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ABSTRACT 

The 1988 Prince William Sound spawning migration of pacific herring 
(Clupea harengus pallasi) was 524 million herring weighing 58,621 short 
tons. An estimated 48,812 tons escaped harvest to spawn. The 1988 
escapement biomass was projected forward one year to represent the 
1989 spawning biomass adjusting for growth, mortality, and 
recruitment. The 1989 spawning biomass of herring in Prince William 
Sound is projected to be 54,899 short tons with an individual size 
of 127 grams per fish. The recommended total allowable harvest is 
10,980 tons and represents 20% of the forecasted biomass. Following 
the management plan the allocations would be 1,400 tons for the 
food and bait fishery, 824 tons for the natural spawn-on-kelp 
fishery, 1,063 tons for the pound spawn-on-kelp fishery, 7,270 for 
the seine sac roe fishery, and 423 tons for the gill net sac roe 
fishery. This translates into 103 and 85 tons of product, 
respectively, for the natural spawn-on-kelp and pound spawn-on-kelp 
fisheries. 

KEY WORDS: Forecast, Pacific herring, spawning biomass, projection 
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INTRODUCTION 

The Prince William Sound herring stock is defined as those Pacific 
herring (Clupea harengus pallasi) populations that spawn within coastal 
waters between Point Whitshed and Cape Fairfield. Spawning is wide 
spread throughout the area and takes place between mid ~pril and 
early May. 

Beginning in late March, Department staff survey the coastline of 
Prince William Sound twice weekly from small aircraft until a 
significant biomass of herring is observed. Daily surveys are then 
conducted to assess the accumulation of herrinq biomass, its 
distribution, and map observed miles of spawn. Following spawning, 
Department SCUBA divers estimate the average density of spawn 
deposition and the total spawning biomass is back calculated from 
total number of eggs observed, mean fish weight, fecundity, and 
sex ratio. 

In Prince William Sound, there are three independent estimates or 
indices of herring biomass (Figure 1) (Brady 1987). Aerial survey 
estimates of herring biomass date back to 1974 and have ranged from 
1,321 tons in 1975, an estimate thought to be low due to poor 
visibility, to 51,090 tons in 1981. Mapped mile-days of spawn date 
back to 1978 and have ranged from 36.3 (1978) to 236.9 (1988) mile- 
days. Spawn deposition surveys were conducted in 1983-84 and 1988. 
A- spawning biomass of 58,581 tons was estimated in 1988, 1.7 times 
the aerial survey estimate of 34,270 tons of herring. A similar 
relationship existed between 1984 spawn deposition and aerial 
survey estimates. 

The purpqse of this report is to present a Prince William Sound 
herring biomass projection for the 1989 spring spawning migration 
and the resulting harvest guidelines. 

-- 

METHODS 

The 1989 Prince William Sound herring biomass was projected from 
the 1988 unharvested spawning biomass, adjusting for growth, 
mortality, and recruitment. During the 1988 spawning migration, 
the age structure of the population varied through time and by 
area. Consequently, in order to more precisely estimate the 
contribution of each year class to the total run area-specific 
biomass estimates were associated with individual, or sets of 
herring age, weight, and length (AWL) samples obtained from non- 
selective gear. Non-selective gear types included purse seines and 
beach seines. The 1988 herring AWL sample summaries will be 
published later as a Technical Fisheries Report. 



Prince William Sound was divided into 4 strata and the spawn 
deposition survey was designed to estimate the unharvested spawning 
biomass in each (Biggs and Funk 1989). Biomass estimates were 
proportioned to number at age using the corresponding AWL samples 
collected in each stratum and indicated by Biggs and Funk (1988). 

The 1988 escapement or unharvested biomass was the sum of the spawn 
survey biomass estimates for each stratum and an estimate of the 
herring which contributed roe to the natural spawn-on-kelp harvest. 
The biomass which contributed to this removal was not accounted for 
in the spawn deposition survey nor was there any fishery induced 
mortality. Natural spawn-on-kelp associated herring biomass was 
back-calculated from the sold product as 8.0 short tons of herring 
per ton of spawn-on-kelp. 

