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Foreword 

This is the fifth annual report to the United States Bureau of 
Reclamation (USBR) of activities conducted under the terms of 
Cooperative Agreement Number 1-FG-20-09820, and covers the 
contract period July 1, 1992 through June 30, 1993. 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 UPPER T R I N I T Y  RIVER BASIN 

B e r n a r d  A g u i l a r  and Mark Z u s p a n  

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity Fisheries 
Investigations Project conducted a mark-and-recovery, salmon spawner survey of 
the mid-Trinity River basin from 15 September through 17 December 1992. We 
surveyed the mainstem Trinity River from the upstream limit of anadromous 
migration at Lewiston Dam to the confluence of the North Fork Trinity River. 
Selected portions of major tributaries that were accessible to anadromous fish 
were also surveyed. We examined 982 chinook salmon (Oncorhvnchus tshawvtscha) 
and 52 coho salmon (Q. kisutch) carcasses during the mainstem Trinity River 
survey. 

Chinook and coho salmon spawned throughout the entire mainstem survey area. 
Spawner density was highest in the uppermost 3.2 km of the river, with 
decreased densities in downstream survey zones. Spawner density waa more 
uniform between survey zones than in past years. We found 44 chinook and 11 
coho salmon carcasses during the tributary surveys. All chinook which spawned 
in the tributaries surveyed this season were fall-run. 

We recovered both spring-run and fall-run chinook salmon carcasses in the 
survey. Spring-run chinook salmon dominated recoveries in the mainstem until 
early November, thereafter fall-run fish became the predominant race. Coho 
salmon were first noted in the mainstem survey during the first week in 
November, reaching peak numbers in late November, and were gone by mid- 
December. 

Mainstem female prespawning mortality was 0.7% for spring-run chinook salmon, 
and 5.9% for fall-run chinook salmon. These were the lowest prespawning 
mortality rates for chinook salmon on record. The probable causes for the 
decreased pre-spawning mortality were the low spawner escapement, and 
increased holding and spawning habitat in downstream survey areas provided by 
higher river flows this year. 

Based on the recovery of adipose-fin-clipped chinook salmon carcasses, we 
estimated that 16.1% of the spring-run and 14.0% of the fall-run chinook 
salmon spawners observed in the mainstem survey were of hatchery origin. 

Fork lengths of spring- and fall-run chinook salmon from the mainstem Trinity 
River averaged 70.7 cm and 72.4 cm, respectively. Adult spring-run chinook 
salmon composed 81.3%, and fall-run fish composed 92.2%, of each respective 
run. Fork lengths of coho carcasses examined in the mainstem Trinity River 
averaged 65.3 cm. Adult coho composed 95.1% of the total number of coho 
carcasses examined in the mainstem. In the tributaries, fork lengths of fall- 
run chinook carcasses averaged 57.3 cm. Adult chinook composed 61.1% of the 
carcasses examined in the tributaries. 



OBJECTIVES 

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

To determine the size, sex composition, and incidence of 
marked and tagged individuals among the naturally spawning 
populations in the mainstem Trinity River and its 
tributaries upstream of, and including the North Fork 
Trinity River. 

To determine spawner distributions within the mainstem 
Trinity River upstream of 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-fifth salmon spawner survey conducted in the mainstem 
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 twenty- 
one (La Faunce 1965; Rogers 1970, 1973, 1982; Smith 1975; Zuspan 
1991, 1992a, 1992b, 1994; and works by Miller and Stempel 
[Appendix 11) 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 (U.S. 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 CDFG's 
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 

Mainstem Trinity River Spawner Survey 

Our study area included the mainstem Trinity River from the 
upstream limit of anadromous fish migration at Lewiston Dam 
(river km 180.1) to the confluence of North Fork Trinity River, 
63.4 km downstream (Figure 1). We surveyed this area once a week 
throughout the salmon spawning season. Previous studies have 
divided the river into either a four- or seven-zone system. The 
seven-zone system (Table 1) was used in 1987 by the United States 
Fish and Wildlife Service (USFWS) (Stempel, Appendix 1) and again 
in 1988, 1989, 1990, and 1991 by TFIP (Zuspan 1991, 1992a, 1992b, 
1994). Prior to this, with the exception of Moffett and Smith 
(1950), all surveys were based on a system using four zones in 
the river reach below Lewiston Dam (Gibbs 1956; La Faunce 1965; 
Rogers 1970, 1973, 1982; Smith 1975; Weber 1965; and work by 
Miller [Appendix 11). Our 1992-1993 data were collected based on 
both zone systems. We summarized data in this report based only 
on the seven-zone system as it allows comparisons of different 
river sections in finer detail. By also recording data using the 
four-zone system, we will be able to compare historic and current 
trends in other reports. 

River kilometers (RKM) for location references were taken from a 
series of 7.5-minute United States Geological Survey topographic 
maps, and refer to distances upstream from the mouth of the 
Trinity River (Appendix 2). 

TFIP staff conducted the survey using 12-ft ~von" 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 zones, 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. 

All carcasses we observed were identified by species and examined 
for an adipose fin-clip (Ad-clip) indicating the possible 
presence of a coded-wire tag (CWT) in their snout. To minimize 
the number of Ad-clipped fish missed during the spawner survey, 
all carcasses recovered were passed through a CWT detector. Fish 
which produced a positive reading with the detector, regardless 
of the condition of their adipose fin, were considered Ad- 
clipped. 

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 1. Map of the Trinity River basin showing the mainstem 
spawner survey zones and areas of the tributaries surveyed in the 
1992-93 spawner s u r v ~ y ,  



TABLE 1. Description and lengths of river zones used in the 1992-93 
mainstem Trinity River spawner survey. 

River Length 
zone (km) Zone description 

1 3.2 Lewiston Dam (RKMi 180.1) - Old Lewiston Bridge 
(RKM 176.9) 

2 7.9 Old Lewiston Bridge (RKM 176.9) - Browns Mtn. 
Bridge (RKM 169.0) 

3 10.2 Browns Mtn. Bridge (RKM 169.0) - Steel Bridge 
(RKM 158.8) 

4 10.4 Steel Bridge (RKM 158.8) - Douglas City Camp 
(RKM 148.4) 

5 12.0 Douglas City Camp (RKM 148.4) - Junction City 
Weir (RKM 136.4) 

6 12.5 Junction City Weir (RKM 137.1) - McCartney Pond 
(RKM 123.9) 

7 7.2 McCartney Pond (RKM 123.9) - mouth of North 
Fork Trinity (RKM 116.7) 

RKM = distance from the mouth of the river in km. 

Carcasses were further examined for the presence of an external 
tag (spaghetti tag) and an operculum punch, applied as part of an 
ongoing study by the Trinity River Project of the CDFG1s Klamath- 
Trinity Program. Spaghetti tags and operculum punches (Program 
marks) were placed on returning adult fish at two trapping and 
tagging stations for estimating escapement and harvest of adults. 
Spaghetti-tagged salmon also received an identifying operculum 
punch in order to estimate tag shedding rates. The downstream- 
most trapping site was Willow Creek Weir (WCW), located at RKM 
32.2 on the mainstem Trinity River. The other trapping site, 
Junction City Weir (JCW), was located in the spawner survey area 
at RKM 137.1. Spring-run and fall-run chinook salmon, coho 
salmon, and steelhead were trapped and tagged at both WCW and 
JCW. 

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



Chinook Salmon 

All recovered chinook salmon carcasses were further classified 
into four categories for data collection purposes: 1) Ad-clipped 
fish; 2) Program-marked fish; 3) unmarked (no Ad-clip or Program- 
mark), condition-one fish; and 4) unmarked, condition-two fish. 
The category assigned determined the subsequent processing of 
each carcass. 

We designated chinook salmon carcasses as either condition-one or 
-two, based on the extent of body deterioration. Condition-one 
carcasses were the freshest, having at least one clear eye and a 
relatively firm body. Condition-one carcasses 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. 

Heads of Ad-clipped carcasses were removed and retained for later 
CWT recovery and decoding. 

Program-marked carcasses were sexed and the females' spawning 
condition assessed. We removed any spaghetti tags, then cut the 
carcass in half to prevent recounting in future weeks. Spaghetti 
tags had a unique number which allowed determination of the date 
and location of tagging. 

Unmarked condition-one carcasses were flagged and returned to 
moving water for subsequent recovery. We flagged and measured 
the first 30 chinook carcasses from each zone and tallied the 
remainder. Flags consisted of plastic surveyor's tape wrapped 
tightly around a colored hog ring and affixed to the left 
mandible of the carcass. The surveyor's 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, 
upon recovery, the week of flagging could be determined. The hog 
rings used to attach the flagging were also color-coded to 
indicate in which zone they were affixed, so that we could 
determine the incidence of carcasses drifting into another 
recovery zone. A systematically collected sample of carcasses 
was measured to the nearest cm of fork length (FL). Chinook ( 55 
cm were preliminarily classified as grilse during the carcass 
surveys. Actual grilse to adult ratios for the whole population 
of chinook salmon in this year's run were determined from post- 
season evaluations of length frequency and CWT data. Adult and 
grilse salmon analysis in this report was based on the post- 
season size determinations. 



Unmarked condition-two carcasses were checked for the presence of 
a flag and, if possible, the sex and females' spawning condition 
were assessed. If a flag was present, the color of the flagging 
tape and the underlying ring were recorded. All carcasses were 
then cut in half to prevent future recounting. 

Coho Salmon 

All coho salmon (coho) carcasses recovered were measured (cm FL) 
and checked for the presence of Ad-clips or Program-marks only. 
When possible, sex and females' spawning condition were 
determined and then they were cut in half to prevent future 
recounting. Coho carcasses were not flagged because they would 
have required a separate series of flag colors to differentiate 
them from flagged chinook salmon. Condition-one or -two was 
recorded only for Program-marked and Ad-clipped coho. 

Tributary Spawner Surveys 

Tributaries to the mainstem Trinity River, specifically Rush 
Creek, Grass Valley Creek, Indian Creek, Reading Creek, Browns 
Creek, Weaver Creek, Canyon Creek, the East Fork of the North 
Fork Trinity River, and the mainstem North Fork Trinity River, 
were surveyed on foot once a week throughout the chinook salmon 
spawning season (Figure 1). Sections surveyed for each tributary 
ranged in length from 0.5 to 2.5 km, and were chosen based on 
accessibility and their historic use by chinook salmon spawners. 
The surveys began with the onset of chinook salmon spawning in 
each tributary and continued until spawning ended. During the 
first week of our surveys, Grass Valley, Indian, and Reading 
creeks were the only tributaries surveyed because the others 
contained little water and were inaccessible to salmon. 

We designated all identifiable chinook salmon carcasses into the 
four categories used in the mainstem spawner survey and handled 
them accordingly. However, spawning condition was not assessed 
for tributary carcasses. In past surveys, too few fish were 
observed in the tributaries to compose a representative sample, 
and most of those observed were condition-one fish which we 
needed to flag for spawner estimates. Coho were measured, 
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 that was represented by the 
length of stream we surveyed. 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 proportion of redds 
present in a survey zone was assumed to represent the percentage 



of a tributary's total spawning taking place within the zone. 

RESULTS AND DISCUSSION 

Numbers Observed 

Mainstem Trinitv River S~awner Survevs 

Chinook Salmon. We examined 982 chinook salmon carcasses 
during the mainstem spawner survey. These included 11 Ad-clipped 
fish, 57 Program-marked fish (two of which were Ad-clipped), 456 
unmarked condition-one carcasses which we flagged, and 460 
unmarked condition-two carcasses. We recovered 139 carcasses 
which we had flagged in previous weeks (Appendix 3). No whole 
fish skeletons were observed. 

Coho Salmon. We did not observe any coho carcasses until the 
eighth week of the survey. We recovered 51 adult and 2 grilse 
coho carcasses, including 1 Ad-clipped and 11 Program-marked 
carcasses (one of which was also Ad-clipped), and did not see any 
whole fish skeletons (Appendix 4). 

Tributary Spawner Surveys 

Chinook Salmon. We found only 44 chinook salmon carcasses in 
the ten tributaries surveyed this season. These consisted of 36 
condition-one carcasses which we flagged, 3 Program-marked 
carcasses, and one Ad-clipped carcass. We also counted 8 fish 
skeletons. We recovered 14 chinook carcasses which we had 
flagged in prior weeks (Appendix 5). 

Coho Salmon. We examined 11 coho carcasses in the tributaries 
this season (Appendix 5), including two which were Program- 
marked. No fish skeletons were observed. 

Distinguishing Between Spring and Fall Chinook Salmon Runs 

Since both spring and fall runs of chinook salmon (spring chinook 
and fall chinook) wereobserved in the mainstem survey, we 
subjectively determined a date separating the two races based on 
recoveries of CWTed and Program-marked chinook salmon. Spring 
chinook dominated our recoveries through the eighth week of the 
survey ending 8 November 1992. Overlap of spring and fall 
chinook occurred beginning the sixth week of the survey. Fall 
chinook became predominate by the ninth week which began 
9 November 1992. For the purposes of this report, the 225 
flagged chinook carcasses recovered prior to 9 November were 
considered spring-run, while the 231 flagged carcasses recovered 
from that date onward were considered fall-run (Figure 2). 
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FIGrrrte 2 .  Weekly proportions of spring- and fall-run chinook salmon observed in 
the 1992-93 Trinity River spawner survey. The arrow shows the designated 
separation between the spring and fall runs. 

For comparison, separation dates of spring and fall chinook in 
previous years were 11 October in 1988, 23 October in 1989, 29 
October in 1990, and 28 October in 1991 (Zuspan 1991, 1992a, 
1992b, 1994). 

Size Composition 

S~rinq-run Chinook Salmon 

We measured 225 spring chinook during the mainstem survey. Adults, 
designated as fish >56 cm FI?', composed 81.3% of the spring 
chinook observed, while grilse (fish (56 cm FL) composed the 
remaining 18.7%. For comparison, the percentages of grilse for 
spring chinook sampled at JCW, and Trinity River Hatchery (TRH [RKM 
180.11) were 41.5% and 28.9%, respectively (Table 2). Data from 
WCW was not included in this comparison as only a small portion of 
the late spring chinook population was sampled there. There was a 
significant difference between the percentages of grilse sampled in 
the survey and at the two fixed sites (x2=53.4, df=2, P<0.0001). 
Mainstem spring chinook ranged in size from 41 to 101 cm FL, 
averaging 70.7 cm FL (Figure 3 ) .  

2' Determined from post-season analysis of length frequency and 
coded-hvire tag recoveries. The data used for the analysis were 
those collected during run-size-estimate studies (Chapter IV). 



TABLE 2. Size composition of spring-run chinook salmon observed in 
the spawner survey and at two fixed locations in the mainstem Trinity 
River during the 1992-93 season. 

Junction Trinity Mainstem 
City River spawner 
Weir Hatchery survey 

Grilse " 272 533 4 2 

Adults 

% Grilse 

a/  Spring-run chinook salmon 5 5 6  cm FL were considered g r i l s e  based on a post- - 
season analys i s  of length frequency and recovered coded-wire t a g s .  

42 46 S C  54 58 62 66 70 " 4  78 82 86 90 94 98 102 

4 4  48 52 56 6G 64 h8 72 76 80 84 88 ' 2  45 1CO 

Fork L e n g t h  (cn) 

FIGURE 3. Fork length distribution, in 2-cm increments, of spring-run 
chinook salmon measured in the maihstem Trinity River during the 
1992-93 spawner survey. 



All chinook carcasses in the tributary surveys were recovered after 
9 November 1992, so we assumed that no spring chinook spawned in 
the tributaries. 

Fall-run Chinook Salmon 

We measured 231 fall chinook carcasses during the mainstem survey 
this season. Based on a minimum size of 50 cm FI?' for adults, 
92.2% of the fall chinook measured were adults and 7.8% were grilse 
(Table 3). The percentages of fall chinook grilse at the different 
sampling sites, including the tributary survey, ranged from 5.3% to 
38.9%, and when tested for independence, the difference in grilse 
proportions between sites was highly significant (x2= 1468.22, df=4, 
P=O). Mainstem fall chinook ranged in size from 41 to 98 cm FL, 
averaging 72.4 cm FL (Figure 4). 

W e  measured 36 fall chinook carcasses in the tributaries this year. 
Of these, 61.1% were adults and 38.9% were grilse (Table 3). 
Tributary fall chinook ranged in size from 39 to 90 cm FL, 
averaging 57.3 cm FL. 

Coho Salmon 

We measured 41 coho carcasses in the mainstem Trinity River. 
Adults, designated as fish >50 cm FL?', composed 95.1% of the coho 
measured, with grilse composing the remaining 4.9% (Table 4). The 
percentages of coho grilse at the different sampling sites ranged 
from 4.9% to 33.8% (Table 4), but the differences were not 
significant (X2= 34.89, df=3, P=O). Mainstem coho ranged in size 
from 41 to 84 cm FL, averaging 65.3 cm FL (Figure 5). 

Sex Composition 

Sex was determined only for carcasses observed during surveys in 
the mainstem Trinity River that were either unmarked condition-two, 
Program-marked, or flagged recoveries. 

Chinook Salmon 

We determined the sex of 522 adult chinook carcasses during the 
survey (212 spring-run and 310 fall-run). Of the adult spring 
chinook observed, 66.5% were females, while adult fall-run fish 
were 58.7% females. Overall, the weekly proportions of females 
seen in the survey were higher during the late and middle periods 
of each respective run (Figure 6). The seasonal trends in sex 
ratios noted in the previous three years' surveys showed females 
more predominant during the early and late weeks of the survey and 
lowest during the middle weeks (Zuspan 1992a, 1992b, 1994). 

liDetermined from post-season analysis of length frequency and 
coded-wire tag recoveries. The data used for the analysis were 
those collected during run-size-estimate studies (Chapter IV). 



TABLE 3 .  Size composition of fall-run chinook salmon observed in the 
spawner surveys and at three fixed locations in the Trinity River 
basin during the 1992-93 season. 

Willow Junction Trinity Mainstem Tributary 
Creek City River spawner spawner 
Weir Weir Hatchery survey survey 

Grilse a/ 80 195 211 18 14 

Adults 330 4 3 3,779 213 22 

% Grilse 20.7% 26.4% 5.3% 7.8% 38.9% 

a/ Fall-run chinook salmon 5 49 cm FL were considered grilse based on a post- - 
season analysis of length frequency and coded-wire tag recoveries. 

4 2  4 6  5 0  5 4  58 6 2  6 6  70 7 4  78 8 2  8 6  9 0  9 4  q 8  

4 +  48 5 2  5 c 3  4 6 3  72 76 e0 84 9 e  "2 9 6  

F o r k  L e n g t h  (cm) 

FIGURE 4 .  Fork length distribution, in 2-cm increments, of fall-run 
chinook salmon measured in the mainstem Trinity River during the 
1992-93 spawner survey. 



TABLE 4 .  Size composition of coho salmon observed in the mainstem 
spawner survey and at three fixed locations in the Trinity River basin 
during the 1992-93 season. 

Grilse 

Willow Junction Trinity Mainstem 
Creek City River spawner 
Weir weir Hatchery survey 

93 26 1,210 2 

Adults 3 12 6 9 2,372 39 

% Grilse 23.0% 27.4% 33.8% 4.9% 

a/ Coho salmon 5 50 cm FL were considered grilse based on post-season analysis 
of length frequency and coded-wire tag recoveries. 

4 2  4 6  5 3  5 4  5 8  62 6 6  7 0  74 78 8; 

4 4  4 8  5 2  5 6 0  c ¶  68 7 2  7 6  8 3  8 4  

F o r k  L e n g t h  (cm) 

FIGURE 5 .  F ~ r k  length distribution, in 2-cm increments, of coho 
salmon measured in the mainstem Trinity River during the 1992-93 
spawner surve . 



S t a r t  D a t e  o f  S x r v e y  Week 
FIGURE 6. Proportions of female adult chinook carcasses observed in the mainstem 
Trinity River during the 1992-93 spawner survey. The arrow shows the estimated 
separation between the spring and fall runs. 

A preponderance of adult females in the chinook run has been noted 
in all but two of the previous surveys. Female proportions have 
ranged from 73.6% to 25.8% (Appendix 6). Increased numbers of 
females among adult spawners result when more males than females 
return as grilse for a particular brood year. 

Coho Salmon 

We determined the sex of 51 coho, 17 (33.3%) of which were 
females. For comparison, 42%, 57%, SO%, and 60% of the coho 
examined in the 1988 through 1991 seasons, respectively, were 
females (Zuspan 1991, 1992a, 1992b, 1994). 

Prespawning Mortality 

Prespawning mortality was determined only for carcasses observed 
during surveys in the mainstem Trinity River that were either 
unmarked condition-two, Program-marked, or flagged recoveries. 

Chinook Salmon 

We determined the spawning condition of 185 adult female chinook 
salmon, including 51 spring-run and 134 fall-run fish. Prespawning 
mortality rates were 5.9% (3/51) and 0.7% (1/134) for female sprinq 
and fall chinook, respectively. 



The overall female prespawning mortality rate for both races 
combined (spring- and fall-runs) was 2.2%. The lowest on record 
was 1.1% in 1991, with past prespawning mortality rates reported as 
high as 44.9% (Appendix 7) . 
Prespawning mortality of chinook in the Trinity River basin appears 
to be correlated to spawner escapement. Specifically, as spawner 
escapement increases so does prespawning mortality. The CDFG's 
Trinity River Project has developed chinook salmon escapement 
estimates for both runs of salmon in the Trinity River basin since 
1978. Prespawning mortality was determined for the periods 1978 
through 1982, and for 1987 to the present. During those periods, 
escapement has ranged from 6,135 to 100,913 while prespawning 
mortality rates have ranged from 1.1% to 44.9% (Appendix 7). With 
the exception of 1980, prespawning mortality generally increased 
with increasing escapement (Figure 7). The high prespawning 
mortality noted in 1980 may have been due to a sampling deficiency. 
During that year, only a total of 63 female chinook was checked for 
spawning condition. A regression analysis of escapement and 
prespawning mortality indicates a statistically significant 
correlation ( ~ ' = 0 . 4 4 ,  P=.026) even with the 1980 data included. 
Without the 1980 data, the statistical significance is much greater 
(~ '=0 .73 ,  P=.OOl) . 

