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ABSTRACT 

Berring s tocks  were hydroacoustical ly surveyed and sampled i n  San 
Francisco Bay from November 1982 t o  March 1983. Twelve dj iscrete 
herr ing schools were i d e n t i f i e d ,  a l l  of which spawned between Novem- 
ber 7 and February 23. One add i t iona l  school w a s  found in t h e  Say i n  
March but  showed no evidence of spawning. Tota l  biomass es t ima te  from 
hydroacoustic surveys was 67 040 tons. Based on MRR b i o r a s s  es t imates  
from spawned egg counts, an  add i t iona l  10  000 tons may have spawned i n  
November and December without being detec ted  hydroacoustical ly.  The 
l a r g e s t  schools occurred i n  January and February. Hydroacoustic esti- 
mates of biomass f o r  individual  schools during t h e  seasoa ranged from 
270 t o  22 300 tons. 

Sixty-seven samples, containing a t o t a l  of 12 232 herr ing,  were co l l ec ted  
with v a r i a b l e  mesh g i l l  n e t  and midwater t rawl  o r  obtained from t h e  com- 
mercial roundhaul and g i l l  ne t  f i s h e r i e s .  I n  general,  a t rend  was ob- 
served of decreasing mean s i z e  and age as t h e  season progressed. 

Schools spawning in Nwember and December consisted priaaari ly of 4-, 5-, 
6-, and 7-yr-old f i s h .  Schools sampled from January t o  March were pre- 
dominantly 2-, 3-, 4-, and 5-yr-old herring. The 1978, 1979, and 1980 
y r  c l a s s e s  (ages 5, 4, and 3 yr) were strong,  comprising up t o  90% of t h e  
samples. The 1981 y r  c l a s s  (2-yr olds)  was r e l a t i v e l y  weak, 

Abundant r a i n f a l l  and r e s u l t a n t  low s a l i n i t y  i n  San Ranc i sco 'Bay  sur face  
waters apparently delayed o r  prevented herr ing from spawning i n  February 
and March . . . 

A r e l a t i o n s h i p  may exist between r e l a t i v e  abundance of ywmag-of-the-year 
f i s h ,  as noted from midwater t r a w l  samples co l l ec ted  by the Department's 
Bay-Delta Study, and t h e  r e s u l t a n t  year c l a s s  s t r e n g t h  of newly rec ru i t ed  
2-yr-old herr ing i n  San Francisco Bay's spawning stocks, 

I/ 'Marine Resources Administrative Report No. 83-5, - 
2/ Marine Resources Branch, 411 Burgess Drive, Menlo Park, - 

Cal i fornia ,  94025. 
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INTRCPDUCTION 

The P a c i f i c  Herring Research Pro jec t  has two major annual object ives :  

1)  estimate s i z e  (area) and biomass of each school of a d u l t  he r r ing  i n  San 

Francisco Bay us ing hydroacoustic methods; 2) determine s i z e  and age com- 

posi t ion  of each school. Addit ional  research during t h e  1982-83 herr ing 

season included obta in ing temperature and s a l i n i t y  p r o f i l e s  a t  a known spawn- 

.ing area,  analyzing ca tch  d a t a  of juveni le  hcrr ing from t h e  Department's Bay- 

Delta P ro jec t ,  at tempting t o  l o c a t e  schools of a d u l t  he r r ing  i n  t h e  Gulf of 

the Farallones,  azd s a p l i n g  t h e  s u m m e r  herr ing f i s h e r y  i n  Monterey Ray. 

Pre-season Fie ld  Sampling 

The stz~mer hc:rrlrag f i s h e r y  i n  Xoiiterey Bay ( F i g ~ r c  1) was sampled by 

Marine Reso~~vces  Region (PlRE) personnel on four occasions from Ju ly  14 t o  

September 28, 1982. Samples were frozen and del ivered t o  t h e  Menlo Park 

laboratory where they w e r e  thawed, measured, sexed, and aged using o t o l i t h s .  

From October 24 to 26, 1982, acous t i c  t r ansec t s  were conducted on 

R/V KELP BASS i n  c e n t r a l  San Francisco Bay and i n  t h e  Gulf of t h e  Fara l lones  

nor th  t o  Pt .  Reyes, south  t o  Half Moon Ray (Figure l ) ,  and ou t  t o  35 fm, i n  

an attempt t o  l o c a t e  a d u l t  he r r ing  schools. Four tows wi th  a 43-ft mouth 

diameter o t t e r  t r a w l  were completed i n  a reas  where p o s i t i v e  acous t i c  a c t i v i t y  

was observed. ~ w o ' o t t e r  t r a w l s  were made i n  a reas  of no acous t i c  a c t i v i t y .  - 
A 1-h night  set with a 50-ft long, v a r i a b l e  mesh g i l l  ne t  was made i n  Drakes 

Bay (Figure 1) i n  an a r e a  of acous t i c  a c t i v i t y .  
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figure 1. location of sununer herring fishery, Monterey Bay, and 
pre-season research cruise, Gulf of the Fara?LBaes. 
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Spawning Season F i e l d  Work 

Research Vessels 

A v a r i e t y  of vessels was used t o  l o c a t e  and sample he r r ing  schools i n  

San Francisco Bay. The p ro jec t  v e s s e l  PAN~ALUS was i n  s e r v i c e  from November 

9 t o  17,  1982, November 27 t o  December 13, 1982, and January 31, t o  Apr i l  4 ,  

1983, the  last f i e l d  day of the  season. Between t h e  f i r s t  f i e l d  day on 

November 5 and January 31, MRR's KAZUNOKO I and Region 3 ' s  MINNOW w e r e  

borrowed on numerous occasions. 

Acoustic Monitoring 

Hydroacoustic surveys were conducted approximitely 3 days each week 

using a Raytheon model DE-719B recording fathonetex depth sounder, Areas 

+ surveyed included c e n t r a l  and souEh San Francisco Bay bounded by t h e  Richmond- 

San Rafael Bridge, Oyster Point, and t h e  Golden Gate Bridge, and t h e  area 

between the Golden Gate Bridge and F t . Diablo (Figure 2) . Acoustic monitoring 

was done at speeds ranging from 6 t o  8 kn, ca l ib ra ted  by timlng runs between 

buoys andfor reference  points  on land a t  constant  engine RPMs, 

Herring schools w e r e  p lo t ted  on c h a r t s  of San Francisco Bay using a com- 

bination of ca lcu la ted  hor izonta l  school dimensions and bottom dep ths  from 

acoust ic  t r ac ings ,  course bearings from a compass,, and known landmarks, A 

planimeter was then used t o  c a l c u l a t e  surface  a rea  of schools or por t ions  of 

schools with approximately uniform densi ty  and height  i n  t h e  water  column, based 

6 2 on v i s u a l  examination of acoust ic-  t rac ings .  Density es t ima tes  i(tons/lO f t  ) 

were then assigned t o  each school o r  port ion of school based on t h e  following 

methodology. 

A commercial purse se ine  vesse l ,  PACIFIC 2 ,  was char te red  in San Francisco 

Bay on February 17, 21, and 23,  1983, t o  c a l i b r a t e  d e n s i t i e s  of acous t i c  t r ac ings  

on the  Raytheon fathometer. The fathometer t ransducer w a s  mounted on t h e  s i d e  



F i p r e  2. Pacific herring spawning, accustic survey, and sampling areas 
in San E'mncisco Bay, 1982-1983. 



of the vessel and used aoncurrently with the vessel 's  Konel-Fuxuno fathometer. 

When a herring schaol was located, 3x was first surveyed a t  approximately 6.5 

la, comparable t o  our mm-1~3. monimrjing speed, A11  or  pa r t  of the purse  

seine was then s e t  around a por t fan of the  school, and t h e  catch w a s  brought on 

board and ue%ghed. F-ive sets weremade in t h i s  manner, but only th ree  appeared 

to catch "what was there*', based cm t h e  vessel  captain 's  evaluation from past  

experience, Surface area of t he  easllhosed catch was calculated from the  amount 

of purse selne placed ia the water, and catch was converted t o  density values 

6 2 of tons/lO f t  . density e t e  is biased by unknown changes i n  school 

density a s  the f i s h  reset to t he  presence of t h e  net .  

