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ABSTRACT 

Southeastern pink salmon forecasts are based primarily upon an 
ana lys i s  of relationships between pre-emergent fry dens i t i es  and subse- 
quent adult  returns. The pre-emergent fry a bundance information i s  obtained 
each  spring from an  extensive sampling program covering over 100 South- 
eastern Alaska streams. Additionally, data on escapements ,  estuarine con- 
di t ions ,  a i r  temperature, precipitation and other factors are analyzed to  
improve foreca st accuracy. 

Pre-emergent sampling of the 19 74 brood year  (1 976 return) pink 
salmon spawn was  the most extensive in  1 3  years .  Nearly 5,800 hydraulic 
samples were collected in 143 individual sections of 102 spawning streams 
throughout the region. Only 7% of the sample a reas  produced substantial  
numbers of live fry while 60% produced very few or no live fry a t  a l l .  The 
low fry densi t ies  observed clearly point toward very poor pink salmon returns 
in  both northern and southern Southeastern in 1976. 

Several factors affected fry production: 

1 . Low escapements.  Due to  the generally poor returns the 
1974 escapements in both northern and southern South- 
eastern were the lowest in an  even year since 1960 and in 
most dis t r ic ts  escapements were l e s s  than half of the 
desired goals .  

Loss of spawn during high water. Heavy rainfall occurred 
throughout Southeastern during October, November and 
December 1974. For example, the October rainfall a t  
Juneau was  the most ever recorded there in any single 
month and the October rainfall a t  Ketchikan was  1 .5 feet  
above normal. Some streams showed obvious s igns  of 
flooding the following spring and egg lo s s  was  probably 
wide spread. 

3 .  Freezing and desiccation of fry. Below normal temperatures 
were prevalent in  Southeastern during February 1975 a t  a time 
when stream flows were low and snow cover was thin.  Sub- 
s tant ia l  numbers of dead fry were found during sampling in 
March and April. 

4. Early outmigration. The possibility of early fry outmigration 
prior to  stream sampling was examined. Trapping of outmig- 



rant fry was  conducted on a small scale  in the southern area 
and records of similar s tudies  were reviewed. The analysis  
indicated that early outmigration was not a significant factor 
in the low pre-emergent fry abundance observed in 1975. 

5 .  Estuarine environment. In southern Southeastern the low fry 
production may have been partially offset by favorable estuarine 
conditions a t  the time fry were leaving the streams. At Ketchi- 
kan the sea water temperatures were above the average of the 
pas t  few years .  Northern Southeastern es tuar ies  were colder 
than average and fry survival i s  not expected to  be exceptional. 

The forecast  analysis  indicated poor pink returns to both northern and 
southern sect ions  of Southeast Alaska during 1976. In northern a r eas  the point 
estimate of the return if 1 .8 million with an  upper range of 5 .4  million. For 
southern Southeastern the point estimate of the return i s  4.1 million with a n  
upper range of 9 .6  million. A t  the forecasted level  l i t t le commercial harvest 
would be permissible and even if the returns approach the upper range there 
is l i t t le prospect for prolonged fishing in broad a reas .  There is a l s o  a very 
real  possibility of extremely poor returns,  especially in some a reas ,  and 
achievement of well distributed escapement will be critically important in 
1976. 

Southern Southeastern Return Harve st 

Point estimate = 4 . 1  million 0 .  2 million 

Range estimate = < 1 - 9 . 6  million 0 - 3.6  million 

Northern Southeastern 

Point estimate = 

Range estimate = 

1 . 8  million 0 

< 1 - 5 .4  million 0 - 1 .9  million 



FORECAST OF 1976 PINK SALMON RETURNS TO SOUTHEASTERN ALASKA 

INTRODUCTION 

Southeastern Alaska pink salmon forecast research was  begun in  1962. 
This report is the eleventh in a se r ies  concerning these studies (Noerenberg 
e t  a l .  1964; Hoffman 1965,  1966; Smedley and Seibel 1967; Smedley e t  a l .  
1968; Valentine e t  a l .  1970; Durley and Seibel 1972; Durley 1973a, 1973b; 
Kingsbury e t  a l .  1975a). The purpose of this report is to  descr ibe the present 
condition of Southeastern pink salmon s tocks ,  analyze the succes s  of the 
197 5 Southeastern pink salmon forecast and present the 19 7 6 forecast .  

Annual pink salmon forecasts are  of importance to  salmon fishermen 
and processors for operational planning and to  fishery managers for regulatory 
decis ion making. Forecast information contained in  this  report was presented 
a t  the December 1975 meeting of the Alaska Board of Fisheries and was pub- 
lished earlier in  summary form (Waltemyer and Lindstrom, 1976) .  

GEOGRAPHICAL AREA OF STUDY 

The major pink salmon producing area of Southeastern Alaska l i e s  
between Cape Fairweather and Dixon Entrance (Figure 1) .  For salmon man- 
agement and forecast purposes this  area is divided into southern and northern 
units; tagging studies have demonstrated that  migration routes of pink salmon 
bound for the two units are sufficiently different that  l i t t le mixing occurs in 
the catch (Nakatani e t  a l .  1975) . Southern Southeastern includes regulatory 
dis t r ic ts  1-8 . Pink salmon enter through Dixon Entrance and Sumner Strait or 
approach the wes t  coas t  of Prince of Wales  Island directly from the Gulf of 
Alaska. The northern unit includes Dist r ic ts  9-16. Pink salmon enter pri- 
marily through Icy Strait although small numbers p a s s  through Peril Strait and 
lower Chatham Strait.  Stocks bound for the west  coas t  of Baranof and Chicha- 
gof is lands approach from the north and may be intercepted by fisheries in 
Cross  Sound or outer Icy Strait. The streams of Districts 4 ,  8 ,  15 and 16 
produce relatively few pink salmon and are not considered in  the forecasts .  

DEFINITIONS 

Because the terms escapement and return frequently occur throughout 
this  report, i t  i s  important to briefly explain them a s  they are used in manage- 
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ment of the Southeastern pink salmon. The term escapement refers to  those 
salmon which survive natural and fishing mortalities and enter the spawning 
streams. Barring extreme predation, severe drought or drast ic  overcrowding 
a large proportion of these  fish deposit  the spawn to replenish the s tocks.  
In this  report "escapement" is used a s  a n  abbreviation for "escapement index". 
Since i t  is not now practical to  accurately estimate the total  number of pink 
salmon spawners in  a l l  the streams of Southeastern Alaska , a n  index or rela- 
tive measure of escapement i s  obtained annually. The index i s  derived from 
annual peak counts from a n  extensive se r ies  of aer ia l  and foot surveys and 
weir counts of pink salmon in the spawning streams. Provided that the rela- 
tionship between total escapement and escapement index is constant ,  the 
escapement index can be substituted for total escapement for forecast and 
management purposes. 