FIGURE 7. Comparison of adult chinook salmon natural spawner 
escapement and adult female chinook salmon prespawning mortality for 
the mainstem Trinity River, 1978-1982, and 1987-1992. 



Coho Salmon 

Seventeen adult female coho carcasses were examined for spawning 
condition during the survey. This sample size may not be adequate 
to accurately represent prespawning mortality. Of the coho 
examined, two (11.8%) of the fish had died prior to spawning 
(Appendix 4). For comparison, the prespawning mortality rates of 
adult female coho salmon were 25.6%, 6.2%, 13%, and 0% in 1988 
through 1991, respectively (Zuspan 1991, 1992a, 1992b, 1994). Coho 
prespawning mortality was not reported in surveys prior to 1988. 

Salmon Spawner Distribution 

Salmon spawner distribution in the mainstem Trinity River is 
presented based on the seven-zone system first used in 1987 
(Stempel, Appendix 1). The results from Zones 5, 6, and 7 were 
combined this year because too few flagged chinook were recovered 
in these individual zones. Distribution estimates are for adult 
fish only. 

Chinook Salmon 

Mainstem Trinitv River. We examined 862 adult chinook salmon 
carcasses in the mainstem this season, excluding flag recoveries. 
The numbers of chinook salmon spawners ranged from 222 fish in 
Zone 2 to 124 fish in Zone 3 (Table 5). We recognized that carcass 
counts alone could not accurately describe distribution, because 
carcass recovery can vary from zone to zone, due to differences in 
stream morphology. Therefore, a recovery efficiency was calculated 
for each zone based on the ratio of flagged carcasses recovered to 
total carcasses flagged. This efficiency was used to expand the 
numbers of unflagged carcasses found in the respective zone, and 
obtain an overall weighted distribution and proportions of spawners 
in the entire survey area. 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 2 
(Table 5). Spawner densities, based on expanded totals of 
unflagged carcasses in a zone and the length of the zone, was 
highest in Zones 1 and 3 (84.4 and 81.1 spawners/km, respectively), 
and decreased in a downstream direction (Table 5, Figure 8). 

This pattern of relatively higher chinook salmon spawner 
concentrations in the upstream sections has been noted in all 
previous Project study years (Zuspan 1991, 1992a, 1992b, 1994), but 
was much less pronounced during the past two years. Spawners were 
much more evenly distributed throughout the mainstem during the 
most recent surveys (Figure 8). 

It is possible that increases in river flow during the late summer 
and fall were responsible for the more even distribution of 
spawners. The flows averaged about 150 CFS higher this year 



TABLE 5 .  Adult chinook salmon spawner distribution and estimated 
density by river zone during the 1992-93 Trinity River spawner survey. 

Zones described in Figure I and Table 1. 
Y Tau1 adult shinmk ~ h o n  abscwed, excluding Osg msorscica. 

* Compuud fmm: Pohl unflagged observed!(% flags rriovcredilW3)). * Cornpuud fmm: Expandd tolal1Zone length (km). 
Zones combined because loo few chinook carcasses were recovered lo develop recovery 

smci~nciss  for individual mnsa. 

(450 compared to 300 CFS), in an attempt to keep river temperatures 
within specified criteria; although, temperatures were not 
significantly lower than in previous years. However, higher flows 
probably increased holding and spawning habitats, allowing chinook 
salmon to spawn farther downstream. It should also be noted that 
decreases in spawner escapement over the last few years may somehow 
have caused spawners to distribute themselves more evenly. While 
there has been a steady decrease in spawner escapement, the 
densities of spawners has become less disproportionate between the 
downstream zones during the past two surveys (Figure 8). 

A potential source of error in the estimates was the assumption 
that flagged chinook salmon carcasses were recovered only in the 
zone in which they were originally flagged. If flagged carcasses 
were 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. This season, all flags were recovered in 
the same zone in which they were originally flagged. This 
indicated that carcass drifting had no effect on chinook 
distribution estimates, similar to results in the 1990-91, and 
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FIGURE 8 .  Estimated adul t  chinook salmon spawner d e n s i t y  by zones during t h e  1987 
through 1992 mainstem T r i n i t y  River spawner surveys .  

1991-92 seasons (Zuspan 1992b, 1994). Even during the 1989-90 
season the proportion of flags that drifted into other zones was 
still less than 1% (Zuspan 1992a). 

Tributaries. Spawning adult chinook salmon made very limited 
use of tributaries this year. Few chinook salmon carcasses were 
observed this season, so we used redd counts to describe spawner 
distribution, as was the case during the 1990-91, and 1991-92 
seasons (Zuspan 1992b, 1994). 



We located 94 salmon redds in the nine tributaries surveyed this 
season. Since we could not differentiate a chinook from a coho 
salmon redd during the surveys, we used the relative proportion of 
chinook and coho salmon carcasses observed in the individual 
tributaries to apportion the redds by species. Based on this 
apportioning, there were an estimated 75.2 chinook salmon redds 
overall this season with individual tributary estimates ranging 
from 20.0 for Grass Valley Creek to 0.5 for Weaver Creek (Table 6). 

Coho salmon 

Mainstem Trinity River. We observed 51 adult coho carcasses in 
the mainstem spawner survey this year, most of which were seen in 
Zones 1 and 2 (Table 7). Since coho were not flagged, we estimated 
the numbers of coho which spawned in each zone using the recovery 
efficiency for that zone developed from chinook salmon flag 
recoveries. Coho spawner density was highest in Zone 1 (6.9 
fishfkm) and ranged from 4.6 to 1.0 fish/km in the other zones 
(Table 7). 

Tributaries. We observed 11 coho carcasses during the tributary 
surveys. They were seen in Weaver Creek, the East Fork of the 
North Fork Trinity River, Rush Creek, Grass Valley Creek, Indian 
Creek, and Canyon Creek. (Appendix 5). When the observed redds 

TABLE 6 .  Observed salmon redd numbers and e s t i m a t e d  d i s t r i b u t i o n  f o r  t h e  1992-93 
T r i n i t y  River t r i b u t a r y  spawner survey.  

Roponional redd 
Numbcr obnewed distribution -Y 

Chinmk Coho 
Tributary C I T C ~ S ~ ~  carcass$ Redds Chinook Coho 

Rush Creek 

Gmrr Valley Creek 

Indian Creek 

. Reading Creeks 

Bmwnr Creck 

Weaver Creek 

Canyon Creck 

N. Fork Mnit] R.(NFTR) 

E. Fork of lhs NFTR 

Totals: 

&erall: 75.2 16.8 

U Computed by pmponioning lhs reddr o b s w e d  by Re numbers o f s d  syssiss ubservsd. Chi-k redds = Rsdds x chinmk observed I 
(chinook ob~crvcd + coho obrervsi). 
! Sinrs no fish we= obrsrvcd in L%r crrek lhc wdd p n p o n i x h g  *ar calculated by "sang rhc roml chinmk and coho for all c r e e k .  



were apportioned by species, there were an estimated 18.8 coho 
redds overall in the tributary survey. The highest estimated 
number of redds (3.6) occurred in Rush Creek (Table 6). 

Marked Salmon Recovery 

Incidence of Proqram-marked Salmon 

We observed Program-marks (spaghetti tags and/or operculum punches) 
on 36 spring and 21 fall chinook carcasses in the mainstem Trinity 
River spawner survey. Program-marked spring and fall chinook were 
recovered from both JCW and WCW (Table 8). Of the 57 Program-marked 
chinook salmon we observed, 33 were condition-one carcasses and 24 
were condition-two carcasses. 

We used only condition-one chinook salmon carcasses observed to 
determine the proportion of Program-marked chinook salmon in the 
spawner survey. This is because we were more likely to correctly 
identify a Program-mark on a fresh (i.e. condition-one) fish than 
one in an advanced state of decomposition (Table 8). 

TABLE 7 .  Adult coho salmon spawner estimated distribution and 
densities by river zone during the 1992-93 mainstem Trinity River 
snawner survev. 

Zone % of Spawner 
length Total Observation Expanded expanded density 

Zone Oan) observed efficiencv total 5' total (fish/km)c 

1 3.2 13 59.3% 22 14.2% 6.9 

2 7.9 I5 41.4% 36 23.2 % 4.6 

3 10.2 2 15.0% 13 8.4% 1.3 

4 10.4 3 28.6% 10 6.5% 1 .O 

5-7 31.7 - 18 24.3% - 74 47.7% 2.3 

Totals: 63.4 51 155 100.0% 

Overall: 33.2% 3 

?' Zones described in Figure I and Table 1 .  
b' Observation efficiency equals the total recovery rate of flagged chinook salmon in each zone 
' Computed From: Total observed/(observation efficirncy1100). 

Computed from: Expanded totaliZone length (km). 
'' Zones combined because too few coho carcasses were recovered to develop observation 
dt2iencizs for individual zones. 



Recovery of spring-run condition-one Program-marked chinook was 
over 2% times (9.4%) that of similar fall-run fish. Spring 
chinook Program-marked at JCW made up a larger percentage (7.8%) of 
observed carcasses than those from WCW. Program-marked fall 
chinook from WCW (2.5%) were recovered at twice the rate of those 
from JCW. 

We did not record the condition of coho during the survey so we 
could not separate out the proportion of Program-marked condition- 
one fish. Eleven Program-marked coho, ten from WCW and one from 
JCW, were recovered in the mainstem Trinity River, constituting 
21.6% of all adult coho carcasses observed (Table 8). 

Estimation of Adioose Fin-clioped Salmon Proportions 

We recovered 11 chinook salmon carcasses and only one coho salmon 
carcass in the mainstem spawner survey which appeared to be Ad- 
clipped. Based on CWTs recovered from the chinook carcasses, three 
were spring-run, and three were fall-run of TRH origin 
(Appendix 8). One CWT was from a naturally produced chinook, more 
than likely a spring-run. There were four carcasses which were Ad- 
clipped but whose CWTs were either unreadable or shed. 

The proportion of Ad-clipped chinook salmon in the spawner survey 
was estimated by analyzing only those Ad-clipped fish that had CWTs 
(Ad+CWT) and were condition-one carcasses. Carcasses in advanced 
decomposition (i.e. condition-two fish) were more likely to have 
shed their CWT. The percentage of Ad+CWTs observed in fall chinook 
condition-two carcasses was only 0.3% (1/337), while for condition- 
one carcasses, it was 1.2% (3/243). Our estimates of the Ad- 
clipped proportion in the spawner survey, however, were not 
comparable to the proportions of Ad-clipped fish observed returning 
to JCW, WCW, and TRH. This was because in the spawner survey we 

TABLE 8. Proportions of recovered Program-marked (spaghetti-tagged & operculum- 
punched) adult salmon carcasses in the 1992-93 mainstem Trinity River spawner 
survey. 

Springrun chinook Fan-run chinook Coho salmon 

k % % 
hogram Total Program Program Total Program Program Total Program 

Tag site marks * observed marks marks * obselved marks marks observed' marks 

Wdow Creek Weir 6 256 1.6  6 243 2.5 10 51 19.6 

Junction City Weir a - 256 - 7.8 - 3 - 243 - 1.2 1 - - 51 2 2  
Totals: 24 256 9.4 9 243 3.7 1 1  51 21.6 

* Pmgrnm marks include spaghelli lags and operculum punches. 
Only condition*ne chinook salmon were used for this count. 

@ Both condmon-une and condition-two coho salmon werc ured for this count 



considered as Ad-clipped only those carcasses that had CWTs, while 
at the other sites all Ad-clipped fish even without CWTs were 
counted. To make our estimated proportions more comparable, we 
expanded the numbers of condition-one Ad+CWT carcasses observed in 
the spawner survey by a CWT shedding rate for Ad-clipped chinook 
salmon observed at T&-'. During this season, 26.1% (57/218) of 
the Ad-clipped spring chinook, and 11.3% (391344) of the Ad-clipped 
fall chinook at TRH had shed their CWTs. Expanding our counts of 
condition-one Ad+CWT carcasses in the spawner survey by the 
aforementioned CWT shedding rates, 1.9% of the spring, and 1.2% of 
the fall chinook observed in the spawner survey were Ad-clipped. 

Incidence of Hatchery-produced Chinook Salmon 

We determined the incidence of hatchery-produced chinook salmon 
among the carcasses seen in the spawner survey by comparing the 
ratios of Ad-clipped (hatchery-marked) chinook salmon at various 
locations within the river. 

The proportions of Ad-clipped spring and fall chinook varied at the 
different recovery sites, probably partly as the result of 
hatchery-produced fish homing to the hatchery. Since naturally 
produced chinook salmon would become less abundant in upstream 
areas as they spawned in the lower mainstem or its tributaries, we 
would expect that the percentage of hatchery-produced chinook in 
the population would increase progressively at each upstream 
sampling site, and would be highest at the hatchery. Ad-clipped 
chinook salmon relative occurrence was highest at the hatchery, 
intermediate at the weirs, and lowest in the mainstem Trinity River 
spawner survey (Table 9). The Ad-clip ratio seen in the spawner 
survey may have been less than at the weirs, since the weirs 
captured both hatchery and natural upstream migrants, while the 
spawner survey emphasized in-river spawners which would be more 
likely to be naturally produced fish. 

S~rina-run Chinook Salmon 

The percentage of Ad-clipped spring chinook observed at the three 
locations in the Trinity River basin below Lewiston Dam ranged from 
1.9% to 11.8% (Table 9), and were significantly different from each 
other (X2= 17.42, df=2, P=0.0006) . 
During 1988 through 1990, based on expansions of CWT recoveries, 
approximately 97% of the spring chinook recovered at TRH were of 
hatchery origin. But in 1991, the proportion was 65.4% (Zuspan 
1994). This year, using the same methodology, an estimated 72.1% 

4' Percent Ad-clipped chinook in spawner survey = condition-one 
Ad+CWT carcasses / (1 - CWT shedding rats at TRII). 



of the spring chinook at TRH were of TRH origin. The apparent 
lower proportions during the last two seasons were artifacts of the 
high CWT shedding rates, which would have had the effect of 
decreasing the estimates of TRH-produced fish returning to the 
hatchery. We believed the actual percentage of hatchery-produced 
chinook salmon returning to TRH was similar to the higher 
proportions seen in previous years. Therefore, we assumed that the 
1 1 . 8 %  Ad-clip ratio for spring-run fish observed at TRH represented 
a population of 100% TRH-origin chinook salmon. Since only 1 .9% of 
the spring-run chinook salmon carcasses in the spawner survey were 
Ad-clipped, we estimated that 16 .1% ( 1 . 9 J 1 1 . 8 )  were of hatchery 
origin, while the remaining 83.9% were naturally produced. 

Fall-run Chinook Salmon 

The Ad-clip percentage of fall-run chinook salmon ranged from 1.2% 
to 8.6% at the four sampling sites this season (Table 9 ) .  The 
differences in chinook salmon Ad-clip roportions among the four 
sites was statistically significant [xP=38 . 8 6 ,  df=3, P=O) . 
Since most of the fall-run chinook recovered at TRH were estimated 
to be of hatchery origin (based on expansions of CWT recoveries), 
we assumed that the 8 . 6 %  Ad-clip ratio for fall-run fish observed 
at TRH represented a population of 1 0 0 %  hatchery-produced chinook 
salmon. Since only 1 . 2 %  of the fall-run chinook salmon in the 
spawner survey were Ad-clipped, we estimated that 14.0% ( 1 . 2 1 8 . 6 )  

TABLE 9. Comparison of the estimated proportions of adipose fin- 
clipped chinook salmon in the mainstem spawner survey to those 
observed at three locations on the Trinity River during the 1 9 9 2 - 9 3  
season. 

Spring-run chinook Fall-run chinook 

Site Ad-clips Total '+ % Ad-clips Ad-clips @ Total X Ad-clips 

Willow Creek Weir 2 33 6.1 15 386 3.9 

Junction City Weir 45 656 6.9 42 738 5.7 

Trinity River Hatchery 218 1,846 11.8 344 3,990 8.6 

Mainstem Trinity River survey 5 256 1.9 3 243 1.2 

AU adipose fin-clipped h h  were counted at lhc weirs and hatchery. Only condition-onc carcasses with coded-wire tags were 
comidcred Adclipped for the spawner sulvey. l k  spawncr surrey recaved  four spring and three fall chinwk which had both 
Adslips and codcd-wire tags. Thesc numbers were cxpmdcd to account for Adslipped fsh  which may haw shed their tags. 

Coded-wLe tag rhcdding rats= were from thrs ysar's Trinity Rivcr Hatchery coded-wire tag rrcovcry mards. 
b-' TTriniry River Hatchery total is m cstlmatc based on coded-win tag reaovsrics. 
5' Only a s m a l l  portion of lhc late S p ~ g - m n  chinook &an population was sampled sr thin site. 



were of hatchery origin, while the remaining 86.0% were naturally 
produced. 

Computational Assumptions 

There were several assumptions which could be potential sources of 
error in using the above methods to determine the incidence of 
hatchery fish spawning in the river. We assumed that field 
personnel actually observed all possible Ad-clips (according to our 
criteria). Using the strict protocol similar to last year (i.e. 
using a CWT detector on all carcasses, and by considering only 
condition-one carcasses), we presumed we were successful at 
accounting for essentially all Ad+CWT fish during our survey. We 
also assumed that the probability of observing and recovering an 
Ad-clipped fish was the same in the survey as at the hatchery, and, 
most importantly, that the ratios of Ad-clipped to unmarked 
hatchery fish were the same in the spawner survey as at TRH. Since 
different chinook salmon release groups were Ad-clipped at 
different ratios, this last assumption is only valid if the various 
CWT groups occurred in the spawner survey in the same proportions 
as among the fish recovered at TRH. 

RECOMMENDATIONS 

This is the fifth year of a multi-year effort of spawner surveys in 
the Trinity River basin. The following recommendations should be 
considered: 

1. Spawner survey activities should be continued, with current 
objectives, in FY 1993-94 and beyond. 

2. To increase the number and accuracy of our Ad-clip salmon 
recoveries, we should continue to pass all salmon through a 
tag detector. This should allow us to more reliably estimate 
the proportion of hatchery- and naturally produced fish 
spawning in the wild. 

3. Flows from Lewiston Dam should be increased during the late 
summer to mid-fall period from the base 300 CFS to 
approximately 450 CFS. The purpose of the higher flows would 
be to distribute chinook salmon spawners more evenly in the 
mainstem Trinity River. A more even distribution of spawners 
should also lead to a decrease in prespawning mortality. The 
increased flows could be especially important during years of 
high escapement when chinook salmon in the Trinity River have 
historically suffered unusually high prespawning mortality. 
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APPENDIX 1. Other sources of data. 

Researcher: Edward Miller 
File report title: Untitled 
Study years: 1972-1974, 1976, 1978-1982, 1984, 1985 
Available from: Calif. Dept. Fish and Game - Region I, 601 

Locust St., Redding, CA. 96001. 

Researcher: Mike Stempel 
File report title: Chinook Salmon Spawning Survey in the Upper 

Trinity River During the Fall of 1987 
Study year: 1987 (published 1988) 
Available from: USFWS F.A.O., P.O. Box 1450, Weaverville, CA 

96093 



APPENDIX 2. List of maps used to identify the river km of 
locations used during the 1992-93 Trinity River spawner survey. 

Lewiston Quadrangle, California-Trinity Co.; 7.5 Minute Series 
(Topographic). N4037.5-W12245/7.5, Ref. 649-lC, U.S. Dept. of 
the Interior, Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1983; 1:24,000; 71 
X 56 cm; b/w. 

Weaverville Quadrangle, California-Trinity Co.; 7.5 Minute 
Series (Topographic). N4037.5-W12252.5/7.5, Ref. 649-2C, U.S. 
Dept. of the Interior, Geological Survey; modified for USDA 
Forest Service; Provisional Edition 1982, Revised 1983; 
1:24,000; 71 X 56 cm; b/w. 

Junction City Quadrangle, California-Trinity Co.; 7.5 Minute 
Series (Topographic). N4037.5-W12300/7.5, Ref. 650-lC, U.S. 
Dept. of the Interior, Geological Survey; modified for USDA 
Forest Service; Provisional Edition 1982, Revised 1984; 
1:24,000; 71 X 56 cm; b/w. 

Dedrick Quadrangle, California-Trinity Co.; 7.5 Minute Series 
(Topographic). N4045-W12300/7.5, Ref. 668-4C, U.S. Dept. of 
the Interior; Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1984; 1:24,000; 71 
X 56 cm; b/w. 

Helena Quadrangle, California-Trinity Co.; 7.5 Minute Series 
(Topographic). N4045-W12307.5/7.5, Ref. 668-3C, U.S. Dept. of 
the Interior, Geological Survey; modified for USDA Forest 
Service; Provisional Edition 1982, Revised 1984; 1:24,000; 71 
X 56 cm; b/w. 









APPENDIX 6. Sex compositions of adult chinook salmon obsewed during the mainslem Trinity river spawner SUNeys from 1942 through 1992. 

Spring-run chinook Fall-run chinook Total chinook___ 
Literature Males Females M a l e s  Females Females M e l e s . -  _-_ppp 

Study y ~ r  
~ ~ ~~ 

source Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent 
1942-1945 4 MofletVSmith 11950) 201 35.6 364 64.4 

Gibbs (1956) 
Websr (1965) 

LaFaunce (1965) 
Rogers (1 970) 
Smith (1975) 

Rogers (1 973) 
' (1982) 

Miller (1 972) 
(1973) 
(1974) 

' (1976) 
' (1978) 
' (1979) 

(1960) 
(1981) 
(1982) 

' (1984) 
119851 

stempei (1988) 
Zuspan (1991) 

zuspan ( i992i) 
Zuspan (1992b) 
Zuspan (1994) 
Current study 

4 spring-run and fall-run chinook aaimon were not reported separately. 
b/ Griiae chinook aaimon were Included in these counts. 





