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BIOMASS ESTIMATES OF PACIFIC HERRING, 
CLUPEA PALLASI, IN CALIFORNIA 

FROM THE 1990-91 SPAWNING-GROUND SURVEYS I/ 

Jerome D. Spratt 2 /  

ABSTRACT 

The spawning biomass of Pacific herring, Clupea pallasi, 
estimated from spawning-ground surveys in San Francisco Bay 
declined to 45,850 tons this season, follow in^ a peak of 
71,000 tons in the 1989-90 season. This is the first major 
decline since the 1983-84 El Nino. 

In Tomales Bay the 1990-91 spawning biomass more than 
doubled to 779 tons. The spawning biomass has increased 
the past two seasons, while the fishery has been closed. 

There was no biomass estimate for Bodega Bay, but an 
additional 9 5  tons of' herring were caught in Bodega Bay 
this seasorl. The total herring biomass for the Tomales- 
Bodega area is a minimum of 871 tons. 

Humboldt Bay was sirrveyed by the Department for the first 
time this season, and spawning biomass was estimated to be 
1 0 0  tons. 

Jarlunry was the month of peak spa\qrlirl~ activity in all 
spawning areas surveyed. 

In San Francisco Hay, 62% of all spawning occurred alonq 
the San Francisco waterfront; for the first time there 
was no siqnif'icant spawninq in the northern part of the bay. 
&early 70% of the spawning activity in San Francisco Bay 
occurred or) Janua1.y 3-6, 1991. 

2  
A total ol 3 . 5  million m of' eelqrass, Zoste~a marina, 
was measured in Tomales Bag this season. ?'he change in 
eelqrass density this season varied from bed to bed, however 
the o\.erall density of eelqrass in Tomales Bay declined. 

1/ ?farine Resources Administrative Report Ro. 91-4 .- 

2 /  Marine Resources Division, 2 2 0 1  Garden Road, Monterey, 
California 9 3 9 1 0  
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INTRODUCTION 

The California Department of Fish and Game (CDFG) has est- 

imated the annual spawning biomass of Pacific herring, Clupea 

pallasi, in Tomales and San Francisco Bays since 1973. Spawning- 

ground surveys were expanded during the 1990-91 season to include 
1 

Humboldt Bay. Biomass estimates were derived from estimates of 

herring eggs deposited during the spawning season. California's 

bags where herring spawn are relatively small and well suited for 

intensive spawning-ground surveys. 

This report includes spawning biomass estimates for Tomales 

Bay, Sax] Francisco Bay, and Hun~boldt Bay during the 1990-91 

season, and continues the series of annual herring spawning 

biomass estimates from 1973-74. 

DESCRIPTION OF STUDY AREA 

Tomales Bag 

Tomales Bay (Figure 1 )  lies in Yarin County, north of San 

Francisco. It i s  2 0  km ( 1 2 . 4  ml) long and averages 1.5 km 

( 0 . 9  mi) wide. Hardwick (1973) determined that eelgrass, 

Zostera nlarirl-a, WAS the predominant marine flora in the bay. 

The portion of the bay surveyed covers the known distribution of 

eelgrass (Figure 1 ) .  There are other species of marine flora in 

Tomales Hay, hut eelgrass is the primary one used by herring as 

spawning substrate. 

San Francisco Bay 

The portion of San Francisco Bay surveyed included all shore- 

line and shallow subtidal areas to a depth of 4.6 m (15 ft) 

bounded by the Golden Gate Bridge on the west, the Richmond 



d 

Bridge on the north, Hunters Point on the south, and the east bay 

shoreline between Richmond and Alameda (Figure 2 ) .  Other areas of 

the bay were surveyed only when reports of spawning activity were 

received. 
/ 

In San Francisco Bay, herring spawn both intertidally (partly 

exposed at low tide) and subtidally (never exposed at low tide). 

Herring spawn intertidally on all suitable substrates including 

bare rocks, sand, pier pilings, and marine flora. Subtidal 

spawns generally occur in areas of the bay shallower than 4.6 m 

(15 ft) within vegetated areas of eel grass, red algae Gracilaria 

sp., and sea lettuce Ulva SP.; but may also occur in shallow 

rocky or hard bottom areas. Broad, shallow mud flats without 

vegetation have not been utilized bv herring as spawning areas. 

Humboldt Bay 

Humboldt Bay is California's northernmost embayment, 80 mi 

(129 k m )  so1.1th of' the Oregon border. Humboldt Bay has an unusual 

shape, with the northern and soutl~ern ends broadened into shallow 

mud flats that are interspersed by tidal drainage channels. These 

mild flats, which are exposed on most minus tides, support vast 
2 

areas of eelgrass covering an estimated 13 million m (Harding and 

Butler 1 9 7 9 ) .  The general distribution of eelgrass in north 

Humboldt Bay has not changed since 1979. Herring utilize both the 

north and south ends of the bay, but previous surveys found most 

spawning in the northern end (Rabin and Barnhart 1986). The 1990- 

91 spawning-ground surveys were confined to the eelgrass beds in 

the northern part of Humboldt Bay (Figure 3 1 .  



METHODS 

Tomales Bay Sampling Techniques 

Spawning-ground surveys were conducted from November 16, 1990 

to March 1 8 ,  1991 .  The frequency of surveys was reduced from 

daily to three days per week (Man., Wed., and Fri.), due to pro- 

ject budget restrictions. Eelgrass beds (Figure 1 )  were inspected 

as weather permitted from the project's 4.6 ni (15 ft) boat. Spawn 
2 

deposition area ( m  1 and density were determined by dragging a 

vegetation sampler (rake) through the eelgrass beds at random 

locations. When the perimeter of the spawn deposition was found, 

the location was marked by dropping an anchored float as'a ref- 

erence point. Measurinq between floats with an optical range- 

finder pro17ided linear measurements that were used to calculate 

spawning area. 