In 1988 removals of Pacific herring from Prince William Sound 
included harvests in the purse seine and gill net sac roe fisheries 
and fishery induced mortality resulting from impounding herring. 
Catch data were thought to be final and represent figures 
summarized from the fish ticket database residing in the Cordova 
Area office. AWL samples were collected each fishing period and 
from several pounds. The age structure was estimated as the sum of 
the catch-at-age from each commercial fishing period and total 
pound mortality. The total inshore spawning migration in 1988 was 
the sum of catch (all removals) and escapement. 

Age-specific instantaneous rates of natural mortality (M) were 
used to project the annual survival of the escapement biomass. 
Direct estimates of natural mortality rates, however, were not 
available for Prince William Sound herring. Therefore, a range of 
age-specific mortality rates were employed in the projection 
calculations. These natural mortality rates represent the range 
of rates used by Funk and Sandone (In press) in their assessment of 
Prince William Sound herring using cohort analysis. These age- 
specific schedules are identified by the mortality rate assigned 
to age-8 herring (age interval 8-9). The mortality schedules used 
in this report were M at age-8 of 0.3, 0.45, and 0.6. 

Age-specific instantaneous growth rates (G) were based on herring 
weight at age calculated from a weight-age relationship using 1973- 
87 Prince William Sound herring data (Funk and Sandone In  press). 
The availability (A) of a cohort at age (Funk and Sandone I n  press) 
was used to estimate that portion of the total cohort biomass which 
was expected to contribute to the spawning biomass. Availability 
was defined as that portion of the total cohort which was on the 
spawning grounds during the spring harvest period. 

The 1988 escapement biomass was projected forward in time one year 
to represent the 1989 spawning biomass as follows: 



where : 
B1989,t+l = 1989 projected biomass for age t+l 
E1988,t = 1988 escapement biomass for age t, 
%989, t+i = Availability in 1989 of age t+l, and 
A19B8,t = Availability in 1988 of age t 
G = Instantaneous rate of growth for age t 
M = Instantaneous rate of natural mortality for 

age t 

The total 1989 projected biomass was determined by summing the age- 
specific biomass projections. A minimal projected biomass of age- 
3 herring for the 1989 spawning migration was estimated by 
substituting the relationship between availability of age-4 to age- 
3 herring for the unavailable age-3 to age-2 availability 
relationship. The availability of age-2 herring was not estimated 
but was considered less than the availability of age-3 herring. 
Since the actual age-4 to age-3 herring availability relationship 
was most likely smaller than the age-3 to age-2 relationship, the 
projection of age-3 herring was considered a minimal estimate. 

RESULTS 

In 1988, age distribution was estimated from herring collected 
during each commercial fishing period and during the period seining 
of herring for introduction into pounds was allowed (Appendices 
A.l-A.5). Herring were also collected in areas of significant 
biomass accumulation throughout Prince William Sound in order to 
describe the age structure of the unharvested spawning biomass 
(Appendices B.l-B.6). Either, volunteered commercial or 
departmental vessels made multiple purse seine sets to capture 
herring from March 30 through April 24. A total of 7,834 herring 
were weighed, measured, and aged. 

Year class strength as 4-year-old fish has been estimated for 1969- 
84 using catch-at-age analysis (Figure 2). Year class strength has 
ranged from 463 million herring from spawning in 1976 to 13 million 
from spawning in 1973. Age-4 herring from the 1984 year class 
represented 81% of the total number of herring in the 1988 spawning 
population. This level of abundance has not been seen since the 
1976 year class. 

The 1988 Prince William Sound spawning migration consisted of 524 
million herring weighing 58,621 tons (Table 1). An estimated 48,812 
tons escaped harvest to spawn. This was greater than the projected 
inshore return of 43,992 tons (Sandone 1988) . The 4-year old return 
was twice the number predicted with fewer age-7 and -8 fish 
surviving (Figure 3) . The greatest difference between forecasted 
biomass and the actual return was also in age-4 herring (Figure 
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A schedule of increasing natural mortality with age where M of 0.45 
at age 8 was used (Table 2) to project the 1989 population. 
Projection of the 1989 spawning biomass was also done using natural 
mortality schedules of 0.3 and 0.6 at age 8 (~ppendix C. 1 and C. 2) . 
The schedule using M of 0.45 at age 8 was chosen for publication 
in the 1989 statewide herring forecast. All further discussion will 
be based on this forecast (Table 2). 