The term return refers to the adult  salmon leaving the feeding grounds 
in the open ocean and entering inshore fishing grounds. Primary components 
of the return are the catch and the escapement.  In this  report the return i s  
more precisely a "return index" because it represents the sum of the commer- 
c ia l  catch and the escapement index. 

STATUS OF THE STOCKS 

Historical Perspective 

The significance of the 1976 Southeastern pink salmon forecast can be 
properly discussed only i n  relation to  longer term historical abundance leve ls  
of the s tocks.  Because data on escapement prior to  1960 are very l imited,  i t  
i s  necessary to use annual commercial ca tch  data a s  an  indirect measure of 
annual run s ize  in the discussion of historical patterns.  The limitations of 
this  approach a s  a result  of variations in number and types of gear ,  fishing 
t ime, dis t r ic ts  open to  fishing and other factors must be recognized. 

The commercial catch of Southeastern pink salmon did not reach signi- 
f icant proportions until after  19 00. Annual commercial harvests from 1900 to  
present are  shown in Figure 2 .  This figures suggests that ,  similar to  other 
major Alaskan salmon f isher ies ,  the Southeastern pink salmon fishery experi- 
enced four basic  periods. 

The first period, beginning with the commencement of commercial fish- 
ing and ending a bout 19 17 , could be called the period of development. During 
this  period fishermen, fishing gear and processing facil i t ies increased rapidly 
with a corresponding increase in  catch from 4 million in 1900 to  41 million in 
1917. 



1918-1941 

PERIOD OF FISHERY PERIOD OF SUSTAINED 
DEVELOPMENT PXODUCTION 

900 1910 1920 1930 1940 1950 1970 1980 1960 

YEAR OF HARVEST 

F I G U R E  2 .  ANNUAL COMMERCIAL HARVEST OF PINK SALMON I N  SOUTHEASTERV ALASKA SINCE 1900 



The second period, from a bout 191 8 to  about 1941 , could be referred to  
a s  a period of sustained production. Although large annual variations occurred, 
the catch appeared to have a relatively constant long term trend, neither increas- 
ing nor decreasing.  The average annual pink salmon catch in Southeastern 
Alaska was  31 million fish; the peak annual catch of nearly 60 million pink 
salmon was attained in 1941. 

During the third period, 1942 -1 9 60 ,  a severe decline occurred in  the 
catch of pink salmon from 33 million in 1942 to 3 million in 1960 with the excep- 
tion of 1 yea r ' s  recovery in 1949. The causes  of the decline over nearly 20 years  
cannot be identified without more detailed study of the history of the f isher ies ,  
however, the most probable major cause  was  repeated overharvest with the sub- 
sequent reduction of spawning populations . 

The fourth period, from 1961 to present ,  encompasses the span of s ta te  
management during which the abundance of pink salmon initially responded well 
to  more intensive management but recently has  returned to  very low levels .  
Average annual catch was  approximately 11 million pink salmon with a maximum 
of 25 million in  1968. This period i s  particularly relevant to  the discussion of 
the 1976 forecasts and i t  i s  useful to  consider southern and northern units sep- 
arately and in more detai l .  

Northern Southeastern Alaska 

Pink salmon catches  in northern Southeastern approached average his-  
torical levels  in 1961 and 1963 but since then have declined rather steadily 
(Figure 3a) . The catch of 9.9 million in 1968 was  a l so  comparatively high 
whereas the catch of about 520,000 in 1974 was the lowest since 1900. The 
1975 catch (584,000 fish) was only marginally better. 

Before 1972 fishery managers were quite effective in maintaining escape-  
ment levels  (Figure 3b) through restriction of fishing time and waters open to 
fishing. However, an  escapement index goal of 4 million for northern South- 
eastern established in 1972 has  never been achieved. Since 1972 the escape-  
ment index has  fallen lower each year.  The bulk of the catch in 1975 came 
from Sitka Sound and Slocum Arm on the outside coas t  where escapement goals  
were met . 

It appears that  the decline of pink salmon catches  in northern South- 
eastern Alaska since 1960 has  been a reflection of progressively poorer survi- 
va l  conditions. The return per index s p a w n e r d o f  northern Southeastern s tocks 

4 
Return per index spawner for brood year n = return in year n+2 

escapement index in year n 
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has  declined rather steadily since 19 61 (Figure 3c) . The poor returns from 
the 1963 and 1965 broods was probably caused a t  l eas t  partially by severe 
drought during the spawning sea son which reduced stream flows to  the point 
that  many potential spawners died unspawned. Eggs already spawned may 
a l so  have been adversely effected. The la st two brood years  (19 7 2 and 1973) 
have returned l e s s  than one fish (in 1974 and 1975) for each  fish in the escape-  
ment index. The northern Southeastern return per spawner ratio i s  a composite 
survival index of many s tocks ,  some of which maintained their  abundance and 
others which have declined drastically.  The s tocks from some areas  are 
especially weak.  These weak a reas  include Peril Strait ,  Hoonah Sound, Icy 
Strait ,  the lower west  coas t  of Admiralty Is land,  the inner portion of Tenakee 
Inlet ,  northern Khaz Bay, Portlock Harbor, Hobart Bay and Windham Bay (Fig- 
ure 1) .  Early-run s tocks from inside waters have been effected more severely 
than middle- and late-run s tocks and small streams have suffered more than 
larger streams . 

The causes  of the declining survival of northern Southeastern pink 
salmon are poorly understood but the observed trend toward lower ocean and 
a i r  temperatures in recent winters may be involved. However, the severe 
winters of 1970-71 and 1971 -72 did not seem to  accelerate the decline of the 
survival rate which began a t  l ea s t  a s  early a s  1961 (Figure 3c ) .  Some other 
Alaskan salmon s tocks appear to have declined sharply a s  a result  of those two 
winters (Waltemyer and Lindstrom 1976) . 

Regardless of the causes  of the low survival i t  is obvious that i t  will 
require improved survival of the northern Southeastern pink salmon s tocks to  
restore them enough to  support significant commercial harvests .  When abun- 
dance d o e s  increase the first  priority must be the achievement of escapement 
goals s o  a s  to  es tabl ish a "cushion" against  years  of poor survival and an  
opportunity t o  take full advantage of years  of good survival. At present many 
pink salmon s tocks in northern Southeastern Alaska a re  a t  extremely low levels  
of abundance.  

