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- -n Oczsber 1985, :he Pkysiological Ecology Invest iGETion stzff . - .  
b i z i a t e d  a -,ask en - , i t l ed  tne Pl lys io lo$ icz l  5~0105- of 2azlziC 
Groundfishes. Researzh, conslszing of integrazed, rn12ri- 
Cisciplinary studl ies ,  wzs designed to examine funczionel 
relationskizs between groundfishes and the i r  environments. The 
emphasis w a s  on 
populations to g r o w ,  r sproduze ,  and survive in thelr environment. 
30th inherent and environmental factors 6 5 r e c t l y  affect these 
processes by influencing fish condition and reproduzzion. 
Undzrstanding the f ac to r s  which determine fish condition and 
subsequent reproductive efforc  and success contributes to OUT 
ability to zssess the health of -,he s t o c k  and u l t i m a z e l y  to 
 orec cast recruitment in the population. 

determininq =he ability of individual 

c 



S t u d i e s  included monzhly f i e l d  co l l ezz ions  and l a b o r a i o r y  
ana lyses  designed to z s s e s s  coniiizion and re2roCuct ion of -,nree 
s p e c i e s  of r o c k f i s h  ( y e l l o w t a i l ,  SeSestes f l s ~ - i d u s ,  SDEaccio, s .  
DauciPinis ,  widow, g-  entomelas) .  Fish were c o l l e c t e d  from 
Cordel l  Bank o f f  nor thern  Ca l i fo rn ia .  Meyhods f o r  c o l l e c t i n g  f i s h  
and analyzing sam?les were given i n  a ? rev tous  r e p o r t  ( S t a f f  of 
Tiburon Laboratory 1 9 6 7 ) .  Because of r e l a t i v e  commercial 
importance and s u i z a j l l i t y  f o r  experimentazion, 
KZS on y e l l o v z a i l  rock f i sh .  Recently,  rnree y e a r s  of nan th ly  
sampling (Apr i l  19E5 through March 1 9 8 8 )  wzs completed.  This 
r e p o r t  p r e s e n t s  s3me of t h e  reszlts of s t u d i e s  on -,his species. 

i n i z i a l  emphasls 

Progress in Assessments of A d u l t  Physiological Condit ion 

Field-caughy rockf i sh  s2secimens w e r e  g iven comprehensive examize- 
t i o n s  which included ana lyses  a t  whole animal ,  organ, t i s s u e ,  
zellu1a.r  and s u j c e l l u l a r  l e v e l s  of b i o l o q i c e l  organizaz ion .  Tnc  
foLlo~-.-ing rssulzs are f D r  4 3 7  y e L l o i ~ 2 z i l  rac)-=’ ,-,sh rzns-lng f r o c  4 
t o  45 yc-ars of age. There w e r e  3 4 0  f e ~ e l e s  and 57 x 2 L e s ;  41 
imnazure and subadulzs and 3 9 6  adulzs .  

Severa l  c h a r a c t e r i s z i c s  of t h e  f i s h  v a r i e d  with age a s  i nd ica t ed  
wich a s t e r i s k s  i n  Table 1. I n  p a r t i c u l a r ,  besides t h e  expected 
i n c r e a s e s  i n  organ weight wi th  age,  o l d e r  f i s h  w e r e  found t o  have 
h ighe r  inc idences  of p a r a s i t e s  and d i sease .  The p a r a s i t e s  
d i scussed  i n  t h i s  r e p o r t  w e r e  descr ibed p rev ious ly  ( S t a f f  of 
Tiburon Laboratory 19S7). Resu l t s  i n d i c a t e  t h a t  fungus 
IchthvoDhonus sp. and melanoma tumors mey a f fec t  growth and 
cond i t ion  of y e l l o w t a i l  r o c k f i s h  from Corde l l  Bank. Analyses 
showed t h a t  o l d e r  f i s h  w e r e  s i g n i f i c a n t l y  more p a r a s i t i z e d  by 
fungus and had more melanomas than  younger f i s h .  
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Table 1. 
covariance and regression analyses and their unadjusted means and 
standard deviations. 
1 9 8 5  to 1 9 8 8 ;  ages range from 4 to 4 5  yrs.; 4 1  Imnature and 
Subadult, 3 9 6  Adult. Females = 3 4 0 ;  !:ales = 9 7 .  *Significant 
effect of age (P<O.O5). 

List of variables selected for factor analysis, 

N = 467  y e l l o w t z i l  rockfish collezted from 

VARIABLE MEAN STANDAZD DEVIATION 

Time 
Year ( 1  to 3 )  

Inherent Factors 
Life Stage (1 -3 )  
Sex (1 - 2 )  
Age ( 4 - 4 5  ITS) 

Condition Factors 
* Total Wet Weight (qms) 
Body Condition (KSL) 

(f.13 ) 
* Liver Wet Wt ( g ~ s )  
* Mesenteric Fat Wt (p .s )  
* Mesenteric Fat Rank (1-5) 
* Liver Condition (XI-1) 

(LSI-2)  

* (yF:-:) 

(MFI-3 ) 

Mesenieric Fat CDndition 

(MFI-2) 

Gonad Katurity Rank (1-7) 
%et XEignt GonaSs (9) 

+ Gonad Con2izion ( G S 1 - L )  
( Z S i - 2 )  

f: Fezundizy ( Z q g s / f i s h )  

3 .0  
1 . 2  

1 7 . 1  

1 4 1 2 .  
2 . 6 2  
2 . 3 6  

2 6 . 2  
10.5 

3 . 0  
1 . 9 3  
2.23 

0 .73  
0 . 9 2  

4 . 6 7  

2 - 0 4  
2 . 5 4  

5 6 0 , 2 6 7  

3 6 . 6  

3 0 . 1  

Parasites & Disezses  
8.9 * Melana,mas (Tot score; 8-72) 

* Fungus-Spleen (Kodules) 1 4 . 8  
* Fungus-Spleen (Sev 1-5) 3 . 0  

1 . 8  * Cestodes (Sev 1-5) 
2 .9  * Nematodes (Sev 1-5) 

* Protozoans-Heart (Sev 1 - 6 )  2 .0  

Serum Nutrient Condition 

* Fatty Acids (Free) ( E q / l )  
* Triglycerides (mg/dl) 
Cholesterol ( m g / d l )  

* Phospholipid (mg/dl) 
* Free Amino Acids (mmol/l) 
Protein (Total) (g/dl) 

Glucose (mg/dl) 1 4 . 2  
580.  
423.  
197.  
637 .  

3 .40  
4 - 4 2  

3 

0 . 1 5  
0 . 3 7  
7 . 2  

3E8.  
0 .30  
0 . 2 4  

1 3 . 3  
5 . 4  
1 . 2  
0 . 6 9  
0 . 7 7  

C.55 
0 . 6 5  

1 . 3 2  

3 . 5 0  
L . 5 7  

23.1 

> - 8  -- 

-c- n n -  
L - L C 3  

5.1 
1 . 2  
11.0 

1 . 0  
1 . 3  
2 . 5  

11.2 
359. 
321.  

83 .  
1 8 7  - 

0 .95 
0 .74  



Table 1. ( C o n t i n u e d )  

Definl2ions: 
Ysar: 1 = A p r i l  1, 1985-Karzh 3 0 ,  1986 

3 = Apr i l  1, 1967-?;zrzn 3 0 ,  1968 
2 = A 2 ~ i l  1, 1986-51erch 3 0 ,  1987 

SC_23on: 1 = Spring ($:arch, A 2 r i - 1 ,  X a l - )  
2 = Summer ( June ,  J u l y ,  August) 
3 = F a l l  (Septenker,  October,  November) 
4 = Winter (Decer3er , January , February) 

L i f e  Stage :  1 = Irrur.zture; 2 = Subadul t ;  3 = Adult 

100 

The follox,?...lng i n c i c e s  are  perzentaqes : 
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There KZS also a siqrLlficanr relacionship of grc,ater filngcs 
infections w i t h  reduzzd mesenteric fat and 5ody csn2ition. It 
appears that variables related to age show effects of parasizes 
and reduced condition beginning at about age 30. 

Differences between sExes were relatively insignizicant. There 
w a s  no significant dif5e;renze in age, but rnaies were smaller Than 
females. Most differenzes were related to so-asonal varLation 
between the sexes in mataration stages. There were no significznt 
dlrierences between sexes in parasitization by fungus or in 
incidence of melanomas. 

- -  

. - -  

Signlfizant seasonal differences occurred with nearly every 
variable, and seasonzl pazterns varied amsng cne three years 
sampled, Furzher analyses w i l l  determine che effeczs of seascnal 
variability on effeezive reproduction. It zFpears t h a t  sezsorizl 
pazrerns in several conzition factors nay 5e impor=anr in derzr- 
mining re2raduc:ive suzzess- 

The azjusted yEarly Z E Z X ~  sf variables tested are sarxz.rize=? - . - -  Fn 
F i c p r e s  1-3. -,he meaRs ?:ere zesxed for significance Oi c~zzez- - .  
encss amor,g yezrs an2 E S , Z ~ O X S  (zwo - factor xsdel) , zfzer ---I- - - -= -  
renox-ing =he effects of =he covarlazes of scage, age end ssx.  -n 
qenerz.1, daia showed zhzc fish in zhe first year ( 1 9 E 5 - 8 6 )  v a r l i d  
signi'ican-ly from fish collecyed in the szksequent two years 
( 1 9 8 6 - 6 7  and 195'7-88). Fiqure 1 shows t'nat fish sampled during 
-he z i r s t  y-ar of =he sru5y (1925-86) had signifizanzly q;rcats,r 
n ~ z n  age a ~ d  w s t  weis-".: Than in =no-  sscozd and zkird y ~ a r s .  
Figure 2 shows -,hat fish sanplecl in 1985-86 also had signifi- 
cantly l o w e r  liver conA2-+ L-L-on than fish from 1966-67. O n  the 0 3 e r  
hand, mesen-,e;ric fat aFsszred to 5e higher in 1 9 E 5 - 8 6  fish t k x ?  . -  

k2gker near  mesen-,erLc f a t  rhan  1 9 8 6 - E T .  

