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that they could compensate for visibility problems peculiar to their vantage 
points. Si ■1larly, when crews approached an area with difficult visibility, 
either crew alllber could request as many as 3 recounts of the problem area until 
that observer wu satisfied that visibility problems had been overcome or 
accounted for to the extent possible. Each observer counted and recorded 
independently unless either felt that their count was invalid due to visibility 
problems. The separate counts were used to estimate counting variance while the 
average was used to estimate escapement. 

During each stream survey observers recorded the following data was recor_ded on 
standard forms: 

1. stream name; 
2. date and time; 
3. counts of live and dead salmon by observer, species and location in the 

stream [(l) 1.8-1.2 m below mean high tide, (2) 1.2-0.6 m below mean high 
tide, and (3) 0.6 m below mean high tide-mean high tide (0.0), (4) the 
upstream egg-fry dig area (above tidal inundation), and (5) the upstream 
area above the egg -fry dig area]; 

4. conrnents or a rank on the quality of the $Urvey: visibility, completeness 
of survey, etc. 

5. observer's name(s). 

Total spawning populations of pink and chum salmon within each study stream were 
estimated using a geometric approach similar to that described by Johnson and 
Barrett (1988). A 17.5 day stream life was used to allow comparisons with the 
data base published in the annual management reports. The total number of live 
pink and chum salmon in the stream between adjacent survey dates was estimated 
using the following formula: 

where_ 
C; • estimated number of pink or chum salmon that entered the study 

stream between survey i-1 and survey i; 
Julian calendar day of survey i (1 < d < 365); 
number of live pink or chum salmon observed in the study stream 
during survey i; 

s • stream life (in days) for pink or chum salmon (defined in the next 
section). 

Total spawning population estimates of pink and chum salmon for the study stream 
were then calculated as: 

Ti:li~ i~ ~n i:Ht~·i!Y, r..;r d1f.f? 
docm.r,:-r:~ D~·~ p:f,~e.r.~.:i!ir,n, 
"n!.s,-:;. !.c,. iJ ;~n v •.: 1.,.l;Jn. and 
CO,., .. ,.H. , .:J-< •p•,. ,, ' "' ·"·ct tc· ,.b ... ,, ~ ._,...., . • _ .,, , _ ( • • ·., .. . ·•J\ • _, .... . , .... t tl::,.'!:. 

lle.a.:.lt ~- ?-,re e::r• ,1~ ~;..;.-.~ad iO ,·or:~a.l1 
tht Et'!•,,; :arm.!,:· .::it u; 3t,,,."l. ion, A i~.s::.i-\ 
I)."·i ~..r-~~:~ n, ri' i ..."~'. t_.:·:fo1 c •j ti ag 

5 

ACE 30136997 



where -
E • total estimated number of pink or chum salmon which entered the 

study stream to spawn during the season; 
nUllber of surveys made of the study stream during the season. 
esti111ated number of pink. ~r chum salmon that entered the study 
stream between the last (nt) survey and 15 September 1989: 

(258-~) Xn 

c =---2 __ _ 
• 17. 5 

During 1989, no pink. or chum salmon were assumed to enter the study stream on or 
after 15 September (Julian day 258). During 1990, surveys were continued until 
th& number of salmon remaining in the stream was less thaii er equal to 11 of the 
peak. count. The number of live pink and chum salmon within th~ study stream was 
considered to be zero on or prior to 10 Juiy (Julian day 191) for both study 
years. 

Stream Life 

Stream life, the number of days that a salmon was alive in the spawning stream, 
was estimated from analysis of spawner and carcass counts, tagging data, and weir 
counts. In Lower Cook Inlet, stream life is estimated to be 17.5 days (Davis and 
Valentine 1970) but not verified. The original source of the 17.5 day estimate 
is unknown. 

Pink salmon in Humpy Creek, which flows into Kachemak Bay, and Port Dick Creek 
on the Gulf of Alaska, (Figure 1) were tagged during 1990. Daily foot surveys 
were conducted on both st reams. The observers counted the number of 1 i ve 
spawners, carcasses, and tagged fish. Location, sex, tag type and numbers of 
1 i ve and dead tagged sa 1 mon were recorded. Some tags were recovered that 
separated from the salmon or carcass. In many cases, a carcass with its tag 
attached, washed out of the stream into the ocean and was not recovered. 

Weir 

A weir was operated on Humpy Creek to provide an estimate of total escapement. 
Carcasses that washed up against the weir were counted and placed on the other 
side of the weir. 

Tagging 

A beach seine was used to collect salmon arriving within the lower intertidal 
area of each stream. Only fish not excessively "water-marked" and free of 
external injuries received tags. Four tagging events were spread over a two 
month period in each stream. All salmon were tagged with a unique number or 
color-bar combination code. Different tag colors for each sex and distinctive 
tag types for each tagging event were used. Between 25 and SO fish of each sex 
from a single tide were tagged during each tagging event. 
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,.. 
Tag types were selected to provide individual fish with a 3 digit number or a 3 
position color-b1r combination code. Readability in moving and cloudy water was 
a major concern. Five tag types bearing either a 3-digit number or a 3-position 
color code were used to identify individual fish (Table 4 and Figure 3). 

2) 

3) 

4a) 

4b) 

5) 

Numbered disk tag on back. A Peterson disk tag, 2.5 cm diameter with 1 cm 
high numbers attached i11111ediately below the dorsal fin. 

Numbered surveyor's tape on tail. Made from strips of 2.5 x 15 cm 
flagging .tape tied around a cinch or cable tie. The tag was attached to 
the fish by fastening the cinch tie around the fish's tail. Excess cable 
tie was cut off before release of the fish. Tape extended behind the tail 
so its numbers could be read from either side of the fish. The 2.0 cm 
high numbers were marked on the tape with a black waterproof felt tip 
marker. 

Numbered adhesive tape on tail. Same as 2) except 16.0 cm strips of 2.5 
cm plastic waterproof adhesive tape (sold by 3M as suitable for repairing 
plastic swimming pools} were folded over a cinch or cable ti~, {adhesive 
side on the inside). This formed an 8.0 cm tag. The tag was attached to 
the fish in the same manner as in 2} such that the tag extended behind the 
tail so the numbers could be read from either side of the fish. The 2.0 
cm high numbers were marked on the tape with a black waterproof felt tip 
marker. 

Color-bar coded tag on tail. Same as 3) except that the completed tag was 
6.3 cm long with combinations of 1.9 cm wide bars of a middle value color 
(i.e. red} and 0.8 cm wide bars of a dark value color (i.e. blue) instead 
of numbers. Again, the tag extended behind the tail so the color-bar code 
could be read from either side of the fish. This version was reinforced 
with a toothpick. 

Same as 4a) but without the toothpick reinforcement. 

Color-bar coded tag on back. Same as 4a) but folded over a Floy spaghetti 
anchor tag instead of a cinch tie and attached below the dorsal fin. 

Tag types 1, 4b and 5 were used at both Humpy Creek and Port Dick. Other tag 
types were not successful. The numbered surveyor's tape (type 2) originally used 
at Port Dick was fragile, ripping easily during and after application. This tag 
was redesigned with waterproof adhesive tape to create tag type 3. The 
toothpick-reinforced color-bar coded tag {type 4a) used at Humpy Creek was too 
rigid, breaking apart within a few days. That tag was redesigned as tag type 4b 
before being used at Port Dick. 

Observed tags were recorded on a daily basis by tag number or by code. Tagged 
fish were considered to be alive on the dates (1) between live sightings and (2) 
between the date of tag release and the first live sighting. Thus, the daily 
count of live tags included both observed and unobserved tags. Daily counts of 
unreadable live tags were also recorded. If the daily unreadable tag count 
exceeded the unobserved tag count, then the daily tag count was the observed 
count plus the greater of either the unreadable or unobserved count. 
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Unreadable tags were considered unobserved tags. However, the number of 
unreadable tags frequent ly exceeded those of unobserved tags, especially in Port 
Dick. This suggests that some tags numbers were not read at least once, e.g., 
Appendix Tablt A7 and AS. Thus, the daily count curve incl udes i nterpolations 
between peaks whenever the unreadable count is used instead of the unobserved 
count. This has the effect of slowing down the decay rate of the live counts. 

Sightings of tagged carcasses were recorded on a daily basis by tag number or 
code. The daily tagged carcass count included only the initial carcass sighting. 

The status of a tagged fish is considered unknown on the dates between the last 
live and the first carcass sighting. They are not 1ncluded •in either the daily 
tag or the daily tagged carcass count. 

Tags having neither 1 ive nor carcass sightings are considered lost or strayed and 
not included in the analysis. 

Stream Life Equations 

Seven methods of estimating stream life are used in this study. Method 1 uses 
the median number of days between the date of tag release and the date of initial 
tagged carcass sighting. Only tags where one day or less elapse between the last 
live sighting and the first carcass sighting are considered. 

n odd 

, n even 

where: S • stream life, 
t • number of days from date of tag release to date of first 

carcass sighting, sorted into ascending order. This 
data set includes only observations where no more than 
one day elapsed between the date of last live sighting 
and the date of first carcass sighting. 

n • number to tagged fish meeting above criteria. 

Method 2 is similar to method 1 but used all initial carcass sightings, ignoring 
date of last live sighting. 

Method 3 is the half life of all observed tags. This method differs from methods 
1 and 2 in that it can be estimated in the absence of (1) carcass sightings or 
(2) individual tag numbers. 

This is :<.in i:J !( + r, ur d.n . .f7 
doc.1m~n:. [r.:.t~ pre:~ef~~tion, 
&.rl 1:.h-si..:,._, u1tf.' rf,~'.':U. t ;0n. and 
cot,:.;;!;!£..1or-..s ar"~ ~i.1b~tct w d .,;:nge. 
Rt~~trr. :-.re er.[:• ,1; ::- ;~ie.d to ror~{ac-t. 
tn(' E:1...-irori.:t!( :J U'. \t.ctiou, A:<;;.s:r.,.., 
D 

... . ,,. '. "".p:-..r..rr.~r;; (li U ,W 1_,:·:H°JJC ~!Ung. 
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,, 

S=t T, 
2 

where T • total number of tags sighted after release, and 
number of days from date of release to the date when the 
number of tagged fish still alive was equal to T/2. 

Method 4 is an average statistic based on the total number of tagged fis h in the 
stream and the cumulative number of tag-days. This can be calculated in the 
absence of (1) individual tag numbers or (2) carcasses. 

C S=-, 
T 

where T • total number of tags sighted after release including 
unobserved tags (i.e. presumed to be alive between live 
sighting when marked fish were not observed on 
consecutive dates), and 

C • cumulated tag sighting including unobserved tags. With 
daily data, C • tag-days. 

Method Sis the number of days between modes in the 3-day moving average of daily 
live and carcass counts, independent of tagging data. 

S=dc-d1 , 

where d1 • date of live count mode (3-day moving average) and 
de • date of carcass count mode (3-day moving average). 

By way of comparison, method 6 is the historical stream life estimate, where 
S=l7. 5 days. 

Method 7 is the seasonal average stream life estimate derived from the daily weir 
and foot survey counts, i.e. 

where f • accumulated daily foot survey counts, including interpolation 
for missed counts, expressed as fish days, and 

w • total number of fish counted through the weir. 