Southern Southeastern Ala ska 

In southern Southeastern even-year pink salmon ca tches  increased 
dramatically to over 15 million in 1966 and 1968 and then generally declined 
to  a near-record low of 3.7 million in 19 7 4 (Figure 4a) . Odd-year catches  
remained a t  much lower leve ls  reaching a maximum of 6 .2  million in 19 71 and 
then dropping to 3.2 million in 19 75. Variations in escapement leve ls  (Figure 
4b) basically followed the variation in catches;  even-year escapement index 
peaked in 1966 and 1968 and odd-year escapement index peaked in 1971. In 
1975 the escapement index was increased above 1973 and 1974 levels  through 
limitation of fishing time and open waters.  
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The return per index spawner (Figure 4c) of southern Southeastern pink 
salmon s tocks has  averaged only slightly higher than that of northern s tocks 
but no obvious declining trend has  occurred. Unusual climatic occurrences 
probably account for most years  of poor pink salmon survival. Poor returns 
from the 1963 and 1965 broods were associated with extensive drought during 
the spawning seasons .  Examination of weather records and stream survey 
reports indicate that  the drought was longer, more severe and effected more 
streams in  1965 than in 1963. Consequently the return per index spawner of 
the 1965 brood was considerably lower than that  of the 1963 brood. Poor returns 
from the 1968, 1971 and 1973 broods were associated with unusually cold win- 
te rs  during which water l eve ls  dropped and spawning beds froze. The low 
returns from the 1967 and 1972 broods cannot be readily explained by a single 
climatic event but several  factors may have been responsible.  Conversely 
the brood years  of exceptionally high survival (1960 and 1969) were associated 
with average or slightly above average winter temperature and precipitation. 

In sum, the magnitude of the pink salmon returns to  southern Southeast- 
ern Alaska seem to be quite closely related to basic measures of the environ- 
ment (temperature and precipitation) and the escapement index. Analysis of 
pre-emergent sampling resul ts  and other data t o  be discussed later indicates 
that  the 1976 return (from the 1974 brood) will probably be very weak,  however 
the general condition of the southern Southeastern pink salmon s tocks appear 
t o  be good. The prospect of restoring those s tocks to  former leve ls  of abun- 
dance i s  quite favorable. 

FORECAST SUCCESS 

The 1976 pink salmon return will be the tenth covered by the Southeast- 
ern forecast program. Forecast succes s  has  been variable with both good and 
poor forecasts for large,  small and intermediate returns (Table 1) . The prob- 
lems experienced have been different in the two forecast  units .  

Southern Southeastern predictions have been rea sona bly accurate in 
terms of overall return strength for five of the nine previous returns. Even- 
year  returns have been forecast more successfully (3 satisfactory out of 4) than 
have odd-year returns. We believe that  current forecast  techniques can  be 
used to produce dependably accurate forecasts ,  particularly if th i s  program is 
augmented with studies of estuarine or early marine survival of the pink salmon 
fry 

In northern Southeastern pink salmon returns in the l a s t  6 years  have 
been near or below the lower limit of the forecast range. In 197 1 , 1972 and 
1974 returns were well below forecast l eve ls  which probably hindered rather 



Table 1 . Comparison of forecast  and observed pink salmon returns in northern 
and southern Southeastern Alaska, 1967-1975 d. 

(Number of salmon in millions) 

Re turn 
Year 

Point 
Estimate 

Range Actual 
~ s t i m a t e  Return 

Southern Southeastern 

Northern Southeastern 

Deviation 
from Point 

Return actually refers to  return index, i . e .  , return index = ca tch  + 
escapement index. 

Range es t imates  prior to  1972 were based on alternative forecast methods 
and were not intended a s  confidence limits. 

Return index revised slightly based on final  catch s ta t i s t i cs .  

Based on preliminary catch and escapement da t a .  

Pre-emergent f ry  indices alone indicated forecasts of 2 .3  - 4.0 million 
for southern Southeastern and 4.0 - 5.1  for northern Southeastern in 19 67 . 



than helped in management of the fisheries.  The 1975 return was  a l so  weaker 
than predicted but in th i s  ca se  the forecast contributed to  conservation of the 
s tocks a s  will be explained below. The problem of repeated over-estimation 
of the northern runs i s  probably related t o  the declining return per spawner 
ratio discussed previously and we believe i t  ha s  been dea l t  with in the 1976 
forecast .  However, i t  does  appear that  the development of thoroughly reliable 
forecasts of northern Southeastern pink salmon returns will require more inten- 
sive study and monitoring of both freshwater and estuarine environments. These 
studies are  being initiated. 

The forecast of the 197 5 returns generally contributed to management 
of the pink salmon s tocks ,  however some predictive errors were experienced. 
The predicted returns t o  both southern and northern units were very low. 
Southern Southeastern was  expected to  receive only 2 -1 million fish which 
was  only about one-third of the number required to  meet the escapement index 
goa ls .  The upper range of the forecast return was 4.1 million and the catch 
was  not expected to exceed 300,000. Northern dis t r ic ts  were expected to fare 
slightly better; the predicted return was  4.8 million including a harvest of 1 .3  
million, mostly from the Sitka a r ea .  In both southern and northern a r eas  i t  was  
expected that  early and middle runs would be especially weak and only the la te  
runs ,  mostly produced by streams on the outside coas t s  would be sufficiently 
strong to  allow fishing. Faced with the prediction for very weak returns,  the 
Department's strategy was  to hold back on intensive fishing until pink salmon 
began to appear in numbers in the usual inside schooling a reas  and bays.  

In retrospect the 1975 pink salmon returns were generally poor and fore- 
c a s t  accuracy was variable. Some a reas  experienced substantially stronger 
returns than was expected and some areas  weaker. The southern unit return 
of 7 . 4  million exceeded the upper limit of the forecast  range due to  the strength 
of the middle run. It appears that  the  fry of the middle run of Districts 1 ,  2 ,  3 ,  
6 and 7 experienced excellent estuarine survival in the spring of 1974 which 
partially compensated for the low fry input of the spawning streams. Fortun- 
ately the strength of the middle run was  detected and that  segment accounted 
for the bulk of the 1975 southern Southeastern catch.  Early runs and some seg- 
ments of the middle run were about a s  weak a s  expected while the la te  run w a s ,  
i f  anything, weaker than expected.  The returns t o  Anan Creek and Wilson River, 
both major early-run s t reams,  were somewhat stronger than most other early 
runs a s  was  anticipated from the forecast  da ta .  