F i g - ~ r e  3 
a l l  zhrse y - - t ~ ~ - s ,  - ,he l a s t  t:..-3 yea r s .  ~ k l s  is pro5ably a funcyion of :he older aqe 
of f i s h  in -,ne first : T E Z ~ .  Figcre 3 indicates, hoxever,  that fish 
had significantly l o w e r  t o z a l  gonad weignt in 19&5-86 2s well 2s 
being slighrly less fezznd. There X E S  a? indicazion of higher 
percent abnormaliry of eggs in femeles in - -  1985-86, but sample 
size ~ a s  too small to ke significanzly dizrerent. 

Finally, the results so far are equivocal and additional years af 
sampling are necessary =o come to conclusions about which 
characteristics are best predictors of reproductive success in 
yellowtail rockfish. There is an indication that the older age 
distribution of the fish sampled in the first year and the other 
significant differences in fish sampled in that year(1985-86) may 
relate t o  t he  lower year-class abundance observed by other tasks 
in 1986 than in 1967. 

- 
- 

^ .  - 
. .  

- -  - -h3Sc, co1lezted f rom 1 F E 6 - 6 7 .  ?'ish co-iez7e2 :his y e 2 z  also z z z  

- -  s ~ ~ > : s  yh2.t ~ - = n a - ~ ; h  fish were sf e ~ i ~ z l e n t  r.~turirl- I n  
GSI In5.izes vzre much k icher  in 19&5-66 3 a r !  ir! 
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x x  
I 

I . .~  ',y . 1 ,! 

I 
-. t l g u r e  1 -  Y e a r l y  a d f c s t e d  rnrzxs of age 2nd w e t  weisht c.f=er \ 

removing the e f f e c t  of s e x -  Notation o v e r  each b z r  ' 
in2icEtes s i g n i f i c z n c e  of d i f f e r e n c e  between mr2.n~ cf I 
years  using c o v ~ r i r n ~ e  znalyses followed by range t e s ~ s .  
* = ? < . 0 5 ,  ** = s<.o1, 
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5 

n 

=s P. ‘ . 

- 1  L S t -  

Y E A 2  s 
F i g u r e  2 .  V ~ e r l y  a ~ ~ ~ s t e d  m e z . c s  of liver w e t  w e i g h t s  2 n d  

m e s e r i t e r i c  fat w e t  w e i s ’ n t s  and ranks after rcToving the, 
e=’ --ects of l i f e  stage, ege and sex- N o t a t i o n  over each 
b&r indicates s i g + f i c z n c e  of difference b e t w e e n  means of 
years u s i n g  cDvariance zna lyses  followed by raRge t e s t s ,  

7 * =  P<.1?5, **  = P<.01. 
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Progress  i n  E k t o l o q i c a l  Anzilyses of Y e l l ~ v k z L l  Rockfish Ovar ies  

H i s t o l o g i c a l  ana lyses  of monthly samples from the 1986-E7  
y e l l o w t a i l  rock f i sh  reproduct ive  season conf i rned  t h o s e  
observa t ions  r epor t ed  f o r  t h e  previous reproducc ive  c y c l e  ( 1 9 & 5 -  
1 9 8 6 ) .  Oocytes of s .  f l a v i d n s  w e r e  a c c u r a t e l y  c l a s s i f i e d  us ing  
,he s t a g i n g  system e s t a b l i s h e d  f o r  t h e  1 9 E 5 - 8 6  r ea roduz t ive  
sezson. Because of v a r i a t i o n  i n  shr inkage due t o  f i x a t i o n  and 
overlapping eog cliameters, oocyte diameter measurements w e r e  
found t o  be an inaccura t e  method f o r  s t a g i n g  oocytes .  The re fo re ,  
emphasis trjas placed on h i s t o l o g i c a l  appearance and morphologicel 
s t r u c t u r e  co c l z s s i f y  d e v e l o p e n t a l  srages f o r  bo th  y e a r s .  

Tsmporal occurrence of oocytes and oocyte f reqdency 2istrFSutions 
showed s i m i l a r  sezsonel pazzer~s  between The t x o  reproduct ive  
cyc le s  found during 1 9 8 5 - 8 6  and 1986-87 .  February and $:arch 
a2peared t o  be :he monzhs of peak p a r t u r i z i o n  f o r  borh years. 

Hiszoloqica l  dz=a f r o m  1 9 E 5 - E 6  sar ,ples  suq-gested t h a t  rhe C o r 5 e 1 1  
Bank popula t ion  of y e l l o v k a i l  rozk f i sh  produced two 
o v e r l a p i n ? ,  >ut = ? i s t i n c t  S a t z h e s  of l a r v a e .  O o q 7 t e s  I n  Syage 17 
( t e r t i a r y  yolk  accuinuiayion) were observed I n  s o m e  fer,ztles 
c m c u r r e n t l y  -~.-izh feY;rziss i n  s2ent  to r e c e n z l y  serturLzioned 
condi t ions .  S s i h a z e s  of f i n 2 1  egg  maturazion and embryonic 
g e s t a t i o n  ine icazed  approxiEately 4 0  t o  6 0  . .  days between 
p a r c u r i t i o n  dates of chese t v o  groups.  Sxr.:LarLy, - t h i s  ozcurrsnze 
~ j a s  noted f o r  r h s  1986-67 rs2roduczive sEes3n. -n acl&.l=ion, Z c r  
b ~ t k  repr=fi.~ctS-:e SSZSDES :he a r r l v z l  of =i*?o size inofizl grou2s of 
y e l l o w t a i l  juver-lles (Sased on t w o  d i s t i n c t  s i z e  classss) wzs 
r epor t ed  by 2 i v e r s  f r o m  :he Groundfish Coimunit ies  Inves t igez izn  
i n  t h e i r  nea r shs re  habizat  survey. Since k i s z o l o q i c a l  . -  sangles 
were taken from rke  CzzCieL1 Sank and j u v e z ~ i e  okservazions ~-3-r~ 

I n  cozstzl nD,rtkern czlifornie, it is te iz2~i i -1~~ t o  saezulate z k - 2 ~  
- m y  ,,,-s szcu r r snze  Is a coastv.-ide 5-iarac:eriszi.c of yell~i:zzil 
r3cj;fish repro5uzrion.  O5servazions a t  the c e l l u l a r  ( c ~ z y t e )  2x3. 
o rganisna l  ( j u v e x i l e )  levels suqgest  , .  a pr31onged repraiiuczive 
season f o r  y e l i o t . t a i l  rocl;fish. Adci t iona l l>- ,  n i s z o l o q i c a l  
s t a g i n g  of oocl-tes asaear to be useful i n  . -  p r e & i c t i n g  =he 
occurrence of d i s t i n c t  bazches of j u v e n l i e s  p r i o r  t o  _heir 
a z r i - a l  and occupazion of nearshore h a b i t a t s .  

Temporal d i f f e r e n c e  b e t w e e n  p a r t u r i e n t  female y e l l o w t a i l  rockfLsh 
may be explained by age.  Table 2 lists t h e  d i s t r i b u t i o n  of  
gonadotropin-dependent eqg s t a g e s  ( s t a g e  I11 through 117) and che 
predominant monrhs of synchronous egg development i n  which zhey 
occurred. These v a r i o u s  s t a g e s  of development a r e  l i s t e d  w i t h  :ne 
mean ages of a d u l t s  w h i c h  composed the  monthly samples. I n  a l l  
obse rva t ions  ( w i t h  t h e  except ion of one f e m e l e ) ,  o l d e r  f i s h  w e r e  
i n  more advanced s t a g e s  of egg development t h a n  younger females. 
Although sample size is i n s u f f i c i e n t  f o r  s t a t i s t i c a l  a n a l y s i s ,  
t h e  gene ra l  t r e n d  t h a t  ova and l a r v a e  mature earlier i n  o l d e r  
f i s h  appears  c o n s i s t e n t  f o r  both years .  S i n c e  o l d e r  f i s h  a r e  m o r e  
fecund and appear from t h e  da ta  t o  spawn ear l ier  t h a n  younger 
f i s h ,  

.L 

. .  

t h e i r  c o n t r i b u t i o n  t o  t h e  popula t ion  is v i t a l .  

9 
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Table 2 .  --Xonthly d i s t r i S u t i o n  of  the mcst advanced e ~ g  s t a g e  ( s )  
observed h i s t o l o g i c a l l y ,  and t h e  mean age i n  yeers,  -/- s tanderd  
d e v i a t i o n  and sample size (n)  of adu l t  female y e l l o w t a i l  rockfish 
w i t h i n  monthly samples. (111, Late pe r inuc leo lus ;  IV, Primary 
yolk  accumulation; 17, T e r t i a r y  yolk  accumulat ion;  VI, l l i g ra to ry  
nuc leus ;  E/L, embryo/ l a r v a l  s t a g e s ;  SPT, s p e n t  gonad; R/D,  
recovering/devel-  oping gonad. ) 

EGG 
MONTH S T A G E  1985/1986 1986 /1_987 

J u l  I11 8 . 5  + / - 2 . 6 7  ( 4 )  17.2 + / - 5 . 2  (10) 

Aug 

ac t  

III 

IV 

IV 

V 

1x1 

V 

Nov 

D2C 

V 

V 

J a n  

Feb 

Ear 

V 

VI 

E/L 

SPT 

V 

SPT 

VI 

I11 

R/D 

14.2 +/-4.4 (4) 

20 (1-1 

31.7 -/-4.8 ( 4 )  

1 5 . 2  - / - 5 . 7  ( 2 )  

3 0 . 0  -/-12.6 ( 6 )  

22.2 +/-7.3 ( 5 )  

16.0 -,’-6-3 (5) 

24.3 - / - 5 . 8  (3) 

12.7 - / - 3 . 1  (6) 

15.3 -/-1.1 (3) 

2 8  \ - >  
11.5 ( 2 )  

11 (1) 

! ?  