T11i.s is ~n i:nc ~·1!1:i (){ drut 
<loc1.1 m=n~ .D-.:.i~ P~t::;er. :.2 ~ir,n, 
s.nFJ Ysi.;, i..I1 ~r1 p!-~!".tivn.. and 
c() r:,c!us.io~ ,ff,: S(!h~e:ct t c., d ,211g~. 
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Hydrocarbon Analysis 

Mussels were collected near the mouth of each stream to be analyzed for 
hydrocarbon content for corroborating visual observations by field crews 
concerning the level of crude oil contamination sustained by each stream. 
Unfortunately, mussels collected at the start of the study, 1n July 1989., could 
not be used for hydrocarbon analyses because a colTITlercial shipper failed to keep 
them frozen. Therefore, a s~cond sample of mussels was obtained in November 
1989. 

A field blank (sample container opened at the collection site, closed and stored 
as if it contained a sample) and two replicate mussel samples were collected at 
each study site. Each sample consisted of enough mussels to provide 10 grams of 
tissue for analysis. Collectors gathered specimens with washed bare hands to 
avoid adding additional hydrocarbons (i.e., hydrocarbons not originating from the 
Exxon Valdez spill) to samples. Also, only mussels above water were collected 
to avoid contamination of tissues with hydrocarbons floating on the water 
surface. Glass jars pre-rinsed with dicloromethane and having teflon lined lids 
were used as sample containers. Samples were stored in padlocked containers and 
kept in a freezer at the State Department of Fish and Game office 1n Homer, 
Alaska. Chain of custody forms accompanied each sample. Samples were hand 
carried to Anchorage for shipment to the National Marine Fisheries Service Auke 
Bay Laboratory, Juneau, Alaska, for analyses by contracted laboratories. 

Histopathological Analysis 

Pink salmon returning to spawn during the surrmer of 1990 are from the same cohort 
that migrated through Exxon Valdez crude oil during the spring and surrmer of 1989 
as fry. To detect sublethal effects of their exposure, tissue samples for 
histopathological analysis were collected from pink salmon entering each of the 
study streams except Tonsina. Olfactory organ, spleen, kidney, and liver tissue 
samples were taken from 20 males and 20 females irrmediately after they were 
killed. Spawned out fish were avoided. Organs were examined in the field for 
lesions, tumors, and abnormalities in shape or color and replicate 2rrm tissue 
sections were preserved in a phosphate buffered l°' formalin solution. Chain of 
custody forms accompanied each sample. All samples were shipped directly to Dr. 
David Hinton, Department of Medicine, School of Veterinary Medicine, University 
of California, Davis for analysis. 

STUDY RESULTS 

The study streams in the Lower Cook Inlet-Gulf of Alaska area were surveyed 
between 10 July and 6 September 1989, and 10 July and 2 October 1990. These 
dates bracket pink salmon spawning runs fairly well. For most streams, observed 
numbers of pink salmon increased from 10 July to a peak sometime in mid to late 
August after which numbers of live pink salmon decreased and dead pink salmon 
increased. An exception was Island Creek in 1989 where the peak survey occurred 

Too 1.~ an ini.o: ~·i!t: ur drs.ft 10 
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on the last day. Surveys for chum salmon should have been started earlier in the 
year for runy streams. Relatively large numbers of chum salmon were usually 
observed during the earliest surveys while peak numbers were generally observed 
in late July. 

Although attempts were made to survey each stream at least once every seven days, 
the interval between study stream survey ranged from 4 to 26 days with a median 
value of 9 days during 1989. Most delays were caused by high winds which 
prevented travel by aircraft to the more remote study streams. Unfortunately, 
the intervals between successive surveys of most study streams were too long to 
allow for reliable estimates of stream life. 

Tide Zones 

All stream zone maps required by NRDA Study Sa were completed. Schematic 
diagrams showing markers, stream measurements, and major landmarks were done for 
each. 

Spawner Distribution 

The proportion of pink salmon intertidal spawners during 1989 was well within the 
range of historical observations, i.e., between the .25 and .75 quartiles, in all 
but two stream (Table 1). During 1990, only three streams were within the two 
quartiles. A similar analysis for chum salmon is in progress. During 1989, a 
greater percentage of both pink and chum salmon spawned below mean high tide 
within oiled (pink salmon: 64%; chum salmon 5~) than within unoiled (pink 
salmon: 48%; chum salmon: 45%) streams. These differences probably reflected 
inherent differences between the distribution of spawners in the Gulf of Alaska 
(oiled) and lower Cook Inlet (unoiled) streams rather than effects of crude oil 
contamination. 

Spawner Abundance 

With one exception, pink salmon escapement estimates for oiled and control 
streams were either within or above the range of historkal observations (greater 
than or equal to the .25 quartile, Table 2). The 1989 escapement in Tonsina 
Creek, an unoiled stream in Resurrection Bay, was below its historical range. 
A similar analysis for chum salmon is in progress. Total estimates of the 1989 
pink salmon spawning escapements ranged from 4,821 for Island Creek to 89,987 for 
Humpy Creek (Table 3). Total estimates of chum salmon spawning escapements 
ranged from 17 in Windy Creek Left to 4,431 in Island Creek. Some spawning 
escapement estimates appeared to be low when compared to peak numbers of salmon 
observed during ground surveys. This was most obvious for three study streams; 
Port Dick Creek (pink and chum salmon), Windy Creek Right (chum salmon), and 
Tutka Lagoon Creek (chum salmon). Total estimates for these systems would be 
larger, if stream life values used in calculations be smaller. 

Stream Life 

Tagging 
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Tagging dates in relation to run timing as well as the 3-day moving averages are 
depicted in Figures 3 and 4. 

Numbered Disk T•g on Back. Fifty males and SO females were tagged at Port Dick 
on July 18. Another SO males and SO females were tagged at Humpy Creek on July 
19. The Port Dick males had orange tags numbered 1-50. Females had yellow tags 
numbered 51-100. The Humpy Creek males had orange tags numbered 201-250. 
Females were marked with yellow tags numbered 251-300. These tags (type 1), 
remained attached throughout the life of ~he fish and remained attached to the 
carcass. It was often difficult to determine the tag number of a live fish that 
was swilllTling or that was stationary in moving water. Some fish were "chased" in 
an attempt to read the tag. This tag type also caught floating debris in the 
stream. Several tags and pins were recovered from debris suggesting that the 
tags may have been torn off the fish. 

Numbered Surveyor's Tape on Tail. On July 21, SO red tags, numbered 1-50, and 
50 yellow tags, number 51-100, were attached to the tails of male and female pink 
salmon with cinch ties at Port Dick Creek. These tags (type 2) ripped easily and 
were difficult to read. This tag type was redesigned with different materials 
(type 3) before being used at Humpy Creek. 

Numbered Adhesive Tape on Tail. On July 26, SO red tags, numbered 1-50, and SO 
yellow tags, numbered 51-100, were attached to the tails to male and female pink 
salmon in Humpy Creek. The numbers on these tags (type 3) were easier to see 
than those on the Peterson disk. However, the tag numbers often wore off before 
the fish died. The tag type was not repeated at Port Dick. 

Color-Bar Coded Tag on Tail. To improve readability over the other tag designs, 
the color-bar combination coded tags had three colors in three positions to 
produce 24 unique combinations (three red or three yellow bars in succession were 
not used as it could be confused with the numbered adhesive tape tags). Two of 
the colors, red and blue, were of different bar widths to enhance readability in 
low light conditions. The third color was the base color used for each sex: red 
for males and yellow for females. 

On August 2, 24 male and 24 female pink salmon were tagged on the tail with a 
color-bar coded tags at Humpy Creek. Readability was good in moving water and 
on swirrvning fish. These tags (type 4a) had a center rib, i.e. a tooth pick to 
stiffen the tag and make it easier to read. However, it also created a weak 
point at the base of the tooth pick. Most of the tags broke off at the base of 
the toothpick within 24-48 hours. 

The tags were redesigned without the longitudinal toothpick brace (type 4b). On 
August 3-4, 25 male and 25 female pink salmon were tagged with white and yellow 
color-bar coded tags respectively at Port Dick Creek. 

Color-Bar Coded Tag on Back. As a final enhancement, the color-bar coded tags 
were built around a standard floy anchor tag instead of the cable tie to improve 
tag durability and readabi l i ty (type 5). On August 13, 25 green and 25 yellow 
color-bar tags were attached the backs of male and female pink salmon 
respectively at Humpy Creek. On August 14, 25 white and 25 yellow tags were 
applied to male and female pink salmon at Port Dick Creek. Despite the floy 
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anchor design having some problems with one half of the T-shaped anchor breaking 
off and the t19 subsequently pulling out, this design proved to be, under a 
variety of conditions, the most readable of all designs due to l) conspicuous 
color-coding (Yuen and Bechtol 1991} and 2) placement high on the back. 

Stream Life Estimates 

Stream life estimates varied among the methods used and became progressively 
shorter for fish tagged later in the season (Table 5). However, fish tagged 
later in the season may have been from the same group of fish tagged earlier as 
suggested by a conrnon date when carcasses were first observed. There was no 
consistent pattern to indicate one sex had a longer stream life than the other. 
None of the stream life estimates agreed with the historical 17.5 day estimate. 

At Humpy 1.reek, 24,699 pink salmon were counted as they passed through the weir. 
The corri ~p~nd iog accumulated daily foot survey count, including linear 
interpolations for missed counts, was 215,550. The seasonal average Humpy Creek 
stream life was therefore 20.9 days (method 7). Only the results from the first 
tagging event agreed with this estimate. Stream life estimates in the absence 
of tagging data, i.e., number of days between peak live and peak carcass counts, 
are not reliable. 

The 21 day stream life estimate derived in this study suggests the historical 
escapement estimates based on 17.5 days may be biased high. However, we do not 
know if 1990 was a representative year or if it was an anomaly nor do we know how 
stream life estimates vary between years. By way of comparison, the preliminary 
estimates for Prince William Sound pink salmon are less than 17.5 days, the 
opposite of what we found. 

Humpy Creek. Of the four sets of tags (types 1, 3, 4a, and 5) released in Humpy 
Creek (Table 4) only three were successful (1, 3, and 5). Males initially 
appeared to have a longer stream life but the pattern was not consistent across 
methods or dates (Table 5). Therefore, only the estimates for sex combined are 
presented. All tags were applied before the large influx of spawners on August 
15 (Figure 4). 

The July 19 tag release led to estimates of a median stream life of 24 days 
(method 1), a tagged fish half life of 20 days (method 2), 19 days for method 3, 
and a median date to initial carcass sighting of 23 days (method 4; Figures 12 
and 13). The average of all four estimates weighted by sample size (n) was 20.8 
days (Table 5), a very close agreement with the seasonal average estimate (method 
7). 

The July 26 tag release produced estimates of a median stream life of 16 days 
(method 1), a tagged fish half life of 9 days {method 2), 11 days for method 3, 
and a median first carcass date of 21 days (method 4; Figures 14 and 15). The 
mean weighted estimate was 11.7 days (Table 5). The July 26 results were suspect 
because fish tagged on that date may have been from the same group tagged on July 
19, despite efforts to tag only those fish that did not fully exhibit the 
coloration of an actively spawning fish. While the second tag release trailed 
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the first by 7 days, the two stream lives ended within 2 days of each other 
(August 9 and 7). The mean dates when tagged carcasses first appeared (method 
1) occurred within a day of each other (August 10 and 11; Figure 5) as was the 
projected end of lives from method 3 (August 5 and 6; Figure 7). The half life 
date of the tags was also only 4 days apart (August 3 and August 7; Figure 6). 