In northern Southeastern the pink salmon returns to  the inside dis t r ic ts  
were generally weaker than forecast and escapement indices  declined in  nearly 
every stream even though almost no fishing wa s allowed. Only a bout 45,600 
pinks were caught in Districts 9-12, 14 and 15 which normally account for a t  
l e a s t  80% of a substantial  harvest .  The forecast correctly indicated l i t t le or 
no harvestable surplus from these dis t r ic ts  and in th i s  c a s e  the forecast con- 



tributed to  conservation of the essen t ia l  spawning s tock.  Had normal fishing 
been allowed in these d i s t r ic t s ,  many of the spawning streams could have 
been rendered totally barren. The runs in the Sitka Sound and Slocum Arm 
a reas  were actually about half of the expected magnitude, however, good 
escapement levels  were achieved and the catch of about 539,000 pink salmon 
was  the third highest since 1960. 

1976 FORECAST 

1974 Escapement 

The downtrend of even-year pink salmon escapements since 1968 con- 
tinued into 1974,  the parent year or brood year  of the 1976 return. In both 
northern and southern units escapement indices  were below the average for 
even years  s ince 1960 and far below escapement goa ls .  In southern South- 
ea stern the escapement index of 3 .1  million was about 5 0% of the 6 million 
required while in northern Southeastern the 1974 escapement was only 37% of 
the goal of 4 million. None of the dis t r ic t  escapement index goals  were m e t  in 
1974 (Figure 5 ) .  

The distribution of pink salmon escapement among the numerous spawn- 
ing streams i s  a l s o  very important because a super-abundance of spawners in 
one stream does  not compensate for a scarcity of spawners in another. Figure 
6 shows the percent of attainment of escapement index goals  in 136 important 
Southeastern spawning streams in 1974. In 99 of the streams (73% of the total) 
l e s s  than 40% of the escapement goal was  achieved. Goals were exceeded in 
9 streams (7% of the to ta l ) .  These particular 136 streams were selected because 
a sufficient data base ex i s t s  to  es tabl ish reasonably valid escapement goals  
and they are considered representative of pink salmon spawning streams in the 
region. The analysis  shows that  insufficient numbers of spawners was  the 
major problem in 19 74 while distribution of escapement and excessive numbers 
of spawners was  of l e s se r  importance. 

Freshwater Mortality of the 1974 Brood 

Mortality of pink salmon during the incubation period in  freshwater i s  
highly variable; generally l e s s  than 10% of the eggs deposited survive to 
emergence in the spring. This resul ts  from a number of biological and clima- 
tological factors including superimposition of redd s , d i sease  , predation, 
scouring of spawn by floods,  s i l ta t ion,  freezing and desiccat ion.  

The 19 74 pink salmon brood apparently experienced exceptionally high 
mortality in freshwater. Heavy rainfall occurred throughout Southeastern during 



0 Escapement i n d e x  g o a l  

Escapement i n d e x  a c h i e v e d  i n  1974 

F i g u r e  5 .  Pink salmon escapement i n d e x  a t t a i n e d  i n  1974 v e r s u s  escapement i n d e x  
g o a l s  by d i s t r i c t .  

0-20% 21-40% 41-60% 61-80% 81-100% Escapement g o a l s  
Exceeded 

F i g u r e  6 .  P e r c e n t  o f  escapement i n d e x  g o a l s  ach ieved  i n  1974 i n  136 major  spalvning 
s t r e a m s .  
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October, November and December 1974. October precipitation a t  Juneau of 
15 .25  inches was the highest recorded for any month (Appendix Table 1 ) .  
Maximum precipitation in 24 hours was  1 .47 inches .  The October precipita- 
tion a t  Ketchikan was 18 inches above the monthly mean (Appendix Table 2)  
and the maximum 2 4 hour precipitation was 6.9 4 inches . Other stations 
reported similar precipitation extremes. Some streams showed obvious s igns  
of flooding when visited the following spring and egg l o s s  was  probably wide- 
spread. In some streams hydraulic sampling of spawning grounds in the spring 
of 1975 yielded l i t t le evidence (dead eggs ,  fry or empty egg cases )  of pink 
salmon spawn even though spawning had been noted the previous fall .  

Mortality of the 1974 brood due to  freezing and desiccat ion a l s o  
occurred. Air temperatures during the first half of February throughout the 
reg ion were below normal and most night-time temperatures were below freez- 
ing.  This occurred when stream flows were low, snow cover was  thin and 
spawning riffles were exposed to freezing. Substantial numbers of dead fry 
were found during sampling in March and April. In 2 2  of the 1 0 2  streams 
sampled we found a t  l ea s t  25% of the fry were dead and in 5 streams over 50% 
were dead.  Regionwide the percentage of dead fry in 1975 was  exceeded in 
only one year (1969) in 10 years  of sampling. 

Pre-emergent Fry Sampling 

The Southeastern pink salmon forecast  program uti l izes portable hydrau- 
l i c  sampling equipment (McNeil 1964) to sample fry abundance in standard 
index s i t e s  in spawning streams throughout the region each  year .  

Ice cover,  water l eve ls  and flying conditions during the 1975 pre- 
emergent fry sampling were ideal and the sampling effort was  the most exten- 
sive since the start  of the Southeastern forecast  program. Nearly 5 / 8 0  0 
hydraulic samples were collected in 144 sections of 102 major spawning streams 
throughout the region during February, March and April. In general the live fry 
dens i t i es  were among the lowest observed (Appendix Tables 4 and 6 ) .  Only 7% 
of the sample a r eas  produced substantial  numbers of l ive fry while 60% of the 
a r eas  produced very few or none a t  a l l .  The average density of l ive fry in the 
southern unit was only 49 fry per square meter, the lowest fry index on record. 
The northern unit fry index of 108 fry per square meter was  the second lowest.  

Outmigration of Fry 

'The very low pink salmon dens i t ies  found during the 1975 pre-emergent 
sampling prompted the consideration of early outmigration of fry. Trapping of 
outmigrant fry was conducted on a limited sca l e  in the southern area and an  



extensive review of over 70 earlier outmigration studies on Southeastern 
Alaska streams was  accomplished (Kingsbury e t  a l .  1975b) . The studies 
reviewed were conducted from I941 to  1975 on 1 7  different streams through- 
out the region. 

The ana lys i s  showed that  very few pink salmon fry leave the spawning 
gravels prior t o  April 1 . The majority of fry leave the streams in April and 
May. Fry that  do leave earl ier  probably suffer greater mortality due to low 
food supply, slow growth, cold temperature and extended predation. Most 
of the pre-emergent sampling was completed prior to the April 1 date  and only 
a few streams were sampled a s  la te  a s  mid-April. The resul ts  of the fry trapping 
and the information obtained in the review indicated that  early outmigration of 
fry was  an insignificant contributor t o  the low pre-emergent fry ind ices .  