APPENDIX 8. Release and recovery data for coded-wire-tagged salmon recovered in the 1992-93 mainstem Trinity 
River spawner sunrey. 

CWT /a 
-- 

Total: 

Brood 
Release data 

Number 
Species Race year . -. Type b/ Location c l  Date Number recovered 

Chinook Spring 1987 f Sawmill 05/23/88 185,718 1 
Chinook Spring 1988 f TRH 05/23/89 181,698 1 
Chinook Fall 1988 Y TRH 10/27/89 97,569 3 
Chinook Mixdl  1988 f Junction City 03129-05/12/879 15,703 1 
Chinook Spring 1989 Y TRH l0/01 190 102,555 1 

a/ Coded-wire tag number for release group. 
b/ Release types were: f=fingerling; y=yearling. 
c l  All release locations were in the mainstem Trinity River. TRH= Trinity River Hatchery. 
d l  Mixed race releases were naturally produced chinook and may include both spring- and fall-run chinook. 
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SALMON IN THE TRINITY RIVER BASIN 

Bernard Aguilar 

ABSTRACT 

Staff of the California Department of Fish and Game's Trinity Fisheries 
Investiaations Proiect conducted a t r a ~ ~ i n a  and coded-wire taaaina o~eration 
for nat&ally prod&ed, juvenile chinobi silmon (~ncorhvnchus~tshiwvtscha) on 
the mainstem Trinity River below Lewiston Dam from 14 January through 14 June - 
1993. 

We trapped 56,968 juvenile chinook salmon, 1,069 juvenile coho salmon (O, 
kisutch), and 864 juvenile steelhead (0. mvkiss) at four locations during the 
study. Peak catch-per-unit-effort for juvenile chinook salmon, measured at 
the trapping site where we had the most consistent effort, occurred in mid- 
May. Weekly average fork lengths of trapped juvenile chinook salmon increased 
throughout the trapping period. 

We adipose fin-clipped and implanted coded-wire tags into 48,423 juvenile 
chinook salmon, a sub-sample of which ranged in size from 29 to 118 m, 
averaging 56.0 mm fork length. After adjusting for tagging mortality, tag 
shedding, and poor fin clips, we effectively coded-wire tagged and released 
44,565 juvenile chinook salmon. 

Adult chinook salmon, coded-wire tagged as juveniles by this Project, were 
recovered this season in the Indian gill-net fishery, at Trinity River 
Hatchery, and during the salmon spawner surveys. Four adults from the 1988 
brood year were recovered as four-year-olds, and two from the 1990 brood year 
were recovered as two-year-olds. 



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/fingerlings in the mainstem 
Trinity River and/or selected Trinity River tributary streams, 
for use in subsequent determinations of their survival and 
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 spawner escapement of these stocks is 
crucial to wise management of chinook in the basin. 

Recent legislation (U. S. Public Law 98-541, enacted in 1984) 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 basin 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) personnel 
trapped, adipose fin-clipped, coded-wire tagged, and released 
naturally produced juvenile chinook. Subsequent studies of these 
fish as adults, by TFIP and other projects of the CDFGts Klamath- 
Trinity Program, will be used to determine survival, harvest, and 
spawning escapement for this important component of the Trinity 
River basin's chinook stocks. 

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 JW 
is one of a consecutive set of 52 weekly 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 we6 
and the last day of the year is included in the 52nd week 



(Appendix 1). This procedure allows between-year comparisons of 
identical weekly periods. 

Trapping 

We conducted trapping at three primary sites in the mainstem 
Trinity River this season (Figure 1). Site names and river km 
(RKM) locations were Lewiston at RKM 177, Hard Hat at RKM 148 and 
Sky Ranch at RIU4 134. A fourth site at Ambrose (RKM 172) was 
trapped infrequently this season; a total of six trap-nights. 
One trap-night is defined as one fyke net set for one night. Our 
primary objective was to capture up to 100,000 juvenile chinook 
for coded-wire tagging. To that end, we trapped sporadically at 
each of the sites to locate the site that would produce the 
highest numbers of fish at a given time. We concentrated on the 
Hard Hat and Sky Ranch sites as numbers of fish captured there 
increased. 

Our trapping apparatus consisted of from one to nine fyke nets 
measuring 3.1 m wide by 1.2 m high at the mouth, by 7.6 m long, 
tapering to a 0.33-m-square exit leading into dual live boxes. 
Fyke nets were attached, at their mouth, to a 2.5-cm-diameter 
galvanized pipe frame of the same dimensions as the net mouth, 
which was connected by ropes to metal posts driven into the 
stream bed. The nets were normally set in the late afternoon and 
recovered mid-morning the next day, when all fish trapped were 
counted and a sub-sample of each species was measured to the 
nearest mm fork length (FL). 

Tagging 

This season coded-wire tagging took place only at the Hard Hat 
and Sky Ranch sites. The tagging operations were located 
adjacent to the trapping sites, and conducted inside a 5.5-m-long 
office trailer converted for that purpose. A 3.5-KW generator 
was used to supply the electrical needs of the operation (tagging 
machines, pumps, lights). 

Captured juvenile chinook were anesthetized with tricaine 
methanesulfonate (MS-222L1); their adipose fin was removed (Ad- 
clip); and a coded-wire nose tag (CWT) was implanted. Tag 
injectors and quality control devices were purchased from 
Northwest Marine ~echnologyu. 

Because of the small size of the fish captured, half-length CWTs 
were used. Between two and four tagging machines were employed, 

i1 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. 





depending on availability of fish for tagging. 

A sample of 100 fish from each day's tagging was held for quality 
control, and the remainder were released back into the river at 
the trapping site each evening. Fish in the quality control 
sample were held in cages in the river and, after a minimum of 24 
hours, checked for mortality, tag retention, and Ad-clip quality. 
Tag retention was determined by passing fish through an 
electronic tag (metal) detector, and Ad-clip quality was 
determined by direct examination. 

Coded-wire Tag Recovery 

As part of ongoing studies, the CDFG recovered Ad-clipped and 
CWTed fish from among ocean- and inland-harvested fish, and 
hatchery and natural spawner returns. Heads from Ad-clipped fish 
were collected and their CWTs removed and decoded. 

RESULTS 

Trapping 

We began trapping on 14 January 1993 (JW 2) and continued at 
varying locations and intensity through 14 June 1993 (JW 24). We 
discontinued trapping in early June because of decreasing catches 
and increasing river temperatures. The release of over 2.8 
million spring- and fall-run chinook from Trinity River Hatchery 
(TRH) during 16-18 June 1993 (JW 24-25) further precluded 
trapping of only naturally produced fish for the remainder of the 
season. 

Chinook Salmon 

We captured 56,968 juvenile chinook this season. Totals by site 
were 293 at Lewiston, 362 at Ambrose, 13,689 at Hard Hat and, 
42,624 at Sky Ranch (Appendices 2, 3, .4, and 5). 

Catch-per-unit-effort (CPUE), defined as the weekly average 
number of fish caught per-trap-per-night-fished, varied 
considerably between trapping sites. The highest CPUE (394 
fish/trap/night) was at the Sky Ranch site during JW 20. Maximum 
CPUE for each of the other sites included 159 at Hard Hat during 
JW 13, 77 at Ambrose during JW 10, and 51 at Lewiston during JW 4 
(Figure 2, and Appendices 2, 3, 4, and 5). 

We measured 9,451 chinook during the trapping season. These fish 
ranged in EL from 29 to 118 mm. Weekly average FLs of fish at 
the four trapping sites increased through time (Figure 3, 
Appendices 2, 3, 4, and 5). The entire week's catch at the Hard 
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Hat site during JW 4 consisted of three yearling chinook whici~ 
averaged 112.7 mm FL. At the Sky Ranch site, where we trapped 
every week through the season except one, the weekly average FL 
of juvenile chinook was 36.7 mm in mid-January and increased to 
76.9 mm by mid-June. 

Other Salmonids 

We caught a total of 864 steelhead at all sites throughout the 
trapping season (Appendices 2, 3, 4, and 5). Catches were 
relatively low until mid-March, when increased numbers of 
hatchery-produced steelhead were captured, coincident with 
hatchery releases. We found that 4.9% (421864) of the steelhead 
captured this season were fin-clipped, indicating they were from 
TRH~. 

We caught 1,069 coho salmon this season. We captured young-of- 
the-year coho beginning 18 March (JW 11) at the Sky Ranch site. 
CPUEs of both yearling and young-of-the-year were relatively low 
from that time on. The highest CPUE for coho was at the Hard Hat 
site (21 fish/trap/night) which occurred during the third week of 
March (JW 13) (Appendix 4). 

Tagging 

Tagging operations began 26 March and continued through 26 ML 
1993. During this period, we marked (Ad-clip+CWT) and released 
48,423 juvenile chinook at the Hard Hat and Sky Ranch sites 
combined. 

Hard Hat Site 

We tagged 10,092 juvenile chinook with CWT code 0601080402 at the 
Hard Hat site. Tagging at this site began 26 March and continued 
through 9 April 1993. Independent, non-overlapping estimates of 
tagging mortalities, poor fin-clips, and CWT shedding were based 
on quality control groups. After subtracting these estimates 
from the total tagged, we effectively marked and released 9,816 
juvenile chinook from this site (Table 1). 

Skv Ranch Site 

We tagged 38,331 juvenile chinook with CWT codes 0601080403 throuc 
0601080407 at the Sky Ranch site. Tagging began 11 May and 
continued through 26 May 1993. We effectively marked and releasec 
34,749 juvenile chinook from this site (Table 1). 

2' Beginning with the 1989 brood year, all steelhead produced 
TRH have been fin-clipped prior to release (Aguilar 1992). 



TABLE 1. Natura1:y produced juvenile chinook salmon coded-wire tagging in the 
mainstem Trinity River during 1993. 

Estilnated Nunber 
Coded-wire tag Tagging Oates o f  Yunber tagging Poor Tags e f f e c t i v e l y  

code s i t e  re lease tagged r m r t a l i t i e s  f i n - c l i p s  shed tagged 

0601080402 Hard Hat 03/26 - 06/09/93 10,092 144 15 117 9,816 

0601080403 Sky Ranch 05/11 - 05/14/93 8,214 131 21 282 7,780 

0601080404 Sky' Ranch 05/14 - 05/16/93 7.912 116 0 302 7,494 

0601080405 Sky Ranch 05/16 - 05/16/93 6,846 73 58 147 6.568 

0601080406 Sky Ranch 05/18 - 05/26/93 5,582 568 39 61 4.914 

0601080407 Sky Ranch 05/18 - 05/26/93 9,777 1,565 58 161 7,993 

Totals:  48,423 2,597 191 1.070 44.565 

Coded-wire Tag Recovery 

The CDFG's Ocean Salmon Project estimated two chinook from the 
1988 brood year (BY), CWTed by this Project in 1989, (Zuspan 
1991), were recovered as four-year-olds this season in the Indian 
gill-net fishery (R. Dixon, CDFG, pers. comm.). Additionally, 
one chinook salmon from the 1988 BY, and two from the 1990 BY 
(two-year-olds) were recovered at Trinity River Hatchery. One 
chinook salmon from the 1988 BY was also recovered during this 
season's salmon spawner survey (see Chapter I). No recoveries of 
Project-CWTed fish were reported this year from the in-river 
sport or ocean fisheries (Table 2). 

TABLE 2. Adult recoveries of coded-wire tagged naturally produced chinook 
salmon during the 1992-93 season. 

Recovery source 
Coded-wire Brood Indian In-river Spawner Trinity Ocean Average Age 
tag code year gill-net sport survey River harvest size (yr) 

fishery fishery Hatchery (m) 

861306 1988 2 1 1 731 4 

Totals: 2 0 1 4 0 



DISCUSSION 

We were unable to capture enough juvenile chinook to reach our 
goal of tagging 100,000 naturally produced fish this year. 
Although we continued an intensive program of trapping up to 80% 
of the river's cross-section on a seven-day-a-week basis, our 
total season's trapping effort was below that of the past two 
years. Trapping effort this year was only 74% of last year's 
(327 vs. 442 trap-nights), and 87% of 1991 (327 vs. 374). As a 
result of the decreased trapping effort, total catch was 70% of 
last year (56,986/81,851), and 64% (56,986189,208) of the 1991 
total catch (Appendix 6). 

As noted for the past two years (Zuspan 1992, 1994), the overall 
juvenile chinook CPUE has decreased. This is the direct result 
of poor escapement of the progenitcrs of each season's juvenile 
chinook. Natural (non-hatchery) spawner escapement for chinook 
salmon (spring- and fall-run) upstream of Junction City was the 
lowest since 1989, only 11.8% of the 1989 run (4,090 vs. 34,587), 
70.4% of the 1990 run (4,090 vs. 5,811), and 75.0% of the 1991 
run (4,090 vs. 5,453). 

While it seems unlikely that there is a linear relationship 
between adult escapement and production, trapping during the last 
four years suggests an important correlation. 

RECOMMENDATIONS 

1. Job 2 activities should be continued in FY 1993-94. 

2. In the event of a low adult chinook salmon escapement in 
1993, the Project should be prepared to increase trapping 
effort, which will require the purchase and construction of 
additional trapping equipment. 

3. We should continue efforts to recover coded-wire-tagged 
chinook harvested by anglers or returning to TRH. 
Efforts to recover naturally spawned code-wire-tagged 
fish should be increased. 
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APPENDIX I. List of Julian weeks and their calendar equivalents. 

Julian week Inclusive 
number dates 

1 Jan 01 - Jan 07 
2 Jan 08 - Jan 14 
3 Jan 15 - Jan 21 
4 Jan 22 - Jan 28 
5 Jan 29 - Feb 04 
6 Feb 05 - Feb 11 
7 Feb 12 - Feb 18 
8 Feb 19 - Feb 25 
9 Feb 26 - Mar 04 11 
10 Mar 05 - Mar 11 
11 Mar 12 - Mar 18 
12 Mar 19 - Mar 25 
13 Mar 26 - Apr 01 
14 Apr 02 - Apr 08 
15 Apr 09 - Apr 15 
16 Apr 16 - Apr 22 
17 Apr 23 - Apr 29 
18 Apr 30 - May 06 
19 May07 - May13 
20 May 14 - May 20 
2 1 May 21 - May 27 
22 May 28 - Jun 03 
23 Jun 04 - Jun 10 
24 Jun 11 - Jun 17 
25 Jun 18- Jun 24 
26 . Jun 25 - Jul01 

Julian week Inclusive 
number dates 

27 Ju102 - Ju108 
28 111109 - Jul 15 
29 Jul 16 - Ju122 
30 Ju123 - Ju129 
31 Jul30 - Aug 05 
32 Aug 06 - Aug 11 
33 Aug 13 - Aug 19 
34 Aug 20 - Aug 26 
3 5 Aug 27 - Sep 02 
36 Sep 03 - Sep 09 
37 Sep 10 - Sep 16 
38 Sep 17 - Sep 23 
39 Sep 24 - Sep 30 
40 Oct 01 - Oct 07 
4 1 Oct 08 - Oct 14 
42 Oct 15 - Oct 21 
43 Oct 22 - Oct 28 
44 Oct 28 - Nov 04 
45 . Nov04 - Nov11 
46 Nov 12 - Nov 18 
47 Nov 19 - Nov 25 
48 Nov 26 - Dec 02 
49 Dec 03 - Dec 09 
50 Dec 10 - Dec 16 
51 Dec 17 - Dec 23 
52 Dec 24'- Dec 31 21 

11 Eight-day week during leap years. 
21 Eight-day week every year. 



APPENDIX 2. Summary of juvenile salmonid trapping in theTrinity River at  the  Lewiston trap site, 
8 January through 4 March 1993. 

Chinook Coho Steelhead 
Julian Date  Trap-  Number Mean F L  b/ Number Number 
week -- 

2 
3 
4 
5 
6 
7 
8 
9 

begun nights a1 -. 

08-Jan 1 
15-Jan 1 
22-Jan 1 
29-Jan 4 
05-Feb 2 
12-Feb 2 
19-Feb 2 
26-Feb 2 

caught 
3 

19  
51 

137 
44 
26 
11 
2 

C P U E  el caught 
3 0 

19 0 
51 0 
34 0 
22 0 
13 0 
6 0 
1 0 

C P U E  
0 
0 
0 
0 
0 
0 
0 
0 

caught CPUE -- 
0 0 

18 18 
0 0 
2 1 
4 2 

12 6 
15 8 
12 6 

Totals: . -- 
15 293 -- 0 

- -.- 63 -- 

a/ Number of trap-nights allocated per week (i.e., 2 = 2 traps11 night, o r  1 trap12 nights). 
b/ FL = fork length. 
cl Weekly average catch per-trap per-night. 



APPENDIX 3. Summary of juvenile salmonid trapping in the Trinity River at the Ambrose trap site, 
5 March through 18 March 1993. 

Chinook Coho --- - Steelhead 
Julian Date  Trap Number Mean FL b/ Number Number 
week begun nightial  caught (mm) CPUE c/ caught CPUE caught CPUE - 

10 05-Mar 3 2'30 39.1 77 0 0 30 10 

Totals: 6 362 0 4 1 

a/ Number of trap-nights allocated per week (i.e., 2 = 2 traps/l night, or 1 trap12 nights). 
b/ FL = fork length. 
c/ Weekly average catch per-trap per-night. 



APPENDIX 4. Summary of juvenile salmonid trapping in the Trinity River at the  Hard Hat trap site, 
22 January through 6 May 1993. 

- -  

Julian 
week 

4 
5 
6 
7 
8 
9 
10 
1 I 
12 
13 
14 
15 
16 
17 
18 

Totals: -- - 

Date  
begun 
- .- 

22-Jan 
29-Jan 
05-Feb 
12-Feb 
19-Feb 
26- Feb 
05-Mar 
12-Mar 
19-Mar 
26-Mar 
02-Apr 
09-Apr 
16-Apr 
23-Apr 
30-Apr 

-- - 

Chinook - Coho - Steelhead - -. 

Trap- Number Mean FL bl Number Number 
a t s  a t  caught - 

1 3 dl  
CPUE cl 

3 
14 
19 
29 
39 
14 
72 

153 
154 
159 
99 
69 
40 
51 
50 

caught 
0 
0 
0 
0 
0 
0 
0 
0 
2 

656 
84 1 

0 
0 
0 
3 

CPUE- 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21 
7 
0 
0 
0 
0 

c a u ~ h t  CPUE 
3 3 

a/ Number of trap-nights allocated per week (i.e., 2 = 2 traps11 night, or 1 trap12 nights). 
b/ F L  = fork length. 
c/ Weekly average catch per-trap per-night. 
d/ All chinook captured were yearlings. 



APPENDIX 5. Summary of juvenile salmonid trapping in the Trinity River at the  Sky Ranch trap 
site, 8 January through 14 June 1993 

Chinook 
Julian Date Trap Number Mean FL b/ 
week -- 

2 
3 
4 
5 
6 
7 
8 
9 
10 
I I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Totals: 

15-Jan dl  
22 -Jan 
29- Jan 
05 - Feb 
12-Feb 
19-Feb 
2 6 i F e b  
05  - Mar 
12-Mar 
19-Mar 
26-Mar 
02-Apr 
09-Apr 
16-Apr 
23 - Apr 
30-Apr 
07-May 
14-May 
21-May 
28-May 
04 - Jun 
11-Jun 

- begun nights a1 caught 
08  -Jan 1 3 

-- 

CPUE CI 

3 
- - 

25 
13 
20 
27 
28 
42 
89 
12 

121 
81 
53 
64 
74 
8 1 

132 
349 
394 
229 

5 
20 

5 

Coho 
Number 

CPUE 
0 
- - 
0 
0 
0 
0 
0 
0 
0 
2 
0 
2 
0 
0 
1 
0 
0 
0 
0 
0 
5 
0 
0 

Steelhead -- 

Number 
caught 

0 
- - 
5 
0 
0 
1 
7 
1 
1 
0 
4 
3 
1 
3 
7 
2 
7 

58 
45 
8 
1 
2 
3 

159 - 

CPUE 
~p 

0 
- - 
5 
0 
0 
0 
2 
0 
0 
0 
2 
3 
1 
3 
7 
2 
1 
1 
1 
0 
0 
0 
0 

a/ Number of trap-nights allocated per wcek (i.e. 2 = 2 traps/l night, or 1 irap/2 nights). 
b/ FL = fork length. 
c/ Weekly average catch per-trap per-night. 
d l  No trapping this week because of high flow. 



AI'PENDIX 6. Summaryof naturally produced juvenile chinonk salmon trapping effort and coded-wire tagging in the 
mainstem .- -- Trinity R i v e r E t h r o u g h  1993. 

T-& effort -- 
Total 

- Coded - w i r s g i n g  
Total Number Percent 

Trapping Trap- chinmk S e w n  chinmk effectively of 
Year .~~ site nights a/_ trapped G P ~ I  C-Eed  taggeecl total d l  

1989 lunaion City 88 e l  24,874 283 22,044 15,704 71.2 

1990 Lewiston I20 99239 81513 66.784 81.9 
Indian Cr. 30 77 142 _ ~ ~ 8 ~ -  45 j 4 9  76.4 

Totals: IS0 176,181 U 1,176 140,898 112,133 
(Overall percent) (79.6) 

1991 Lewiston 63 848 
Indian Cr. 23 554 
Steelbridge 78 20,458 19,777 1 9 , m  %.5 
Sky Ranch -2!t- 67,348 -- 60210 53.775 89.2 

Totals: 374 89208 239 80,087 72,865 
(Overall percent) (91.0) 

I9.n Lewiston 18 1,832 - - - - - - 
Ambrose 144 Ib.l(t2 8,148 8,070 %.7 
Steelbridge 114 38.817 35,043 33,195 94.7 
Sky Ranch - 166 - .- - - ZS.IOO 16380 15,345 92.6 

Totals: 442 RI,R51 185 59,97 1 56,610 
(Overall perccnt) (94.4) 

1993 Lewiston 15 293 
Ambrose 6 362 
Hard Hat 132 13,689 
Sky Ranch 174 - 42,624 3833 1 33,643 87.8 

Totals: 327 56,964 174 48,423 43,460 
(Overall percent) (89.8) 

- ~ p  .. .- 
a/ One trap night isdefined asone net fished for one nighl. 
b/ Catch per unit effurt = total trapped / trap-nights. 
c/ Effectively-lagged fish = tagged fish minus estimated mortalities and eslimated shed tags and poor fin-clips. Estimates 
ucre h a d  on quality controlchecka 
d/ Percent nftolal = (Number effectively tagged/rotalchinook CWT) X 100 
el I n  addition to fyke-net traps, a rotary trap was used during the latler portion o f  the trapping period. 
U Total catch includesTrinity River Hatchery-produced juvenile chinmk salmon. 
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by 
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ABSTRACT 

The California Department of Fish and Game'a Natural Stocks Assessment Project 
monitored adult fall-run steelhead (Oncorhvnchus mvkiss) migration at various 
weirs. An insufficient number of tags, applied at our immigrant weir, were 
recovered to allow us to make a valid estimate of steelhead escapement in the 
South Fork Trinity River basin during the 1992-1993 season. 