The August 13 tag release produced estimates of a median stream life of 8 days 
(method 1), a half life estimate of 10 days (method 2), 9 days for method 3, and 
a median carcass date of 8 days (method 4; Figures 16 and 17). The weighted mean 
was 9.4 days (Table 5). It is not clear why these. result differed from the 
seasonal average estimate (method 7}. While it appears the August 13 tagging 
occurred after most of the fish from the two earlier taggings had died (Figures 
5-8), there was the possibility that the fish being tagged had been in stream 
residence for some .time. Had the tagging occurred several days later, we would 
have been more confident working with new fish from the large influx that began 
in mid-August (Figure 4). 

Only ;,ne n=Q:;e w~s observed in t h;; 3-day moving averag~ of live and peak carcass 
counts as opposed to two in the daily weir counts (Figure 4). The 11 days 
between the midpoint of the plateau in live count on August 24 and the peak 
carcass on September 4 (Figure 18; method 5) did not approximate the seasonal 
average stream life (method 7). 

Port Dick. There were four tag releases employing tag types 1, 3, 4b, and Sin 
Port Dick. Only three tag designs, 1, 4b, and S, were successful {Table 4). 
Females initially appeared to have a longer stream life but the pattern was not 
always consistent across methods (Table 5). To be consistent with the Humpy 
Creek results, only estimates for combined sex will be presented below. Only 
methods 2-4 were used for tagging data due to the low number of live tag 
sightings followed within a day by a corresponding carcass sighting. 

The July 18 tag release had no carcass observations that fell within one day of 
the most recent live observation. Therefore equation 1 could not be used. The 
other estimates yielded tag half life estimates of 21 days (method 2) and 19 days 
(method 3), and a median carcass date of 24 days (method 4; Figures 19 and 20). 
The weighted mean was 20.3 days (Table 5). 

The August 3 tag release had no carcass observations that fell within one day of 
the most recent live observation. Therefore equation 1 could not be used. The 
other estimates yielded tag half life estimates of 6 days (method 2) and 7 days 
(method 3). Only one female carcass was observed, 21 days after the tag was 
released, (Equation 4; Figures 21 and 22}. The weighted mean was 7 days (Table 
5). 

The tag release of August 14 (Type 5) led to tag sightings but no carcass 
recoveries. Stream life estimates yielded a tag half life of 11 days (method 2) 
and 10 days (method 3; Figures 23 and 24). The weighted mean was 10.6 days 
(Table 2). 

There are two peaks in the 3-day moving average of live and peak carcass counts 
(equation 4). Twenty days passed between the first peak live count on August 8 
and the first peak in carcass counts on August 28. Seven days passed between the 
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f-.-:Jd,trf :•Je enc- •'~:tiled tc L~mtac.1. 
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D ··p~...,....t~,,~r,r r:f i :,w t,1:·:fr: 1 t ~:itL~g, . 

14 

ACE 30137006 



midpoint of the plateau in live counts on August 26 and the second peak in 
carcass counts on September 2 (Figure 25). 

The August 3 tagging results may not be biased. The dates when half of the fish 
from the July 18 tagging should be dead (August 8 and 9; Figure 9) suggest that 
the same fish were unintentionally tagged 16 days apart. Likewise, the August 
14 tags appeared to have been applied too late for the fish in the first mode but 
too early for those the second, hence the short stream life of 10.6 days (Figure 
4). If the latter two tagging results are discounted, then both streams had 
stream lives, within a day of each other, that were about 2.5 days greater than 
the historical 17.5 day estimate. 

Strays 

There were three known strays, all in Port Dick. A female tagged on July 18, 
number 96, was later caught by a co11111ercial fishing boat in Port Dick Bay. A 
male tagged on August 3, ~olor code red -blue-blue, was seen in Slide Creek, 
another stream fl owing into Por t Dick. This fish was not included in the stream 
life analysis. Another male, tagged on August 14, color code white-red-blue, was 
also seen in Slide Creek on August 20. The same fish later returned to Port Dick 
and was seen on August 22 and 23. This fish was included in the stream life 
analysis. 

Carcass Life 

All 3 tag releases in Humpy Creek resulted in tagged carcasses sightings but only 
the first two tag releases led to any tagged carcass sightings. Carcass life was 
considerably shorter in Port Dick, 2 days compared to about a week in Humpy Creek 
(Table 6). 

Tagged carcasses could readily be seen in Humpy Creek because it is a smaller 
stream than Port Dick Creek. Humpy Creek also had fewer fish to sort through 
(27,000 escapement between the intertidal and upstream zones of Humpy Creek 
compared to 42,000 concentrated in the intertidal area of Port Dick). The 
ability of observers to find tagged fish was influenced by those two variables. 

Port Dick carcass lives are shorter than those in Humpy Creek. The gradient in 
the intertidal area of Port Dick Creek is such that the stream is almost a 
straight line to the ocean. Tidal flush ing quickly removes any carcasses. Humpy 
Creek, on the other hand, meanders stream throughout the intertidal area. 
Carcasses are deposited on gravel bars by the receding tide and could be counted 
for several days. 

Hydrocarbon Analysis 

Mussel samples have been collected but the results are not yet available from the 
laboratory performing the analysis. 

Histopathological Analysis 
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Tissue samples have been collected but the results are not yet available from the 
laboratory performing the analysis. 

STATUS OF INJURY ASSESSMENT 

Four of the five stated objectives have· been addressed and at least partially met 
at this time. 1) The status of crude oil contamination to intertidal areas in 
the study streams has been or is i n the process of being quantified using a 
variety of methods. The laboratory analyses of mussels for hydrocarbons and pink 
salmon tissues for histopathological analysis are not complete. 2) Preliminary 
estimates of numbers of pink and chum salmon spawning within the oiled and 
control streams have been made for 1989 and 1990. Comparisons with the pink 
salmon histnrical data have been co~~le~ed but comparisons with the chum salmon 
historical data are not complete. No analysis has been made with a stream life 
estimate other than 17.5 days. 3) A comparison of pink salmon spawning 
distribution in 1989 and 1990 with those in previous years using published 
historical data base is complete. The analysis for chum salmon is not complete. 
All of the analyses in this report are based on the 17.5 day stream life 
estimate. The weir and tagging results in this study, however, do not support 
the 17.5 day stream life estimate. The computerized historical escapement data 
base is still being verified. It has not been used for any analyses. 4) A 
series of aerial photographs, maps, and schematic diagrams of pink and chum 
salmon spawning streams has been developed for use in designing and implementing 
NRDA Study 8a, which concerns egg and preemergent fry survival. 5) Potential 
methods and strategies for restoration of lost use, populations, or habitat in 
areas that have been adversely affected by crude oil contamination have not been 
identified at this time. It is too early in the damage assessment process to 
address this issue in this report. 
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Table 1. Historical quartiles of intertidal spawning and the 1989 and 1990 percentage of intertidal 
spawning. 

1989 1990 
Quartile 

Within Within 
Stream .25 .50 .75 Escapement Q(.25)-Q(.75)? Escapement Q(.25)-Q(.75)? 

Humpy Creek 9'X. 13,:, 17,:, 
Island Creek 74,:, 79'X. 87% 
James Lagoon 64% 821 100% 
Port Dick Creek 34,:, es,:, 94% 
Port Graham Creek 38"X. 57,:, 66'X. 
Seldovia River 61% 67% 70% 
South Nuka Creek 321 39'X. 39'X. 
Tonsina Creek n/a n/a n/a 
Tutka Lagoon 9Di 91% 96'X. 
Windy Creek Left 29'X. 35,:, 53,:, 
Windy Creek Right 431 54% 8l'X. 

This i~ an inteim or .Jrar.. 
<locmn~nt. Dnt:! p:-.::~er.:.a ~ir,;i, 
a.r.H !y~i.c,, hrtnpr~ta~ion. and 
c:-;,~:..iusions ar~ 5uf>ject t0 ch..-:'lg~. 
Re:~h1ers ru-e en::• ,• .. raged tn t.." tr.:{ac..1 
th~ L~viron:-~!<:.Jl,1! '.\("~:orl /, J. ~i.~:a 
D-·\p:... rrr.:t'!m ;~f i J~w r)6(,,, ::i tfr1g 

10% yes 561 no 
47,:, no 71,:, no 
n/a n/a es,:, yes 
87% yes 97,:, no 
Sl'X. yes 671 no 
59'X. yes 821 no 
39'X. yes 18"X. no 
n/a n/a 100% n/a 
n/a n/a 9Di yes 
l 9'X. no 41% yes 
74,:, yes 84% no 
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Table 2. Historical escapement quartiles and the 1989 and 1990 escapement size. 

Quirt1le 

Stream .25 .50 .75 

Humpy Creek 22,600 31,900 64,000 
Island Creek 500 2,100 15,300 
James Lagoon 1,700 5,100 9,000 
Port Dick Creek 14,000 35,000 62,800 
Port Graham Creek 4,000 10,900 24,400 
Seldovia River 16,900 27,900 50,000 
South Nuka Creek 1,200 10,000 16,000 
Tonsina Creek 700 2,200 6,000 
Tutka Lagoon 7,000 12,900 17,300 
Windy Creek left 2,200 5,000 11,900 
Windy Creek Right 2,000 4,300 8,000 

This is an inte.rirn o~ draft 
docn~ ent. Da!a ore.~er,~tic-•n, 
ar.a!Y'.-i.-., ir,te rnret:; tio 11. and 

. ' 
cond~~ons ar~ st1t-Jject to c'1,.nge. 
Rl'.'.a.deT"'$ :!'..!C e ,1,' ,, t,agcj t0 cor.t2.ct 
th~ E~i.ronrt1!.: :?B.! -:'\Cl"1.ion. Alas:.:c> 
D -:·v~!'tillCu! ,--{ i ; '.W be~~.}((, ~i•-~ 11~. 

1989 

Within 
Escapement Q(.25)-Q(.75)? Escapement 

93,000 no 27,042 
6,700 yes 25,000 
4,900 yes 3,787 

55,400 yes 41,704 
19,100 yes 20,053 
26,200 yes 27,782 
7,300 yes 13,299 

500 no 1,180 
11,900 yes 38,500 
25,200 no 7,521 
6,600 yes 7,095 
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1990 

Within 
Q(.25)-Q(.75)? 

yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
no 
yes 
yes 



Table 3. Streams surveyed for spawning pink and chum salmon for NRDA Study 
7a, Lower Cook Inlet and Gulf of Alaska, 1989 and 1990. 

Stream 

Gulf of Alaska: 
Island Creek 
Port Dick Creek 
Windy Creek Left 
Windy Creek Right 
James Lagoon 
South Nuka Island Creek 
Tonsfoa Creek 

Lower Cook Inlet: 
China Poot Creek 
Seldovia River 
Tutka Lagoon Creek 
Humpy Creek 
Port Graham Creek 

1 Source: ADEC 1989. 

Degree of Oiling4 

very lightly oiled 
very lightly oiled 
unoi led 
Hghtly oiled 
unoiled 
very lightly oiled 
unoiled 

unoiled 
unoil ed 
unoiled 
unoiled 
unoiled 
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Study Year 

1989, 1990 
- 1989, 1990 • 

1989, 1990 
1989, 1990 

1990 
1990 
1990 

1989 
1989 
1989 
1989, 1990 
1989, 1990 
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Table 4. Tagging dates, tag type, color, and numbers used to estimate stream life of pink salmon on Port 
Dick and Humpy Creeks, Lower Cook Inlet, 1990. 