Early Marine Mortality of the 1974 Brood 

The mortality of juvenile salmon in the es tuar ies  and the ocean after 
their emigration from the spawning streams i s  quite variable.  The weeks imme- 
diately following entry into marine waters are  very important in determining the 
magnitude of the adult  return. Sampling of pre-emergent fry does  not account 
for th i s  mortality, therefore, s e a  surface and air  temperatures have been included 
in the forecast  analysis  a s  indicators of early marine mortality of pink salmon fry. 
The assumption was  made tha t ,  within certain upper and lower l imits ,  mortality 
of the fry decreases  with increasing estuarine temperature. Temperature data 
were obtained from the National Oceanographic and Atmospheric Administration 
(NOAA) and from our own program of estuarine temperature and salinity sampling 
in  the northern unit.  

In southern Southea stern favorable e stuarine temperatures were prevalent 
a t  the time the 1974 brood fry were leaving the streams. Ketchikan sea surface 
temperatures during March, April and May 1975 were about average for recent 
years  and dense plankton blooms were observed. The low fry production of the 
spawning grounds may be partially offset by higher than average early marine 
survival but this  effect i s  not expected to  produce large pink salmon returns in 
the southern dis t r ic ts  in 197 6 .  In northern Southeastern the es tuar ies  were 
colder than normal in the spring of 19 75 and fry survival was  probably not excep- 
tional. 

1976 FORECAST ANALYSIS 

Southeastern pink salmon forecasts were based on relationships between 
pre-emergent fry abundance ind ices ,  temperature indicators of estuary condi- 



t ions and subsequent adult  returns. The relationship was mathematically 
described using multiple linear regression ana lys i s .  Calculations of the 
1976 southern and northern unit forecasts a re  described in detai l  in Appen- 
d i ces  3-8 and a re  summarized below. 

Southern Southeastern: 

Multiple linear regression analysis  of pre-emergent fry ind ices ,  
Ketchikan March to  May sea surface water temperatures and returns showed 
that  these factors were associated with a total  correlation coefficient (R) of 
0.89 (Appendix 3) . The standard error of estimate was  2 ,95 million 
pink salmon. The predictive equation was a s  follows: 

Where: Y = return in millions of pink salmon 

XI  = pre-emergent index fry value (no. live fry/m2 - 
see  Appendix Table 4) 

X2 = mean Ketchikan March-May surface seawater 
temperature (OC) . 

From the linear regression equation,  returns were estimated for each  
year and compared with observed returns (Figure 7) . This analysis  showed the 
value of the multiple regression relationship for forecasting returns to southern 
Southeastern. The square of the correlation coefficient ( ~ 2  = .79) indicated 
that  79% of the variance in return strengths to southern a reas  was accounted 
for by the multiple regression analysis .  

The point estimate of the 1976 return to  the southern unit is 4 .1  million 
pink salmon with a range of about 1 million to 9.6 million. The range es t imates  
are  an  80% confidence interval about the predicted value.  They are  interpreted 
to  mean that  the return would be within the range eight out of ten times when 
estimated by the same methods, given identical conditions. 

The return estimate of 4 .1  million pink salmon indicates an  expected 
return per index spawner from the 1974 brood of only 1 . 3 .  This i s  well below 
the average southern Southeastern return per spawner of over three pink salmon 
but within the range observed in the previous 14 years .  

Northern Southeastern: 

The 1976 northern Southeastern forecast  i s  obtained from a multiple 



Southern  S o u t h e a s t e r n  9 

Observed r e t u r n  

x Expected r e t u r n  

Year o f  Re turn  

Nor thern  S o u t h e a s t e r n  

Observed r e t u r n  

x Expected r e t u r n  

Year of  Return 

Figure 7 .  Observed and e x p e c t e d  p i n k  salmon r e t u r n s  t o  n o r t h e r n  and s o u t h e r n  
S o u t h e a s t e r n  Alaska b a s e d  on t h e  1976 p r e d i c t i v e  e q u a t i o n s .  

id The 1969 observed  and e x p e c t e d  r e t u r n s  f o r  s o u t h e r n  S o u t h e a s t e r n  were 
o m i t t e d  because  o f  l a c k  o f  p r e d i c - t i v e  d a t a .  



regression of fry indices ,  spring and summer a i r  temperatures and returns 
(Appendix 5) . Mean a i r  temperatures from seven stations throughout northern 
Southeastern for the period April through August were chosen a s  a n  indication 
of post-emergent pink salmon survival. The same method was used for the 
1975 forecast .  

Analysis of the northern Southeastern pre-emergent indices ,  a i r  temper- 
a tures  and returns indicated they were related with a total  correlation coeffi- 
c ient  (R) of 0.81.  The standard error of estimate was 3.30 million pink salmon. 
The multiple regression analysis  indicated the best  f i t  l inear predictive equa- 
tion to  be a s  follows: 

Where Y = return in millions of pink salmon 

X1 = pre-emergent index fry value (no. live fry/m2 - 
see Appendix Tables 6-8) 

X2 = mean average April to August a i r  temperature (OC) 
from seven stations 

From the equation,  return strengths were back calculated for each  year 
and compared with the actual  returns (Figure 7) . The square of the correlation 
coefficient ( ~ 2  = .67) indicated that 67% of the observed differences in returns 
t o  northern a reas  was accounted for by the index fry value and a i r  temperature 
factors.  

The point estimate for the 1976 return is 1 .8 million pink salmon. The 
anticipated range of the estimate (at 80% confidence) i s  from about 1 million 
to  5.4 million. The point estimate indicates that  only about one fish per brood 
year  index spawner is expected to  return in 1976. This i s  well  below the aver- 
age return per spawner of over three pink salmon per index spawner but nearly 
the same a s  that  of the past  2 years .  

Return Distribution and Projected Harvest Levels 

Effective management of pink salmon s tocks requires estimates of returns 
t o  geographic dis t r ic t  and time segments.  Forecasts for the important pink sal-  
mon spawning dis t r ic ts  in Southeastern Alaska were obtained by partitioning the 
estimated returns to the northern and southern units based on dis t r ic t  pre-emer- 
gent and escapement indices .  First the escapement contribution of each dis t r ic t  
in the parent year  (1974) was calculated a s  a percentage of the 1974 southern or 
northern unit escapement index. Each district  escapement fraction was then 



weighted by the district  pre-emergent index to obtain an  estimate of the relative 
strength of the return to  the dis t r ic ts .  The estimates of relative dis t r ic t  strengths 
were applied to  the northern or southern unit forecasts t o  determine the district  
return es t imates .  In this  manner both point and range es t imates  were obtained 
for a l l  major dis t r ic ts  (Table 2) . 