It is theorized that 100% of a year class does not spawn until age 
7. Estimates of the proportion of an age class who spawn and 
therefore are available for harvest range from 22% of the age-3 
fish to 88% of the age-6 fish. Projection of the younger ages (3- 
4 years) which are not fully recruited are difficult as few age 2 
or 3 fish were detected in the Department's 1988 sampling program. 

The 1989 spawning biomass of herring in Prince William Sound is 
projected to be 54,899 tons. An estimated 84.3% of the total number 
of fish will be age 5 in 1989 with minor numbers of age 4 through 
9 (Figure 5). The average size of an individual is expected to be 
127 grams. An estimated 82.1% of the biomass will be age 5 with a 
forecast of 124 grams per individual (Figure 6). Potentially this 
describes the age and weight composition of the purse seine harvest 
though the Department tries to capitalize on time and area 
differences in age composition if they exist to harvest older fish. 
In 1988, the Prince William Sound harvest was 61.5% age 4 by weight 
compared to 73.5% by weight for the total population. Due to mesh 
size selectivity, few age 3 to 5 year-old fish were captured by the 
gill net fleet and in 1988 the gill net harvest was only 4.4% age 
3-5 by weight. 

Guideline harvest levels are set by the Board of Fisheries in 
accordance with the Prince William Sound herring management plan, 
last revised in 1986 (5AAC27.360). All fisheries will be managed 
on a guideline harvest level of 0-20% overall exploitation rate of 
the estimated spawning biomass. If the harvestable surplus is above 
8,500 tons the winter food and bait fishery is allocated 1,400 
tons, the natural spawn-on-kelp fishery 824 tons, and the pound 
spawn-on-kelp fishery 1,063 tons of herring. The remaining 
harvestable surplus is then divided between the sac roe fisheries, 
with 94.5% allocated the purse seine fishery and 5.5% to the gill 
net fishery. 

In 1989 the recommended total allowable harvest is 10,980 tons and 
represents 20% of the forecasted biomass. Following the management 
plan the allocations would be 1,400 tons for the food and bait 
fishery, 824 tons for the natural spawn-on-kelp fishery, 1,063 tons 
for the pound spawn-on-kelp fishery, 7,270 for the seine sac roe 
fishery, and 423 tons for the gill net sac roe fishery. This 
translates into 103 and 85 tons of product, respectively, for the 
natural spawn-on-kelp and pound spawn-on-kelp fisheries. 
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Table 2. Prince Wlllim S o l d  District pmjectlal of the 1989 Paclflc herring b l m s s  with mtural mrtallty at age 8 = 0.45. 

2 53.4 2- 3 0.392 0.343 1.05 2.45 2.58 2 0 0 

3 79.1 3-4 0.264 0.343 0.92 0.22 2.45 2.27 3 704 1 0.0 8 0.0 

4 102.9 4 -5 0.184 0.343 0.85 0.54 1.43 1.22 4 37,058 1,596 2.9 14,067 3.6 

5 123.7 5-6 0.130 0.343 0.81 0.77 1.14 0.92 5 2,810 45,056 82.1 330,471 84.3 

6 140.9 6-7 0.094 0.344 0.78 0.88 1.14 0.88 6 1,712 2,596 4.7 16,713 4.3 

7 154.8 7-8 0.068 0.365 0.74 1.00 1.00 0.74 7 3,026 1,515 2.8 8,881 2.3 

8 165.7 8-9 0.050 0.450 0.67 1.00 1.00 0.67 8 2,244 2,249 4.1 12,311 3.1 

9 174.2 9-10 0.037 0.667 0.53 1.00 1.00 0.53 9 558 1,504 2.7 7,831 2.0 

10 180.8 10-11 0.027 1.108 0.34 1.00 1.00 0.34 10 111 297 0.5 1,492 0.4 

I 11 185.8 11-12 0.020 1.887 0.15 1.00 1.00 0.15 11 195 38 0.1 184 0.0 

12 189.5 12-13 0.015 3.139 0.04 1.00 1.00 0.04 12 395 30 0.1 14b 0.0 

13 192.4 13-14 0.011 5.020 0.01 1.00 1.00 0.01 13+ 0 17 0.0 82 0.0 

14 194.5 14-15 

Total 48,812 54,899 100.0 392,184 100 .O 

a weight at time t = 200.943[1-q(-0.293(t+1.689)1~.~~~ 

Instantaneous gmvth rate G = LK(W~+~IW~) 