Processing of spawn deposition samples was unchanged from 

previous seasons (Spratt 1 9 8 1  1 .  Herring eggs were remol-ed from 

the eelcrass blades, then counted or estimated by weighing to the 

nearest 0 . 1  g .  The eelcrass was then weiehed to the nearest 0 . 1  g 

to obtain the number of eqgs per unit weight of eelgrass. 
2 

D e n s i t y  of eelgrass I k g / m  on spawning grounds was estimated 

using a multiple linear regression between density and eelgrass 

blade measurements (Spratt, 1 9 8 9 ) .  The multiple regression 

model is represented by the following equation: 



where : 
2 

Y = kg eelgrass per m 

a = slope of regression for length variable 
1 

a = slope of regression for width variable 
W - 
B = Y intercept 

During December and January, eelgrass blade length and width 

measurements were taken from eelgrass samples collected from the 

pro.ject1s boat with a vegetation sampler. Between 6 and 15 sets 

of eelgrass blade lengths and widths were collected from 29 of 

the 37 eelgrass beds in the bay. The 1 9 9 0 - 9 1  eelgrass density 

values were computed by substituting these eelgrass data in the 

reqression formula. 
2 

The area (m of 18 eelgrass beds was remeasured. The peri- 

meter of' smaller eelgrass beds was determined with a recording 

fathometer, tllen marked with anchored floats. An optical ranqe- 

finder was used to measure distance between floats, and these 

distance measurements were used to calculate area. Larger beds 

were measured b?- triangulation using known landmarks, plotting 

b e d  perimeters on navigation charts, then calculating the area 

directly from the chart. 

San Francisco Bay Sampling Techniques 

Spawn surveys in San Francisco Bay were also affected by 

pro-ject stafc reduction. The season began with an emphasis on 

hydroacoustic surveys, with the intention of conducting spawn 

sllrIreys only when herring were suspected to have spawned. T11i.s 



- procedure remained in effect until the end of December, when a 

key member of the hydroacoustic survey team suffered an off-duty 

injury that curtailed his field duties for the remainder of the 

season. Consequently, hydroacoustic surveys ceased because the 

expertise to conduct the field surveys was not available. On 

January 3, 1 9 9 1  daily spawning-ground surveys were resumed and 

continued until March 15, 1 9 9 1 .  

The techniques used to sample both subtidal and intertidal 

spawns in San Francisco Bay have remained unchanged since the 

1 9 8 3 - 8 4  season (Spratt 1 9 8 4 ) .  A two stage random sampling plan 

was used to select sample sites for intertidal shoreline spawns. 
2 

Three 100 cm samples of eggs were removed at each sampling site 

and egg numbers were counted or estimate to determine density 
2 

(eggs/m 1 .  

Spawnings on pier pilings were not sampled randomly; but, 
2 

1 0 0  cm samples of eggs were collected at regular intervals 274 

to 1 5 7  m ( 3 0 0  to 500 yards) apart t.hroughout the entire linear 

l e n g t h  of a spawn. 

Samples from subtidal spawns were collected randomly through- 

n ~ l t  the spawn area by towing a weiqhted rake. These samples pro- 

vided the number of e g g s  to kg of vegetation ratio. To quantify 
2 

the number of eggs, vegetation density estimates (kg/m from 

pre-spawnin$ SCUBA surveys were used. In areas of hard bottom or 

shell beds, the rake is effective in picking up pieces of shell 

or clusters of eggs. In these cases, the layers of eggs deposited 
2 

are recorded ( 1  laver of eggs = 750,000 egqs/m ) .  

Subtidal vegetation densities were determined prior to the 
2 

spawning season t)y collect in^ samples with SCUBA from 1/3 m 



quadrats from permanent stations at Kiel Cove and Angel Island 

(Figure 4 ) .  Belvedere Cove and Brooks Island stations were 

eliminated this season due to lack of spawning activity in those 

areas. New stations were added near Alameda and Oakland Airport 

(Figure 5 )  because herring are now spawning near these 1oca;ions. 

Humboldt Bay Sampling Techniques 

The techniques used to sample herring spawning in Humboldt 

Bay eelgrass beds were similar to those used in l'omales Bay. 

Densities for eelgrass beds 1 through 5 in north Humboldt Bay 

(Figure 5 1 were determined on November 8, 1990, by measuring 

eelqrass blade lenqths and widths and substituting them 'in the 

regression equation developed for Tomales Bay eelgrass. 

He~ular spawning-ground surveys were not conducted. The pro- 

Sect relied on the voluntary assistance of lien Bates, a local 

herrinq fisherman, to notify us of the tlme and place of spawning. 

klr. Bates made daily trlps across the Bay to l~ydroacoustically 

assess herring school movement. khen he reported a suspected 

herring spabn, pro.1ect personnel trax7eled to Eureka and condt~cted 

a spawn survey utiliz~nq l'athometer, vegetation sampler, and 

optlral rnrlaetinder. Spawn sampling and processing followed 

nlethod.: described for Tomales Bay. 

Biomass Computation 

In San Francisco Bay, the estimated number of herring eggs 

spawned was converted to tons of spawners by incorporating sex 

ratio estimates for each spawning run. The following formula was 

used to calculate the conversion factor: 



Conversion 1 
factor - - ................................... 

f Grams Pounds 
F X --------- X ------- x I - - - - - - -  

P pound ton 

where: 
F = fecundity (males and females combined) 

f = percent females in a given spawning run. 

