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Foreword 

This is the second annual report to the United States Bureau of 
Reclamation (USBR) of activities conducted under the terms of 
Cooperative Agreement Number 8-FC-20-07100, and covers the period 
July 1, 1989 through June 30, 1990. The field work was conducted 
by personnel of the California Department of Fish and Game's 
(CDFG) Klamath-Trinity Program, specifically its Trinity River 
Project (TRP), Trinity Fisheries Investigations Project (TFIP), 
and Natural Stocks Assessment Project (NSAP). 
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CHAPTER I 

J O B  I 
SALMON SPAWNER SURVEYS I N  THE U P P E R  T R I N I T Y  R I V E R  B A S I N  

by 

Mark Zuspan 

ABSTRACT 

Staff of the California Department of Fish and Game's, Trinity Fisheries 
Investigations Project conducted a mark-and-recovery, salmon spawner survey of 
a portion of the mid-Trinlty River basin from 18 September 1989 through 26 
January 1990. The maln-stem Trlnity River and its major tributaries were 
surveyed from the upstream limit of anadromous migration at Lewlston Dam to a 
point 64.4 km downstream at the confluence of the North Fork Trinlty River. We 
examrned 8,785 chinook salmon (Oncorhvnchus tshawvtscha) and 1,369 coho salmon 
( Q .  kisutch) carcasses during the survey. 

Chinook salmon spawning was unevenly distributed in the main-stem Trinity River. 
We estimate 42% of the chinook salmon spawned in the uppermost 3.2 km just below 
the dam, followed by 25.7% in the next 7.9 km, 10.5% in the next 9.7 h, 8.0% in 
the next 10.8 km, and 13.8% in the remaining 31.9 km. 

Coho salmon spawning distribution in the main-stem Trinity River was similar to 
that of chinook salmon. We estimate that 43.9% of the coho salmon spawned in the 
uppermost 3.2 km just below the dam, followed by 23.5% in the next 7.9 km, 7.7% 
in the next 9.7 km, 3.6% In the next 10.8 km, and 21.3% in the remaining 31.9 km. 

Little chinook salmon spawning occurred in the tributaries we surveyed. The 
North Fork Trinity River and Canyon Creek had the most spawners, with fewer than 
150 fish in each. Only 15 coho were observed in the seven tributaries surveyed. 
Of these, six were found in Weaver Creek. 

The percentage of female chinook salmon which died prior to spawning averaged 
62.8% for spring-run and 32.1% for fall-run chinook. The overall female chinook 
salmon prespawning mortality rate during the survey was 31.3%. This excessively 
high mortality rate is probably related to stress induced by the limited holding 
and spawning habitat found in the upper main-stem Trinity River. 

Approximately 6.2% of the female coho salmon observed in the main-stem Trinity 
River died prior to spawning. 

Both spring-run and fall-run chinook salmon were recovered in the survey. 
Spring-run fish dominated recoveries until late October, thereafter fall-run fish 
were more abundant. Coho salmon were first noted in the main-stem Trinity in 
late October. Their numbers peaked in early December, and they were eseentially 
gone by late January. 

Fork lengths of adult spring-run and fall-run chinook salmon from the main-stem 
Trinity River averaged 74.5 cm (range: 38-100 cm) and 69.8 cm (range: 36-98 Cm), 
respectively. Adult chinook salmon comprised 98.0% of the spring run and 95.0% 
of the fall run, with grilse comprising the remainder. Chinook salmon recovered 
in the tributaries were significantly smaller than main-stem Trinity River fish, 
and had a lower overall adult percentage of 79.6%. Coho salmon were not measured 
during the survey. 



OBJECTIVES 

To determine, through a system of spawning ground surveys, the 
distribution of naturally spawning chinook and coho salmon in 
the main-stem Trinity River and its tributaries upstream of, 
and including the North Fork Trinity River. 

To determine the incidence of pre-spawning mortality among 
naturally spawning salmon in this area. 

To determine the size, sex composition and incidence of marked 
and tagged individuals among the naturally spawning 
populations in this area. 

To determine the relative distributions of spawners in 
different areas of the basin up-stream of, and including the 
North Fork Trinity River. 

INTRODUCTION 

This year the California Department of Fish and Game's (CDFG) 
Trinity Fisheries Investigations Project (TFIP) completed the 
twenty-second salmon spawner survey conducted in the main-stem 
Trinity River since 1942. The first three surveys (Moffett and 
Smith 1950, Gibbs 1956, and Weber 1965) were fishery evaluations 
prior to the construction of Lewiston Dam. The remaining eighteen 
(La Faunce 1965, Rogers 1970, 1973, 1982; Miller 1972, 1973, 1974, 
1976, 1978, 1979, 1980, 1981, 1982, 1984, 1985; Smith 1975, Stempel 
1988, and Zuspan 1991a) were designed to evaluate the effects of 
the existing dam on the salmon resource. 

In 1984, The Trinity River Basin Fish and Wildlife Management 
Program was enacted by Congress (Public Law 98-541). This law 
appropriated approximately $57 million to be spent for fishery and 
wildlife restoration, and monitoring within the Trinity River 
basin. 

This survey, and those scheduled for following years by CDFGts 
TFIP, will help to evaluate the effectiveness of increasing 
spawning and holding habitat within the basin through habitat 
improvement efforts that are part of the restoration program. 

METHODS 

Main-stem Trinity River Spawner Survey 

Our study area included the main-stem Trinity River from its 
upstream limit to anadromous fish migration at Lewiston Dam (River 
km 180.1) to the confluence of North Fork Trinity River, 64.4 km 
downstream (Figure 1). Prevlous studies have divided the river 



FIGURE 1. Map of the Trinity River basin showing the main-stem 
spawner survey zones and areas of the tributaries surveyed in the 
1989-90 spawner survey (7 zone system - Stempel 1988). 



into elther a four-or seven-zone system. The seven-zone system was 
used in 1 9 8 7  by the tinited States Fish and Wildlife Service (USFWS) 
(Stempel 1 9 8 8 )  and again in 1 9 8 8  (Zuspan 1 9 9 1 a )  (Table 1 ) .  Prior 
to this, with the exception of Moffett and Smith 1 9 5 0 ,  all surveys 
were based on a system utilizing four zones in the river reach 
below Lewiston Dam (Gibbs 1956 ;  La Faunce 1965 ;  Rogers 1 9 7 0 ,  1973 ,  
1 9 8 2 ;  Miller 1 9 7 2 ,  1 9 7 3 ,  1 9 7 4 ,  1 9 7 6 ,  1 9 7 8 ,  1 9 7 9 ,  1 9 8 0 ,  1 9 8 1 ,  1 9 8 2 ,  
1 9 8 4 ,  1985 ;  Smith 1975 ;  Weber 1 9 6 5 ) .  Our 1 9 8 9 - 1 9 9 0  data were 
collected based on both zone systems. We will summarized data in 
this report based only on the seven-zone system as it allows 
comparisons of different river sections in finer detail. By 
recording data also using the four-zone system, we will be able to 
compare historic and current trends in subsequent reports. 

TFIP staff conducted the survey using 12-ft Avon inflatable rafts 
equipped with rowing frames. Raft crews consisted of a rower, and 
one or two personnel to recover carcasses. To increase coverage of 
the highly productive upper two sections, two rafts were used 
simultaneously, with one covering each side of the river. 
Carcasses were recovered on foot along the shore or, in deep water, 
from the rafts with long handled gigs. We surveyed the entire 
main-stem Trinity River study section once a week throughout the 
salmon spawning season. 

We determined spawning condition in female salmon by direct 
observation of the ovaries. Fish were classified as either spawned 

TABLE 1. Trinity River zones used in the 1 9 8 9 - 9 0  Trinity River 
spawner survey. 

River Length 
zone (km) Zone description 

1 3.2  Lewiston Dam (W 1 8 0 . 1 )  - Old Lewiston Bridge 
(RKM 1 7 6 . 9 )  

2 7 . 9  Old Lewiston Bridge (RKM 1 7 6 . 9 )  - Brown Mtn. 
Bridge (RKM 1 6 9 )  

3  9.7 Brown Mtn. Bridge (RKM 1 6 9 )  - Steel Bridge (RKM 
1 5 9 . 3 )  

4  1 0 . 8  Steel Bridge (RKM 1 5 9 . 3 )  - Douglas City Camp 
(RKM 1 4 8 . 5 )  

5  1 2 . 0  Douglas City Camp (RKM 1 4 8 . 5 )  - Junction City 
Weir (RKM 1 3 6 . 5 )  

6  1 2 . 6  Junction City Weir (RKM 1 3 6 . 5 )  - BLM Camp (RKM 
1 2 3 . 9 )  

7 7 .2  BLM Campqround (RKM 1 2 3 . 9 )  - mouth of North 
Fork ~riiity (RKM 1 1 6 . 7 )  

a/ RKM = distance from the mouth of the river in km. - 



or unspawned based on egg retention. Females which retained over 
50% of their eggs were classified as unspawned. Male spawning 
condition was not assessed, as its determination was considered to 
be too subjective. 

All carcasses we observed were identified by species and examined 
for an adipose fin clip (Ad-clip) indicating the presence of a 
coded-wire tag (CWT) in their snout. Fish were further examined 
for the presence of an external tag (spaghetti tag) and an 
operculum punch, applied as part of an ongoing study by other 
elements of the CDFG's Klamath-Trinity prograd'. Spaghetti tags 
and operculum punches (Program marks) are placed on returning adult 
fish by CDFG staff at three trapping and tagging stations 
downstream of the spawner survey area, to monitor escapement and 
harvest of returning adult salmonids. The spaghetti-tagged salmon 
also receive an identifying operculum punch in order to estimate 
tag shedding rates at the three sites. The first site is located 
at the mouth of the Klamath River where returning fall-run chinook 
salmon, coho salmon, and steelhead trout are captured in a seine 
and tagged. The second site upstream is Willow Creek Weir, located 
at river km 32.2 on the main-stem Trinity River. The last site is 
Junction City Weir at river km 136.5 on the main-stem Trinity 
River. Spring-run and fall-run chinook salmon, coho salmon, and 
steelhead are trapped and tagged at both Willow Creek and Junction 
city weirs. 

Chinook Salmon 

We classified all chinook salmon carcasses as either condition one 
or two, based on the extent of body deterioration. Condition-one 
fish were the freshest, having at least one clear eye and a 
relatively firm body. Condition-one fish were assumed to have died 
within one week prior to recovery. Condition-two fish were in 
various advanced stages of decomposition and assumed to have died 
more than one week prior to recovery. We did not count partially 
intact fish skeletons, because they could have represented Program- 
marked or condition-two fish which had already been counted and 
chopped in half during a previous week's survey. 

All chinook salmon we recovered were further classified into four 
categories: 1) Ad-clipped fish; 2) Program-marked fish; 3) 
condition-one, unmarked fish; 4) condition-two, unmarked fish. The 
category assigned determined what data we collected from each fish. 

We sexed and measured Ad-clipped fish to the nearest cm fork length 
(FL), and determined their condition and spawning success. Heads 
of Ad-clipped fish were removed and retained for later CWT recovery 
and decoding. 

I/ specifically the CDFG's Trinity River and Klamath River 
Projects. 



Program-marked fish were sexed, measured (cm, EL), and assessed for 
spawning condition. We removed any spaghetti tags and then cut the 
fish in half with a machete to prevent recounting in future weeks. 
Spaghetti tags have a unique number which allowed determination of 
date and location of tagging. 

Condition-one fish which were neither Ad-clipped nor Program-marked 
were flagged and returned to moving water for subsequent recovery, 
and a systematically collected subsample of them were measured for 
FL (cm). Flags consisted of plastic survey tape wrapped tightly 
around a colored hog ring and affixed to the left mandible of the 
carcass. The survey tape was wrapped so tightly around the hog 
ring, that it amounted to no more than a colored coating, with less 
than 2.5 cm of tape extending from the hog ring at any time. Flag 
colors were changed weekly so that, on recovery, the week of 
flagging could be determined. The hog rings used to attach the 
flagging were color coded to indicate in which zone they were 
affixed, so that we could determine the incidence of carcasses 
drifting into another recovery zone. Chinook < 56 cm were 
preliminarily classified as grilse during the carcass surveys. 
Actual grilse to adult ratios for the whole population of chinook 
in this year's run were determined from post-season evaluations of 
CWT data. Adult and grilse salmon analysis in this report is based 
on the post-season size determinations. 

Condition-two fish which were neither Ad-clipped or Program-marked 
were checked for the presence of a flag and, if possible, the 
spawning condition was assessed. If a flag was present, the color 
of the flagging tape and the underlying ring were recorded, and all 
fish were then cut in half to prevent later recovery and re- 
counting of the same fish. 

Coho Salmon 

All coho salmon collected were checked for the presence of Ad-clips 
or Program-marks. When possible, sex and spawning condition were 
determined and then all coho salmon were cut in half to prevent 
future re-counting. Coho carcasses were not used in the flagging 
experiment, since they would have required a separate series of 
flag colors to segregate them from flagged chinook salmon. 

Tributary Spawner Surveys 

Tributaries to the main-stem Trinity River, specifically Rush 
Creek, Grass Valley Creek, Indian Creek, Reading Creek, Browns 
Creek, Weaver Creek, Canyon Creek, and the North Fork Trinity 
River, were surveyed on foot once a week throughout the chinook 
salmon spawning season. Sections surveyed for each tributary 
ranged in length from 2.4 to 4.8 km, and were chosen based on 
accessibility and their historic use by chinook salmon spawners 
(Figure 1). The survey began with the onset of chinook salmon 



spawning in each tributary and continued until spawning ended 
(Table 2). 

We classified all identifiable chinook salmon recovered into the 
four categories used in the main-stem spawner survey and handled 
them accordingly (see above). However, sex and prespawning 
condition was assessed only for fish collected from the main-stem 
Trinity River, and not its tributaries, because too few fish were 
observed in the tributaries to compose an adequate sample and most 
of those observed were condition-one fish which we needed to flag 
for spawning escapement estimates. Coho salmon were counted and 
cut in half upon recovery. Chinook salmon redds, when observed for 
the first time, were counted and recorded. 

Aerial flights and ground-truthing surveys were made of each 
tributary to determine the percentage of the total available 
spawning area within each tributary represented by each of our 
ongoing spawner survey zones. Flights were made during the peak of 
spawning activity to observe redds and locate the upstream limit of 
spawning. Follow-up ground-truthing surveys were made, when 
necessary, to make total redd counts for both the whole tributary 
and its spawner survey zone. The percentage of the total redds 
occurring in a survey zone during the aforementioned count was 
assumed to represent the percentage of the total spawning in each 
tributary that took place within the survey zone. 

TABLE 2 .  Trinity River tributaries surveyed in the 1989-90 spawner 

Length 
surveyed Weeks Date Percent 

Tributary (km) surveyed Start End of total' 

Rush Creek 3 . 1  6 11 /03 /89  12/04/89 100.0 

Grass Valley Creek 2.4 6 11 /03/89 12/04/89 100.0 

Indian Creek 4.8 5 11/10/89 12/07/89 100.0 

Reading Creek 2.7 6 11 /03/89 12/04/89 100.0  

Browns Creek 4.0 7 11 /01/89 12/13/89 95.0 

Weaver Creek 2.4 6 11 /09/09 12/13/89 100.0 

Canyon Creek 3.1 6 10/31/89 12/07/89 97.0 

North Fork Trinity 2.6 6 10 /31/89 12/08/89 20.0 

a/ Estimated percent of the total chinook spawning in that tributary that 
occurred in the survey section. 



RESULTS AND DISCUSSION 

Numbers Observed 

Main-stem Trinitv River Suawner Survey 

Chinook Salmon. We observed 8,785 chinook salmon during the 
spawner survey which included 195 Ad-clipped fish (six also 
program-marked), 218 Program-marked fish (six also Ad-clipped), 
4,886 unmarked condition-one fish which we flagged, and 3,495 
unmarked condition-two fish (Appendix 1). We recaptured and re- 
examined 2,270 flagged chinook salmon, but did not see any whole 
skeletons. 

Coho Salmon. We recovered 1,360 coho salmon in the spawner 
survey, including three Ad-clipped fish and 75 Program-marked fish 
(Appendix 2), and did not see any whole skeletons. 

Tributary Spawner Surveys 

Chinook Salmon. We observed 127 chinook salmon in the eight 
tributaries surveyed this season. Included in the total are 5 Ad- 
clipped fish, 9 Program-marked fish, 115 unmarked condition-one 
fish which we flagged, and 12 skeletons (Appendix 3). We 
recaptured and re-examined 50 flagged fish. 

Coho Salmon. We recovered nine coho salmon in the tributaries 
this season (Appendix 3), but observed no whole skeletons. 

Spring and Fall Chinook Salmon Spawning Interval 

Only chinook salmon recovered in the main-stem Trinity River were 
used to determine spring and fall spawning interval. Both spring 
and fall race chinook salmon were observed in the main-stem survey. 
A date separating the two races was determined from CWT and 
Program-marked chinook salmon. Spring-run chinook salmon dominated 
our recoveries through the fourth week of the survey ending 9 
October 1989. Some overlap of spring-run and fall-run chinook 
salmon occurred during the fifth week ending 16 October. Fall-run 
chinook salmon became dominant by the sixth week of the survey, 
which began 23 October. For the purposes of this report, all 
chinook recovered prior to 23 October 1989 are considered spring 
race, while those recovered afterwards are considered fall race 
(Figure 2) . 

Size Composition 

S~rinq-run Chinook Salmon 

Main-stem Trinity River. We measured the size (cm, FL) of 607 
spring-run chinook salmon during the survey. Adults (fish >48 cm 



FIGURE 2. Chinook salmon spawning interval determined from weekly 
carcass recoveries of coded-wire-tagged and Program-marked fish in 
the 1989-90 Trinity River spawner survey. The arrow indicates the 
date separating the spring from the fall run. 

FL? (Bill Heubach, Assoc. Fishery Biologist, CDFG, pers. commun.) 
comprised 98.0% (5951607) of the spring-run chinook salmon observed 
in the spawner survey, while grilse (fish 148 cm FL) comprised the 
remaining 2.0% (121607) (Table 3, Figure 3). The percentage of 
spring-run chinook salmon grilse in the survey closely matched that 
observed at Junction City Weir but varied from that observed at 
Willow Creek Weir and Trinity River Hatchery (Table 3). The reason 
for the difference in grilse percentages at the different sites is 
unknown. 

Tributaries. Based on the date at which we first observed 
spawning activity and the lack of spring-run codes among the CWT 
recoveries, we assume that no spring-run chinook salmon were 
observed in the tributaries. 

21 Determined from post-season analysis of length frequency and 
coded-wire tag recovery. 



TABLE 3. Number and percentages of spring-run chinook salmon 
grilse observed in the spawner surveys and at three fixed locations 
in the Trinity River basin during the 1989-90 season. 

Willow Junction Trinity Main-stem 
Creek City River spawner 
Weir Weir Hatchery survey 

Grilse* 3 2 7 17 12 

Total 60 1,414 5,000 607 

% Grilse 5% 1.9% 0.34% 2.0% 

a/ Spring-run chinook salmon (48 cm EL are considered grilse - 
based on post-season analysis of coded-wire tag returns. 

FIGURE 3. Fork length distribution, in 2-cm increments, of spring- 
run chinook salmon measured in the main-stem Trinity River during 
the 1989-90 spawner survey (N = 607). 



Fall-run Chinook Salmon 

Main-stem Trrnity River. We measured the FL's of 634 fall-run 
chinook salmon. Based on a minimum FL?' of 52 cm for adults (Bill 
Heubach, Assoc. Fishery Biologist, CDFG, pers. commun.), 99.3% of 
the fall-run chinook salmon measured were adults and 4.7% were 
grilse (Table 4 ,  Figure 4 ) .  For comparison, the percentage of 
fall-run chinook salmon grilse at the different sampling sites 
ranged from 2.1% to 20.2% (Table 4). As with spring-run chinook 
salmon grilse, the reason for the difference in rates between the 
sample sites is unknown. 

Tributaries. We measured 114 chinook salmon from the 
tributaries. Adults comprised 79.8% of the chinook observed while 
grilse comprised the remaining 20.2% (Table 4, Figure 5). The 
percentage of grilse observed in the tributaries was significantly 
different (x2=35.0, df=l, P=.0001) than observed in the maln-stem 
Trinlty River spawner survey. The higher percentage of grilse in 
the tributaries may have been due to competition with larger fish 
for prime spawning locations in the main-stem Trinity River, or 
larger fish may have found it harder to enter tributaries during 
the low flow conditions encountered this year. 

Sex Composition 

Sex was determined only for fish recovered from the main-stem 
Trinity River that were either condition-two unmarked fish, 
Program-marked fish, or flagged fish recaptured in the carcass 
survey. 

TABLE 4. Numbers and percentages of fall-run chinook salmon grilse 
observed in the spawner surveys and at three fixed locations in the 
Trinity River basin during the 1989-90 season. 

Willow Junction Trinity Main-stem Tributary 
Creek City River spawner spawner 
Weir Weir Hatchery survey survey 

Grils& 87 17 239 3 0 23 

Total 1,356 5 19 11,371 63 4 114 

% Grilse 6.4% 3.3% 2.10% 4.7% 20% 

a/ Fall-run chinook salmon < 52 cm FL are considered grilse - 
based on post-season analyses of coded-wire tag returns. 

/ Determined form post-season analysis of length frequency and 
coded-wire tag recovery. 



Figure 4 .  Fork length distribution, in 2-cm increments, of fall- 
run chinook salmon measured in the main-stem Trinity River during 
the 1989-90 spawner survey (N = 634). 

Figure 5. Fork length distribution, in 2-cm increments, of fall- 
run chinook salmon measured in tributaries to the Trinity River 
during the 1989-90 spawner survey (N = 114). 



Chinook Salmon 

We determined the sex of 1,877 adult chinook salmon during the 
survey (498 spring-run and 1,379 fall-run). Both spring and fall 
adult chinook salmon runs had more females than males (69.9% and 
58.2% females, respectively) . The percentage of females in the 
survey was highest during the early and late weeks of the survey 
and lowest during the middle weeks (Figure 6). The preponderance 
of females in the adult run has been noted in all but two of the 
previous surveys and has ranged from 73.6% to 25.8% (Appendix 4). 
The predominance of females among adult fish results when males 
return as grilse, thereby decreasing the number of males left to 
return as adults. 

Coho Salmon 

Sex was determined for 1,282 coho salmon, 57.2% (733) of which were 
females. No attempt was made to differentiate adults from grilse 
for coho salmon. For comparison, only 42.4% of the coho examined 
last year were females (Zuspan 1991a). In a pattern similar to 
that observed for chinook salmon, female coho salmon were most 
prevalent early and late in the survey (Figure 7). 

FIGURE 6. Percent female chinook salmon observed in the main-stem 
Trinity River during the 1989-90 spawner survey. The arrow 
indicates the date separating the spring from the fall run. 



FIGURE 7 .  Percent female coho salmon observed in the main-stem 
Trinity River during the 1989-90 spawner survey. 

Prespawning Mortality 

Prespawning mortality was determined only for fish recovered in the 
main-stem Trinity River that were either condition-two unmarked 
fish, Program-marked fish, or flagged fish recaptured in the 
carcass survey. 

Chinook Salmon 

We checked the spawning condition of 2,531 adult female chinook 
salmon this season (521 spring-run and 2,010 fall-run fish). 
Prespawning mortality was 62.8% and 23.1% for spring-run and fall- 
run chinook salmon females, respectively. The rate of prespaming 
mortality decreased through time, starting at 92.2% and gradually 
decreasing to 11.1% by the end of spawning (Figure 8). The higher 
prespawning mortality rate for spring-run chinook salmon females 1s 
probably related to the added stress imposed by the extended time 
they spend in the river. 

The overall prespawning mortality rate of both races of female 
chinook salmon was 31.3%. Overall (spring-run and fall-run) 
prespawning mortality for female chinook salmon has ranged from 
1.5% to 44.9%, averaqing 11.7% during previous surveys (Appendix 
5 ) .  



FIGURE 8. Female chinook salmon prespawning mortality observed in 
the 1989-90 Trinity River spawner survey. The arrow indicates the 
date separating the spring from the fall run. 

Coho Salmon 

Spawning condition was determined for 689 adult female coho salmon 
during the survey. The overall prespawning mortality rate was 6.2% 
(43/689). In 1988 prespawning mortality for female coho was 25.6% 
(461180) (Zuspan 1991a). Coho prespawning rates have not been 
reported in surveys prior to 1988. The weekly rate of prespawning 
mortality varied between 20% and 4% during the survey (Figure 9). 