Based on the results of our creel survey of the sport fishery in the two major 
areas accessible to the public, we estimated that 934 anglers fished within 
these areas and harvested 99 adult steelhead during the 1992-1993 season. The 
angler harvest in the entire South Fork Trinity River basin during the 1992- 
1993 season could not be reliably estimated dus to an insufficient number of 
tag returns. 

Thirty-four steelhead spawning surveys were conducted in 23 tributaries of the 
South Fork Trinity River and Hayfork Creek. We surveyed 103.1 km of stream, 
observed 11 adult steelhead, and counted 98 redds. Steelhead were found to 
spawn mostly in pool tail-crests (48.3%), runs (28.1%), and step-runs (14.6%). 
The average redd area was 1.65 m2 and the average redd depth was 32.8 cm. 

We captured 408 juvenile steelhsad emigrating from the upper South Fork 
Trinity River basin, and 1,455 from the Hayfork Creek basin. Three juvenile 
chinook were captured emigrating from Hayfork Creek in May, 1993. Peak 
emigration of Age 0+ (young-of-the-year) steelhead occurred in Hay and June 
1993. 

Juvenile steelhead habitat utilization in Eltapom Creek, a tributary to the 
South Fork Trinity River, varied among age groups. During the fall 1992 
survey, 481 juvenile steelhead were captured. Age O+ eteelhead densities were 
highest in pools and cascades. Age 1+ and 2+ fish densities were highest in 
cascades and pools. We estimated a standing crop of 1,594 juvenile steelhead 
in Eltapom Creek for the period. 



JOB OBJECTIVES 

T3 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 parameter and 
seasonal juvenile steelhead standing crops. 

INTRODUCTION 

The life histories and current status of steelhead (Onchorvnchus 
mvkiss) populations within the South Fork Trinity River (SFTR) 
basin (Figure 1) are of concern because population numbers are 
believed to have dropped significantly in the last 30 years. 
However, little data are available regarding juvenile steelhead 
life-history patterns, adult steelhead run sizes, spawner 
distributions, sport fishery yields, and harvest rates. 

A combination of human activities (e.g., road construction, 
timber harvest), exacerbated by flooding and wildfire, has 
limited steelhead production in the SFTR basin. Much of the 
spawning and rearing habitats have been damaged or destroyed 
through excessive sedimentation and stream aggradation. 

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), and the California 
Department of Fish and Game (CDFG). Restoration and management 
efforts for steelhead stocks in the SFTR basin will be aided by 
the knowledge gained through studies of their current status, 
their habitat requirements, and life histories. 

METHODS 

Use of Standard Julian Week 

Sampling data collected by Project personnel are presented in 
Julian week (JW) format. Each JW is defined as one of a 
consecutive set of 52 seven-day (weekly) periods, beginning 
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FIGURE 1. Locations of weirs and traps used to capture immigrant 
adult steelhead, and emigrant adult and juvenile steelhead in the 
South Fork Trinity River basin during the 1992-1993 season. 



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

Adult Fall-run Steelhead Trapping and Tagging 

Run timing of adult fall-run steelhead into the SFTR basin was 
monitored with an immigrant weir located at Sandy Bar in the 
South Fork Trinity River at river kilometer (RKM) 2.4 (Figure 1). 
The weir consisted of a series of panels, measuring 1.2 m high 
and 1.5 m wide constructed of 1.9-cm EMT (electrical metallic 
tubing) conduit welded to angle-iron frames with 3.2-cm 
horizontal bar-spacing. The panels were wired end-to-end and 
supported with metal fence posts. A trap (2.4 m wide x 2.4 m 
long x 1.2 m high), with sides constructed from the same weir 
panels, and flooring and top from marine plywc>d, was placed in 
the river thalweg with its fyke entrance facing downstream. The 
weir panels were tied in with the trap and extended outward 
across the river guiding upstream migrating fish into the trap. 
Small mesh netting was strung above the weir to prevent fish from 
jumping over. 

Each steelhead captured was examined for fin clips, tags, and 
scars. Scars were categorized as: gill-net scars (nicks in the 
leading edges of dorsal and pectoral fins, sometimes combined 
with vertical white scars on the head); hook scars (of ocean 
origin when healed, of freshwater origin when not healed); 
predator scars (inverted 'V1-shaped marks, usually on the 
underbody); and other scars of unknown origin. Steelhead were 
measured to the nearest cm fork length (EL), and their sex 
recorded. A scale sample was removed from the left side of each 
weir-caught fish, from 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 adult steelhead in good condition were marked with a one-half 
right ventral (fRV) fin-clip. In addition, every third fish was 
tagged with a gray, discretely numbered $10-reward anchor tag, 
while the other two fish were tagged with green, discretely 
numbered non-reward anchor tags. This was a change from our 
previous years' procedure when all adult steelhead received 
reward tags. This was done in an attempt to discourage anglers 
from fishing primarily for money. The tags and fin 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 efforts (creel census and 
emigrant weirs). Angler harvest was to be estimated from reward 
tag returns. 



To avoid excessive tagging mortality, we did not tag fish which 
were severely stressed by the weir capture and handling process, 
or those which appeared in generally poor physical condition. 

Chinook and Coho Salmon Escapement 

During the operation of the Sandy Bar Weir all adult salmon 
caught were processed similarly to steelhead, except they were 
not tagged. Fish judged to be in poor condition were just 
identified and counted, then released to continue their upstream 
migration. Chinook salmon (0, tshawvtscha) and coho salmon (Q. 
kisutch) were given a right opercular punch (OPR) prior to their 
release. This was done so that investigators from other projects 
surveying the SFTR basin could identify salmon which had been 
caught at the Sandy Bar Weir. 

Fall-run Steelhead Escapement 

Downstream emigrant weirs were used to capture post-spawning 
steelhead emigrating from the basin in order to recover fish 
tagged at the Sandy Bar Weir. These tagged fish, combined with 
those observed during the creel surveys in the basin, served as 
the recapture sample for our population estimates using the 
Petersen method of mark and recapture (Ricker 1975, p. 78, 
formula 3.7). 

This season only one emigrant weir was installed due to high 
spring flows. We assembled a weir in the SFTR near the town of 
Forest Glen at RKM 89.6 (approximately 150 m downstream from the 
Highway 36 bridge). In past years we had also operated a weir on 
lower Hayfork Creek near the town of Hyampom (8.0 RKM upstream 
from the SFTR confluence). 

We constructed an Alaskan-style weir at the Forest Glen site 
using a series of panels 3.2 m high and 3.0 m long, supported by 
wooden tripods set 2.4 m apart, and joined together to block the 
entire river. Each panel consisted of 1.9-cm EMT conduits set 
2.9 cm apart (46 per panel), and secured through three aluminum 
channel sections on the face of the weir. A trap constructed of 
welded conduit panels and containing a fyke entrance was placed 
in the river thalweg with its entrance facing upstream. All 
steelhead recovered were measured (cm FL), and checked for 
spawning condition, tags, fin clips, and marks. Each fish was 
also sampled for scales, and given a OPR before being released 
downstream of the weir. 

In addition to the downstream (emigrant) trap, we also installed 
an upstream (immigrant) trap to capture spring-run steelhead 
(also known as summer steelhead) and spring-run chinook salmon. 
This work was done in cooperation with CDFGgs Trinity Fisheries 
Investigations Project, which was studying spring-run chinook 
salmon stocks in the SFTR basin. The Trinity Fisheries 



Investigations Project took over the operation of the Forest Glen 
Weir on 29 June 1993. This report covers catches of steelhead at 
the Forest Glen Weir through 30 June 1993. 

Creel Survey 

Angler effort and harvest information for fall-run steelhead 
within two areas of the SFTR basin was determined from a 
systematic creel survey stratified by JW, section (upper/lower), 
day (weekend/weekday), and time periods (AM/PM; dawn to noon/ 
noon to dusk, respectively). 

Two sections of the SFTR basin were surveyed (Figure 2). The 
lower survey area extended from the confluence of the SFTR with 
the mainstem Trinity River to 22.5 km upstream. The upper area 
extended through the Hyampom Valley from RXM 33.0 to RKM 50.7. 
These two areas covered the river reaches fished by the majority 
of anglers, as the lack of public roads limits access. Angler 
access sites had been identified from past surveys. 

Survey clerks followed a set route based on a predetermined 
schedule, and monitored each access site for anglers. Anglers 
observed were interviewed for number of hours fished that day, 
targeted species, success, angling method, and county and state 
of residence. Sport-caught salmonids observed were measured (cm 
FL), sexed, examined for fin clips and external tags, inspected 
for general body condition, and scale sampled. The number of any 
tag observed was recorded. We classified steelhead <25 cm FL as 
juveniles, 125 cm FL and <41 cm FL as half-pounders, and 241 cm 
FL as adults. 

Data were extrapolated under the assumption that angling effort, 
angler numbers, and steelhead harvest were constant for the 
duration of each stratum sampled. A ratio of the number of legal 
fishing hours possible during the AM or PM stratum to the hours 
sampled during that stratum yielded a weighting factor which was 
used to expand observed angler numbers, angler hours, and 
steelhead harvest. Expanded estimates for strata not surveyed 
were calculated by using average values for strata from 
equivalent sampling periods (i.e., for a missing weekday evening 
survey, the mean of all weekday PM survey samples for that 
section during that JW was used). Expanded estimates and actual 
data were combined to give an estimate of sport harvest for the 
season in the SFTR basin. 

Tag Returns and Steelhead Harvest Estimates 

All reward tags from Sandy Bar Weir that we observed during the 
creel surveys were left with the angler to return to us by mail. 
This was done so we could calculate an overall SFTR basin sport 
harvest for fall- and winter-run steelhead. The percentage of 
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reward tags caught by anglers which were not returned to us 
(i.e., non-response) was calculated from the number of reward 
tags we observed during our creel surveys, and the number of 
those tags which were subsequently returned to us by mail. The 
sport harvest estimate used the number of reward tags returned by 
anglers divided by the non-response, and the number of tags 
applied at the Sandy Bar Weir. The estimated sport harvest was 
based on the following assumptions: 1) that all tagged fish 
caught in the sport fishery were recognized as such by anglers; 
2) no tags were shed; and 3) there was no differential mortality 
between tagged and untagged fish. 

Spawning Surveys 

Project personnel conducted walking surveys of tributary streams 
to the SFTR and Hayfork Creek to document steelhead spawning 
distribution and timing. The areas surveyed included tributaries 
in the Hyampom Valley near the towns of Hayfork and Wildwood, and 
tributaries in the upper SFTR basin near the town of Forest Glen 
(Figure 1). Specific creeks surveyed were selected to include 
those which had historically attracted spawning steelhead, and to 
replicate areas examined in previous CDFG surveys (Miller 1975; 
Mills and Wilson 1991; Rogers 1972, 1973; Wilson and Collins 
1992; Wilson and Mills 1992). 

Most streams were surveyed twice. During the first survey, two 
people walked and habitat-typed designated stream reaches 
recording the length and type of each habitat unit, observed 
spawning behavior, and individual redd locations. Each habitat 
unit was classified as either a cascade, pool, riffle, run, or 
step-run. Redds were flagged with surveyor's tape with the 
survey date and field notebook description number recorded on the 
tape. The tape was then attached to nearby structures such as 
root-wads, shrubs, or bushes. During the second survey, redd 
characteristics (area and depth), site descriptions (substrate 
and cover composition), and stream conditions (water velocities) 
were compiled for individual redds. New redds established since 
the first survey were included. 

Steelhead Redd and Spawning Habitat Evaluations 

We evaluated steelhead spawning habitat by measuring the physical 
and hydraulic parameters of observed redds, and recording the 
characteristics and quality of the substrate and associated 
cover. 

Length and width measurements were taken of each redd using a 
meter stick or tape measure, from the upstream end of the redd to 
the highest point of the tailspill, and perpendicularly across 
the widest point of the redd. An index of the surface area 
occupied by the redd area was calculated as the product of the 
length and width. Water depths were taken using a graduated top- 



setting wading rod, and water velocities were measured with an 
electronic flow meter. Two separate water velocity measurements 
were taken, mean water column velocity (MWCV) and fish-nose water 
velocity (FNWV). MWCV measurements were taken at 60% of the 
depth below the water surface, and FNWV measurements were taken 
0.12 m above the substrate. Redd substrate composition was 
determined by assessing the average size of the dominant and 
subdominant components, and the percent embeddedness of each 
(Hampton 1988) (Table 1). The water velocity measurements and 
the substrate analysis were all made approximately 0.15 m 
upstream of the redd in an attempt to simulate prespawning 
hydraulic and substrate conditions. Distance to the closest 
cover, escape or resting place was noted, as well as the dominant 
habitat type in which the redd was located. 

Juvenile Steelhead Emigration Studies 

We monitored juvenile steelhead emigration patterns by 
systematically trapping at two sites. One site was located in 
lower Hayfork Creek, 305 m upstream of its confluence with the 
SFTR. The other site was located in the SFTR, upstream of its 
confluence with Hayfork Creek, within 400 m of the Hyampom Road 
bridge at RKM 49.1 (Figure 1). When flow conditions permitted, 
we trapped once a week most of the year. During the spring 
period of peak juvenile steelhead emergence, 23 April - 22 July 
(JW 17-29), we increased trapping frequency to twice weekly. 

TABLE 1. Criteria used to describe the size of dominant and 
subdominant spawning gravel substrate. 

Data Substrate size 
code Substrate type range (mm) 

0 Fines c 4 

Small gravel 

Medium gravel 

3 Large gravel 

4 Small cobble 

5 Medium cobble 150-225 

6 Large cobble 

7 Small boulder 

Large boulder 

Bedrock 



Juvenile salmonids 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 0.33-m x 
0.33-m terminal end. Trap boxes were constructed of marine 
plywood and hardware cloth, and measured 0.8 m x 1.2 m x 0.5 m. 
One or two fyke-net traps were fished overnight in the river or 
stream, for 16- to 24-hour periods, and examined the following 
morning. 

Captured fish were identified to species and enumerated. The 
first 50 individuals of each species removed from the traps were 
measured for FL (mm). Scale samples were systematically taken 
from a maximum of 10 individuals of each species, at each trap 
site, each sampling day. 

Water temperature and stream flow were measured at the net 
opening each time the traps were set. Total volume of stream 
flow through the net was measured to the nearest 0.031 m/sec 
using either a pygmy meter or a ~arsh-~c~irneyi' flow meter. 
Water temperatures were monitored using hand-held thermometers or 
digital recording thermographs. 

Juvenile Steelhead Habitat Utilization 

Habitat use by juvenile steelhead was studied in Eltapom Creek 
(Figure 1) in the fall of 1992 (1-3 September). Prior to 
sampling, the creek was surveyed and delineated into units of 
five basic habitat types: cascades, pools, riffles, runs, and 
step-runs. Sampling was conducted by electrofishing. Habitat 
units sampled were randomly selected in proportion to the numeric 
abundance of each of the five basic habitat types. Our goal was 
to sample one-third of the units in each habitat type. 

Sample units were isolated using block nets to prevent any 
immigration or emigration of fish, and then electrofished. 
All steelhead captured were counted, measured (mm FL), sampled 
for scales (first five per habitat unit), and then released. 

Age delineation of fish captured was based on lengths. Fish 
<85 mm were classified as Age 0+, fish 86-150 mm as Age 1+, and - 
fish >I50 mm as Age 2+. Numbers of fish caught were used to 
determine the relative densities for each age group ineach 
habitat type based on total catch-per-area. The number of fish 
caught in the same type of habitat unit was expanded, based on 
the relative densities multiplied by the total area available in 
each habitat type. These figures were then totaled to give a 
standing crop estimate for the entire stream. 

L/ 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. 



After sampling, physical parameters of each unit were taken. We 
recorded air and water temperatures with hand-held thermometers. 
Water velocities (to the nearest 0.031 m/sec) were measured at 
60% of the total depth from the surface along a line transverse 
to the flow at points one-quarter, one-half, and three-quarters 
of the way across the stream. Stream length and width were 
measured to the nearest 0.03 m. 

RESULTS AND DISCUSSION 

Adult Fall-run Steelhead Trapping and Tagging 

The Sandy Bar Weir was operated from 1 October 1992 through 
8 December 1992, when high flows washed out the weir. During 
this period we trapped 130 adult and one half-pounder steelhead. 
The first steelhead was caught on 2 October, but the majority of 
fish were captured during increased river flows following the 
first fall rains (Figure 3). 

We applied 38 $10-reward and 72 non-reward tags to fall-run 
steelhead caught at the Sandy Bar Weir this season. Five of the 
steelhead captured at the Sandy Bar Weir were judged to be in 
poor condition and were measured and released without further 
handling. The remaining 126 fish were given )iRV fin clips. 
Fourteen of the steelhead captured at Sandy Bar Weir carried tags 
applied at the Willow Creek Weir, located in the Trinity River 
48.4 km upstream from its confluence with the Klamath River, and 
3.7 km downstream from its confluence with the SFTR. A total of 
168 steelhead was tagged at the Willow Creek Weir (Mark Zuspan, 
Assoc. Fishery Biologist, CDFG, pers. commun.). Travel times for 
the Willow Creek Weir-tagged steelhead ranged from 1 to 32 days, 
and averaged 15.1 days (Appendix 2). 

On 1 November 1992 we recovered a steelhead which had been tagged 
at the Sandy Bar Weir the previous year (26 October 1991) as a 
61-cm-FL female. At recovery this fish had grown to 65 cm EL and 
had been at large for 372 days. When we had released the fish in 
1991 it was given a one-half left-ventral fin clip, which was 
still distinguishable. 

Mean FL of all 131 steelhead examined was 60.5 cm (Figure 4). 
There was no significant difference between the mean FL of male 
and female steelhead caught at the weir. Predator scars were the 
most common (38.2%) scars observed on steelhead trapped this year 
at the Sandy Bar Weir (Table 2). A lower proportion (2.3%) of 
steelhead captured this year bore gillnet scars as compared with 
last year (11.3%). 
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TABLE 2. Scars observed on steelhead captured at the Sandy Bar 
Weir in the South Fork Trinity River between 1 October 1992 and 
8 December 1992. 

Percent 
Number of of fish Percent of 
fish with with total fish 

Scar type scars scars captured 

Gill-net scars 3 4.9 2.3 

Freshwater hook scars 2 3.3 1.5 

Ocean hook scars 0 0.0 0.0 

Predator scars 

Scars of unknown 
origin 

Totals: 61 100.0 

Since the Sandy Bar Weir was only operated through 8 December 
1992, we were certain that the steelhead caught were fall-run 
fish. It is possible that the SFTR basin also sustains a winter- 
run stock of steelhead. During the past two seasons (1990-91 and 
1991-92) low river flows allowed us to continue weir operations 
longer, and we caught substantial numbers of steelhead during 
January and February (Wilson and Collins 1992, 1994). However, 
at this time we are not able to distinguish between fall-run and 
winter-run fish. The late-caught steelhead in the 1990-91 and 
1991-92 seasons might have been fall-run fish which had been 
holding in the Trinity River. We plan to compare scales taken 
from steelhead during these two periods (i.e., October-November 
vs. January-February) to see if this will help us differentiate 
these stocks. Since winter-run fish remain in the ocean for a 
longer period before entering the river, we might be able to 
detect a larger ocean-growth pattern for winter-run stocks. 

Chinook and Coho Salmon Escapement 

Sandy Bar Weir operations originally began in 1984 to determine 
the size, composition, distribution, and timing of adult salmon 
runs in the SFTR basin. The Sandy Bar Weir at that time was 
operated by the CDFG's Natural Stocks Assessment Project (NSAP), 
Arcata Field Office. In 1988, NSAP's SFTR Steelhead Studies 
Project (Weaverville Field Office) also began tagging fall- and 
winter-run steelhead at Sandy Bar Weir to estimate their run 
sizes and angler harvest rates. Between 1984 and 1990, adult 
chinook and coho salmon were captured, tagged, and released at 



the Sandy Bar Weir. Salmon escapement into the basin was 
estimated based on the tagged to untaqged ratio obtained through 
carcass surveys (Jong and Mills 1993). After the 1990-91 season 
we stopped tagging adult salmon at the weir, although we 
continued to count, measure, and take scale samples from these 
fish (Table 3) . 
From 1984 through 1990, escapement of fall-run chinook salmon 
decreased from highs of 2,649 and 1,580 fish in 1985 and 1986, 
respectively, to lows of 474 to 345 fish during 1987 through 1990 
(Jong and Mills 1993). Escapements remained low throughout the 
drought years of 1987-1991. The status of fall-run chinook 
salmon in the SFTR basin needs to be periodically reassessed to 
monitor their well-being. If normal rainfall conditions 
continue, it will be importsnt to determine if any recovery of 
this stock occurs. The NSAP is planning to conduct this work at 
least once during the next five years. Long-term escapement 
estimates are also important to assess the natural range of 
population fluctuations in the basin and to evaluate the 
effectiveness of restoration efforts. 