Stream Tag Type 

Humpy Creek Numbered Disc 
Numbered Disc 
Numbered Adhesive Tape 
Numbered Adhesive Tape 
Color-Bar Coded Tag• 
Color-Bar Coded Tag• 
Color-Bar Coded Tag 
Color-Bar Coded Tag 

Port Dick Creek Numbered Oise 
Numbered Disc 
Numbered Survey Tape 
Numbered Survey Tape 
Color-Bar Coded Tag 
Color-Bar Coded Tag 
Color-Bar Coded Tag 
Color-Bar Coded Tag 

• with toothpick reinforcement 

Titis is 11.D 

docum~nt. 
intt,!i!Tl or drf.f: 

Data p;--r:.~~r.~ tion. 
ana ly:,. i.c;, ilr,.eroret~! io n. and 

I 

co~dusion~ ~r~ st1hject t() cb;:..~~-
Rcaders are enc1

, 1:ra~cd to cor...ac! 
th~ E~vi ronm~::11::1; Section, Alas~·a. 
D ' . ~ .. . -~.~nrr.er,r 0 , 1..,':W t>-:·: rnr C '..:il!:1£. 

Po int of Method of 
Attachment Attachment Number Color Sex Date 

Back Pin 201-250 Orange Male July 19 
Back Pin 251-300 Yellow Female July 19 
Tail Cinch-Tie 1-50 Red Male July 26 
Tai 1 Cinch-Tie 51-100 Yellow Female July 26 
Tail Cinch-tie N/A White Male August 2 
Tail Cinch-tie N/A Yellow Female August 2 
Back Floy Anchor N/A Green Male August 13 
Back Floy Anchor N/A Yellow Female August 13 
Back Pin 1-50 Orange Male July 18 
Back Pin 51-100 Yellow Female July 18 
Tail Cinch-Tie 1-50 Red Male July 21 
Tai 1 Cinch-Tie 51-100 Yellow Female July 21 
Tail Cinch-Tie N/A White Male August 3 
Tail Cinch-Tie N/A Yellow Female August 3 
Back Floy Anchor N/A White Male August 14 
Back Floy Anchor N/ A Yellow Female August 14 
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Table 5. s-ry of stre• life estl•tes by date, stre•, sex, and 111ethod. 

Stre11111 life esti1Mtes 
Date 
of Tag Method 1: Method 2: 
or peak t daya witll No. days witll only 
live t....a carcass half of all tagged 

Stre• CC>lalt sex obaerwd fhh r-lnlng 

HUl'f'Y Jul 19 11111le 25 (n-11 ) 22 (n=45 ) 
f-le 23 (na 7 > 19 (n=37) 
both sex 24 (n-18 > 20 (n=82 ) 

Jul 26 11111le 17 (na 2 > 11 (n=25 ) 
f-le 16 (na 1 ) 9 (n=27 > 
both sex 16 (na 3 > 9 (n=52 > 

Aug 13 11111le no data 9 (n=23 > 
f-le 8 (na 2 > 11 (n=21 ) 
both sex 8 (na 2 > 10 (n=44 ) 

Aug 24 both sex 

Port Dick Jul 18 •le no data 17 (n=l1 ) 
f-l• no data 21 (ns17 > 
both sex no data 21 (rP48 ) 

Aug 3 •le no data 6 (n-15 > 
feMle no data 6 (na 8) 
both sex no data 6 (na23 ) 

Aug 8 both sex 

Aug 14 •le no data 10 (n=20 > 
feaale no data 12 Cna21 > 
both sex no data 11 (1"1"41 ) 

Aug 26 both sex 

• 111ethod 6: 17.5 days historical esti•te for both sex • 

Tiii.S is an interim Gr Jraft 
doar::nent D~.ta preser,,'aticn, 
2.r:e.lY:;i.1:, intei·!,retatiGrt. and 
cor~:~ieP_li mr. su"ject ~o cha~e. 
-t, ··• ·ie~ ,.,.e ~-1..,.,,,.!:lt.•ed 1,-. ,•,>r.tact .... ~. ,~,. ,. J c;;..- -· ... . ; .... ~ - ., .... ~.J 

~ ;• .. • [-:;~,,~rmJ~,!!': ::a:i! 3-ec..~ion, .~aska 
T)-•~~ii l'!>Cr.; •~f T .,,1w t:e~or, c; ting. 

Method 3: Method 4: 
Median 

tag-days carcass 
/tags sighted date 

20 (n=45 > 23 (n=32 > 
19 (n=37 > 23 (n=30) 
19 (n=82) 23 (n=62) 

11 (n=25 ) 21 (n=10) 
11 (n=27 ) 23 (n=13 > 
11 <n=52 ) 21 (n=23 ) 

9 (n=23 > no data 
10 (n=21 ) 8 (n= 2) 
9 (n=44) 8 (n= 2 > 

17 (n=31 > 10 (n= 7 > 
22 (n=17 > 23 (n= 5 > 
19 (n=48 > 24 (n=12 > 

6 (n=15 > no data 
9 <n= 8 > 21 (n= 1 ) 
7 (n=23) 21 (na 1 ) 

9 (na20 > no data 
11 (na21 > no data 
10 (n=41 ) no data 

22 

lllean Me'dlod 5: 
weighted No. days between 
by Hlllple peak I ive and peak 
size (n) carcass CC>lalt 

21.7 
18.8 
20.8 

12.1 
12.0 
11. 7 

8.5 
10.1 
9.4 

11 (Aug 24-Sep 4) 

18.3 
21.8 
20.l 

5.8 
8. 1 
6.6 

20 (Aug 8-Aug 28) 

4.4 
5.7 

10.6 

7 (Aug 26-Sep 2) 



Table 6. S~ry of care••• life estiNtes by tag date and 1tre1111. 

Strtllll Tag D1te Locat ion 
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'P.lL'> 1s :tr' i.n tt t im c:- Jr aft 
Jo.::1.i.~n;:nt. Dt.~;1 pr:.-,:iie!'l~.at:on, 
a..'1.e::-.,-:,i.~, •~1 !.:-,r~rt~Jti,::.:1. and 
co:-,..:,:.1:.j~~_,..,-~ ;~"- ~iu~J!~ w dunge. 
R•·· ~,.r .. .... c P11.-·· ,·,.-.; ,, ,.. ,-1 , ... ,•r-rr-1\..~t .... ,,, , 11 ~ '--• - • • • •-' l!'"t""'\,,' I ... •' '-,4.,J .... "-

:,i"!~ E:~r~'.ti rr~.~!:i;~: ~ l::t: '-~·~'-".ior•~ .~ask ~ 
D :•r~ .... ,..., .. ,.. ,r ' .,., . r-... • ,r,,, ~,·no .,. • .... ,J.J 1L:r-...u•. 1 . .. 1 •. ;, '"' .!1... . ,\.., '- ._, .1 !",• 

Mean C1re11s Life (daV-) 

7.7 

9.9 

7.3 

1.0 

5.0 

5.2 

1.0 

1.8 

2.0 

23 
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18 

13 

31 

2 

5 

16 

2 

12 , 

ACE 30137015 



... ~ 
0 .... 

t1 ! N 

!~ t 
~ 
p. (I) 

'< rt 
" ~ .. ~ • 

a 
RI 

E 
!i ... 
0 

~ 
n 
0 
0 
~ 

E 
~ 

i 
i 

~ g ... 
llJ 
O 0 ....... 
llJ 

~ ~ 
.... Pt 
0- "' r:-

SEL1 

\IIN)Y CJ 
LEFT 

• I 989 OM_ Y 

■ l 989 1't0 l 990 

♦ l 990 Olt_ Y 

' 

"--'ta- TUTI<A 
CREEK 

PORT 
GRMi,\I\ j("·O I CK 
~ 

KENAI 
PENINSULA 

JAI\ES 
LAGOON 

.+~-

·)}":_- -

.. r' t==) 

~SOUTH 
Nl.JKA 

'"t 
,t~• 

ISEVAROI ... 

GULF 
OF 

ALASKA 
I 

r-::. ;s JS an ink·1im or draft 
<l··.01,.,('-nt. ~H~ pr't"senta!ion, 
: : · '

1!<,-:-;i,;, iJitnpreU\tion. and 
~·:: ••:... :,~ion.< :m~ -..11-,ject to change. 
;•. •• •;_-~~~~Ct t i • - •• 

r · - --~ .. , . ... ... .. ,,..,.""',.... ., 

,.' . ,.. r · ;~·vi rnnr;_~-:: :it .1: ~,-tion, Ara.-.~~ 
J .- . ·t':,:1m~~• -~r r :'.\t,. h~fmc :::iting. 



~ 

!~ g. it' 8 f; ~ ;;, 
. , ,') ~ ~ fu .., ,.., t· r, 
C\ ~ ,,: .~.· . , ~-
: l ;~ ~ ;;:- ;;, rJ ..., .. , ... s :~· ., .<· :-- r~ t;; · 
!ll f ' · - • :) -~ .; f' ~' •: f? () \n ~ 
) '.~ r) ~ ~ - 0 

, .... ·" - : ' -· 
:, -~ ~ r-, 

-i ~ . ..: !": t:, - . 
J:: ~~- ::: ~; ·2 !:~ 2! 
S, . l ' 1 .;r .., ;!.• <r, . l K .... 0 ... 
~ , ~ (U , - - .. 
?\: ~ <,,. !t c! ".:J ~ 
- .. ,- . (,&. c..: • .., 
O O,.... .... C• ,1, 

;,?c 0 ;:,~c-, 
).. r, 0 r:; ., 

•) ,~ ;:,-- .. 
::...·'":~~ ~ L., ;. .• ?.= ~ d?. .. , c... 
::; .,~ ""' , ~ . . .., 

;}t'J"' t"> ·•::,Si:'.! 
. ~ ... ~ 0. ,t• ... <I) ,,,. 

i,. 
n 
m 

w 
0 ,_. 
w 
~ 
0 ,_. 
~ 

CJl 
C 
0 
L 

-
0 
'U ·-+-' 

.. .. 
I • 

i • 
fi, 1 ?. 

I I 
I i J 

0.0 I 6.0 
0.6 5.4 

1 .2 ~.8 
1.8 I 4.2 

6.0 -, 0.0 
Cook Inlet 

.. .. • 1j • 1j • • fi, • ·z .!! 

! ... • a jj • • fi. .. 
?. .!! 

I fi 
l I Ii 

l 
• • a I ) 

• • a I I 

0.0 I 4.0 0.0 3.7 
0.6 13.4 0.6 3.0 
1.2 I 2.8 1.2 2.4 
1.8 I 2.2 1.8 1.8 

3.7 I 0.0 
4.0 

1 
0.0 Prince William Sound 

Gulf of Alaska 

Figure 2. Tidal range and stream zones. 



t1 g. ,:1 3 ~ f ~ 
·' , , '.1! :::, ,D □. 