Salmon Spawner Distribution 

Spawner distribution in the main-stem Trinity River is presented 
based on the seven-zone system first used in 1987 (Stempel 1988). 
The results for Zones 5 through 7 were combined this year because 
too few flagged chinook were recovered in these individual zones to 
make reliable estimates. Distribution in the tributaries is 
presented by individual tributary. 

Chinook Salmon 

Main-stem Trinity River. We observed 8,673 adult chinook salmon 
this season, excluding flag recoveries. The numbers of chinook 
salmon spawners were greatest in upstream zones, decreasing from a 
high of 4,897 fish in Zone 1 to 257 fish in combined Zones 5-7 



FIGURE 9. Female coho salmon prespawning mortality observed in the 
1989-90 Trinity River spawner survey. Calculations were made only 
for weeks where >10 fish were collected. 

(Table 5). We recognize that carcass counts alone cannot be used 
to accurately describe distribution because recovery efficiency can 
vary from zone to zone, due to differences in stream morphology. 
Therefore, the percentage of flags recovered for each zone was used 
to determine the recovery efficiency of that zone (Table 5). Even 
based on the total number of chinook salmon recovered divided by 
the different recovery efficiency rates for each zone, the percent 
of chinook salmon spawners decreased downstream in successive zones 
below Zone 1 (Table 5). 

As noted last year (Zuspan 1991a), a potential source of error in 
this estimate is the assumption that flagged chinook salmon 
carcasses are recovered only in the zone that they were originally 
flagged. If flagged fish are recovered in downstream zones, it 
would tend to increase the efficiency estimate in the recovery zone 
while decreasing the estimate in the flagging zone. 

To determine the extent that carcasses drifted from one zone to 
another, fish flagged in each zone were given a distinct hog ring 
color. Recoveries that were originally flagged in another zone 
were recorded as such. Of the 2,253 flags recovered this season, 
only 18 (0.8%) were not flagged in the same zone that they were 
recovered. This indicates that carcass drifting had a negligible 
effect on chinook salmon distribution estimates. 



TABLE 5. Adult chinook salmon distribution by river zone in the 
1989-90 Trinity River spawner survey. 

T o t a l  % o f  
T o t a l  F lags  % f l a g s  u n f l a g g e d  Expanded expanded 

Zone* f l a g g e d  recovered recovered  observed! t o t a l ?  t o t a l  

5-7 153  13 8 . 5 %  257 3 , 0 2 4  1 3 . 9 %  

T o t a l s :  4 , 7 7 4  2 ,253  8 , 6 7 3  21 ,775  1 0 0 . 0 %  

Mean: 4 7 . 2 %  

a/ The Zones a r e  d e s c r i b e d  i n  Table 1 and F igure  1 .  
b/ T o t a l  i n c l u d e s  a l l  adu l t  chinook observed  e x c e p t  f l a g g e d  chinook which 

were re-examined.  
c/ Computed from: ( T o t a l  observed / ( %  f l a g s  recovered  / 1 0 0 ) ) .  

Tributaries. We recovered 127 chinook and 9 coho salmon in the 
eight tributaries surveyed. The chinook salmon total includes 115 
unmarked condition-one fish which we flagged, and 12 skeletons 
(Appendix 3). We also recaptured and re-examined 50 flagged 
carcasses. Too few salmon were observed in any of the tributaries 
to generate escapement estimates based on standard Jolly-Seber or 
Schaefer (Ricker, 1975) carcass survey models. However a rough 
estimate can be obtained by using the same method employed to 
expand the main-stem recoveries. For example, 31 chinook, 
consisting of 27 flagged fish and 4 skeletons, were observed in 
Canyon Creek this season. Of the chinook flagged, 5 (18.5%) were 
subsequently recovered. Adjusting for the 18.5% recovery rate, a 
total of 168 chinook spawned in the survey area this season. Since 
the survey area represents 97.0% of the total spawning habitat in 
the tributary, we estimate 173 chinook spawned in Canyon creek this 
season. Using this methodology for the other tributaries surveyed, 
our results indicate that only Canyon Creek and the North Fork 
Trinity River had much spawning activity (Table 6), and probably 
contained 59% of the spawning activity that we estimated to have 
occurred in all eight tributaries to the upper main-stem Trinity 
River. 

Coho salmon 

Main-stem Trinitv River. We observed 1,282 coho salmon, most of 
which were seen in Zones 1 and 2 (Table 7). Expanded spawner 
estimates, based on the recovery efficiencies developed from 
chinook salmon flag recoveries, indicate the majority of coho 
salmon also spawned in these two zones (Table 7). 



TABLE 6. Chinook salmon observed and estimated total spawners in 
tributaries surveyed during the 1 9 8 9 - 9 0  Trinity River spavner 
survev. 

Estimated 
Number % flag Number % of total total 

Trrbutary observed recovery* est~matedy spawnrngr spawners' 

Rush Ck. 29 59.3 49 100.0 4 9 

Grass Valley Ck. 7 14.3 4 9 100.0 4 9 

Indian Ck. 4 50.0 8 100.0 8 

Reading Ck. 4 50. 0 8 100.0 8 

Browns Ck. 7 28.6 24 95.0 2 5 

Weaver Ck. 37 60.6 6 1 100.0 61 

Canyon Ck. 3 1 18.5 168 97.0 173 

North Fork 8 33.3 24 20.0 120 
Trinity R. 

Totals: 127 391 493 

a/ Percent of flagged chinook salmon which were subsequently recovered. 
f?/ The number of spawners estimated to have occurred in the survey zone 

computed from 'Number observed' divided by the decimal percentage of 
' %  flag recovery'. 

=/ Percent of total spawning in each tributary that occurred in its 
respective survey zone. Determined from aerial and ground surveys. 

d l  The total number of spawners estimated to have occurred in the tributary 
computed from  umber-estimated' divided by the decimal percentage of 
' %  of total spawning'. 

TABLE 7. Coho salmon distribution by river zone in the 1989-90 
Trinity River spawner survey. 

Total Observation Expanded 
Zoneg observed efficiency' total' % of Total 

4 23 19.5% 118 3.6% 

5-7 60 8.5% 706 21.3% 

Totals: 1,292 3,309 100% 

Mean: 47.2% 

q/ Zones described in Table 1, Figure 1. 
LJ/ Observation efficiency equals the total recovery rate of flagged 

chinook salmon in each zone. 
c /  Computed from: Total observed/(observation efficiency/100). 



Marked Salmon Recovery 

Adiuose Fin Clios and Coded-wire Taqs 

Main-stem Trinitv River. We recovered 198 Ad-clipped salmon in 
the survey, which included 97 spring-run and 98 fall-run chinook 
salmon, and 3 coho salmon (Appendices 1 & 2). The percentage of 
Ad-clipped salmon in the survey is best estimated by considering 
only fish in relatively good condition (condition one), as fin 
clips are difficult to discern on fish in advanced decay. For 
condition-one fish, 4.1% of the spring-run chinook salmon, 2.9% of 
the fall-run chinook salmon, and 0.2% of the coho salmon were Ad- 
clipped. For comparison, at Junction City Weir, 15.1%, 9.4%, and 
9.1% of the spring-run chinook salmon, fall-run chinook salmon, and 
coho salmon were Ad-clipped, respectively (Table 8). 

The difference in Ad-clip percentages between the survey and 
Junction City Weir results primarily from a failure to identify Ad- 
clips in the survey. This was made apparent by comparing weir 
tagging records with survey recoveries. Seventeen chinook which 
had been identified as Ad-clipped when tagged at the weirs were 
subsequently recovered as condition-one fish in the survey. Of the 
17, only five (29.4%) were correctly re-identified in the survey as 
being Ad-clipped. For both condition-one and condition-two fish, 
combined, the recognition rate was 20.0% (5125). While it may be 
tempting to adjust the Ad-clip rates in the spawner survey by the 
apparent recognition rate (29.4%), it would be inappropriate 
because of the small (17) sample size driving the expansion. A re- 
evaluation of the 1988-89 data indicates that all condition-one, 
Program-marked fish were correctly identified upon recapture, that 
year. 

Coded-wire tags were removed and decoded from 169 of the 198 Ad- 
clipped salmon recovered in the survey. All coded-wire tagged fish 
we recovered originated from Trinity River Hatchery (Appendix 6). 

Tributaries. Of the total 127 chinook salmon recovered, five 
were Ad-clipped. All five were fall chinook tagged and released 
from Trinity River Hatchery (Appendix 6). 

Proaram Marks 

Main-stem Trinitv River. We observed Program marks (spaghetti 
tags or operculum punches) on 215 chinook and 75 coho salmon during 
the survey. Most of these fish were tagged at Junction City Weir, 
followed by Willow Creek Weir, and, last, the seining operation at 
the mouth of the Klamath River (Table 9). 

Tributaries. Program tags were recovered from nine of the 127 
chinook salmon observed in the tributaries. Of these, seven were 
from Willow Creek Weir, one from Junction City Weir, and one from 
the seining operation at the mouth of the Klamath River. 



TABLE 8. Number and percentages of adipose fin-clipped salmon 
observed in the spawner surveys and at the three fixed locations in 
the Trinity River basin during the 1989-90 season. 

S ~ r l n g - r m  chinook F a i 1 . r ~  chinook Coho 

Ad- % Ad- Ad- % Ad- Ad- % Ad- 
S i t e  c I i &  Total c l i m  c l i p s  Total c l i p s  c l i p s  Tota l  c l i p s  

U i l l o u  Creek Ueir 34 505 6 . 7  63 946 6 . 7  36 477 7 .6  

J u x t i o n  C i t y  197 1502 13.1 47 546 8 .6  60 Mf 9 . 1  
Yei r 

T r i n i t y  River 5000 14.5 1172 11371 10.3 490 4970 9 .9  
Hatchery 

Ma in -s tm T r i n i t y  82 2022 4.1 91 3154 2.9 3 1316 0 . 2  
River s m r  
s u r v e p  P" 
Tr ibutary spauner 0 0 0 5 115 L.4 0 0 0 
survey 

a/ Ad.clips = adipose f i n - c l i p s .  
b/ Only chinook salmvl i n  r e l a t i v e l y  good c o n j i t i o n  (condi t ion me) a r e  used i n  t h i s  analysis. For - 

coho, a l l  recoveries, regardless of c o r d i t i o n  rerc used i n  the analysis. Also note there was a 
s i g n i f i c a n t  but m k m m  m r  of  c o r d i t i o n  one Ad-clipped f i s h  which were vlrccognized i n  the survey 
(see tex t ) .  

TABLE 9. Program tag recoveries during the 1989-90 main-stem 
Trinity River spawner survey. 

Spring-run Fall-run 
chinook salmon chinook Coho 

Tagging site salmon salmon 

Junction City Weir 72 

Willow Creek Weir 2 

Klamath River Mouth 0 llP' 0 

TOTALS 7 4 14 1 75 

q/ Includes two tags which were also observed at Junction 
City Weir, but not included in the Junction City Weir 
total. 

b/ Includes one tag which was also observed at Willow Creek 
Weir, but not included in the Willow Creek Weir total. 



Incidence of Hatchery-produced Salmon 

Estimating the ratio of hatchery to naturally produced salmon 
spawning in the survey area relies entirely on correctly 
determining the ratio of Ad-clipped to unclipped salmon in the 
survey. Since, as stated in the section above, we failed to 
identify the majority of Ad-clips during the survey, even on 
condition one fish, estimating the incidence of hatchery-produced 
salmon spawning in the survey area would be inappropriate for this 
year. 

RECOMMENDATIONS 

This is the second year of a multi-year Program of spawner surveys 
in the Trinity River basin below Lewiston Dam. The following 
recommendations should be considered for inclusion in next year's 
spawner survey. 

1. Spawner survey activities should be continued with current 
objectives in FY 1990-91. 

2. Prespawning mortalities of female chinook salmon should be 
closely monitored to determine if they are continuing 
occurrence. The CDFG1s fish pathologists should attempt to 
determine the cause(s) of the mortalities. 

3. Survey efforts should be intensified so as to recover a higher 
proportion of the Ad-clipped salmon. Additional recoveries 
are necessary to reliably determine the incidence of hatchery- 
produced chinook salmon spawning naturally. Survey crews 
should be instructed to recover all fish with marginal or non- 
standard Ad-clips. Determination of whether these fish are 
actually Ad-clipped should be made in the lab by passing the 
fish through a tag-detector to determine if a coded-wire tag 
is present. 
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Appendix 2. Summary of caho salmon carcasses recover4 during the 1989-90 mnlnstcrn Trinity River spawner suwcy 

Survey Date Program 
Femnle coho 

Unknown Percent Wmk 
week begun Ad-clips a/ marks h/ Males spawned c/ Spawned Unspawned unspawnul totals 

7 30-Oct 0 0 I 0 0 I 100.0 2 
8 06-Nov 
9 13-Nov 

10 20-Nov 
I I 27-Nov 
12 04-Ds 
13 I l-Drc 
14 18-Drc 
15 25-Drc 
16 Ol-Jan 
17 08-Jan 
18 IS-Jan 
19 22-Jan 

Totnls: 
Average: 6.2 

a1 Adipose finslippul fish. 
bl Includes coho salmon which were previously marked (spaghetti tnglopcrculum punch) 

at various sites downstream o f  the survey area. 
c/ Includes female coho for which spawning cond~tion was not aswsul. 



Appendix 3. Summary of salmon carcasses and redds observed in tribulanes dming the 1989-90 Trlnlty Rlvcr spawner surveys 

Percent Chinwk 
Kilometers of total Weeks Program Flagged fish n l  Flags Kcdd 

Tr~hutnry surveyed spawning b l  surveyed Adclips c/nwks d l  Adults G r i l s  e l  rccoverd Skeletons Total f l  cuunt C ' < ~ I  

Rush Creek 3.1 100 6 0 I 26 I 16 2 29 22 2 
Grass Valley Creek 2.4 100 6 I I 6 I I 0 7 20 1 

lnd~an Crwk 4.8 100 5 0 I 3 1 2 0 4 ? 0 

Rrildlng Crwk 2.7 100 6 1 0 2 2 2 0 4 5 1 I 

Hrowns Crwk 4.0 95 7 0 I I 6 2 0 7 32 Z I a 
j r  

Weaver Creck 2.4 100 6 3 2 26 7 20 4 37 36 0 I 

Canyon Creek 3.1 97 6 0 2 2 1 6 5 4 31 36 1 

North Fork Trmty R. 2.6 20 6 0 I 5 1 2 2 8 12 2 

PI Chinook salmon carcasses which were flagged and relumul to the tributa~y. 
h/ Percent of the total chinook spawning in the tributary that the survey represents. Ddr rm lnd  from ground and aerial r d d  suwcys. 

c/ Adipose finxlipped fish. 
(I1 Includes chinook salmon which were previously m r k d  (spaghetti tagloperculum punch) at various sites downstream of the SUIVCY area 
t:l During the survey and prior lo analysis o f  this year's CWT &la, chinook salmon < 56 cnl are assumd to be grilse, for tally purposs. 
1.1 Chinwk totals include flaggal fish, and skeletons. Adxlippat and Program mrked fish are included in the flagged column. 

Dws not include flagged fish rccovrries which were re-cxamlnul that week. 



E'19 
P I 9  
9'EL 
PUP 
R SZ 
9 1 L  
8SY 
Z t P  
I '  1 s 
I 'L9 
5 6 9  
P I 9  

I 
I - E ' 1 9  
, ' I  
I 

E l 9  
8 C S  

E l S  
O E Y  
S'SS 
9 8 5  
L'ES 
(0s  

051'1 
ZZ1'1 
66Z'E 
8PL 
96 
zsz 
L Z  I 
PE 
E6 
558 
PPP 
SZI'I 
1 t 9  
16L 
L86' 1 
9SS 
16L' I 
I SS' I 
800'7. 
L S ~ ' E  
6UL'I 

L'8E 
9'8E 
P'9Z 
9 '1s  
ZPL 
P'8Z 
Z.bE 
8'SS 
6'8P 
6'ZE 
S'OE 
9-8E 
L ' B E  
L a E  
Z 9 P  

L 8 P  
O ' L E  
5 PP 
P'IP 
r .9P 
L 6 P  

LZL 
90L 
281'1 
96L 
9LZ 
00 1 
9 9  
EP 
68 
OZP 
S6 1 
9 0 L  
POP 
66P 
POL' I 
LZS 
PSO'I 
PPZ'I 
61P'I 
6PI'E 
69L' I 



Appendix 5. Ferrmlc chinook salmon pre-spawning mortality rslcs observed during minslcm Trinity K~vcr  spawner survey> I rwl  1942 tlzrcruglt 1989. 

-- --- 

Spring-run chinwk Fall-run chinook Tc~taI ch~n<x,k 
Percent Pcrcent Percent 

Study year Reference Spawned Unspawnul unspawnul Spawned i lnspawnd unspawnul Spawned ilr~\pawncd unspawncd 
1942-1945 a1 MoffettlSmith (1950) 

G ~ h b s  (1956) 
W e k r  (1965) 

ImFaunce ( 1965) 
Rogers (1970) 
Smith (1975) 
Rogers (1973) 

(1982) 
M~ller  (1972) 

(1973) 
(1974) 
(1976) 
(1978) 
(1979) 
(1980) 
(1981) 
(1982) 
(1984) 

" (1985) 
Stempel (1988) 49.9 
Zuspnn ( 199 1 a) I I 27 71.1 
Current sludy 194 327 62.8 

at Pre-spawning nx~rtality rate was not reported dunng these years. 
b /  Spring-run and fall-run chinwk snlrnon were not separated during these yurrs. 
c l  Overall pre-spaming mortality rates were repottad hut not individual counts. 



Appndix 6 .  Release and recovery data for coded-wire-lagged srlnwn recovcrcd in thc 1989-90 nviitlstrrn l rmt ty  Htvcr 
spawner survey 

R e l a w  Information 
B r a d  Number Nurnkr  

CWT # a1 Species Race year Type hl Lcxation cl Date r e l d  recovered dl 
06-56-19 Chinook Fall 1984 Ff Lime Point 94.100 I Jun-1985 
06-56-23 Chinook 
06-56-25 Chinook 
06-56-26 Chinook 
06-56-27 Chinook 
06-56-28 Chinook 
06-56-29 Chinook 
06-56-30 Chinook 
06-56-3 1 Chinook 
0 6 4 1  -27 Chinook 
0641-28 Chinook 
0 6 6 1 4 2  Chinook 
06-6 1-44 Chinook 
0 6 4 1 4 5  Chinook 
0 6 4  1-46 Chinook 
0641-47 Chinook 
06-63-10 Chinook 

06-56-56 Coho 

Fall 1985 Ff 
Fall 1985 FY 
Fall 1986 Ff 
Fall 1986 FY 
Fall 1986 FY 
Fall 1986 Ff 
Fall 1986 Ff 
Fall 1987 FY 
Fall 1984 Ff 
Fall 1984 FY 

Spring 1985 Sf 
Spring 1985 SY 
Spring 1986 Sf 
Spring 1986 SY 
Spring 1987 SY 

Fall 1986 Fy+ 

Fall 1986 Fy+ 

TRH 
TRH 
TRH 
TRH 
TRH 

Sawmill 
Amhrom 
Ambrosr- 

TRH 
TRH 
TRH 
TRH 
TRH 
TRH 

Sawmill 
TRH 

Sawmill 

Jun-1986 
a t - 1 9 8 6  
Jun-1987 
Sep- 1987 
Scp-1987 
Jun-1987 
Jun-1987 
a t - 1 9 8 8  
Jun-1985 

Sep&oCl- I985 
Jun-1986 
Oct-1986 
May-1987 
Sep-1987 
May-1988 
Feh-1988 

a/ Coded-wire tag (CWT) number for the release group. 
b/ Hatchery release types include. Fy=fall yearling, Ff=fall fingerling, Fy + =fall yar lmg plus, Sy=spring ya r lmg ,  

Sf=spring fingerling. 
cl All release locations are in the mainstem Trinity kver .  TRH=Trinity River Hatchery. 
d l  Numbers in parenthesis represent chinook salmon recovered in tributaries and are included in the 'Number recovered' 

column. All other recoveries were from the m a k t e m  Trinity River. 
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JOB I1 
CAPTURE AND CODED-WIRE TAGGING OF NATURALLY PRODUCED CHINOOK 

IN THE TRINITY RIVER BASIN 

Mark Zuspan 

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity 
Fisheries Investigations Project conducted a trapping and coded- 
wire tagging operation for naturally produced, juvenile chinook 
salmon (Oncorhvnchus tshawvtschq) in the main stem Trinity River 
below Lewiston Dam from 22 February through 26 June 1990. 

We trapped 176,381 juvenile chinook salmon, 31,705 juvenile coho 
' salmon (0, kisutch) , and 6,164 juvenile steelhead (0, mvkiss) at 
two sites during the study. At both sites, catch-per-unit-effort 
of juvenile chinook salmon peaked during the week of 21 May 1990, 
declining thereafter. Weekly average fork lengths of trapped fish 
tended to increase throughout the trapping period. 

We adipose fin-clipped and implanted coded-wire tags into 140,898 
juvenile chinook salmon. After adjusting for tagging mortality, 
tag shedding, and poor fin clips, we effectively coded-wire tagged 
and released 112,133 juvenile chinook salmon. 



JOB OBJECTIVE 

To capture, mark (adipose fin-clip), tag (binary coded-wire) and 
release representative groups (up to 100,000 fish/group) of 
naturally produced chinook salmon fry or fingerlings in the main 
stem Trinity River and/or selected Trinity River tributary streams. 
These fish will be sampled, subsequently, by other projects to 
determine their survival, contributions as adults to the ocean and 
river fisheries, and spawning escapements. 

INTRODUCTION 

The Trinity River system in northern California is a major producer 
of chinook salmon (hereafter called chinook) for the Klamath River 
basin. Knowledge of fry- or fingerling-to-adult survival, harvest, 
and spawning escapement of these stocks is crucial to wise 
management of chinook in the basin. 

Recent legislation (Public Law 98-541) has resulted in a major 
effort to restore the fishery resources in the Trinity River basin 
to pre-Trinity-Project conditions. Emphasis for this effort is 
placed on naturally produced chinook. Survival, catch, and 
escapement data for these fish will help to evaluate the 
effectiveness of these restoration efforts. 

Previous coded-wire tagging studies of juvenile chinook in the 
Trinity River system have focused on hatchery-produced chinook and 
made references to naturally produced chinook based on those 
results (Heubach and Hubbell 1979, Heubach 1980, Maria and Heubach 
1981, 1984a, 1984b, 1984~). 

In this study, the California Department of Fish and Game's (CDFG) 
Trinity Fisheries Investigations Project (TFIP) trapped, coded-wire 
tagged, and released naturally produced juvenile chinook. 
Subsequent studies of these fish as adults, by other projects of 
CDFG's Klamath-Trinity Program, will be used to determine survival, 
harvest, and spawning escapement for this important component of 
the Trinity River system's chinook stocks. 

The current study began in 1989. This is the second annual report 
on the capture and coded-wire tagging of naturally produced 
juvenile chinook from the Trinity River system. 

METHODS 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the trapping 
sites are presented in Julian Week (JW) format. Each d V  is one of 
a consecutive set of 52 ?-day periods, beginning 1 January, 



regardless of the day of the week on which 1 January falls. The 
extra day in leap years is added to the ninth week, and the last 
day of the year is included in the 52nd week (Appendix 1). This 
procedure allows between-year comparisons of identical 7-day 
periods. 

Trapping 

Trapping was conducted at two sites in the main stem Trinity River 
this season. The first site (Lewiston Site) was located at river 
kilometer (RKM) 175.4, 3.1 km downstream of Lewiston Dam. The 
second site (Indian Creek Site) was located 21.9 km downstream of 
the Lewiston Site near Indian Creek at RKM 153.5 (Figure 1). 

The Lewiston Site was upstream of any significant tributary and 
downstream of highly productive chinook spawning beds located in 
the main-stem Trinity River. The site's location above major 
tributaries made it relatively immune from large fluctuations in 
stream flow due to storm events. Trapping at the Lewiston Site 
began JW 8 (19 February 1990) and continued through JW 26 (25 June 
1990). 