During the 1992-93 season we caught 348 chinook salmon (158 
adults >56 cm FL, and 190 grilse (56 cm FL) (Figure 5). The size 
separating grilse (age 2-yr) from adult (age >2-yr) salmon was 
based on the nadir in the length frequency distribution within 
the 50-60 cm range (Figure 6); the grilse-adult size separation 

TABLE 3. Number of adult salmonids caught at the Sandy Bar Weir 
each fall season from 1984 through 1992. 

No. days No. of No. of No. of 
Beginning Ending of weir chinook coho steelhead 

Year date date operation caught caught caught 
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is generally found in this size range (Bill Heubach, Assoc. 
Fishery Biologist, Calif. Dept. Fish Game, pers. commun.). The 
catch rate remained fairly consistent through mid-November, but 
peaked during periods of increased flow (Figure 5). Catches of 
chinook salmon began declining after late-November. The catch of 
chinook salmon consisted of 252 males (72.4%), and 96 (27.6%) 
females (Figure 6). The male chinook salmon catch consisted of 
73.0% grilse and 27.0% adult. 

The run of coho salmon began in early-November with the onset of 
increased flows, and was still in progress when the weir was 
washed out on 8 November (Figure 7). We caught 49 coho salmon, 
consisting of 23 (46.9%) males and 26 (53.1%) females (Figure 8). 
The male coho salmon catch consisted of 47.8% grilse and 52.2% 
adult. 

Fall-run Steelhead Escapement 

An Alaskan-style weir was operated in the SFTR near Forest Glen 
during the 1992-93 season to catch post-spawning emigrant adult 
steelhead, and to attempt recovery of fish tagged at the Sandy 
Bar Weir the previous fall. Due to high flows, t::e weir was not 
installed until 11 May 1993. Thirty-five emigrant adult 
steelhead were caught through 29 May (Figure 9). We opened up 
the weir from 30 May through 9 June due to high flows and let 
fish pass unhindered. No further emigrant adult steelhead were 
caught after this period. 

No Sandy Bar Weir-tagged steelhead were recovered at the Forest 
Glen Weir, and only one tagged fish was observed during the creel 
surveys. Therefore, we were unable to reliably estimate the 
escapement of fall-run steelhead into the SFTR basin during the 
1992-93 season. The adult salmonid emigrant and immigrant 
monitoring weirs were ineffective in assessing the run-size of 
fall-run steelhead this year because high flows, beginning in 
early December 1992 and continuing through early summer 1993, 
prevented us from sampling much of the run. This was the first 
normal or above-normal flow year after six consecutive dry water- 
years. 

Nineteen (54.3%) of the 35 emigrant adult steelhead caught at the 
Forest Glen Weir were male, and 16 (45.7%) were female. The mean 
FL + SD for males was 59.8 + 8.8 cm (range = 45-70 cm), and 61.8 
+ 5.6 cm for females (range = 51-72). The mean FL 2 SD for all - 
adult emigrant steelhead was 60.7 + 7.5 cm (range = 45-72 cm) 
(Figure 10). 

Ten immigrant spring-run steelhead were captured in the immigrant 
traps at the Forest Glen Weir. Four fish were male, four were 
female, and the sex of two was not determined. The mean FL + SD 
for males was 51.7 i 12.7 cm (range = 37-60 cm) 
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and 52.3 + 2.3 cm for females (range = 51-55 cm). The mean FL 
+SD for all immigrant spring-run steelhead was 52.0 + 8.2 cm - 
(range = 37-60 cm) (Figure 10). 

Creel Survey 

The creel survey was conducted on the SFTR between 22 October 
1992 and 11 March 1993, an interval of 143 days. The lower 
survey section (Figure 2) was monitored for 23 days of this 
period. The upper survey section was monitored for 102 days of 
this period. Creel surveys were not conducted when high flows or 
turbidity made the river "unfishable". The upper section was 
"unfishable" for twenty-one (20.6%) of the days it was monitored. 
Water temperatures ranged from 3.9 OC to 19.4 'C during the 
survey. 

During the survey, 117 anglers were interviewed, 15 (12.8%) on 
the lower section and 102 (87.2%) on the upper section (Table 4). 
Highest angling activity was observed in the Hyampom Valley (RKMs 
40-49). Of the 117 anglers interviewed, 15 were observed fishing 
at multiple locations on the same day. Numbers of anglers at 
each site of angling activity were counted for distribution, but 
an angler was not recounted for effort when observed at a 
different location on the same day. 

Thirteen adult steelhead were observed in the catch (six 
steelhead in the lower section and seven steelhead in the upper 
survey section). Two of the 13 adult steelhead observed had tags 
applied this year at Sandy Bar Weir; both fish were seen in the 
upper survey section. 

Based on extrapolations of the creel survey data, an estimated 
113 anglers within the lower section harvested 42 adult steelhead 
(Table 5), while an estimated 821 anglers within the upper 
section harvested an estimated 57 adult steelhead (Table 6). 

County of origin was tabulated for all 117 anglers. The majority 
(85.5%) of the anglers encountered fishing within the SFTR basin 
were from Trinity county (Table 7). 

Tag Returns and Steelhead Harvest 

Only two tags (one reward and one non-reward), of the 110 tags 
applied at the Sandy Bar Weir, were returned by anglers through 
the mail. This was an insufficient number of recoveries to base 
a harvest estimate on. 

Spawning Surveys 

Walking surveys were conducted throughout the SFTR basin to 
determine steelhead spawning distribution, and an index of 
spawning occurrence within basin areas. Spawning surveys were 



TABLE 4. Angler occurrence at access sites during the creel 
survey of the South Fork Trinity River basin, 1992-1993 season. 

Location Anglers observed &! 
Angling access site River iun River mile Number Percent 

b w e r  Survev Section 
Sandy Bar 
Madden Creek 
Holmes FarmIBridge 
Todd Ranch 
Surprise Creek area 

U D D ~  Survey Section 
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 
Hyamporn airstrip 
Pelletreau Creek mouth 
Old Bridge site 
Church access 
County maintenance yard 
Hayfork Creek mouth 

Totals: 

& A total of 117 individual anglers was observed. Numbers shown include multiple 
observations of the same angler on the same day. 



TABLE 5 .  Observed and estimated angler use and steelhead harvest 
for the South Fork Trinity River lower section creel survey 
during the 1992-1993 season. 

Angler effort 

Julian Angler numbers Angler hours 
Dates weeks 

Observed Estimated Observed Estimated 

Totals: 15 112.7 26.5 196.2 

steelhead harvest 

Julian Adults a/ Half-uounders b/ Juveniles c/ 
Dates weeks 

Obsvrd. Estimtd. Obsrvd. Estmtd. Obsrvd. Estmtd. 

Totals: 6 42.0 0 0 0 0 

a/ Adult steelhead were 2 41 cm FL. - 
b/ Half-pounder steelhead were 2 25 cm to c 41 cm FL. - 
E/ Juvenile steelhead were < 25 cm FL. 

conducted between.13 April and 12 June 1993 (Table 8). We . 
surveyed and habitat-typed sections of 23 creeks (103.1 km total 
length), counted and flagged 98 redds, and observed 11 live adult 
steelhead. 

Five tributaries to the SFTR and one tributary to Hayfork Creek, 
all within the Hyampom Valley, were surveyed between 22 April and 
10 June 1993. These surveys covered 10.0 km of stream. We 
observed 34 redds and counted eight live adult steelhead 
(Table 8). Eltapom Creek continued to support the highest redd 
density (13.1 redds/km) observed in the SFTR basin. Observed 
redd density in Butter Creek this season increased to 



TABLE 6. Observed and estimated angler use and steelhead harvest 
for the South Fork Trinity River upper section creel survey 
during the 1992-1993 season. 

Angler effort 

Julian Angler numbers Angler hours 
nates weeks 

Observed Estimated Observed Estimated 

Totals: 102 821.4 105.5 806.5 

Steelhead harvest 

Julian Adults a /  Half-~ounders b/ Juveniles cL 
nates weeks 

Obsrvd. Estmtd. Obsrvd. Estmtd. Obsrvd. Estmtd. 

a/ Adult steelhead were 5 41 cm FL. 
b/ Half-pounder steelhead were > 25 cm and < 41 cm, FL. 
c /  Juvenile steelhead were < 25 cm, FL. 



TABLE 7 .  County of residence for anglers interviewed within the 
South Fork Trinity River basin during the 1992-1993 creel survey 

Number of Percent of total 
County of origin anglers interviewed anglers interviewed 
Contra Costa 2 1.7 
Los Angeles 
Orange 
Riverside 
Sacramento 
San Francisco 
San Diego 
Tehema 
Trinity 

Totals: 117 100.0 

5.8 reddsfkm compared to 2.1 redds/km last season. However, redd 
densities in the other creeks in this area remained low. 

In the Hayfork-Wildwood area, we surveyed 11 tributaries to 
Hayfork Creek, plus parts of the mainstem of Hayfork Creek 
between 13 April and 7 June 1993. These surveys covered 77.0 km 
of stream, and we observed 28 redds and counted three live adult 
steelhead (Table 8). In Big Creek we only observed seven redds 
this season (0.5 redds/km) compared to 53 last year (3.8 
redds/km). Steelhead spawning occurrence also appeared to be 
lower in Little Creek, E.F. Hayfork Creek,. Hayfork Creek, and 
Tule Creek this year. Redd densities in the other creeks in this 
area remained low. 

In the upper SFTR basin (Forest Glen area) we surveyed five 
tributaries between 17 May and 12 June 1993. These surveys 
covered 16.1 km of stream, and we observed 36 redds, but no live 
adult steelhead (Table 8). Spawning occurrence in this area 
appears to be down this year. Good spawning gravels observed in 
previous years seemed to have a much higher component of fines 
this year, possibly a result of the high flows this year. Last 
year, we observed 145 redds in 24.5 km of surveyed stream. 



TABLE 8. Steelhead spawning survey data for the South Fork 
Trinity River (SFTR) basin from 13 April to 1 2  June 1993. 

Number Stream Total Live 
Locat~on Survey dates of length redds Redds steelhead 

F~rst  L~~~ surveys ikm) observed per km observed 

Hyampom Valley area 

Big Creek May 1 8  -- 1 0.8 0 0 .0  0 
Butter Creek May 0 3  
Eltapom Creek May 0 6  
Kerlin Creek April 22  
Olsen Creek April 13 

Pelletreau Creek May 18 
Subtotals: 

Mean: 

H a y f o r k - W i l d w o o d  
area 

Big Creek April 1 6  
Carr Creek April 27 
Dubakella Creek April 17  
E.F. Hayfork Creek April 21 
Goods Creek April 2 0  

Hayfork Creek May 07 
Little Creek May 0 4  
Philpot Creek May 1 9  

Potato Creek April 13  

Rusch Creek April 26 

Salt Creek April 1 4  
Tule Creek April 2 2  

Subtotals: 
Mean: 

Forest Glen area 

E.F. SFTR May 17 
Plummer Creek May 2 0  
Rattlesnake Creek June 12 

Silver Creek May 1 8  
Smokey Creek May 19 

Subtotals: 
Mean: 

Grand totals: 

Grand mean: 

June 10 
June 0 8  
May 13 
May 07 

-- 

May 29 

.- 

May 12 
-- 

May 17 
June 07 

-- 
May 0 4  
May 11 

May 0 6  

May 07 



Steelhead Redd and Spawning Habitat Evaluations 

We studied 77 steelhead redds throughout the SFTR basin during 
the 1992-93 season to assess the habitat and substrate components 
associated with them, and to measure physical and hydraulic 
characteristics of each redd. We found redds in four basic 
habitat types: pools, riffles, runs, and step-runs. 

Forty-seven percent of the total stream length that we surveyed 
consisted of step-runs. Riffles comprised 24% of the stream- 
lengths surveyed, and runs and pools comprised 13.2% and 14.2%, 
respectively (Figure 11). Most of the redds (48.3%) were 
observed at the tails of pools in pool-riffle interchanges (pool 
tail-crest). Runs and step-runs were the next most frequently 
utilized habitat types for spawning this season, 28.1% and 14.6%, 
respectively (Figure 12).. 

The average redd area index was 1.7 m2 (Figure 13). The average 
redd depth, measured 0.15 m upstream of the redd depression, was 
32.8 cm (Figure 14). Average fish-nose water velocity (Figure 
15) and mean water column velocity (Figure 16) was 0.6 and 0.6 
m/sec, respectively. 

The composition of the substrate provides information on the 
stream's suitability for spawning, insect production, and 
instream cover (Hunter 1991). Of the steelhead redds evaluated, 
small gravel (4-25 mm), medium gravel (25-50 mm), and large 
gravel (50-75 mm) made up 84.4% of the dominant substrate 
components, while 94.8% of the subdominant substrate components 
consisted of small gravel, medium gravel, large gravel, and small 
cobble (75-150 mm) (Table 9). The dominant substrate type in 
14.3% of the redds evaluated consisted of fines; last year this 
figure was only 0.4%. This suggests that increased sedimentation 
in spawning habitats may have been a problem this year. 

Embeddedness is the extent to which the larger substrate 
particles, such as gravels and cobbles are surrounded or covered 
by fine sediment. Current research indicates that when the 
substrate becomes more than 30% to 40% embedded, there is an 
accompanying loss of spawning habitat (Hunter 1991). The 
substrate in 80.5% of the observed redds this season had an 
embeddedness greater than or equal to 30% (Table 9). Last year, 
only 39.1% of the redds we observed were in substrates which were 
30% or more embedded. 

Another factor which may be important to steelhead in their 
selection of spawning sites is the availability of cover; 88.3% 
of the redds we observed were associated with boulders, small 
woody debris, large woody debris, and undercut banks (Table 10). 
Additional study and analysis of SFTR steelhead redds is needed 
to determine the spawning habitat components that fish are 
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TABLE 9. Dominant and subdominant substrate compositions, and 
embeddedness of substrate components in steelhead redds observed 
in the South Fork Trinity River basin during the 1992-1993 
season. 

Dominant Subdominant 
Substrate Substrate substrate substrate 

code type Number Number 
observed Percent observed Percent 

0 Fines 11 14.3 2 2.6 
1 Small gravel 32 41.6 19 24.7 
2 Medium gravel 20 26.0 2 4 31.1 
3 Large gravel 13 16.8 14 18.2 
4 Small cobble 1 1.3 16 20.8 
5 Medium cobble 0 --- 2 2.6 
6 Large cobble 0 --- 0 --- 
7 Small boulder 0 - - - 0 --- 
8 Large boulder 0 --- 0 --- 
9 Bedrock - 0 - --- - 0 - --- 

Totals: 77 100.0 7 7 100.0 

Embeddedness Level of Number 
code embeddedness observed Percent 

0 0% - 9% 8 10.4 

Totals: 77 100.0 



TABLE 10. Dominant and subdominant cover types associated with 
steelhead redd sites examined in the South Fork Trinity River 
basin during the 1992-1993 season. 

Dominant cover Subdominant cover 
cover Number Number 
code Cover type observed Percent observed Percent 
0 No cover 1 1.3 6 7.8 
1 Cobble 
2 Boulders 
3 Small woody 

debris 
4 Large woody 

debris 
5 Undercut bank 
6 Overhanging 

vegetation 
7 Aquatic 

vegetation 
Totals: 

Quality of Number 
cover observed Percent 
Poor 12 15.6 
Fair 19 24.7 
Good 4 6 59.7 
Excellent - 0 - --- 

Totals: 77 100.0 

selecting. This information, together with stream-by-stream 
assessments of habitat conditions and spawning activity, is 
needed to help determine the basin's capacity to support 
steelhead spawning and production. This information will also 
help to direct and evaluate habitat restoration efforts. 

Juvenile Steelhead Emigration Studies 

From 2 July 1992 through 1 July 1993, we captured 1,780 Age 0+, 
67 Age 1+, and 16 Age 2+ steelhead, and three juvenile chinook 
salmon at the SFTR and Hayfork Creek juvenile out-migrant 
trapping sites (Table 11). The peak emigration at these sites of 
Age O+ steelhead occurred during May and June 1993. Emigration 



'TABLE 11. South Fork I rinity River basin j~rver\ile salmonid weekly trapping sumrlary for the 1992-1993 season 

Year - - 

1092 

1993 

Dates 
- ~~ 

Juttan 
week 

2 7 
2 8 

20 4 4  
4 5  
4 6 
4 1 

4 8  
4 9  
50 
51 
52 
1-16 
17 
I 8  
19 
20 
11 
22 
2 3 
24 
2 5 
26 

rolals 

- 

I iayfork - Creek 

Steelhead . - 

Age O +  Age - l +  _ A g e  - 2-1 

Chinook 
Salmon - - 

Age O+ 

U 
0 

0 
0 
0 
0 

0 

0 
0 
0 
0 
7 

0 

U 
0 
I1 

3 

juveniles t rapped 

South Fork Trinity River - 

Chinook 
Steelhead - .  . -~ ~ ~~ ~ Salmon 

AgeO+ -~ . Age ~ I +  Age2+ .~ ~ Age Ot 



of the three Age O+ chinook salmon occurred during May 1993 
(JW 21) in Hayfork Creek. More Age O+ steelhead were caught in 
Hayfork Creek than the SFTR. The mean FL of Age O+ steelhead 
from the 1992 brood year (BY) increased from 57 mm in July 1992 
to 78 mm by December 1992. The mean FL of Age O+ steelhead from 
the 1993 BY increased from 28 mm during early April lg93 to 52 mm 
by June 1993 (Table 12). Bi-weekly mean FLs of Age 1+ steelhead 
ranged from 88 to 124 mm, and of Age 2+ steelhead ranged from 159 
to 240 mm. Mean FL of juvenile chinook salmon from the 1993 BY 
was 68 mm. 

- -- 

Juvenile Steelhead Habitat Utilization 

Juvenile steelhead utilization of the five basic habitat types 
was evaluated in Eltapom Creek in the fall of 1992 
(1-3 September). Prior to sampling, we identified 72 individual 
habitat units consisting of 2.8% cascades, 37.5% pools, 13.9% 
riffles, 16.7% runs, and 29.2% step-runs. We selected 24 of 
these units to sample: 1 cascade, 9 pools, 4 riffles, 3 runs, and 
7 step-runs. 

We captured a total of 481 juvenile steelhead during our sam- 
pling. The catch was composed of 80% (384 fish) Age 0+, 18% (86 
fish) Age 1+, and 2% (11 fish) Age 2+ steelhead. We estimated 
the standing crop of juvenile steelhead at 1,594 fish (Table 13). 

The highest densities of Age O+ steelhead were observed in pools 
(0.27 f ish/m2) followed by cascades (0.12 f ish/m2) (Table 13) . 
Riffle, run, and step-run densities were similar for Age O+ fish 
(0.02 to 0.03 fish/m). The highest densities of Age 1+ 
steelhead occurred in pools and cascades (0.14 and 0.12 fish/m2, 
respectively). Lower densities of Age 1+ fish were found in 
riffles, runs, and step-runs (0.002 to 0.003 f ish/m2) . Age 2+ 
fish densities were highest in cascades and pools (0.015 and 
0.012 fish/m2, respectively). Age 2+ steelhead were also found 
in runs and step-runs at very low densities. Age 2+ fish were 
not observed in riffles during fall 1992. 

Densities and standing crop estimates of juvenile steelhead have 
ranged widely during the last four years. The numbers of 
juvenile fish utilizing the available habitat in Eltapom Creek 
during the fall has not correlated with the number of redds 
observed in our spring spawning surveys (Mills and Wilson 1991; 
(Wilson and Mills 1992; and Wilson and Collins 1992, 1994). A 
possible explanation is the seasonal variation in precipitation 
rates. High flow periods would have an effect on emigration 
patterns; passive migration by young-of-the-year (Age 0+ fish) 
may be increased during high flow events. Data collection needs 
to be continued to include normal precipitation years, so a more 
accurate analysis can be performed on these data. 





TABLE 13. Juvenile steelhead habitat utilization observed in 
Eltapom Creek during fall 1992 (1-3 September). 

Number 
Number Total Sampled o f Standing 

Habitat o f area area fish Densit y crop 
type units (m2) (m2) Age caught (fishlm) estimate 

Cascade 

Pool 

Riffle 

Run 

Step-run 

Overall 

o+ 
1 + 
2+ 
All 

0 + 
1+ 
2 + 
All 

o+ 
1+ 
2 + 
A1 1 

o+ 
1+ 
2+ 
All 

0 
1+ 
2+ 
All 

o+ 
1+ 
2+ 

All 
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Sampling was not conducted in the spring of 1993, because high 
flows in Eltapom Creek and the SFTR restricted access. 

Steelhead Life-history Patterns 

No juvenile steelhead scales were analyzed this year because of a 
lack of time and trained personnel. 

RECOMMENDATIONS 
- ~- 

Creel surveys in the SFTR basin should continue during the 
1993-94 fiscal year to document angler use. Additional 
information is needed on harvest levels, especially during 
low-flow conditions. 

~dult steelhead spawning surveys should begin by mid- 
February, weather permitting. 

Steelhead spawning habitat studies, conducted in conjunction 
with the spawning surveys, should be continued throughout 
the basin. Habitat types should be quantified during these 
surveys to document spawning area available to steelhead. 

The operation of adult salmonid capture weirs in Hayfork 
Creek and in the SFTR at Forest Glen to capture emigrant, 
post-spawning steelhead should continue. 

Juvenile steelhead habitat utilization studies should con- 
tinue. A direct observation survey by snorkeling, with 
comparison counts by electrofishing, should be conducted on 
various tributaries of the SFTR and Hayfork Creek. Juvenile 
salmonid densities in relation to habitat, brood year 
production, and rearing conditions throughout the basin can 
be assessed through these surveys. 

Steelhead life-histqry studies through scale analysis should 
continue, with emphasis on the juvenile freshwater phase, to 
assess the juvenile age structure in the basin, and to 
determine if distinctive scale circuli patterns exist. 
Later, these patterns should be compared to the freshwater 
portions on adult scales to better understand the total 
life-history patterns of steelhead within the SFTR basin. 
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APPENDIX 1. List of Julian weeks and their calendar date equivalents. 