Instantaneous natural mrtallty rate (M) 

* Availability schedule 
ProJe~tlon(~+~) = E~capenent(~) x A ( ~ + ~ )  l~(~)e(~-~) 

* 
n 
m 

0' 
IV 
W 
a3 
4 
0 
9 



1973 1975 1977 1979 1981 1983 1985 1987 1989 

Year 

Figure 1. Prince William Sound herring biomass from aerial surveys (line), 
spawn surveys (crosses), and an index of abundance as mile-days 
of spawn (diamonds). The 1989 biomass (triangle) was projected 
from the spawn survey estimate. 
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Figure 2. Historical year class strength of Prince William Sound herring 
in number of 4-year-old fish. 
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Figure 3 .  Age composition o f  t h e  Pr ince  William Sound h e r r i n g  popula t ion  
i n  1988 compared t o  t h a t  p r o j e c t e d  from 1987. 
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Figure 4. Age composition by weight of the Prince William Sound herring 
biomass in 1988 compared to that projected from 1987. 



Age m. 1989 Projected 

Figure 5. Age composition of the Prince William Sound herring population 
in 1988 and projected for 1989. 
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Figure 6. Age composition by weight of the estimated 1989 biomass of 
Prince William Sound herring. 

A C E  b 2 3 8 7 1 5  



Appendix A . 1 .  P r i n c e  Wi l l i am Sound c - r c i a l  p u r s e  s e i n e  h a r v e s t  by age  and y e a r  c l a s s ,  A p r i l  2 1 ,  1988. 

F i s h i n g  P e r i o d  o n  A p r i l  21  

Mean Weighting Number 

Year b e  Number by Weight F a c t o r  by Biomass o f  F i s h  

C l a s s  C l a s s  Sampled Number ( 9 )  ( g )  Weight ( s t )  ( *  1 , 0 0 0 )  

- - - -- -- 

T o t a l  878 1 0 0 . 0  1 1 2  98,344 1 0 0 . 0  3,437 27,836 
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Appendix A . 2 .  Prince William Sound c-rcial purse seine harvest by age and year c l a s s  April 2 2 ,  1988. 

Fishing Period on April 22 

Mean Weighting Number 

Year Age Number by Weight Factor 2 by Biomass of  Fish  

Class Class Sampled Number (9)  (g)  Weight ( s t )  ( *  1,000)  

Total 615 100.0 110 67,551 100.0 4 ,459 36,829 
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Appendix A.3 .  Prince William Sound cannercia1 purse se ine  harvest by age and year c l a s s ,  1988. 

Me an Number 

Year Age Number X by Weight X by Harvest o f  Fish 

Class Class Sampled Number (9)  Weight ( tons  ) ( *  1,000) 

Total 1,493 100.0 111 100.0 7 ,895.9  64,665 

A C E  6238718 
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Appendix A . 4 .  Prince William Sound corrmercial g i l l  n e t  harves t  by age  and year c l a s s ,  1988.  

Mean Weighting Number 

Year Ape Number X by Weight Factor X by Harvest o f  F i s h  

Class  C l a s s  Sampled Number ( 9 )  ( 9 )  Weight ( s t )  ( *  1 , 0 0 0 )  

Tota l  565 1 0 0 . 0  170 96,110 1 0 0 . 0  3 5 8 . 1  1 , 9 1 0  
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Appendix A . 5 .  Pr ince  William Sound comnercial purse s e i n e  pound h a r v e s t  by age  and year  c l a s s ,  1988. 

Mean Weighting . Number 

Year Age Number Z by Weight Factor  1 by Harvest  o f  F i s h  

Class  C l a s s  Sampled Number ( 9 )  (g )  Weight ( s t )  ( *  1 , 0 0 0 )  

T o t a l  577 1 0 0 . 0  96 55 ,183  1 0 0 . 0  1 , 5 5 5 . 0  1 4 , 7 5 0  

A C E  6238720 
-- - 



Appendix B.1.  P r i n c e  Will iam Sound h e r r i n g  biomass d i s t r i b u t i o n  by age and y e a r  c l a s s ,  Hontague I s l a n d ,  1988. 