Trapping at the Indian Creek Site began JW 15 (09 April 1990) and 
continued to JW 26 (15 June 1990). This site was used when 
juvenile chinook catches at the Lewiston Site had diminished and 
the coded-wire tagging program could no longer be effectively 
continued at that location. 

Trapping at both sites was conducted using between one to four fyke 
nets measuring 3.1 m wide, by 1.2 m high at the opening, by 7.6 m 
long, tapering to a 0.33-m by 0.3-m exit leading into dual live 
boxes. Fyke nets were attached, at their mouth, to a 2.5-cm (1-in) 
diameter galvanized pipe frame of the same dimensions as the net 
opening, which was connected by ropes to metal posts driven into 
the stream bed. 

The primary objective of the trapping effort was to capture up to 
100,000 juvenile chinook for coded-wire tagging. All fish trapped 
were counted and a sample of each species was measured to the 
nearest mm of fork length (FL). 

Tagging 

The tagging sites were located adjacent to the trapping sites. 
Tagging was conducted inside a 4.9 m x 4.9 m (16 ft x 16 ft) canvas 
tent. A 3.5-KW portable generator was used to supply the 
electrical needs of the operation (tagging machines, pumps, 
lights) . 
Captured juvenile chinook were anesthetized with tricaine 



City 

FIGURE 1.. Map of the Trinity River below Lewiston Dam showing the 
trapping and coded-wire tagging sites used in 1990. 



methanesulfonate (~~222)i', their adipose fin removed, and a coded- 
wire tag implanted. Tag injectors and quality control devices used 
in the operation were purchased from Northwest Marine Technology ?'. 
Because of the small size of the fish captured, 1/2-length tags 
were used. Two tagging stations were normally employed. 

A subsample of 100 tagged fish was reserved each day for quality 
control. All other tagged fish were released throughout the day 
into the river at the tagging site. Fish in the quality control 
sample were put into holding cages kept in the river and, after a 
minimum of 24 hours, checked for mortality, tag retention, and 
adipose fin-clip (Ad-clip) effectiveness. Tag retention was 
determined by passing fish through the electronic tag (metal) 
detector, and Ad-clip effectiveness was determined by direct 
examination. 

RESULTS 

Lewiston Site 

Chinook Salmon. We captured 99,239 juvenile chinook at the 
Lewiston Site this season. Weekly average catch-per-night peaked 
in mid-March at 1,974 fish per trap and again in mid-May at 4,656 
fish per trap (Figure 2, Appendix 2). The first peak was composed 
exclusively of naturally produced fish while the second was 
composed mostly of fish produced at Trinity River Hatchery (TRH). 
Hatchery fish were identified by the presence an Ad-clip and by the 
timing of hatchery releases. 

Weekly average fork lengths (FLs) of juvenile chinook captured at 
the Lewiston Site ranged from 36.0 to 86.1 mm through the trapping 
season (Figure 3, Appendix 2). During the first seven weeks of 
trapping the average FL remained constant at about 36 mm, ranging 
from 35.9 to 37 mm (Figure 3, Appendix 2) . The constant size 
indicates little growth was taking place during this time and 
juvenile chinook were emigrating shortly after emergence. 

Other Salmonids. We captured 30,389 juvenile coho salmon and 
4,708 juvenile steelhead this season. Juvenile coho salmon weekly 
average catch-per-night peaked in mid-April at 562 fish per trap. 
Juvenile steelhead catch was sporadic with a maximum weekly average 
catch-per-night of 370 fish per trap in late April (Appendix 2). 
Coho salmon young-of-the-year (YOY) were first noted on 19 March 

11 The use of brand or trade names is for identification purposes - 
only, and does not imply the endorsement of any product by the 
CDFG. 



FIGURE 2 Weekly average catch per-trap per-night of juvenile 
chinook salmon at the Lewiston Site in the main-stem Trinity River - 
during 1990. 

i c  . 

FIGURE 3. Weekly average fork lengths (mm) of juvenile chinook 
salmon trapped at the Lewiston Site in the main-stem Trinity River 
during 1990. 



1 9 9 0 .  Steelhead YOY were first captured 2 0  April 1 9 9 0 ,  prior to 
this only yearling and yearling-plus steelhead were observed. 

Tagging operations began 1 9  March and continued through 18 April 
1 9 9 0 .  Three coded-wire tag groups totaling 81,513 juvenile chinook 
were tagged and re-released at the Lewiston Site during this 
period. These fish ranged from 3 2  to 6 7  mm FL, averaging 3 7 . 2  mm 
FL. 

Independent, non-overlapping estimates of tagging mortality, tag 
shedding, and poor Ad-clips based on the quality control groups 
were 2 . 6 % ,  1 4 . 2 % ,  and 1 . 2 2 ,  respectively. Based on these 
estimates, we effectively coded-wire tagged and released 6 6 , 7 8 4  
juvenile chinook from the Lewiston Site (Table 1) .  

TABLE 1. J u v e n i l e  ch inook  salmon coded-wire t a g g i n g  summary f o r  t h e  main- 
s t e m  T r i n i t y  river d u r i n g  1990.  

No. Poor  
Tagging N o .  t h a t  Tags Ad- E f f e c t i v e l y  

S i t e  CWT # Tagged d i e d  s h e d  c l i p s  t a g g e d  

Lewis ton  06-01-08-01-07 27,287 632 6 ,642 765 19 ,248  

Lewis ton  06-01-08-01-08 30,255 834 3 ,203  7  0  26 ,148 

Lewis ton  06-01-08-01-09 23,971 683 1 , 7 2 7  173  21,388 

S u b - t o t a l  81,513 2.149 11 ,572  1 , 0 0 8  66,784 

I n d i a n  Ck 06-01-08-01-10 30,207 7 ,026 2,137 276 20,768 

I n d i a n  Ck 06-01-08-01-11 29,178 1 , 7 9 1  2 ,425 381  24,581 

S u b - t o t a l  59,385 8 ,817  4 ,562  657 45,349 

Grand 140,898 10 ,966  16 ,134  1 , 6 6 5  112,133 
t o t a l  

Indian Creek Site 

Chinook Salmon. We captured 7 7 , 1 4 2  juvenile chinook at the 
Indian Creek Site this season. Weekly average catch-per-night 
peaked in mid-April at 2 , 2 2 5  fish per trap and again in mid-May at 
3 , 2 0 3  fish per trap (Figure 4 ,  Appendix 3) . The first peak Was 
composed exclusively of naturally produced fish while the second 
was composed of mostly TRH-produced fish, based on the presence Of 
Ad-clipped fish and the timing of hatchery releases. 



FIGURE 4. Weekly average catch per-trap per-night of juvenile 
chinook salmon at the Indian Creek Site in the main-stem Trinity 
River during 1990. 

Weekly average FLs of chinook salmon ranged from 47.5 to 79.3 mm 
through the trapping season at this site (Figure 5, Appendix 3) 

Other Salmonids. We captured 1,316 coho salmon and 1,456 
steelhead this season. Weekly average catch per-trap per-night of 
coho salmon peaked in early May at 351 fish per trap. Steelhead 
catches were relatively low, ranging from 0 to 54 fish per-trap 
per-night (Appendix 3). Coho salmon YOY were observed from the 
first day of trapping on 9 April 1990. Steelhead YOY were first 
captured 1 May 1990, and only yearling and yearling-plus steelhead 
were seen prior to this. 

Coded-wire tasainq 

Tagging operations began 18 April and continued through 3 May 1990. 
Two coded-wire tag groups totaling 59,385 juvenile chinook were 
tagged and released at the Indian Creek Site during this period. 
These fish ranged from 38 to 73 mm FL, averaging 54.6 mm FL. 

Independent, non-overlapping estimates of tagging mortality, tag 
shedding, and poor Ad-clips based on the quality control groups 
were 14.8%, 7.7%, and 1.1%, respectively. Based on these 
estimates, we effectively coded-wire tagged and released 45,249 
juvenile chinook at the Indian Creek Site (Table I). 
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FIGURE 5 .  Weekly average fork lengths (mm) of juvenile chinook 
salmon trapped at the Indian Creek Site in the main-stem Trinity 
River during 1990. 

DISCUSSION 

Our trapping and coded-wire tagging operations successfully met the 
goal of tagging 100,000 naturally produced chinook this season. 

The choice of trapping sites, with their relative immunity from 
stream flow fluctuations, was probably responsible for the success 
of this year's tagging program. Last year, in a similar effort, 
the trapping site was located downstream of several major 
tributaries at RKM 130. Spring storms made trapping at that site 
inefficient or impossible. As a result, only 24,874 chinook salmon 
were trapped during the 1988-89 season (Zuspan, 1991b). 

The small size of fish encountered at the Lewiston Site may pose a 
potential problem for coded-wire tagging there. Nearly all the 
juvenile chinook tagged at that site were newly emergent fish 
averaging about 3 6  mm FL. This year, most juvenile chinook 
produced in this area of the river emigrated shortly after 
emergence. This is probably related to intense competition caused 
by the large number of fish produced in this small section of the 
Trinity River. The CDFG estimates that, in 1989, this upper 3.1 km 
of river accounted for 42.0% of the natural chinook spawning that 
took place in upper 6 4 . 3  km of the Trinity River below Lewiston Dam 
(Zuspan, 1992). Tagging fish at such a small size may adversely 



effect their survival. Also, these small, newly emergent fish will 
not yet have underqone as much naturally imposed mortality as 
larger, older emigrating fish. A comparison of the survival 
between the larger chinook tagged at the Indian Creek Site and 
those tagged at the Lewiston Site will be possible when these fish 
return as adults in two to five years (xiost will return in three 
years). 

RECOMMENDATIONS 

1. Job 2 activities should be continued in FY 1990-91. 

2. Trapping locations used in FY 1989-1990 should be used again 
in FY 1990-1991. 

LITERATURE CITED 

Heubach, B., and P. Hubbell. 1979. FY 1978 Progress Report. Task 
V. Salmon Tagging and Release Monitoring. p. 1-5. In: P. M. 
Hubbell (ed.), Evaluation Report--FY 1978. Trinity River 
Basin Fish and Wildlife Task Force Priority Work Item No. 5. 
January 1979. 65 p. Available from Calif. Dept. Fish and 
Game, Inland Fish. Div.-Room 1251, 1416 9th St., Sacramento, 
Ca. 95814. 

Heubach, B. 1980. FY 1979 Progress Report. Task V. Salmon Tagging 
and Release Monitoring. p. 75-79. In: P. M. Hubbell (ed.), 
Progress Report. Fishery Investigations--Trinity River. 
Trinity River Basin Fish and Wildlife Task Force Priority Work 
Item No. 5. September 1980. 141 p. Available from Calif. 
Dept. Fish and Game, Inland Fish. Div.-Room 1251, 1416 9th 
St., Sacramento, Ca. 95814. 

Maria, D., and B. Heubach. 1981. FY 1980 Progress Report. Task V. 
Salmon Tagging and release monitoring. p. 7-12. In: P. M. 
Hubbell (ed.), Progress Report. Fishery investigations-- 
Trinity River. Trinity River Basin Fish and Wildlife Task 
Force Priority Work Item No. 5. Tasks 11, V and VII. December 
1981. 23 p. Available from Calif. Dept. Fish and Game, 
Inland Fish. Div.-Room 1251, 1416 9th St., Sacramento, Ca. 
95814. 

Maria, D., and B. Heubach. 1984a. FY 1981 Progress Report. Task 
V. Salmon Tagging and Release Monitoring. p. 6-15. In; P. M. 
Hubbell (ed.), Progress Report. Fishery Investigations-- 
Trinity River. Trinity River Basin Fish and Wildlife Task 
Force Priority Work Item NO. 5. Tasks 11, V, VII. October 
1984. 24 p. Available from Calif. Dept. Fish and Game, 
Inland Flsh. Diva-Room 1251, 1416 9th St.: Sacramento. Ca. 
95814. 



Maria, D., and B. Heubach. 1984b. FY 1982 Progress Report. Task 
V .  Salmon Tagging and Release Monitoring. p. 5-13. In: P. M. 
Hubbell (ed.), Progress Report. Fishery Investigations-- 
Trinity River. Trinity River Basin Fish and Wildlife Task 
Force Priority Work Item NO. 5. Tasks 11, V. November 1984. 
13 p. Available from Calif. Dept. Fish and Game, Inland Fish. 
Div.-Room 1251, 1416 9th St., Sacramento, Ca. 95814. 

Maria, D., and B. Heubach. 1984c. FY 1983 Progress Report. Task 
V. Salmon Tagging and Release Monitoring. p. 1-11. In: P. M. 
Hubbell (ed.), Progress Report. Fishery Investigations- 
-Trinity River. Trinity River Basin Fish and Wildlife Task 
Force Priority Work Item NO. 5 .  Task V. November 1984. 11 p. 
Available from Calif. Dept. Fish and Game, Inland Fish. Div.- 
Room 1251, 1416 9th St., Sacramento, Ca. 95814. 

Zuspan, M. 1991b. Capture and Coded-wire Tagging of Naturally 
Produced Chinook in the Trinity River Basin. Chapter 11. Job 
11. p. 24-33. In: Carpenter, R. and K. Urquhart (eds.), 
Annual Report of the Trinity River Basin Salmon and Steelhead 
Monitoring Project, 1988-1989 Season. August 1991. 51 p. 
Available from Calif. Dept. Fish and Game, Inland Fish. Div.- 
Room 1251, 1416 9th St., Sacramento, Ca. 95814. 

Zuspan, M. 1992. Salmon Spawner Surveys in the Upper Trinity 
River Basin. Chapter I. Job I. p. 1-29. In: Urquhart, K. 
(ed. ) , Annual Report of the Trinity River Basin Salmon and 
Steelhead Monitoring Project, 1989-1990 Season. March 1992. 
140 p. Available from Calif. Dept. Fish and Game, Inland 
Fish. Div.-Room 1251, 1416 9th St., Sacramento, Ca. 95814. 



Appendix 1. L i s t  o f  J u l i a n  weeks and t h e i r  c a l e n d a r  d a t e  
e q u i - j a i e n t s .  
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Appendix 2. Summary of juvenile salmonid trapping in the Trinity River at the Lewiston Trapping Site, 
19 February through 25 June 1990. 

Chinook Ct~ho Seelhead 
Julian Date Trap A% 
week begun nights a/ Number FL (mm) CPUE h l  Numher CPUE b l  Numhcr CPllE hi 

8 02/19 I 403 37.0 403 0 0 0 0 

Totals: 120 99,239 30,389 4,708 

a1 Number o f  trap-nights allocated per week (ie. 2=2 traps11 night or I trap12 nights) 
b/ Weekly average catch per-trap per-night. 



Appendix 3. Summary of juvenile salmonid trapping in the Trinity River at the Indian Creek Trapping Site, 
25 April through 25 June 1990. 

Chinook Cl)ho Steelhead 
Julian Date Trap Avg 
week begun nights a1 Numher F12 (mm) CPllE hl Numher CPUE hl Number CPUE hl 

17 04/23 17 31.147 54.0 1.832 299 18 618 36 

Totals: 30  45.687 I .Do5 1.277 

a1 Numher of trap-nights allocakd per week (ie. 2 = 2  trapsll night or I trap12 nights) 
hl Weekly average catch per-trap per-night. 
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ABSTRACT 

The California Department of Fish and Game's Natural Stocks 
Assessment Project monitored adult steelhead (Oncorhvnchus 
mvkiss) migration at various weirs to determine an escapement 
estimate for adult steelhead into the South Fork Trinity River 
(SFTR) basin during the 1989-1990 season. 

Based on the results of our creel survey, we estimate 1,473 
anglers fished for adult steelhead within the SFTR basin during 
the 1989-90 season. We estimate they landed 110 adult, 41 half- 
pounder and 43 juvenile steelhead. The angler harvest rate, 
based on adult tag returns, was estimated to be 18%. 

During the 1989-90 steelhead spawning season, we conducted adult 
spawning stock surveys on 22 streams tributary to the SFTR and to 
Hayfork Creek. These surveys covered 108.0 km, and we observed 
26 adult steelhead and 365 redds. 

We studied juvenile steelhead habitat utilization in Eltapom 
Creek, a tributary to the SFTR. We sampled cascade, pool, 
riffle, and run habitats, and determined the run and riffle areas 
to be the preferred habitat types. 

We monitored juvenile steelhead emigration from the upper SFTR 
basin and the Hayfork Creek basin, capturing 738 juveniles in the 
SFTR, and 1,901 juveniles in Hayfork Creek. Peak emigration of 
Age O+ steelhead occurred during May 1990, and peak emigration of 
Age 1+ steelhead occurred a month earlier during April 1990. 

One hundred five sets of adult and 464 sets of juvenile steelhead 
scale samples were read and interpreted for indications of 
various life history characteristics. 



JOB OBJECTIVES 

To determine the size, composition, distribution, and timing 
of the adult steelhead runs in the South Fork Trinity River 
basin. 

To determine the angler harvest of adult steelhead in the 
South Fork Trinity River basin. 

To determine the life history patterns of the South Fork 
Trinity River basin steelhead stocks. 

To determine the seasonal use made by juvenile steelhead of 
various habitat types within selected South Fork Trinity 
River tributaries. 

To describe relationships between habitat parameters and 
seasonal juvenile steelhead standing crops. 

INTRODUCTION 

The life histories of steelhead (Oncorhvnchus mvkiss) populations 
within the South Fork Trinity River (SFTR) basin are of concern 
because little data are available regarding juvenile steelhead 
life history patterns, adult steelhead run sizes, spawner 
distributions, sport fishery yields and harvest rates. As a 
result of poor habitat management within the SFTR basin, the 1964 
flood severely impacted the area causing spawning and rearing 
habitats within the basin to be severely damaged or, in some 
instances, lost through excessive siltation. A combination of 
human activities (such as road construction, timber harvest, and 
recreation) exacerbated by natural events (such as wildfire and 
flooding) continue to curtail steelhead production within the 
basin by degrading in-stream habitat quality. Restoration of 
salmon and steelhead habitat within the basin is a high priority 
of the Trinity River Basin Fish and Wildlife Task Force, the U. 
S. Forest Service ([USFS] Shasta-Trinity National Forest), and 
the California Department of Fish and Game (CDFG). These 
restoration efforts will be guided by knowledge of steelhead 
habitat requirements and life histories. 

METHODS 

Staff of the CDFG1s Natural Stocks Assessment Project (NSAP) 
assessed adult steelhead run timing, distribution, and run size 
within the SFTR basin during the season through the following 
combination of methods: 1) tagging immigrant fish at two weirs, 
2) a creel survey, 3) hook-and-line fishing, 4) electrofishing, 
5) weirs and traps for emigrant fish, and 6) spawner surveys. 
Juvenile steelhead emigration timing and abundance were assessed 



through weekly trapping of out-migrant fish. 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the weirs 
are presented in Julian Week (JW) format. Each JW is defined as 
one of a consecutive set of 52 7-day periods, beginning 1 
January, regardless of the day of the week on which 1 January 
falls. The extra day in leap years is lumped into the 9th week, 
and the last day of the year into the 52nd week (Appendix 1). 
This procedure allows inter-annual comparisons of similar 7-day 
periods. 

Adult Steelhead Run Timing in the SFTR Basin 

To assess the timing of the adult steelhead run into the SFTR 
basin, we trapped and tagged immigrant adult steelhead at two 
weir sites within the SFTR basin (Figure 1). The Sandy Bar Weir 
was located on the SFTR at river km (m) 2.4, and operated from 
14 September through 23 October 1989. The Hyampom Valley Weir 
was located on Hayfork Creek at RlU4 41.0, and operated from 18 
October 1989 through 6 January 1990. At each site, Alaskan style 
weirs were constructed using a series of panels 3.2 m high and 
3.0 m long set 2.4 m apart and joined together to block the 
entire river. Each panel contained 1.9-cm EMTI' conduit pickets 
set 2.9 cm apart (46 per panel), secured through three aluminum 
channel sections on the face of the weir. A cubic trap 
consisting of welded conduit panels was constructed in the river 
thalweg, with an entrance made by opening a portion of the weir 
and connecting the weir and trap with a fyke entrance. 

Each steelhead captured was examined for: 1) fin clips, 2) tags, 
3) gill net scars (nicks in the leading edges of dorsal and 
pectoral fins, sometimes combined with vertical white scars on 
the head), 4) hook scars (of ocean origin when healed, of 
freshwater origin when not healed), 5) predator scars (inverted 
'V' shaped marks, usually on the underbody), and 6) other scars 
of unknown origin. Each steelhead was measured to the nearest cm 
fork length (FL), and its sex recorded. A scale sample was 
removed from the left side of each weir-caught fish, in an area 
slightly posterior to the anterior insertion of the dorsal fin, 
just above the lateral line. Each scale sample was placed 
between waterproof paper within a coin envelope and labeled with 
collection date, collection site, method of collection, sex, and 
FL (cm) of the fish. 

All fish captured at the Sandy Bar and Hyampom Valley weirs were 
marked with a 1/2 left ventral (LV) fin clip. Every third 

1/ electrical metallic tubing. - 
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?iqure 1. Locations of weirs and traps used to capture mmiqrant aduit 
steelhead and emiqrant adult and luvenile steelhead in the South Fork 
Trinlty River basln durrnq the 1989-90 season. 



taggabie fish received a discretely numbered $10-reward anchor 
tag. We did not tag fish which were excessively stressed by the 
weir capture and handling process, or those which appeared in 
generally poor physical condition, to avoid excessive tagging 
mortality. Angler harvest rates were estimated from reward tag 
returns. The tags and clips were applied with the intention of 
computing a Petersen population estimate (Ricker, 1975) based on 
the ratio of tagged to untagged fish observed in later recovery 
projects (creel census, electrofishing, hook-and-line fishing, 
weirs and traps for emigrant fish). 

South Fork Trinity River Creel Survey 

Angler harvest of steelhead within the basin was determined from 
a systematic stratified creel survey, conducted from 31 October 
1989 through 1 April 1990. The creel survey was conducted in two 
subsections of the lower SFTR basin (Figure 2). The lower survey 
area extended from the confluence of the SFTR with the main-stem 
Trinity River upstream for a distance of 22.5 km. The upper, 
Hyampom, survey area extended through the Hyampom Valley from 
river km 33.0 to river km 50.7. These two creel survey areas 
cover the river reaches fished by the majority of anglers, as 
public access is limited outside of these two areas due to the 
lack of public roads. Angler access sites in each creel survey 
area were identified prior to the survey period. The creel 
survey was further stratified by JW (Appendix l), day 
(weekendjweekday), and time periods (am/pm: dawn to noon and noon 
to dusk, respectively). We extrapolated data for each stratum 
that was not surveyed by using average values for strata from 
equivalent sampling periods (ie., for a missing weekday evening 
survey: the mean of all weekday pm's in that JW). Estimated and 
actual data were combined for season totals. 

During the creel survey, clerks followed a set route based on a 
predetermined schedule, and examined each access site for 
anglers. Anglers observed fishing during the survey periods were 
contacted and interviewed for hours fished that day, success, 
angling method, and county or state of residence. Sport-caught 
steelhead we observed were measured (cm FL), and examined for fin 
clips and external tags. The numbers of any tag observed were 
recorded, the fish's sex determined, and its spawning condition 
noted. Scale samples were taken from creeled fish in the same 
manner as for fish from the Sandy Bar Weir. We classified 
steelhead < 25 cm (FL) as juveniles, 2 25 cm and < 35 cm as half- 
pounders, and , 35 cm as adults (Kesner and Barnhart, 1972). 
Water clarity was measured each day with a secchi disk. 

Tag Return and Steelhead Harvest Rates 

We estimated sport harvest rate from the percent of $10-reward 
tags returned by anglers, based on the following assumptions: 1) 
a 100% response rate by anglers, 2) that all tagged fish caught 



Figure 2. Locations of the two creel survey areas in the South Fork 
Trinity River basin surveyed during the 1989-90 season. 



in the sport fishery were recognized as such by anglers, 3) no 
tags were shed, and 4) there was no differential mortality 
between tagged and untagged fish. Tag return rate was determined 
from the number of tags observed during the creel census divided 
by the number of observed tags returned. The estimated harvest 
rate of adult steelhead within the SFTR basin was determined from 
the number of reward tags returned by anglers divided by the 
number of tags applied at the weirs. 