Escapement index goals  for Southeastern regulatory dis t r ic ts  were es tab-  
lished in 1972. The escapement index goa ls  are  6 million and 4 million for the 
southern and northern units respectively.  Forecast of the 1976 pink salmon 
harvest for each  dis t r ic t  were calculated by subtracting dis t r ic t  escapement 
index goals  from the dis t r ic t  return es t imates  described above . It  should be 
understood that  the district  harvest  es t imates  indicate the probable contribution 
of f ish from each  dis t r ic t  to  various intercepting fishing f lee t s .  The actual  d i s -  
tr ict  where the catch occurs i s  difficult t o  predict and i t  may be dis tant  from the 
dis t r ic t  of origin. 

Forecasts of the timing of the pink salmon runs were computed in a manner 
similar to the forecasts of dis t r ic t  returns.  On the bas i s  of pas t  escapement sur- 
veys primarily s ince 1960 spawning streams were categorized a s  early-,  middle- 
or late-run according to  the following definitions: 

Early - peak of spawning prior to  August 10 

Middle - peak of spawning August 10 to  August 31 

Late - peak of spawning September 1 or la ter .  

Pre-emergent indices and escapement counts to  representative streams in 
each  category were used to  partition the unit return estimates into early-,  middle- 
and late-run forecasts.  It must be recognized that  the accuracy of these forecasts 
is affected by oceanographic factors and the location and intensity of intercept- 
ing fisheries a t  the time of the return in addition to  a l l  other factors affecting 
forecast  accuracy. 

The forecasts of the time segments and dis t r ic ts  of the 1976 pink salmon 
returns to  the southern and northern units are summarized below. 

SUMMARY 

Southern Southeastern 

The 1976 pink salmon returns are expected to be weak in a l l  southern 
d i s t r ic t s .  A return a t  the level of the point estimate of 4 . 1  million would prob- 
ably allow a harvest of about 200,000 fish primarily from District  2 .  A return a t  



Table 2 .  District pink salmon return forecasts ,  escapement index goals  and 
estimated allowable harvest ,  Southeastern Alaska, 1 9  7 6  4. 

(Number of salmon in millions) 

Forecast Return Allowable Harvest 
Point Range Escapement Point Range 

District  Estimate Estimate Index Goals Estimate Estimate 

Southern Southea stern 

Subtotal 4 .1  < 1 - 9 . 6  6 . 0  0 . 2  0  - 3 . 6  

Northern Southeastern 

Subtotal 1 .8  < 1 - 5.4 4 . 0  

Region total  5.9 < 1 - 1 5 . 0  1 0  . O  

Return actually refers to return index,  i .e . , return index = catch + 
escapement index. 



the upper forecast range would permit a harvest of about 3.6 million mostly 
from District 1-3. There i s  l i t t le prospect of prolonged fishing in  broad a reas  . 
There i s  a possibility of a major failure of the return such a s  occurred in 1967 
and 1969 and the lower range of the forecast  i s  l e s s  than 1 million pink salmon. 

Return timing is expected to  be about 25% ear ly ,  30% middle and 45% 
late  spawning. The timing pattern of the 1974 return may be repeated in which 
both early- and late-run streams were filled during the middle-run period. 

Northern Southeastern 

The pink salmon return to the northern unit i s  a l so  expected to  be very 
low. A return a t  the level  of the point estimate of 1 . 8  million would not warrant 
any commercial harvest. A return a t  the upper range of 5.4 million might allow 
some fishing in Districts 1 0  and 11. These dis t r ic ts  include mostly early- and 
middl e-run streams. Overall the return i s  expected to be a bout 35% early-,  55% 
middle- and 10% late-run. 

The spawning populations of District  14 (Icy Strait) streams are  seriously 
depleted and complete protection of those runs i s  e s sen t i a l ,  Low returns are 
a l so  expected throughout Districts 9 , 12 and 1 3. 
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APPENDIX 



Appendix 
Table 1 . 

Year 

Mean monthly p r e c i p i t a t i o n  a t  Juneau ,  Alaska d u r i n g  t h e  i n c u b a t i o n  p e r i o d  o f  p ink salmon 
broods from 1943 through 1 9 7 4  

#July  Augus t S e p t .  Clct. Nov . Dec. J a n .  Feb. March 

a ~ '  Data from National Oceanographic and Atmospheric Administration climatological reports.  



Appendix Table 2. Mean monthly precipitation a t  Ketzhikan , Alaska during the incubation period 
of pink salmon broods from 1943 through 1 9 7 5  d. 

Year July Aug . Sept . Oct . Nov. Dec. Jan. Feb. Varch - 

Record 
Ve an 8.35 10.54 14.46 25.74 16.76 15.83 15.47 11.95 11.75 

Data from National Oceanographic and Atmospheric Administration climatological reports. 



Appendix.3. V u l t i p l e  r e g r e s s i o n  a n a l y s i s  t o  determine p o i n t  and range  
e s t i m a t e  o f  1976 pink salmon r e t u r n s  t o  s o u t h e r n  S o u t h e a s t e r n  
Alaska 4. 

M u l t i p l e  L inear  Regress ion  

I n  t h e  f o l l o w i n g  a n a l y s i s :  

X1 = s o u t h e m  S o u t h e a s t e r n  pre-emergent f r y  index  expressed  i n  f r y  p e r  
s q-uar e meter  

X2 = average March-April-May s e a  s u r f a c e  t empera tu re  ("c) a t  Ketchikan 

Y = s o u t h e r n  S o u t h e a s t e r n  p i n k  salmon r e t u r n  i n  m i l l i o n s  o f  f i s h  

Data used i n  t h e  n o r t h e r n  S o u t h e a s t e r n  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s :  

Year o f  Return X I Y? Y 

The m u l t i p l e  l i n e a r  r e g r e s s i o n  e q u a t i o n  t o  b e  so lved  i s :  

The m u l t i p l e  l i n e a r  r e g r e s s i o n  was s o l v e d  u s i n g  a  Hewlet t -Packard (Model 65) 
program. C a l c u l a t i o n  o f  Sy. x ,  s?, Q and p r e d i c t i o n  i n t e r v a l  were done by 
fo l lo~r r ing  methods o f  Snedecor and Cochran (1973) . 



Appendix 3 (cont .) . 