Calendar dates 

Julian 
week Start Finish 

Calendar dates 

Julian 
week Start Finish 

a/ Eight-day week in each year divisible by 4. 
b/ Eight-day week every year. - 



APPENDIX 2. Length of time between capture for salmonids tagged 
and released at Willow Creek Weir in the Trinity River, and their 
recapture at Sandy Bar Weir in the South Fork Trinity River 
during the 1992-93 season. 

Date Elapsed time 
tagged/released Date recaptured between 

Tag at at captures 
number Willow Creek Weir Sandy Bar Weir (days) 

Steelhead 
W5078 
W5114 
W5135 
R6 10 1 
R6105 
R6148 
R6 14 6 
R6158 
W5303 
R6358 
R6385 
R6368 
W5500 
R6435 

Chinook salmon 
R6008 
R6108 
W5148 
R6162 
W5386 
W5360 
W5486 
R6419 
W5571 

Coho salmon 
W5467 
W5506 
W5570 

10/06/92 
10/30/92 
10/30/92 
10/31/92 
10/30/92 
10/23/92 
10/31/92 
10/13/92 
10/30/92 
10/24/92 
10/30/92 
10/30/92 
10/30/92 
11/01/92 

Mean: 

10/18/92 
11/03/92 
ll/01/.92 
10/10/92 
10/30/92 
11/05/92 
11/19/92 
11/16/92 
12/03/92 

Mean: 

12/04/92 
12/01/92 
12/02/92 

Mean : 
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ABSTRACT 

The California Department of Fish and Game's Trinity River 
Project conducted tagging and recapture operations from May 1992 
through March 1993 to obtain chinook salmon (Oncorhvnchus 
tshawvtscha), coho salmon (0. kisutch), and fall-run steelhead 
(Q. mvkiss) run-size, angler harvest, and spawner 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 689 spring-run and 1,124 fall-run chinook salmon, 
500 coho salmon, and 219 fall-run steelhead. 

Based on tagged fish recovered at Trinity River Hatchery and on 
the return of reward tags by anglers, we estimated 4,030 spring- 
run chinook salmon migrated into the Trinity River basin upstream 
of Junction City Weir and that 298 (7.4%) were caught by anglers, 
leaving 3,732 fish as potential spawners. We estimated 14,164 
fall-run chinook salmon migrated past Willow Creek Weir and that 
9,584 of these fish continued up the Trinity River past Junction 
City Weir. Anglers harvested an estimated 472 (3.3%) of the 
fall-run chinook salmon that passed Willow Creek Weir, leaving 
13,692 fish as potential spawners. 

The coho salmon run in the Trinity River basin upstream of Willow 
Creek Weir was 10,339 fish, of which 5,683 continued their 
migration past Junction City Weir. Anglers harvested an 
estimated 24 (0.2%) of the coho salmon that migrated past Willow 
Creek Weir, leaving 10,315 fish as potential spawners. 

An estimated 3,046 adult fall-run steelhead entered the Trinity 
River basin upstream of Willow Creek. Anglers harvested 292 
(9.6%) of the adult fall-run steelhead that migrated past Willow 
Creek Weir, leaving 2,754 fish as potential spawners. 



JOB OBJECTIVES 

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

2 .  To determine the angler harvest and spawner escapements 
of Trinity River chinook and coho salmon, and 
steelhead. 

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, and fall-run steelhead in the 
mainstem Trinity River. This effort determines the composition 
(race and proportion of hatchery-markedi' or project-taggedY 
fish), distribution, and timing of the chinook and coho salmon, 
and fall-run steelhead 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, and steelhead run. 

This is a continuation of studies that began in 1977 with the 
trapping, tagging, and recapture of fall-run chinook salmon (fall 
chinook), coho salmon (coho), and fall-run steelhead (steelhead) 
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). Steelhead were 
dropped from the program in 1985 through 1989, and reinstated in 
1990. Results of these studies are available from California 
Department of Fish and Game (Heubach 1984a, 1984b; Heubach and 
Hubbell 1980; Heubach et al. 1992a, 1992b; Lau et al. 1994; 
Zuspan et al. 1985) 

The earlier studies were funded variously by the U.S. Bureau of 
Reclamation (USBR), and with Anadromous Fish Act funds 
administered by the U . S .  Fish and Wildlife Service and National 
Mcrine Fisheries Service. The USBR (PL 98-541) has funded the 
program from 1 October 1989 through the present. 

Prior to the current program, all efforts to measure salmon and 
steelhead populations in the Trinity River basin had been 
restricted to portions of the upper mainstem Trinity River and 
certain of its tributaries, or the South Fork Trinity River and 

1/ Adipose fin-clipped and coded-wire tagged (Ad+CWT), hatchery- 
produced chinook and coho salmon. 

2/ Spaghetti tags applied by CDFG Klamath-Trinity Program 
personnel to returning sea-run fish. 



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 used the mainstem and 
tributaries of the lower Trinity River, nor attempt to determine 
the proportion of hatchery fish in the runs and the rates at 
which various runs contributed to the fisheries. To develop a 
comprehensive management plan for the Trinity River basin, all 
salmon stocks utilizing the basin must be considered. 

METHODS 

Trapping and Tagging 

Traopina Locations and Periods 

Trapping and tagging operations were conducted by TRP personnel 
from May through December 1992 at the same temporary weir sites 
near the towns of Willow Creek and Junction City in the mainstem 
Trinity River that were used since 19891'. The downstream site, 
Willow Creek Weir (WCW), was located 8.4 km upstream from the 
town of Willow Creek, 48.4 km upstream from the Trinity River's 
confluence with the Klamath River, and 131.4 km downstream from 
Trinity River Hatchery (TRH) (Figure 1). The upstream site, 
Junction City Weir (JCW), was located 9.8 km upstream from the 
town of Junction City, 137.1 km upstream from the Klamath River 
confluence, and 42.7 km downstream from TRH (Figure 1). 

The WCW is used to obtain Trinity River run-size and angler 
harvest estimates for fall chinook, coho, and steelhead 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 high spring flows. We operated the 
JCW into December to obtain run-size estimates of fall chinook, 
coho and steelhead in the upper Trinity River basin. 

We trapped at WCW from 20 August through 2 December 1992. We 
trapped at the JCW from 21 May through 8 December 1992. 

At both sites, we attempted to trap four to six nights per week, 
from mid-afternoon on Monday through Friday or Sunday morning. 
We trapped and tagged fish only at water temperatures <2l0C to 
avoid severely stressing the fish. 

z/ The weir sites used this year were in the same locations 
as in prior years. The reported river kms are, however, slightly 
different. Current locations were taken from 7.5-minute United 
States Geological Survey topographic maps. 





Weir and Trap Desiqn 

Since 1989, we have used the Bertoni (Alaskan) weir design at 
both sites (Figure 2). The weir was supported by wooden tripods 
set 2.5 m apart. Weir panels consisted of 3.0-m X 1.9-cm (10-ft 
X %-in) electrical conduit spaced 5.1 cm apart on center, leaving 
a gap of 3.2 cm between conduits. Conduits were supported by 
three pieces of aluminum channel arranged 0.92 m apart, that 
connected to the supporting tripods. 

We anchored the tripods with cable attached to 1.8-m stakes 
driven into the stream bottom. The weir panels were angled, with 
the top of the weir standing 1.8 m above the river bottom 
(Figure 2). 

The trap was made of 1.9-cm electrical conduit spaced 2.5 cm 
apart and welded into panels. The panels were wired together at 
the corners to produce a 2.4-m square box, which was bolted to a 
plywood floor and covered with plywood to prevent fish from 
jumping out. A fyke, also made of conduit panels, was installed 
in the trap. Its purpose was to guide the fish into the trap and 
prevent their escape. 

The trap was placed on the upstream side of the weir. About 12 
weir conduits were raised to allow fish to pass through the weir 
and into the trap. 

A gate, inserted between two weir panels, allowed boat passage at 
both weirs. The gate was made of welded conduit panels with 2.5- 
cm spacing between conduits. 

Processins of Fish 

At both weirs, we identified all trapped salmonids to species, 
measured them to the nearest cm fork length (EL), and examined 
them for hook and gill-net scars, fin clips, and tags. Each 
untagged salmonid judged in good condition or unspawned was 
tagged with a serially numbered FT-4s' spaghetti tag (Project- 
tagged). To determine angler harvest rates upstream of the 
weirs, a portion of these spaghetti tags bore $10 rewards while 
the remaining tags were non-reward. The proportion of each 
species receiving reward tags was inversely related to the number 
of each species we expected to effectively tag during the season. 
In no case did we reward-tag less than one-third of the fish 
tagged. 

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





To determine tag shedding rates, we removed one-half of the left 
ventral fin from all spring chinook tagged at JCW. We gave all 
fall chinook and coho tagged at WCW a single 6.4-mm diameter 
puncture on the left operculum, while those tagged at JCW 
received two punctures. Tagged steelhead did not receive a 
secondary mark at either weir. We released all fish at the 
respective capture sites immediately after processing. 

Determininq the Se~aration Between Sorina and Fall Chinook Salmon 
Runs at the Weirs 

Each year there is a temporal overlap in the spring and fall 
chinook runs in the Trinity River. Since the timing of runs 
varies between years, each season we assign a new date separating 
the two runs so that numbers of spring and fall chinook used to 
estimate the run-size and angler harvest could be determined. To 
make this separation, we compared the proportions of known spring 
and fall chinook trapped at each weir each week. The week at 
which the proportion of fall chinook exceeded spring chinook was 
designated as the first week of the fall-run at that weir. A 
recovered chinook was identified as either a spring or fall 
chinook based on two separate criteria. First, some chinook 
tagged at the weirs carried coded-wire tags (CWT), placed in 
their snouts as juveniles at the hatchery. If these fish were 
recovered at the hatchery or during spawning surveys, the tag's 
code indicated whether they were spring or fall fish. Secondly, 
non-CWTed chinook tagged at the weir and recovered at the 
hatchery were classified as either spring or fall fish based-on 
the date they entered the hatchery. If they entered the hatchery 
during the period associated with the spring run (based on CWT 
recoveries at the hatchery) they were considered spring chinook. 
Those chinook entering the hatchery during the period associated 
with the fall run (again, based on CWT recoveries) were 
considered fall chinook. 

Estimatina Numbers of Sprinq and Fall Chinook Salmon at Trinity 
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 without CWTs entering TRH, we expanded 
the numbers of tags recovered from each returning CWT group by 
the ratio of tagged to untagged chinook salmon when they were 
originally released (same strain, brood year [BY], release site 
and date). For example, 97,569 fall chinook of CWT group 065632 
plus 968,475 unmarked fall chinook were released directly from 
TRH in September 1987. Since there were 9.9 unmarked chinook 
salmon released for every CWTed chinook salmon released (968,475 
unmarked/97,569 marked = 9.9), we multiplied the total TRH 
recovery numbers of CWTed chinook salmon of code group 065632 by 
9.9 to estimate the number of unmarked chinook of that release 
group that returned to TRH. In doing so, we assumed that return 



rates to TRH of both CWTed fish and their unmarked counterparts 
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 the CWT groups, we assumed the additional fish were naturally 
produced. We designated these fish as spring- or fall-run in the 
same proportions that were determined by the expansion of the CWT 
groups on that day. 

Size Discrimination Between 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, compared against 
length data obtained from groups of CWTed fish that entered TRH 
whose exact age was known. Daily chinook salmon FL data from TRH 
were assigned to either spring or fall chinook only when the 
expansion of the number of CWTs indicated 290% of the chinook 
salmon entering TRH were from either spring or fall runs. 

The length data collected at the weirs and TRH were smoothed with 
a moving average of five, 1-cm increments to determine the nadir 
separating grilse and adults. 

Size Discrimination Between Adult and Immature Steelhead 
, 

All steelhead 241 cm FL were considered adults, and steelhead <41 
cm FL captured at the weirs were assumed to be half-pounders 
(assumed to have migrated to the ocean). Steelhead <41 cm FL 
that entered TRH were classified as sub-adults, since we did not 
know whether they had migrated to the ocean or were resident 
steelhead. 

Recovery of Tagged Fish 

River Surveys 

River surveys were not conducted in the 1992-93 season because 
very few dead, tagged fish were recovered during river surveys in 
the previous seasons. We continued to recover dead, tagged fish 
at the weirs. We examined dead salmonids for tags, fin clips, 
and spawning condition, and measured them to the nearest cm FL. 
Heads of adipose fin-clipped (Ad-clipped) (potentially hatchery- 
marked) fish were removed for the recovery of the CWT. After 
examination, the carcasses were cut in half to prevent 
recounting. 



Tassins Mortalities 

We defined all tagged salmonids recovered dead at the weir or 
reported dead by anglers as tagging mortalities, if there was no 
evidence they had spawned and they were recovered dead 530 days 
after tagging. Tagged fish recovered dead more than 30 days 
after tagging, or those that had spawned, regardless of the 
number days after tagging, were not considered tagging 
mortalities. 

Anqler Taa Returns 

We used the information from Project-tags returned by anglers to 
assess sport harvest. All the tags placed on fish at the weirs 
were inscribed with our address so anglers could return the tags 
to us. If, when returned, the angler failed to indicate the date 
and location of their catch, we requested the information in a 
follow-up thank-you letter. The letter also informed them of the 
fish's tagging date and location. 

Salmon Spawner Surveys 

The Trinity River Fisheries Investigation Project (TFIP), another 
element of CDFG's Klamath-Trinity Program, conducted salmon 
spawner carcass surveys in the mainstem Trinity River and its 
spawning tributaries from Lewiston to the confluence of, and 
including the North Fork Trinity River (Figure 1). Staff of the 
TFIP routinely provided us records of the species, tag number, 
date, and recovery location of Project-tagged fish seen during 
surveys from 15 September through 17 December 1992. These 
recoveries are not reported in this Chapter, but are contained in 
Chapter I. 

Trinitv River Hatchery 

The TRH fish ladder was open from 1 September 1992 through 
28 March 1993. Hatchery personnel conducted fish sorting and 
spawning operations two-days-per-week through December, and up to 
seven-days-per-week and twice daily from 2 January through 
27 March 1992. Increased sorting frequency was an attempt to 
reduce predation by river otters (Lutra canadensis) on steelhead 
in the fish ladder and holding raceway. We considered the 
initial day a fish was observed during sorting as the day it 
entered the hatchery. 

On all sorting days, salmon and steelhead entering TRH were 
identified to species, sexed, and examined for tags, fin clips, 
and secondary tagging marks. We measured all salmon to the 
nearest cm FL, except those that were Project-tagged fish from 
the weirs. Project-tagged salmon and steelhead recovered at TRH 
were assigned the FL initially recorded for them at the weir when 
they were tagged. 



We removed Project-tags from unmarked (non-Ad-clipped) salmon on 
the initial sorting day, while Project-tags were removed from 
hatchery-marked (Ad-clipped) salmon the day they were spawned. On 
each sorting day, we gave a distinguishing fin-clip to hatchery- 
marked salmon before they were placed in ponds to ripen. Thus the 
day they initially entered the hatchery (i.e., were sorted) could 
be later determined when they were spawned. Salmon with a 
secondary tagging mark and no tag were measured to the nearest cm 
FL and sexed. At the end of the season, we assigned each of 
these secondary-marked salmon with a shed tag, the tag number 
from a fish of the same species, FL, sex, and weir location where 
they were originally tagged and released. Tag numbers of the 
recovered Project-tagged steelhead were recorded the initial day 
the steelhead were sorted but the tags were not removed. 

On the day they were spawned, we removed the heads of all Ad- 
clipped salmon and placed each in a plastic bag with a serially 
numbered tab noting the date and location of recovery, species, 
sex, and FL. Salmon heads were given to the CDFG's Ocean Salmon 
Project for CWT recovery and decoding. The Ocean Salmon Project 
provided us with a computer file of the CWTs recovered for 
editing and analysis. 

Statistical Analyses 

Effectivelv Taaqed Fish 

We estimated the number of effectively tagged fish by 
subtracting, from the total tagged, those fish we classified as 
tagging mortalities, tagged-fish recovered downstream of the 
tagging site, and angler-caught-and-released fish. 

Run-size Estimates 

We determined the run-size estimates in 1992-93 by using 
Chapman's versioni' of the Petersen Single Census Method: 

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

We attempted to tag and recover enough fish to obtain 95% 
confidence limits within +lo% of the run-size estimate. We used 

5/ Chapman, D .  G. 1951. Some properties of the hypergeometric - 
distribution with applications to zoological census. Univ. Calif. 
Publ. Stat. 1:131-160, As cited in Ricker (1975). 



criteria established by Chapman (1948) to select the type of 
confidence interval estimator. 

We examined the grilse and adult composition of the effectively 
tagged salmon, the sample of Project-tagged salmon recovered at 
TRH, and the untagged sample of salmon at TRH to determine if the 
run-size estimate should be stratified by grilse and adults. 
Run-size estimates were stratified by grilse and adult salmon 
when: 1) the proportions of grilse and adult salmon in each of 
the above samples were significantly different statistically; and 
2) there were sufficient grilse and adult salmon recovered in the 
Project-tagged sample at TRH to obtain 95% confidence limits of 
+lo% of each of the stratified portions of the run-size estimate. - 

If we were not able to stratify the salmon run-size estimate by 
grilse and adults, we used the proportions of grilse and adult 
salmon trapped at each weir to estimate the numbers of grilse and 
adults comprising the run upstream of that respective weir. 

All steelhead run-size estimates were for adults only. This 
year, we made independent estimates of naturally and hatchery- 
produced steelhead. Commencing with the 1989 BY, all TRH- 
produced steelhead have been fin-clipped. This allowed us to 
distinguish naturally produced (non-fin-clipped) from hatchery- 
produced (fin-clipped) steelhead at the weirs. We used the 
proportions of non-fin-clipped and fin-clipped steelhead observed 
at each weir to estimate the numbers of naturally and hatchery- 
produced steelhead in the run upstream of that respective weir. 

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

Ansler Harvest Rates and Harvest Estimates 

Generally, anglers returned reward tags at higher rates than non- 
reward tags. When this was the case, we used only reward tag 
returns to determine harvest rates. When non-reward tags were 
returned at higher rates than reward tags, we combined the two to 
determine harvest rates. 

We computed the harvest rate for each species (and race of 
chinook) by dividing the respective number of angler-returned 
tags by the number of fish we effectively tagged. 

We made independent harvest rate estimates for grilse and adult 
salmon. 



The assumptions for the numbers of effectively reward- and non- 
reward-tagged fish released were the same as those for 
determining the run-size estimate (See "Run-size Estimates1*, 
above). 

We estimated the numbers of fish harvested upstream of each weir 
by multiplying the harvest rate (for each species and race) by 
the respective run-size upstream of each weir. 

Other Analvses 

The mean FLs of samples were compared statistically using a 
Student's t-test with the assumption of unequal variances (Dixon 
and Massey 1969).. We did not conduct comparisons for sample 
sizes <20 fish and differences in such cases were not considered 
statistically different. We analyzed the percentages or ratios 
of adults and grilse, marked and unmarked fish, and the angler 
return of non-reward and reward tags 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 weekly periods, beginning 
1 January, regardless of-the day of the week on which 1 January 
falls. The extra day in leap years is included in the ninth week 
(Appendix 1). This procedure allows inter-annual comparisons of 
identical weekly periods. 

RESULTS AND DISCUSSION 

Trapping and Tagging 

Chinook Salmon 

S~rina-Fall Chinook Separation. Analysis of known-race WCW- 
tagged chinook showed that beginning JW 36 (3-9 Sept) and 
continuing thereafter, the proportion of fall chinook exceeded 
that of spring chinook. Therefore, for the purposes of this 
report, the 33 chinook trapped prior to JW 36 were considered 
spring-run while the 386 chinook trapped that week and after were 
considered fall chinook (Figure 3, Table 1). 

Spring chinook were the predominant race at JCW through JW 37 
(10-16 Sept) after which fall chinook became predominant. The 
656 chinook trapped through JW 37 were considered spring chinook 
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TABLE I .  Weekly summary of spring and fall chinook trapped in the Trinity River at 
Willow Creek Weir during the 1992-93 season. 

Average 
Jul~an Nights Number trapped catch 
week lnclus~ve dates trapped Grilse ai Adults ~ o t a r  (fish/ncJ$ 

Spring-Run Chinook b/ 

35 08/27 - 09/02 4 5 22 27 6.8 
Subtotal: 8 6 27 33 
Sub-mean: 4.1 

Fall-Run Chinook b/ 
36 09/03 - 09/09 
37 09/10 - 09/16 
38 09/17 - 09/23 
39 09/24 - 09/30 
40 10101 - 10107 
4 1 10108 - 10114 
42 10115 - 10121 
43 10122 - 10128 
44 10129 - 11/04 
45 11/05 - 11/11 
46 11/12 - 11/18 
47 11/19 - 11/25 
48 11/26 - 12/02 

Sub-total: 
Sub-mean: 

~p 

Grand Total: 67 86 333 419 
Combined Mean: 

a/ Spring-run chinook grilse were 5 56 cm FL; fall-run chinook grilse were 5 49 cm FL. 
bl There was actually a temporal overlap of spring- and fall-run chinook during Julian weeks 

34 through 38. For the purpose of analysis all chinook caught through Julian week 35 were 
considered spring-run chinook; those caught after were considered fall-run chinook. 



while the 738 chinook trapped after JW 37 were considered fall 
chinook for the purposes of this report (Figure 3, Table 2). 

Run Timinq. The spring chinook run at WCW was limited to the 
first two weeks of trapping. Fall chinook catch at WCW peaked 
(17.6 fishjnight) during JW 40 (1-7 Oct) and decreased gradually 
over the next eight weeks to 0.4 fishfnight (Figure 4, Table 1). 

At JCW, spring chinook catch peaked (26.3 fishlnight) during JW 
26 (25 Jun-1 July), decreased and peaked again (18.5 fishlnight) 
during JW 33 (13-19 Aug). Fall chinook catch peaked at 33.0 
fishlnight during JW 40 (1-7 Oct) and decreased thereafter 
(Figure 4, Table 2). 