P = percent females in population (assumed to be 50%) 

Fecundity of herring (egqs/g of female) in San Francisco Bay 

ranged between 220 and 226 from 1984 to 1986.  These differences 

were not sjgnificant (Reilly and Moore 1986). Fecundity was also 

not significar~tly different between Tomales Bay and San Francisco 

Bay herring. .4 fecundity value of 113 eggs / &  of body weight 

(males and females combined) was used in calculating 1 9 9 0 - 9 1  

biomass estimates. 

In Tomales Bay.and Humboldt Bay sex ratio data was not 

a \ . a i l a b l e  and a 50 /50  sex ratio was assumed for conversion to 

tons of herrinq. 

_Cc-mJhini_rg H~-y_do~c=~s~tj-c all-d Spawn Survey Est ima&s 

Starting with the 1989-90 season, the San Francisco Hay 

l ~ e r r l n c  population estimate from spawning-ground surveys and 

h>droaco~~stlc estimates have been merged to generate one biomass 

estimate which is used as a basis for setting herring catch 

quotas. Tkre tho surveys remain independent during the season, but 

results are combined at the end of the season to obtain the 

biomass estimate that most accurately reflects population size. 

If both methods yield acceptable results for a given spawning 

e x , e n t ,  then they are averaged. If one method encounters problems 



(weather, equipment failure, or unable to sample adequately etc.) - 
then results from the other method were used. Because both sur- 

veys have strengths and weaknesses, a merged biomass estimate 

emphasizes the strengths of both methods. This procedure 

eliminates a conservative bias and probably more accurately 

reflects the actual spawning biomass. 

RESULTS 

Tomales Bay 

There were 37 eelgrass beds in Tomales Bay. A new eelqrass 

bed was discovered this season, bed no. 1 0 A  near White Gulch 

(Figure 1 ) .  Spawning has also been found in two Gracilaria s s  

beds, numbers 28B and 29 (Figure 1 1 ,  

The total eelgrass area consistently ranged between 2-23 and 
2 

4 . 0  million m annually until 1 9 8 9 - 9 0  when the area declined to 
2 

3.5 million m . Only about half of the eelgrass beds were mea- 

sured this season, but the total area remained about the same as 

last rear (Table 1 1 .  

E-elgrass Density Estimates From Regression 

Begjrlr~ir~g wit11 the 1987-88 season, eelgrass density was 

estimated from regression using eelqrass blade length and width 

measurements. Prior to that, eelgrass density was estimated sub-  

,jectilVely by on-site visual inspections based on quantitative 

samples collected in 1 9 7 6  (Spratt 1981 ) .  

During the 1 9 9 0 - 9 1  season, eelgrass density was estimated 

from eelgrass data collected in December and January, and sub- 

stituted in the regression formula: 



2 
Density kg/m = .002177(1) + .0765(w) -1.1810, r=.78 

The computed eelgrass density for each bed (Table 2 ) was 

compared with density estimates from the previous season. ,The 

majority of' the beds declined in density. However, most 1990-91 

herring spawning occurred in eelgrass beds that had increased in 

density. 

Snawnine Biomass 

There were four distinct periods of spawning activity this 

season, the most in three years. The first spawning occurred 

January 8, 1991 at vegetation beds l B ,  28, and 28B (Figure 1 and 

Table 3 ) .  

The larqest spawn this season on January 27, 1991 covered 

several 1-egetation beds (28, 28.4, 28B, 1.4, lB, and lC), and 

ir~clrlded arl intertidal spawn near Marconi Cove (Figure 1 and 

Table 3 ) .  This season's spawning escapement estimate for lomales 

Ray was 7 7 9  tons ( TabJe 3 1 .  Tomales Bay has been closed to 

f i s h i  nc the past t.wo seasons, therefore spawning escapement 

equals spawnirlg biomass ( 1 able 4 1 ,  

Hydroacoustjc surveys were attempted in Bodega Bay after the 

c u r i a  ilment of surlveys irl San Francisco Bay, but resul ts were 

lr~conclusive. Consequently, only the 95 tons of herring landed 

commercially In Bodega B a y  was included in the 'Tomales/Bodeqa 

area spawnirlg blomass estimate (Table 5 1 .  Nel-ertheless, the 

1990-91 minimal spawninq biomass estimate of 8 7 3  tons in the 

Tomales-Bodega area was the highest in three seasons (Table 5). 



San Francisco Bay - 
Vegetation dens it.^ Estimates 

Quantitative samples of subtidal vegetation were collected 

by Department divers on October 25, 1990. Subtidal vegetation 

decreased at Angel Island (Figure 4 1 ,  when compared to 1989, 

densities (Spratt 1990). New stat'ions in south San Francisco Bay 

(Figure 5 )  had very light to medium densities of eelgrass, with 

the densest beds found near Ballena Bay. 

i'egetation densities in San Francisco Bay are low compared to 

Humboldt and Tomales Bays and no spawning occurred in known 

vegetation beds. 

Spawning Biomass 

There were seven periods of spawning acti~ity during the 

1990-91 season. horrnally there are at least nine herring spawns 

each season. Some of the smaller early season spawns may have 

been undetected because of the reduced spawning-ground survey 

effort d~irin~ the first part of the season. Additional spawnir~g 

at Mare Island and Redwood City was reported to have occurred. 

These locations are outside of our regular survey area. Reports 

of' s p a w r l i r ~ g  outside of' the survey area occur frequently, but are 

l r s l r a l l y  received too late to survey and are not included in 

biomass estimates. 

The first spawn of the season on November 24, 1990 at 

Tiburon arid Belvedere Cove was the only spawn in the northern 

part of the bay (Table 6, Figure 6). The San Francisco water- 

front was again the major spawning area, accounting for about 62% 

01' the spawninq escapenient (Table 6, Fiqure 78 and 7b). The 

largest slngle spawn ever recorded occurred from January 3-6, 



1991, when over 26,000 tons of herring spawned in the vicinity 

of San Francisco, Oakland, Alameda, and Treasure Island (Figure 

7b). 

