e rc e n t  o l fe m a le s N u m b e r
fe m a le s

c la ss ifie d
S e x  ra tio  

c la s s
C la s s
m e a n

N u m b er
s a m p le s '

S p a w n in g  on  
n ig h t o f c a p tu re 2

S p a w n e d  d ay  
b e fo re  c a p tu re 1

N o  e v id e n c e  
o f s p a w n  n g

0 .1 0 -0 .3 9 0 2 5 7 3 9 15 4 6 72
0 .4 0 -0 .6 9 0  54 10 16 12 75 101
0  7 0 -0 .9 9 0  84 12 10 2 0 70 122

’T w enty-five fish  p e r  s a m p le  w ere u s e d  to  c a lc u la te  s e x  ra tio  a n d  1 0  o r  11 fe m a le s  w e re  e x a m in e d  h is io to g e a lty . 
i n c l u d e s  f e m a le s  w ith h y d ra te d  e g g s  a n d  th o s e  w ith re c e n t  p o s to v u la to ry  follicles.
•F e m a le s  w if i  1 -day-okJ p o sto v u la to ry  W ic fe s .
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FIGURE 4 .— G ro w th  o f  o o cy te s  in  fe m a le  n o r th e r n  an c h o v y  d u r ­
in g  a n  a s s u m e d  6 -d a y  s p a w n in g  cyc le . O p en  c irc le s  a r e  th e  m e an  
d ia m e te r  o f  eg g s  in  th e  m o s t a d v a n c e d  m o d e  for: f e m a le s  w ith  
h y d ra te d  eg g s  (h y d ra te d  eg g s  ex c lu d ed ) co m b in e d  w ith  th o se  
w ith  r e c e n t  p o s to v u la to ry  fo llic les  (" sp a w n in g " ) ; fe m a le s  w ith  
d ay -o ld  p o s to v u la to r y  fo ll ic le s  (seco n d  o p en  c irc le ) : a n d  fo r 
n o n s p a w n in g  fe m a le s  ( th i rd  o p en  c irc le ) H o riz o n ta l b a r  in d i ­
c a te s  p e r io d  in  a  6 -d a y  cyc le  t h a t  fe m a le s  w o u ld  b e  c la s s if ie d  a s  
n o n s p a w n in g ; a n d  th e  p o in t  i s  p lo t te d  a t  t h e  m id p o in t o f  t h a t  
in te rv a l .  V e r t i c a l  b a r s  a r e  ± 2  S E  o f  m e a n  a n d  so lid  c irc le  in d i ­
c a te s  th e  m e a n  d ia m e te r  o f  e g g s  i n  th e  le a s t  a d v a n c e d  m o d e  fo r 
th e  n o n s p a w n in g  c la ss .

th a t in  the  second mode could produce a 6-day 
spaw ning cycle, th e  second mode becom ing th e  
most advanced mode a t  th e  tim e of spaw ning. The 
m ean  d iam eter o f th e  eggs in  the  m ost advanced 
an d  th e  second mode for th e  nonspaw ning class, 
w hen plo tted  a t  3.5 days, seem s in a  reasonable 
position re la tiv e  to th e  o ther points, ind icating  
th a t  th e  cycle m ay b e  abou t 6 days. A lin e a r  tra jec­
tory of oocyte g row th  of 0.04 m m /day indicates 
spaw ning  a t  a  d iam eter betw een 0.6 and 0.7 mm, 
in  keeping w ith  laboratory  findings. This ana ly sis  
ind icates th a t  th e  m ean  d iam eter of yolked oocytes 
o f fem ales in  various reproductive stages is consis­
te n t w ith  a  6-7 day spaw ning  cycle.

B a tc h  F e c u n d ity

M acG regor (1968) estim ated  th e  nu m b er of eggs 
in  the  m ost advanced mode in  n o rth e rn  anchovy 
ovaries to  be 574 eggs/g w et w eigh t, from  an  
ana lysis  o f frequency d istribu tion  of eggs in  19 
fem ales. N orberg  (see footnote 5) concluded th a t  
n o rth e rn  anchovy fecundity  w as 556 eggs/g, from 
an  exam ination  of 119 fem ales. The supposition 
underly ing  both  e s tim a tes  was th a t  th e  num ber of 
eggs in  th e  m ost advanced mode rep resen ts the  
num ber of eggs spaw ned. O w ing to  th e  im portance 
of batch  fecundity  in  any es tim ate  of spaw ning 
biom ass from  egg and la rva l production, we de­

cided to reexam ine spaw ning  batch  fecundity  in 
th e  n o rthern  anchovy.