-0:, ~-- 0 ·- .. r;; ?. ;il C.\. ~---~ : ,~,·. c'.,{,. 
.... -1 ·-1 ,,, ~-· ... 
Cl _":,_ ~ !:· .,-·, !J i;;· ,,..,, . ., ._,, -
-~ ·:.:> 2 -1 , 

:~ ;J ri F;.. • 1 ~ 
;! 0 ... J ..... _ ~ 

:~. i~ g ~~ % J .... 
-· ,- ' ..,. ..... t:J 
i.,.. r,_. ~ C: •·r, r -· 
:;~ - • =-i 7 .-"'! • ,~-
~ 1;.> ~) ·.':. . 0-> 'j 
C"" - . ~ > i b~ tf - .. °' n ,.. -· ., .... Cl. .... - -1 

;:~, 5"' .- C, '·" 
:.:.--,f;op~o 
~ r ~ -~ 
I)~ 8 & 
2: r.( ~ § j ~ 
l.l ~'__11,)(r., ~ ,. P" 

.-,., ~ ~ !l 0.,. ~ 

► n 
m 

w 
0 .... 
ul ..... 
0 .... 
(X) 

NJ/\BERED 3.4 Cl\ D:A/\ETER 
PETER~ DISK TAG 

N..11\BERED 2 . 5 Cl\ VI Cl: 
St.RVEYm·s TNlE 

l'U/\BEREO 2.5 Cl\ VIDE 
Aa-ESIVE TAPE 

Figure l. 

2.5 Cl\ \l(OE ca...m-CCIEO 
Clt-cH TAG VITHCUT TOOTt-PICK 

2. 5 Cl\ VUE ca_m-CCCEO 
Cll£H TAO Villi TOOTlPICK 

2.5 Cl\ VIDE CCl..OR-CCXEO 
FLOY /\NCt-m TAG ________________ __,, 

Tag types used in NRDA study 7a. 



22 

20 

- 18 0 
0 
0 16 
.-t 

>< 14 -
....... .,J 12 

C 
::, 
0 10 
tJ 
>, 8 ~ 
~ 

rtS 6 Q 

4 

2 

0 
7 

45 

40 

35 
0 
0 
0 30 
.-t 

>< 25 
.,J 

C 
:, 20 
0 
tJ 
>, 15 

r-4 
~ 

rtS 
Q 10 

5 

0 

(j) -
>, 

:::i 
J 

OC) -
>, 

:::i 
J 

UJ 
N 

>, 

:::i 
J 

7/30 
/2 8/ 

_, 
(/) 

:::i 
CJ') 
:::i 

<( 

f""') -_, 
(/) 

:::i 
CJ') 
:::i 

<( 

Humpy Creek 

_, 
(/) 

:::i 
CJ') 
:::i 

<( 

• 

• 

9/3 9/ 
31 9/6 9 

Port Dick Creek 

~ 

10 9 16 
9 1 9 19 

ACE 30137019 

~igure ,. Daily live and carcass counts, 3-dly moving average, and tagging dates, Hi,npy and Port D1ck 
Creek, 1990 . 



r-j c-:. ~ n r.J e: . ...:i 
;~ ·.l ... . , 0 b O ,.,' 
..... ~ ·1 ... t, µ 

'r' ti: ~. -~- ~ ti, 
C' rr, CJ. ►- -~ :'..1 '-1 ::J (1' ~ ,., t..J 
~ < u.., ~- I;; 0 --~ .. _.. . ·- ~ ~ 
ri, ~, N O -· : . o ·~ r.i r• 
:.' ~ " "' ~ 

") .--:: n r.i -· ::I 
-~ ;Y: ;; .... :.! 

► J • ·. \ .. (\. t:, 
~-t ~ j ~~ ---~; ~-" s· 
: : • - ••• ' . :) I:".' .... 
~ •~ :T-, ~ rt, 

- ~) ~-~ '-· ("'!' -,. 

c ~ '1': (~ f s· 
r.: ~ 0- ~ L:"'" 'Cl -
-~ i.. •• Ci. _ •. -. 
, ... 0 ,_ "-' tlf 

~.::-!5°?~0 
V (') t:! I ,. ► '::,-- ···♦ 

J . . - ~1 r...: ~ ,-
c.'. !;; :._. E ~ ;.:. :;" 
::, ,.. t:, IJ<., ~. C '•' 

N ' n o ., :l ~ 
• r:., - • C'.l... ,-+ 

l> 
n 
m 

uJ 
0 
~ 

uJ ..., 
0 
N 
0 

_, 
C 
::J 
0 
0 

>-. 
·5 
0 

90 

80 

70 

60 

50 

40 

30 

20 

10 

7/19 Live 

7/26 Live 

carcass: + 7 / 19 
6 7/26 

.. _ -. . 
. . . . . . . 
. 

,_ ..... 
"', ......... , . 

++ 

Eq. 1 

.. . 
+· 
' .L• 

Eq.1 

8/ 13 Live 
_,. ..... ·, ·, ·, ·, _ 

'\ 

\ 
\ ·, 

16 days 

24 days 

Eq.1 

\ 
\,. 

' \ 
\ 
\ 
\ 
\ 

\ 
\ 

8 days 

I \ 
0 L I L IAL I ~- •t t jlj;;,i ~- --,~Ji,• •t ,- ..... . I I I I . Ci A .. :::±·-·- I I I I I I 

V 8/13 

19 12 
2"1 f4 

July August September 
Figure 5. Esthnates of strea~ life fr11111111ethod I, all tag releases, both sex pink sal1110n, Hinpy Creek, 
1990. 



? g. iC'J g ~ 9- ~ 
- " ~ ·:t ... 0 ~ 

-_J . t;' 0 :::.. ~ r,,-
;:.1 ~ ,:.i. --:- ...... • ~"."' 
:.:.i :"J r. f;· • .,.. . 
- i'. .-, ,, ~ .. ,.._ 
~ :.:'• ~II"• 5•v t, r;r, 
:'\ ·:, • ., ,.. r• 
: .• 0 c. ,-• 
:.! ;::, cj "' r., 

~j O ~ -- ';j :--.. b ?. 1 ;:: r., 
\:·;_~ ~ -~ h fI 
·.. ..., cr· ·""' , .. " · 
~. ~, ~~ ;.... • fi'.• • • ... 

,_t)f!r-;~~ ti 
:;, ~ ~ - ,- °T::• -~ 
::. ... -· Cl., - - - 1 
.,,· () - C I"?• 
:=.rS 0 ?~c 
~ ' ,-: :'j -i 

I! ~ 8 tJ' •-: 
-- r ·• r·~ ~ 
~- ~- ~ ~ . ;.: . ~ 
~T}~~t2~ . ~ ~. a-P --• 

~ 
n 
m 
UI 
0 .... 
lJJ 
~ 
0 
N .... 

+J 
C 
:::, 
0 u 
~ ·o 
0 

90 .---------------------- ---------, 

80 

70 

60 

50 

40 

30 

20 

10 

1/19Li~ 

7 /26 Live 
..... __ .. -- -- ... __ -, 

carcass: + 7 / 19 
6 7/26 
V 8/13 

. . . 
. . . . . . . 

Eq.2 == 9 days 

. . . . . . . . . . .. . , 
·;_ -, ... 

+ 

Eq.2 

. 
+ 

20 days 

8/13 Live Eq.2 
- ·, ·, . 

' ·, ·, 
"\ 

\ 
\ ·,, 

\ 

\'h 
\ 

I\ 
I '\ 

1 O days 

I 
\ 

I A - - \ . 0 , • • ¢ • • t t I A A ~ · . . , ~ , ':' • • * ...... ____ _ t ■ 1 • ii O ~ Ll • • ,:::i::·, ·- I 
19 

2·1 

July August September 
I I 

figure 6 . 
1990. 

EsthMtes of strea111 llfe frOIII -thod 2, all tag releases, both sex pink salaon, Hulpy Creek. 



~ ~-,'1 0 ~ c.. ~ _ _ ., 0 ~8 ;.. .• 
- ~ , , ~ . 4 - U - ~• •o-' ON .... . J - .. .__. "" 
"'-' ~- .. ~ - ·~ ·-:: 
' l -~ r, ~ ~ G :- . .., ~- t;;· 0 ~-
- • ,.. , VI ., .. ~ t:, rll 

:;.; 3 ~ ~ r. 
~ ;.3 :i " ..., ..., r: fl ~.., i::· ~ .: .. , f, :l ... i ;-,.. 
-4 !~ 11 ' ' J c:, ,.., -
1 · ·~-. ":., , ,.., "\"" • f'".: 0 
~ r .. ~.; r~_ ,.-~ ;;. -;; 
·- ~) ~~ .::::-. , .. , -~ 
- "t .... __, '1' ~~ ;;· 
:a. '} n, ~ ~- -0 :-:r 

• I ('- - ., •1 :.;'l 0- ~ J.o ~ c ~, 
--=-::.=S O?~C~ 
n . 11 r. '.~ -< 
•' J:- "-' tr ,~ :..; _ , .. - r, t.: ~ , .. "-' • ·' . . .... 
.. .. . ,:; .-,. ~ 1):- - · 
p t - ~ (r., t.: ':) II.' 

.Js_) ~ 'J. '. "t 0- ? ::t> 

J> 
n 
m 
\.1,.1 

0 
t-' 
lJJ 
-.I 
0 
N 
N 

90 

80 

70 

60 
..., 
C 
::, 
0 50 
u 
>,. 

·o 
0 40 

30 

20 

10 

0 

7 /19 Live 

7/26 Live 
................ _ ... _ ... ... ...... 

carcass: + 7 / 19 
tJ,. 7/26 

19 I 2 
2 1 

V 8/13 

. . . . 

Eq .3 

Eq.3 

·····~--1--. 

. 
+' ,, . 

\July August 

11 days 

19 days 

8/13 Live 
- ·, 

' · ' ·, -, ·, 
\ 
\ ·, 

\ 
\ 

Eq.3 =· 9 days 

I\\ 
\ 
\ 

\ , 
\ \. __ _ 

• September 

Figure 7. 
1990. 

£stl111ates of strea111 life frOIII aethod 3, all tag releases, both sex pink salmon, Hunlpy Creek, 



... 

tni• ~ g r; o. ~ 
_, ii ~ ~,:1 iXJ 8 ~-
j m & !2.-~- ~-
l ~ 

r. ~t;; :J. r-.! 
• • ,, t,•· .. 

'=I ~ -~-Y' 0 i;:· 
-· ~ . Q t, ~-
;:, d ~ p r• 
~ ::J (11 :,, ~ 
-, r3 n ~, r-· ~ 
-~ ( ... ,. .... '-1 _,. -•""t;~....,. .~ r...._ ~ 
-· ~ ·? • ~ ·,..,.· ~-
I •· ~ 1,, t) iJ ,-::-· ~ ~- .. -:. r .. ~ ·1:, ~ ..... 
~ . ! ~~ 2: ;; ,~ :~, 
~ ~ ~✓ ~ ~ ;· 
·-· ,.., rt, ~ • -u .. 
3 .. C. ci. ~::-.. ·• --
,._. 0 ,.. C "' ·- .-,.c--•~ ·-p~ ·rnC 
~ . I": ,·: '."l -1 

r~ )2- ·::S 17 ~ 
-.r•· ~~- ;-, i' •·• 1:... 
t-•· f r• [): ~- ~ 
(:l'{'.l\l •bQr, 

,JO (: r;; ,. ,.. p .... 
~ ..... ~ ,.1,· 

)> 
n 
m 

U> 
0 .... 
U> .... 
0 
N 
U> 

..., 
C 
:::, 
0 u 
>,. 

·5 
0 

90 .--------- ----- ---- - --- - - ---- ---~ 

80 

70 

60 

50 

40 

30 

20 

10 

7 /19 Live 

7 /26 Live 
.. _ -- ... __ -

carcass: + 7 / 19 
fl 7/26 

V 8/13 

. . . . 
' . . 