Only two subtidal spaxnings were found: one in Belvedere Cove 

(Table 6 and Figure 6) on ulva SP., and another near Alameda 

(Table 6 and Figure 8 )  on hard sand and oyster shells with little 

vegetation. 

The 1990-91 season spawn escapement estimate was 37,890 tons 

of herrinq (Table 6 ) .  including the catch of prespawning herring 

from the roe fishery, the spawning biomass estimate for the 1990- 

91 season was 45,850 tons (Table 7). 

The San Francisco Bay population estimate from spawning- 

ground surx.eys peaked in 1989-90 at 70,Y 12 tons ( Spratt 1990 ) .  

T11is season's estimate represents a 35% decline in biomass and is 

the first significant decline in seven gears. 

Combined Acoi~stical and Sp_.s~ Survey Biomass Estimate - . -. . . . -. .. . -- - -. - - 

Hydroacoustical surveys were conducted until the end of 

lbecernber, fortunately ericompassir~g the season's largest spawninq 

ag~r.eqation. The hydroacoustic estimate for the January 3-6 

s p a w n  W H S  3 8 , 6 0 0  tons (hen O d a ,  C I I F G ,  pers comm. 1 ,  about 12,000 

1 oris greater. tl~arl the spak-n surxFe;v estimate. Axreraging both 

survey estimat.es for the season's largest spawn and using 

spawning-ground survey results the remainder of the season, pro- 

duced a combined 1990-91 season biomass estimate of 51,000 tons, 

a 21% decline from the 1989-90 combined estimate of 64,500 tons. 

The 1991-92 Sarl Francisco Bay herring quotas will be based on a 

biomass of 51,000 tons. 



Humboldt Bay 

j'egetation Density Estimates 

Eelgrass density was estimated for bed numbers 1 through 5 

(Figure 3), where herring were expected to spawn. The multiple 

regression formula developed for Tomales Bay was used to estimate 
2 

eelgrass density. Densities ranged from 0.2 kg/m at bed number 5 
2 

to 1.04 kg/m at bed number 1. 

Rabin and Barnhart (1986) estimated herring biomass using 
2 

eelgrass densities of about 0.5 kg/m . Harding and Butler (1979) 

reported winter eelgrass densities in Humboldt Bay ranging from 
2 

0.3 to 2.1 kg/m , but found the highest densities in the southern 

part of Humboldt Bay. 

Spawninq Biomass 

.A large school of herring entered Humboldt Bay about December 

2 5 ,  1990 .  Herr.ing spawning was first reported on January 20, 

1991 .  Field surveys conducted on January 23, 1 9 9 1  found spawn at 

eelgrass beds 1 ,  3, and 5 (Figure 3). Herring spawning escapement 

from this large spawn was estimated at 336 tons (Table 8 ) ;  how- 

e \ e r ,  it is probable that other smaller spawns also took place. 

T i l e  1 9 9 0 - 9 1  spawning biomass includinq the catch of 63 Cons, was 

399 toris. 

Confidence Limits 

Tomales I331 

Confidence limits for herring spawning escapement estimates in 

Tomales Bay were calculated from variation in the density of' egg 

deposits. Each spawning event usually encompassed several small 

spawning sites and total spawning escapement was the sum of the 

estimates f'or each site (Table 3 ) .  The confidence intervals were 



also calculated for each spawn site individually except for the 

January 27 spawn at beds l A ,  l B ,  and 1C; samples from these three 

small spawns were combined. The 95% confidence intervals for 

1990-91 season (Table 9 )  were broad for most sites due to the 

very light and patchy distribution of spawn. However, confidence 

intervals were narrower at two of'the larger spawn sites wl-lich 

accounted for 73% of the biomass. 

Sari Francisco Bay 

Confidence limits for San Francisco Bay spawn estimates were 

also calculated for each spawn site from variation in the density 

of egg deposits. Eight of this season's spawning sites (86% of 

h~omass) had 95% confidence intervals ranging between 17% and 43% 

of the estimate (Table 1 0 ) .  

Confidence limits for the January 9, 1991 spawn at Alcatraz 

were more than twice the estimate due to inadequate sampling. 

Alcatraz is a yer3- difficult area to saniple due to the rocky 

exposed shoreline. In addition spawn deposition ranged from A v e r : -  

light to heavy, resulting in high between sample variance. 

Hi~rnbol dt R.ax 

Tn H~imboldt Bay attempts to reduce the confidence intervals 

of spawn estimates were made by combining samples from ad.~acent 

spawn sites. However, the attempts did not improved corlfidence 

intervals over treating each spawn site separately (Table 11). 

The spawn on bed number 5 accounted for more than YOX of the 

spawn estimate and was not sampled adequately. Seven samples were 

collected, but after processing it was apparent that samples 

kould ha\.e to be stratif~ed by area. Only three samples were 

collected from the area of' hea\.iest egq deposits, which resulted 



in confidence limits that were more than the estimate (Table 11). 

Combining all seven samples from bed No. 5 yielded a biomass 

estimate of only 200 tons + 260 tons. 

DISCUSSION 
-.- 

Tomales Bay and Bodega Bay 

Spawning escapement estimates have more than doubled in 

Tomales Bay each of the past two seasons (Table 4). The bay has 

been closed to herring fishing during this time, and the increase 

in biomass estimates could be linked to reduced fishing pressure. 