1 7 . 0  + / - 5 - 5  ( 6 )  

14.5 (1) 

19.2 +/-6.4 (4) 

23.4 +/-7.0 (10) 

10 

12 (1) 

14.4 +/-5.1 (3) 

9 . 2  -/-1.7 ( 6 )  

19.0 + / - 6 . 0  <4) 

2 1 . 2  - / - 5 . 7  {LO) 

23.0 +/-9.6 (3) 

12.3 -/-3.8 (9) 

9 (1) 



Progress  i n  E s t i n a t e s  of Fecundity of Ye l lowta i l  Rockfish 

A zhird yea r  was completed i n  t h e  study of f a c t o r s  r e l a x i n g  ’to 
fecundi ty  i n  Three s p e c i e s  of northern C a l i f o r n i a  r o c k f i s h e s  ( s .  
f l a v l d u s ,  2. entomelas,  and 5. DauciDinis).  By March 1 9 8 8 ,  1 7 5  
y e l l o w t e i l ,  64 widow, and 1 0 1  bocaccio r o c k f i s h e s  have been 
c o l l e c t e d  t o  enable  us t o  determine t h e i r  p h y s i o l o g i c a l  and 
reproduct ive  cond i t ions  rDclative t o  t h e i r  reproducyive 
c a p a c i t i e s .  Fecundi t ies  w e r e  es t imated by g r a v i m e t r i c  methods.  
S ince  in-depth phys io log ica l  s t u d i e s  have focused on y e l l o w t a i l  
r o c k f i s h  t h i s  r e p o r t  is  l i m i t e d  t o  pre l iminary  r e s u l t s  on t h a t  
spec ie s .  

Xajor differences w e r e  found i n  t h e  mean ages ,  s i z e s  and s tzneerd 
l e n g t h s  of females over  t h e  t h r e e  years  (Table  3 ) .  Fish s t e a d i l y  
dec l ined  i n  ages ,  t o t 2 1  w e t  weights ,  and s t anda rd  l e n g t h s .  The 
cacses  f o r  rhis reducr ion  t o  younger, s n a l l e r  size ronpcs iz icn  of 
t h e  p s p l a t i o n  a r e  cnknoxn. I f  ac-”- -,-ate, =h i s  h s s  i c ? l i c a ? i a n s  
f o r  managernent. 

Despize ‘_he absve differences i n  ages and s i z e s  over :fie l a s t  
dxee y e a r s ,  no d i f f e r e n c e s  were observed i n  age-spezFZic, 
weight -s?ec i f ic ,  o r  l engzh-spec i f ic  f e z u n d i t i e s  (Fiqure 4 ) .  ~ h s  
logariyhmic ecn;atior,s 6esE.ribing these r e l a x i o n s h i p s  a r e  
presenzed i n  Table 4 .  T h e  b e s t  c o r r e l a t i o n s  w e r e  observed between 
t o t a l  weight and fezun<.ity,  followed by aqe and lengTh. 

i- 

f i s s u l ~ s  h ? i c z = e  z k z ,  even zhouqh a9e 2nd 
f e c u n d i r i e s  have n o t  ckanged i n  ye l iowtEi l  
p q u l a t i o n  f ecuns i ty  may have d e c l i n e d  due 
age,/size coxpas i t ion  o f  i- ,ne popularion. 

. .  size s 2 e c i f i c  
r o c k f i s h ,  =he t o t a l  
t o  t h e  dezrclzse i n  =he 

Abnormali t ies  and/or m a l f o r m e d  embryos and l a r v a e  continued t o  
compromise a s i g n i f i c a n t  p o r t i o n  of the spawning popula t ion  
( 4 0 % ) -  Incidences i n  prev ious  yea r s  w e r e  5 5 . 5 %  and 1 2 . 5 % .  
Sampling techniques w e r e  designed t o  e l i m i n a t e  post-mortem 
effects sugges t ing  t h a t  t h e  observed frewencies of observed 
malformed eggs w e r e  a ccu ra t e .  

11 



m , a b l ~  3 .  Mean ages ,  standard l eng ths  and vet weights  f o r  f i s h  
sarcpl3-d for t h r e e  r ep roduc t ive  years i n  t h e  f ecund i ty  s tudy .  
S . D .  = Stanciard Deviat ion.  

1985-86 1986-87 1987-88 All Vrs 

Aqe ( Y r s )  

Mean, S . D .  
Ran.;e 

18.625- 8 
5-31 

Standard Lenuth (cm) 

Mezn, S . D .  3 8.653 .. 2 

Wet Eeicrht (9)  

Mean, S.D. 15572317 

17.227.8 
6-48 

37.823.7 

1484-3 89 

1 2  

13.427 - 2 
5-36 

34.714.3 

11872446 

15. E58.3 
5-48 

3 6 . 6 k 4 . 2  
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Table 4 .  Equations desc r ib ing  t h e  r e l a t i o n s h i p  of  feccndiky  to 
age, s tandard  l e n g t h  and w e t  weight.  Y = a + 1nX; X = fecundity 
i n  number of eggs/female;  Y = age (yrs), s tandard  lengyh ( c m )  o r  
w e t  weight (9 ) .  

(1) Y =  -862L25~5193691nX 

r2 = - 5 8  
(1985-1986) 

( 2 )  Y =  -657994+462793inX 
(19E.6-1967) r2 = .69 

:3) Y =  -QL867L~555887lnX 

r2 = -79 
(1987-1988) 

Standard Lensth Wet Weight 

Y =  -6L31700+1935294LnX Y =  -593368L+E95536inX 

r2 = . 5 i  r2 = .73 

Y =  -1513015+ 56296lnX Y =  -5066377- 7E777.nX 
r2 = .67 r2 = - 8 0  

y =  -736;068+219&67LlnX Y =  -4840657~7i?lSC,nX 

r2 = -74 r2 = .a5 

74 



D, 

25 

y - 7  ,, -2 Z C y ,  O C C L - ~ ~ S  i n  scarJe __- 
i n t o  szage -\: { ~ z k r a r y  y-c?lk escxmcla=ion) and on t o  stage V 
(=e r= la ry  y~1k a c a u i u l a z i o n ) .  Ovarian r ez ru je scence  -or re lazed 
Kl=n i n c r s z s e d  blood - , rans~orz  of c l u c z s e ,  elbuIEin, -1 ?zo-ein, zriglyzerides, end v i z s l l o g e n i n  (Table 6 ) .  ~ _ e v a = e d  serum 
n u t r i e n t s  along v i t h  u i z e l l o g e n i n  I sezve :he energy rewiremencs 
of :he female and t h e  developing oocyces as w e l l  as  provide  
m a t e r l a l  f o r  tissue s y n t h e s i s  in t h e  ovary. T h e  struztu-ral 
Tipic%, choles te ro l  and phospholipids were mobilized during t h e  
ear l y  stages of oocyte v i t e l l o g e n i c  gro-h (September through 
Nove&er)and decline i n  concent ra t ions  dur ing  rhe per iod  of the 
most rap id  ovar ian  growth. It is probable  t h a t  lower serum 
c h o l e s t e r o l  and phosphol ipids  during D e c e m b e r  and January w e r e  
due t o  high utilization r a t e s  f o r  memSrane s y n t h e s i s  in ovarian 
and oocyte t i s s u e s .  AS t h e  oocytes developed there w e r e  
2 imin i sh ing  l i p i d  resepes, evidenced by declining mesenter ic  :a: 

~~rFnuzleolus) = = I S ~ Y D - C S ~ ~  
- 

- 
. .  . 

15 



J - .- 

, -  

1.2 
i .o 
0.8 
3.6 
0.4 

2'4 

1 r 
I I I I 1 I 1 I I I 1 

r A 
22 t- 
- 70 I- / \  

> =  - - 
J 

- -  r - - . '  - 
I 

I - _  

4 

0 
.6 

-2 

.6 

.4 

0 

p 
0 

1 I I I I I I I I I 

J\ 
' i  I 

- E  'c 
Ln + 

2 
i, c v 

J J A S O N D J  F M  
MONTH 



T a b l e  5.  Correlacions be tween  n u t r i t i o n a l  and reproduct ive  
var iab les  i n  f e n d e  y e l l o w t a i l  rockfish (SeSastes f l a v i d c s )  fro3 
C o r d e l l  Bank  between A p r i l  1 9 8 5  and August 1 9 8 7 .  