' . . . . . . . , .. ..... 
'..,. ____ -

++ 

Eq.4 23 days 

Eq.4 = 21 

8/j13 Live 
--,· -~ :·, . . ' . ·, ·, 

\ 
\ ·, 

Eq.4 

\ 
'·, 

\ 
\ 

\ 
\ 

\ 
\ 

days 

8 days 

\ ______ ______ _ 

0 1 , • , A • • '> - . T t t . A I A , ¢. · -, ""Z> .... ";f 6 , t< 4 , ::-t::·-· - I I I 

1 

"July 

Figure 8 . 
1990. 

3·1 
29 

August September 

Estl111ates of strea~ life frm IIN!lhod 4, all tag releases, both sex pink salmon, Hianpy Creek, 



... 

v S· 7' 3 ~ o. ~ 
~~~ ~gp 
~ ~ g_ 8,_ .::..- c !ii. 
'.l q et r.,: •11 -• 
::I s. ~ ~-~· ~ .... 
-·. 0 i::, QIO 

~ a i" n r• ::: a J ,;, ;-, 
., :"j n .. ..) r::· ~ 

- ·- .~ ::., ·1 -
,_; ~! ':? :-t ~ 0 .... . 
~:~· ~--. ~ ~ ~.; ~ ~ 
-=~ ~~ ~~ ST. ;; 1·: ::, 
- ~ n,.:, ~ r- .. l .. • 
·~ J_ r~ n 11· -0 -: 
:_,:; _.. Cl.. ~ !~~ ... ►• 
._,"l, 0 ,_. ,...,. (",; fJ 
;; p J C .? ~ C 
. ·.<"",c '.'l"'i 
') ');· 0 r:T ,. 
;:: '; ... ., ~) ~ 
. .. . l ; .-• p i:,,:. -·· f::'-
l.J ~ . I"- fY.: i;. "'l r,, 

·~:> ,,.; :--~ ;'t c. fa :"t> 

J>, 
n 
m 

uJ 
0 .... 
uJ 
...... 
0 
N 
.f-

jJ 

s:: 
::, 
0 u 
>. 
M 
·rt 
Id 
Q 

. 

60 

50 

7 /18 Live 

40 

30 

8/3 Live 
20 

10 

Eq.2 21 days 

Eq.2 == 6 days 
\ 
' ·---...... . __ "\ 

8/14 Live \ 
\ 
\ 
\ 
\ ·, 
' \ 
\ 
\ 
\ 
\ 

Eq.2 

\ 
\ 
\ 
'· \ 
\ 

\ 
\ 

11 days 

\_,, 
·, ·--·, . O 7/18 Carcass t + :.\ 8/3 Carcass 

22 26 + + 
20 24 28 30 11 15 ~ 1 

July August 

1 1 
3·1 

29 

September 

Figure 9 . Estimates of stream llfe frm method 2, all tag releases, both se~ pink salmn, Port Dick, 
1990 . 



, o r~ c~ ::i )-4 -;~ • .._ .. ,, . , (:s O ~ 
\. . J ••• ~ ~.. n: ("-. ._ . ... ': ,~ k ,~ ~:;:~ J fA 

?:' ~-:1 ('t g- ~1-, s- I-"• l tJ ~ ,y• • ,;,o h ."i. ;i c· tj• •• --· .,. -, r 
I\ cS 4 t;. ;., 
>::J;::10 ~ 
-? ~ ~, r.:· 
-, r...i n """ ~ -•,-:-:::s ,,."'r-l,-. ···uf'.: _ ;....;it! 
;· ?. ~ ~--~ ;~ :._ 
~ ;.,) ~, .i1-. r -.:i 
- ~ ~ ti ~-- "9, -· 
:~ ;:!. C.l.. _ G :'.' ~ 
:-;, 0 ..., O r-' o ::--
:.. ;:! 'J '"J -c 
r, __ ~g. r,;_ 
. l . ._, ~, ., 1::.. 

! . t:'-- ~ , ..... ~ 
;:-:. . -,: ~.:. ;;; !l7. ".:\ ra~ 
... !,, \'): rr:> :: -, t-,, 

-~- ;/ :.i ;" C.:. J -· 

)> 
n 
m 

w 
0 .... 
w ..., 
0 
N 
VI 

~ 
1::2 
;::, 
0 u 
>, 
,-t ..... 
nS 
A 

60 r----- - - - - ------ ---- - --- ---- ~ 

50 

7/18 Live 

40 

30 

8/3 Live 
20 

10 

Eq.3 = 19 days 

Eq.3 = 7 days 

'\ ·, ___ , 
·- -, 

8/14 Live \ 
\ 
\ 
\ 

·-­' \ 
\ 

\ 
\ 

Eq.3 

\ 
\ 
\ 
\ 

. \ 
.. : ' l \ 

•', '· 

1 O days 

1 

:- ' '. \ 

0 '--~l]
2

~T~~7/T~1 ~B~C~a;r~c~o~s:s~~+~+~t:~ ·t··-~=:=:=8:/E.3:}C=:orcoss =, __ , 
22 26 .3 + + + -----, 2b 2 4 2

8 
o 11 

1 
15 19·---. ·---- --27 I .J1 

29 1 2"1 

July August September 

Figure ID. Estl111ates of streaffl life fr111111ethod 3, all tag releases, both sex pink sal1110n, HlnPY Creek, 
1990. 



r·, c .. ...J ~• ·-· ,~, n .· -- .... ~ \' \ -~:' ;~ 11 5;· 
"':. ' 71 J;.._ • ;.. ~ tJ 
~l ~~• o f~ t;:· o F;;· 

~ ~--... t, -:1 • C • 
··-:1~M r ,'\ o '-1 r,. ftl 
r:::t.;.1(1 ~ -~ ... ~ t::· 
-, rJ n •1 ~ 
.• t">:::, ,-,. ... H .... 
- '", lJ ~ ~ !'C" tJ -· .- _.... r ..... , !.. r...· 
\,.._ ~ - lo,~ ~ -~ ,-: :,I 
•·:· . .., ,_, ,":'· ·-· . <' ;.,~ i:,: -;,. • r '..:l 

~ •~.;, ·• ,. o;,• ~ -· 
-:.---: ~, n, !l '..:- .. , 
•• • ,.> o. (. ,..,, 
~~ ... o·c .- ~ i'· c~ .:,, ~.,. ~ ... r o ~ 
- r .. . . ., 

{"\ (":, f : ~-

• >:· :; v, ~ r ... S·r: ~ S:i !>) ~-;; 
•·· · ~· p:; It:, :; ? ~.,., 

.;' ~: ~l :-. ei. ..• 

)> 
n 
m 

uJ 
0 
~ 

w 

""" 0 
N 
0, 

LJ 

§ 
0 u 
>. 
,-t 
·rt 

"' 0 

60 

50 

7/18 Live 

40 

30 

8/3 Live 
20 

10 

·. 
. . . 

Eq.4 24 days 

Eq.4 21 days 

o 7 / 18 Carcass 8/ 3 Carcass 

1 22 26 30 + 
20 24 2 15 

July August 

1 
Jl 

29 

September 

F lgure 11. Est lutes of st rea11 1 lfe froa aethod 4, • 11 t~ re 1eues, both sex p Ink sa hnon. lfllllpy Creek, 
1990. 



~~ ..... ,4 
: .:.- /-.J Q f'.'l c.. ~ ..,;.:. ,, ~ ':-' .:, . 

~ tii & ii~- § c,,· 

3. ~ <• r..: i s 
:~ .:J' ~ ~ ~ t,>. , () ·1 , •. - . • ,.... 0 ~ ~ r., fl", 

'::I ;::1 ,._, p r• 
_., ... ~ Cl l!"t ... 

::-: ~ 0 ~-) ,.. . :'.... 
--'". {" ::s "'1 '=' 

tJ ..... '"" ,. .... 
• - 4 ~~ ~:. ,;. ~ V 

~ ~ ~~ ':;. ··;:~ ~: 
3'·~:; f ,. 

)> 
n 
m 

w 
0 
~ 

w ..., 
0 
N ..., 

~ 

C 
:::, 
0 
0 

>. 
·5 
u 

50 

45 ~ • 
40 

35 

30 

25 

20 

15 

10 

5 

0 
19 

2'1 

July 

Figure 12. 

Eq.3 20 days 
•• 

• • • 

••••• •••• 

carcass <> o· o 
<> 

3·1 
29 

August 

Eq.2 22 days 

Eq.4 == 23 days 

Eq.1 26 days 

<> I \ 
<> I <><>\<> 

. 12 I 10 I 20 I 2'4 I 2 
10 14 18 22 26 JO• 

September 

Estl111ates of stream llfe frca July 19 tag release of Nie pink sal111on, H~y Creek, 1990 . 



tJ r- ~ r! r, ~ ~ 
... " ,"l ~~ :;! I.,) t:i --= - (."!: ·- · ,_ (". ,..... • r.! m CJ. r,_ . .:.;;- ::: ,,, 
.l ~l ~ r..; ;,4 G 
b :S. ;;! ~- r;; · '• .... •. • 0~ t:,'-" 
g a ~ p r• -, 8 co ,. ~ 
.""J n n (..> i::· :, 
-- r'.> :::, 1 _ ·r..,;;, ,'!I~ -· ·- ... . ~ ~ -· ~-- ~"- ':. t ti !.: !?. 
~ :_.,, ~'! ~T :~ 1·: .... 

-~ , · ,;j ('11 . ~: + 
:: • ..l !'I• !1 ~ -r, ~ -, -· (.)... -· .. , 
.:':' () - ~ (",; ,:-, 
i~rc>C?~c 

.•. r; ,., :, ~ 
•~,;-.,:. ;:r ,.. ;:: r- . ::, f ' ~ c.. 
3· :': ci: ,F.. ~ :;::; · ~ 
► -. ;. .. • .... , .. . :., : , ;',a 

. -~ . C r ' · :· 

)> 
n 
m 

lJJ 
0 .... 
lJJ ..... 
0 
N 
(X) 

.... 
C 
~ 
0 
0 

>. 
0 
u 

40 r--------------------------------. 

35 

30 

25 

20 

1J 
19 

. 5 

• • •• live 
• • 

•• • 

•• •• • 

Eq.2 & 3 19 days 

··•t\ 1Eq.1 & 4 == 23 dqys 

d 

o I L I c ~~r~a.~~ 11
• I 111

11
I11~

11

~~~•~•~•~•~~• 1111 1 I 
19 2·1 J1 

29 
r2 

lb 
16 20 I 2·4 I 2 

18 22 26 14 30 

July August September 
figure 13. Estl11ates of stre111 life frm July 19 tag release of fe111ale pink sallllOfl, Hwlpy Creek, 1990 . . 



o s. ~ g r; Bo. ;;; 
. ~ it ;~ ::,i Pl .,_ · 

- f-() •- Cit 2 ;,'l r.l. !:.::· :- § 
2 r.J ~ '5 .. f O &;· .,.<,.,,,o i::, 

;.. ci ,, t.1 r • 
t;;; ;J ri "' .... 
- · ;: •..i r:::· ::, ) ·- n ~, -

: "r., ~ .-,. ,..._ M 
tJ t> . ..,. ;r -· \c :~ ~ ~,:; f ~ 

,.;\ • - - . (""_ ' '1 r; ., 
,; ~' ~; ~ ,:~ :..': . 