Adult Steelhead Recovery 

Electrofishina and SDawner Survevs 

Project personnel conducted surveys, on foot, of tributary 
streams to the SFTR and Hayfork Creek to document steelhead 
spawner distribution and tributary entry timing. The surveys 
were conducted from 19 December 1989 through 19 April 1990. The 
areas surveyed included: 1) tributaries to the SFTR and to 
Hayfork Creek in the Hyampom Valley area, 2) tributaries to the 
SFTR in the upper SFTR basin near the town of Forest Glen, and 3) 
tributaries to Hayfork Creek near the town of Hayfork and in the 
upper Hayfork Creek drainage near the town of Wildwood (Figure 
1). Specific creeks to be surveyed were selected to include 
those which historically attracted spawning steelhead, and to 
replicate areas examined last year (Mills and Wilson 1991) and in 
previous CDFG surveys (Miller 1975; Rogers 1972, 1973). 

During each survey, two people walked designated stream reaches 
carrying field notebooks to record observed spawning behavior, 
individual redd number with location, redd site descriptions, and 
stream conditions. Redds were flagged with surveyors tape 
attached to nearby structures (such as root-wads, shrubs, or 
bushes) with the survey date and field notebook description 
number recorded on the tape. Initially, we also used backpack 
electrofishers as part of our adult recovery plan to recapture 
weir-tagged steelhead. Captured fish were measured (cm FL), and 
examined for tags and marks, then a scale sample was taken and 
the fish released. 

Weirs. TraDS and Hook-and-line Fishinq 

Traps and weirs were assembled on lower Hayfork Creek and on 
three tributaries to Hayfork Creek (Big Creek, Salt Creek and 
Tule Creek) to capture post-spawning steelhead emigrating from 
the basin. We constructed an Alaskan-style weir on Hayfork Creek 
and constructed weir panel traps on the tributaries. The weir 
panels were 1.2 m high x 1.5 m wide, and constructed of 1.9-cm 
EMT conduit with 3.2 cm horizontal bar spacing. The trap size 
varied with location. All steelhead recovered were measured (cm 
FL), given a left opercle punch, checked for spawning condition, 
tags, fin clips, or marks, then a scale sample was taken and the 
fish released. 



Project personnel also used sport fishing equipment to recover 
adult steelhead via hook and line. All steelhead recovered were 
processed as stated above. 

SFTR Adult Steelhead Escapement Estimate 

We attempted to make an escapement estimate using the Petersen 
method of mark and recapture (Ricker 1975) by marking adult 
steelhead at the Sandy Bar and Hyampom Valley weirs and 
recovering them through: 1) traps and weirs for emigrating fish, 
2) creel surveys, 3) electrofishing, and 4) hook-and-line 
fishing. 

Juvenile Steelhead Emigration Studies 

We monitored juvenile steelhead emigration patterns by 
systematically trapping at two sites within the SFTR basin; Lower 
Hayfork Creek, 305 m upstream of its confluence with the SFTR, 
and in the SFTR upstream of its confluence with Hayfork Creek, 
within 0.4 km either side of Hyampom Road bridge (Figure 1). 
Juvenile steelhead were captured using fyke nets attached to trap 
boxes. The nets were constructed of 1.3-cm nylon mesh, had a 
1.8-m x 2.4-m upstream opening and extended 10.1 m to a trap 
attachment frame at the terminal end. Trap boxes were 
constructed of marine plywood and hardware cloth, and measured 
0.8 m x 1.2 m at the opening and were 0.5 m deep. One or two 
fyke-net traps were placed in the river or stream overnight, for 
16 to 24 hour periods, and examined the following morning. 

Captured fish were identified to species and enumerated. 
Systematic subsamples of 50 individuals, maximum, of each species 
were measured for FL (mm), and scale samples were systematically 
taken from a maximum of 10 juvenile steelhead, each sampling day. 
In each case, respectively, this consisted of the first 50 or 10 
individuals removed from the traps each day. Flows through the 
net were measured and total volume of stream flows were estimated 
to the nearest 0.3 m/sec using either a pygmy meter or a Marsh- 
~ c ~ i r n e y ~  flow meter. Water temperatures were monitored using 
hand-held thermometers or digital recording thermographs. When 
flow conditions permitted, we trapped on a weekly basis 
throughout most of the year, but increased trapping frequency to 
every third night during the spring period of peak juvenile 
steelhead emergence (17 April to 30 June 1990). 

2/ The use of brand names is for identification purposes only, 
and does not imply the endorsement of any product by the 
California Department of Fish and Game. 



Habitat Use by Juvenile Steelhead 

We studied seasonal habitat use by juvenile steelhead in Eltapom 
Creek (Figure 1). The creek had been surveyed previously and 
divided into 101 habitat units categorized into four basic 
habitat types: cascades, pools, riffles and runs (Glase and 
Barnhart 1989). We used the same habitat unit designations, 
added two more units, and sampled 52 of the 103 habitat units. 
Initially, we sampled the first 20 habitat units, beginning at 
the confluence with the SFTR and working upstream. Later, to 
reduce sampling effort, we randomly selected 32 of the remaining 
83 units, in proportion to the relative numeric abundance of each 
of the four basic habitat types. 

Sample units were isolated using block nets to prevent any 
immigration or emigration of fish, and then electrofished using 
either the two-step or the Zippin methods of removal-depletion 
for population assessment (Hankin 1986, Price 1982). All 
captured steelhead were counted, measured (mm FL), sampled for 
scales (first 5 fish per habitat unit), and then released. We 
took photos of each habitat unit we sampled. We recorded air and 
water temperatures, and water velocities (to the nearest 0.031 
m/sec) for each of the 101 habitat units. Water velocities were 
measured at 60% of the total depth from the surface along a line 
transverse to the flow at points 1/4, 1/2, and 3/4 of the way 
across the stream. Stream length and width were measured to the 
nearest 0.03 m in each habitat unit. 

Steelhead Life History Patterns 

Steelhead life history patterns were described from intensive 
analysis of scales taken from both adult and juvenile fish. 
Adult steelhead scale samples had been collected from 1981 
through 1984 by CDFG personnel who conducted reconnaissance level 
creel surveys within the SFTR basin, and by CDFG personnel 
operating the Sandy Bar Weir on the lower SFTR from 1984 through 
1989. Additional scales were collected this year through the 
SFTR creel survey, electrofishing, adult emigrant weirs, and 
juvenile out-migrant trapping. All scales collected in the field 
were taken to the lab for processing. Each adult scale sample 
was cleaned, dried, then mounted between two glass microscope 
slides. Scale samples from juvenile steelhead did not usually 
require cleaning. The cleaning process involved soaking scales 
in distilled water to soften them. Softened scales were rubbed 
between thumb and forefinger to remove debris. If debris 
persisted, scales were soaked in a 5% detergent solution made up 
with distilled water, and then rubbed again as mentioned 
previously. Softened tissue and debris that continued to adhere 
to scales after these cleaning processes was peeled off using 
blunt tipped forceps. 



Steelhead scales were examined to determine age, reproductive 
history, and freshwater life history. Adult steelhead scale 
samples were read using a microfiche reader with 43 power 
magnification. Years of freshwater residence, age at ocean 
entry, and number of ocean annuli, half-pounder checks, and 
spawning checks were all recorded. Scale measurements were taken 
to the nearest mm along a line approximately 15 degrees offset 
from the anterior-posterior axis. Freshwater and ocean growth 
were distinguished by the close spacing of circuli during the 
freshwater phase, becoming widely spaced upon ocean entry as 
growth rate increased. Annuli were determined by the cutting or 
crossing-over of circuli, incompleteness of circuli, and 
narrowing of the distance between circuli. A year of growth was 
considered to be the time from the formation of the last circulus 
of an annulus to the formation of the last circulus of the 
succeeding annulus. circuli between annuli were counted and 
measured relative to the entire scale length. Scales were 
examined for half-pounder checks and for spawning checks present 
at annuli. Spawning checks are apparent when scales display 
overlapping circuli and areas of moderate to heavy lateral and 
anterior scale resorption. Small amounts of resorption often 
occur in the anterior portion of the scale but do not necessarily 
represent a spawning check. Half-pounder checks are 
characterized by a zone of closely spaced circuli relatively 
close to the circuli that distinguished ocean entry, indicating 
only a short period of time was spent in the ocean prior to re- 
entering freshwater. Half-pounder checks resemble a spawning 
check but lack the dense circuli overlap and accompanying 
resorption of scale edges seen on spawning checks (Hopelain 
1987). 

We have found the first two years of growth patterns on adult 
scales hard to interpret. Thus, emphasis was placed on a more 
intensive study of juvenile scales in order to better understand 
the patterns of scale development and growth associated with the 
early life history phase of juvenile fish. This will greatly 
assist in the interpretation of adult scales. Juvenile steelhead 
scale samples were read using the Optical Pattern Recognition 
System (OPRS). The OPRS method digitizes, measures, and records 
distances for each freshwater circuli on each scale examined. 
Statistical and graphic software was then used to analyze and 
provide graphic hard copy of the summarized scale data. 

RESULTS AND DISCUSSION 

Adult Steelhead Run Timing in the SFTR Basin 

We operated two weirs within the SFTR basin during the 1989-90 
season, which captured 135 adult steelhead. The Sandy Bar Weir 
was operated from 14 September through 23 October 1989, trapping 
37 adult steelhead (Figure 3). We tagged 18 of these 37 fish 



Figure 3. Daily catches of immigrant adult steelhead at the 
Sandy Bar Weir in the South Fork Trinity River from 14 September 
through 23 October 1989. 

with $10-reward anchor tags and gave all of them a 112-LV fin 
clip. The Hyampom Valley Weir was operated from 18 October 1989 
through 6 January 1990, trapping 101 adult steelhead (Figure 4). 
We tagged 32 of these with $10-reward anchor tags, five carried 
tags previously applied at the Sandy Bar or Willow Creek weirs, 
and one had a 112-LV fin clip from the Sandy Bar Weir. The 
remaining 63 steelhead received a 112-LV fin clip. Mean FL of 
the 135 steelhead we examined was 60.2 cm (Figure 5). Predator 
scars were the most common (45.2%) scar type seen on steelhead 
trapped at the weirs (Table 1). Three steelhead tagged by CDFG 
personnel at the Willow Creek Weir (RKM 29.1) on the main-stem 
Trinity River in 1989 were recaptured 43.3 river km upstream at 
the Hyampom Valley Weir on the SFTR, then re-released. No Willow 
Creek Weir-tagged steelhead were recorded at the Sandy Bar Weir. 
Travel times between the weirs for the three fish ranged from 32 
to 84 days (d), averaging 60 d. Three steelhead marked at the 
Sandy Bar Weir (2 tagged, 1 fin-clipped) were recaptured 38.6 km 
upstream at the Hyampom Valley Weir. 



F i g u r e  4 .  Daily catches of immigrant adult steelhead at the 
Hyampom Valley Weir in the South Fork Trinity River from 18 
October 1989 through 6 January 1990. 

F i g u r e  5 .  Length frequency distribution of immigrant adult 
steelhead captured at-the sandy Bar and Hyampom Valley weirs from 
14 September 1989 through 6 January 1990. 



TABLE 1. Scars and injuries observed on adult steelhead captured 
at the Sandy Bar and Hyampom Valley weirs in the South Fork 
Trinity River during the 1989-90 season. 

Number Percent Percent 
o f of of fish 

Scar or Injury fish fish captured 

Gill net scars 8 25.8 5.9 

Freshwater hook scars 4 12.9 3.0 

Ocean water hook scars 0 0.0 0.0 

Predator scars 14 45.2 10.4 

Unknown origin scars 5 16.1 3.7 

Totals 3 1 100 23.0 

Travel times for the two tagged fish were 19 and 31 d, averaging 
25 d. The first steelhead of the season was trapped on 17 
September 1990 at the Sandy Bar Weir. 

South Fork Trinity River Creel Survey 

The creel survey was conducted on the SFTR between 31 October 
1989 and 1 April 1990, an interval of 153 d. The lower survey 
section (Figure 2) was monitored for angler activity on 153 d and 
a creel survey conducted on 83 d of this period. The upper 
survey section was monitored for 149 d and a creel survey 
conducted on 99 d of this period. The river in the lower survey 
section was determined to be "unfishable", based on flow or 
turbidity observations, for one (1.2%) of the days it was 
surveyed and the upper section for three (3.0%) of the days it 
was surveyed. 

During the survey period, 286 anglers were interviewed, 60 
(21.0%) within the lower section and 226 (79.0%) within the upper 
section. Peak angling activity (19.5%) was observed within the 
upper survey section in the lower Hyampom Valley near Big Slide 
Campground, with the rest of the anglers' effort distributed over 
a range of other sites (Table 2). Twenty-two adult steelhead 
were observed in the catch; three in the lower, and 19 in the 
upper survey section. Ten half-pounder steelhead were also 
observed; three in the lower, and seven in the upper survey 
section. Based on extrapolations of the creel survey data, an 
estimated 419 anglers within the lower section landed 26 adult, 
15 half-pounder and 6 juvenile steelhead (Table 3) while an 
estimated 1,054 anglers in the upper section landed 84 adult, 



TABLE 2. Distribution of angler use among the various access 
sites surveyed in the creel survey of the South Fork Trinity 
River basin during the 1989-90 season. 

River Angler 

Location Km Mile Number Percent 

Sandy Bar 

Madden CreekISandy Bar 

Holmes FarmIBridge 

Todd Ranch 

Surprise Creek Area 

Swinging Bridge (Gates Rd.) 

Big Slide Campground 

Eltapom Creek Area 

Upper Slide Creek Access 

Salmon Rock Area 

Little Rock Campground 

Mortensen Property 

Saw Mill Site 

Way Property 

Hyampom Airstrip 

Pelletreau Creek Mouth 

Old Bridge Site 

Church Access 

County Maintenance Yard 

Hayfork Creek Mouth 

All Other Areas 

Totals 

26 half-pounder and 3 7  juvenile steelhead (Table 4). Four marked 
steelhead were observed in the catch. Three had been tagged at 
the Hyampom Valley Weir, and one had a 112-LV fin clip indicating 
it was marked at either the Sandy Bar or Hyampom Valley weirs. 
The three tagged fish were captured 0, 1, and 6 d, respectively, 
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from the date of tagging. County of origin was tabulated for 292 
anglers. The majority (89.0%) of the anglers fishing within the 
SFTR basin were from Trinity and Humboldt counties (Table 5). 

Excluding the unfishable days, water clarity ranged from 15 to 
200+ cm in the lower survey section and from 35 to 150+ cm in the 
upper section. Water temperatures ranged between 4 to 12 'C, and 
averaged 6 OC in the lower survey section. Temperatures in the 
upper survey section ranged between 2 to 14 OC, and averaged 7 "C. 

Tag Returns and Steelhead Harvest Rates 

We observed three Project-applied tags during the creel census, 
all of which were ultimately returned to CDFG by the anglers. 
Based on this, we made the assumption that all tags in 
the possession of anglers during the 1989-90 season were 
returned, making the tag return rate 100%. The estimated harvest 
rate of 18% for adult steelhead (95% Poisson confidence interval 
[C.I.]: 8% to 34%) was determined by dividing the number of tags 
returned by anglers (9), by the number of reward tags applied 
(50). 

Spawner Surveys and Adult Steelhead Recovery by Electrofishing 

We conducted walking surveys of 22 creeks (108.0 km total length) 
throughout the SFTR basin between 19 December 1989 and 19 April 
1990 to document numbers and locations of spawning steelhead 
(Table 6), and to recover adult steelhead by electrofishing 
(Table 7). We counted and flagged 365 redds, observed 20 adult 
steelhead, and captured six other adult steelhead through 
electrofishing. No marked fish were observed. Redd numbers were 
low in all tributaries while water temperatures remained low (2-6 
"C). Beginning 19-25 March (JW 12), water temperatures warmed 
(7-10 O C )  and spawning fish and fresh redds were sighted almost 
immediately, thereafter. 

HVamDOm Valley Area 

We surveyed four tributaries to the SFTR and one to Hayfork 
Creek, all within the Hyampom Valley, between 25 January and 14 
April 1990. These surveys covered a total of 10.1 river km, and 
we observed 65 redds and two live adult steelhead (Tables 6 and 

Bia Creek. Big Creek, a small tributary to the SFTR (river km 
42.8), is located approximately 5.6 km downstream from the town 
of Hyampom. A natural barrier of cascades exists approximately 
0.8 km upstream from the confluence and a hydropower plant 1s 
located adjacent to the creek about 30.5 m below the cascades. 
The creek was surveyed on 8 and 9 March 1990 from the confluence 
to the barrier. The stream bed contains numerous pools and large 



TABLE 5 .  County of residence for anglers interviewed within the 
South Fork Trinity River basin during the 1989-90 creel survey. 

County of origin Number Percent 

Contra Costa 2 0.7 

Fresno 3 1.0 

Humboldt 4 1 14.0 

Kern 2 0 . 7  

Los Angeles 

Madera 

Nevada 2 0 . 7  

Shasta 

Solano 

Sonoma 

Trinity 219 75.0 

Yuba 

Out-of-State 

Totals 

boulders but is lacking in suitable spawning gravels to support 
much active spawning activity. The only spawning area available 
is found in the gravels in front of the culvert exiting the 
powerhouse. One redd was observed there. 

Butter Creek. Butter Creek, a tributary to the SFTR (river km 
54.2), is located approximately 3.2 km south of the town of 
Hyampom. This creek contains areas of extreme bank sloughing in 
the lower 0.4-km section due to early logging activities 
exacerbated by the floods of 1964 and 1986. However, most of the 
creek upstream of this area contains large holding pools and some 
areas of suitable spawning habitat. Butter Creek Falls exists 
2.4 km from the confluence creating a natural barrier to 
anadromous fish passage. We surveyed the lower 2.4 km of the 
creek on 9 April 1990 and counted 44 steelhead redds. 

Eltavom Creek. Eltapom Creek, a tributary to the SFTR (river 
km 40.9), is located 8.0 km north of the town of Hyampom and 
flows through a narrow canyon consisting of steep rock and oak 



Table 6 .  Steelhead s p a r r r  survey data f o r  the Swth Fork T r i n i t y  River basin fran 8 March through 19 Apr l i  
1990. 

SUTYCY dates Y h r  Length surveyed New observed per Live 
of redds stceihesd 

Location f i r s t  last  surveys km m i  les h e w e d  km m i  l e  obrerved 

Hymcm Area 

Big Creek Mar 08 1 0.8 0.5 1 1.2 2.0 0 . . 

Butter Creek Apr 09 . . 1 2.4 1.5 44 18.2 29.3 0 

Eltapcm Creek Apr 10 - - 1 1.3 0.8 18 14.0 22.5 2 

Olsm Creek Apr 11 . . 1 4.8 3.0 0 0.0 0.0 0 

Pel letreau Ck. Apr 14 . . 1 0.8 0.5 0 0.0 0.0 0 

Sb to ta l s  5 10.1 6.3 63 . . . . 2 

Means . . - - . - . . 6.2 10.0 

Hayfork-Uilduwd Area 

Big Creek Mar 26 Apr 01 

Carr Creek Mar 29 Apr 02 

Dubakella Ck. Mar 19 Apr 11 

E. Fork of Mar 23 Mar 26 
Hayfork Creek 

Hayfork Creek Mar 19 Apr 19 

L i t t l e  Creek Mar 21 Apr 13 

Phi Lpot Creek Apr 03 . . 

Potato Creek Apr 06 - - 
Rusch Creek Mar 12 Apr 11 

Salt Creek Mar 29 Mar 30 

ru le  Creek Apr 02 . . 

ui  l s m  Creek Mar 20 . - 1 1.6 1 .O 0 0.0 0.0 0 

Sthtotals 25 T1.4 48.1 204 . . . . 4 

Meam . - . - . . . . 2.6 4.2 . - 

Forest G l e n  Area 

E. Fork of the APr 05 . - 1 4.8 3.0 38 7.9 12.7 2 
South Fork 

Rattlesnake Ck. Apr 04 . . 1 9.2 5.7 24 2.6 L.2 1 

Si lver  Creek Apr 09 . . 1 2.4 1.5 4 1.7 2.7 0 

Smakey Creek Apr 10 . . 1 2.4 1.5 16 6.6 10.7 1 

Sthtotals 4 18.8 11.7 82 . . . . 4 

Means . . . . . . . - 1.4 7.0 . . 

Grand Totals 34 106.4 66.1 349 . . . . 10 

C h i d  Means . . . . . . . . 13.0 21.0 . . 



Table 7. Adult steelhead electrofishing survey recovery data for the South Fork Trinity River basin during the 1 9 8 9 9 0  
season. 
-~ 

Survey dates 
- -- 

Location first last - 

Big Creek Mar 09 
Olsen Creek Jan 26 
Pelletreau Creek Jan 25 

Hayfork-Wildwood ... Area 

Big Creek 
Carr Creek 
E. Fork of 

Hayfork Creek 
Goods Creek 
Hayfork Creek 
Potato Creek 
Rusch Creek 
Salt Creek 
Ttrle Creek 

- - 
Mar 01 
Mar 08 

Subtotals 
Means 

Dec 19 Mar 21 
Feb 26 Mar 15 

Mar 26 Mar 27 
Mar 01 Mar 16 
D m 2 1  Mar28 
Feb 28 Mar 07 
Mar 06 Mar 15 
Jan 23 Jan 26 
Jan22 Feb 12 

Subtotals 
Means 

Grand Totals 
Combined Means 

New 
Length . -- surveyed . - . - redds 

km miles observed -- - -- .- - 

Redds Live 
O b s e ~ e d  per steelhead 
- . . - -- - 

km mile observed 
~ ~ . ~ ~ -  - - 

Steelhead 
captured 

0  
0  
0 

0  
- - 



covered slopes which were badly damaged by the fire of 1987. 
Pools and spawning habitat are very common throughout, with 
spawning gravels in the upper reaches being less compacted and 
more suitable for spawning than those in the middle and lower 
reaches. Pools are numerous and pool cover consists mostly of 
root-wad and bedrock structures. Riparian vegetation is fair 
with creek canopy consisting mainly of alders. A waterfall 
exists 1.3 km from the confluence creating a natural barrier to 
anadromous fish passage. We surveyed the lower 1.3 km of the 
creek on 10 April 1990, counted 18 redds, and observed two adult 
steelhead. 

Olsen Creek. Olsen Creek, a tributary to Hayfork Creek (river 
km 0.6.), is located just east of the town of Hyampom. The USFS 
has put in numerous habitat improvement structures in this system 
but spawning habitat is limited. The upper 2.4-km section runs 
through a steep narrow canyon containing numerous falls ranging 
between 1.1 and 4.6 m which may be natural barriers to anadromous 
fish passage, and two debris blockages were found in the lower 
0.8 km section which are believed to be complete barriers except 
during very high flow conditions. We surveyed 4.8 km of the creek 
between 26 January and 11 April 1990 and observed two redds. 

Pelletreau Creek. Pelletreau Creek, a tributary to the SETR 
(river km 46.7), is located west of the town of Hyampom. Only 
the uppermost section contains adequate holding pools while the 
remainder of the creek is composed mainly of a cemented gravel 
substrate, unsuitable for spawning. This creek.was severely 
damaged by the 1964 flood and is reported to have 10.7 m of 
gravel sitting on top of the original creek bed in this lower 
section. Pelletreau Creek contains a cascade barrier to 
anadromous fish passage 0.8 km upstream from its mouth. Although 
this is a perennial stream, complete water diversion during 
summer months leaves the lower 0.3-km section dry. We surveyed 
0.8 km of the creek on 25 January, 8 March, and 14 April 1990 and 
observed no redds. 

Hayfork Creek Basin Near Havfork and Wildwood 

We surveyed 13 tributaries to Hayfork Creek, plus parts of the 
main-stem of Hayfork Creek between 19 December 1989 and 19 April 
1990. These surveys covered a total of 79.0 km, and we captured 
six adult steelhead, observed 218 redds, and counted 10 other 
adult steelhead (Tables 6 and 7). 

Bis Creek. Big Creek, a major tributary to Hayfork Creek 
(river km 43.8), is located in the Hayfork Valley east of the 
town of Hayfork. This creek has been very productive in the past 
with spawning gravel fairly abundant in the middle and upper 
survey sections, pools are common and riparian vegetation is 
medium to dense. California Conservation Corps (CCC) crews and 
the USFS have installed numerous habitat enhancement structures. 



During the winter months the habitat is excellent, however, a 
property owner diverts most of the creek for watering livestock 
pastures the rest of the year. The water diversions are located 
2.4 km and 4.8 km upstream from the confluence with Hayfork 
Creek, and limit the habitat for fish in this lower section. We 
surveyed 12.6 km of the creek between 19 December 1989 and 1 
April 1990 and counted 36 redds. 