After the charter: we wquired the vessel's acoustic t racings  from the  . 
ent2re commercial r o u d b a u l  season, Tonnage estimates were provided by the  

captain for 42 d i s c r e t e  d-.ity tracings, each of an area  t h a t  would be encir- 

cled by the 240-fa, 1- purse seine, 

School bfomass wws then calculated f o r  each major school surveyed, based on . 
schodl size estimates, v i sua l  comparisons of densi ty  t rac ings  from the  Raytheon 

and Konel-Fuhuno fa tbetem,  and densi ty  ca l ib ra t ions  obtained during t he  

char ter  cruise. , T h b  is not a precise,  systematic, o r  ea s i l y  reproduced method 

of biomass estimation, but it should function as a f i r s t  approximation which 

cim be ref ined i n  subsequent years, . . ' 

Sampling Gear types 

G i l l  Ellets. T h r o q h u t  the  season a 50-ft long by 6-ft high nylon, multi- 

filament, var iab le  mesh gill ne t  was used t o  sample herring i n  depths from 6 to 

60 ft. The mesh a r r a y  consisted of five 10-ft long panels with mesh s i z e  1.5, 

. 1.75, 2.0, 2.25, and 2.5 in. Nets were anchored and marked by f l oa t s .  Soak 
* 1 

times var ied from 5 nirP t o  17 he  Nets usually were set and re t r ieved from a 1 
i 

boat, but frequently, a l l  during spawning events, they were deployed from 

shore. Locations included Clipper Yacht Harbor i n  Sausali to,  Paradise Park 



Pier in Tiburon, Coast Guard dock a t  Yerba Buena I s l and ,  Hunter's Point  Ship- 

yard, and Oyster Point Marina (Figure 2). 

Midwater Trawl. A 12-ft square (mouth-opening) double warp midwater t rawl 

with an 0.5-in. s t re tched mesh cod end was used t o  obta in  f i v e  samples (-10) 

of herring from February 1 t o  March 30, 1983. Tow durat ion ranged from 10 t o  

47 m3n and tow speed was 1 t o  2 kn. 

Ring N e t .  On January 27, 1983, one sample was obtained wi th  a r i n g  net .  

'1Chis net c o n s i s t s  of two concentric  metal hoops with s m a l l  mesh n e t t i n g  at tached 

to them, forming a basket when t h e  ne t  is lowered o r  r a i sed  by a hand-held l i n e .  

Commercial Fishery. From January 5 t o  March 30, 1983, samples were 

obtained from purse se ine  and lampara boats  i n  t h e  process of ca tching herr ing.  

Fishwere  col lec ted  with a b r a i l  a s  they were brought t o  t h e  s i d e  of t h e  boat. 

On seweral occasions, samples were taken from t h e  top, middle, and bottom por- 

tions of a purse se ine  catch. 

Prom November 29 t o  January 27, add i t iona l  samples were obtained infre-  

queafky from g i l l  n e t  boats. 

, Field Processing of Samples 

Body length  (BL) , t h e  Department 's standard measurement for herr ing 

{Sprart 1981), was determined t o  t h e  neares t  mil l imeter  from t h e  t i p  of t h e  snout 

to the end of t h e  pigment underneath t h e  l a s t  column of s c a l e s  on t h e  caudal 

@uncle. Fish were sexed and assigned a maturi ty code. Females were c l a s s i f i e d  

as d t h e r  unripe,  mature, o r  spent; males were c l a s s i f i e d  as e i t h e r  mature o r  

Samples were separated by 10-mm s i z e  c l a s s e s  and a maximum 17 f i s h  per 

size c l a s s  was re ta ined from each sample f o r  aging. I n  addi t ion ,  a l l  g i l l  n e t  

samples were separated by mesh s i ze .  
. . 

Temperature and S a l i n i t y  P r o f i l e s  

. Temperature and s a l i n i t y  p r o f i l e s  were determined approximately t h r e e  times 

each week from November 5 u n t i l  Apr i l  4 near t h e  Peninsula Point  buoy i n  San 



Francisco Bay (Figure 2). Readings were taken with a Martek Mark V I  Water 

Quality Analyzer a t  5-m~ i n t e rva l s  from the  surface to 25 m, providing a 

time-series at a known spawning area. Prof i les  a l s o  w e r e  obtained infre-  

quently a t  o ther  Bay locations.  

Laboratory Processing of Samples 

Length 

811 herring samples were returned t o  the  Menlo Park laboratory,  frozen, 

and thawed before processing. A correct ion fac tor  was developed f o r  convert- 

ing thawed length t o  f r e sh  length by remeasuring 1090 f i s h  that were measured 

or ig ina l ly  uhen fresh,  Average f r e sh  length f o r  females w a s  1.0223 times 

greater than frozen/thawed length; f o r  males, the  f ac to r  was 1,0205. Fresh 

o r  correct& lengths were used i n  a l l  data  analyses. 

OtoLiths -- 
OtolitZss w e r e  removed from herring, cleaned i n  f r e sh  water and then eth- 

anol, and stored dry in g d a t i n  capsules. Otol i ths  were read ia ethanol under 

a dissect ing ~l icroscope by two readers independently. When disagreement 

concerning the age of a f i s h  occurred, t he  f i r s t  reader would read the  o t o l i t h s  

again. If o t o l i t h s  were of poor qual i ty ,  o r  agreement could not be reached, 

the age determination was not used. 

Assigned Age by Length 

Ages were assigned t o  lengths of f i s h  ( 2 - n q  in te rva l s )  not aged, based on 

the  r e l a t i v e  percentage composition of age's (from o to l i t h s )  f o r  a par t i cu la r  

size in te rva l .  A l l  f i s h  not aged were combined by assigned school numbers 

before agea were given t o  lengths. 

Assigned School Numbers 

A school number w a s  used t o  def ine  a d i s c r e t e  school that spawned i n  

San Francisco Bay or ,  i n  one case, a school tha t  was present 3.n t he  Bay, but 



showed no evidenceof  spawning behavior.  A combination of f a c t o r s  was used 

t o  a s s ign  each sample of he r r ing  a school  number: 2) temporal data from 

MR.'S egg deposition surveys; 2) f i e l d  obse rva t ions  of spawning even t s  and 

schooling p a t t e r n s ;  3) examination of d a i l y  landings  of t h e  commercial f i s h e r y  

( g i l l  n e t  l andings  u s u a l l y  show peaks dur ing  spawns); and 4) misce l laneous  

information from conversa t ions  wi th  fishermen. 

Computer Process ing  of Samples 

Length and sex  d a t a  from a l l  h e r r i n g  samples were en t e red  i n  a Radio 

Shack TRS-80 microcomputer, Model I, us ing  a program developed by personnel  

of our  Biometrics Unit .  Mean, s tandard  dev ia t ion ,  and s tandard  e r r o r  of BL, 

by sex, were generated f o r  each sample, c e r t a i n  combined samples,  and f o r  

each gear  type  (each mesh s i z e  was considered a gear  t y p e  f o r  g i l l  net  san:!Irs). 

Addit ional  f i l e s  were c r ea t ed  f o r  age-length d a t a ,  S t a t i s t i c a l  comparisons 

of samples were done on t h e  Department's PDP-1.1 computer u s ing  t h e  BPDP 

programs. 

Supplementary Data 

Local p r e c i p i t a t i o n  and barometr ic  p re s su re  d a t a  were obta ined  frora t h e  

National  Weather Se rv i ce  o f f i c e  a t  San Francisco I n t e r n a t i o n a l  A i rpo r t  f o r  u s e  

i n  determining i f  a r e l a t i o n s h i p  e x i s t s  w i th  spawning events .  

Juven i l e  h e r r i n g  c a t c h  d a t a  from t h e  Department's Bay/Delta Study were 

obtained f o r  1980, 1981, and 1982 t o  examine young-of-the-year (YOY) c l a s s  

s t r e n g t h  i n  r e l a t i o n  t o  t h e  occurrence of 2-yr .olds  i n  San Francisco Bay spawn- 

ing runs. 

RESULTS AND DISCUSSION 

Monterey Bay Summer Herr ing F i she ry  

Three of f o u r  samples from t h e  Monterey Bay summer f i s h e r y  cons i s t ed  of 

a d u l t  f i s h  ranging from 150- t o  216-mm BL and from 2+ t o  6+ y r  (Tables 1 and 2).  



. .  T A B U E L  N m h r o f  PaCiCicHcming by b d y f m g t h  (2-rmnhtervals) fram 
Montemy Pay Surmer Comerricll Poundhaul Fisb.ery, July to 
Sqterrlor 1982. 

Size M t h  
irrterval (m) Ju ly  A u q s t  Septurker 

150-151 1 
152 
154 
156 2 2 
158 1 3 
160 2 1 
162 1 
164 1' 3 
166 1 2 
168 1 2 
3.70 2 4 
112 3 1 3 .  
174 5 3 I 
276 6 3. 4 
273 5 5 
3-80 4 3 1 
182 2 4 4 
zali 4 6 2 
285 5 1 
1% 8 E I 

Size Ymth 
interval (m) July Auwst Septwhr  

190-191. 1 1 192 1 2 
194 1 2 

1 196 2 
198 1 

1 200 
202 1 
204 1 
206 1 
208 1 
21 0 
21 2 
214 

N 36 48 4 4 
P + a  174.7 185.2 172.3 
Std. ckv. 9.9 U.3 8.1 

!i!ABLE 2. Age Ckxnpsit5on of Pzcific EIwring Samples, Based on Otoliths , 
fran kbntcey k y  S ~ - m r  b m ~ i a l  bw.dhaul Fishery, July 
to Septc-nber 1952. 