Due to mortality, there are few herring remaining from the 

last good season of 1 9 8 6 - 8 5 .  The spawning escapement estimate for 

that season was nearly 6,OOU tons. Those herring presumably had 

a genetic link to Tomales Bay. It was thought that these fish 

could return to Tomales Bay, however this is no longer a poss- 

ibllity. T11e recovery of the Tomales Bay herring spawning stock 

will he dependent either on rebuilding the small population that 

remains or on attracting herring to Tomales Bay that have not 

pr.c\iotrsly spawned tllere. We assume that t h e  reduced spawning 

biomass in Tomales Bay is attributed to reduced freshwater inflow 

Leca~lse of the 1 9 8 7 - 9 1  dro~gl~t. .Although the Calii'ornia droucht 

llas not ended, th i s  season's major spawning event coincided with 

a large winter storm. 

Herring biomass estimates in Bodega Bay ha\-e been difficult 

to obtain. Open ocean conditions limit acoustical and spawn 

escapement surveys. Conducting acoustical surveys from small 

vessels when weather conditions permit has proven of limited 

benefit. It is doubtful that acoustical surveys will be 



effective in Bodega Bay except on rare occasions when good weather - 
and concentrations of herring coincide. Intermittent surveys 

will not be adequate to estimate total biomass or manage the 

herring fishery. 

The Bodega Bay fishery remains open, with a 200 ton quota. The 

age composition of this catch indicates a stable healthy stock 

(Spratt 1991). The relatively small Bodega Bay herring quota of 

200 tons has not been taken the past two seasons, suggesting that 

the biomass is either relatively small or of limited availab1it~-. 

The relationship between herring caught in Bodega Bay and herring 

that spawn in Tomales Bay is also unknown. There has been no 

\-erified herring spawning in Bodega Bay except that which occurs 

on herring gillnets used in the fishery. These are considered to 

be artif'icial spawns caused by fishing activity. The probability 

remains that herrinq caught in Bodega Bay mag be bound for the 

spawning grounds in Tomales Bag. 

S5awi.i .t>: dre_a 1 9 7 3 to 1 9 8 3 

Annual spawning-ground s~r\~el;s have been conducted in Tomales 

Rag since 1973-7.3, with tkte exception of' the 1 9 7 8 - 7 9  and 1985-86  

seasol is .  The 1985-86 season biomass was estimated by  cohort 

an31 ysis ( Spratt 1986 ) . 
The distribution of herring spah-n within Tomales Bay has 

changed over the past three years. Spawning is now centralized in 

the upper part of the bay at vegetation beds 1, l A ,  lB, l C ,  28, 

2 8 A ,  and 28B (Table 12). The herring that still spawn in the bay 

no longer spawn in the large lush eelgrass beds near Walker Creek 

( F i q u r e  1 1 .  This change in the spawn distribution in Tomales Bay 

is probably related to the drought. Herring spawning has been 



concentrated in the upper bay near Lagunitas Creek, which is the 

major source of freshwater inflow into Tomales Bay. 

San Francisco Bay 

Results from past spawning-ground surveys indicate that the 

San Frar~cisco Bay herring population has peaked twice in t h g  past 

10 years ( 1 9 8 1 - 8 2  and 1 9 8 9 - 9 0 ) .  In both cases, the population 

declined 35-40% the following season (Table 7 ) .  However, the 

decline following the 1981-82 peak was associated with the 1982-  

83 El Nino and continued for two seasons. Ultimately the popula- 

tion decllned by 60% before rebuilding began in the 1983-84 

season. The Tomales Bay population still has not recovered from 

the effects of the 1982-83 El Nino. 

Er~vironmental conditions during 1990 were simllar to those 

in 1 9 8 2 - 8 3  in that ocean temperatures were above normal and 

upkelling of nutrient rich sea hater was below normal. These 

cor ld l t  ions are unfa\-orable for herring growth and survj\-al. 

T h e  I 9 9 0  oceanorf~,aphic cor~dit ions were not as selere as tl~ose 

forrnd durinc 1982-83;  howe\.er, I S  conditions remain unfavorable 

for herring in 1 9 9 1  the San Francisco population may decline 

filrt her. 

Sp; l \ in lnS  t:scal~e_ment h v  &re9 1973 t o  1991  

Sl~awnirig-gro11nd surveys have been conducted in San Francisco 

Hay for 18 seasolls. During this time, there has been a major 

change in the distribution of herring spawning in the bay. From 

the 1973-74 to 1981-82 seasons, Richardson Bay, Sausalito, and 

Richmond were t11e major spawning areas. Since the 1982-83 



s e a s o n ,  t h e  S a n  F r a n c i s c o  w a t e r f r o n t  has  a c c o u n t e d  f o r  61% of all . 
s p a w n i n g  e s c a p e m e n t  ( T a b l e  13). 

H u m b o l d t  Bay 

T h e  f i r s t  h e r r i n g  s u r v e y  o f  Humbold t  Bag  i n  15 y e a r s  

e s t i m a t e d  a h e r r i n q  b i o m a s s  o f  a t  l e a s t  4 0 0  t o n s  f o r  t h e  1990-91  

s e a s o n .  I t  i s  s u s p e c t e d  t h a t  more  s p a w n i n g  o c c u r r e d  t h a n  o u r  

sllrve:-s d e t e c t e d .  H o w e v e r ,  d u e  t o  b r o a d  c o n f i d e n c e  l i m i t s  o f  t h e  

b i o m a s s  e s t i m a t e  t h i s  d a t a  s l ~ o u l d  b e  u s e d  c a u t i o u s l y .  T h e  Depart-  

m e n t  recornmerids f u r t h e r  s t u d i e s  i n  H u m b o l d t  Bay b e f o r e  a n y  

managemen t  c h a n g e s  are  c o n s i d e r e d .  