The assum ptions u n derly ing  batch  fecundity  es­
tim ates are: a ll eggs in  th e  m ost advanced mode 
a re  spawned; fecundity  is d irec tly  proportional to 
weight; and no b ias ex ists in  th e  estim ation  of the  
num ber of eggs w ith in  th e  m ost advanced mode 
nor in the  selection of m a tu re  fem ales for analysis. 
We consider th ese  assum ptions for fem ales taken  
in F ebruary  1978 u s in g  fecundity  e s tim a tes  for 
each reproductive class.

H istological exam ina tion  of fem ales w ith  post­
ovulatory  follicles ind ica ted  th a t  very  few hy ­
d rated  eggs w ere re ta in ed  a f te r  spaw ning. T hus, 
the  num ber of hyd rated  eggs w ith in  ovaries prior 
to ovulation (fem ales w ith  no postovulatory folli­
cles) should g ive the  m ost ac cu ra te  es tim ate  o f  the 
num ber of eggs spaw ned. A nother advan tage of 
u sing  hyd rated  eggs w as th a t  they s ta n d  out as an 
isolated class, d is tin c t from a ll o thers; they differ 
in  appearance an d  a re  a s  m uch a s  2-3 tim es la rger 
th a n  yolked oocytes. H ence, th e y  only  need to be 
counted; n e ith e r  s ta tis tica l techniques nor one’s 
judgm en t need be used to  se p a ra te  overlapping 
modes.

The m ean  num ber of hyd rated  eggs p e r  g ram  of 
fem ale (ovary free) was 389± 59  (± 2  SE) eggs and 
w as only 7% less th a n  th a t  es tim ated  for fem ales 
w ith  the  most m a tu re  ovaries (nonspaw ner class) 
(Table 6). T hus, n ea rly  all eggs in  th e  m ost ad ­
vanced mode were destined  to be hyd rated  and 
spawned. F ecundity  e s tim a tes  w ere substan tia lly  
h igher an d  more v a riab le  in th e  o th e r th ree  repro­
ductive classes. M any of th e  fem ales in  these  
classes h ad  only one m ode o f  yolked eggs w hereas 
about 90% of those classified as nonspa w ners had 
two modes. F ecund ity  es tim a te s  for th e  less m a­
tu re  fem ales tend  to be h ig h e r because the  eggs 
destined to  form a  second mode have no t grown 
sufficiently to  be sep ara ted  from  th e  re s t of the 
yolked oocytes. M ore v a riab ility  ex ists  because of 
varia tio n  am ong fem ales in  the  ex ten t o f th e  dif­
feren tia tion  of th e  second m odal group of eggs.

In  sum m ary , we believe o u r m ost accu ra te  esti­
m ate  of batch fecundity  is  389 hydrated  eggs/g 
ovary-free fem ale w eight. I f  an  es tim ate  based on 
to ta l fem ale w eight is  needed, we recom m end the  
one for nonspaw ning fish (Table 6) reduced by the 
fraction of eggs w hich m ay no t be hydrated  (7%). 
The adjusted fecundity  for nonspaw ners is 368 
eggs/g fem ale w eight.

F ecundity  as es tim ated  above is a  function of 
fem ale w eight, ovary w eight, an d  the  num ber of
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TABLE 6  — F e c u n d i ty  le g g s  p e r  g r a m  fe m a le )  e s t im a te s  fo r  n o r th e rn  a n c h o v y  fe m a le s  c o llec ted  in  F e b ru a r y  1978 o ff
s o u th e rn  C a lifo rn ia .

S a m p le
N um bor of 

fe m a le s

F ecund ity  

O v a ry -f re e  T otal fe m a le  
fe m a le  w e ig h t w e igh t 

if S D  ir SD

P e rc e n t  of fe m a le s  with 
tw o m o d a l g ro u p s  ol 

n o n h y d ra te d  e g g s

M o st a d v a n c e d  n o n h y d ra te d  e g g s  ol 
f e m a le s  with:

H y d ra te d  e g g s ’ 23 5 3 0 3 6 0 4 6 2 3 0 9 39
D a y  0 . p o sto v u la to ry  fo llicles7 13 6 9 3 387 497 201 69
D a y  1. p o sto v u la to ry  follicles 19 6 1 9 3 1 3 5 9 2 2 9 4 69
N o n e  o f th e  a b o v e  (n o n sp a w n e rs ) 33 4 1 8 186 396 171 91

H y d ra te d  e g g s 23 3 8 9 141 340 114 —
M ac G re g o r (1968) 19 6 0 6 151 574 131 —