4s X'inber 
(pas) July Aiigust Sy te~be r  -- 

2+ 12 9 2 3 
' .  3* 19 31 20 

4+ 5 14 1 

5+ 1 

&e Percent 
(years) July August September 

2+ 33 19 5 2 



Herring a r e  assigned a b i r t h  d a t e  of January 1; thus a 2+ f i s h  i n  t h e  summer 

will be 3 yr old the following winter. The J u l y  and September samples are 

fairly similar in  s i z e  and age composition, while the August sample c o n s i s t s  

of o lder ,  larger f i s h .  It is poss ib le  t h a t  these  s tocks  may spawn i n  San 

Francisco Bay i n  t h e  winter;  v a r i a b l e  age composition between schools (samples) 

in  Monterey Bay is consis tent  with t h a t  observed i n  San Francisco Bay, where 

earlier spawning schools have a g r e a t e r  mean age than those  spawning l a t e r .  

A four th  sample (n = 28) of herr ing from Monterey Bay on September 28 

consisted of YOY f i s h  (age O+) i n  t h e  s i z e  range 105-120 mm (x = 111.5 mm). 

Spratt (1981) found t h a t  herr ing sampled during t h e  winters  of 1973-74 and 

19f4-75 i n  Monterey Bay averaged 113 mn BL (range 94-136 mm). There docs  not 

appear t o  be any mixing of O f  o r  1-yr-old f i s h  with those  2 y r  and o!.Gcr. 

Gulf of t h e  Faral lones Research Cruise 

Three days of acoust ic  monitoring i n  t h e  Gulf of t h e  Fara l lones  (FLgure I) 

and c e n t r a l  San Francisco Bay yielded l a r g e  scllools of fish only i n  t h e  area 

between Pt .  Diablo and t h e  Golden Gate Bridge (Figure 2 ) .  An o t t e r  t x n w l  

sample indica ted  t h e  composition of t h e  schools t o  be small  anchovies. Other 

acoust ic  a c t i v i t y  i n  t h e  Gulf turned out  t o  be small schools of l a r g e  anchovies, 

juveni le  white croaker and l a r g e  j e l l y f i s h ,  a l l  v e r i f i e d  by o t t e r  t rawl samplixg. 

A g i l l  n e t  set i n  Drakes Bay ( ~ i g u r e  1 )  produced only one anchovy. No a d u l t  

herr ing w e r e  taken during t h e  c ru i se .  

Acoustic Monitoring 

General Observations 

Sixty-six days w e r e  spent conducting acous t i c  surveys i n  San Francisco 

. &  Bay from November 5, 1982 t o  Apr i l  4 ,  1983. Schools of herr ing genera l ly  were 

detected i n  water deeper than 60 f t  i n  c e n t r a l  San Francisco Bay wi th in  t h e  
. 

boundaries of the  t h r e e  major bridges (Figure 2). The most f requent ly  observed 

schooling a c t i v i t y  occurred i n  Raccoon S t r a i t  and along t h e  shel f  of 



Richardson Bay. For t h e  second consecutive season, l a r g e  schools were 

monitored in southern San Francisco Bay between Hunters P t .  and t h e  Oakland- 

Bay Bridge (Figure 2 ) -  

Large schools of anchovies w e r e  present  i n  t h e  Bay during e a r l y  and 

mid-November, Their  acous t i c  t r a c i n g s  a r e  character ized by a dens i ty  g r e a t e r  

than t h a t  of he r r ing  and an i r r e g u l a r ,  spiked v e r t i c a l  d i s t r i b u t i o n .  School 

composition was v e r i f i e d  by sampling a commercial lampara b a i t  hauler  and with 

our midwater trawl. Young-of-the-year herring w e r e  mixed with t h e  anchovies 

and comprised 5 t o  7% by number of t h e  samples. 

Smal l  schools of a d u l t  he r r ing  were f i r s t  de tec ted  on November 15. Four 

days of acous t i c  monitoring before that f a i l e d  t o  l o c a t e  herr ing,  although a 

S P Z ~  in K i d  Cove (FQmrc 2) was discovered by EfRR on November 8. From nid- 

Hovcmber, scboolh-g o r  spawing a c t i v i t y  w2s evident on most f i e l d  days u n t i l  

7 2 t h e  cad of Kkrch. The Largest: schoo3.s (5 x 10 f t  ) were present  i n  Janxary 

and February (Table  3). I n  general ,  schaol depth ranged from 40 t o  80 ft until 

j u s t  p r i o r  t o  spawning, when schools would break up a s  f i s h  noved i ~ t o  shallow 

water. The v e r t i c a l  ex ten t  of a school was 20 f t  o r  less. Most schools had 

one hor izon ta l  axis much longer than t h e  other;  t h e  longer a x i s  was or iented  

with t h e  d i r e c t i o n  of t i d a l  flow, The longest  school (February 2) extended 

6.8 miles (10.9 h) along the  San Francisco waterfront .  

Cal ibra t ion of Acoustic Echograms 

The c h a r t e r  cruise on t h e  PACIFIC 2 in San Francisco Bay produced t h r e e  

es t imates  of he r r ing  school dens i ty  f o r  our acous t i c  echograms. On t h e  f i r s t  

good s e t ,  the e n t i r e  pa r se  s e i n e  (1440 f t  long) enclosed herr ing of a l i g h t  

density on the echogram, and the catch of 1190 Ib was equivalent t o  a dens i ty  

6 2 if 3.5 t o n s i l 0  f t  . On t h e  second good set, 3/4 of t h e  n e t  was used t o  enclose 

a school of moderately high densi ty ,  and t h e  ca tch  of 13 745 l b  was equivalent  

6 2 t o  74 tons/lO ft . Earever, after t h e  catch w a s  brought on board, t h e  cap ta in  



remarked that 2-3 times more f i s h  would have been caught if tlae ne t  had been 

set i n  t h e  other di rec t ion .  On t h e  l a s t  good set., 3 / 4  of the net enclosed 

a school of moderate t o  l i g h t  density, and t h e  catch of 1752 Xb was equivalent 

6 2 to  9.4 tonsf10 f t  . 
O f  greater use  i n  t h e  i n i t i a l  est imation of d e n s i t i e s  oE acoust ic  echo- 

grams were t h e  c a p t a i n ' s  tonnage est imates f o r  schools detectfed throughout 

t h e  commercial season and recorded on h i s  fathometer, The cquft,ah has p a r t i -  

cipated i n  the San Francisco commercial herr ing f i s h e r y  f o r  -em seasons and 

is an experienced fisherman. It i s  unknown t o  what extent  U s  es t imates  a r e  

biased. Lowest d e n s i t i e s  of t h e  42 est imates w e r e  equivalent  to a biomass of 

6 2 4.5 t o  6 tons/bO f t  , comparable t o  our l i g h t  d e n s i t i e s ,  F r m p e n t l y  occurring 

d e n s i t i e s  in his acous t i c  t r a c e s  were i n  the  range of 50 t o  2l5Q t o n s / l o 6  f t  2 

6 2 It appears that schooling d e n s i t i e s  g rea te r  than 300 t o n s / l 0  ftt are uncom- 

aon in San Zr,ap1clsco Bay. During t h e  3 days of t h e  char te r ,  which our 

fathometer and t h e  f i s h i n g  vesse l ' s  fathometer were run sirmrl.-eously, a wide 

range of schosl d e n s i t i e s  was recorded on t h e  two fathometers, It is mainly 

from t h e s e  comparisons and t h e  captain 's  42 estimates t h a t  sabcequent biomass 

estimates were made f o r  schools detected i n  San Francisco Brapr, 

Herring S c h w P s  by Number 

W e  deterapincd t h a t  13 d i s c r e t e  herr ing schools were p r e s m t  i n  San Fran- 

c i sco  Bay during the1982-83 season (Table 3). Spawning b e b a d o r  was t y p i c a l  

for t h e  first seven schools, and spawn was discovered by IWB 3.n t h e  i n t e r t i d a l  

or shallow s u b t i d a l  zone a f t e r  each spawn. However, schools  .eight and t en  

w e r e  unusual i n  t h a t  spawning pa t t e rns  were observed (breakmqpof school, move- 

ment of fish t o  shallow water, and l a r g e  catches of r i p e  £is% by commercial g i l l  

nets and our research g i l l  ne t )  ye t  no spawn was detec ted  dmoing MRR surveys. 



l f  CFU. w:trr=r cafht: 241) azs .of herring 3-7 25-25 along Saurnlito shoreline; however, EL!! - 
8uIV4~yS ~ f d d d  IkO SpaWtl bex,09%1~~n. 