Sizes of Trapped Fish. The average sizes of the spring chinook 
trapped at WCW and JCW, and that entered TRH were similar. Based 
on the analysis of combined FL distribution for the three sites, 
the size separating grilse and adult spring chinook was 56 cm FL 
(Figure 5). Limited information from known-age, CWTed spring 
chinook that entered TRH supported the 56 cm FL separation of 
adults and grilse (Appendix 2). Therefore, this season, we 
considered spring chinook in the Trinity River basin 556 cm FL to 
b e  grilse, while adults are >56 cm FL. 

Grilse comprised 18.2%, 41.5%, and 28.9% of the spring chinook 
observed at WCW, JCW, and TRH, respectively. 

The fall chinook FL distributions for either weir were not 
similar in showing the size separation between grilse and adults, 
but for the TRH and the combined FL distributions, 49 cm FL was 
the nadir (Figure 6). Size data of known-age, CWTed fall chinook 
entering TRH also supported the size separation (Appendix 3). 
Therefore, this season, we considered fall chinook in the Trinity 
River basin 549 cm FL to be grilse, while adults were >49 cm FL. 

Fall chinook grilse comprised 20.7%, 26.4%, and 5.3% of the runs 
observed at WCW, JCW, and TRH, respectively. 

Effectivelv Tawed Fish. We trapped 656 spring chinook at JCW, 
of which 610 (233 grilse and 377 adults) were effectively tagged 
(Appendix 4). The number effectively tagged accounted for 
tagging mortalities (15), poor-condition untagged fish (27), fish 
that died prior to tagging (3), and fish from which an angler 
reported removing the tag (1). The effectively tagged number 
included 446 (73.1%) reward-tagged fish (173 grilse and 273 
adults). 

We trapped 386 fall chinook at WCW, one of which was dead in the 
trap, 21 which were released untagged, and three fish from which 
anglers had removed the tags. We effectively tagged 361 fall 
chinook (74 grilse and 287 adults) at WCW during the 1992-93 
season (~ppendix 5). We placed reward tags on i72 fish (31 



TABLE 2. Weekly summary of sprlng and fall ch~nook trapped in the Tr~nity Rlver at 
durmg the 1992-93 season ..  .. ~ ----- -~ - -~. 

Average 
Julian ~ ~ 

week Inclusive dates 
Soring-Run Chhook b/ 

Nlghts Number trapped 
trapped -. Grilse -- ai Adults Total 

5 0 14 14 
6 1 20 2 1 
2 c i  0 6 6 
0 c i  - 
1 c i  1 17 18 
4 2 103 105 
4 11 63 74 
4 27 52 79 
4 7 6 13 
4 21 6 27 
4 35 7 42 
4 15 14 29 
4 4 1 33 74 
4 5 7 12 
4 28 6 34 
4 4 1 13 54 

catch 
(fishinight) 

2.8 
3.5 
3.0 

18.0 
26.3 
18.5 
19.8 
3.3 
6.8 
10.5 
7.3 
18.5 
3.0 
8.5 
13.5 - ~ 

37 09110 - 09/16 - 4 37 17 54 13.5 
Sub-total: 62 272 384 656 
Sub-mean: 

Fall-Run Chinook b/ , 
38 09/17 - 09/23 
39 09/24 - 09/30 
40 10/01 - 10107 
41 10108 - 10114 
42 10115 - 10121 
43 10122 - 10128 
44 10129 - 11/04 
45 11/05 - 11/11 
46 11/12 - 11/18 
47 11/19 - 11/25 
48 11/26 - 12/02 2 0 3 3 1.5 
49 12/03 - 12/09 - 3 1 5 6 2.0 

Sub-total: 4 1 195 543 738 
Sub-mean: 18.0 

- -- 

Grand Total: 103 467 927 1,394 
Combined Mean: 13.5 

a/ Spring-run chinook grilse were 5 56 cm FL; fall-run chinook grllse were 5 49 cm FL. 
bl There was actually a temporal overlap of spring- and fall-run chinook during Julian weeks 
33 through 40. For the purpose of analysis all chinook caught through Julian week 37 were 
considered spring-run chinook; those caught after were considered fall-run chinook. 

c i  Weir was not fished from 618 through 6/21/92 due to hlgh nver flows 
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FIGURE 5. Analysis of spring-run chinook salmon lengths observed 
at the Trinity River weirs and Trinity River Hatchery during the 
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grilse and 141 adults), or 47.6%, of the effectively tagged fall 
chinook at WCW. 

We trapped 738 fall chinook at JCW, of which 669 (160 grilse and 
509 adults) were effectively tagged (Appendix 5). The fish not 
effectively tagged included one dead in the trap, 67 released 
untagged, and one which had its tag removed by an angler. 

Reward tags were placed on 249 (86 grilse and 163 adults), or 
37.2%, of the effectively tagged fall chinook at JCW. 

Incidence of Tass and Fin Clips. Nine of the 31 (29%) spring 
chinook salmon effectively tagged at WCW were recaptured at JCW. 
Length of time for migration between the weirs for these fish 
ranged from 11 to 51 d, averaging 24 d. 

Ad-clipped fish comprised 6.1% (2133) of the spring chinook seen 
at WCW and 6.9% (451656) of those seen at JCW (Appendix 4). One 
of the two Ad-clipped spring chinook Project-tagged at WCW was 
recovered at TRH. Its CWT indicated it was actually a 1987 brood 
year fall chinook (Table 3) . 
Twenty-five (55.6%) of the 45 Ad-clipped spring chinook tagged at 
JCW were recovered at TRH. Of these, 19 were spring chinook from 
TRH, one was a naturally produced chinook and five had shed their 
CWTs (Table 3). 

Twenty-one (5.8%) of the 361 fall chinook effectively tagged at 
WCW were recovered at JCW. Length of time to travel between the 
weirs for these fish ranged from 13 to 32 d, averaging 22 d. 

Ad-clipped fish comprised 3.9% (151386) of the fall chinook seen 
at WCW and 5.7% (421738) of those seen at JCW (Appendix 5). Four 
of the 15 (26.7%) Ad-clipped fall chinook tagged at WCW were 
recovered at TRH, all of which were originally marked as 
juveniles at TRH (Table 3). 

Thirteen (30.9%) of the 42 Ad-clipped fall chinook which were 
tagged at JCW were recovered at TRH. From these, 11 CWTs were 
extracted, all of which originated from TRH (Table 3). 

Incidence of Gill-net and Hook Scars. At both weirs, 8.4% of 
the spring chinook trapped were gill-net scarred. As noted last 
year (Lau et al. 1994), gill-net-scarred spring chinook were on 
average larger than non-gill-net-scarred fish. At JCW the 
difference in size was statistically significant (t=4.82, 
d.f.=86, P<.01) while at WCW, it was not (t=1.43, d.f.=17, 
P>.05). 

For fall chinook, 7.8% and 4.6% of the fish trapped at WCW and 
JCW, respectively, were gill-net-scarred. As with spring 
chinook, gill-net-scarred fish were larger, on average, than non- 
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.ABLE 3 Kelease data and resavsries :or coced-w~re tagaed salmon that svere tiapped in the 
Tr~n~ty  River at Willow Creek and Junct,on Cib,ueirs, and recavered at Trin~ty River Hi lcher j  
during the 1392-93 season. .- 

Numbers 
Release data recovered from 

CWT ai Brood Number tagging site: bl 
number Species Race ear Date of fish Site c: WCW JCW 

066149 chlnook spring :9%8 05126189 181,698 TRH 1 
66 1306 dl chinook spring 1988 03/29/98 15.703 TR 1 
066148 chincok spring 1988 10124189 08,820 TRH 2 
065639 chinook spring 1989 10101190 102.255 TRH 4 3 
0601040103 chinook spring 1990 05128191 196,908 TRH 13 
shed tag el chinook 1 5 - -  
Total spring-run chinook: 5 25 

065631 chinook fall 1987 10102188 92,300 AP 1 
065632 chinook fall 1988 10127189 97.569 TRH 7 
0601040101 chinook fall 1989 05/18/90 201,622 TRH 2 
065637 chinook fall 1989 10/16190 23.625 TRH 1 
065634 chinook fall 1989 10115i90 97,810 TRH 1 1 
065641 chinmk fall 1989 10i16190 22.540 TRH 1 1 
shed tag el chinook 
Total fall-run chinook: 

065660 coho 
065657 coho 
shed tag coho 
Total coho: 

1989 03/18/91 51,088 TRH 
1990 04/03/92 52,233 TRH 

- 
a/ CWT=coded-wire tag. 
bl Tagging site: WCW=Wil!ow Creek Weir: JCW=Junction City Weir. 
c: Reiease site: TRH=Trinity River Hatchery: TR=mainstem Trmity River between Lewisfon Dam and the 

North Fork Trinity River. AP=Ambrose Ponds. 
d l  The fish with this CWT was a naturalty-produced chinook of unknown race. It was considered 

a spring-run fish because it was trapped during the time assoctated with the spring-run. 
el Fish with shed C W s  were designated as spring- or fall-race based on the date they were trapped at 

the weirs. 



gill-net-scarred fish. At both weirs, the differences were 
statistically significant (JCW: t=3.61, d.f.=47, P<.01; WCW: 
t=3.52, d.f.=54, P<.01). 

Seven of the 610 effectively tagged spring chinook at JCW were 
ocean-hook-scarred. At WCW, none of the 361 effectively tagged 
fall chinook bore ocean-hook-scars. 

Coho Salmon 

Run timinq. We trapped the first coho at WCW on 24 September 
1992 (JW 39). The average weekly catch of coho peaked (35.0 
fish/night) within three weeks of the first capture, then 
steadily decreased to 1.6 fish/night over the next three weeks. 
Catches remained near this level through the remainder of the 
trapping season, ending JW 48 (26 Nov - 2 Dec) (Figure 7). We 
trapped 405 coho salmon at WCW during the 1992-93 season 
(Table 4). 

The first coho entered the JCW trap on 9 October (JW 41), 
approximately two weeks after they initially appeared at WCW. 
The coho run at JCW was characterized by three peaks occurring at 
two week intervals starting JW 43 (22-28 Oct).. However, the 
average weekly catch varied only slightly, ranging from 2.0 to 
5.5 fish/night throughout most of the trapping season (Figure 7). 
We trapped 95 coho at JCW during the 1992-93 season (Table 5). 

Size of Fish Trau~ed. The size ranges and mean FLs of coho 
trapped at WCW and JCW were similar (Appendix 6). The size 
separating grilse and adult coho was based on the combined length 
data from coho trapped at WCW, JCW and that entered TRH. The 
nadir separating grilse and adults was 50 cm FL for TRH and JCW 
data, and 48 cm FL for WCW data. The combined (TRH, JCW and WCW) 
data showed the separation between grilse and adults was 50 cm FL 
(Figure 8). This year all coho (50 cm FL were considered grilse, 
while larger coho were adults. 

~rilse coho comprised 23.0%, 27.1%, and 33.8% of the coho trapped 
at WCW, JCW, and TRH, respectively. 

Effectivelv Taaaed Fish. We trapped 405 coho salmon at WCW of 
which 403 (93 grilse and 310 adults) were effectively tagged. 
Two coho were not tagged because they were in poor condition. 
The effectively tagged coho included 202 (50.1%) reward-tagged 
fish (54 grilse and 148 adults). 

A total of 96 coho salmon was trapped at JCW, of which five were 
released untagged because they were in poor condition. Thus, 91 
coho (22 grilse and 69 adults) were effectively tagged (including 
six that were originally tagged at WCW). Reward-tagged coho 
composed 47.6% of the effectively tagged fish (10 grilse and 30 
adults), not including the fish originally tagged at WCW. 
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TABLE 4. Weekly summary of coho salmon trapped in the Trmity River at Willow Creek 
Weir during the ~ 1992-93 season. ~~p~~ a1 ~ - ~ 

Julian 
week 
34-38 

39 
40 
4 1 
42 
43 
44 
45 
46 
47 
48 

10101 - 10107 
1OlO8 - 10114 
10/15 - 10121 
10122 - 10128 
10129 - 11/04 
11/05 - 11111 
11/12 - 11/18 
11/19 - 11/25 
11126 - 12/02 

Totals: c/ 
Mean: c/ 

Nights 
trapped - 

2 1 
5 
5 
5 
5 
5 
2 
5 
5 
4 
5 -- 

46 

- Number trapped 
Grilse b/ Adults Total 

0 0 0 

Average 
catch 

(fishlnight). 
0.0 
0.2 
2.8 

10.2 
35.2 
19.2 
9.5 
1.6 
3.0 
4.8 
1.2 

8.8 

a/ Trapping at Willow Creek weir took place from Julian week 34 (20 August) through Julian 
week 48 (2 December) of 1992. 

b/ Coho grilse were 2 50 cm FL; adults were > 50 cm FL.. 
c/ Based on trapping data from Julian weeks 39 through 48. 

TABLE 5. Weekly summary of coho salmon trapped in the Trinity River at Junction City 
Weir during the 1992-93 season. a/ 

Average 
Julian Nights Number trapped catch 
week Inclusive dates trapped Grilse b/ Adults T o t s  (fishlnight) 
21-40 05/21 - 10107 77 C/ 0 0 0 0.0 

12/03 - 12/09 3 5 - -- 2 - 
Totals: d l  28 26 69 
Mean: d/ 

a/ Trapping at Junction City Weir took place from Julian week 21 (21 May) through Julian 
week 49 (8 December) of 1992. 

b l  Coho grilse were 5 5 0  cm FL; adults were > 50 cm FL.. 
c/ Weir was not fished from 618 through 6/21/92 due to high river flows. 
d l  Based on trapping data from Julian weeks 41 through 49. 
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Incidence of Taus and Fin Clips. We recaptured six coho at JCW 
that had been tagged at WCW. Their mean migration time was 19.5 
d, for a mean migration rate of 4.6 km/d. This is a faster rate 
of migration than was observed during the 1991 season of 3.4 km/d 
(Lau et al. 1994). 

We trapped 37 Ad-clipped coho at WCW (10 grilse and 27 adults), 
which comprised 9.1% of the total WCW coho catch (Appendix 6). 
At JCW, 5.2% (5/96) of the coho trapped were Ad-clipped (one 
grilse and four adults). Sixteen Ad-clipped coho tagged at WCW 
and four from JCW were recovered at TRH. CWTs were extracted 
from 18 Ad-clipped coho, all of which were from TRH (Table 3). 

Incidence of Gill-net and Hook Scars. We found gill-net scars 
on 2.2% and 1.1% of the coho trapped at WCW and JCW, 
respectively. Slightly higher incidences (4.1% and 1.81, 
respectively) were observed last year (Lau et dl. 1994). 

We found 1.7% and 2.1% of the coho trapped at WCW and JCW, 
respectively, to be hooked-scarred. All of the hook scars 
appeared to be of freshwater origin. 

Fall-run Steelhead 

Run Timinq. We caught steelhead each week from 20 August 
through 2 December (JW 34-48) at WcW (Figure 9). Peak average 
weekly catch (7.0 fish/night) occurred at WCW during JWs 40 (1-7 
Oct) and 44 (28 Oct - 4 Nov). The number of steelhead trapped 
declined through the end of the trapping season. However, the 
steelhead run did not appear to be over when we removed the weir 
for the season. We trapped 190 steelhead (176 adults and 14 
half-pounders) at WCW during the 1992-93 season (Table 6). 

We caught steelhead intermittently at JCW from JW 27 through JW 
49 (2 July - 2 December) (Figure 9). The steelhead run peaked JW 
47 (19-25 November) at JCW. We trapped 29 steelhead at JCW 
during the 1992-93 season (Table 7). 

Size of Fish Tra~ued. Steelhead caught at WCW, JCW, and TRH 
averaged 56.9, 55.3, and 49.7 cm FL, respectively (Figure 10). 
The average FL was smaller at TRH than the other sites, primarily 
because of the large number of sub-adults sampled there. 
Sub-adult steelhead made up 7.42, 6.9%, and 22.4% of the 
steelhead trapped at WCW, JCW, and TRH, respectively. It is 
likely that many of the sub-adults observed at TRH were actually 
residualized or resident fish. 

Effectivelv Tamed Fish. We trapped 176 adult steelhead at 
WCW, 10 of which were released untagged. There were no tagging 
mortalities, for a total of 166 effectively tagged adult 
steelhead (Appendix 7). Included in the total were 83 reward- 
tagged fish. 
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TABLE 6 Weekly summary of steeihead trapped in the Tr~n~ty Rwer al Wlllow Creek Welr dur~ng 
the 1992-93 season ai - 

Julian 
week 
-r- 

35 

Number t r a p ~ d  ~ ~ - p  .- Average 
Nights = I f p -  catch 

Inclusive dates trapped x u n d e r s  b/ Adults Tota-hini ht) 
- a a T r m - -  -TI---- 

08/27 - 09/02 4 0 7 7 
~47 

1 .8 
09/03 - 09109 4 1 11 12 3.0 
09/10 - 09116 4 1 5 6 1.5 
09117 - 09/23 5 0 5 5 1 .O 
09/24 - 09/30 5 0 11 11 2.2 
10101 - 10107 5 2 33 35 7.0 
10108 - 10114 5 0 12 12 2.4 
10115 - 10121 5 2 28 30 6.0 
10122 - 10128 5 0 34 34 6.8 
10129 - 11/04 2 0 14 14 7.0 
11/05 - 11/11 5 7 6 13 2.6 
11/12 - 11/18 5 0 2 2 0.4 
11/19 - 11/25 4 0 3 3 0.8 
11126 - 12/02 5 1 3 4 0.8 
Totals: 67 14 176 190 
Mean: 2.8 

a/ Trapping at Willow Creek weir took place from Julian week 34 (20 August) through Julian 
week 48 (2 December) of 1992. 

bl Haw-pounder steelhead were 5 41 cm FL: adults were > 41 cm FL. 

TABLE 7. Weekly summary of steelhead trapped in the Trinity River at Junction City Weir during 
the 1992-93 season. a/ 

Number trapped Average 
Julian Nights T a R -  catch 
week -- Inclusive dates trapped pounders bl Adults Total (fishlnight) 

Totals: d l  
Mean: d/ 

-- 

a/ Trapping at Junction City Weir took place from Julian week 21 (21 May) through Julian 
week 49 (8 December) of 1992. 

bl Haif-pounder steelhead were c 41 cm FL: adults were > 41 cm FL. 
c/ Wetr was not fished from 618 through 6/21/92 due to high river flows. 
dl Based on trapping data from Julian weeks 27 through 49. 
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We trapped and reward-tagged 27 adult steelhead at JCW this 
season. There were no tagging mortalities, and one tag was 
removed by an angler, resulting in 26 effectively tagged 
steelhead (Appendix 7). 

Incidence of Taus and Fin Clips. We observed fin clips on 76 
adult and nine subadult steelhead at WCW, and 16 adults and one 
subadult at JCW (Appendix 7). The bulk of these (55.3% at WCW 
and 70.6% at JCW) were from the 1990 BY released from TRH in 
March 1991 Appendix 8). Assuming that all the TRH-produced 
steelhead captured at the weirs were fin-clipped6', 43.2% 
(76/176) and 59.3% (16/27) of the adults observed at WCW and JCW, 
respectively, were TRH-produced. 

Incidence of Gill-net and Hook Scars. Five (2.8%) of the adult 
steelhead trapped at WCW had gill-net scars. The mean FL of the 
gill-net-scarred steelhead was slightly larger (60.0 cm) than the 
non-gill-net-scarred steelhead (56.8 cm). No gill-net-scarred 
steelhead were trapped at JCW. 

Hook scars were observed on 3.2% (6 fish) and 3.4% (one fish) of 
the steelhead trapped at WCW and JCW, respectively. 

Recovery of Tagged Fish 

Tau Returns bv Analers 

Analer Harvest Reaulation. Department of Fish and Game fishing 
regulations can affect the return of tags each year by limiting 
harvest. Special quota restrictions were in place during the 
1992-93 season, which decreased the number of adult chinook 
caught by anglers (Appendix 9). 

Swrina-run Chinook. Anglers returned 36 tags from spring 
chinook tagged at JCW. These included 32 reward (12 adults and 
20 grilse) and four non-reward tags (all grilse). We estimated 
the harvest rate, based on the return of reward tags, at 4.4% for 
adults and 11.6% for grilse. The number of days between tagging 
and reported capture by anglers ranged from zero to 133 d, with a 
mean time-at-large of 40.5 d. 

Fall-run Chinook. Anglers returned only 12 tags (five reward 
and seven non-reward) from fall chinook salmon tagged at WCW. 
Reward tags from 2.1% (3/141) of the adults and 6.5% (2131) of 
the grilse were returned by anglers. Anglers returned non-reward 

6 /  It is possible that some unmarked TRH-produced steelhead 
(from the 1988 BY) were present in the run. However, based on 
the high percentage (94.5%) of fin-clipped steelhead at TRH this 
season, these fish (if any) were not very numerous (see page 
129). 



tags from fall chinook at the rate of 3.4% (5/146) for adults and 
4.7% (2/43) for grilse. Since so few tags were returned, and 
non-reward tags (from adults) were returned at a higher rate than 
reward tags, we used reward plus non-reward tags to estimate 
harvest rates. The overall harvest rate of fall chinook upstream 
of WCW was 2.8% for adults and 5.4% for grilse. 

Anglers returned only four tags from the 669 fall chinook 
effectively tagged at JCW. These tags included three from 
reward-tagged adults and one from a non-reward-tagged grilse. The 
overall (reward + non-reward) harvest rate upstream of JCW was 
0.6% for grilse and 1.8% for adults. 

coho Salmon. We estimated the overall harvest rate of coho 
upstream of WCW this season to be 0.2%. Only one of the 403 coho 
tagged at WCW was reported caught by anglers. 

No tags were returned by anglers from coho tagged at JCW. We 
assumed that no coho were harvested upstream of JCW this season. 

Fall-run Steelhead. Anglers returned 12 tags from WCW-tagged 
steelhead; four non-reward and eight reward tags. Based on the 
reward tags returned, we estimated anglers caught 9.6% of the 
steelhead migrating upstream of WCW. The mean size of the fish 
caught was 52.9 cm FL. The steelhead were caught from zero to 
159 d after being tagged, with a mean of 42 d. 