CONCLUSION 

T_.on? I .e_z BBI 

T h e  T o m a l e s  Bay h e r r i n g  f i s t ~ e r y  has b e e n  c l o s e d  s l r l c e  t h e  

1 9 8 9 - 9 0  h e c a u s e  o f  l ow s p a w n i n g  e s c a p e m e n t .  D u r i n g  t h e  c l o s u r e ,  

spar in i r rq  e s c a p e m e r ~ t  t ~ a s  i r ~ c r e a s e d  t o  r lear . ly  8 O U  t o n s .  H o w e i r e r ,  

t , l i ~ '  h i o n l a s s  i s  s t i l l  w e l l  be low t h e  l o n g  t e r n 1  mean of' 5 , 0 0 0  t o  

ti , 0 0 0  t o n s  p r i o r  t o  t h e  p r e s e n t  d e p r e s s e d  s t a t e .  l'lre c1osu1-e  

s l i o u i d  c o r ~ t i n u e  u n t i l  s p a w n i n g  e s c a p e n ~ e n t  i n  l ' o m a l e s  Bey  i n c r e a s -  

c s  t . 0  :it l e a s t  2 . 0 0 0  t o l l s .  

S a.r! E ~ r  ~AIIC-I .~L:J)  &a): 

7'11e S a r ~  I - r a n c i  s c o  bag h e r - r i n g  p o p u l a t i o n  d e c l i r r e d  

s i g n i l ' i  c a n t J y  f ' o r  t h e  i ' i  rs t  time i n  s e \ - e n  p e a r s .  L 'nf ' a \ .o rab le  

e n v i r o n m e r i t a l  c o n d i t i o n s  d u r i n g  1990  may b e  r e s p o n s i b l e  f'ox- t h e  

d e c l i n e .  T h i s  s e a s o n ' s  c o m b i n e d  s p a w n  e s c a p e m e n t  a n d  h y d r o -  

a c o u s t i c  b i o m a s s  e s t i m a t e  o f  51 , 0 0 0  t o n s  i s  a b o u t  1 5  % beloxi  t h e  

I 0  y e a r  p o p u l a t i o n  nlear~ of' 6 0 , 0 0 0  t o n s ,  a n d  ) ] e r r i n g  q u o t a s  w i l l  



be reduced next season. If a declining trend develops, further 

restrictions on the fishery will be necessary. 

Humboldt Bay 

The Humboldt Bay herring population is sufficiently large 

to support the existing small fishery. A 
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TABLE 1. Tomales Bay E e l g r a s s  Bed Measurements, 1990-91  Season.  . 
Area Season Area Season 

Bed 2 l a s t  Bed 2 l a s t  
number m surveyed number m surveyed 

1 5,000 1 2  1 ,700 1989-90 
1A 43,400 1 3  0 1989-90 
1 B  5,400 14 700 1 9 ~ 1 - 9 0  
1C 2,700 15 0  1989-90 
2 9,500 16  4,500 
2A 0 1 tiA 7,800 1989-90 
3  4,300 17  2,000 1989-90 
3A 0 18  0  1989-90 
4 2 ,500 19  38,000 1989-90 
5  6 ,500  1989-90 20 135 ,500  1989-90 
6 8 ,300 1989-90 20A 33,400 1989-90 
7  9 ,500  1989-90 21 1 ,488,000 
8 4,000 1989-90 22  140,000 
9  North 14 ,400  1988-89 23 1 ,209 ,000  
9 South 17,900 1988-89 24 45,500 1989-90 

1 0  1 .500 25 102,000 1989-90 
10A 3,000 2 6  120 ,  0OU 1989-90 
1 1  horth  10 ,500  2  7 27 ,800  
1 1  M i d d l e  3,800 2 8  65,000 
11 South 1 ,750  28A 5,900 

2 
Tota l  area = 3 ,546,550 m 



2 
TABLE 2. Eelgrass Density Estimates (kg/m ) for Most Tomales 

Bay Eelgrass Beds, Calculated from Multiple Regression. 

89-90  9 0 - 9 1  Percent 
Bed no. Density Density change 

1 1.67  . H 8  - 47 
1A 1 .44  1 . 9 9  + 38 
1B 2 . 0 3  2 . 1 0  + 3  
1C 1 . 4 1  1 . 6 1  + 1 4  
2  1 . 6 1  1 .46  - 9 
3 1 . 2 3  1.11 - 1 0  
3 A  no data 0 . 7 7  -- 
4  0 . 9 3  1 . 2 2  + 3 1  
5 1 . 2 4  0 . 6 9  - 4 4  
6  1 . 0 4  1 . 0 8  4  
7  1 .24  1 . 1 3  - Y 
8  1 . 3 3  no data -- 
9 s  1 . 4 6  0 . 8 3  - 43 . 
9 N  1 . 1 8  0 . 8 3  - 30  

2 . 0 6  
no d a t a  

1 . 1 9  
1 . 1 6  

no data 
0 .68  

n'o d a t a  
1 . 7 6  
2 .03  
1 . 5 9  

0 
1 - 7 9  
1 . 1 4  
0 . 8 6  

1 . 4 5  
0 . 9 4  
1 .07  

no d a t a  
I, 

1 . 0 9  
no  d a t a  

1 . 1 7  
no d a t a  

I 1  

0 . 9 6  
1 . 9 9  
0 . 9 8  
1 . 8 3  

n o  data 
0 . 6 3  
2 . 0 7  
1 . 9 1  
2 . 0 8  



TABLE 3. Tomdles Bay Herring Spawn Data, 1990-91 season, . 
Eggs per Conversion * 2 2 Millions -8 

Date Location Area m m of eggs factor X 10 Tons 

8 Jan 91 
8 Jan 91 
8 Jan 91 
27 Jan 91 
27 Jan 91 
27 Jan 91 
27 Jan 91 

27 Jan 91 
2 7  Jan 91 
27 Jan 91 

2 1  Feb  91 

8 Mar 91 

3 
50 
1 

20 
5 2 0  
105 
15 

10 
1 

Trace 

50 

3 

* See F i g u r e  1. 