23 Slerring were  present i n  EEdxrrdson B R ~  f5XS f lsh were caught w i t h  50-f t variable mesh gill net - 
i n  M eve-t set); h-, subsequent IS! surveys yieldcd no spawn deposftion. 

21 Majority of scbool &tecscd fn South SanHrm-cisco Bay on February 14;  school moved to Treesurc - 
Zelarr3 LOG t$C3 -el 1s- before o p n ~ n h ,  

Y ?hall- t o  nakxitr-sfzed schwa1 was preseat Setween Sausalito and Tiburon on many f i e l d  days from - 
2Lerch 3 +a a; no spawn* was evident d-g the month. 

s&mZ probabfg vas wt dctectad ~ D T  to spawning; e s t h t e  given is of maximum biomitss 
monitored ~zoacorrsticaSXy, bur nmst LZbz%y s l g n i f i c m a y  ucdcrest:.ratea total scSool bionnsa. 



It shrPraM noted t h a t  the re  is no cor re la t ion  between conauercbl ca tch  

and size mff spawning run because of closures and weather, 

LSdramR 12 ,  t h e  l a r g e s t  of t h e  season, entered San FramWo Bay on 

February 8, accordTng t o  commercial fishermen. Between them d February 21, 

p a r t  of tEaz school apparently stayed in  t h e  a rea  ou t s ide  Richardson Bay arid 

was avaEQ&Ee t o  th.e roundhaul f l e e t ;  on every f i sh ing  day, Ba2I.y landings 

ranged Emmi 43 t o  112 tons. The majority of t h e  school w a s  Beteered i n  south 

8 2 San Fmrzdmr~~~-iiwo Bay on February 14 and covered 1.5 x 10 f t  , Fi%% remained a t  

depths of 40 t o  80 f t ,  although most were r ipe .  Gi l lne t te i rs  repor ted  spawn 

on tk-&r m h o r s  a f t e r  they made sets in t h e  area.  However, surveys d id  

not  f&rd.aq evidence of deep s u b t i d a l  spawning i n  t h e  soutEn Bay, an area 

c h a r a c t a d z e d  by mud and oyster  s h e l l  bottom. The g i l l  n e t  fleet followed 

t h e  he- to Treasure Is land and Angel Is land before a spama occurred along 

Raccaaee Strait and t h e  Sausa l i to  shore l ine .  . G i l l  n e t  land- ranged from 0 

t o  36 t- per day from February 9 t o  21, but on February 22 d 23, duri.ng 

t h e  s- a t o t a l  of 424 tons was landed. Spawning was most Bikely inhibi ted  

f o r  2 d k b y  an extensive l a y e r  of low-salinity (C10.0 ppt)  d a c e  water. 

' ~ ~ v i o r  of s c h o o l 1 3  w a s  even more unusual. Herr* were present  i n  

the  Bay m =st f i e l d  days from March 3 t o  31, ye t  no evideauzce of spawning 

o r  sgmzmiisg behavior was found. Throughout t h i s  period a Ixa Iad ine  o f t en  was 

presena batween 5 and 10 m (16 t o  33 f t ) ,  and herr ing werenewer observed i n  

the  I c m ~  ssi!linity water above it. 

A c o u s . t ~  Biomass Estimates 

IBitwmss est imates f o r  he r r ing  schools i n  which w e  f e d  tlhe e n t i r e  school 

was srs.mwe@ ranged from 270 to  22 300 tons (Table 3) .  W e  did not acoustically 

rnonitwr schools 1 and 9,  and probably d id  not monitor t h e  emt i re  school f o r  

scbo6ks >2, 4 ,  and 6. Schools i n  November and December appeared t o  spawn within 
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severa l  days a f t e r  enter ing t h e  Bay, and t h e  e n t i r e  school may not  have been 

present i n  t h e  t y p i c a l  holding depths, ei.ther a t  any one time o r  f a r  any length  

of time. Based  on XIU?'~  spawning biomsss estimates f o r  these  f i v e  schools,  

we f e e l  that our t o t a l  acous t i c  biomass es thna te  of 67 040 tons  may have missed 

an  add i t iona l  10,000 tans i n  our surveys. 

On only four  occasions OLd w e  observe schooling d e n s i t i e s  estimated a s  

6 2 g rea te r  than 250 tonsil10 f t  . Twice i n  January, t h e  dens i ty  of p a r t  of school 

6 2 7 w a s  estimated t o  be  400 tons/lO f t  . I n  l a t e  January, small  p a r t s  of two 

6 2 separa te  schools had an estimated dens i ty  of 500 tons/lO f t  . Dens i t i e s  a s  

6 2 low a s  3 tons/lO f t  were observed, but t h e  majori ty of schooling d e n s i t i e s  

6 2 ranged from 10 t o  250 tons/lO f t  . 
We have no way of ca lcu la t ing  confidence i n t e r v a l s  of our biomass est imates,  

Our es t imates  show some consistency with t h e  sum of MRR spawning biomass estimates 

and the commercial c a t c h  but  a l s o  dfffer grea t ly  f o r  some schools. Our method of 

"v?lscal integration" 5s nut  s c i e n t i f i c a l l y  precise, 5u t  w i l l  s e rve  as a f i x s t  

approximation u n t i l  w e  are a b l e  t o  improve our e s t i ~ n a t e s  using b e t t e r  equip~ient  , 
s p e c i f i c a l l y  an a c o u s t i c  echo in tegra to r .  Resul ts  from t h i s  year show t h e  need , 

t o  continue both t h e  spawn deposi t ion  and acoust ic  surveys; we f e e l  t h a t ,  due t o  
- 

the complenentary n a t u r e  of t h e  two, we d ld  not m i s s  any s i g n i f i c a n t  herr ing 

schools which entered San Francisco Bay t h i s  season. Our acous t i c  es t imates  

revealed large schools which may have spawned i n  deep s u b t i d a l  areas,- o r  which 

did not spawn; these  would not have been included i n  biomass estimates based only 

an egg deposi t ion  surveys. Thus; t h e  bes t  est imate f o r  t o t a l  spawning biomass i n  

San Francisco Bay f o r  t h e  1982-83 season l i e s  somewhere between 59 200 tons  

(m's esthate  of spawning biomass) and 77 000 tons. 
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Herring Samples 

Sixty-seven samples (11210) were co l l ec ted  i n  San Francisco Bay from 

November 18, 1982 t o  March 30, 1983 (Appendix A) ; these  conta2ndl a total of 

1 2  232 f i s h ,  Berring were sampled from every school except number 1. Samples 

from school number 3 w e r e  obtained only from t h e  commercial 2.25-in. mesh gill 

n e t  f i s h e r y  and are biased due t o  t h e  exclusion of smaller f i sh  in the catch.  

Three l a r g e  samples, numbers 74, 91, and 96, were a l s o  b iased a d  r e l a t i v e  

numbers by age o r  s i z e  class were not used f o r  comparisons between schools. 

Sample 74 consis ted  of 800 herr ing captured with two v a r i a b l e  mesh g i l l  n e t s  i n  

10 m i n  at  a boat launch ramp i n  'Sausalito. The posi t ioning of the n e t  was such 

that t h e  large-ntcesh end of one n e t  w a s  i n  water too shallow to Eish  e f f e c t i v e l y  

and the sample contained a d i sp ropor t iona te  number of smal le r  flsh. Samples 91 

and 96 w e r e  obtalPed wi th  the v a r i a b l e  mesh g i l l  ne t ,  b u t i n  each case  t h e  n e t  

was inshore  o f ,  and i n  c l o s e  proximity t o ,  10-20 commercial 2.ll.25-in. mesh g i l l  I 
nets. Larger fish were caught by t h e  commercial ne t s ,  thus  bZasing our sample. 

However, data from t h e s e  samples w e r e  used f o r  length-at-age &terminations and gi?i 
I 

net s e l e c t i v i t y  curves. 

Size Composition 

Var iable  Kesh G i l l  Net Samples. Our v a r i a b l e  mesh g i l l ,  was t h e  only type 

of gear used success fu l ly  t o  ob ta in  samples throughout t h e  season. Thirty-nine 

samples were obtained (Appendix B), and these  were grouped by assigned school 

mmiber , e x c l u d ~  samples 74, 91, and 96 (Table 4) . Mean EL ranged from 202.2 roin 

(school 2) to 177.6 mxn (school 11). Schools spawning i n  Noveuber and December 

(numbers 2-6) had g r e a t e r  mean lengths  than those spawning Z n  January and February. 