,, .,-,.; !1' ~ ,., 
I~ • • ("'o () t- -o ••• 
~:::.a. .... c· .:.· 
... ,•o .- c,..., ,;,l: c 
~=~ rn, 
'' : •. Q (1 '°? 
t! ,,,,,,. . ...,,; ~ ~ ... 
-. - - ~ ►- ' '~ L;.. ~-r· !.:. ::, ~ - ~ ._ 
:.J ;r_ 0) 00 •• -=- ~~ 

iJt' ;1 ~ r• cs. ;i :l' 

)> 
n 
m 
w 
0 ... 
w 
...... 
0 
N 

'° 

~ 

C 
:J 
0 u 
~ ·a 
0 

28 

26. 
live ~ Eq.2 & 3 == 1 ·j days 24 ~ 

22 
I 

Eq.1 - 17 days 20 ~ I I 
-

■ 

18 I I I I 

Eq. 4 == · 21 days 
16 I I I I 

14 

12 r r· 
10 

8 

6 

4 

2 
I carcass fl fl fl I fl 1 • 1 flfl flfl 

O' 
1~ I 2S ~ 27 I 3·1 ! 4 ! 8 I 1'2 I 16 I 20 I 2·4 I 28 

21 2 29 10 14 18 22 26 30 

July August September 

Figure 14 . Estlaates of stre• life frm July 26 tag release of 1Ule pink salaon, Hiaipy Creek, 1990 . 



t;, S· ~ 8 i c. :j .f •, \ :\ ...., 
.... ~ i,"I g -·· .:< n -~.--,.,, 
C. :., .J. ~-:- ;,. F; 
.:l -~ ~ t~ ~ - l,,J ~ 11 V, ,. • ..... ~ . .. ... ~ •• ·:1 0 ..., 
~ :;> c~ M T " 
~ ;J (b f;i. -""' 

..... r; Q r.J t::· :j 
:.: ... ~ 1"!> :, ~ ~ 

Ur: ,"\,-. -· ... • ~ .., -.-, 5· 
\, t~. :: r- ·c, P ..• 
:,. ... .., ,J'" • ..., r; ,, 
-c: ;,.., ' ~! ;,_ . ~\· • ~ 
~ 'r ~ ~ r-:- :- . :~: ~!'\t~;~-cd 
~~ ...... n ~ c· ;.~ 
.. 0.➔ Cp~ 
!\ ? ~ n Q 
...... ~ r-: ~ 
Ll . ~ - Q t?f l: 
~ ... f': ~ ::, "" .. :..:. ~ 
;.J ~~ (\) oc, :: -:i p._• 

,>:.·- • • ,... , .. - ~, ....... 
. ;i., , •• c ... .. 

l> 
(""I 
m 
ul 
0 
~ 

ul ...., 
0 
I.JJ 
0 

.... 
C 
:, 
0 u 
>. 
0 
0 

JO r-------------- -------

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

Eq.2 == 9 days 

\ I 
live •• 

• 
Eq.3 == 11 days 

\ I I , 
Eq.1 == 16 days 

Eq.4 == 23 days 
•• •• • I .,_, 

• 

carcass flfl •••••••• t:.fl fl 
0 ---,-~--y--,--,--,,---.---r-'--r--'--r--,---+---,---r--............ -r--~.----..--...-.....--....----r------" 

( - ,_ 

9 
l 2·1 

July 

Sl 
29 

August 

16 I 20 I 24 I 2a 
f4 18 22 26 30 

September 

figure 15. Estimates of stre,1111 llfe frm July 26 tag release of fl!lllille pink salmon, Humpy Creek, 1990 . 



-~ ...... ..... , ..1' ~-~ Q p) C. ~ 
...:5 -~ () '., (.:, 0 ... J 
~ ;7', -~ () C:~ .0 ~ . 
('. • J Cl. . - -·· ··- "' _l ;J •• - ; './. r:! - < ·"1 ' -~ ,:- • l,.J • , .. t . ~ t.,. 'J• fl r:_:.• 
~ --, . c,·· t,"' 

o c' "J 7J ;.:.1 ~ r.., r • 
;~ ce ,. :.,.-, 

' , .., n 4' ~ - :l 
.; -., ,), ::> ·1 ~~ 

-· ~ =-: ~ ~ ;~ t-, 
\ .. .. 4..~ - \.,./ -· ··~ :.-_ ~-: r .... '\- , :· i:, 

~ ~~· :~~~ -.:;T ·: ~; =~· ,.,. ,_ . ' " , ; ,.... r ')'~ '1' r- ·-· 
;-:: ~ ~o n :,• _ ::: 
~l •..::• (l.. - ~:-. :--: 

.. .. C _ - c ... ,~1 
~ -~ ::, ::p .. :;,,~ 
. t) •. 

. . ~ ~ !.: :, ., 
~l- ·--- ;;· f: rJ.~ •..• r:_ .:. ~ •• C 
~ 'r.: r,o ')-:, ~ =:; · ::· 

•' 0,' '.2 •\ i5. :;J !' . 

)> 
n 
m 

uJ 
0 .... 
uJ _, 
0 
uJ ..... 

..., 
C 
::, 
0 u 
>,. 

·o 
0 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
19 , 

21 

July 

J1 
29 

live 

August 

12 
10 

Eq.2 & 3 9 days 
••• I • • 

• 
• • 

• 

16 20 
f4 18 22 

• 

• 
• •• 

2·4 I 2a 
26 JO 

September 

figure 16. Estlaates of strea111 life frm August 13 tag release of •le pink sal1110n, lltalpy Creek, 1990 . 



:-:1 S· ;~ 3 f'? ~ ~ . ,· ,, ~ . ;::, ..,., ::;., 
- · f.~ .• , ~ (j .... ::.s -~ 6. ,, ·- .. ,,,, 
~.. ~ • i~ ~t :; 13 . .. '.J .... , ,, I:':'· 
::1 ,{, ,., L . ~"' •D :--· 
• • : . • en C, - t:, ~-
() d ~ ':I f • 
:? ;:J r• t.. .., 
., ,~ f1 :"4' t::· ::, ... t' ~l -, -

- ., r..? ~: .~ ~ ~ 
\ . ;~ ~ ,,n ._::• ,, 5· 
.~ " -- ., ~ r ........ , ~ , .• 
..- , ... -;;r ·"1 1•; '1· 
< " :• c.· i..; • \\I ~ . 
- t;t, nr_~ !J\ ~ ' J ·-· ,-. ro o · o · . :: ,..t a.. .... !:"' • • , •• 
=~-- o· .... ~..; .. ..., :.:.-~c :::1 1•. ,.... r ~ r ~ ... 
!) " _ ... 

•• r., • • -- ~ :: ,.;- o tr t• ---~· - g I:» , ... ~'-,. .~ .... ,~ 
o· ~-.. ~ 0-:, s :s· ;ii 

,~ -- ~ ~ !~ c.? ;::r, 

]> 
n 
m 
UI 
0 .... 
UI 
...... 
0 
UI 
N 

..., 
C 
::, 
0 u 
~ 
·5 
0 

22 
21 
20 
19 
18 
17 
16 
15 

14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

19 
2'1 

July 

,. 

•• live Eq.1 & 4· = 8 days 

•• 
•• 

carcass 
. 3·1 I 4 I 8 I r2 I 16 

29 ~ ~ 10 14 1 

August 

• 

Eq.3 = 10 days 
Eq.2 = 11 days 

• 
• 

••••• 

September 
Figure 17. Estl1111tes of strea11 life frOIII August 13 tag release of fmale pink saltn0n, Htnpy Creek, 1990 . 



,. 

~ c. ~-, r ~ c. ~ 
~ •••. , ,) ;:I 8 ~-l 

0 , , 1, .. , - ..., ~. ,., ·- ,-~ . ... .. 
~ ,.~ Cl. !!.. .,.:;- :..... r.n 
~ ~ , .. :'t, -,.; ~.,. t.-i 
.l :; ;_1 £., t,~. •o i-•· s ':c:.. ~ o·.... t) ~ 
.~ d ,, r,t r • 
:;.~ ;.-1 J I' .., 

;:; fi '.'.J r.:· ~ 
:?~. (·, :l ~~ ;:::.. 

t.J ~, " v 5· 
-c ~:- ~ .~ .~:- ";" . ~-, ~-- ... r~ _, .~ .­
:,;;.. .. , .,.. .... ,-:: -~ 
~ t,,) ~~ ~ . t'i, :..: • 

"ti~~- ~~ L:l ,-;r ..-.t .!\I O P' ~ , . . 
~;- 'p a. - ~=-- ~. 
-'\ ~- C .-, 
~' 8:=:-C::rJ.,.... ·-r,J • ~-'°', r,c '.'1 ..... 
t' ~ 0 ..r E,; 
;::· ::\· "' t' ·- c... ► · ·• I, r• ;:J ~ :=;, · i;.;, 
t.J '!. f>' 0-:, ►• ..., fl.' 

,~ ;:.i ~ ~l 0. p ~ 

,.. 
("\ 

m 

I.JJ 
0 .... 
I.JJ ..., 
0 
w 
I.JJ 

0 
0 
0 -ri 

~ -
&.J 

§ 
0 u 
>, 

r-1 ...... 
nS 
a 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

/ --- -- .,,,,. 

7/1217/1817/2417/3018/518 
8/2 8/ 

,,,. ,,, 

,, 
/ 

/ 

/ 

·, 
I , , , 

I days,, 

/ 
I 

I 
I 

I 
/ 

I 
I 

I 
I 

' \ 
\ 
\ 
\ 

\ 
\ .. , 

4)9 
9 7 

' 

16 
9/19 

Figure 18. Estllliltes of stre• life froa 3-day •vlng average of live and carcass counts and nllllber of 
days between peaks, Hcnpy Creek, 1990. 



~ 

·--- ·:. ·.:·: 8 S c.. ;i 
. :-:,, m O .... 

. ,.., l.-- 2 c., 

• :-:- -;;. 1:-i 
t5. p;· r, ~­o tj 

: ,• :, r • 
~ t,. •• 

~: : & .. 
.. ~., ••- :l 

~· :~~. ~ ~-'1 =' 
· · :_.: ~1 .... ~: o .--

. • '<J>-pt:' 

:;.. ='-._ ~ 8: ·-~ j; \ 
_ it.;,; ~ F 5· 

·."t ..... ~o !l, ,:_ V -.., 
"/ ... ~- 0. .... f;," .~ ... : 

. ':: .- C ::, ~• C .. . ':'.) . ~ -; 
"\ ,~ :j 

J;.- 3 r:r ~ 
··• .. :-, p .. ,-:... 
. - l':- •· ~ • -- .._, 
:.:: "'' ~ (r., g ? r,, 

, t.. :--· ~-L !" o.? :t' 

l> 
n 
m 
IJJ 
0 ..... 
IJJ ..., 
0 
IJJ 
~ 

~ 

C 
::, 
0 
u 
~ ·o 
u 

18 r---------------------------~ 
17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4-

3 

2 

1 

live 

•••••••••••••••••••• 

1a I 2·2 I 26 
20 24 

July 

.30 

August 

Eq.2 

Eq.3 

Eq.4 

21 days 

22 days 

23 days 

••••••eee o 

rs 
1~ 1 

Jl 
29 

September 
figure 19. Estlwrates of stre• life frm July 18 tag release of 111ale pink sal1110n. Port Dick, 1990 . 