Ovary % %age % Stcage 
V a z i a b l e  GSI $ % r a t i o n  v V I  F’ecun5iQ 

Stage ma ova 
(n 225) (n 130) (n 130) (n 130) (n 49) 

serm nu‘irient 

0.17** 

0.04 

0 34*“* 

0.12 

0 2g*** 

-0.07 

0.07 

0.15 

-0 - 26 

-0.03 

Giumse 

0.28*** 0.25*** 0.21** 0.04 -0.03 

-0.20** 

-0.03 

0.18* 

0.16 

0.05 0.14 

-0.01 

0.15 

0.13 0.11 

-0.15* 0.24 -c -15 -0.14 -C. C 5  

0.08 -c -02  

0 - 20* C.03 

c. 22** -0.18 “dcium 

.. 
-0.39*** -0.02 0.07 -0.18* 0.12 

-0 - 03 0.10 0.11 0.03 0.03 

o<o. 001 
o<o - 01 
PCO. 05 

*** 
** 
* 

1 LSI=liver somatic index [ l iver  wt(g)XlOO/body wt(g) 1 
2 MFI=mesenteric fat index 

[mesenter ic  f a t  wt(g)XlOO/body wt(g)  ] 
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and l i v e r  somatic  i n d i c e s ,  and increas ing  serum t r i g l y e e r i d e  
t r a n s p o r t  which was c o r r e l a t e d  t o  serum Ca++. T h e  annual cycLe 
of serum Cat+ was very s t a b l e  between y e a r s  w i th  t h e  maximum co- 
occur r ing  wi th  serum t r i g l y c e r i d e s  and albumin maxima and 
preceding t h e  maximum ovary s i z e  ( G S I )  by one month and 
p a r t u r i t i o n  by t h r e e  months. Both hepa t i c  v i t e l l o g e n i n  s y n t h e s i s  
and t r i g l y c e r i d e  t r a n s p o r t  a r e  promoted by e s t r a d i o l ,  t h e  p r ixa ry  
e s t rogen  i n  t e l e o s t s .  Analysis of t h e  serum e s t r a d i o l  annual 
rhythm, proposed f o r  s tudy  next  y e a r ,  should provide  an e a r l i e r  
e s t i m a t e  of t h e  t iming  of reproduct ive even t s  t h a n  Ca++, 
p r e s e n t l y  t h e  best p r e d i c t o r .  

18 



Progress i n  D f f s h o r e  K i d w a t e r  T r a w l  S t u d i e s  

The 19G7 midb-acer-trak’l saxilpling of  p e l a q i c  age-0 j u v e n i l e  
r o c k f i s h e s  vzs o rgan ize5  nucn as  i n  1 9 8 6 ,  wizh ten2orally- 
repLizated lfsweepsll of aL1 szazio~s i n  =he scudy a r e a  
A f u l l  s?~~e_ep of t h e  azea  KSS z a r r i ~ . c ?  D u t  i n  A ? r i l ,  
=he examination of s e a s s n a l  t r e n d s  i n  a5unciance and t h e  
zomperison with 1 9 8 5  and 1 9 6 6  samples t aken  i n  The G u l f  of t h e  
F a r a l l o n e s  by rhe Groundfish Communities I n v e s t i g a t i o n .  Three 
sweeps of =he a r e a  w e r e  c a r r i e d  ... o u t  Setideen Kay 2 3  ar,d June  2 1 .  

, Addi t iona l  s t a t i o n s  ( n o t  ; - lus t ra ted  i n  F i g .  6 )  w e r e  e s t a b l i s h e d  
an end nez r  Cordell 3znk ( 3 6 ‘  0 0 ’  N, ,LJ 2 4 ‘  17) znd Zioneer 
Seamount ( 2 7 ”  2 0 ‘  N, 1 2 3 ”  25’ W) to Invesz1gaze The I n f l u e n c e  of 
banks on t h e  abundance of pe l aq ic  j u v e n i l e s .  A d d i t i o n a l  
ozEznogra2hic Infor?rLazion iias zlsc saz’nersil du r ing  =‘ne 19&7 
,-L1sss. CTD czszs P:STD, z.25.e a t  eaek t r a t ? l  s l a r i s n  +nd Fn chs 
e r ~ z s  bezween s z a t i c n  . .  -ines, 2nd nrzr-zanrinuous re-~rzs of 
,en?ezerure and sel:r-:=y a= 2 n! of 5~2th ??ere auz3narlczl2.y 

-c :s  rs23r”t s-,~m,erizzs i z = ~ x , s z l s n  on z’ne ( E )  Sazhynarr iz  
L:srr i juzians,  (b) st-zsaszl  ozccrrenzs, c,iu (c) - .  inzerannGel 
v a r l a t i o n  i n  abundance of p e l a g i c  f u - ~ e n i l e  rock r~snes  sam2;ed by 
ri3i;czer t r a ~ : l  in -,he >-ears L 9 E 3 - 1 9 6 7 .  

( F i g .  6 ) .  
fazilittzing 

, - - o  

. .  

_-.. - 
_ .  

- 
-“-7“.-L=3y s.:sreZ on -_he ship’s --*L.” - 

. -  -- * 

_ .  - “ A  
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Fi sure 5 .  
for  sfati st i ca I ana 1 y s  i s ( d n s h e d  I i nes) . 
DN and DS = De=p N o r t h  and Doep South, 
MI and MO = M o n t e r e y  1 n s i  d e  and C)ufsi d e .  

Locati oris of mi d w a f e r  ?raw I S  stati ORS (po i  nti), end thei r gr3,upi nSs 
C o d e s  f a r  gsogrzph i ca I strata: 

SN and SS = Shal low N o r f h  and South, 



Ta5le 6. 

Gtches w e r e  t r a n s f o d  t o  ln(x+l) . 
n-em of cat&- in trawls targeting approydLdy 10 m, 30 m, 
and 100 m of depth when m3L-e 
&+Lon, and (b) conparisons of paired tcxhs at 10 m and 30 m, and 
30 m and 100 m of de@. 
difference of log-uansforInd mmts in N conpzk3r5 brmen the 
th.e shallower and deep0-I depth is shobm, along wi-h '-he 
significance levels (P d u e s )  of a &&---isan t-test (t) 
an3 a signed Lar;ks t-A (SR) . 
UIlCkClb&. 

Conparison of catch rates of pelagic aqe-0 rcckfishes 

Sh~m are (a) the ov-sal1 
' ~ ~ ~ ~ - ~ ~ i c a l l y - s ~ ~ ~ ~ ~ i ~  mi&mt% t r a w l s ,  1985-1967. 

one trawl I.- md, - at a 

I n  the latter c a t q o r y ,  &&e w e  

P values s r r d l e r  thm 0.05 are 

paired Conmarisons 
10 m - 30 m 30 m - 100 m M a  Catch 

a t  D q - h  M = a  P v a l u s  ma P values 
Srezies 10 m 30 m 100 m N D i f f .  t 3T N D i f f .  t SR 

S. rami- 0.66 0.81 0.47 37 0.13 .46 - 4 2  31 0.37 -02 .Ob - -  
srSiniS* 

- - S. iorr3ani 1.61 2.06 1.44 47 -0.29 -18 -18 41 0.32 -14 -3 

- S. zL-icu- 0.04 0.31 0.18 37 -0.10 -14 -17 31 0.21 -06  -06  

latus* 

S. cx&i * 0.62 0.84 0.53 37 -0.25 -03  .04 31 0.15 -29 -23 - 

0.20 37 -0.33 -01 -01 31 0.08 -44 .40 * - S.  saricola 0.11 0.38 

- 3 .  D i m i a e r  0.05 0.37 c.33 37 -0.28 .@I -01 31 -C.C5 -53 - 2 0  * 

- S. nml-&si* 0.43 0.40 0-30 47 0.04 -70 .?5 41 -C.O1 -90 -09 

- S. flavidus** 0 - 2 7  0.32 0.46 39 -0.03 .74 -70 35 -0.31 .(35 -06  

s. m.s=in- 0.35 0.31 0-59 46 0.04 .68 -67 37 -0.43 <.01 -01 - 
us*** - 

- s. entorrP,llas c.42 0.60 0.96 47 -0.22 .13 -14 41 -0.59 -01 .01 

mta fram 1985 nst used because s .  pauciminis, _S. auriculatus, s .  sod&, s .  
mta frcrm mril, 1987, not used because S .  flavidxs kias absent f r o m  all 

* 
saxicola, and S. pbniqer w e r e  absent or sparse at a l l  depths. ** 

21 



- S .  s a x i c ~ ~ l a ,  and 5. s i n n i a e r  i ne rzesed  signlficanrly i n  Z > - . X I ~ Z I Z ~  

from 1 0  t o  30  m of  cie?th, an5 2 ~ d  n o t  d i f f e r  much S~z;.-een 3 0  226 
1 0 0  m. S .  ho~3 ; Ins i  snowed l:==le tendency zo differ i n  zbunSenz2 
b.-iyh Cier)th. S .  f la : - idus ,  S .  n v s ~ i n u s ,  and 3. entome1zs a l l  
i n c r e a s s d  signirlcanrly i n  zbxnSance from 30 50 130 m. Catches 
of S .  f l a v i d u s  and S .  m r s ~ i n u s  wsre r p _ l a t i ~ - e l y  l o w  a t  j o r h  1 0  2x3 
30 m of d e p t h ,  w h i l e  :he abcncimce of  5- entonelas t ~ n 5 e d  t o  
i n c r e a s e  pragress lve ly  i.:izn dspth .  