* *  I n t e r t i d a l  spawn near Marconi Cove. 



TABLE 4. Tomales Bay Herring Biomass Estimates 1973-74 Through 
1990-91 seasons. 

Spawn escapement Catch Spawning biomass 
Season (tons ) ( tons ) (tons) 

* B i o m a s s  e s t i m a t e d  h y  c o h o r t  a n a l y s i s ;  f o r  a l l  o t h e r  y e a r s  
b i o m a s s  was estimated f rom spawninq-ground s u r v e y s .  



I/ 
TABLE 5, Tomales/Bodega Bay Area Herring Biomass Estimates. 

2 /  
catch 

Season Tomales Bay Bodega Bay in tons 
Total 
tons 

1988-89 16'7 NO SURVEY 2 1 3  380. 
/ 

1989-90 345 3 5 0  95 790 

1 9 9 0 - 9 1  '779 N O  SURVEY 95 874 

-- -- 
1  / -- 

Biomass estimates are from spawning ground surveys in Tomales 
Bas and hydroacoustic surveys in Bodega Bay. 

2 / - 
Herring catch is from Bodega Bay. 



T A ~ L E  6 ,  San Francisco Bay Herring Spawn Data, 1990-91  season. 

Eggs Per Conversion 
2 2 Millions -8 

Date Locat ion Area m m of eggs factor X 1 0  tons 

11 /24 /90  Tiburon 6,700 800,000 5 ,360 1.2 
*I 

6 5  
11 /24 /90  Belvedere Cove 20,000 220,000 4,400 55 

12 /6 -10 /90  San Francisco 250,000 1 ,680,000 420,000 
I 

1 / 3 - 6 / 9 1  San Franc i sco 570 ,000  2 ,360 ,000  1 ,345,200 
1 / 3 - 6 / 9 1  Treasure Island 70,000 5 ,740,000 401,800 
1 /3 -6 /91  Oakland-Alameda 152,000 4 ,510,000 685,520 
1 9 - 1 / 9 1  Alcatraz 23,000 2 ,500,000 57,500 
1 /21 -24 /91  S a n  Francisco 30 ,000  500 ,000  15 ,000  
1 / 2 1 - 2 3 / 9 1  San Francisco 210,000 1 ,300 ,000  273,000 
1 / 2 1 - 2 4 / 9 1  Hunters Pt. 70,000 1 ,000,000 70,000 

3 /4-7 /93 S a n  Francisco 70,000 1 , 320 ,000  92,400 I! 7 4 0  
- -- -- - - -- - - - - -- 

'Tot a1 1 , 716,  7 0 0  3, t i2Y,630 37,890 



TABLE 7. San Francisco Bay Herring Biomass Estimates from 
Spawning-Ground Surveys 1973-74 Through 1990-91 
Seasons. 

Spawn escapement Catch Spawning biomass 
Season (tons) (tons ) (tons ) .  

*Subtidal spa\..-ning areas were discovered in 1979. Biomass prior to 
1 9 7 9  was p r o b a b l y  underestimated. 

**includes h > - d r o a c o u s t i c a l  estimates totaling 7,800 tons. 



TABLE 8. Humboldt Bay Herring Spawn Data, 1990-91 season. 

Date 

Eggs Per Conversion * 2 2 Millions -8 
Location Area m m of eggs factor X 10 Tons 

-8 

20-21 Jan 91 1 200,000 11,000 2,200 .97 2 1 
20-21 Jan 91 3 21,000 635 13 I t  Trace 
20-21 Jan 91 5 200,000 161,000 32,200 I t  3 10 
20-21 Jan 91 5 84,000 29,000 4 7 8  (I 5 

Total 

* See Figure . 



TABLE 9. Confidence Limits of the Tomales Bay Herring Spawn 
.Estimates During the 1990-91 Season. 

Spawn S. E. D. F. Estimated 95% 
date Locat ion eggs per m N-1 tons Conf. int. 

- - - -- - - - -- - 
Total 7 7 9  - 

* 1 n t e r t . i d a l  spa\.:rl near Marconi  C o v e ,  n o t  on e e l g r a s s .  



TABLE 10. Confidence Limits of the San Francisco Bay Herring 
Spawn Estimates During the 1990-91 Season. 

Spawn 
starting S. E. D. F. Estimated . 95% 
date Locat ion eggs per m N-1 tons Conf. int. 

11/24 Belvedere Cove 57,000 3 55 - +35 
11/24 Ti buron 120,000 5 65 - +20 

12/6 San Francisco 148,000 7 4,500 - +930 

1 /3 San Francisco 321,000 13 14,400 - +3,800 
1/3 Treasure Island 977,000 10 4,300 - t1,600 
1 / 3  Oakland-Alameda 656,000 8 7,350 - +2,450 
1 /9 Alcatraz 1,258,000 2 620 - +1,3UO 
1/21 San Francisco 0 2 160 +O 
1/21 San Francisco 300,000 7 2,900 - +I, 600 
1/21 Hunters Point 70,000 1 750 - +450 

2 / 4  Oakland-Alameda 550,000 5 1,150 - t500 
2/4 A l  ameda 175,000 2 900 - +700 

3 / 4  San Francisco 106,000 9 740 - +I30 

Total 37,890 



. 
TABLE 11. Confidence Limits of the Humboldt Bay Herring Spawn 

Estimates During the 1990-91 Season. 