The terms a, bl, and b2 were determined using a Hewlett-Packard multiple 

regression program as follows: 

A - B  

bp = I~zx:-(Ex~)~} I~zx;-(u(~)~) - {nCXlX2 - (ZX~)(LX~))~ 

where n = 8 3' 

A = {~ZX: - ( L X ~  )2 1 { ~ E x ~ Y - ( L x ~ )  (ZY) } 

bl = 
( ~ c x ~ Y -  CCXl) (CY) 1 - b2{nCX1X2- (EX1) (EX2) 

nex: - (IX,)~ 

By solving the above, the prediction equation becomes: 

The 1976 prediction is: 

'197 6 = 4.1 million 

The 1969 return and fry index data were omitted from the analysis  
because sea surface temperature data were not collected during 
1968. 



Appendix 3 (cont . ) . 
S t a n c i a r d  d e v i n l l i o n  frorll ~ - e j ; r ~ s s i o n  S y .  x :  

i.lhcre: C x  y = CX Y - ( C X l  ) (CY) 
1 1 - . - -- - - - -- 

n ,  

C x  y " CX Y - (I><,) (CY) 
2 2 -Ip 

n 

z q 2  = total sum of squa res  = 1Y2 - (cY)~ 
n 

~9' = regression sum of s q u a r e s  

Correlation coefficient R 



Appendix 3 (cont .) . 

St:<ndard e r r o r  of t h e  p r c ) d i c t i o n  SY 

- 
and X a r e  mean va lues  

1 2 



Appendix 3 (cont .) . 

Prediction interval - at 80 ~ e v c e n t  c o n f i d e n c e  

Where: t ( 5 d . f . )  = L.h76 

Y k t S i )  

Y 1 9 7 6  f 5.5 = 4.1 + 5 . 5  



Appendix Table 4 .  Number of l ive pink salmon a l ev ins ,  sample s ize  and annual fry 
ind ices ,  southern Southeastern,  1965-74 broods. 



Appendix Table 4 .  Number of l ive pink salmon a lev ins ,  sample s ize  and annual fry 
ind ices ,  southern Southeastern, 19 65-74 broods (cont .) . 

1971 Brood 
Alevins Digs Index 

District  Lo. No. 

Total/ 
Ave . 

1973 Brood 
Alevins Digs Index 

District  1 No. No. 

1972 Brood 
Alevins Digs Index 

No. No. ~ o / m 2  

'Total/ 
Ave . 

I 1974 Brood 

31,945 2,767 57.7 

Alevins Digs Index 1 No, No. s 2  



Appendix 5 .  Mult iple  r eg re s s ion  a n a l y s i s  t o  determine p o i n t  and range 
e s t ima te  o f  1976 pink salmon r e t u r n s  t o  no r the rn  Southeastern 
.Alaska. g. 

Mul t io l e  Linear  Repression 

In t h e  fo l lowing  a n a l y s i s  : 

X1 = nor the rn  Southeas te rn  pre-emergent f r y  index expressed i n  f r y  p e r  
square  meter (Appendix Tables 6-8) . 

X2 = average Apr i l  t o  August a i r  t empera ture  ("C) from t h e  Angoon, Cape 
Spencer,  Five F ingers ,  G lac i e r  Ray, Juneau,  L i t t l e  Po r t  Walter,  
Pe te rsburg  and S i t k a  weather s t a t i o n s  

Y = nor the rn  Southeas te rn  pink salmon r e t u r n  i n  m i l l i o n s  of  f i s h  

Data used i n  t h e  nor thern  Southeastern mul t ip l e  l i n e a r  r eg re s s ion  a n a l y s i s :  

Year o f  Return 1  x2 Y 

The m u l t i p l e  l i n e a r  r eg re s s ion  equat ion  t o  be so lved  i s :  

Y = a  + blXl + b2X2 

The m u l t i p l e  l i n e a r  r e g r e s s i o n  was so lved  us ing  a Hewlett-Packard (Model 65) 
program. Ca lcu la t ion  of  Sy.x,  Sy, R and p r e d i c t i o n  i n t e r v a l  were done by 
f o l  lowing methods of Snedecor and Cochran (1973) . 



Appendix 5 (cont .) . 

The terms a, bl, and b2 were determined using a Hewlett-Packard multiple 

regression program as follows: 

A - B  

b2 = ~~Ex:-(ExI)~I I ~ L x ~ - ( L x ~ ) ~ )  - {nCXlX2 - (cx~)(Ix~))~ 

where n = 8 

A = I~zx: -   EX^) 2, InlX2Y- (EX2) (CY) 1 

bl = 
[ncxlY- CCXl (CY) 3 - b2[nCX1x2- (Ex1) (CX2) 

nex: -   EX,)^ 

I a = - (CY-b2 EX2-blCX1) 
n 

By solving the above, the prediction equation becomes: 

Y = -50.560 + (0. 068)X1 + (4.866)Xz 

The 197 6 prediction is: 

'1976 
= -50.560 + (0.068)(108.0) + (4.866)(9.2) 

'1976 = 1 .8 million 



Appendix 5 (cont .) . 
S t a n d a r d  d e v i a t i o n  fron: regression S y .  x : 

C y 2  = t o t a l  sum of  squares = c Y '  - ( c Y ) ~  
n 

Z l j 2  = regression sum of s q u a r e s  

= b,Lx y + b L x  y 
I 2 2 

n = 9  

k = 3  

.Zd2 = z y 2 - z q 2  

Sy.  x - - 
197 6 

C o r r e l a t i o n  coef fictent 



Appendix 5 (cont . ) . 
Standard e r r o r  of t h e  p r e d i c t i o n  SQ 

Where : 

C x x  = C X X  - .  
(EX,) ( E X , )  

1 2  I Z r\ 

C c x f  

X and X ai-e mean values 
1 2 



Appendix 5 (cont .) . 

P r e d i c t  i on  i n t e r v a l  at 80 percerl t c o n f i d e n c e  

Where: t ( 6 d . f . )  - 1 . 4 4  

Y 2- t sg 

Y 1976 + 3.6 = 1.8 +_ 3.6 



Appendix Table 6 .  Number of live pink salmon alevins , sample size and district fry 
indices,  northern Southeastern, 19  65-7 4  brood years.  

I 1965  Brood 

District 

1966  Brood 

1 4  

TOTALS 

1967  Brood 
Alevins Digs Index 

No. No. ~ o / m 2  

5 , 8 1 3  120 242 .2  

1 5 , 9 6 1  654  

Alevins Digs Index 
No. No. No/m2 

Alevins Digs Index 
No. No. ~ o / m 2  

3 , 9 6 7  1 0 5  188 .9  

5 5 , 3 9 6  1 , 2 4 5  

5 , 9 1 7  467 6 3 . 4  

4 0 , 8 5 6  3 , 2 3 5  



Appendix Table 6 .  Number of l ive pink salmon a l ev in s ,  sample s i z e  and d i s t r i c t  
fry ind ices ,  northern Southeastern,  1965-74 brood yea r s  (cont .) . 