The b i o l o g i c a l  s i g n i f i c a n c e  and and proxima=e causes of zhese 
d i f f e r i n g  bazhymetric d i s t r i j u r i o n s  remains t o  be dezeznined.  
When zhese a r e  c3ns idered ,  It >.-i?l be  i n t e r e s L i n g  &a n3ze some 
a?Farent  excEpt ions  t o  :he ~ e n e r a l  p a t r e r n .  There are a f e w  
i n s t a n c e s  i n  t7hicn ",wc ar m s r e  s t a T i o n s  i n  en a r e a  Ciffer 
s t r o n g l y  from t h e  norm, wi tn ,  s ay ,  n e a r l y  all species 5 e k g  much 
m 3 r e  abundant  n e a r  t h e  s u r f a c e  o r  a l l  s p e c i e s  be ing  much more 
aSundant i n  d e e ~ e r  i ~ a ~ e r .  =he msinent t ~ e  Bo no1 lIz>i*; i:kiZt 
1,,sl;es z'nzse 2ZEZ.S 2 I s t i n c = i v 5 .  

. r .  

L 

. -  

-- 

2 2  



Table 7. Correlation between catches at different diepths, b2sed 
on bathyxetrically-stratified hauls carried out at a number of 
stations between 1984 and 1987. Raw counts w e r e  transformo,d to 
ln(x+l) before the computation of product-moment correlation 
coefficients. 

Correlations between Depths over Stations 

Species 10 m vs. 30 m 30 m vs. 100 m 10 m vs. 100 m 

DaucisDinis 

i ordani 

auriculatus 

croodei 

szxicola 

DinnFaer 

nonkinsi 

flavidus 

mvst inus 

entomel 2s 

0.31 

0.69””” 

0.14 

0.86***  

0.32 

0.07 

0.75””* 

0 .  r4”* 

0.3;5*** 

0 . 4 3 ” ”  

0 .80* ” *  

0.79*”* 

0. &3*”*  

0.74”** 

0 . 5 3  

0.75***  

0 .80 ” ” *  

** 

0.48**  

0.59”** 

0.29 

0.42 

0.58””* 

0 .  &3*”* 

0.06* 

0.72*”*  

0.04 

0.i2 

0.i4 

. 
2 3  
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- S.  t ~ i l s o n i , ~ .  s e x i c o l a ,  and 2. aosdei are -,ne e a r l i e s t  z z z ~ r z i z g  . .  
of The s 2 e c i e s  exenined. Their zSunSances were u s u a l l y  zs kign I n  
A?ril a s  i n  June (Tables 8 ,  3 ) .  O f  t h e  srtecies which occur a s  
p e l a g i c  j u v e n i l e s  over  s h o r t  pe r iods  S .  nvstincs and 5. hoDkins i  
seemed t h e  e a r l i e s t ,  being p resen t  i n  A p r i l  and d e c l i n i n g  i n  
June. 5. entomelas a l s o  dec l ined  i n  early J ~ n . 0 ,  b u t  vas u n c o m m  
i n  A p r i l .  - S .  f l a v i d u s  appeared l a t e r .  I t  G i 2 S  absen t  i n  A p r i l ,  e.nd 
d id  n o t  d e c l i n e  a s  r a p i d l y  i n  June as -,he p rev ious  zhree s3ecies. 
T h e  s p e c i e s  with lengthy  occurrence,  5. ~ i n n i f f e r ,  - S. i o r d a n i ,  and 
- S .  DaucisDinus, seemed t o  reach peak ajundances i n  e a r l y  June. 

I n  a d d i t i o n  t o  t h e  gene ra l  1 9 8 4  paz te rn  s e v e r a l  s p e c i e s  showed 
temporal s h i f t s  dur ing  1985-1967 .  The temporal  occurzence of  S .  
a u r l c u l a t u s  v a s  t h e  most v a r i a b l e  of t h e  com3n s p e c i e s .  It v;es 
absen t  i n  April of 1 9 8 6  bu t  very aSundant i n  A p r i l  of 1 9 8 5 ,  end 
showed complemenyary changes i n  June samples (Table 8 ) .  T h e  
occurrence of sone of yhe e a r l y ,  
extensed l a t e r  rhan usuz1 in Jyne of 19%5. s .  ~ 7 s t l n c s ,  S .  
h3Dkir , s l ,  and 5. entcmelas were mcderazely aSundznt i n t o  mid- 
June i n  1 9 E 5 .  b?hezher t h i s  re2resents a r e a l  =eT.Foral c'nan2e o r  
x'ne t e i l  of a very s i r o n g  year c l z s s  rexz lns  unkno1.m. 

- L  is a3v i saS le  zo conrinue s r r a z i 5 ~ - i n q  sEr szmpling e ~ ~ o r x  by 
&:me. T k i s  2 r a c t i c e  serves a s  a hedqe a ~ z l n s r  changes i n  =he 
,smporzl occurrence of s o m e  s p e c i e s ,  and 5 e l p s  10 a s s e s s  srtecies 
k-izh d i f f e r e n t  temporal pazxerns. It is also h e l p f u l  t o  s x a r t  - .  aur 
r z i n  szmpling c r ~ ~ i s e  rhe  l e s t  veek of ! ley 2s opp;ossd zo xhe rirsi 
v.=& of  June ( a s  :;as cione i n  1967). T k - l s  reduces ~ ' n e  zhance of  
n i s s i n g  -,he early-ozzurring species, and f a c i l i r a z e s  -,ne 
de tecz ion  of tem3ora1 p a t t e r n  changes b-izhin s o m e  s 7 e c i e s .  
~ e v e r z h e l e s s , e a r l y - o c c u r r i n g  s?ecies, l a r e r -occur r ing  ssecies 
1Lke rierbers of ='ne suS?enl~s Se%zsz3~?,us r z y  be underrs2resented - 
Fn o u r  nor?r,zl sez,nplFng scheme. 
t z ~ ~ c r e l  o c z ~ r r s r i z s  3f s2szLes ana ITS -v-zr:zrio~ \.-::l be ~ 2 5 ~ 5  k-\- - 
'the EuEe of size-frequenzy daze, >:r.~cc. a r e  now becozing avei,zc-e 
,o r  use.  

short-duracion species may havs 

.-.- s i  

- 7  

i 

- - -  

3ur . , .  asrllry 'to a i i ~ L y z e  ,ne 
. -  . - . .  . 

.I= 

I n t e r a n n u a l  \'ar:ation 

Most r o c k f i s h  s p z c i e s  were r e l a t i v e l y  abundant a s  p e l a q i c  
j u v e n i l e s  i n  May/June 19G7 (Table 8 ) .  Catches w e r e  r e l a t i v e l y  
l a r g e  i n  n e a r l y  all geographic a reas  unzL1 ='ne l a s t  "sweepII of 
s t a t i o n s ,  when ca t ches  gene ra l ly  decl ined.  Area-to- a r e a  
p a t c h i n e s s  observed i n  1 9 8 5  and 1 9 8 6  (Larson 19G7,  p. 7 )  was n3z 
s t r o n g l y  e v i d e n t  i n  June of 1 9 6 7 .  

R e l a t i v e  s t r e n g t h s  of t h e  1963-67  year  classes 
c a t c h e s  i n  midwater t r a w l s )  d i f f e r e d  among s p e c i e s ,  and c e r t a i n  
groups of s p e c i e s  tended t o  vary i n  conce r t  
a b s t r a c t i o n  of d a t a  on the  r e l a t i v e  s i z e s  of ca t ches  from year  t o  
yea r  w i t h i n  s p e c i e s  seen i n  Figure 7 ,  is in tended  t o  a i d  i n  t h e  
d e t e c r i o n  of such r e l a t i o n s h i p s .  T h e  s t r a t i f i e d  mean abundance 
from t h e  May/June c r u i s e  was 
s t r e n g t h  in a s p e c i e s  
s p e c i e s  was used t o  r ep resen t  t h e  1 9 8 6  and 1 9 6 7  yea r  classes). 

( a s  measured by 

(Table 8 ) .  An 

used as t'ne index of yea r -c l a s s  
( t he  va lue  f o r  t h e  highest  sweep f o r  a 

2 8  
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These i x C i z e s  were s c a l e d  t o  t h e  highest annual  v z l u e  f o r  a 
s F e c i e s ,  and t h e  r e l a t i v e  p c s i t i o n s  of t h e  d i f f e r e n t  years  >:?re 
a r r a y e d  i n  F i g u r e  7 .  The r e l a t l v e  p o s i t i o r , s  of the i s 8 4  ana 1523 
y e a r  c l a s s e s  w e r e  each connected by l i n e s ,  and t h e  s2Zcies w ~ z e  
a r r anged  i n  descending o rde r  by zhe p o s i t i o n  of  zhe  1985  yea r  
c l a s s  and ascending  o r d e r  by che  p o s i t i o n  of t h e  1 9 6 4  y e a r  c l a s s .  