Spawn * S .  E .  D .  F .  Estimated 9 5% 
date Locat ion eggs per m N-1 tons Conf . int. 

Total 

* See Figure 3. 



TABLE 1 2 .  Ave rage  H e r r i n g  Spawning Escapement  by Area f o r  
Tomales  Bay,  E x p r e s s e d  as % of S e a s o n  T o t a l .  

S e a s o n  

V e g e t a t i o n  1973-74 t o  1983-84 to 1988-89 t o  
bed no. 1982-83 1987-88 1990-91 

1 0.84 0.98 1.17 
1 A  1.93 7 . 6 9  8.20 
1B - - 0.50 0 . 4 7  
1 C  -- -- -- 
2 3 . 9 7  4.05 -- 
2.4 -- 0.29 -- 
3 1.14 0.62 -- 
3.4 -- 0 . 1 5  -- 
4 0 . 0 4  -- -- 
5 0 . 3 2  1 . 6 3  -- 
6 0.54 2 . 9 6  -- 
i 1 . 0 6  1 . 9 5  -- 
8 0 . 5 3  3.54 -- 

1 1 . 0 0  4 . 4 9  - - 
1 0  0 . 8 1  - - - - 
10'4 -- -- -- 
11 3 . 4 1  2 . 9 6  -- 
1 2  0 . 1 0  0 . 0 6  -- 
1 3  -- -- -- 
I I 0 . 0 1  0 . 0 6  -- 
1 5  -- -- - - 
1 6  2 . 8 3  0 . 2 0  -- 
1 b.4 0 . 3 0  1 . 2 4  -- 
1 7  -- -- - - 
1 H -- -- -- 
1 9  1 . 1 7  -- -- 
2 0 2 . 4 2  1 . 9 2  - - 
2 0 1  0 . 5 0  -- -- 
2 1 2 3 . 2 2  15.97 -- 
'> 2 L 1 9 . 2 4  2 4 . 1 0  -- 
2 J 1 6 . 1 6  3 . 8 4  -- 
2 1  0 . 8 1  -- -- 
2 5  3 . 3 6  6 . 8 6  -- 
2 6  3.68 5.1'7 -- 
2 i 0 . 1 3  2 . 9 9  -- 
2 8  0 . 3 2  -- 4 7 . 5 3  
2  8.4 0 . 0 5  2 . 1 3  2 1 . 0 8  
28B -- -- 2 0 . 1 4  
2 9  -- 0 . 5 9  -- 
I n t e r t i d a l  -- 2.96 1.40 

Total 1 0 0 . 0 0  100.00 100.00 

T o n s  average 
escapemen t  * 7 , 9 2 6  

* No s p a w n  s i ~ r \ ~ e y s  were c o r ~ d u c t e d  i r ~  1978-79 01-1985-86. 



TABLE 1 3 .  Herring Spawning Escapement by Area for San Francisco 
Bay. 

Spawning 
area 

Average % Average 
of seasonal escapement , 
biomass ( tons Y 

Richardson Bay 
Sausalito 
Richmond 
Tiburon 
Angel Island 
Treasure Island 
Kiel Cove 
Belvedere-Tiburon 
Belvedere 
San Francisco 
South Bay 
Bell-edere Cove 
Berl,eley 
C o y o t e  Point 
Oakland-Alameda 

Total 1 0 0 . 0  3 4 , 5 3 6  

1982-83 to 1990-91  

Spawning 
area 

.Average % Average 
of seasonal escapement 

biomass ( tons) 
-- 

San Francisco 61.6 2 9 , 6 3 8  
O z h  1 and-Alameda 11.0 5 , 2 9 3  
S a u s a l  i t o  8 . 6  4 , 1 4 0  
Rclvedere-Ti b u r o n  3 . 8  1 , 8 3 0  
Arlcel lsland 3 . 6  1 , 7 3 2  
Treas~~re Island 3 . t i  1 , 7 3 2  
South Ray 2 . 6  1 , 2 5 0  
Tiburon 2 . 3  1 , 1 1 0  
Be1 vedere Cove 0.9 4 3 3  
Kiel Cove 0 . 8  3 8 5  
Richardson Bay 0 . 4  1 9 2  
Richmond 0 . 4  1 9 2  
Belt edere 0 . 2  9 6  
Alcatraz 0 . 1  7 0  
Coyote Point <0.1 21 
Berkeley 0 . 0  - - 
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SCALE IN METERS 

F I G V R E  1 .  Tomales Bay with numbered vegetation beds. All beds 
are eelgrass except where ( * I  indicates Gracilaria sp. 
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FIGURE 2 .  San Francisco Bay survey area. 



FIGURE 3. North Humboldt Bay with herring spawn locations 
and general location of eelgrass beds. 



VEGETATION 
DENSITY FALL 193 

RICHARDSON BAY .'. ,.. 

SAN FRANCISCO 
MARIN PENINSULA 

8 STATION LOCATION 

2 
FIGURE 4. Vegetation densities kg/m near Angel Island San 

Francisco Bay in the fall of 1990. 
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FIGURE 5. Vegetation densities kg/m in south San Francisco Bay 

in the fall of 1990. 
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HERRING SPAWNS 
1990-91 / 
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FIGURE 6. Herring spawns and starting dates in the north part 
of San Francisco Bay during the 1990-91 season. 
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OUTH SAN FRANCISCO BAY 
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FIGURE 7a. South San Francisco Bay intertidal herring 
spawns and spawn starting dates during 
December 1990 and January 1991. 
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FIGURE 7b. South San Francisco Bay intertidal herring 
spawns and spawn starting dates during 
February, and March 1991, 
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FIGURE 8. Subtidal herring spawns and spawn starting dates in 
South San Francisco Bay during the 1990-91 season. 