-~ :;· ? 8 Ill) C. ~ 
' - ~ <;> t::, -- ·: g I!. !3 ~-

_. ·-: ·: ;-r:i. § 
• ~ r,:· (I) -· ·•. ,..- ... t'1 ;,_ 

7--' ~ r· 
:; i,.; ;.-
- :l 
,~ ~ ~­
:~ •:" ~ 0 
~ IA .. -. !"·"· EJ •• r.:. C, .~ ·· • 

.- ·· o! 8'. ;~ ,-; :',, 
:., ~-~ (0 ..- ~ -

~ !"P!lr-~ . 
:..~ . ... - tl. - .- ., 
• . \-~ .-. ,.. C 4'.°'J 

" '·•oCP~c 
f') :-:i .... 

~-8 tr ;.,; 
•'\' :-, ~ •• , 1:.. 
. ·- .... ~ -· ..... :.:i .,, fO o-:, b ".:I e• 

,-, . ;-.; ~ ;l o.P -t' 

l> 
n 
m 
ul 
0 .... 
w 
-.I 
0 
w 
UI 

..., 
C 
:::, 
0 
0 

~ 
·5 
1J 

J4 

32 

JO I live 
28 

26 ~ \ j Eq.2 & 3 - 17 days · -
24 

22 r '\ I I 

20 

18 . 

I Eq.4 = 30 days 16
1 h 

14 

12 

10 r ••••••••• 
8 l- •••••••T••••\ 
61 I 
4 

2 t- carcqss ◊ 
0 ~ 0 0 <> 

0 
1a I 22 I 20 b JO l 3 ! 1 l n ~ 15 ~ rn 1 23 ~ 27 1 3·1 

20 2 4 2 1 1 21 2 29 

July August September 

Figure 20. EstlNtes of stre• llfe frOIII July 18 tag release of feaale pink sal1110n, Port Dick, 1990 . 



OS-~Q F◄ c.i,--1 
..,;S .... ".)'-'~8t::I , •. ::1 ;"II • 

~ - Pt'>--.:..~ t m Cl,.:...':'.;. •• 
l ~ 0 t~ -~ t., 

' • ~ 'I• ~n. (J 1;.• 
?, . ' 0 ~ ::, 
~ 3 ·~ t.! r-
~ ;j ~,. ;.-, 

-, ~; 0 ~' :::· :1 
.:..•-. t') ::> '~ ;: ... 

tJ ·•l ~ r1 -· 
-· ~-:- __ , •11 ., .. _- t~ t:J 
\.., ~ - r.,.. '-l ~ •·• 
~ - ~. ~- :~ 1~ :-: 
~ X' i:.· ·- . ·::. .__!. 

r- .: ~~- ~ b.. ~- ~ 
::• ~ r~ !l ~-~ -·· 
~i'\, -· Cl,. r_, ., 
2 S~ ~ 0 p ~'. C 
~ _,..- , ..1 n -i . . '"' ,, ~ 
t~ ;,., o r.r ~ 
... ,; • ,,. ,,, .., 0 t ' I..., rL 
~. ~ ;. ;:1 r£ ~- t:;-

~ •• 1:1) ~ •• - ~ 
1'"' , - ... \., ;:-..· '."l :'" 0. .Y -· 

)> 
0 
m 

UI 
0 .... 
w ...., 
0 
w 
0-,. 

.... 
C 
:, 
0 u 
~ ·a 
0 

r • ' 

.. 

9 

Eq.2 6 days 
8 live •• 

7 • Eq.3 g days 

6 • Eq.4 == 21 days 

5 • 
4 

3 • 
2 ••••••••••••• 
1 carcass • 
O • 1 ■ , • , 1 ■ 

1B I 21 I 20 I 30 
20 24 28 

July August 

n I 15 
1:J 1 

3·1 
2~ 

September 

Figure 21 . Esthnates of streaM life frca August 3 tag release of 1111e pink sal1110n, Port Dick, 1990 . 



f~-w~ ~~[g 
~' ~~ t. :~ ;~ ,; ''l - (, IJ · .• . .., ' . 1 . ,. •. , . ~.. ,. ;;· 
:!;,· - 5 ·• ?'"J .~ d ~, ~1 r• 

)I, 
n 
m 
w 
0 .... 
w .... 
0 
w .... 

:! ;j ; ,,, .., 

;., n ~4' :-~ '::J 
~ - ;~ 0 ~ ~ 

. u ~ . -~ 9-· 
-· ~ _... I.I', .:' , ,, 0 
\.,.,_ .... - t:,. 1 •• I "(.. ,~• :_-... ... - ~-, :r ·~ ,-; :: 
~ ...,~. ~;': ;._ - ta. ~ • 
- ,.. I"'> , ~ F ~ 
·.1: '.'.".i n, !l '.:. ?. ··' 
;:.. ~-. C.l,. C':· .... , 
L' .. C .-,. _. .# '4'• 
,.:._;.:, r:,CPn£; 
('> ·,. Q n 1 
·~ ,,-· ..., l:T ~ - · ,-;· :-, p -~ ~ i3. ~- ~ ,g ~ s· P' 

iJ',:> ~ ~.l ;l 0- p ;:1' 

... 
C 
:J 
0 u 
>. 

·5 
0 

., -◄ 

16 

15 ~ live ••• 
14 t I Eq.2 & 3 - 6 days -

13 ■ 

12 

11 

10 I- • 
9 

8 

7 

6 I- I ■ 

5 

4 

3 

2 

1 
n~ I 2·2 1 20 b 30 I 3 ! 7 l n ~ rs ~ 19 1 23 ~ 21 1 3·1 

20 24 2 1 1 21 2 29 • 

July August September 

figure 22 . Estt.ates of streaa life frOIII August 3 tag release of feaalP. pink sal1110n, Port Dick, 1990 . 



.. 

~- > ~; 8 S g- j 
.,t:1~~,_ .• ··• . ( ) ..• . ,,,, 

• .l,. -- ....... -. ··• -~ ~ --~ .... t- t:. 0 ·. ,I. .;._:_ ~ U> ,.... • 
. • • C, ~ :::, ,,_ 

-~ ~ f,l r• ·,t Cb ,,, ~ 

-:: ~ ~.., ;::· ".j 
.. ::, 1 .. 

.J ::, ,,. ~ - ,-, 

:; ~ ~ ··(~ ~~ ~:-
•. , .y ... , •;. , ... 

-..,..:- ~ - . 1.!, ~ ... 
"' ~-- n- r. ,., 

. ;:t /l, !l f_ TI ·-
~ ·., ~"'. Cl.. - • - • · - 0 .,,.. C ... \ 
: . ... , ~ ~ ~ "/• 
~ .r ~J r tt 

(") ' . ''l ''.:t--~ ,.;- ;. 
.... r. ' - "' ; ~--::~. r: :~ ;:J o; ;.::. i=· 
~ r- ~ ~J :.; ? ". 

.it. ;.\.' '-' 'l C'.!. _,-, • o· 

J> 
n 
m 

uJ 
0 .... 
w .... 
0 
w 
(X) 

~ 

C 
:) 
0 u 
>. 
·5 
0 

.., -

21 

20 r live • 
19 

' 
18 t ••• I Eq.3 = 9 days 
17 •• 
16 

15 1- • 
14 r 
13 • 

I I Eq.2 = 10 days 

12 

11 

10 

9 

B 
7 I- I I ■ 

6 

5 

4 I- I I ■ 

3 

2 I- I I •• 
1 

1a I 2·2 I 20 ~ JO l 3 ! ; ~ n ~ rs ~ 19 I 2J ~ 2, 1 s1 
20 24 2 1 1 21 2 29 

July August September 

Figure 23 . [sllaates of stre- life frca August 14 tag release of Nle pink sal1111>n, Port Dick, 1990 . 



)> 
n 
m 

w 
0 ..... 
w ....., 
0 
w 
'° 

.. 

·-- :;:· i·J g s C. ~ 
·--~ : 1 e,_ 8 ~-,., ·_.. ,l--~ - {A 

-- -..: :;. G •1 a;; i-· 
·-s t:: . ..-,, g ~-
;., g r·• 

., .., "' 
.1 c• ll-' 
- n r..> i::· :, 

.-. 0 ~ ---. ':. . .,. ,- -... , '°" V ~ 22 
--~ ~ "' .., "' tl . . . - • • r;. "CJ ~ , •• . , o- ·:, ,~ .... , 21 
✓! ~~ \,.; • l l.• I ~ 
~ ~ (I\ l.., - .. 

- ~ t11 ~ ~: -o ~ 20 ... o. c-· ·• 
C - ; -,, 
;J O C'? ~ C 19 

' 0 :"j ..... 
· 'b. g c:r ~~ 18 .;. r:::, :-, £ w 

:- ~- ~ ::.. ~ ;;:. l;'-- " ~--~'"~ .. -::>~1 
"'-"' •·: t'1 ~.. ._, !"'J :,: -~ . O..r ,. 

+J 
C 
::J 
0 u 

16 

· 15 

14 

1J 

12 
~ 11 

8 10 

9 

8 

7 

6 

5 
4 

3 

2 

·" 
J "' 

•••••• 
live •• Eq.3 = 11 days 

• 
Eq.2 = 12 days 

• 

• 
• 
•• 

carcass ••• 
1 I I I I I I I I I I I I I I I I I I I I I I I I I ■■--•H■--~ 

18 I 2·2 I 26 
20 24 

JO n 
1 

July August September 

figure 24. Esth11ates of strea11 llfe frca August 14 tag release of female pink sal1110n, Port Dick, 1990 . 



J), 
C, 
m 

us 
0 
~ 

us ..., 
0 
.f-
0 

... 

~s-;;,g~o.::, 
.,;! ,, ~ :_1 n, g ~­
~ m ~ o ,.;. ~ I;, 

'.l i: <• '--.;' ~ 8 
:-:. r~ ~ b. s: · <P ~­~ ~ - ~- C ~ ~ ..,. ~a~p r' 
~ ;..:, r~ ,, ~ 
"' ~~ 0 ~.; t::· ~ 

-- , , - ·t -· 
--. · . -:;: ... , .. r-1 4.0 

tJ . • ..., ,.,,t - · 
- · }:- _ ... r,a ·- r\ t:l 
~ i:,· .. 1.""= i.. "(.J ..- r .. 
• • 1 J •~ ,~ n 
~ ~ ) ~- '- . ... ::-. 
- ~ f'l' .; n, ~ l.:l 
',,:· *1 !1, ~ ,- -r, ... 
:.~ :.-:'. o. ·-. · · • 35 ..... \ .... , ,,... c., :~, 
~/58C?~c· 
~ . ~ ,., :'l --< 

l~ ~ 0 ::'" ~ 
;::· .. :- ;:, ~- ·- ,::... •-·· • t., I; p: -· '-. 
o ... ~ -:. .·, ? r 30 

,JIJ i,: ~-4 : t f. ~ 1 ' I . 

0 

g 25 
~ 

ri 

>< 

~ 

g 
u 
>, 
ri .... 
di 
0 

20 

15 

10 

5 

7 days 

0 I I I -? I I I i < I I I I I I I I I I I I =, I 

8/4)8/10IB/16IB/22l8/2BI 9/J I 9/9 
B/1 8 1 B/13 8/19 B/2~ 8/31 9/6 9 

figure 25. Estt111ates of stre• lJfe fr• 3-day -,vtng average of live and carcass counts and nUlllber of 
days bet-,een peaks, Port Dick, l99~ 

,.J ... 