Appendix Table 7  . Northern Southeastern adjusted pre-emergent dens i t i es  weighted 
by effective spawning area 2/. 

1 9  65 Brood 1 9 6 6  Brood 

Adjusted Effective Adjusted Effective 
fry value spawning area fry value spawning area 

no/m2 in  m2  x 1 0 6  no/m2 in m2  x 1 0 6  
Dis t r ic t  A B AXB A B AXB 

9  -- -- -- 1 7 6 . 4  0 . 8 1 7  1 4 4 . 1  
1 0  1 2 7 . 0  0 . 6 0 7  7 7 . 1  3 8 8 . 9  0 . 6 0 7  2 3 6 . 1  
11 6 5 . 1  0 . 3 9 1  2 5 . 5  1 0 0 . 2  0 . 3 9 1  3 9 . 2  
1 2  1 3 3 . 9  1 . 0 6 8  1 4 3 . 0  2 6 2 . 9  1 . 0 6 8  2 8 0 . 8  
1 3  4 3 . 2  0 . 9 6 0  4 1 . 5  1 1 5 . 3  0 . 9 6 0  1 1 0 . 7  
1 4  1 7 2 . 9  0 . 9 8 7  1 7 0 . 7  2 4 5 . 1  0 . 9 8 7  2 4 1 . 9  

Totals 4 . 0 1 3  4 5 7 . 8  4 . 8 3 0  1 0 5 2 . 8  
Weighted 
fry index 1 1 4 . 1  2 1 8 . 0  

1 9 6 7  Brood 1 9 6 8  Brood 

9  2 6 4 . 1  2 1 5 . 8  8 3 . 1  6 7 . 9  
1 0  4 4 . 4  2 7 . 0  2 2 6 . 6  1 3 7 . 5  
11 5 4 . 1  21 .2  1 0 2 . 4  4 0 . 0  
1 2  5 8 . 2  6 2 . 2  1 7 8 . 2  1 9 0 . 3  
1 3  8 0 . 4  7 7 . 2  3 3 . 8  3 2 . 4  
1 4  5 2 . 1  5 1 . 4  1 3 6 . 1  1 3 4 . 3  

Totals 4 5 4 . 8  6 0 2 . 4  
Weighted 
fry index 9 4 . 2  1 2 4 . 7  

1 9 6 9  Brood 1 9 7 0  Brood 

9  1 2 6 . 3  1 0 3 . 2  1 9 3 . 3  1 5 7 . 9  
1 0  8 6 . 0  5 2 . 2  268 .7  1 6 3 . 1  
11 1 7 8 . 5  6 9 . 8  2 5 5 . 8  1 0 0 . 0  
1 2  1 5 3 . 7  1 6 4 . 2  232 .7  2 4 8 . 5  
1 3  9 2 . 3  8 8 . 6  8 2 . 9  7 9 . 6  
1 4  1 8 6 . 3  1 8 3 . 9  8 5 . 4  8 4 . 3  

Totals 6 6 1 . 9  8 3 3 . 4  
Weighted 
fry index 1 3 7 . 0  1 7 2 . 5  

(Continued) 



Appendix Table  4 .  Northern Sou theas t e rn  a d j u s t e d  pre-emergent  d e n s i t i e s  we igh ted  
by e f f ec t i ve  spawning  a r e a  S/ (cont  .) . 

1971  Brood 1972 Brood 

Adjus ted  Ef fec t ive  Adjusted Ef fec t ive  
fry v a l u e  spawning  a r e a  fry v a l u e  spawning  a r e a  

no/m2 i n  m2 x 106  no/m2 i n  m2 x 1 0 6  
D i s t r i c t  A B AXB A B  AXB 

9  1 3 1 . 9  1 0 7 . 8  188 .7  1 5 4 . 2  
1 0  1 1 2 . 2  6 8 . 1  1 5 6 . 5  9 5 . 0  
11 2 0 6 . 3  8 0 . 7  194 .1  75 .9  
1 2  1 6 6 . 2  1 7 7 . 5  1 5 4 . 8  1 6 5 . 3  
1 3  1 9 8 . 6  1 9 0 . 7  1 2 5 . 1  1 2 0 . 1  
1 4  1 9 1 . 8  1 8 9 . 3  105 .7  1 0 4 . 3  

To ta 1  s 8 1 4 . 1  7 1 4 . 8  
Weigh ted  
fry i n d e x  1 6 8 . 6  1 4 8 . 0  

1 9 7 3  Brood 1974  Brood 

9  8 6 . 4  7 0 . 6  1 4 8 . 4  1 2 1 . 2  
1 0  1 4 4 . 2  8 7 . 5  1 4 7 . 1  8 9 . 3  
11 6 6 . 7  2 6 . 1  252 .0  9 8 . 5  
1 2  7 9 . 1  8 4 . 5  71 .2  7 6 . 0  
1 3  233.7 224 .4  92 .7  8 9 . 0  
1 4  1 2 4 . 1  1 2 2 . 5  48 .4  4 7 . 8  

T o t a l s  6 1 5 . 6  5 2 1 . 8  
Weigh ted  
fry i n d e x  1 2 7 . 5  1 0 8  . O  

AXB aJ Weigh ted  fry v a l u e  = - 
CB 



Appendix Table 8 . Northern Southeastern pre-emergent f r y  densities adjusted for 
the annual variation o f  escapement to sample s t reamsd.  

1965 Brood 19 66 Brood 

Percent 
Unweighted escapement 
fry value to sample Adjusted 

no/m2 streams fry  value 
District F P no/m2 

Percent 
Unweighted escapement 
f ry  value to ssample Adjusted 

no/m2 streams fry value 
F P no/m2 

1967 Brood 1968 Brood 

1969 Brood 1970 Brood 

1971 Brood 1972 Brood 

(Continued) 



Appendix Table 8 .  Northern Southeastern pre-emergent fry dens i t i es  adjusted for 
the annual variation of escapement to  sample s t r e a m s d ( c o n t  .) . 

197 3 Brood 1974 Brood 

Percent Percent 
Unweighted e scapement Unweighted escapement 
fry value to sample Adjusted fry value to  sample Adjusted 

no/m2 streams fry value no/m2 streams fry value 
Dis t r ic t  F P no/m2 F P no/m2 

Total percent Average percent escapement 
escapement to  to  sample streams 
sample streams H 

Adjusted fry value = (F/P) x F where P = percent of dis t r ic t  escapement index - 
observed in sample s t reams,  P = average P over for the 1965-1974 brood years  
and F = unweighted distr ict  fry index.  
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