'O n ly  th e  n o n h y d ra te d  e g g s  in m o s t a d v a n c e d  m o d e  a r e  included  
f e m a l e s  h av in g  b o th  h y d ra te d  e g g s  a n d  p o sto v u la to ry  fo llicles w e re  in c lu d ed .

advanced eggs in  a weighed sam ple of th e  gonad. 
The num ber of hyd rated  eggs per g ram  of ovary 
did n o t vary  w ith  fish w eight and w as 2,880±373 
( ± 2  SE) eggs/g of ovary. I f  an y  w eigh t-related  bias 
ex isted , i t  probably  w as re la te d  to  th e  gonad 
w eight-fem ale w eight re la tion . To asce rta in  how 
ovary  w eigh t varied  w ith  fem ale w eigh t, we sepa­
ra ted  the  d a ta  in to  th ree  classes on th e  basis of 
m ean d iam eter o f eggs in th e  m ost advanced mode 
an d  plo tted  ovary  w eight as a  function of fem ale 
w eight for each class (F igure 5). T he re la tion  was 
sligh tly  curv ilinear; th e  d ep a rtu re  from  linearity  
w as m ost ovbious in  th e  0.51-0.60 m m  egg diam e­
te r  class. C o n s id erin g  th e  v a r ia b il i ty  in th e  
num ber of m a tu re  eggs per g ram  of ovary, and the 
s lig h t d ep a rtu re  from  lin earity , no practical pur­
pose is achieved in  expressing fecundity  a s  a  func­
tion  of fem ale w eight ra th e r  th a n  as a  d irect pro­
portion  of w eight, a lthough  d irec t proportionality  
is som ew hat less accurate  for ex trem e  w eight 
classes.

The re la tio n  betw een gonad w eight an d  fem ale 
w eight differed som ew hat am ong the  d iam eter 
classes a s  can  be seen in F igure  5. This m igh t be 
expected because th e  w eight o f th e  ovary should 
increase som ew hat w ith  th e  av erag e  d iam eter of 
th e  eggs in  th e  m ost advanced mode. W e analyzed 
th e  d a ta  u sing  m u ltip le  regression to  determ ine if 
th e  In  (log e) gonad w eight (G) could be estim ated 
from  th e  d iam eter o f eggs in  the  m ost advanced 
mode (D), In  ovary-free fem ale w eight (W), and the 
in te rac tio n  te rm  (£) In G). B oth fem ale w eight and 
the  in te raction  te rm  had  a  sign ifican t effect on 
gonad w eight, w hereas d iam eter alone did not. 
T he final m ultip le  regression equation  was:

In G = -4 .2 1 3  + 1.069 In W + 0.555 D  In W 

w here r2 =  0.92. Solving for d iam eter we obtain

In G + 4.213 -  1.069 In W
D = 0.555 In W '

This equation  m ay be useful for estim ation  of 
m a tu rity  stages for anchovy from w eight re la tio n ­
ships: 60% of the  e s tim a tes  o f m ean  d iam eter w ere 
w ith in  ±0.1 mm of th e  observed values and th e  
residuals were d istribu ted  evenly. The equation  is 
m ore usefu l th a n  gonad  index (ovary w eight/ 
fem ale w eight), w hich is com monly employed to 
assess m a tu rity , because it  produces a  num ber 
th a t  can be d irectly  re la ted  to reproduction and 
avoids a w eight bias for ex trem e w eight classes. 
The w eight b ias in gonad  index is ap p a ren t by- 
exam ination  of d a ta  in  F ig u re  5 (lowest); a 30 g 
fem ale w ith  eggs of 0.65 mm  in  th e  m ost advanced 
mode h as  a  gonad index of 0,064 w hereas th a t  o f a 
10 g  fem ale a t  th e  sam e s tag e  of m a tu rity  h as  an 
in d e x  o f  0 .040. T h e  e q u a tio n  a lso  id en tif ies  
fem ales w ith  hyd rated  eggs; the  average d iam eter 
of eggs estim ated  by th e  equation  for fem ales w ith  
hyd rated  eggs was 1.20 ±0.12 m m  (n =  22) and is 
close to th e  m ean of spaw ned eggs (1.34 mm). Ob­
viously, such equations would be specific to popu­
la tions hav ing  s im ila r w eight rela tions, b u t i t  does 
seem  a  useful approach for assessing m atu rity .