T h e  r e l a t i v e  p o s i t i o n s  of sone years d i d  n o t  vary nuch among 
ssecies, while t h e  p o s i t i o n s  of o t h e r  years v a r i e d  g r e a t l y  
( F i g u r e  7 ) .  The E l  Nino yc.ar, 1 9 6 3 ,  w z s  t e r r i b l e  for a l l  s p e c i e s .  
T h e  1986  and 1967  y e a r  c l a s s e s  d i f f e r e d  more among s p c i e s ,  b u t  
=he 1 9 8 6  y e a r  c lass  w a s  poor i n  s e v e r a l  species and -,he 1 9 8 7  year 
c l a s s  was r e l a t i v e l y  s t r o n g  i n  most s p e c i e s .  The p o s i t i o r , s  of t h e  
1 9 8 4  a,nd 1 9 E 5  year c l a s s e s  d i z f e r e d  t h e  m c s t  among s?ecies, ezch 
v a r y i n g  from among t’ne sz ronges t  f o r  a s p e c i e s  t o  among zhe 
weakest . 
m- -20- ?osizians of  t h e  1 9 5 4  2nd. 1 9 E 5  yea r  c l a s s e s  (and t o  lesssr 
s x i e n c  the posi-,ior,s of the 1986  and 1 9 g 7  y e a r  c l a s s e s )  allowed 
s3xe gron2inc;s of species that tended t o  t empora l ly  zovary. 
G r ~ u p i n g s  of ssecies can be eheracterlzed by szrong t o  ve ry  
s=rong year clzsses i n  1 9 8 5  and 1 9 S 7 ,  weak y e a r  c l a s s e s  i n  1 9 8 6 ,  
an5 ( c s u a l l y )  weak zo mD6eracc y t a r  c l a s s e s  i n  1 9 6 4 .  S -  n ~ ~ . s z i n u s  
and S .  e n c o m e l e s  w e r e  bozh very  szrong i n  1 9 8 5  and 1 9 6 7 ,  weak t o  
moderate i n  1 9 8 4 ,  and ve ry  wsak i n  1 9 8 6  ( F i g u r e  7 ) .  S .  f l z v i d u s  
2nd S .  hoD,kir,si were somewhat similar t o  these s p e c i e s ,  t ; l h  
s r r c n g  shoia:lnss i n  1 9 6 5  and 
.Jizz 5. z i a i - 1 ~ 1 ~ ~  wzs s t ronqer  i n  1 9 8 4  zhan i n  1 9 5 7 ,  and 5. 
noDIprir,si ‘vjzs s z r o n g e r  i n  1 9 8 7  zhar, i n  1985. 5. r u f u s  ( n o t  
i l l u s t r a - , e d ) r L a y  show a s i m i l a r  p a i t e r n  LO Lnese s p e c i e s ,  having 
aF2eared i n  n i d w a t e r  z r awls  only I n  1 9 8 5  and 1 9 6 7 .  

- S .  z a u c i s ~ ~ ~ ~ s  and S .  m l i n n i a e r  s’nopied s i m i l a r  parrerns of year- 
c l z s s  S U ~ Z D I C S ,  and formed zhnf exzzsrne of anoxner sii..zll grou2ing 
of s ~ e c i e s  :Fig. 7 ) .  - S .  ~aucisziris and s .  ~ i n n i a e r  were 
d i s z i n c t l v e  i n  -,he aFparent  dor inance  of :‘ne 1 9 6 4  year c i z s s .  
Unl ike  ozher  s p e c i e s ,  these zxo a l s o  made r e l a i i v e l y  s t r o n g  
shok.-ings i n  1 9 8 6 ,  roughly e- ivalent  . -  t o  r n e k  shot:ings i n  1987.  
Caiches  of bozh w e r e  re laE1veIy igeak i n  hlay/’June of 1 9 8 5 .  S .  
i c r d a n i ,  S .  s sx ieo la ,  and S .  a c o a  each snared d i f f e r e n t  
s i m i l a r i t i e s  wizh t h e s e  s p e c i e s .  S .  s a x i c o l a  and S .  aoode i  w e r e  
n o t  abundant i n  Nay/June of 1 9 6 5 ,  5. i o r d a n i  w a s  r e l a c i v e l y  
s t r o n g  i n  1 9 8 6 ,  
However, each  of t h e  l a t t e r  three s p e c i e s  d i f f e r e d  i n  some major 
(and d i f f e r e n t )  way from S .  Dinniuer  and S .  DaucisDinis .  Thus 
c n e s e  three species do n o t  s e e m  t o  f i t  any p a t t e r n  t h a t  i s  
c o n s i s t e n t  w i th  o t h e r  s p e c i e s .  T h e  u s e  of A p r i l  catches IIiay a l t e r  
somewhat t h e  p i c t u r e  i n  F ig  7 .  The b i g g e s t  effect  would be i n  
t h e  i n t e r p r e t a t i o n  of the  1985 y e a r  class of t h e  very 
e a r l y - o c c u r r i n g  s p e c i e s  (3 .  s a x i c o l a  and S .  aoodei )  and two of 
rhe s p e c i e s  w i t h  l e n g t h y  p e r i o d s  of occur rence  as  p e l a g i c  
j u v e n i l e s  ( S -  DaucisDinis  and S .  D i n n i s e r ) .  
s p a r s e  i n  J u n e  of 1985 ,  sugges t ing  a w e a k  year c lass ,  b u t ,  a t  
l e a s t  i n  comparison t o  o t h e r  A p r i l  samples ,  w e r e  r e l a t i v e l y  
abundant i n  A p r i l  of 1985 
of 1985 shou ld  be used wi th  some c a u t i o n  

years i n  2 9 8 6 ,  b u t  2 i f f e r e n t  I n  -- . -  - 

. .  

and S .  aoodei  w a s  r e l a t i v e l y  s t r o n g  i n  1 9 8 4 .  

A l l  w e r e  r e l a t i v e l y  

(Table 8 ) .  While t h e  d a t a  from A p r i l  
(coming from only  one 
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szratun) , 
r e l a t i v e  2 o s i t i o n  of t h e  19&5 y e a r  c l z s s  f o r  these s p e c i e s .  “he 
3ne m o s t  affeczed by t h i s  q i e l i t a t i v e  ad jus tment  t ~ o u l d  5e S .  
~ o o d e i ,  which was v e r y  abundant i n  t h e  Gulf of t h e  F a r a l l o n e s  i n  
A p r i l  of 1985 (Table  8 ) .  

The f a c x o r s  caus ing  c o v a r i a t i o n  i n  y e t r - c l a s s  s c r e n g r h  among 
s p e c i e s  are n o t  y e t  e v i d e n t .  
u n r e l a t e d .  
:he norzh o r  souch of our szudy are t o  vary i n  c o n c e r t  due to 
l a r g e - s c a l e  changes i n  c u r r e n t s  ( c f .  Cowen 1 9 8 5 ) ,  b u t  each  of yhe 
mzin groups c o n t a i n s  s2ecies w i t h  ve ry  d i f f e r e n t  r a n q e s .  
first group,  S .  entomelas and 3- m v s t i n u s  range  both n o r t h  
(mainly)  
zo t h e  s o u t h  of o u r  a r e a  (Gunderson and Sample 1 9 8 0 ,  Zschmeyer e t  
al. 1 9 8 3 ) .  S i m i l a r l y ,  S .  ~ i n n i a e r  ranges  l a r g e l y  t o  the  norch of 
our area wr-ile S .  paxcisginis ranges  t~ r h e  souzh (Gun6ers.cn 
and Sanple  1 9 8 0 ,  A6arr.s 1 9 8 0 ,  Zschmeyer e t  a l .  l9E3). T h e  
d u r a t i o n  of spawning p e r i o d  is somewhat c o r r e l a t e d  ~ i r h  t k e  
groupings acco rd ing  t o  y e a r - z l z s s  s t r e n g t h ,  i n  t h a t  Sozn S .  
r e x c i s ~ i n i s  and 5. ~ i n ~ i c r s r  heve long per io2-s of occcyrense  . -  2s 
2 e i a g i c  jxvc-n i les  and r h e  0cki3_r fou r  have s‘norc 3 2 ~ 1 ~ ~ s  of 
o*-”--pqce. - L u- A -* T h e  r e l a t i o n  bez-:’een d u r a t i o n  of occur rence  and 
y e a r - c l a s s  qroupinqs  could  z3nzeivably w o r k  sS,rough che t iming  o5 
spawning and subsequent  on togene t i c  szages .  P e l a g i c  juveniles of  
- S .  mvs t inus ,  S .  entomelzs, and S .  DaucCsPinls remain aSundant 
l a t e r ,  s u g g e s t i n g  2 i f f e r e n e e s  i n  s?ai:ning, ezc. H n ’ e v e r ,  S .  
f l a v i d - z s  a-,?,rars r o  oczz r  iazer Yhzn its c s r r e l a t e ?  S ~ E Z ~ Q S ,  2 ~ 3  

a s  3. mvstincs-  S .  e n t o n e l a s  group is a l s o  t i e d  t o g e r h e r  by ( 2 )  
=he tendency of t heLr  p e l a g i c  juveniles t o  ocz:ur dee? i n  * .  che 
xa‘1er colunn, and (b) zhel r  a;Fzrenz 2hylsTensc ic  3r3xir?.izy 

acknowledgraent of t n e s e  c a t c h e s  n i g h t  raise t h e  

Geographical range  seers l a r g e l y  
I t  might  be r easonab le  t o  expec t  s p e c i e s  cence red  ’13 

I n  zhe 

and sou th  of our  aree, and S .  h m k i n s i  is found x a i n l y  

ocher  s p e c i e s  ( sucn  as  S .  i o r c a r i )  s z e m  zo occur a t  z5e s2me eixe 

(Sarsukov 1 9 E 1 ) .  

- 
,t t.-L:l be Lnzeres=ing 
,ne fucure. -f r e a l ,  =‘ne ex i szence  of  zovary ing  sers o f  s2ecies 
k-21 be u s e f u l  i n  a t  i e a s z  rwo ways. First, r e l a x i v e  y e a r - c l a s s  
szrenqcn of ezs i ly - sams led  s?ecies cauid be used as  I n 2 i c e s  of 
y e a r - c l a s s  sz rengzh  i n  s ~ e c i e s  =ha t  a r e  less ~ a s i l y  szz.;1sd. 
Second, use of Che p a r s h o n i o u s  assumption Enat  cornon f a z y o r s  
a r e  r e s p o n s i b l e  f o r  v a r i a t i o n  i n  y e a r - c l a s s  sz rengzh  :I? c o v a r y h g  
s p e c i e s  w i l l  a i d  i n  t h e  search f o r  causes  of y e a r - c l z s s  success  
and f a i l u r e  i n  t h e s e  grouss. For example, t h e  groupLngs o u t l i n e d  
above would s u q g e s t  t h a t  annual s h i f t s  i n  cne d i r e c y i o n  and/or  
s c r e n g t h  of no r th - sou th  c u r r e n t s  do n o t  account  f o r  tne 
d i f f e r e n c e s  in y e a r - c l a s s  s t r e n g t h  observed between 1 9 8 4  and 
1987.  

see 5ow w e l l  z‘nese q - r o u p i n ~ s  ho ld  up i n  - - 
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T a b l e  10.--Mean number ( s t anda rd  error  i n  peren7neses) o f  
f i r s t - y e a r  juveni les  countedjmin o f f  t h e  Mendocin3 c D a s t  d u r i n g  
t h e  same 4-week per iods  ( e a r l y  August t o  e a r l y  S e p t e m b e r )  f r o m  
1 9 6 3  to 1967 .  