Bistorically, older and l a r g e r  San Francisco Bay herr ing nature and spawn e a r l i e r  

each year than t h e  younger, smaller  f i s h .  Schools 8-13 were character ized by 

a r e l a t i v e  s c a r c i t y  of f 5 s h 2  200 mm BL (7.6%) when compared wi th  schools 2, 4 ,  5, 

and 6 (46.4%). School 7 (ea r ly  January) appeared t o  be t raras i t ional  i n  s i z e  

composition ~ 5 t h  25.7% of t h e  f i s h 2  200 mm BL. 



N 206 278 283 ,113 904 101 267 482 ' 

Y i  202.2 152.5 200.1 197.8 190.2 1811.6 180.4 180.5 
Std. &w. 4 12.5 16.0 13.6 14.2 12.8 12.7 13.0 

tmn of acalan body leneth 





A series of g i l l  net s e l e c t i v i t y  curves was generated f o r  t h e  1.5-, 

1.75-, 2.0-, and 2.25-fi, mesh s i z e  by month (Figures 3-6). S e l e c t i v i t y  curves 

f o r  t h e  2.5-5.11. mesh were not p lo t ted  due t o  small sample size; mean BL was 218.8 

arm i n  November-December (n = 39) and 211.3 mm i n  January (n = 29). Although 

monthly mean lengths um5.ed f o r  a s p e c i f i c  mesh size, t h e  ca tch  curves a r e  

f a i r l y  similar and t h e  warns did  not  overlap those from another mesh (except 

f o r  t h e  2.25-in, mesh in November-December and t h e  2.5-in. mesh i n  January). 

There was n consistenlr 'hrend of decreasing Tean BL f o r  each mesh s i z e  between 

the  November-December and January samples. With the  exception of t h e  1.5-in. 

mesh, mean BL e i t h e r  decl ined s l i g h t l y  o r  remained constant from January t o  March 

f o r  each mesh size, i z d i c a t i n g  a unifors5ty  in s i z e  conposition f o r  t h e  later 

spawning schools. Th5.s is consis tent  with the  r e l a t i v e l y  uniform o v e r a l l  

school means (Table 43 f o r  schools 8-13, which occurred i n  t h e  Bay from mid- 

Jauuary t o  lace March, 13 gmm-a l ,  the catch curve fer eoch mesh s i z e  apprc::?.- 

mates a cor-saL d i s t r i k t 5 c n  w - i t k  a rnnge of a b o ~ t  30 mm BL f o r  t h e  o ~ a j o r l t y  of 

the f i s h .  

Comnlercfal Purse Seine  and Larr.para Samples. Twelve samples were o b t a h e 3  - -- -- 
from t h e  comnercial r d h a u l  f i s h e r y  from January 5 t o  March 30, 1983 (AppendLx 

C); a t o t a l  of 4452 herring was measured. Samples 112 and 114 w e r e  unusually 

l a r g e  due to frequent  sampling on the PACIFIC 2 c h a r t e r  c ru i se .  Samples were ' 

grouped by assigned sc%hool numbers, and f i v e  shcools were represented (Table 5). 

Mean BL for a l l  schools  ranged from 178.6 t o  184.2 mm. Schools 8 ,  10, 12, and 

13 were s-lar i n  size composition and were characterized by a r e l a t i v e  scar-  

c i t y  of fidaZ 200 msi BL (5.9%). School 7 had a g r e a t e r  mean BL with 17.2% of t h e  

f i s h 2  200 rran BL. Tbess r e s u l t s  are comparable to those  f r o m  the variable mesh 

g i l l  net. Samples from the roundhaul f i she ry  a r e  assumed t o  be unbiased. A 

comparison d t h  variable mesh g i l l  net samples f o r  the  same school numbers indi-  

c a t e s  t h e  p o s s i b i l i t y  of a b i a s  towards l a rge r  f i s h ;  mean BL f o r  schools 7 ,  8, 



BODY LENGTH 
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12, and 13 vas 4-6 mm g r e a t e r  than t h e  roundhaul samples. However, mean BL f o r  

school 10 was smaller  from t h e  g i l l  n e t  sample. 

Analysis of v a r i m c e  showed high ly  s i g n i f  j cant d f f  f erences (P<0.001.) in 

mean BL due t o  gear type f o r  a l l  schools sampled by g i l l  n e t  and roundhaul. 

Subsequently, pa i rwise  comparisons W= 0.05) were performed. When adjusted 

f o r  mul t ip le  co~aparisons (Bonferronl inequality!, a l l  t e s t s  showed highly signi- 

f i c a n t  d i f fe rences  (PC0.01). However, a d i f fe rence  of 2-6 rnm i n  mean BL of a 

school'may be s t a t i s t i c a l l y  s i g n i f i c a n t ,  due t o  l a r g e  sample s i z e s ,  but not bio- 

l o g i c a l l y  s i g n i f i c a n t .  Other treatments were applied t o  age composition d a t a  

f o r  t h e  same schools and a r e  presented l a t e r .  

Samples were obtained from t h e  ca tch  of a purse se ine  v e s s e l  on January 25 

(school 5 )  and February 17 and 21 (school 12). Samples were b ra i l ed  f ron  the 

top, middle (February 17 only), and bottom of t h e  school as t h e  f i s h  w e r e  loaded 

onto the  vessel from the purse se-ine. Sanplc s i z e  xanged from 88 t o  230, and 

sainple mans  ranged frm 177,s tc 182.2 m. BZ,. Dafrrd t - t e s t s ,  w h t x  a l ~ l i a  l e v e l s  

ve re  adjus ted  f o r  c u l t i p l e  testing, shomd no s i g n i f i c a n t  d i f fe rences  (4= O.O,'j. 

Analysis of var iance  showed no s i g n i f i c a n t  d i f fe rences  in mean BL among a l l  

samples combined (P = 0 .23)  , but t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  among t h e  

t h e  3 d (P = 0.03). Each of t h r e e  top samples f r o n  February 1 7  had a g r e a t e r  mean 

BL than that of t h e  corresponding bottom sample. Again, d i f f e r e n c e s  were small 

(1.2-2.6 mm) and may not be b io log ica l ly  s ign i f i can t .  I n  genera l ,  w e  concluded 

that, with* a school on a p a r t i c u l a r  day, s i z e  composition of a sample w i l l  not  

be a f fec ted  by the  sample's loca t ion  within t h e  purse seine. 

Midwater Trawl Samples. Due t o  t h e  lack of a n  appropr ia te  vessel., t h e  mid- 

water t r a w l  was used only  i n  February and March. One l a r g e  and four small  

samples vere obtained {Table 5 ,  and Appendix D) . ComparSson of sample 103 wi.th 
. I  

g i l l  ne t  sample 102, taken I d  a p a r t  i n  south San Francisca Bay, showed t h a t  

t h e  mean for t h e  g i l l  n e t  sample (177.6 m) was s i g n i f i c a n t l y  g r e e t e r  than * a j  



t h a t  of t h e  t r a w l  sample (175.1 mm) a t  t h e  95% leve l .  Eovcrvsr, exclusion of 

four ffsh less than 140 mm Bt from the t r a w l  sample eliminates t h a t  significant 

difference. This iad%cates t h a t  large samples from t h e  mfdvater t rawl  and 

var iab le  mesh g i l l  nee: be compatible (i.e. no s i gn i f i c an t  d i f fe rence  i n  

sample means) from the same school. 

Commercial Gill get Sampl.es. Eight samples from 2 .25-ia;z, acommercial g i l l  

ne t s  obtained from N o p d I m c  29, 1982 t o  January 13, 1983 s b  a gradually decreas- 

ing mean BL from 211 to 199 nim (Appendix E). Samples 93 and 5% were taken a f t e r  

t he  f i shery  changed to 2.123-in. mesh on January 17; both  sample means a r e  l e s s  

than 200 mm. These d a t a  are consis tent  with other  samples, s b w i n g  a s h i f t  

towards smaller f i s h  as the season progressed. 

Ring N e t  Sample, (be sample was col lected a t  Oyster Poiat Marina concur- 

r en t l y  with a variable mesh g i l l  ne t  sample (96). It app-s t h a t  l a rge r  f i s h  a r e  

able t o  avoid t h e  ring Only one f i s h  (2.4%) w a s  g r ea t e r  athan 195 mm BL, while 

6.8% of t h e  g i l l n e t t e d  fWn were grea te r  than 195 mm BL, 

Sex Ratios 

Samples from the 1.5 to 2.5-in. mesh a r ray  g i l l  net shou 8 decreasing 

proportion of male herring with  increasing mesh size f o r  all m ~ l t h s  (Table 6),  

similar t o  r e s u l t s  from t h e  1981-1982 season. For a l l  meshes combined, a s h i f t  

in  sex r a t i o  occurred-as  t he  season progressed. Males coeprised 62.1% of t h e  

samples fn !?ovember-Deceinber, 48-52 i n  January, 56.3X in  Febrnary, and 34.8% i n  

March. Percentage of males i n  roundhaul samples decreased £ram 51.6% i n  Jan- 

uary t o  41.6% in February, then rose  t o  44.1% in  March. 