Carr Creek. Carr Creek, a tributary to Hayfork Creek (river km 
47.81, flows partly through the upper Hayfork Valley. This 
valley section is heavily impacted by livestock, the riparian 
zone is heavily grazed, and cattle crossings are numerous, 
causing heavy suspended sediment throughout the section. Beaver 
dams are numerous throughout the creek, with one causing a total 
fish passage barrier below the Double G Ranch. Spawning habitat 
is limited, pools are small (most less than 1.0 m deep) and 
several low-water barriers exist. We surveyed 5.8 km of Carr 
Creek between 26 February and 2 April 1990, observing no redds or 
adult steelhead. 

Dubakella Creek. Dubakella Creek, a tributary to upper Hayfork 
Creek (river km 78.4), is located south of the town of Wildwood. 
The upper 2.1 km section flows through a steep narrow canyon 
containing mostly cascades with accompanying high velocity flows. 
The slope gradient levels out in the lower 1.1-km section but 
available spawning gravel sections are limited. Large and small 
woody debris cover is abundant throughout this stream system and 
the riparian zone vegetation consists primarily of alders. We 
surveyed 3.2 km of the creek between 19 March and 11 April 1990 
and observed no redds or adult steelhead. 

East Fork of Hayfork Creek. The East Fork of Hayfork Creek, a 
major tributary to Hayfork Creek (river km 58.2), is located 
north of the town of Wildwood. The creek is very rocky in many 
areas but does contain areas of good spawning habitat, mainly 
where the CCC crews have built spawning gravel recruitment 
structures. Most of the noted spawning activity has occurred in 
the latter areas. The upper 3.2-km section contains numerous 
pools and riffles, and spawning gravel areas are abundant. The 
remaining 4.2 km from the East Fork Road bridge to the confluence 
with Hayfork Creek is a steady declining gradient containing fast 
moving water and little spawning habitat. The primary riparian 
zone consists of alders and willows. Secondary growth consists 
of cedars, firs and pines. Most of the basin has been 
hydraulically mined. These operations are most evident in the 
main basin in the form of large tailing piles. In general, 
nearly all of the East Fork of Hayfork Creek drainage has been 
altered from its natural topography. We surveyed 7.4 km of the 
East Fork of Hayfork Creek on 23 and 26 March 1990 from the 
confluence with Hayfork Creek to the confluence of the North Fork 
of the East Fork of Hayf~rk Creek, observing 32 redds and one 
live adult steelhead. 



Goods Creek. Goods Creek, a tributary to Hayfork Creek (river 
km 45.6), is located in Wildwood. Steelhead habitat was poor due 
to the low flow conditions, spawning areas were limited, creek 
sedimentation was heavy and a beaver dam caused a barrier to 
anadromous fish migration. We surveyed 1.6 km of the creek on 1 
and 16 March 1990 and observed no redds. 

Havfork Creek. Hayfork Creek is the major tributary to the 
SFTR (river km 30.1). Most of the creek above the Hayfork Valley 
is composed of boulders and large rubble unsuitable for spawning. 
Some upper reaches of Hayfork Creek contain a few areas of 
suitable spawning habitat, but beaver dams are creating a serious 
siltation and sedimentation problem resulting in cemented 
gravels. The section flowing through the Hayfork Valley contains 
a fair amount of spawning gravel but the habitat is poor with 
little or no cover, very few pools, and warm water temperatures 
in the summer. We surveyed sections from the upper Hayfork 
Valley at the Dubakella Creek confluence to the lower Hayfork 
Valley in those areas that were accessible and where we knew 
spawning habitat existed. We surveyed 19.0 km of the creek 
between 19 March and 19 April 1990, counted 30 redds, captured 
two adult steelhead, and observed three other adult steelhead. 

Little Creek. Little Creek, a tributary to Hayfork Creek 
(river km 29.0), is located west of Hayfork. The USFS has 
constructed habitat improvement structures in the stream, and 
there are areas of suitable spawning habitat. A complete barrier 
exists 1.6 km from the confluence. We surveyed 2.1 km of the 
creek between 21 March and 13 April 1990, counted eight redds, 
and observed one adult steelhead. 

Phibot Creek. Philpot Creek, a tributary to Salt Creek (river 
b 1 . 1 )  is located in the Hayfork Valley. It is composed of 
long stretches of bedrock substrate and contains some areas of 
suitable spawning gravels. A dense canopy of riparian vegetation 
makes walking the stream in its lower section impossible. We 
surveyed 2.6 km of the creek on 30 April 1990 and counted six 
redds . 
Potato Creek. Potato Creek, a tributary to East Fork Hayfork 

Creek (river km 3.1), lies in an extremely steep-sided basin. We 
surveyed the lower 2.4 km of the creek on 28 February, 7 March, 
and 6 April 1990, found good steelhead habitat, and observed five 
redds in the upper part of the section. 

Rusch Creek. Rusch Creek, a tributary to Hayfork Creek (river 
km 28.5), is located west of the town of Hayfork. This is a 
perennial stream running through mountainous terrain with fairly 
dense shade canopy provided by Douglas fir, yew trees, big leaf 
maple, and alder. The creek contains numerous habitat 
improvement structures for bank stabilization, pool scouring and 
spawning gravel recruitment, but spawning habitat is very 



limited. The upper 3.2 km are very steep with many cascades and 
no spawning habitat present. Steelhead rearing habitat was fair 
throughout the creek. Pools were primarily boulder and log 
formed with pool cover provided mostly by rock and woody debris. 
Several complete and low flow barriers were noted 6.0 km from the 
confluence. We surveyed 6.4 km of the creek between 6 March and 
11 April 1990, counted six redds, observed two adult steelhead, 
and captured two other adult steelhead through electrofishing. 

Salt Creek. Salt Creek, a major tributary to Hayfork Creek 
(river km 37.0), runs through the Hayfork Valley. The lower 
section flows through pasture land where the creek is very open 
and exposed and steelhead habitat is poor. Some pools are 
present but are lacking in cover with the riparian vegetation 
consisting of alders and willows. The upper and middle sections 
contain better habitat with deeper pools and a denser canopy. 
Spawning habitat exists, but many of these areas are located 
within pastures and contain numerous cattle crossings, disturbing 
available spawning areas. Riparian vegetation is also heavily 
grazed, reducing cover and increasing sun exposure. We surveyed 
Salt Creek for 17.6 km between 22 January and 30 March 1990, 
counted 57 redds, and observed seven adult steelhead. 

Tule Creek. Tule Creek, a tributary to Hayfork Creek (river km 
35.9), flows through the Hayfork Valley. Spawning habitat in the 
lower section is poor due to a clay hardpan substrate, but the 
upper section contains many large deep pools and spawning habitat 
is more readily available. Primary riparian cover is alders and 
oaks. A beaver dam is located in the lower 4.0 km and was a 
barrier at the time of the surveys. We surveyed 3.7 km of the 
creek on 22 January, 12 February, and 2 April 1990, observed 38 
redds, and captured two adult steelhead through electrofishing. 

Wilson Creek. Wilson Creek, a tributary to Hayfork Creek 
(river km 70.6), is located in Wildwood. It is a very small 
creek with no adult habitat, very limited spawning habitat, 
numerous debris jams, and heavy sedimentation resulting from 
heavy clear-cut logging in the drainage. The lower section 1s 
heavily influenced by human activities and domestic water supply 
demands. We surveyed Wilson Creek for 1.6 km on 20 March 1990 
but observed no redds. 

Upper SFTR Basin Near Forest Glen 

We surveyed four tributaries to the SFTR in the upper SFTR basin 
area between 4 and 10 April 1990. These surveys covered a total 
of 18.8 km, and we observed 82 redds and four live fish (Table 
6 )  - 
East Fork of SFTR. The East Fork of the SFTR (beginning at 

river km 118) is located ix the Yclla 9011s region south of 
Highway 36. The upper 3.2-km section flows through a rugged, 



steep-sided canyon and is comprised mostly of riffles and runs, 
while the lower section levels out into a low gradient stream 
configuration and is comprised predominantly of cascades and 
large, deep pools. Spawning gravels were found throughout the 
surveyed section. We surveyed 4.8 km of the East Fork on 5 April 
1990, counted 38 redds, and observed two live steelhead. 

Rattlesnake Creek. Rattlesnake Creek, a tributary to the SFTR 
(river km 91.7), is located in the Forest Glen area. The upper 
and middle sections contain spawning habitat, but the lower 
section is comprised of mainly cascades and very large pools. We 
surveyed 9.2 km of the creek on 4 April 1990, counted 24 redds, 
and observed one adult steelhead. 

Silver Creek. Silver Creek, a tributary to the SFTR (river km 
102.7), is located south of Forest Glen in a very steep-sloped 
mountainous region. Spawning habitat is not abundant, but 
juvenile steelhead habitat is good throughout the survey reach. 
High gradient cascades are prevalent in the lower section. We 
surveyed 2.4 km of the creek on 9 April 1990 and observed four 
steelhead redds. 

Smokev Creek. Smokey Creek, a tributary to the SFTR (river km 
104.1), is located south of Forest Glen. Smokey Creek is 
characterized as a wide floodplain with abundant spawning habitat 
and large pools. We surveyed 2.4 km of the creek on 10 April 
1990, and observed 16 redds and one adult steelhead. 

Adult Steelhead Recovery 

Tram and Weirs 

Project personnel operated three traps and one Alaskan weir 
during the season to recover post-spawning, emigrant adult 
steelhead. The traps were operated on Big Creek, Salt Creek and 
Tule Creek for 94 d from 31 January through 4 May 1990 (Figure 
1). The Alaskan weir with a downstream trap was operated for 90 
d, from 24 February through 27 May 1990, on Hayfork Creek, 9.6 
river km from its confluence with the SFTR (Figure 1). 

We captured 12 steelhead (three in Big Creek, nine in Salt Creek) 
during operation of the three smaller traps. We trapped 91 adult 
steelhead at the lower Hayfork Creek Weir (Figure 6), including 
seven steelhead previously trapped in Big Creek and Salt Creek. 
The remaining 84 steelhead were unmarked. The average size of 
steelhead trapped at the Hayfork Creek Weir was 62.7 cm FL , 

(Figure 7). Of the 96 fish trapped at the three emigrant traps 
and the weir within the Hayfork Creek drainage, 37 were male and 
59 were female. Mean FL for males was 65.1 cm, (range: 53-79 
cm), and 61.2 cm for females (range: 47-78). We did not 
recapture any of the Project-tagged or fin-clipped steelhead 



;ATE5 OF C A P T U R E  

Figure 6. Daily catches of post-spawning, emigrant adult 
steelhead at the Hayfork Creek Weir in the South Fork Trinity 
River basin from 24 February through 27 May 1990. 

Figure 7. Length frequency distribution of post-spawning, 
emigrant adult steelhead trapped at the Hayfork Creek Weir in the 
South Fork Trinity River basin from 24 February through 27 May 
1990. 



marked at the Sandy Bar and Hyampom Valley Weirs, earlier in the 
season. 

Project personnel also used sport fishing rods and reels to 
recover nine unmarked adult steelhead in the middle Hayfork Creek 
drainage and the SFTR in the Hyampom Valley. 

SFTR Adult Steelhead Escapement Estimate 

Of the 135 steelhead tagged or fin-clipped at the Sandy Bar and 
Hyampom Valley weirs between 14 September 1989 and 6 January 
1990, only seven marked steelhead were recovered (five tagged and 
two 112-LV fin-clipped). Three marked fish from Sandy Bar Weir 
were observed and re-released at the Hyampom Valley Weir. Four 
other marked fish (three tagged and one 112-LV fin-clipped) were 
recovered through the creel census surveys, with the last 
recovery being made on 10 December 1989. We recovered 127 
unmarked steelhead through the following methods: 9 by hook-and- 
line fishing, 6 by electrofishing, 12 through emigrant trapping 
in tributaries to Hayfork Creek, 84 at the Hayfork Creek Weir, 
and 16~' through the creel census surveys. 

A valid Petersen estimate of escapement is based upon certain 
assumptions being met, including random mixing of both marked and 
unmarked fish, and random and unbiased sampling for mark 
recoveries (Ricker 1975). Unfortunately, despite our intensive 
mark and recovery efforts, we do not feel we can make a valid 
1989-90 SFTR basin adult steelhead escapement estimate, primarily 
because of low recoveries of marked fish and weather-induced 
alterations in our sampling design. 

Timins of Markins vs. Recoveries 

Since tagging was not possible at the Sandy Bar Weir after 
October 23, 1989 or at the Hyampom Valley Weir after 6 January 
1990, we feel we may have missed the oppdrtunity to mark a 
considerable portion of the run. Subsequent studies showed SFTR 
steelhead continued immigrating into the basin throughout the 
spring. For example, very few redds were seen until mid-March. 
Additional immigration of fish into the basin may have affected 
our ability to randomly distribute marked fish throughout all 
segments of the steelhead run. We feel the steelhead marked at 
the two weirs in the lower SFTR basin probably constituted the 

21 Two of the 18 fish seen in the creel census were caught at 
the confluence of the main-stem Trinity River and the SFTR, SO 
they could not necessarily be assumed to be immigrants to the 
basin and were excluded from recapture totals used for escapement 
estimates. 



early portion of the winter run, while much of our recovery 
effort probably targeted later elements of the run. Thus, our 
marking and many of our recovery efforts may have been widely 
separated in time. 

Ineffective Recapture Techniques 

Our last steelhead was tagged 4 January, prior to the destruction 
of the Hyampom Valley Weir on 7 January 1990 by a heavy storm. 
In spite of a variety of intensive recovery efforts throughout 
the rest of the season, all marked fish were recovered in the 
creel census during December 1989. Electrofishing was intended 
as our primary recovery method, and began on 19 December 1989 
continuing intensively for the next three months. However, it 
proved to be very ineffective because few fish were ever seen or 
captured during the process. In retrospect, the electrofishing 
method had a low probability of success when we first attempted 
it, due to high flows and physical inaccessibility to many 
tributaries. Our traps and weirs for emigrant adult steelhead in 
the Hayfork Creek basin were operated between 29 January to 6 May 
1990 (JWs 5-18), but captured only a few untagged fish. Weather 
conditions also prevented us from conducting our various 
recapture efforts on a continuous basis during equivalent 
(simultaneous/overlapping) time periods. This would have been 
necessary if we were to use combined totals of all fish recovered 
by the various techniques in one Petersen estimate of escapement. 

Distribution of Sam~lins Effort 

Fish may have used the upper SFTR drainage more heavily than 
expected, while recovery efforts were disproportionately centered 
in the Hayfork Creek drainage due to access problems within the 
upper SFTR. 

Differential Mortalitv, Harvest or Reca~ture of Tassed Fish 

Marked fish may have had higher mortality (natural or fishing) or 
emigrated out of the SFTR basin prior to the bulk of our recovery 
efforts, which would also account for low recoveries. Only the 
creel survey recovered any marked fish, and we would have 
expected to see more fish with only a 1/2-LV fin clip, since we 
marked more fish in this manner than with the double mark of an 
anchor tag and 1/2-LV fin clip. 

Partial EscaDement Estimates 

The only escapement estimates that we can make, therefore, are 
for the early portion of the steelhead run. We estimate that 
969 adult steelhead (95% Poisson c.1.: 396 to 2,422) migrated 
past Sandy Bar Weir through 23 October 1989, based on recoveries 
at the Hyampom valiey weir, which was 38.6 km upstream from the 
tagging site. This is simllar to our second estimate that 571 



adult steelhead (95% Poisson C.I.: 255 to 1,428) migrated past 
Sandy Bar and Hyampom Valley Weirs through 6 January 1990, based 
on recoveries in the creel census. This second estimate is less 
reliable, since it is based on tagging at two different weirs, 
both of which cannot necessarily be assumed to have had equal 
capture efficiencies, and thus to have marked equal proportions 
of the steelhead run past each weir. 

Juvenile Steelhead Emigration Studies 

From 1 July 1989 through 30 June 1990, we captured 2,386 Age 0+, 
225 Age 1+, and 28 Age 2+ steelhead and 2,172 juvenile chinook 
salmon at the Hayfork Creek and SFTR juvenile out-migrant 
trapping sites (Figure 1, Table 8). The peak emigration of Age 
O+ steelhead and Age O+ chinook salmon occurred during May 1990, 
and the peak emigration of Age 1+ steelhead occurred during April 
1990. Age O+ steelhead were more abundant in Hayfork Creek and 
chinook salmon were slightly more abundant in the SFTR (Table 8). 
The mean EL of Age O+ steelhead from the 1989 Brood Year (BY) 
increased from 55.4 mm to 96.0 mm by early December 1989, and 
mean FL of Age O+ steelhead from the 1990 BY increased from 28.3 
mm to 55.9 mm by June 1990 (Table 9). Mean FL's of Age 1+ 
steelhead ranged from 89.0 to 153.3 mm, and Age 2+ steelhead 
ranged from 163.0 to 190.0 mm (Table 9). Mean FL8s of chinook 
salmon from the 1989 BY ranged from 52.0 to 83.8 mm (Table 9). 

Habitat Use by Juvenile Steelhead 

We evaluated juvenile steelhead utilization of the various 
habitat types in Eltapom Creek from 20 through 28 September 1989. 
We sampled 52 (50%) of the 103 habitat units identified by Glase 
and Barnhart (1989) [3 cascades, 17 pools, 12 riffles, and 20 
runs], capturing 1,079 juvenile steelhead. Runs were the 
predominant habitat type within the creek (47% of total area), 
but fish density was highest in riffles, and secondarily in pools 
(Table 10). 

Steelhead Life History Patterns 

To date, we have examined 105 adult steelhead scale samples. The 
majority of these fish had spent 2 years in fresh water prior to 
smolting, the rest smolted at Age 3 (Figure 8). Most spent only 
one year in the ocean (Ocean Age 1) (Figure 9). Half-pounder 
checks were apparent on 41 (39%) of the samples examined. Most 
scale samples were from maiden spawners (Figure 10). We made 
circuli counts on 104 of the adult steelhead scale samples and 
the mean number of freshwater circuli was 35. Mean circuli 
counts to the first and second freshwater annulus were 12 and 25, 
respectively, for Age 1+ and Age 2+ fish. 

Juvenile steelhead scale analysis was conducted using the OPRS 
machine. We concentrated, primarily, on scale samples of 



Table 8. South Fork Trinity River basin juvenile salmonid trapping summary for the 1989-90 season. 

Julian 
week a/ 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

NUMBERS TRAPPED - 

Steelhead 

Age O i  

175 
29 
- 
- 
- 
- 
- 
- 
- 
- 
- 
4 
2 
2 
0 
1 
- 

10 
1 
0 
3 
5 
2 
0 
1 
4 

Chinook 

A g e  O+ 

3 
0 
- 
- 
- 
- 
- 
- 
- 
- 
- 

0 
0 
0 
0 
0 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

South  Fork Trinity River - -- . . . - - - - - -- 

Chinook - - -  

As!!+ A g e  ! + A g e 2 t  Age O+ 



Table 8. South Fork Trinity River basin juvenile salmonid trapping summary for the 1989-90 season (continued) 

Julian 
week a/- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Totals 

-. Hayfork Creek 

NUMBERS TRAPPED 
-- 

Steelhead -- Chinook 

Age O+ 

0 
- 
0 
0 
0 
0 
0 
0 
- 
- 
0 
0 
0 

16 
66 
171 
498 
108 
38 
83 
33 
- 
0 
0 
0 
0 

1.016 

Steelhead - 





TABLE 10. Juvenile steelhead habitat utilization in Eltapom 
Creek between 20 and 28 September 1989. 

Number Total  Area of  Sampled Estimated 
o  f  a v a i l a b l e  habi ta t  Number f i s h  f i s h  per 

Habitat habi ta t  h a b i t a t  sampled o f  f i s h  d e n s i t y  a v a i l a b l e  
t y p e s  u n i t s  (m:) (mi) obeerved ( #/m2) area 

Cascades 14 5,180.7 1,253.7 27 0.022 112 

Pools  3 5 15,835.3 7,066.2 312 0.044 699 

R i f f l e s  16 10,633.7 5,840.8 327 0.056 595 

Runs 3 8 28,247.2 15,269.5 413 0.027 764 

T o t a l s :  103 59,896.9 29,430.3 1,079 0.037 2,196 

1 * 2 3. 

=RESHWATER AGE 

Figure 8. Freshwater life history information from analyses Of 
scales taken from adult steelhead captured in the South Fork 
Trinity River basin during the 1989-90 season. 



Pigure 9. Ocean life history information from analyses of scales 
taken from adult steelhead captured in the South Fork Trinity 
River basin during the 1989-90 season. 

UAIOEN SPAWNER O N E  CHECK -J.O C H E C K S  

S P A W N  1 NG C U E = < ?  

Figure 10. Spawning life history information from analyses of 
scales taken from adult steelhead captured in the South Fork 
Trinity River basin during the 1989-90 season. 



juvenile Age 1+ fish to help clarify the location of the first 
annulus in adult scales, and have read scales from Age O+ through 
Age 2+  fish to further describe juvenile steelhead life history. 
To date, we have read 464 sets of juvenile steelhead scales, most 
of which were Age O+ fish (Table 11). Mean circuli counts to the 
first and second freshwater annulus for juvenile steelhead scales 
were greater than the equivalent counts on adult scales (19 and 
35 vs. 12 and 25, respectively). Currently, we have no 
explanation for these observed differences but are evaluating 
several alternatives. 

RECOMMENDATIONS 

The operation of the Hyampom Valley Weir to capture adult 
steelhead should be discontinued due to high bed-load 
movement during storm events. All adult steelhead tagging 
should be carried out at the Sandy Bar Weir. 

While the creel survey showed low angler harvest of the SFTR 
basin steelhead stocks during Fiscal Year (FY) 1989-90, the 
creel survey should continue during FY 1990-91 to document 
angler harvest and as a means of adult steelhead tag 
recovery. 

Adult steelhead spawner surveys should begin by 1 March on 
streams tributary to the South Fork Trinity River and 
Hayfork Creek, weather permitting. 

Electrofishing to recover adult steelhead was found to be 
labor intensive and unproductive. Electrofishing efforts 
should be discontinued. 

The operation of the Alaskan weir and traps in the Hayfork 
Creek drainage to capture emigrant, post-spawning adult 
steelhead was effective and should continue. Next year, a 
similar weir should be installed in the upper SFTR drainage 
above Hayfork Creek, if a suitable site can be located. 

Juvenile out-migrant steelhead traps need to be thoroughly 
evaluated by marking and releasing groups of Age 0+ and 1+ 
steelhead and chinook salmon above the trapping sites, and 
using mark recovery data to assess trapping success. 

Juvenile steelhead habitat utilization studies should 
continue next year, with studies conducted both in the 
spring as well as the fall to compare seasonal habitat use. 

Steelhead life history studies through scale analysis should 
continue next year with continued emphasis on the juvenile 
freshwater phase of the scale using the OPRS. 



TABLE 11. Fork lengths and circuli counts of juvenile steelhead 
collected during the 1989-90 season, stratified by age and 
collection location. 

C i r c u l i  count Fork l e n g t h  ( m m )  
C o l l e c t i o n  Sample 

l o c a t i o n  Age s i z e  Mean Range S.D. Mean Range 

O+ 86 10 6-15 3.4 7 4 58-93 

A l l  sites 1+ 167 19 10-36 5.8 107 80-169 

2 + 11 35 22-46 7.1 188 153-248 

a/ South Fork T r i n i t y  River above t h e  mouth o f  Hayfork Creek. 
b/ Mouth o f  Hayfork Creek i n  Hyampom V a l l e y .  
g/ Stee lhead  recovered i n  i r r i g a t i o n  d i v e r s i o n s  w i t h i n  Hayfork V a l l e y .  