N = nunker of 1-Iiiin obsen -a t ions .  

S p e c i e s  
1983  

N = 36 
1984 1985  

N = 57 N = 5 0  

- S .  f l a v i d u s  0 . 0 0  
( 0 . 0 0 )  

- S . m v s t i n 7 x  0 .27 
( 0 . 0 9 )  

- s .  m..lan3cs 0.41 
(0.14) 

T o t 2 1  0 . 6 8  
( 0 . 1 9 )  

6.58 
( 2 . 2 9 )  

1 1 5 . 6 0  6 . 0 1  
( 2 1 . 2 6 )  (1.50) 

1 . 4 9  7 0 . 5 6  
( 0 . 3 0 )  (15.32) 

0 . 3 1  
( 0 . 0 8 )  

4.34  
(1 .51)  

7 - 8 3  
( 1 . 8 8 )  

9 . 5 2  
( 2 .  OS) 

8 . 3 8  190 .50  2 3 . 3 5  
( 2 . 3 3 )  ( 2 9 . 6 2 )  ( 3 . 9 1 )  

1 0 2 . 6 6  
( 1 1 . 0 8 )  

1E1.04  
( 2 6 . 1 5 )  

7.58 
( 1 . 2 4 )  

291.67  
( 3 3 . 0 9 )  

1984 1985 1986 19 87 1984 1985 1986 19E7 
spl,zies N = 5 7  N = 5 0  N = 1 0 3  N = 1 1 2  N = 3 7  N = 8 4  H = 6 0  N = 6 2  

S. flavidus 6.58 U . 6 0  6.01 102.66 4.39 135-17 6.73 89.39 - 
(2.29) (21.26) (1.50) (11.08) (1.48) (26.00) (2.29) (18.42) 

- s. mvstinus 1.49 70.56 7.82 181.04 4.89 117.63 15.27 328.05 
(0.30) (15-32) (1.88) (26.19) (1.29) (19.50) (3.81) (52.15) 

- s. n?elanm 0.31 4.34 9.52 7.58 1.63 4.40 3.00 4.48 
(0.08) (1-54) (2.08) (1.24) (0.52) (1.17) (1.31) (1.70) 

8-38 190-50 23.35 291.67 10.91 257.20 24.97 442.48 
(2.33) (29.76) (3.91) (33.19) (2.12) (35.38) (5.17) (66.72) 
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ver s ions  have been weakened, however, by shor t ages  3f daca from 
Sonoma. U n t i l  now, t h e  Gro?.xdfish Conr;xnities Invesz iqaz ion  h a s  
conzent ra ted  i t s  work off Mendocino, and d a t a  f r o m  SonorLa have 
been l i m i t e d  and i r r e g u l a r .  
xhe Sonoma assessments ,  and ?yovide a sound b a s i s  f o r  
comparisons, a permanent szazion was e s t a b l i s h e d  t h i s  y e a r  o f f  
t h e  Sonoma c o a s t  ( a t  38"  3 6 ' N ,  1 2 3 "  22'W). With r eco rd ing  

T o  add substance and r e g u l a r i t y  t o  

Y5ernographs i n  p l a c e  t o  m o z i t o r  sea  tem?eratures ,  
anKicipated t h a t  t h i s  s t a t i o n  w i l l  provide che same range of 
t h a t  has  been provided f o r  :'ne p a s t  6 y e a r s  a t  r h e  Mendocino 
s t a t i o n .  

Progress in E s t i m a t e s  of Re la t ive  Y e a r - C l a s s  S t r eng th  from 
Preda tor  Stomach Contents  

It  is  
da ta  

Work by t h e  Groundfish Cornnunixies I n v e s t i g a t i o n  from 1983  t o  
1386 showed t h a t  occurrences of j u v e n i l e  Sebastes sp2. i n  
gr l -datsr  quz contenzs can 3e used t o  P-szIrnate r e l a z i v e  year -c lass  
s t rengzh  (Larson 1 9 8 7 )  . T'?i.~'c resCazzh, however, was a l i m i t e d  
f e a s l b i l i  z y  s tudy  done i n  =:?e course of a n a j o r  i nvesy iga t ion  o f  
2rl-dation on j u v e n i l e  S e S ~ s z e s  sgp. As such, it: w a s  ?izn2icz?pe2 
'Jy a san2ling p l a n  desiqned t 3  m e e t  the  needs of t h e  p r e d a t i o n  
s tudy.  T h e  hans icap  was re;.oved when =he major s tudy ended I n  
1 9 8 6 ,  enab l ing  zhis y e a r s '  y ~ a r - c l a s s  es t imazes t o  cont inue  x ixh  
a sampling p l a n  modified f o r  g r e a t e r  p r e c i s i o n .  As before, t i e  
stomachs w e r e  f r o m  the  King Selmon, Oncorhvnchus t schab- tv tsc ja .  

~ s t i r i az s s  of s F e c i e s  c e n ~ o s i z i o n  were m o r e  2 r e c i s e  ot..-Lng t o  
increased  nmn5ers o f  j u v e n l l e s  sampled. T k i s  w e s  accsnpl i shed  by 
t ak ing  most of -,he s a x p l e s  during Xay and June ,  o t h e r  t h a n  
zhrourj'nout rne y ~ a r ,  
s tudy .  

Increased az:enrion h a s  5 e s ~  qIven zo ixprs-\-ing 2rsy 
i z i enz i f i ca t lons .  Thlis has  r l-sulzed i n  i den t i f l - i ng  zo s ~ e c i e s  a 
grezzer pro2,ortion of xhe j u v z n i l e s  recovered f r o m  p r s s a t o r  
szomachs. The earlier preczr ion  study rewired i d e n r i f y i n g  a l l  
i t e m s  i n  t h e  p r e d a t o r  stoxrLac5s. - .  
Sebas tss  were c s n s i s t e n t l y  c s t i n g u i s h e d :  =he s h o r t S e l l y  
rockfish,  S .  i o r d a n i ,  and ='ne x i d o w  r o c k f i s h ,  5. entorielas.  

Juven i l e  Sebas t e s  spp.  i n  s t m a c h  con ten t s  are p a r t i c u l a r l y  
d i f f i c u l t  t o  i d e n t i f y ,  because t h e  f e a t u r e  gene ra l ly  regarded a s  
c r u c i a l  i n  d i s t i n g u i s h i n g  The species--pigment pa t te rns- -usua l ly  
i s  o b l i t e r a t e d  by d i g e s t i o n .  Consecluently m e r i s t i c  and/or o t h e r  
morphological c h a r a c t e r i s t i c s  a r e  used i n s t e a d .  
developing s p e c i a l  procedures .  

T h e  e f f e c t i v e n e s s  of v a r i o u s  morphological s t r u c t u r e s  as 
d i a g n o s t i c  features h a s  been increased  by us ing  h i s t o l o g i c a l  
s t a i n s .  
a high a f f i n i t y  for calcium and therefore s t a i n s  bones red.  
procedure h a s  proved t o  be e s p e c i a l l y  h e l p f u l  i n  determining 
m e r i s t i c  coun t s  i n  p a r t i a l l y  d iges t ed  specimens. 
A computer a s s i s t e d  key using a r t i f i c i a l  i n c e l l i g e n c e  programs is 
being developed t o  f u r z h e r  inprove i d e n t i f i c a t i o n s .  

- .  

a s  r e s u i r e d  previous ly  by t h e  p re saz ion  

A s  a r e s u l t  only t w o  s p e c i e s  of 

T h i s  r e q u i r e s  

Each specimen is t r e a t e d  with A l i z a r i n  Red S ,  which has  
T h i s  

E x i s t i n g  
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keys have 2roven i n a d e q i e t e  because t h e  c h a r a c t e r i s t i c s  upon 
which -,hey depend o f t e n  z r e  destroyed by d i g e s t i o n .  
computer z s s i s t e d  key, t n e  i n v e s t i g a t o r  e n t e r s  t h e  s p c i m e n  
c h a r a c t e r i s t i c s  a v a i l a b l e  and r ece ives  a l i s t  of p o s s i b l e  spec ie s  
and t h e  p r o b a b i l i t i e s  of each matching t h a t  combination of 
c h a r a c t e r i s t i c s .  The key w i l l  a l s o  search  f o r  c h a r a c t e r i s t i c s  
t h a t  w i l l  f u r t h e r  d iv ide  t h e  p o s s i b i l i t i e s .  The b a s i c  s t r u c t u r e  
of t h i s  key h a s  been completed, b u t  much t e s t i n g  remains before  
it w i l l  serve i n  p r a c t i c a l  use.  