Differences in t98e and length  of t he  maturation perSod of herring most 

l ikely are responsible for the above trends. Apparently, a higher proportion of 

. . small males (2-yr ohis) than small females achieves f i r s t  r a t u r i t y  and en te rs  

t he  spawning populatiam, For example, 186 f i s h  l e s s  than  160 mm BL were taken 
. . 

from commercial roundhaul samples; 113, o r  60.8%, were males. This would 



TABLE 6. Sex P a t h s  of Pacl f lc  Hcrring Samples by Gcnr Type from San 
Francisco Bay, Novder 1982 to March 1983. 

Males Females 
?!oat& Gear t ~ p e  -- Kumber P e r c r s s  %umber Percent- 

Kov-Dee 

<School 
numbers 
2,3 ,4 ,  
5,a 

1.5-in. nesh 
1.75-in. mesh 
2.0-in. mesh 
2.25-is.. mesh 
2.25-fm. mesh 
(com:errhl] 
2.541~. mesh 
all aeshes 
(excluding commerc%aQ 

Jan 1 . 5 4 ~ .  ~ s h  
1.75-in. mash 
2.0-i.n , a2.a sh 
2.25-in. zsesh 
2.25-hIn. mesh 
(commterc ial) 
2.5-Sn. mesh 
a l l  meshes 
(exeludiztg sooroacx 2 ;$.) 

1.5-in. mesh 
1.75-in, me& 
2.0-12, mesh 
2.25-in, ntesh 
all n i e s ~ h ~ s  

comnercigl purse s c h e  
conunerckl lampara 
combined roundhaul 
midwater trawl 

1.5-3ar. Vmsh 
1.75-in, mesh 
2.0-fit, mesh 
2.25-5. mesh 
all m e s t i e s  
comercia1 purse s e h z  
midwater t raw1 
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explain t h e  s e l e c t i v i t y  of t h e  1.5-in. mesh toward males. It a p p e r s  t h a t ,  i n  

general,  l a r g e  males mature e a r l i e r  than females and e n t e r  t h e  Bay sooner; 

l a r g e  males were a dominant component of t h e  November-December samples and were 

r e l a t i v e l y  scarce  afterwards. For example, of 295 f i s h  2 200 mm BL taken from 

roundhaul samples (January t o  March), only 89, o r  30.2%, were males 

Age ~ o m ~ o s ' i t  ion 

P a i r s  of o t o l i t h s  were removed from 2321 herring;  of these,  2260 were aged 

(Table 7, Appendix F). Ten f i s h ,  ranging from 117 t o  133 lam BL (g = 124.6) were 

aged a s  1 - y r  o ld  and are n o t  included i n  t h e  table .  A l l  o t h e r  f i s h  ranged i n  

age from 2 t o  1 0  yr. The s i n g l e  occurrence of a 10-yr-old he r r ing  from a commercial 

g i l l  ne t  sample is  t h e  f i r s t  one recorded from San Francisco Bay. Commercial g i l l  

n e t  samples primari ly w e r e  used t o  f i l l  out upper size classes i n  our s t r a t i -  

f i e d  random sampling procedures f o r  age composition. Four- a d  5-yr-old f i s h  

from these  commercial samples w e r e  not  used t o  ass ign  ages to l eng ths  of f i s h  not 

aged, Due t o  s e l e c t i v i t y  of t h e  gear, only t h e  l a r g e s t  4- and 5-yr o l d s  are 

caught (Appendix F), and age-at-length d a t a  are biased. 

A regress ion was ca lcula ted  f o r  age a t  l eng th  with values of age t rans-  

.formed i n t o  n a t u r a l  logarithms. For 2212 herr ing from San Francisco Bay 

samples : 

In age (years) = -1.7644 + 0.01698BL (ntp), 

The standard regress ion c o e f f i c i e n t  is 0,925. 

Variable Mesh G i l l  N e t  Samples. Herring schools sampled by v a r i a b l e  mesh 

g i l l  n e t  in November and December (schools 2, 4, 5, aml 6) primari ly consisted 

of 4-,E-,6-,and 7-yr-old f i s h  (Table 8 ) ;  these  year c l a s s e s  comprised 83.6% of 

t h e  samples. As the season progressed, proportion of 2- and 3-yr-old herring 

increased, and herr ing aged 6 y r  and o lde r  became r e l a t i v e l y  scarce.  The per- 

centage of 8- and 9-year-old f i s h  decreased from 4.8% i n  Zovember-December t o  





Based on 

Schab1 h w r  at  ager ( y e a )  Ptmant at ggg (pa?@) Mm&ar ??unbar 
m 2 3 9 5 6 7 8 9 T a t d  2 3 4 ti 6 7 8 9 aged assi.9cd - 

1 6 52 60 35 33 17 2 206 1 3 25 29 17 16 8 1 120 86 2 
4 12 29 100 98 24 12 2 1 278 4 SL 36 35 9 4 1 T* 97 181 
6 7 20 67 89 94 40 13 3 . 283 2 7 24 31 16 lb 5 1 119 161t 
6 24 47 166 149 63 17 20 3 498 6 9 31 30 13 7 4 1 262 237 
7 52 139 301 285 82 36 7 2 901) 6 15 33 32 9 4 1 T* 607 397 

6 27 37 23 6 2 . 101 6 27 36 23 6 2 2 4 7 7 8 
37 8lr 89 45 10 2 267 14 31 33 17 4 1 4 9' 263 
69 146 165 83 14 4 1 482 15 30 34 17 3 1 10 472 10 

11 75 103 97 43 6 2 2 328 23 31 30 13 2 T* !J? 106 222 
12 21 71 102 58 7 4 263 8 27 39 22 3 1 115 14 8 

35 174 194 98 13 2 516 7 34 37 19 3 Th 92 13 424 
P?l = tracs, less than 1%. 

T A B S  9. Age b~Canptim of Pacif ic  H&g Samples, Canbined by Assigied SJDol Nunher, Based on 
Otolith PgLz and Subsequent Age A s s ~ t s  by Length, hrrn Midwater hnrL ard Camnercial 
Pume Sehe and Lampara Net Vessels in San Ikmcisco Bay, January to March 1983. 

SpIw1 h b h r  at age (years) Percent at age (years) N d r  X~Riber 
n~mbw 2 3 4 5 6 7 8  Total 2 3 4 5 6 7 6 aged assim@d 

7 37 72 95 67 15 7 3 296 13 24 32 23 5 2 1 115 181 
98 165 220 116 26 625 16 26 35 19 4 39 0 586 
RO 103 251 167 26 4 1 712 12 26 35 22 4 1 T* ' 113 599 . 10 
81112 59 45 8 3 838 24 33 27 13 2 1 ' 0 11 336 

12 311 8SG 896 410 43 10 1 2527 12 31, 36 16 , 2  1 @ 164 2363 
57 1E9 124 59 3 2 414 14 41 30 14 1 ,, T" '2 5 389 13 

-r- *fl' r. trace, less than 1%. 
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0.15% a f t e r  mid-January (schools 8-13). The 1978, 1979, and 1980 yr c l a s s e s  

(ages 5, 4, iaad 3 yr) were strong, c-omprising up. t o  90% of t h e  samples (school 13) . 
Last year t h e s e  t h r e e  year c l a s s e s  contributed 86% by number to samples i n  

February and March. This year t h e  same cohorts  compris'ed 83.7% of samples from 

late  January t o  March. The 1981 yr c l a s s  (2-yr olds) was r e l a t i v e l y  weak. Last 

year 2-yr-old f i s h  coxiprised 25 t o  35% of samples i n  February and March; this 

year they made up 7 to 23% of samples for t h e  same months. 

Roundhaul and Midwater Trawl Samples. - Three-, 4-, and 5-yr-old f i s h  made up 

from 73 t o  8SZ of samples by number. With the exception of school  11, 2-yr-old 

f i s h  were poorly represented. Las t  year 2-yr-old f i s h  contr ibuted 29% by number 3 

in roundhaul sanples,  Duriag t h e  same time period t h i s  year ,  only  14% were 2 - 9 -  I 
old herring, AT1 roundhaul and midwater t rawl  samples are from January t o  

. March dur ing o r  a f t e r  t h e  t r a n s i t f o n  t o  a younger age composition. Only 0.1% 

of samples coxsiscied of 8-v-old fish ant? 6- and 7-yr o lds  were r e l a t i v e l y  scztce. 