9.  We should determine whether tagging weirs are our only means 
of assessing steelhead run-size and run-timing. 
Unpredictable weather and high river flows make weir 
operations in the winter impossible during most normal water 
years. Since our weirs cannot be operated under high flow 
conditions, we may not be able to monitor the entire run. 
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Appendix 1. List of Zclian weeks and their calendar date 

Calander  da tes  
J u l i a n  
week S t a r t  F i n i s h  

J a n .  0: 

J a n .  08 

J a n .  15 

Jan .  22 

J a n .  2 9  

Feb. C5 

Feb. 12 

Feb. 19 

Feb. 2 6  

Mar. C5 

Mar. 12 

M a r .  19 

Mar. 2 5  

Apr. 02 

Apr. 09 

Apr. 16 

Apr. 23 

Apr. 30 

May 07 

May 14 

May 2 i  

Hay 28 

Jun .  04 

Jun.  11 

Jun .  18 

Jan .  07 

J a n .  14 

Jan .  21 

Jan .  28 

Feb. 04 

Peb. 11 

Feb. 18 

Feb 25 

Mar. 04 a 

Mar. 11 

Mar. 18 

Mar. 25 

Apr. 01 

Apr. 08 

Apr. 15 

Apr. 22 

Apr. 29 

Hay 06 

May 13 

May 20 

Nay 27 

Jun.  03 

2un. 10 

Jun.  17 

Jun.  24 

2 6 Jun .  25 J u l .  01 

Ca lander  d a t e s  
J u l i a n  
~ e e k  Start P l n l s h  

27 J u l .  02 

28 J u l .  C9 

2 9 J u l .  16 

30 J u l .  23 

3 1 J u l .  30 

32 Aug. 06 

33 Aug. 13 

3 4 Aug. 20 

35 Aug. 27 

36 Sep. 03 

3 7 Sep. 10 

3 8 Sep. 17 

3 9 Sep. 24 

40 Oct .  0 1  

4 1 Oct .  08 

42 Oct.  15 

43 o c t .  22 

44 Oct.  29 

45 Nov. 05 

46 NOV. i 2  

4 7 Nov. 19 

4 8 Nov. 26 

4 9 Oec. 03 

5 0 Dec. 1 0  

5 1 Dec. 17 

J u l .  08 

J u l .  15 

J u l .  22 

J u l .  29 

Rug. 05 

Aug. 1: 

Aug. 1 9  

Aug. 2 6  

Se?. 02 

Sep.  09 

Sep.  16 

Sep.  23 

Sep.  30 

Oc t .  07 

O C t .  14 

O c t .  il 

Oct .  28 

Nov. 04 

NOV. 11 

Nav. 18 

Nov. 25 

3ec .  02 

Dec. 09 

Dec. 16 

Dec. 23 

2 
?: --,..- -.-- 3ay week i n  each  y e a r  which i s  d i v i s i b l e  Sy 4 .  

D E i g h t  day  w e e K  e v e r y  y e a r .  
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Bill Heubach, Michael Lau, and Morgan Boucke 

ABSTRACT 

The California Department of Fish and Game's Trinity River Project 
conducted tagging and recapture operations from June 1989 through 
April 1990 to obtain chinook and coho salmon run-size, in-river 
harvest, and spawning escapement estimates in the Trinity River 
basin. We placed weirs in the Trinity River near the towns of 
Junction City and Willow Creek, and trapped 1,575 spring-run and 
1,933 fall-run chinook salmon (Oncorhvnchus tshawvtscha) , and 1,131 
coho salmon (Q. kisutch). 

Based on tagged fish recovered at Trinity River Hatchery and on the 
return of reward tags by anglers, we estimate 26,306 spring chinook 
salmon migrated into the Trinity River basin upstream of Junction 
City Weir and that 2,630 (10.0%) were caught by anglers, leaving 
23,676 fish as potential spawners. We estimate 46,622 fall-run 
chinook salmon migrated past Willow Creek Weir and that 29,716 of 
these fish continued up the Trinity River past Junction City Weir. 
Anglers harvested an estimated 3,263 (7.0%) of the fall-run chinook 
salmon that passed Willow Creek Weir, leaving 43,359 fish as 
potential spawners. 

The coho salmon run in the Trinity River basin upstream of Willow 
Creek Weir was 18,752 fish of which 12,625 continued their 
migration past Junction City Weir. Anglers harvested an estimated 
300 (1.6%) of the coho salmon that migrated by Willow Creek Weir, 
leaving 18,452 fish as potential spawners. 



JOB OBJECTIVES 

1. To determine the size, composition, distribution and timing of 
adult chinook and coho salmon runs in the Trinity River basin. 

2. To determine the angler harvest and spawning escapement of 
Trinity River chinook and coho salmon. 

INTRODUCTION 

The California Department of Fish and Game's (CDFG) Trinity River 
Project (TRP) conducts annual tagging and recapture operations for 
adult chinook and coho salmon in the main-stem Trinity River. This 
effort determined the composition (species, race, & proportion of 
markedu or tagged" fish), distribution, and timing of the chinook 
and coho salmon runs in the Trinity River basin. Recaptures of 
hatchery-marked or project-tagged fish are used to develop run- 
size, angler harvest, and spawner escapement estimates for each 
chinook and coho salmon run. 

This is a continuation of studies that began in 1977 with the 
trapping, tagging, and recapture of fall-run chinook (fall chinook) 
and coho salmon (coho) in the Trinity River in order to determine 
run-size and angler harvest rates. In 1978, similar studies were 
added to include spring-run chinook salmon (spring chinook). 

The earlier studies were funded by the U.S. Bureau of Reclamation 
(USBR) and Anadromous Fish Act funds administered by the National 
Marine Fisheries Service. Funding for the present program was 
through the Anadromous Fish Act monies from 1 July through 30 
September 1989 and the USBR (PL 98-541) from 1 October 1989 through 
30 June 1990. 

Prior to the current program, all efforts to measure salmon and 
steelhead populations in the Trinity River basin had been 
restricted to various portions of the upper main stem Trinity River 
and certain of its tributaries, and/or the' South Fork Trinity River 
and some of its tributaries (Gibbs 1956; La Faunce 1965a, 1965b, 
1967; Miller 1975; Moffett and Smith 1950; Rogers 1970, 1972, 
1973a, 1973b, 1982; Smith 1975; Weber 1965). These earlier efforts 
did not include fish which use the main stem and tributaries of the 
lower Trinity River or attempt to determine the proportion of 
hatchery fish in the runs and the rates at which various runs 
contribute to the fisheries. To develop a comprehensive management 
plan for the Trinity River basin, all salmon runs utilizing the 

I/ Marked = adipose fin-clipped and coded-wire tagged (Ad+CWT) - 
hatchery produced fish. 

2 /  Spaghetti tags applied by CDFG personnel. - 



basin must be considered. 

METHODS 

Trapping and Tagging 

Trauuins Locations and Periods 

Trapping and tagging operations were conducted by TRP personnel at 
two temporary weirs in the main stem Trinity River. The downstream 
site, Willow Creek Weir (WCW), was located 6.7 km upstream of the 
town of Willow Creek, 46.8 km upstream of the Trinity River's 
confluence with the Klamath River, and 132.0 km downstream from 
Trinity River Hatchery (TRH) (Figure 1). The upstream site, 
Junction City Weir (JCW), was located 6.4 km upstream of the town 
of Junction City, 136.4 km upstream from the Klamath River 
confluence, and 42.4 km downstream of TRH (Figure 1). 

The WCW is used to obtain run-size and angler harvest estimates of 
fall chinook and coho in the Trinity River basin as far downstream 
as possible. The JCW is used to obtain run-size and angler harvest 
estimates of spring chinook as far downstream as is feasible during 
periods of relatively high spring flows. We continued to operate 
the JCW through December to obtain run-size estimates of fall 
chinook and coho in the upper Trinity River basin. 

We trapped at the JCW from 4 June through 20 December 1989, except 
from 3 through 9 September and 23 October through 5 November when 
high flows or flow-induced weir damage prevented operation. We 
trapped at the WCW from 22 August through 20 October 1989 when 
storms caused high flows which severely damaged the weir and forced 
its removal for the season. 

At both sites, we attempted to fish four nights per week, from 
approximately mid-afternoon on Monday through noon on Friday. We 
trapped and tagged fish only at water temperatures <21 "C to avoid 
severely stressing the fish. 

Weir and TraD Desiqn 

We used the Bertoni (Alaskan) weir design at both weir sites 
(Figure 2). The weir was supported by wooden tripods set 2.4 m 
apart. The weir panels were composed of 2.4-m X 2.54-cm (8-ft. X 
1-in.) electrical conduit with the centers spaced 5.4 cm apart. 
The conduit was supported by three pieces of aluminum channel 
arranged 0.92 m apart, that connected to the supporting tripods. 
We anchored the tripods with 1.8-m stakes driven into the stream 
bottom. The weir conduits were angled, with the top of the weir 
standing 1.8 m above the river bottom (Figure 2). 







The weir guided fish toward a fyke leading to a trap which measured 
2.4 m square and 1.2 m high and was covered with wood panels to 
prevent the fish from jumping out of the trap. The trap sides and 
fyke leading into the trap consisted of 2.54-cm (1.0-in.)electrical 
conduit welded into panels. The conduit centers were spaced 5.4 cm 
apart, the same space as the weir panels. The trap entrance was 
created by elevating the weir conduit allowing fish to enter the 
fyke and trap. 

Processina of Fish 

At both weirs, we identified all trapped salmonids to species, 
measured them to the nearest cm of fork length (FL), and examined 
them for hook and gill-net scars, hatchery marks (fin clips), and 
tags. All untagged salmonids judged not to be moribund or to have 
spawned were tagged with a serially numbered FT-41' spaghetti tag 
(Project-tagged). To determine angler harvest rates, 33% of the 
taggable spring chinook from J C W ,  and 22% of the taggable fall 
chinook and 27% of the taggable coho from WCW were systematically 
tagged with a $10-reward version of the spaghetti tag. Remaining 
fish received a non-reward version of the spaghetti tag. All 
spaghetti tags (both reward and non-reward) applied at WCW were 
brown, whereas all those applied at JCW were blue. 

To determine tag shedding rates, we removed one-half of the left 
ventral fin from approximately every third spring chinook tagged at 
JCW. We gave all fall chinook and coho tagged at WCW a single 6.4- 
mm (0.25-in) puncture through the opercle bone of the left 
operculum, while those tagged at JCW received two punctures in the 
same area. We released all fish at their respective capture sites 
immediately after processing. 

Se~aration of S~rina- and Fall-run Chinook Salmon at the Weirs 

Each year there is a temporal overlap in the annual spring and fall 
chinook salmon runs in the Trinity River. Since the timing of each 
run varies among years, we assign a specific date each season 
separating the two runs so that numbers of spring and fall chinook 
can be determined for the run-size and angler harvest estimates. 
In 1989, we selected the date separating the runs based on changes 
in the ratio of spring to fall chinook of hatchery origin which 
were spaghetti tagged at the weirs, and later recovered dead during 
the salmon spawner survey or at TRH. Only doubly tagged fish 
(Project-applied spaghetti tag andhatchery-applied coded-wire tag) 
were used for this evaluation. The race of these fish and the 
specific date that they were caught at the weirs could be 
identified because they were both coded-wire tagged (CWT) and 
Project-tagged fish, respectively. We also used the fish's 

3 /  References to speclflc brand name equipment or supplies does not - 
imply their official endorsement by the CDFG. 



coloration as a subjective indicator of the length of time it had 
been in the river. During the transition period of the run from 
spring to fall chinook, dark colored fish were considered to be 
late-migrating spring chinook, while bright colored fish were 
considered to be recently migrating fall chinook. We determined 
that the spring run was over at both weirs when bright-colored fish 
clearly outnumbered dark-colored fish and carcass recoveries of 
double tagged fish (Project-tagged and CWT) indicated that fall 
chinook dominated the run. 

Separation of S~rina- and Fall-run Chinook Salmon at Trinitv River 
Hatchery 

As at the weirs, there is an overlap in the migration of spring and 
fall chinook into TRH. To estimate the respective numbers of 
spring and fall chinook entering TRH, we expanded the numbers of 
tags recovered from each returning CWT group by the ratio of CWT to 
untagged chinook salmon that occurred when they were originally 
released (same strain, brood year, release site, and date). For 
example, 100,320 fall chinook of CWT cc-e 6-56-27, plus 735,955 
unmarked fall chinook were released directly from TRH in September 
1987. Since there were 7.34 unmarked chinook salmon released for 
every CWT chinook salmon released (735,955 unmarked/100,320 marked 
= 7.34), we multiplied the total number of chinook salmon of CWT 
group 6-56-27 by 7.34 to estimate the number of the unmarked fish 
of that release group that returned to TRH each day. We assumed 
that return rates of both CWT and unmarked salmon were the same. 

If more chinook salmon entered the hatchery on a particular sorting 
day than could be accounted for by the expansion of all of theCWT 
groups, we assumed the additional fish were naturally produced. We 
designated these fish spring-run or fall-run fish in the same 
proportions that were determined by the expansion of the CWT 
groups. 

Separation of Adult and Grilse Salmon 

We designated the size separating an adult fish from a grilse for 
spring and fall chinook, and coho based on length frequency data 
obtained at the two trapping sites and at TRH, evaluated against 
length data obtained from groups of CWT fish that entered TRH whose 
exact age was known. Daily chinook salmon FL data from TRH was 
assigned to either spring or fall chinook when the CWT 
extrapolations indicated 290% of the chinook entering TRH were 
either spring-run or fall-run fish. Daily EL data from TRH was not 
used when CWT extrapolations indicated the chinook salmon entering 
TRH were <90% of a specific run. 

The length data collected at the weirs and TRH were smoothed with 
a moving average of five, 1-cm FL increments to determine the nadir 
separating grilse and adults. In the 1989-90 season, no coho 
grilse were trapped at either weir so we based the coho grilse vs. 



adult separation on length frequency data from those fish entering 
TRH . 

Recovery of Tagged Fish 

River Survevs 

As part of the JCW operations, we surveyed the river by raft each 
week from June through August to recover dead salmonids. We 
surveyed a 12.1 km stretch from the Douglas City Camp at river km 
148.5 downstream to the weir at river km 136.4. We examined dead 
salmonids for tags, fin clips, sex, spawning condition, and 
measured them to the nearest cm EL. Heads of adipose fin-clipped 
(hatchery-marked) fish were removed for recovery of the CWT. After 
examination, the carcasses were cut in half to prevent recounting. 
We did not survey the river between WCW and JCW in 1989, because we 
saw few dead fish at WCW. All tagged and untagged salmonids 
recovered dead at both weirs were examined and processed similarly 
to those on the river survey. 

Taqqinq Mortalities 

We defined all tagged salmonids recovered dead within 30 days (d) 
after tagging, which had not spawned, as tagging mortalities. 
Tagged fish that had spawned, regardless of the number of days 
after tagging they were recovered, and those recovered dead >30 d 
after tagging were not considered tagging mortalities. 

Anqler Taq Returns 

We used Project tags returned by anglers to assess sport-harvest 
rates. If not provided with the original tag return, we requested 
anglers to provide the date and location of their catch in a 
follow-up thank-you letter. The letter informed them of the fish's 
tagging date and location. 

Salmon Suawner Survevs 

The Trinity Fisheries Investigations Project (TFIP), another 
element of the CDFG1s Klamath-Trinity Program, conducted salmon 
spawner surveys in the main stem Trinity River and its spawning 
tributaries from Lewiston to the confluence of, and including the 
North Fork Trinity River, from 18 September 1989 to 14 January 1990 
(Figure 1). TFIP personnel routinely provided us records of the 
species, tag number, date, and recovery location of Project-tagged 
fish. 

Trinitv River Hatchery 

The TRH fish ladder was opened from 8 September 1989 through 17 
March 1990. iiatchery personnel conduct& fish sorting and spawning 
operations two to three days per week depending on the numbers of 



fish entering per day. We considered the initial day a fish was 
observed during sorting as the day it entered the hatchery. 

On sorting days, salmon entering TRH were identified to species, 
sexed, and examined for tags, fin clips, and the secondary tagging 
mark. We measured all marked salmon to the nearest cm FL, except 
those that were Project-tagged fish from the weirs. We took FL 
measurements on 38% and 93% of randomly selected, unmarked chinook 
and coho salmon, respectively. Project-tagged salmon recovered at 
TRH were assigned the original FL recorded for them at the weir 
where they were originally tagged. Salmon with a secondary tagging 
mark but no tag were measured to the nearest cm FL and sexed. At 
the end of the season, we assigned these secondarily marked salmon 
which had shed their tags, a tag number from a fish of the same 
species, FL, and sex that had been captured at the same weir where 
they were originally tagged. 

We removed the heads of hatchery-marked (Ad+CWT) salmon and placed 
them in zip-lock bags with serially numbered tabs noting the date 
and location of recovery, species, sex, and FL. Salmon heads were 
given to the CDFG's Ocean Salmon Project for tag recovery and 
decoding. The Ocean Salmon Project provided us with a computer 
file of CWTs recovered for editing and analysis. 

Statistical Analyses 

Effectivelv Taqqed Fish 

We estimated the numbers of 'effectively tagged' fish by 
subtracting tagging mortalities of unspawned fish recovered at the 
weirs and in the river surveys, dead tagged fish reported by 
anglers, and tagged fish recovered or reported downstream of the 
tagging site from the total numbers of each species tagged at the 
respective tagging sites. 

Run-size Estimates 

We determined the run-size estimates for salmon migrating into the 
Trinity River basin above WCW and JCW in 1989-90 by using Chapman's 
version3' of the Petersen Single Census Method (Ricker 1975): 

N = estimated run size, M = the number of 'effectively tagged' 
fish, C = the number of fish examined at TRH, and R = the number of 
tags recovered (including fish with a secondary tagging mark and no 
tag) in the hatchery sample. 

4 /  Chapman, D.G. 1951. Some properties of the hypergometric - 
distribution with applications to zoological sample censuses. 
Univ. Calif. Publ. Stat. 1:131-160.; as cited in Ricker (1975). 



We attempted to effectively tag and recover enough tagged fisn to 
obtain 95% confidence limits of 210% of the run-size estimate. 
Confidence limits were determined according to the criteria 
established by Chapman (1948). In this analysis, the type of 
confidence interval estimate used is based on the number of tags 
recovered and the ratio of tagged to untagged fish in the recovery 
sample. 

For the run-size estimate, we assumed 1) fish trapped and released 
from the weir were a random sample representative of the 
population; 2) tagged and untagged fish were equally vulnerable to 
recapture (entering TRH) ; 3) all Project tags and secondary tag - 
marks were recognized upon recovery; 4) tagged and untagged f~-.. 
were randomly mixed throughout the population and among the fish 
recovered at TRH; and 5 )  we recovered all tagging mortalities. 

Anqler Harvest Rates 

Only the $10 reward tags returned by anglers were used to determine 
angler harvest rates. The angler harvest rate estimate was the 
number of reward tags returned by anglers divided by the number of 
effectively reward-tagged fish released. 

The assumptions for the numbers of effectively reward-tagged fish 
released was the same as those for determining the run-size 
estimate (See Run-size Estimates, above). In addition, the number 
of effectively reward-tagged fish released was corrected for tag 
shedding by multiplying that total by the percentage of tagged fish 
recovered at TRH that had not shed tags. 

The confidence limits surrounding the point harvest rate estimate 
was determined by tables for the binomial distribution. We 
attempted to effectively reward tag enough fish to obtain 95% 
confidence limits of 5 25.0% of the angler harvest estimate. 

Ansler Harvest Estimates 

We estimated the numbers of spring chinook upstream of JCW, and 
fall chinook and coho upstream of WCW harvested by anglers by 
multiplying the run-size estimate above the respective weir site by 
the harvest rate estimate. 

The absolute numbers of fall chinook and coho harvested by anglers 
in the Trinity River upstream of JCW were determined by multiplying 
the percentages of all Project-tagged fish that were reported as 
being caught upstream of the JCW by the total angler harvest 
estimates upstream of WCW~'. 

5/  Number ( f )  of fish harvested by anglers above WCW x ( f  of 
Project-tagged fisn caught above 2CW;total # of Project-tagged fish 
caught) 



Other Analvses 

The mean FLs of samples were compared statistically using a 
Student's t-test. We analyzed the percentages cr ratios of adults 
and grilse, and marked and unmarked fish (etc.) in samples by 
Chi-square. A continuity correction (Yates correction) was used 
for contingency tables of one degree of freedom (Dixon and Massey 
1969). 

Use of Standard Julian Week 

Weekly sampling data collected by Project personnel at the weirs 
are presented in 'Julian Week' (JW) format. Each JW is defined as 
one of a consecutive set of 52 7-day periods, beginning 1 January, 
regardless of the day of the week on which 1 January falls. The 
extra day in leap years is lumped into the 9th week and the last 
day of the year into the 52nd week. This procedure allows 
interannual comparisons of similar 7-day periods (Appendix 1). 

RESULTS AND DISCUSSION 

Trapping and Tagging 

S~rina-run Chinook Salmon 

Run Timins. We captured 150 spring chinook salmon during the 
first night of trapping at JCW, indicating the run was well 
underway on 4 June, when trapping began. Over 300 chinook were 
trapped the first and third weeks of the survey, but catches 
declined by the fifth week (Table 1). The spring run at JCW 
appeared to peak during JW 25 (18-24 June), then catches generally 
declined through the end of the run in JW 37 (10-16 Sept.) (Figure 
3). We trapped 1,512 spring chinook salmon at JCW during the 1989- 
90 season. 

The high initial catches at JCW during the first week of trapping 
may have been due to reaction of the spring chinook to a 
sudden decrease in discharge below Lewiston Dam from approximately 
56.7 m/s that occurred through 23 May, to 28.4 m/s through 29 May, 
and down to 9.9 m/s in June, when trapping began. Spring chinook 
in the Trinity River apparently migrate faster in response to lower 
flows or coincident higher water temperatures and decrease their 
migration rate during higher flows resulting in generally lower 
water temperatures (Schaffter, Heubach and Hubbell, 1979, Heubach 
1984). 

Only 63 spring chinook were trapped at WCW, and represent fish that 
remained in the Klamath or lower Trinity rivers during the summer 
(Table I), since they had the darkened coloration which indicated 
they had been in freshwater for some time. 
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Figure 3. W e r s  of spring- and f a l l -nm chinook salmon trapped per n i & t  i n  the Tr in i ty  
==r at Jmc t ion  C i t y  (JC) and Willm Creek (WC) w e i r s  during the 1989-90 season. Trapping 
a t  Jmct ion  City Weir todc place £rum Jul ian Week 23 through 51, except f o r  J u l i a  Weeks 
36, 43 and 44. Trapping a t  Willw Creek Weir to& place £run J u l i a  Week 35 through 42. 



Size of TraDDed Fish. The size of spring chinook trapped at JCW 
ranged from 41 to 92 cm FL, averaging 67.6 cm FL, while those 
trapped at WCW ranged from 44 to 83 cm FL and averaged 69.5 cm FL 
(Table 2). The difference in the mean size of spring chinook 
trapped at the two weirs was not statistically significant (t=1.8, 
p=. 09). 

The nadir in the length frequency separating grilse and adult 
spring chinook trapped at JCW appeared to be 48 cm FL (Figure 4). 
Too few grilse were trapped at WCW to distinguish the nadir. 
However, 48 cm FL is the size separating known-age, hatchery-marked 
(Ad+CWT) grilse and adult spring chinook that entered TRH. For the 
1989-90 season, we considered spring chinook in the Trinity River 
basin (48 cm FL to be grilse, while adults were >48 cm FL. During 
the 1989-90 season, only 28 or 1.6% of the spring chinook trapped 
at JCW and three (4.7%) of those trapped at WCW were grilse (Table 
2). Too few fish were tagged at WCW to test for differences 
between sites in the ratio of grilse to adults. 

Incidence of Taqs and Hatchery Marks. Tagging operations in the 
lower Klamath River and at WCW did not begin until the spring run 
was essentially past JCW. Consequently, no tagged fish from these 
sites were recaptured at JCW during the spring run of 1989. 

We trapped 198 hatchery-marked (Ad+CWT) spring chinook at JCW in 
1989, which comprised 13.1% of all the fish caught there. The mean 
FL of the hatchery-marked fish was 68.1 cm, similar to the mean for 
all spring chinook (Table 2). 

Only five (7.9%) of the 63 spring chinook trapped at WCW during the 
1989-90 season were hatchery-marked fish, and all were adults, as 
at JCW (Table 2). 

Forty-eight hatchery-marked spring chinook, representing four CWT 
groups, were spaghetti-tagged at JCW and subsequently recovered 
either dead in the spawning survey, or at TRH. All but seven of 
them were fish from the 1985 or 1986 BYs which had been released as 
yearlings (Table 3). Two fish that had shed their CWT were also 
recovered. 

Two hatchery-marked spring chinook, which were spaghetti-tagged at 
WCW and subsequently recovered in the spawner survey, were from the 
1986 BY and had been released as yearlingr (Table 3). 