Vsing t n e  

The 1987 r e s e a r c h  e f f o r t s  have shown t h a t  there w e r e  more 
j u v e n i l e  Sebastns spp. i n  p reda to r  stomachs du r ing  1987 than  
dur ing  any o t h e r  y e a r  s i n c e  sampling began i n  1983  
This  f ind ing ,  agreo,s wiyh r e s u l t s  of t h e  i n  s i t u  assessments ,  
r epor t ed  above. Assessments of j u v e n i l e  Sebzs t e s  s9p. abundance 
based on occurrences i n  t h e  preda tor  stomachs w e r e  g r e a t l y  
enhanced by changes made i n  The sampling p l a n ,  and by increased  
e f f o r t s  i n  i d e n t i f i c a t i o n .  T h i s  is evident  i n  t h e  l i s t  o f  
s p e c i e s  p r e s e n t  (Table  13), which is f a r  more comprehensive Than 
account inqs of s p e c i e s  composition from previous  y e a r s  (when only 
- S.  i o r d z n i  and 5. ento::.clzs w e r e  c o n s i s t e n t l y  d i s t i n p i s h e d ) .  
Despi te  t h e  l i m i t e d  s ” e z i e s  i d e n t i f i c a t i o n s  of p a s t  y e a r s ,  
however, it was found -,hat Cnilipe??er, S .  croojei LXS never 
be fo re  a s  nilmerous a s  I n  1 9 8 7 ,  when it ranked second behind S .  
i orciani. 

(Table 12). 
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L3 Table 12.--Mean number of first-year j u v e n i l e  rockfishes Lr, =:-- 
stomachs of King Salmon f r o m  :he Gulf of -che Farallones, 
1983-1967. 

N = number of stomachs examined 

S p c i e s  
1983 1984 1985 1986 1967 

N = 2 4 3  N = 416l N = 413 N = 503 N = 7 6 0  

4 . 9 2  - S.  i o r d a n i  0 . 0  0 .34  1.56 

S. entsmelas 0.0 0 . c 2  0.13 0 . 0 2  0 . 3 0  

g-2-1 species 0.16 1.61 5.72 0.94 

0.18 

- 

6 . 2 6  

1 -analysis incomple te  

I 
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. .  
Table 13.--Species coc?osz, lsn of juvenile SeSestes 1 
stomac'ns of K i n 9  Salmon d u r i n g  1 9 E 7  ( N  = 416 ) .  

ST?. i n  

Species Average NumSer/Stomach 

- S .  

- S .  

- s. 

- S.  

- S .  

- S .  

- S .  

- s. 

- S .  

i ordani  

aoodei 

entomeles 

f l a v i d u s  

Dinniaer 

s a: i c o 1 a 

s enicintus 

4.292 

0 . 4 4 4  

0 . 3 0 0  

0 . 2 4 2  

0 . 0 6 2  

0 . C 3 6  

O . G 2 4  

0 . 0 0 6  

o . o c 2  

o . o c 2  

0 . O G 2  

0 . E 3 0  Seb2stes 

6 . 2 5 9  

AFproximately ha l f  of t h e  samples c o l l e c t e d  have bezn analyzed t o  da te  
t h e s e  cover t h e  e n t i r e  c o l l e c t i o n  per iod .  
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D I S  cus s I 3 N  

, Recruitment variability and -,he f ac to r s  - .  
of che most cen t r a l  problerns facing rlshery science znfi 
nanagement. 
scientific s t a f f  to address this problem hes resuLz=2 in 
considerable zr~gress being rna5.e. 

zffecting I= s c z ~ , r i s e  “ne 

The reorganization of yhe Tiburon LaScratory 
. - -  This is c s s ~ c , c ~ z - _ y  yzze 3vzz 

the last year. 

Through stuf i les of .the Physiological Ecology InveszicjatFons or, 
yellowtail rozkfish 
adult conditicn and reproductive performance wnre 2ssessec3. 
Sezsonal paiter2s in health and condition ’neve See” e s t z h l i s h z d  
and interannual changes in -,he ages and sizes of x’ne poplation 
Were noted. 
SZZUCZUZP- of y e l l o w z a i l  r o c i z ~ ~ s h  ob-aries :.le ?ia-~e eszzb l l snsd  :ns 

a ssnsltzve and accurzze mexs of identifying zenpsrz:ly separz te  
s?=.s..-ning 9ericks. r e c u ~ d i z y  szudies showed zkzz the aqe 2nd. size 
s ~ e c i f i c  fecanCiTies of the y e l l o w t a i l  rockfis’n have n3t z‘r,an-J1-d 
3ver the -,as: r h r e e  ysars d e s ~ L t e  =he d e c l i n e  Fn t h e  nszn irje a 5  
size comzssirion of =‘ne 2opLarion. 
nuyrinnt flm:n_s in ferr.zle rozi:flsh thr=ughouz =he re?r~6uc=ive 
cycle has not been determined. it wzs shown =ha t  7 i-?-- 4 n 2  a szores 
and serum nutrients wo,re linked to food availzbiliry . lh~v:e5~e 
of zhese p a ~ t e r n s  helzs us r o  Tnonizor r e p r o Z u c t i v e  cyc lss  and =3 
eszlmate r e ~ ~ ~ 5 u z c i v e  ca?aci:y and success . 
The midwazer -,raw1 s:=l?’ies of -,‘ne Groundfisk ArizlysLs . -  
Znvesxigarion . -  revealefi 6isxincz verziszl 6istr:Du-,iDn ~a :zc r~s  in 
2elac;ic juveni-e rockfishes .  
=nl-:r depzh CFszribcri=ns. The stenLard Cie>zk -,ox mez’nz5.s 
tievelo?ed ov3-I -,ne vf;z-s w e r e  f~unL not to be  s?zz:~-->-  3, 

sem2orally biased.  
a l s o  estabLished. ~z is no;; passible c lass l ry  sl;)ezies 
according to -,he durazion and -,iming of oc~Lcl~rence 5,ur inq rnc, 
-April-May-June periss!. 
year far pelaTic juxrezlle r o z l r f i s n e s  =‘ne inzerznnuzl vzr ia t io i - .  of 
spezies showed :fiat certzin species grougs covaries. The 1964 
and 1985 year classes were useful in idenrifying zhese grou~s. 
The factors causing certain species zssemblaqes to covary in year 
class abundance remain unknown. 
zssociated wizh spawning and subsequent early life stages are 
possibly linked. 
are potentially useful in predicting interspecific year clzss 
size through indicator species. 
identifying factors influencing year class success. 

=he effzcts of Sisoase 2x5 pazesltes on 

Through nlstoiogizal appearance and mcr?nological * .  . - .  
. _  - szesanal ?3azzerii of -,he anncd r ez ro5~sz ive  z l -z le .  -; -&--s : ;Z~I-:LSS . .  - 

Thz anz=;z1 pzzterns of 

S~ezies z~uld 3s chzraczerized 51- - .  
. - -  

~ - .  S-czsonel pz:zerr?s of juver-rle 8 . -  ran*-- -  -I-- -skes s.3_re 

While 1957 xas a par~izulzrly p r ~ d u c z i v e  

IT does apeer tnat factors 

The existence of covarying species assemblages 

They will also aid in 

38 



Sebzstes spp .  i n  1987 .  "he r ec ru i tmen t  of  s .  f l z v i d u s  w a s  found 
t o  occur i n  two d i s t i n c t  pu1ses,  thus cor?firming t h e  bimodal - 
r e p r o d u c t i v e  p e r f o n t e n c e s  of t h i s  s p e c i e s  n o t e d  by =he 
DhysiologicEl  Ezology 5roup. 
abundance o c e u r r e d  bo:h wichln and between species. Species 
appe2red t o  v a r y  specif ical ly  and un ique ly  between y e a r s .  
S p a t i z l  as w e l l  as ten20ral d i s t r i 5 u c i o n s  w e r e  found t o  be 
spec iEs  specific. Di f f e rences  w e r e  s een  between Sonoma and 
Mendocino s t u d y  sites i n  The r e l a t i v e  abundance and d i s t r i b u z i o n  
of v a r i o u s  s3eciP-s. S t u d i e s  of t h e  envi ronmenta l  f a c t o r s  w i rh in  
These sites are  undervjay t o  help i d e n z i f y  c a u s a l  r e l a y i o n s h i p s .  
T h e  c a p a b i l i c y  of i d e n t i f y i n g  j u v e n i i e  rockfishes i n  The stor tachs 
of k ing  s z l n o n  =as greazly inproved rh rouzh  new hisrolosical 
zscnr-iqdss 2nd c z ~ ; ; ~ u z e r  z .ss is ted i5ent i f ica: ion keys. The 
?reCiazor s t u d i e s  su??ar ted r i n d i n g s  of The i n  slru szuc2Les zhzt 
r e p o r t e d  s u c c e s s f u l  r e z r u i t m e n t  of  r o c k f i s n e s  i n  19S7. 

T h e  1967-19~8 resear& year  of tne ' I ibcron  Lzborazcry  sh~i+;e2 

recrn izment  veriz3L1Fty i n  rockf i shes .  It a l s o  denons=rz=ed =ha: 
zhrough a dynanic, c o r ~ r e h e n s i v e ,  n u l t i f a z e z e d ,  and . i n t e r a c r i v e  - .  
r e s e a r c h  anDrtiach we cen  greayly  i n c r e a s e  =he i d e n t i r l c a t i o n  ar,d 
understand:nT of -,'ne f a c t o r s  wrlch i n f l u e n z e  r e c r u l t n e n t  and 
causes of s ~ r r i a l , / r e z , ? z r ~ l  vz.rLations. 

I n t e r a n n u a l  v e r i a b i l i y y  i n  

- .  
- .  
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