A comparison of age composition by gear type was performed for schools 7, 

8, 10, 11, 12, ard 13, a13. of which were sampled by v a r i a b f e  mesh g i l l  net and 

e i t h e r  consnenchl roundhaul ne t  o r  midwater trawl. Chi Square tests atoCe.0.05 ' . 
showed t ha t  age composition was not  s i g n i f i c a n t l y  d i f f e r e n t  between gear types 

f o r  schools 8, 10, and 3-3. and was s i g n i f i c a n t l y  different:  for  schools  7, 12,  and 

13. Age c o m p ~ s i t i o n  tests are less s e n s i t i v e  than s i z e  composirion t e s t s .  How- 

ever, a b i a s  still exists i n  some v a r i a b l e  mesh g i l l  n e t  samples i n  which older  

year c l a s s e s  are over-represented and younger year c l a s s e s  are under-represented. 

Spawning and Physical  Factors  

Temperature 

Temperature between t h e  su r face  and 25 m a t  Peninsula Pt , ,  San Francisco . 
Bay, ranged from 9.6 to 15.3~~ during t h e  1982-83 herr ing s p a w i n g  season 

(Figure 7,  Appendix G) , Temperature declined s t e a d i l y  from early November t o  

e a r l y  January and gradually increased during t h e  rest of the SUNey period. 
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Hgure 7,  Surface z r u 3 . S - m  tmprature and salinity at Pmhsula Po in t ,  
San Frarrcisoo Bay, h'warker 5, 1982 to  F & m ~ y  28, 1983, and 
oaaullerrce af herring spauns. 



Temperature a t  t h e  d a c e ,  i n d i c a t i v e  of spawning condit ions,  w a s  usua l ly  

0 1-2 C lower than a t  15 LU, i n d i c a t i v e  of pre-spawning schooling condit ions.  

There is  l i t t l e  evidence t o  suggest t h a t  spawnir~g events were t r iggered by 

temperature change. 

Sa-linf t y  

S a l h f t y '  a t  Peninsula f t .  d u r i ~ g  t h e  survey per iod  ranged from 3.1 to 29.1 

ppt a t  t h e  surface  and from 12.1 to 30.6 ppt a t  1 5  m (Figure 7, Appendix H).  

Abundant r a i n f a l l  durinp, the winter  kept surface  s a l i n i t i e s  below 20 ppt during 

- February and March. Spawning behavior during these  months was a t y p i c a l  and 

probably influenced by t h e  tremendous f r e s h  water outflow through t h e  Bay system. 

This es tabl ished a strong b l o c l i n e  b e t w - ? ~ n  5 and 1 0  m. Schooling f i s h  wou!3 

en te r  t h e  Bay and remaln below the ha loc l ine  for a t e n d e d  periods. School 12 

was f i r s t  de tec ted  February 9 and spawning d i d  not  occur u n t i l  February 20; 

&ring t h i s  t ine surface s z T i n i t i e s  %ere depressed an2 15-t.. s s l i n i t y  d r q p c d  

below 20 ppt. School 13 s;rs present  2.n t k e  Bay as e a r l y  a s  3krch 9. For t h e  tic::t 

3 weeks, a t  l e a s t  p a r t  of t%e school was a c o u s t i o d l y  monftored during evezy ik13 

day, ye t  no spawning ocmrred. Surface s a l i n i t y  genera l ly  w a s  less t h a t  10 ppt. 

m i d e n t l y ,  extended periods of reduced' s a l i n i t y  may i n h i b i t  herr ing from spawn- 

i n g  i n  San Francisco Bay. 

Tides, Barometric Pressure, and R a i n f a l l  

From November 1982 t o  February 1983, t h e r e  w e r e  seven t i d a l  cycles  i n  which 

t h e  highest  t i d e  durirtg a 24-h period occurred a t  n igh t  (Figure 8);  spawning 

occurred on some o r  all of t h e  days dur ing each of these  cycles ,  although not  a l l  

spawning occurred during noc tu rna l  high t i d e s .  

During the  1981-82 season, a s t a t i s t i c a l  c o r r e l a t i o n  was found between the 

. onset of spawning events and p e r i d s  of f a l l i n g  barometric pressure  with average 

pressure less than 30.0 in .  T h i s  r e l a t i o n s h i p  w a s  not  apparent during t h e  1982-83 

season (Figure 8), p a s r i c u l a r l y  i n  March (not  displayed in f igure )  when low 
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Figure 8, Spamimg events, t ide ,  rainfall, and barnmetric pressure data 
for Sarn Francisco Bay, Novanber 1, 1982 to February 28, 1983. 



pressure storm f r o n t s  were numerous and no spawning occurred. Periods of 

s ign i f i can t  r a i n f a l l  (at least 0.1 in. /day) followed the genera l  p a t t e r n  of low 

barometric pressures  a d  d i d  no t  appear t o  be related t o  spawning events (Figure 

8). Because r a i n f a l l  is d i r e c t l y  r e l a t e d  t o  reduced salinities from freshwater  

runoff and Delta outflow, a l w n d ~ n t  r a i n f a l l  probably i n h i b i t e d  spawning during 

the l a t t e r  parr of t h e  season. San Francisco a i r p o r t  recorded 10.8 in. of r a i n  

from February 25 t o  March 30, 1983; no spawning was evident  during t h i s  period. 

Young-o f -the-Year H e r r f q  

Young-of-the-year he r r ing  comnonly a r e  found i n  San Francisco Bay during 

spring and summer and less frequent ly  during f a l l .  The Department's Bay/Delta 

Projec t  has conducted nridwater t r awls  monthly since 1980 at approximately 35 

Bay s t a t ions .  An e x ~ s i o n o f m o n t h l y  average ca tch  f o r  A p r i l  t o  August, 1980 

t o  1982 shows d i f f e r m e s  of about one order of magnitude between years  (Table 

10). Cetches of t h e s e  byr-class herr ixg may b e  i n d i c a t o r s  of t h e  relative 

e i t u d c  of year c l a s s  staength r r . 2 ~ 1 1  t5cy f irst  e n t e r  the f ahery.  During 

January a d  February 1982, 2-yr o l d s  (1980 y r  c l a s s )  c o m p r i s d  29% by numbur of 

herr ing sampled fron? the roundhaul f i s h e r y  and wi th  our v a r i a b l e  mesh g i l l  net .  

bring t h e  same p e r i d  iri 1983, 2-yr olda (1981 yr class) comprised only 10 t o  

14% of he r r ing  sampled with  t h e  above gear types. The 1980 yr c l a s s  had a 

auch greater average catch than t h e  1981 y r  c l a s s  i n  t h e  BaylDelta Study tows. 

Several samples of POP f i s h  were obtained dur ing t h e  f d l  of 1982. 

The September sample from t h e  Monterey Bay b a i t  f i s h e r y  cons i s t ed  of 28 f i s h  

from 105 to 120 mm BL <; = 11.5 mm). The f i r s t  annulus h;#i not  y e t  formed on t h e  

o t o l i t h s ,  but  o t o l i t h  rad ius ,  measured from the nucleus ta the outer 'margin, was 

approachhg that of the first annulus of older fish. 

In  October, dur- t h e  Gulf of t h e  Fara l lones  research c r u i s e ,  approxi- 

mately 400 YOY he r r ing  5 -  the s i z e  range 63-82 mm BL (H = 69.7 nrm) were co l l ec ted  

1 m i l e  west  of San Fra~ncPsco. It is l i k e l y  t h a t  these  f i s h  hatched i n  San 



tkPrrthly Avemge Catch per Tcw of Ycung-of-the-Year Padf2e 
Bkmbg in S a  f'rarcisco ky, April to August, 1980 to 3382 .- 

Year 

bnth of tows p?r taw of tows per t c w  of tcws per tmw 
mil 33 33.1 34 11.8 35 19-3 

Hay 35 51.3 33 1.6 35 162-8 

June 3S 26.3 35 3.4 35 lO(h9 

MY 36 134.8 34 9.7 35 127-1 

&Pst 32 16.0 35 3.3 35 4 3 a  



Francisco Bay. However, it  is  not known i f  the Monterey Bay f i s h  were hatched 

earlier in the spawning season in  Sari Francisco Bay or i f  they came from a dif-  

. ferent area, such as Tcmalcs Say, where higher growth rates have been reported 

(Spratt 1981). 