Incidence of Gill-net and Hook Scars. Two hundred seventeen 
(14.4%) of the spring chinook trapped at JCW had gill-net scars. 
These fish ranged in size from 53 to 82 cm FL and averaged 67.2 cm 
FL, similar to the average for all spring chinook trapped at JCW 
(67.6 cm). 

We attempted to evaluate the tagging mortality rates of giii-net 
scarred and non-gill-net-scarred spring chinook to determine if the 
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Figure 4 ,  Fork lengths of spring-run chinook s a l r m  trap- 
ped in the Trinitv River a t  Junction City Weir f r m  4 June 
through 16 ~epte&er 1989, and that entered Trinity River 
Hatchery fmm 8 through 28 S e p t d e r  1989, The FLs are 
s m t h e d  by a nnving average of five; 1-an s ize  in-ts, 
"he line ~oints to  t'le nadir a t  48 cm FL separating grilke 
and adult spring-nm &incok s a h m .  
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added stress of the trapping and tagging process affected the 
survival of gill-net scarred fish. We recovered the carcasses of 
6.7% (141207) of the gill-net scarred and 3.0% (38/1,259) of the 
non-gill-net-scarred spring chinook tagged at JCW during the 1989- 
90 season. The difference in the carcass recovery rates of gill- 
net scarred and non-gill-net-scarred fish was statistically 
significant (x2=4.1, p=0.04), and may imply that the added stress 
of the trapping and tagging process adversely affected the survival 
of spring chinook which had previously encountered a gill net. 

The recovery rate at TRH of effectively tagged, gill-net scarred 
(18.6%) and non-gill-net-scarred (18.2%) spring chinook was 
essentially the same, after correcting for initial tagging 
mortality. Therefore, the survival of gill-net scarred spring 
chinook salmon after the initial tagging mortality, was similar to 
non-gill-net-scarred fish in 1989. 

Seventy-four (4.9%) of the spring chinook trapped at JCW had hook 
scars, 30 (2.0%) were healed scars indicating they were from the 
ocean fishery, and 44 (2.9%) were fresh scars probably acquired in 
the freshwater fishery. Spring chinook with ocean hook scars 
averaged 70.4 cm EL, and those with freshwater hook scars averaged 
69.8 cm EL, both similar to the mean F1 of all spring chinook 
trapped at JCW (67.6 cm EL). 

Fall-run Chinook Salmon 

Run Timing. The 1989 fall chinook run appeared to start at WCW 
on 30 August (JW 35). Fall chinook catches increased gradually 
each week, peaked JW 38 (17-23 Sept. ) , and gradually decreased 
through JW 42 (15-21 Oct.), when the weir was washed out (Table 1) 
(Figure 3). We trapped 1,392 fall chinook at WCW during the 
1989-90 season. 

The fall run began at JCW during JW 38, three weeks after it began 
at WCW. Catches of fall chinook gradually increased each week and 
peaked JW 41 (7-14 Oct.), again, three weeks after the peak at WCW 
(Figure 3), then decreased substantially' during JW 42. When we 
resumed trapping operations at JCW during JW 45 (5-11 Nov.), after 
the late October storms, the major portion of the fall run had 
passed the weir site (Figure 3). The last fall chinook was trapped 
at JCW on December 12 (JW 49), about two weeks before the weir was 
removed for the season. We trapped 541 fall chinook at JCW during 
the 1989-90 season (Table 1). 

Size of Fish Trao~ed. Fall chinook trapped at WCW ranged in size 
from 40 to 88 cm EL and averaged 65.4 cm EL (Table 4). Fall 
chinook captured at JCW ranged from 40 to 111 cm FL and averaged 
65.9 cm EL, essentially the same as at WCW. 
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The size separating grilse and adults was 52 cm FL at both weirs 
and TRH (Figure 5). Therefore, this season, we consider all fall 
chinook ~ 5 2  cm FL to be grilse, and those >52 cm FL to be adults. 
Grilse comprised 6.5% (90/1,392) of the fall chinook trapped at 
WCW, but only 3.1% (17/541) of those trapped at JCW. However, the 
difference in the composition of grilse and adult fall chinook at 
the two weirs was not statistically significant (~"1.09, p=O.30). 

Incidence of Taqs and Hatcherv Marks. Five fall chinook tagged 
by other CDFG projects at two locations in the lower Klamath River 
were recaptured at WCW. Two fish tagged at the Klamath River mouth 
were recaptured 12 d and 13 d after tagging. Three fish tagged at 
river km 5.1 were at liberty from 7 to 10 d, averaging 8 d. The 
mean migration rate for all five fish was 13.8 km/d. 

Four fall chinook tagged at Klamath River km 5.1 were recaptured at 
JCW. They had been at liberty for 15 d to 30 d, averaging 25 d, 
for a mean migration rate of 7.7 km/d. 

Twenty-three fall chinook tagged at WCW were recaptured at JCW. 
These fish took from 10 d to 35 d to migrate to JCW, averaging 21 
d, for a mean migration rate of 6.9 km/d. The mean number of days 
it took for WCW-tagged fall chinook to migrate to JCW agrees with 
the fall run beginning and peaking at JCW three weeks after it 
began and peaked at WCW. 

Ninety-five (6.8%) of the fall chinook trapped at WCW were 
hatchery-marked fish (Ad+CWT), whereas at JCW, 47 (8.6%) of the 
fall run were marked (Table 4). The difference in the proportion 
of hatchery-marked chinook between the two sampling sites was not 
statistically significant (x2=0. 89, p=O. 35) . The mean FLs of 
hatchery-marked fall chinook were 65.2 cm and 66.2 cm at WCW and 
JCW, respectively, similar to the average size for all fish trapped 
at the respective trapping sites (Table 4). 

Coded-wire tags were recovered from 30 TRH-produced chinook salmon 
trapped at WCW, indicating they were from two release groups of 
yearling fall chinook (Table 3). In addition, three chinook were 
recovered that had shed their CWT. 

Coded-wire tags were recovered from 26 fish trapped at the JCW 
Weir, which indicated they were from one smolt and three different 
yearling release groups of TRH-produced chinook salmon (Table 3). 
An additional hatchery-marked chinook had shed its CWT. 

Incidence of Gill-net and Hook Scars. At both WCW and JCW, 
exactly 15.3% of the fall chinook we trapped had gill-net scars. 
These fish ranged from 46 cm to 84 cm FL at WCW, averaging 63.4 cm 
FL, and ranged from 57 cm to 85 cm FL at JCW, averaging 68.6 cm EL. 



WILLOW CREEK WEIR 
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Figure 5. Fork lengths of fall-run chino& salmxl trapped 
in  the Trinity Riwr a t  Willcw Creek Weir fmm 29 August 
through 20 October 1989, and that entered Trinity Riwr 
Hatchery f m  i0 Octcber through 18 ikceniber i%9. 'The Ti 
are s m t h e d  by a nnving acerage of fiw, 1-an size incre- 
mnts.  Tne line points to  the nadir a t  52 an FL s e p a r a t i s  
, e l s e  and adult fall-run chincck salnnn. 



One hundred twenty-one (8.7%) of the fall chinook trapped at WCW 
had hook scars, 60 (4.3%) were fresh scars received in the 
freshwater fishery, and 61 (4.4%) were healed scars acquired in the 
ocean fishery. Forty-nine (9.1%) of the fall chinook trapped at 
JCW had hook scars, 37 (6.8%) were of freshwater origin, and 12 
(2.3%) were of ocean  rigi in. In contrast, only 2% of the spring 
chinook trapped at JCW had ocean hook scars, and only 2.9% of them 
had freshwater hook scars. 

Coho Salmon 

Run Timinq. We trapped the first coho at WCW on 25 September 
1989 (JW 39). The coho run at WCW increased the next week and 
appeared to peak during JW 41 (8-14 Oct.) (Table 5). The coho run 
still appeared strong at WCW when the weir was washed-out and 
damaged by the late October storms (JW 43) (Figure 6). We trapped 
471 coho at WCW during the 1989-90 season. 

The first coho was trapped at JCW on 10 October (JW 41), 
approximately two weeks after the coho run appeared at WCW. The 
number of coho trapped increased the next week and continued to 
increase after the two week hiatus in trapping in late October (JW 
43 & 44). The coho run at JCW peaked during JW 46 (12-18 Nov.) and 
declined steadily thereafter (Figure 6). The last coho was trapped 
at JCW on 12 December 1989, approximately a week before we removed 
the weir for the season. We trapped 660 coho at JCW during the 
1989-90 season (Table 5). 

Size of Fish Tra~oed. Coho trapped at WCW ranged in size from 48 
cm to 76 cm FL, for a mean of 65.4 cm FL. Coho trapped at JCW were 
similar to those trapped at WCW, ranging in size from 52 cm to 78 
cm FL, for an average of 66.0 cm FL (Table 6). 

We used length data from hatchery-marked (Ad+CWT) coho entering TRH 
to establish the size separating grilse from adults for all fish as 
46 cm (Figure 7). Therefore, in this report all coho (46 cm FL are 
considered grilse, whereas larger coho are adults. 

We did not trap grilse coho at either weir. Possible explanations 
are that there were few coho grilse in the 1989 run, or small coho 
did not enter the trap. We do not believe the conduit spacing on 
the weir or trap allowed small coho to escape as we trapped a 
number of salmonids as small as 40 cm FL. 

Incidence of Taas and Hatchery Marks. No coho tagged in the 
lower Klamath River were recaptured at WCW, but one was recaptured 
at JCW. It had been at liberty for 36 d. Three coho tagged at WCW 
were recaptured at JCW. The mean liberty time was 18 d for a mean 
migration rate of 4.8 km/d. 
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Figurr. 6 .  Nmbers of coho salmon trapped per night i n  the Tr in i ty  River a t  Junction City and 
Willm Creek w e i r s  duri the 1989-90 season. Trapping a t  Junction City Weir took place fmm 
.Tdian Week 23 through 2, except f o r  Julian Weeks 36,  43 and 44 .  'Ikapping a t  Wil l m  Creek 
Weir tcnk p l a e  fmm Jul ian Week 34 through 42. 
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Hatchery-marked (Ad+CWT) fish comprised 24% and 9.1% of the coho 
trapped at WCW and JCW, respectively (Table 6). Hatchery-marked 
coho trapped at both weirs ranged from 59 to 72 cm FL for similar 
mean sizes of 61.1 cm FL (WCW) and 66.2 cm FL (JCW) (Table 6) . 
Assuming there were no stray coho trapped at either weir, all of 
these hatchery-marked fish were coho of the 1986 BY released from 
TRH in March, 1988. We recovered 11 of the hatchery-marked coho 
tagged at WCW and 29 of those tagged at JCW (Table 3). 

Incidence of Gill-net and Hook Scars. Gill-net scars were 
observed on 11.6% and 3.5% of the coho trapped at WCW and JCW, 
respectively. We cannot explain why the proportion of gill-net 
scarred coho was so much lower at JCW than at WCW (x2=27, p<0.01). 
Gill-net scarred coho from both weirs ranged from 60 to 76 cm FL, 
for a mean of 67.9 cm FL, which appeared to be slightly larger than 
the unscarred coho trapped at either site (Table 6). 

Hook scarred fish comprised 8.9% of the coho trapped at WCW and 
4.1% of the coho trapped at JCW. Fish with hook scars of ocean 
origin comprised 2.6% of all coho trapped at WCW and 1.5% of those 
trapped at JCW, and 6.3% and 2.6% of the fish from each site, 
respectively, had freshwater hook scars. 

Recovery of Tagged Fish 

Taaains Mortalities 

S~rina-run Chinook Salmon. We trapped 1,512 spring chinook at 
JCW, and released 46 of them untagged. Fifty-two (3.5%) of the 
1,466 fish we tagged were recovered dead at the weir and in the 
river surveys, or were reported as such by anglers. Therefore, 
1,414 spring chinook (27 grilse and 1,387 adults) were effectively 
tagged at JCW during the 1989-90 season, including 462 fish with 
reward tags (21 grilse and 441 adults). The mean FL of those fish 
recovered or reported dead was 67.2 cm, essentially the same size 
as the fish we originally trapped at the weirs (Table 2). 

Fall-run Chinook Salmon. We trapped 1,392 fall chinook at WCW, 
26 of which were released untagged and 10 (1.9% of those tagged) 
were later recovered dead at the weir or reported as dead by 
anglers. Therefore, 1,356 fall chinook (87 grilse and 1,269 
adults) were effectively tagged at WCW in the 1989-90 season, 
including 300 fish with reward tags (38 grilse and 262 adults). 
The mean FL of fish categorized as tagging mortalities was 65.5 cm, 
similar to the fall chinook we trapped at the weirs (Table 4). 

We trapped 541 fall chinook at JCW, 21 were released untagged, and 
one (~1%) tagged fish was recovered dead. Therefore, 519 fall 
chinook (17 grilse and 502 adults) were effectively tagged and 
released at JCW. 



Coho Salmon. We trapped 471 adult coho at WCW, released six 
untagged, and 2 (<1.0%) were recovered dead. Thus 463 adult coho 
were effectively tagged at WCW, inclading 125 reward tagged fish. 

At JCW, we trapped 660 coho, released 21 fish untagged, and there 
were no tagging mortalities. Thus, 639 adult coho were effectively 
tagged at JCW. 

Reward Tact Returns bv Anslers 

S~rinct-run Chinook Salmon. Anglers returned 46 reward tags (4 
grilse and 42 adult) of 462 effectively reward-tagged spring 
chinook (21 grilse and 441 adults), for an overall harvest rate of 
10%. The harvest rate of grilse appeared to be over twice that of 
adults, but so few grilse were reward tagged and harvested that the 
difference was not statistically significant (xZ=0.9, p=0.35). 

The mean FL of the spring chinook caught by anglers was 63.9 cm FL 
slightly smaller than those effectively reward tagged (65.4 cm FL). 

The number of days between tagging and reported recapture ranged 
from 3 to 86 d, for a mean of 32 d. 

Fall-run Chinook Salmon. Anglers returned 21 tags (2 grilse and 
19 adults) of 300 effectively reward tagged fall chinook (38 grilse 
and 262 adults) for a harvest rate of 7.0%. 

The mean EL of the 21 harvested fall chinook was 64.6 cm FL, 
slightly larger than the 300 effectively reward tagged fish (63.6 
cm FL) . 
The time between tagging and recapture for sport-caught fall 
chinook ranged from 3 to 48 d for a mean of 19 d. 

Capture locations for fall chinook tagged at WCW were reported by 
65 anglers, and 26 anglers (40%) indicated they had caught their 
fish upstream of JCW. Therefore, we assume 40% of all the fall 
chinook migrating past WCW which were later caught by anglers, were 
caught upstream of JCW. 

Coho Salmon. Only two reward tags from the 125 effectively 
tagged adult coho were returned by anglers for a harvest rate of 
1.6%. These fish were 53 cm and 65 cm FL, and had been at liberty 
for 18 d and 16 d, respectively. 

Two reward and two non-reward tags from coho were returned by 
anglers, one of which was from a fish caught upstream of 'JCW. 
Therefore, we assume 25% of all the coho migrating past WCW which 
were later caught by anglers, were caught upstream of JCW. 



Salmon SDawner Survey 

S~rina-run Chinook Salmon. Personnel of the TFIP recovered 86 
Project-tagged spring chinook, 83 of which were tagged at JCW and 
three at WCW. The recovery rates in the spawner survey of JCW- and 
WCW-tagged spring chinook were 5.9% and 4.9%, respectively. 

The sizes of the fish recovered from JCW ranged from 46 to 82 cm FL 
and averaged 67.6 cm FL, almost identical to the mean FL of all 
effectively-tagged fish (67.5 cm EL). 

The WCW-tagged spring chinook were recovered in the spawner survey 
from 63 to 70 d after tagging, for a mean of 66 d, whereas 
JCW-tagged spring chinook were recovered in the survey from 30 to 
197 d after tagging, for a mean of 95 d. 

Fall-run Chinook Salmon. Personnel of the TRIP recovered 121 
Project-tagged fall chinook, 53 of which had been tagged at WCW and 
68 at JCW. One of these fish was tagged at WCW on 14 September 
1989, recovered and rereleased at JCW on 3 October, and 
subsequently found in the spawner survey on 7 November 1989. The 
recovery rates of Project-tagged fall chinook in the spawner survey 
were 3.9% and 13.1% for fish trapped at WCW and JCW, respectively. 

The WCW-tagged fish recovered in the spawner survey ranged from 43 
to 82 cm FL and averaged 66.6 cm FL, whereas those from JCW ranged 
from 40 to 111 cm FL and averaged 66.5 cm FL. The mean FLs of the 
two groups of spaghetti-tagged chinook salmon recovered in the 
spawner survey were approximately 1 cm greater than the original 
groups of effectively tagged fish from each respective weir (Table 
4 )  - 
Fall chinook from WCW were recovered in the spawner survey from 25 
to 101 d after being trapped and tagged, averaging 53 d. Those 
from JCW were recovered from 6 to 77 d after trapping and tagging, 
averaging 32 d. The 21 d difference in the mean number of days 
between tagging and recovery for each of the two weirs is the same 
as the mean number of days it took fall chinook to migrate between 
WCW and JCW. 

Coho Salmon. Spawner survey personnel recovered 100 Project- 
tagged coho, 29 of which were tagged at WCW and 71 at JCW. One of 
these coho was trapped at WCW on 29 September 1989, recovered and 
rereleased at JCW on 19 October, and found in the spawner survey 15 
November 1989. Recovery rates of WCW- and JCW-tagged coho in the 
spawner survey were 6.3% and 11.2%, respectively. 

The WCW-tagged coho recovered in the spawner survey ranged from 58 
to 76 cm FL, averaging 65.9 cm FL, whereas JCW-tagged coho were 
from 57 to 75 cm FL, averaging 66.7 cm FL. The mean FLs of the 
recovered fish were similar to the averages for all fish 
effectively tagged at each respective weir (Table 6). 



The WCW-tagged coho were recovered in the spawner survey 20 to 70 
d after trapping, for a mean of 44 d. Tagged coho from JCW were 
recovered from 6 to 55 d after being tagged, for a mean of 24 d. 

Trinitv River Hatchery 

S-. On the first day that fish were 
sorted at TRH, 901 of 919 chinook salmon entering the hatchery were 
spring chinook (based on CWT data). On all sampling days in 
September 1989, >90% of the chinook salmon entering TRH were spring 
chinook. The median entry date of spring chinook at TRH occurred 
on 21 September 1989 (Table 7). Spring and fall chinook each 
comprised approximately 50% of the chinook that entered TRH on 2 
and 5 October. Thereafter, >90% of the chinook that entered TRH 
were fall chinook (Figure 8). The last spring chinook entered the 
hatchery on 19 October 1989. We estimate 5,000 spring chinook (17 
grilse and 4,983 adults) entered TRH during the 1989-90 season. 

We recovered 268 spring chinook at TRH that were spaghetti-tagged 
at JCW (4 grilse and 264 adults). Their median arrival date was 21 
September 1989, the same as the arrival date for all spring chinook 
combined (Table 7). We also recaptured 11 spring chinook (all 
adults) at TRH that had been tagged at WCW. Their median arrival 
date was 10 October 1989. None of the spring chinook tagged at 
either weir had shed their spaghetti tag. We also recovered one 
spring chinook that had been tagged in the lower Klamath River. The 
recovery rates at TRH of WCW- and JCW-tagged spring chinook were 
18.0% and 19.0%, respectively. 

The sizes of the JCW-tagged spring chinook entering TRH ranged from 
43 to 92 cm FL for a mean of 66.2 cm FL, 1.4 cm less then the mean 
FL of all effectively-tagged spring chinook from JCW (Table 2). 
However, the difference was not statistically significant (t=1.4, 
p>o. 10) . 
The JCW-tagged spring chinook were recaptured at TRH from 16 to 116 
d after they were tagged and released, for a mean of 73 d. In 
contrast, the spring chinook tagged at WCW were at liberty from 33 
to 60 d, for a mean of 45 d. The WCW fish migrated at an average 
rate of 4.7 km/d. No migration rate was computed for JCW-tagged 
spring chinook, since these fish may have been holding in the river 
around JCW rather than actively migrating upstream as they were 
past WCW, which is lower in the system. 

We recovered 671 CWTs from 723 hatchery-marked (Ad+CWT) spring 
chinook that entered TRH during the 1989-90 season. Fish from the 
1985 and 1986 BY release groups of yearlings comprised 88% of the 
CWT spring chinook we recaptured (Table 8). The median entry date 
of the hatchery-marked spring chinook was 21 September 1989, the 
same as that for all spring chinook combined (Table 8). 



! 
J 

: h  !I151 
11 111 
a 131 
17 
J Ill' 
:i ill 
26 [I161 
21 111I11 

3i m ti* ~addrr ~osl  11 k t *  1989 rn 17 mm iw. 
hi  intn b t e  13 m 1 W  the Qte t h  f1YI e inltiallr jcrtn, aft- ther mr ~ v e  m t a e  t k  lisn laddrr mi r:u after t k  miat, swting mloa. 

c /  M shm iniw twwd fiYl mered  me dsr. ~ T r i n l h  Uua a t m y .  
I /  TW EM r e l e M  in t k  r l m t h  R i m  r s  rk ruth (rrw 13 0.21 x Me h i m  101 bi&x !r:w u 5.11 br a t h r  ro~c:S. 
t i  FiWe5 in m t k s i l  se fiYl tnx-aw EM re!?& ar !% uil iw Cnet U i r  ax r e c s h r t a  m m e i w  at tM :uKtlm Citr W r  inlm sms*ue?.!ir 

n t n e  Trinitr R i w  Rtdwr. Tkr se :wiu*d in th !otais uan. 
'! f : ~ s  m m e r s  sr ' 1 s  t m  m r c l e b M  in t n  1 w  Klaath .liver m r t c s t m  m ?s:!eara at the 1mt:m l i t r  delr inlm ~ i a m r r ! r  

5ta-m rrinitr Rim k t m r :  3 e r  se : r ; 'dM in t h  totall m. 



SPRING-RUN CHINOOK 1 FALL-RUN CHINOOK 

Figure 8. Estimated nuhers  per Jul ian Week of spring- and fal l - run dli~ioolc salr~un LliaL 
entered Tr in i ty  River Hatchery during the 1989-90 season. Ihe f i sh  ladckr was  open f r o m  
Jul ian Week 37 of 1989 through Julian Veek 11 of 1990. 
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Fall-run Chinook Salmon. Based on our analysis of CWTs, a few 
fall chinook were recovered during the first sampling day at TRH 
and throughout September, but they did not begin to enter TRH in 
large numbers until 2 October 1989 (Figure 8). We estimate the 
median entry date of fall chinook occurred on 26 October, and the 
last chinook salmon entered TRH on 18 December 1989 (Table 7 . We 
estimate 11,371 fall chinook (239 grilse and 11,132 adults) elicered 
TRH during the 1989-90 season. 

Three hundred thirty fall chinook tagged at WCW (5 grilse and 325 
adults) entered TRH, which equaled 24.3% of those we effectively 
tagged at that site. This total included two fish that shed their 
spaghetti tag. The median entry date of the tagged fish was 26 
October 1989, the same as the median entry date for all fall 
chinook combined. 

The WCW-tagged fall chinook entering TFW ranged from 45 to 86 cm 
FL, for a mean of 65.0 cm FL, similar to the mean size (65.4 cm) of 
all fish effectively tagged at WCW (Table 4). 

Fall chinook tagged at WCW entered TRH from 12 to 71 d after they 
had been tagged and released, for a mean of 36 d. Their mean 
migration rate upstream of WCW was 3.7 km/d, slightly slower than 
the spring chinook tagged at WCW. The faster migration rate of 
spring chinook is not surprising, since they begin spawning before 
fall chinook. 

We recaptured 198 fall chinook (3 grilse and 195 adults) at TRH 
that had been tagged at JCW, including nine fish that had 
originally been tagged at WCW, and two that had originally been 
tagged in the lower Klamath River. Thus, 38.2% of the fall chinook 
tagged at JCW were recaptured at TRH. The median entry date of 
fish tagged at JCW was the same as that for all fall chinook 
combined, 23 October 1989. 

Fall chinook tagged at JCW and recaptured at TRH ranged from 40 to 
111 cm FL, for a mean of 65.7 cm FL, which was almost identical to 
the average for all fall chinook effectively tagged at JCW (Table 
4). 