D IS C U S S IO N

This paper provides a  m ethod for d irec t e s tim a­
tion of th e  frequency of spaw ning  of a  m ultip le  
spaw ning  pelagic fish population . F rom  such es­
tim ate s  i t  m ay be possible to d irectly  estim ate  
spaw ning biom ass from  th e  abundance of eggs and 
la rvae  over a sh o rt segm ent of the  breeding sea­
son. O ne of the  m ajor assum ptions underly ing  th e  
e s t im a te  is  t h a t  a r e p r e s e n ta t iv e  sa m p le  of 
fem ales is ob tained. Spaw n ing  frequency would be 
overestim ated  if  nonspaw ning fem ales w ere in  re­
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FIGURE 5.—R e la tio n  b e tw e e n  w e t w e ig h t  o f  o v a ry  a n d  0 ' a rv -  
f r e e  w e t w e ig h t o f  fe m a le  n o r th e r n  an c h o v y  c la s se d  in to  th r e e  
g ro u p s , b a se d  o n  th e  m e a n  d ia m e te r  o fe g g s  in  th e  m o s t  a d v a n c e d  
m ode. E a ch  p o in t  i s  a  v a lu e  fo r  a  s in g le  fe m a le . T h e  lin e s  r e p r e ­
s e n t  m u l tip le  re g re s s io n s , d e sc r ib e d  in  t h e  te x t ,  fo r  t h e  m e a n  eg g  
d ia m e te r s  g iv e n  b y  th e  a r ro w s .

gions or a t  dep ths no t sam pled by th e  traw l or 
com mercial p u rse  seine. S tud ies need to be con­
ducted  a t  o ther tim es of th e  year and em ploying 
o th e r sam pling  techniques to  answ er these  ques­
tions.

This paper also describes a  new  m ethod for es­
tim ation  of batch  fecundity in a  m ultiple spaw n­
ing  fish. O ur estim ation  for n o rth e rn  anchovy 
based on hyd rated  eggs (389 eggs/g fem ale w eight, 
less ovary), w as su b stan tia lly  less th a n  th a t  of 
M acG regor (1968) (606 eggs). T h is d ifference 
could be a ttr ib u ted  to a n n u a l varia tio n  in  fecun­
d ity  because varia tions of th is  size a re  know n to

occur in  fishes (B agenal 1973). O n th e  o ther hand , 
our selection of fem ales on the  basis o f reproduc­
tive  s ta te  also  m ay have been responsible for a t  
le a s t p a r t  o f the  difference. O ur e s tim a tes  for 
fem ales th a t  had recently  spaw ned (day 0 an d  day 
1 postovulatory  follicles, Table 6) w ere close to 
M acG reg o r’s  e s t im a te .  In  re c e n tly  sp a w n e d  
fem ales, m odal groups of eggs w ere less d istinct, 
a n d  often one mode w as considered to  ex is t when 
th e  eggs m ay have been destined  to form  two 
spaw ning batches. If  M acG regor (1968) used such 
fem ales, th is  could explain in  p a r t why h is  es ti­
m ate  w as h igher th a n  our e s tim a tes  based on hy­
d ra ted  eggs or on fish classed as nonspaw ning. In 
addition , our technique of p a rtitio n in g  eggs occur­
r in g  betw een two modal groups according to an 
assum ed norm al d istribu tion  m ay h av e  decreased 
o u r es tim ate  som ew hat re la tiv e  to p as t m ethods. 
U se of h y d ra ted  eggs avoids these  problem s, b u t it 
does requ ire  histological exam ination  to insure 
th a t  none of th e  fem ales used for the  es tim a te  have 
begun ovulation. A pparen tly , som e of th e  fem ales 
we cap tu red  w ere spaw ning  because th e ir  ovaries 
contained  m any new  postovulatory  follicles as 
well a s  m any hydrated  eggs. W e u sua lly  exam ined 
only one se t o f histological sections to  d e term in a­
tion if  ovulation  had occurred; histological exam i­
nation  of an  en tire  ovary was im practical. We be­
lieve our exam ination  w as adequate  because our 
es tim ate  based on hyd rated  eggs w as close to  th e  
one based on fem ales w ith  th e  m ost advanced 
ovaries (nonspawning).

In  addition  to th e  obvious application  to  th e  
estim ation  of spaw ning  biom ass, th is  work pro­
vided in sigh ts  in to  the  reproductive biology of E. 
m ordax. The h igh spaw ning frequency, the  ab ility  
to  rapidly  m a tu re  new batches of yolked oocytes, 
an d  th e  long breeding season of th e  n o rth e rn  a n ­
chovy (L asker and S m ith  1977), ind ica te  th a t  
energy  reserves an d  the  av a ilab ility  o f food may 
se t th e  lim it to th e  num ber of spaw nings an d  hence 
to to ta l fecundity. T he ana ly sis  h as  also provided a 
possible exp lanation  for th e  variab ility  in  th e  sex 
ra tio  of catches of anchovy.
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