Two small samples 6n = 14 and 17)  of YOYfish from San Francisco Bay ranged 

in she from 60 to  116 mm BL. It is likely that the variation in length i s  the 

result of different hatching times. 
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' Srmple Nhhr N u n h e r  Assigned 
nunher, Date 1 / Location- &I.&' rn-ured wed school nwnber 

10 7 Feb 11 SAUS RH 24 6 17 12  
108 F& 11 AY GN 59 s 12  
109 F& 14 SB GN 116 67 12 
UO Feb 14 SB MT 2 8 16 12 
111 Feb 15 SB GN 31 6 12 
112 Feb 17 SAUS EH 1198 36 12  
113 Feb 21  PP GN 16 0 12 
114 Feb 21 SAUS RH 756 10 12 
l l 5  Feb 24 PP 14 14 12 
116-117 &IF 3-4 PP GN U 7  74 13 
118 Mar9 PP GN 36 7 1 3  
119 Mar9 PP HI' 46 17  13 

. 120 M U. WkK-SALE GX 4 4 6 1 3  
1 2 1  Mar 14 BELV-SAUS GN 46 4 13 
122 M a r  18 SALE GN 2 6 0 13 
123 &P 25 SAUS GN 98 3 13 
124 M a r 2 5  SAUS FT 16 1 1 3  
125 BLZP 28 BELV-SPUS GN 149 0 13 
1 2  6 F m  28 BCLV FT 2 9 0 13 
32 7 Har 28 PP It3 ' 227 4 1 3  
128 - k 3 0  PP RI 87 1 13 

?!kg&: E- Ayela Cwe, &el Island; BELV- Belvedere Cove; HP- 
Ewrterls Point, Scuth Bay; OP- Oyster Point, Sm%h Ray; 
PP- Peninsda Point ; PPAPX- Pmdise Pmk , T i h n  ; PICH- 
Richardson Bay; SAUS- Sausalito to Yellow Eluff; SB- Smth 
San T'nmcisco b y ;  IT- Treasure Island; TIB- Tiburon shore- 
Zinc, Raccoan S C d t ;  W J G -  western shareline, Angel Island; 
YRl- YeSx Buena Island. 

;'bigend: GI?- ccmnercial g i l l  net, i. 25-in nesh 
. =*- cannerrial g i l l  net, 2.125-in nesh 

. 6N- 5-panel g i l l  net, mesh sizes 1 .5 ,  1.75, 2.0, 2.25, 2.5 in. 
)PT- 12-by 12-ft (mouth opening) midwater trawl 
RH- cannercia1 purse seine or lafig~ra net 
RH- hand-held ring net 

' . t%sed -pie; not used fm ecrmpmhons bctkaen schools. 
. . 



B. I-F of PaLCic E c r i i i  by lidy Lcrgth (2-m ?ntnva%) 
frsm 1.5 - u, 2.5-1.. Eiesh &may Gill Get Simples (nl10) , ~4- w, Na,Bpber 18, 1962 o k t& 28, 1983. 

Size 
intmal 
Gm\) 
C___ 

4150 
350-153. 
152 
.I54 
156 
158 
160 

. 162 
164 
166 
168 . 
170 
172 
179 
175 
178 
180 
192 
186 
18 6 
588 
350 
392 
15% 

' 196 
198 
2G3 
202 
209 
206 
208 
210 
212 
214 

. ' 216 
218 
220 
222 
224 
226 
218 
230 
2 232 



PgYENDIX B. (continued) 

Size ---- 
interval Sample rntmber 
h) 76 77 78 81 83 84 85 86 88 90 

194.5 191.4' 193.9 193.7 189.9 188.4 190.9 3e4.1 186.0 184.4 
Std.dev.3.3.0 15.6 16.3 12.1 13.4 15.1 14.7 12.8 17.1 12.2 
k'+~oeaticln of median h d y  lfs@h 



Size 
interval Ssinple nmher 
h) 9 1  9 6 3  98 ------ 99 101 102 -.- 106 108 109 111 

178.7 173.2 185.9 180.U 179.4 177.6 183.0 1.86.4 104.2 183.5 
%d. dw. 16.6 14.1 9 . 9  12.7 1.3.3 14.E 9.3 13.5 10.9 U . 6  
~ ~ t i . c ~ ~  of median &-Tth 



,Size Sample rnnnbcr 
i n t e r ~ a l  U6- 
(am) 113 115 117 118 120 121 122 123 125 

(150 
150-xi1 
152 
154 1 
156 1 3 
158 1 1 1 3 
160 1 1 
162 3 4 2 
164 1 . S  2 1 1 2 1 
166 1 2 1. 1 4 5 
16 8 3 I 1 1 2 7 
170 8 1 4 1 1 6 6 
172 2 2 7 2 2 2 2 5 8 
174 1 1 5 1 2 2 1 5 9 
1% 14 9 2 2 4 3 8 9 
1.78 2 13  2 1 5 2 6 9 
180 .I 9 f i  3 1 &* 2* 5 XI.* 
'102 1 9 2 6* 2 1 13." 11 
18lr 2* 1 6 3 3 5 1 5 18 
1.8 6 1 7 1 3 3 5 7 10 
188 $. 6 2* 1 3 2 10 4 
190 4 4 4 2 1 7 5 
192 1 1 4 3 2 1 5 
194 1 1 3 1 2 1 1 1 .6  
1'35 2 4 2.. 1 1 4 
198 1 1 3 1 1' 2 1 
2C0 1 1 3 2 1 1 1 
2 G2 2 3 2 1 I 2 
201) 1 1 2 3 
2 05 . . 1 2 
168 1 1 I 2 
210 2 3 2 
212 1 

St6. Cev. 10.1 13.0 10.3 iC.8 11.7 11.0 8.7 11.3 11.6 
* M i o n  ~f m e d i a n  M y  lerig-ti 

2'~iased sample; net was surpcmded by cornnercial g i l l  nets, resulting 
in unde~repsentat ior \ .  of larE:er f i sh .  Sample mt uscd in 001;1parisons 
ktween schools. 



APPENDIX C. Numkcr of Pacific Hemhg by Aody Length (2- Intervals) 
frm Cumnercial. Purse Seine and Lnr.para N e t  Smples in 
San Frsncisco Eay, u'anuary 5 to Y%mh 30, 1983. 

Size 
interval h p l e  nuriber 
(Rn) 79 80 89 92 95 100 105 107 

S t d . d e v . 1 6 . 3  16.3 13.7 14.0 12.3 13.6 11.1 11.0 
%mation of median body length 



Sample nunber 
332 114 127 

- 

Std. dev. 3.2.0 11.9 U . 3  11.5 
~ ~ t i c n  of m e d i , ~  boc'.y length 



APPLWrA D, h'cnrb  of Pacific Herring by P !  Imgth ( 2 m  1ntmval.s) 
E m  Midwater Trawl San,ples in San Francisco k y ,  February 
2 to -h 28, 1983. 

Size 
interval  Sample n w ~ t  
(mn) 1.03 110 119 124 126 

*- -- 



APPENDIX E. Nunher of Pacific l?erring by Ecdy Lmeh (2-mn fntervds) 
frxn [kmnercial G i l l  Net Samples in San Francisco by, 
N o w  30, 1982 t o  January 27, 1S83. 

size 
intenml b p l e  nudxr 
h) 60 61 64 6 7 6 8 71 82 87 93 911 

N 108 56 164 122 146 154 254 177 111 111 
Nean 209.9 210.8 207.6 205.1 207.5 207.5 204.0 199.2 198.9 196.1 
Std. dm. 7.9 10.2 9.2 8.6 9.4 8.5 8.1 7.0 7.6 8.0 

*heation 05 median body length 



S i z e  interval Age (years) 
6rm) 4 5 6 7 8 9 . 10 
190-191 1 
192 
194 1 3 1 
196 2 
398 1 5 3 
200 2 
202 2 2 

1 204 2 
206 1 5 
208 1 1 1 
210 1 3 1 
212 3 2 2 1 
214 2 1 6 1 
216 2 3 1. 
218 1 2 
,220 1 1 10 6 
222 3 8 5 
221.1 I 7 3 
226 3 5 
22 8 3 1 
230 2 1 
232 2 
234 I 
236 1 





4WEhDIX H .  Salinity (ppt) Profiles of Sm Fr;ncisco nay at Peninsula 
Point, ~ C N Q I ~ ~ ~ P  5, 3.982 to A p r i l  4, 1983. 

Dcpth 
_Date Suz3fzce -- 5 m 10 m 15 m 20 m 25 m Tidal state 

Flood 
Flood 
Ebb 
High slack 
Ebb 
Righ slack 
Flood 
b . 7  
High 
Flood 
Flcod 
Low slack 
Ebb 
Ebb 
High 
Mcod 
High 
Rig11 
Flood 
Ebb 
ncod 
nood 
F l d  
Lm 
k w  slark 
rtif2j-l 
n d  
b d  

Flood 
Flmd 

Flood 
Hish 
Low 
Lf3.I 
*h 
High 
n o  
His3 slack 
rn 
Lm 
Ebb 
High slack 
b l  slack 
IaJ 
Ebb 
E3b 
High 

Flood 
Low 
High 
Hidl 
Rood 