Fall chinook tagged at JCW were recovered from 6 to 42 d later at 
TRH, for a mean of 14 d for migration between the two points. 
Their mean migration rate was 3.2 km/d, slightly slower than the 
fall chinook tagged at WCW. The mean number of days it took fall 
chinook from JCW to enter TFW was three weeks less than it took 
fall chinook from WCW. The latter difference is equal to the mean 
migration time for fall chinook between WCW and JCW. 

We also recovered 52 fall chinook that had been tagged in the lower 
Klamath River, 18 at the mouth and 34 at river km 5.1. 
Collectively, fall chinook tagged in the lower Klamath River took 
from 30 to 71 d to reach TRH, for a mean of 45 d. Their mean 



migration rate over the 248.5 km between the river mouth and the 
hatchery was 5.5 kmld. 

We recovered CWTs from 1,120 of the 1,170 marked (Ad+CWT) fall 
chinook that entered TRH (Table 9). As with spring chinook, 
yearling releases of the 1985 and 1986 BYs comprised 89% of the CWT 
fall chinook recovered. The median entry date of the marked fall 
chinook was 26 October 1989, the same as for all fall chinook 
combined (Table 7). 

Coho Salmon. Coho began entering TRH on 12 October 1989. The 
numbers of coho entering the hatchery increased through 22 
November, the median entry date, and then decreased through the end 
of the run on 8 January 1990 (Table 7). We recovered 4,970 coho 
entering TRH during the 1989-90 season. 

We recovered 122 coho (all adults) at TRH that had been tagged at 
WCW, which equals 26.3% of the total coho effectively tagged at WCW 
(Table 6). Their median entry date at TRH was approximately a week 
before that of all coho combined, and was probably due to the WCW 
Weir being removed before the completion of the coho run, which 
prevented us from distributing tagged coho into the latter part of 
the run (Figure 6). One tagged coho had shed its spaghetti tag. 
The WCW-tagged coho we recaptured at TRH ranged from 49 to 72 cm 
FL, for a mean of 65.4 cm FL, equal to the average size of all fish 
effectively tagged at WCW (Table 6). 

Coho tagged at WCW took from 18 to 69 d to enter TRH, for a mean of 
37 d. Their mean migration rate upstream of WCW was 3.6 km/d, 
similar to the rate of the WCW-tagged fall chinook. 

We recaptured 251 coho (all adults) at TRH that had been tagged at 
JCW, which equals 39.3% of the total coho effectively tagged at 
JCW. Their median entry date to TRH was the same as for all coho 
combined, 22 November 1989. None of these coho had lost their 
spaghetti tag. 

The JCW-tagged coho recaptured at TRH ranged from 52 to 75 cm FL, 
for a mean of 66.0 cm FL, similar to the average size of all coho 
effectively tagged at JCW (Table 6). 

The JCW-tagged coho took from 3 to 71 d to migrate from the weir to 
TRH, for a mean of 13 d and a mean migration rate of 3.5 km/d, 
similar to the migration rate of coho tagged at WCW. Some of these 
fish moved very quickly, as four coho were recaptured at TRH three 
days after tagging at JCW and had migrated at a mean pace of 15 
km/d. 

Three coho tagged in the lower Klamath River at river km 5.1 were 
recaptured at TRH. They had been tagged and released from 50 to 
58 d earlier, for a mean of 55 d and a mean migration rate of 4.4 
kmld. 
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We recovered 421 CWTs from 492 marked (Ad+CWT) coho at TRH (Table 
10). The median entry date of marked coho was 22 October 1989, the 
same as for all coho combined. All of the CWT coho recovered, and 
probably even those that had shed tags, were fish from the 1986 BY 
released in March 1988. 

Run-size, Angler Harvest, and Spawner Escapement Estimates 

Run-size estimates of spring chinook upstream of JCW and fall 
chinook and coho upstream of both WCW and JCW were not stratified 
as qrilse or adults this year, because too few tagged grilse were 
recaptured at TRH to have grilse estimates with 95% confidence 
limits within +lo% of the run-size estimate. Therefore, we used 
the proportions of grilse and adult chinook salmon in each run 
trapped at the respective weirs for the grilse/adult compositions 
of the spring run upstream of JCW and the fall run above WCW and 
JCW. Since no grilse coho were trapped at either weir, we assumed 
the grilse/adult composition of the coho runs above both weirs to 
be the same as the grilse/adult composition of the coho that 
entered TRH. 

Sprins-run Chinook Salmon 

We estimate 26,306 spring chinook (including those eventually 
harvested) migrated into the Trinity River basin upstream of JCW 
during the 1989-90 season (Table ll), and that 10% (2,630) of the 
spring run was caught by anglers (Table 12). Thus, the spawning 
escapement above JCW was 23,676 fish, including the 5,000 spring 
chinook that entered TRH (Table 12). 

We made no attempt to determine the run size and angler harvest of 
spring chinook upstream of WCW because the fish trapped there 
represented a very small segment of the run. 

Fall-run Chinook Salmon 

We estimate that 46,622 fall chinook (including those eventually 
harvested) migrated into the Trinity River basin upstream of WCW 
during the 1989-90 season, and 29,716 of these fish continued their 
migration upstream of JCW (Table 11). We estimate that 3,263 (7%) 
of the fall chinook passing WCW were harvested by anglers, and 
1,308 of these fish were caught upstream of JCW (Table 12). 
Therefore, we assume that 43,359 fall chinook spawned in the 
Trinity River basin upstream of WCW, and that 28,408 of those fish 
spawned in the Trinity upstream of JCW, including the 11,371 fall 
chinook that entered TRH (Table 12). 

Coho Salmon 

We estimate that 18,752 coho (including those eventually harvested) 
migrated into the Trinity River basin upstream of WCW during the 
1989-90 season, and 12,625 of these fish continued their migration 



TOIK 4 2 1  '1 k52 

31  'be t i$ ,  ledder uas iom fm I: l e o t e m r  1989 thud! I' Parch lW. 
0 1  tiu tag bw recovcrea fru t k  f l s h  
:i Entry dste i s  comidt rea the M e  the f i s h  e r e  i n i t l a l l r  sated,  a!thaRn 

!MY wr rave entered t k  fish &M aov t i s?  a f t e r  the orcv lou i  s a t i n g  
:a:cd. 



5w:es i  Wca st i i x  1 ~ b e r  !bSw Maw 11m-912? :mfi$enc? .:miti 

%e e s t i a t e  !:ass elfectiwlr ermined n f t w ,  e s r i ~ t e  !-P = 3.95 
:md a t  f w  t w s  i n  

k i n g -  -rinitr  River k i l s e  ~i :7 17 6 M2 

i a l l - r n  Trinity River S r i lw  d l  87 239 5 2,991 
:him& basin above Amits 1.269 !],I32 325 63.631 

uiilov Creek 
k i r  -.,to] 1.556 :1,371 ??O +b .b22  i i ,?69 - 51,748 e l  

Fail-rm Trinity River & i k  d l  17 3 9  3 573 
c?inook basin m v e  m l t s  502 11,i:Z 195 28,763 

Iwrticn i i t r  
k i r  i$tai 519 11,371 !98 ;9,7!6 25,751 - 33.165 el 

5a% Trinitr River k i l x  f l  0 77 0 2% 
basin Wve  &Its 663 1.893 122 19.162 
Uillov Srerx 
iieir Total 463 P ,  970 122 18.75: :5.b12 - n.157 e l  

:dw Trinitr iivu Eriise t /  0 77 D :96 
basin m v e  N l t s  693 6,893 251 12.629 
Jv r t i cn  Citr 
Cir Total 593 1,9m 3 1  !:,5:5 l!,:9 - 14,243 C /  

81 Carected fa * taus ad t w i w  w r t s l i t i a .  
bl S c r i m  d i m *  s a l m  wi lse  ae (69 a fL: &It3 ae )Ul a fL. 
c l  Contidnce limitis w e  t s t i ~ t M  by m l  m r i m t i r n .  
d l  fall-rim c n i W  s a l m  O i l s t  w e  (52 cr fL: a d ~ l t s  ire 152 n fL. 
el Contidnce limits w e  e s t i ~ t e d  br Poisscn w o r i ~ t i o n .  
f /  Cdw i a i m  w i l v  ae I66 cm FL; advlts are 146 u FL. 



Salro- Trinltr River W s r  ai iM 50 635 :? h i ;  
nn basin ave W t s  Z5,3Oa :.N 2 L.98J 2 ! , 2 2 h  
: h i m  J m t i m  Citv 

a i r  'otal :6,& ?.&&!I 110.01 18.676 5 ,MO ::,?X 

Fall-rm Trinity River Grilx DI 2 , B l  1W 2,543 3 9  2 . 3 ;  
: h i m  basin above Adults U.031 3.0% 29,665 11.132 ;C, 57i 

Uillw Creek 
Ueir :otal ~ 6 , 6 2 2  !.ZM 7 . 0 1  11.988 11,371 &:.:53 

Fali-nm Trlnitv i?iver 6rilse o i  '3 +3 +1 239 -2 , .  
.," 

c n i m  basin above Amits i@,:L3 :,265 ! 5 . 3 1 6  :1,1:2 : ? , h : ~  
;uution City 
Ueir Tutal :9.716 1,308 ! 4 . d  !:.87 1 1 , Y I  3. 4C8 

Coho Trinity River B i l x  cl 80 5 38 TI :35 
basin mve &Its 18,462 295 15.271 La95 18.167 
Uillw (re& 
Ueir Total 18,752 UXI l b  13,182 4,970 3 , 1 5 2  

Coho Trinity River Grik cl 196 ;I8 _ I  195 -7 

basin above Advlts i!.i?? 75 '.161 &.a93 1:.35. 
J m t i m  Citr 
lieir Total !:,625 76 IO.6i 7,579 6,9M I:.%? 

a i  b r i m  chinsok oklm prilw we (La CI FL; adults we !a8 a FL 
b/  Fall-M chin& oklm p i l ~  we (52 c# FL; &its we )52 a FL. 
ci Coho u l i m  p i l e  we ( i 6  Q FL: m l t s  we Mb CI FL. 



upstream of JCW (Table 11). We estimate that 300 (1.6%) of the 
coho were harvested by anglers upstream of WCW, 76 of which were 
caught upstream of JCW (Table 12). Thus, the spawning escapement 
estimate for coho upstream of WCW was 18,452 fish, including 12,549 
fish that spawned upstream of JCW, 4,970 of which entered TRH 
(Table 12). 

RECOMMENDATIONS 

1. Tag and recapture operations of adult spring-run and fall-run 
chinook and coho salmon being conducted in the Trinity River 
basin should be continued duringthe 1990-91migration season, 
using the capture sites near Willow Creek and Junction City. 

2. In addition to chinook and coho salmon, steelhead trout should 
be added to the tag and recapture studies during the 1990-91 
season. 

3. A portion of the chinook and coho salmon, and steelhead trout 
trapped at Willow Creek Weir should be tagged with $20 reward 
tags to determine the extent of angler non-response of $10 
reward tags. 
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Appendix 1. Llst of Julian weeks and thelr calendar date 
equivalents. 
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JOB V 
SURVIVAL AND CONTRIBUTION TO THE FISHERIES AND SPAWNER ESCAPEMENT 

MADE BY CHINOOK SALMON PRODUCED AT TRINITY RIVER HATCHERY 

Bill Heubach and Morgan Boucke 

ABSTRACT 

Between 1 July 1988 and 30 June 1990, staff of the California 
Department of Fish and Game's Trinity River Project marked and 
released four groups of chinook salmon (Oncorhvnchus tshawvtscha) 
totaling 584,424 fish. The total included 285,233 spring-run and 
299,191 fall-run chinook salmon. Each fish had its adipose fin 
clipped, was binary coded-wire tagged, and then released into the 
Trinity River below the Trinity River Hatchery. In addition to 
these efforts, Trinity River Hatchery personnel tagged and 
released two lots of fall-run chinook salmon totaling 46,365 
fish. 

Recovery operations at Trinity River Hatchery recaptured 2,385 
adipose fin-clipped chinook and coho salmon (Q. kisutch), and 
2,211 coded-wire tags were recovered from 671 spring-run chinook, 
1,120 fall-run chinook, and 421 coho salmon. 



JOB OBJECTIVES 

To determine relative return rates and contribution to spawning 
escapement and the fisheries made by chinook salmon produced at 
Trinity River Hatchery, and to evaluate experimental hatchery 
management practices aimed at increasing adult returns. 

INTRODUCTION 

During the period 1 July 1989 through 30 June 1990, the 
California Department of Fish and Game's (CDFG) Trinity River 
Project marked (adipose fin-clipped and coded-wire tagged 
[Ad+CWT]) and released chinook salmon smolts and yearlings 
produced at Trinity River Hatchery, and recaptured fish from 
previously marked brood years (BY) returning to the hatchery. 
Similar marking studies began at Trinity River Hatchery (TRH) in 
1978, with the marking of fall-run chinook salmon from the 1976 
BY. Beginning with the 1977 BY, representative marked subsets of 
TRH-produced fish have been included in all releases of smolt and 
yearling chinook salmon released from TRH and at other, off-site 
locations. 

These earlier studies were funded by the U.S. Bureau of 
Reclamation (USBR) and Anadromous Fish Act funds administered by 
the U.S. Fish and Wildlife Service. The current program was 
funded by Anadromous Fish Act Funds from 1 July through 30 
September 1989, and by the USBR from 1 October 1989 through 30 
June 1990. 

These marking studies are directed at providing survival rates 
and catch-to-escapement ratios for spring- and fall-run chinook 
salmon reared at TRH. State and Federal management agencies need 
to evaluate the contributions of chinook salmon produced at TRH 
to the various fisheries, and spawning escapements in the Trinity 
River basin, in order to properly manage hatchery production and 
fishery harvest. 

METHODS 

Fish Marking and Release 

Chinook salmon selected for marking at TRH were crowded into a 
small area beneath a marking shed situated over their rearing 
pond. After crowding, the fish were dip-netted into a 152.4 X 
61.0 X 76.2-cm wooden holding tank in the tagging shed, through 
which pond water was circulated. We dip-netted approximately 25 
fish at a time from the holding tank into pans containing an 



anesthetic solution of tricaine methanesulfonate (MS-22211). 
Once anesthetized, we marked the fish by removing their adipose 
fin and injecting a coded-wire tag (CWT) into their rostrum. 

In September and October 1989, we tagged yearling chinook salmon 
with a NMT KKzAI' tagging unit, using whole CWTs, whereas we 
tagged chinook salmon smolts in March and April 1990 with a NKT 
KK4" tagging unit, using half-length CWTs. 

After tagging, we dropped the fish into a funnel supplied with 
running water that lead to a quality control device. The quality 
control device magnetized the CWT and tallied the tagged fish. 
Tagged fish continued through the funnel and dropped into a 
rearing pond situated next to the pond containing the untagged 
fish. If a fish did not receive a CWT, the quality control 
device gave a warning signal and diverted the fish into a funnel 
leading to a rejection bucket. Periodically, fish in the 
rejection bucket were re-anesthetized, tagged, and dropped into 
the funnel leading to the quality control device. Periodically 
during the marking period, we inspected samples of fish for the 
depth of CWT insertion and quality of the fin clip. 

All tagged fish from a particular tagging group were held in 
separate rearing ponds until release. Immediately before the 
marked chinook salmon were released, a systematic sample of 200 
to 800 fish from each group was examined for CWT retention and 
the quality of the adipose fin clip, and measured to the nearest 
mm fork length (FL). 

The total number of "effectively marked" (properly tagged and 
fin-clipped) fish released was based on the total number of fish 
in each group released minus dead fish recovered during and after 
tagging operations, and the number of fish we estimated had shed 
CWTs or were improperly fin-clipped. 

All tagged fish of a particular CWT group were released 
concurrently with unmarked fish of the same strain, BY, and size 
in the river below TRH. 

Coded-wire Tag Recovery 

The TRH fish ladder was open from 8 September 1989 through 17 
March 1990. Hatchery personnel conducted fish sorting and 
spawning operations two to three days per week, depending on the 
numbers of fish available each day. 

11 Brand names are mentioned for identification purposes only and - 
does not imply their endorsement by the CDFG. 



We examined all salmon entering TRH for an adipose fin clip, 
determined their species and sex, measured them to the nearest cm 
FL, anu removed the heads of all salmon bearing an adipose fin 
clip. Each salmon head was frozen in a plastic bag with a 
serially numbered tab noting the date and location captured, 
species, sex, and FL of the fish. The salmon heads and data were 
given to the CDFG's Ocean Salmon Project for CWT retrieval, 
decoding, and data entry. Ocean Salmon Project personnel 
provided us a computer file of the CWT recovery data for editing 
and data analysis. 

RESULTS 

Fish Marking and Release 

Four groups of chinook salmon reared at TRH, totaling 584,424 
fish, were marked (Ad+CWT) and released into the Trinity River 
below the hatchery during October 1989 and May 1990 (Table 1). 
The yearling chinook salmon released in October 1989 consisted of 
one group each of spring- and fall-run fish from the 1988 BY. 
The chinook salmon smolts released in May 1990 consisted of one 
group each of spring- and fall-run fish from the 1989 BY. All 
groups of Ad+CWT chinook salmon were released concurrently with 
unmarked fish of the same BY, strain and size. These releases 
were made as part of an ongoing program to monitor relative 
return rates, and contributions to the spawning escapements and 
the fisheries made by salmon produced at TRH. 

In addition to this study's marked salmon releases, TRH personnel 
marked (Ad+CWT) and released two groups of fall-run chinook 
salmon yearlings from the 1988 BY (46,365 fish) as part of a feed 
experiment (Table 1). 

Coded-Wire Tag Recovery 

We recaptured 2,385 marked (Ad+CWT) chinook and coho salmon at 
TRH during the 1989-90 season and recovered CWTs from 671 spring- 
run and 1,120 fall-run chinook salmon, and 421 coho salmon. 
Yearlings from the 1985 and 1986 BYs comprised 88% and 84%, 
respectively, of the CWT spring- and fall-run chinook salmon we 
recovered this season (Appendix 1). All of the CWT coho salmon 
recovered, and probably all of the marked coho that had shed 
their CWTs, represented fish of the 1986 BY released in March 
1988. No stray CWT chinook or coho salmon were recovered at TRH 
during the 1989-90 season. 

Yearling fish released this season (1988-89) are expected to 
begin returning to TRH during the 1990-91 season, whereas smolts 
released this season should begin returning to TRH during the 
1991-92 season. Thus, we will De reporring on the return to TIiii, 
survival, and contributions to spawner escapements and the 
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fisheries of fish released this year in the 1990-91 and later 
year's annual reports. 

RECOMMENDATIONS 

1. Marking (Ad+CWT) of smolt and yearling chinook salmon should 
be continued during the 1990-91 season. 

2. Marking (Ad+CWT) of yearling+ coho salmon should be added to 
the program, beginning in the 1990-91 season. 





Appendix 1. Release and 1 9 8 9 9 0  season recovery dste of coded-wire-tagged chinook and coho salmon produced at Trinity Rver Hatchery during the 1984-85 through 
1988- 89 seaaons (continued). a/ 
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SURVIVAL, AND CONTRIBUTIONS TO THE FISHERIES AND SPAWNER 
ESCAPEMENTS MADE BY STEELHEAD PRODUCED AT TRINITY RIVER HATCHERY 

Bernard C. Aguilar 

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity 
Fisheries Investigations Project conducted a steelhead, 
Oncorhvnchus mvkiss, marking program at Trinity River Hatchery 
from 5 February to 3 April 1990. Unique combinations of fin clips 
were given to each group of fish to permit identification of brood 
year and release type upon recapture. We fin-clipped 405,997 
yearlings, 50,490 two-year-olds, and 144,800 holdover yearling 
steelhead this season. Holdovers will be released next year after 
they have reached the minimum release length of 152 mm fork length. 

We checked 900 steelhead for fin-clip accuracy, and all were found 
to have been properly clipped. 



JOB OBJECTIVES 

1. To determine relative return rates, and contributions to 
spawning escapements and the fisheries made by steelhead 
produced at Trinizy River Hatchery. 

2. To evaluate experimental hatchery management practices aimed 
at increasing adult returns. 

INTRODUCTION 

The completion of the Trinity River Division of the Central Valley 
Project (15 May 1963) blocked access to a significant part of the 
historic steelhead spawning and rearing habitat in the Trinity 
River basin, and resulted in significant downstream flow 
reductions. These project-induced reductions in fishery habitat 
have resulted in the decline of annual runs of steelhead. 

In October 1984, Public Law 98-541 was passed by Congress to 
mitigate for Trinity project-induced fish and wildlife losses. 
This act, commonly referred to as the Trinity River Basin Fish and 
Wildlife Restoration Act, authorizes the expenditure of $57 million 
over a 10-year period to implement a program to restore fish and 
wildlife populations to pre-dam conditions. 

One of the major goals of the California Department of Fish and 
Game's (CDFG) Klamath-Trinity Program is to develop fishery harvest 
management recommendations which are compatible with the goal of 
restoring full, natural salmon and steelhead production in the 
Trinity River and its tributaries downstream from Lewiston Dam. 
Knowledge of hatchery and naturally produced steelhead escapements 
into the Trinity River is a necessary component both for making 
recommendations and determining the effectiveness of those 
recommendations. All steelhead reared at Trinity River Hatchery 
from 1978 through 1981 were systematically fin clipped before being 
released. Fin clipping of steelhead in the Trinity River basin 
have bee:. sporadic to non-existent at Trinity River Hatchery since 
1981. Run size and escapement estimates of hatchery-produced and 
naturally produced steelhead were made during the 1978-79, 1980-81, 
and 1982-83 seasons. (Heubach and Hubbell 1980, Heubach,1984, 
Zuspan et al. 1985). 

This year, staff of CDFG1s Trinity Fisheries ~nvestigations Project 
(TFIP) marked steelhead produced at Trinity River Hatchery (TRH) as 
part of the first phase in meeting the Job Objectives. The second 
phase will include the monitoring of adult returns beginning in the 
winter of 1990, and will be discussed in future annual reports. 



METHODS 

Marking Operations 

Staff of CDFGts TFIP marked steelhead at TRH inside a 3-m X 3-m 
wooden shed positioned directly over the hatchery pond. 
Positioning the shed over the pond allowed easy access for a crew 
of four markers to effectively net fish into the shed. 

Marking steelhead involved anaesthetizing them with tricaine 
methanesulfonate (MS-222"), removing one or more of their fins by 
clipping, and releasing them into a pond reserved for marked fish. 
A combination of right or left ventral fin and adipose fin clips 
was used to differentiate each fish's brood year and release type. 

Counts of marked fish which were released were made by TRH 
personnel doing standard weight counts on a subsample of the marked 
fish at the time of their release. 

Quality Control 

To determine fin-clip accuracy, a sample of 900 fish was selected 
just prior to release. Fish were anaesthetized with MS-222, 
measured to nearest mm fork length (FL) , and checked for proper fin 
clips. Male steelhead were also checked for signs of precocious 
sexual development, which was determined by the extrusion of milt 
when each fish was squeezed. 

RESULTS AND DISCUSSION 

Marking Operations 

We marked three groups of steelhead this season. Two-year-olds 
from the 1988 brood year (BY), released in 1990; yearlings from the 
1989 BY, released in 1990; and holdovers from the 1989 BY, to be 
released in spring 1991 (Table 1). 

Two-year-old steelhead were marked from 5 February through 15 
February 1990; yearling steelhead from 15 February through 18 March 
1990; and holdover steelhead from 18 March through 3 April 1990, 
when marking operations were curtailed. Marking operations were 
halted on that date because of rising water temperature which could 
have lead to increased mortalities. An estimated 110,000 holdovers 
remain to be fin-clipped at a later date. Holdovers which had been 
clipped were moved to holding ponds at the Old Sawmill Site on the 
outskirts of Lewiston, (river km 175.4) because of a lack of Space 
at TRH. These fish are scheduled to be released in April 1991. 

lj The use of brand names is for identification purposes only, and 
does not imply the endorsement of any product by CDFG. 





Recovery operations at TRH are scheduled to begin during spring 
1991 when fin-clipped fish from the 1988 and 1989 BY'S are first 
expected to return, and will be discussed in next year's annual 
report. 

RECOMMENDATIONS 

Personnel should be increased from one crew of four to two crews of 
four persons and two marking sheds should be used for marking next 
year, in order to speed up the marking process and increase the 
numbers of steelhead that can be marked within the allotted time. 
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