Biomass e s t i m a t e d  from spawn d e p o s i t i o n  survey i n  t h i s  a r e a .  

Montague I s l a n d  

Mean Weighting Number 

Year Age Number I by Weight F a c t o r  I by Bianass  of  F i s h  

C l a s s  C l a s s  Sampled Number ( 8 )  ( g )  Weight ( s t )  (*  1 , 0 0 0 )  

T o t a l  568 100.0 96 54 ,745  100.0 26,575 250,140 
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Appendix B . 4 .  Prince W i l l i a m  Sound herring biomass d i s t r ibut ion  by age and year c l a s s ,  Naked I s l a n d ,  1988. 

Biomass estimated from spavn deposi t ion survey i n  t h i s  area. 

Naked Island Area 

Mean Weighting Number 

Year Age Nwnbe r by Weight Factor X by Biomass of Fish 

Class Class Sampled Number (B) ( 9 )  Weight ( s t )  (* 1,000) 

Total 545 100.0 107 58,522 100.0 11,165 9 4 , 3 2 9  



Appendix B . 5 .  Prince W i l l i a m  Sound herring biomass distribution by age and year class  which contributed 

roe for the wild spavn-on-kelp harvest in the Valdez A m ,  1 9 8 8 .  

Herring Associated v i th  the Wild Spavn-on-Kelp, Valdez Arm 

Mean Weighting Number 

Year Ape Number 1 by Weight Factor X by  Biomass of Fish 

Class Class Sunpled Number ( B )  ( 9 )  Weight ( s t )  (* 1 , 0 0 0 )  

- -- - -  - --- 

Total 474 1 0 0 . 0  97 4 5 , 8 5 6  1 0 0 . 0  258 2 , 4 1 6  
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Appendix B.6 .  P r i n c e  Will iam Sound h e r r i n g  biomass d i s t r i b u t i o n  by age and y e a r  c l a s s  which c o n t r i b u t e d  

r o e  f o r  t h e  wi ld  spawn-on-kelp h a r v e s t  i n  t h e  Fairmount Bay a r e a ,  1988. 

H e r r i q  Assoc ia ted  w i t h  t h e  Wild Spawn-on-Kelp, Fairmount Bay 

Mean We i g h t h g  Numbe r 

Year Ape Number 2 by Weight F a c t o r  X by Biomass of  F i s h  

C l a s s  C l a s s  Sampled Number ( g )  ( 9 )  Weight ( s t )  ( *  1 , 0 0 0 )  

T o t a l  1748 100.0 113 198,008 100.0 515 4 ,126  
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M L x  C.1. P r h e  Ullllan S a d  1%9 herring pmjectlm b l m s  spreadsheet: 

Natural HortalLty at age 8 = 0.3. 

1989 Projected B L m s  

Total 48,812 63,784 100.0 455,558 100.0 

a WeLght at time t = 200.943[1-exp(-0.293(t+1.689)] 3.1% 

Instantaneaci gmvth rate G = Ln(Wt+llWt) 

I~tantaneau ~ t u r a l  tmrtality rate (MI 

~ ~ l l a b l l l t y  s-e 

ProJe~tlon(~+~) = Escapenent(t) A(t+l)'A(t) .(G-M) 



Appadlx C.2. P r h e  WLLlLan Solnd 1989 herring projectlm b l m s  spreadsheet: 

Natural Mortality at age 8 = 0.6. 

1989 Projected Blmass 

Total. 48,812 47,252 100.0 337,556 100.0 

a UeLght at t h  t = 200.943[1-exp(-0.293(t+1.689)]~'~~~ 
0 
m Instant- grcuth rate G = Ln(Wt+llWt) 

0' 
Instantaneow natural mortality rate (M) 

hJ AvaLlabiIlty schedule 
bJ e 
03 ProJe~tlcn(~+~) = E~capanent(~) x A(~+~)IA(~)~(~-") 
4 
N 
(X, 