Anglers returned four of the 26 reward tags from,steelhead tagged 
at JCW. Based on the tags returned, 15.4% of the steelhead 
migrating upstream of JCW were caught by anglers. The mean size 
of the steelhead reported caught was 59.7 cm FL. Anglers 
captured fish from 83 to 141 d after tagging, with a mean time- 
at-large of 112 d. 

Trinitv River Hatchery 

Coded-wire Tas Number 065639. Chinook from this CWT group were 
originally tagged as spring chinook smolts, but based on the 
timing of their entrance into TRH, appeared to be actually a 
composite of both spring and fall chinook. These fish began 
entering TRH early in the season, like the other spring CWT 
groups, but they continued through the period associated with 
fall chinook (Table 8). Based on the numbers and timing of these 
fish entering TRH, we estimated between 50% and 759 of this group 
were fall chinook. For analysis purposes, we considered fish 
from this group entering TRH after 15 October to be fall chinook 
while those entering before that date were considered spring 
chinook. Why this group consisted of fish from both runs is 
unknown. 



TABLE 8.  Recoveries of coded-wire-tagged, Trinily River Halchery-produced, spring-run chinook salmon at Trinity River Halchery 
during the 1992-93 season. a/ 
-- ~ ..- ~ ~ 

-- - Brood year 
~~~~ ~ .-~- ~ - 

1987 1988 -~ .~ ~ ~ 1990- ~ -- -- - 1989 
Coded-wirelag number 

~ 

Enlty date bl 066147 066148 066149 0601040102 0656%-065636-06610?5m?65640 -- - ~ She%s cl Total ~- 

09/14/92 4 2 2 1 9 
0911 7192 13 3 1 1 4 1 16 39 
09121192 1 5 4 0 1 1 0 3 15 
09124192 0 4 1 0 2 1 5 0 6 19 
09/28/92 1 10 1 2 1 11 1 14 4 1 
10101192 6 1 1 10 0 9 27 
1 0105192 8 0 2 2 0 5 17 
10108192 0 0 2 3 1 3 9 
10113192 0 1 2 3 
1011 5/92 1 1 2 
10119192 4 4 
10122192 5 5 
10126192 9 9 
10129192 1 1 
11102192 13 13 
1 1103192 1 1 
1 1105192 1 1 
11109192 2 2 
11110192 0 0 
11112192 0 0 
11116192 0 0 
11117192 0 0 
11/19/92 0 0 
1 1123192 0 0 
11/25/92 0 0 
11130192 0 0 
12/03/92 1 1 

- - - -  ~ ~ - ~ ~ ~ -. - ~ 

Tolals 2 51 13 3 52 i 36 3 57 218 
- - - -- ~~ ~~ -~ ~~ 

a1 The fish ladder was open from i iSe i leGber  1!J92Thr&$ zRMarch~lG93. 
b! Entry dale was the date that fish were initially sorled, ailhough they may have actually entered the hatchery any lime after 

the previous sorling day. 
cl No CWT were recovered from the Ad-clipped fish. Chinook with shed lags recovered afler 10/13/92 were considered fall-chinook 

and are shown in Table 10. 



S~rins-run Chinook Salmon. Based on CWT recoveries, spring 
chinook began entering TRH on 14 September (JW 37) and continued 
through 15 October (JW 42) (Figure 11, Table 8). We estimated 
that 1,846 spring chinook (533 grilse and 1,313 adults) entered 
TRH during the 1992-93 season. 

We recovered 12 (38.7%) of 31 Project-tagged spring chinook from 
WCW at TRH (Table 9). The mean FL of the Project-tagged spring 
chinook from WcW that entered TRn was 3.9 cm less than the mean 
of those effectively tagged at the weir (Appendix 4). They had 
been tagged at WCW from 33 to 57 d before entering TRH, with an 
average of 40.7 d. 

We recaptured 279 spring chinook (100 grilse and 179 adults) at 
TRH that we had tagged at JCW, including 4 fish which had been 
tagged at WCW, and recovered at both JCW and TRH. Thus, we 
recovered 45.71 of the spring chinook which were effectively 
tagged at JCW (Appendix 4). There was no difference in the mean 
FL of effectively tagged versus TRH-recovered spring chinook from 
JCW. The Project-tagged spring chinook from JCW had been at 
liberty from 15 to 236 d (mean of 67.4 d) before entering TRH. 

:.-._ . ..... Fall Chinook 
'.. Estimated Tctal 3,990 

Spring Chinook 
Estimated Total 1,846 ''...., / 

\ 
1 

....... .. .......... ".____.. J 
7 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 

JULIAN WEEK 

FIGURE 11. Es t imz tec i  nxmers of scrinc- and fall-- chxook 
salmon that entered Trinlty River Hatchery during the 1 9 9 2 - 9 3  
sezson based cr. e.~pns:2r. of r-ixrbers of ccde6-w:m- rtqce;- f Fe?? 
recovered. 



TABLE 9 Total numbers and numbers of Project-tagged chinwk and coho salmon mat 
enrered Trigit'{ River Hatchev (TRH) during the 1992.93 season a/ 

Numbers of chinook salmon Numbers of coho salmon 
T-!al Spflng-run from Fall-run hom Tow From tagging 

Entry er  ng tagging site b/ tagging site entering site 
da ted  Th:  d/ JCW WCW JCW WCW TRHdl JCW WCW 

09/14/92 105 10 

0111319j 
Totals: 5.836 279 (4) 12 278 (8) 101 

a/ The fish ladder was open 11 September 1992 through 28 March 1993. 
bl Tagging site: JWC=Junction City Weir. WCW=Wllow Creek Weir 
d Entry date was Vle day that fish were initially sorted, although bey may have actuaily entered the 

hatchery anybme afler me prewws sorting day. 
dl Numbers shown include tagged fish recovered on lhe same day. 
e l  Numbers in parenthesis are fish tagged and released at WCW that were recaptured and re-released 

at JCW, and that subsequently entered TRH. They are included in the total entering TRH. 



We recovered 218 Ad-clipped spring chinook at TRH, but CWTs were 
recovered from only 161 of these fish. The greatest returns of 
CWT fish were from the 1988 and 1990 BYs that had been released 
as smolts (CWT numbers 066148 and 0601040103, respectively) 
(Table 8). 

Fall-run Chinook Salmon. Based on the recovery of CWTs, the 
first fall chinook entered TRH on 17 September 1992 (JW 38), the 
run peaked 2 November (JW 44), and decreased steadily through 30 
November (JW 48), when the last W e d  chinook entered the 
hatchery (Figure 11). We estimated that 3,990 fall chinook (211 
grilse and 3,779 adults) entered TRH during the 1992-93 season. 

We recaptured 101 fall chinook (six grilse and 95 adults) at TRH 
that we had tagged at WCW (Table 9); this was 28% of those 
effectively tagged at the weir. These Project-tagged fish ranged 
from 46 to 89 cm EL, and averaged 66.8 cm FL, 3.9 cm larger than 
the mean size of those effectively tagged (Appendix 5). Project- 
tagged fish entered TRH from 12 to 46 d after tagging, averaging 
28.2 d. 

We recaptured 41.6% of the effectively tagged JCW-tagged fall 
chinook (41 grilse and 238 adults) at TRH (Table 9). These fish 
included eight fall chinook that had been previously tagged and 
released at WCW. JCW-tagged fish recaptured at TRH ranged in 
size from 40 to 87 cm EL, with a mean of 64.8 cm FL, similar to 
the mean size of all fall chinook tagged at JCW (Appendix 5 ) .  
JCW-tagged fall chinook entered TRH from 3 to 41 d after tagging, 
averaging 11.6 d. 

We recaptured 344 Ad-clipped fall chinook at TRH, and recovered 
305 CWTs. TRH yearling CWT groups 065632 (1988 BY) and 065634 
(1989 BY) comprised 53.41 and 13.12, respectively, of the CWTs 
recovered (Table 10). 

Coho Salmon. The first coho entered TRH on 13 October 1992 ( J W  
dl), and the number entering TRH increased each week through JW 
45 (4-11 November). The largest number of coho (1,045 fish) 
entered TRH during JW 47 (19-25 November). Coho numbers 
decreased rapidly during the remainder of the season with the 
last coho being trapped on 13 January 1993. We counted 3,582 
coho (1,210 grilse and 2,372 adults) entering TFUi during the 
1991-92 season (Table 9). 

We recovered 34.59 the effectively WCW-tagged coho (16 grilse and 
123 adults) at TRH. Their mean FL (60.0 cm) was 2.6 cm greater 
than the mean FL of WCW effectively tagged coho (Appendix 6). 
Coho tagged at WCW had been at liberty from 10 to 63 d before 
entering TRH, with a mean time-at-large of 27.8 d. 



"9LE 10. Recoveries of coded-wlretagged. Trinity River Hatchery-prod' -d, fall-wn chinook salmon at Trinity Rlver Hatchery during (he 
1-93 seasons. a1 

09121 192 0 1 1 
09/24/92 0 0 0 
09/28/92 0 0 0 
10/01192 0 0 1 1 
10/05/92 0 1 0 0 1 
10/08/92 0 0 2 0 2 
10/13/92 0 0 2 0 2 1 1 6 
1011 5/92 0 0 1 2 0 0 1 1 2 7 
101 19/92 0 0 1 6 1 1 1 0 0 5 15 
10/22/92 0 0 0 6 1 0 0 1 1 0 9 
10/26/92 0 1 1 11 1 3 1 1 0 4 23 
10129192 0 1 0 9 1 0 2 4 0 1 18 
11/02/92 1 1 8 24 2 3 1 7 3 1 1 7 59 
11 103/92 0 0 1 0 0 1 2 1 1 3 0 9 
1 1/05/92 1 1 13 0 2 0 3 2 1 0 3 26 
1 1/09/92 2 4 30 2 1 3 7 3 3 1 6 62 
11/10/92 1 2 0 0 0 1 0 0 0 0 4 
11/12/92 0 11 0 0 1 4 1 2 1 1 21 
11/16/92 2 21 1 1 0 2 1 2 1 1 32 
11/17/92 3 0 2 0 0 2 7 
11/19/92 7 0 1 2 1 1 12 
11/23/92 6 3 5 0 5 19 
11/25/92 2 1 1 4 
11/30/92 3 1 4 
- -- -- - ~ ~ .  - 

Totals: 2 7 19 163 5 12 9 40 17 21 1 6  39 344~ 
~ -~ ~ ~ . ~ ~~ -. -- 

a/ ~ h e  fish ladder was open from 11 September 1992 through 28 March 1993. 
bl Entry date is considered the date the fish were initially sorled, although they may have actually entered the hatchery any lime afler (he previous 

sorting day. 
d No CWT were recovered from the Adclipped fish. Chinodc wlth shed tags recovered before 10/15/92 were considered springchlnook and are 

shown In Table 8. 



We recovered 63.3% (13 grilse and 44 adults) of the effectively 
JCW-tagged cohd' at TRH (Appendix 6). These fish ranged in size 
from 38 to 69 cm FL, and averaged 57.3 cm FL, the same as the 
mean size of effectively tagged coho at JCW. The JCW-tagged coho 
took from 4 to 33 d to migrate to the hatchery, with a mean time- 
at-large of 10.4 d. 

We recovered 321 CWTs from the 359 Ad-clipped coho that entered 
TRH (Table 11). The CWTs represented two tag-groups: Code 
numbers 065657 (1990 BY) and 065660 (1989 BY). 

Fall-run Steelhead. The steelhead run into TRH began 26 
October 1992 (JW 43) and ended 28 March 1993 (JW 13), after which 
the fish ladder was closed. A total of 586 steelhead (131 sub- 
adults and 455 adults) entered TRH during the 1992-93 season 
(Table 12). 

Twenty-four WCW-tagged steelhead entered TRH (Table 12). They 
ranged in size from 48 to 68 cm FL, with a mean of 56.6 cm FL, 
1.2 cm smaller than those effectively tagged (Appendix 7). Length 
of time for these steelhead to travel from WCW to TRH ranged from 
27 to 77 d, averaging 45 d. 

We recovered seven Project-tagged steelhead from JCW at TRH, 
including one fish that we had previously tagged at WCW (Table 
12). These fish ranged from 49 to 67 cm EL, with a mean of 58.1 
cm, 1.3 cm greater than the mean of those effectively tagged at 
the weir (Appendix 7). Length of time for JCW-tagged steelhead 
to travel from the weir to TRH ranged from 23 to 146 d, averaging 
75.9 d. 

We recovered 430 adult steelhead at TRH that had originally been 
fin-clipped by TFIP personnel. Fin-clipped steelhead accounted 
for 94.59 of the adult steelhead entering TRH. The bulk of the 
fin-clipped recoveries (2271430) were from the 1990 BY released 
as yearlings in 1991 (Appendix 8). 

We also recovered 119 steelhead (including sub-adults) from the 
1991 BY", released as yearlings from TRH in 1992. These fish 
ranged in FL from 26-74 cm, averaging 38.4 cm (Appendix 10). 
Only 23 (19%) of this fin-clip group were >41 cm FL and 
considered adults. It is probable that the 96 sub-adults 

11 Two of these fish were tagged at WCW then recovered and re- 
released from JCW. 

81 The fin-clip used to mark the 1991 BY yearlings was the same 
as that used for a group of 1989 BY yearlings. It is probable 
that some of the larger steelhead with this fin-clip were from 
the 1989 BY. 



TAELE 11. Recoveries of coded-wire-tagged, Trinity River Hatchery-produced, 
coho salmon at Trinity River Hatchery during the 1992-93 season. a1 

-- ~~ 

Coded-wire tag number 
Entry date bl 065660 065657 Shed tags c l  Total 

1011 5/92 1 1 0 2 
1011 9/92 0 0 1 1 
10122192 1 0 0 1 
10126192 3 1 0 4 
10129192 5 13 2 20 
1 1/02/92 18 15 3 36 
1 1/03/92 3 6 2 11 
1 1105192 14 2 3 3 40 
11109192 12 2 3 5 40 
11110/92 0 0 0 0 
1 111 2192 3 7 1 11 
11116192 19 2 3 8 50 
11/17/92 5 2 1 8 
11/19/92 16 23 1 4 0 
11/23/92 23 11 4 38 
1 1/25/92 11 10 2 23 
1 1130192 12 7 3 22 
12103192 1 1 0 2 
12/07/92 3 3 1 7 
12/14/92 2 0 1 3 

Totals: 152 169 38 350 

a1 The fish ladder was open from 11 September 1992 through 28 March 1993. 
b l  Entry date was considered the date that the fish were initially sorted, although 

they may have entered the hatchery anytime after the previous sorting day. 
cl No tag was recovered from the Ad-clipped fish. 



44 
45 
46 
47 
48 
49 
50 
5 1 
52 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Totals: 

TABLE 12. Total numbers and numbers of Project-tagged fall-run steelhead that entered Trinity 
River Hatchery each week dunng the 1992-93 season. a/ 

Recoveries from 
Julian Number enterinq TRH b l  tagging site d 
week Inclusive - dates Adults dl Sub-adults dl  Total JCW el WCW e l  

43 10122 - 10128192 3 0 3 0 0 
10129 - 11104192 17 2 19 2 0 
11/05 - 11/11/92 18 6 24 0 2 
11112 - 11/18/92 10 5 15 1 0 
11119 - 11/25/92 4 1 22 63 1 4 
11/26 - 12/02/92 32 5 37 0 1 

a/ The fish ladder was open from 11 September 1992 through 28 March 1993. 
b l  TRH=Trinify River Hatchery. 
cl Numbers recovered from each tagging site are included in the numbers entering TRH. 
d/ Steelhead S 41 cm FL were considered subadults; steelhead > 41 cm FL were considered adults 
el Tagging site: JCW=Junction City Weir. WCW=Willow Creek Weir. 



recovered were actually residualized fish which had not migrated 
to the ocean. 

Run-size, Angler Harvest, and Spawner Escapement Estimates 

We tagged and recovered too few grilse salmon to stratify our 
estimates by adults and grilse this year. Instead, we combined 
the numbers of adults and grilse tagged and recovered in order to 
calculate the population estimate, and then proportioned the 
estimate based on the ratio of adults and grilse observed at each 
of the weirs. 

S~rins-run Chinook Salmon 

We estimated that 4,030 (2,359 adults and 1,671 grilse) spring 
chinook (including those harvested) migrated into the Trinity 
River basin upstream of JCW during the 1992-93 season (Table 13). 
Anglers caught and kept an estimated 104 (4.4%) of the adults and 
194 (11.6%) of the grilse from the spring run. The spawning 
escapement upstream of JCW during the 1992-93 season was 
estimated to be 3,732 fish, including 1,846 spring chinook that 
entered TRH (Table 14). 

Based on the Normal Approximation, the 959 confidence interval 
for the run-size was 3,609-4,479 fish (Table 13). 

This is the third-lowest run-size estimate for spring chinook 
since we began operations in 1977. Run-size has ranged from 
62,692 fish in 1988 to 2,381 fish in 1991 (Appendix 11). 

We estimated that 14,164 (11,232 adults and 2,932 grilse) fall 
chinook (including those harvested) migrated into the Trinity 
River basin upstream of WCW during the 1992-93 season, and 9,584 
(7,054 adults and 2,530 grilse) of these fish continued their 
migration upstream of JCW (Table 13). We estimated that anglers 
harvested 314 adults (2.8%) and 158 (5.4%) grilse from the 
1992-93 fall chinook run, including 15 grilse and 127 adults 
caught upstream of JCW. Therefore, we estimated the Trinity 
River fall chinook escapement at 13,692 fish upstream of WCW and 
9,442 fish upstream of JCW, including the 3,990 fall chinook that 
entered TRH (Table 14). 

Based on the Normal Approximation, the 95% confidence interval 
for the fall chinook run-size upstream of WCW was 11,578-17,006 
fish (Table 13). 

The fall chinook run-size this year is the fourth-lowest since 
the current program began in 1977. The estimated run-size 
upstream of WCW has ranged from 147,888 fish in 1986 to 9,207 



Species1 
race 

~ - ~- ~ 

Spring-run 
chinook 

I all-run 
clrinook 

f:allLrun 
chinook 

Coho 

Coho 

Fall-run 

TABLE 13 Run-size eslimates and confidence limits for Trinity River basin chinook and coho salmon, and fall-run deelhead 
during lhe 1992-93 season. 

~ ~ ~ . . - - _ - - -- 

I 

1-rinity River 
Hatchery recoveries 

Area of Trinity River Number -N&iber Numberof 
basin for run-size effectively- examined tags in Run-size Confidence limits Conlidence limit 

estimate Stratum a/ tagged 2j3..~.- b l  for - .  tags . c/ sample estimate d l  1-P=0.95 estimator 
Upstream of Grilse 533 100 1.671 

-- -. - 

Junction City Weir 

Upstream of 
Willow Creek Weir 

Upstream of 
Junclion City Weir 

Upstream of 
Willow Creek Weir 

Upstream of 
Junclion City Weir 

Upstream of 

Adults 377 
Total 610 

Grilse 74 
Adulls 287 
Tolal 36 1 

Gr~lse 160 
Adults 509 
Tolal 669 

Grilse 93 
Adults 310 
Total 403 

Gritse 22 
Adults 69 
Total 91 

Adulls 166 

Normal 

3,719 -~ 95 11,232 -~ ~ ~ 

3,990 10;- 14.164- 11.578 - 17.006 Normal 

3.779 238 _ _ 7.054- 
3,990 279 9.584 8.531 - 10.701 Normal 

1,210 16 2,378 
2.372 123 7.961 

~~ ~~.~~~~~ 
3.582 139 10.33g 8.801 - 12,269 Poisson 

2.372 -~ 44 ~~. 4.144 ~ . 

3.582 5 7- 5.683~ 4.419 - 7,422 Poisson 

4 55 21 3.046 2.120 - 4.706 Poisson 
sleelhead willow Creek Weir 

~- ~ .~ ~ . -  
~ -~ - ~p 

a1 Slraluni. 'Grilse = two-year-old salmon. Adulls = three years and older salmon. Steelhead adults were Ash greater than or 61 
lo 42 cm FL. 

Id The nmber of effectively tagged fish was correcled for tagging morlalities. 
c l  Nulnbers of spring- and fall-run chinook were estimated from expansion of coded-wire tag recoveries at Trinity River Hatchery. 
dl [Istimales for grilse and adult salmon were based on proportioning the total run-size by the ratio of grilse lo  adults observed at 

Ihe respective weir. 



TABLE 14. Eslirnales of l'rinilv River basin cl~inook and ',a salmon, and adt~lt fall-run sleelhead run-size, angler 
harvest and ~. spawner . escapem'~nls .-~.. . ~ during ~ the ~ 1992-93 - -  s t  Jn 

Angler ~ harvesl ~ 

Area of Trinity River 
Spcciesl basin for run-size Harvest Number of 

race 
~ ~~ ~ estimate Stralum a/ Rumsize rate b/ ~ ~~ fish c/ 

Sprir~g-run Upslream of Gr~lse 1.671 11.6% 194 
chinook Junction City Weir Adults 2.359 4.4% 104 

Total 4.030 7.4% 298 

Fall run Upstream of Gr~lse 2.932 5 4% 158 
cll~r~ook Wlllow Creck Weir AtJr~lls 11.232 2 8% 314 

lotal 14.164 3 3% 472 

I-all r11n Ul~slrea~n of Gr~lse 2.510 0 6 %  15 
cl~rr~ook Juriclion Cily Weir Adults 7.054 1 8 %  127 

rolal  9.581 1 5% 142 

Coho Upslream of (h lse 2.378 0 0% 0 
W~llow Creek We~r A~lults 7.961 0 3% 24 

lo la l  10.339 0 2% 74 

Coho Upstream of Grilse 1,539 0 0% 0 
Juncl~on City Weir Adulls 4.141 0 0% 0 

1 otal 5.683 0 0% 0 

Fallrun Upslream of Nalural 1.731 9.6% 166 
sleelhead Willow Creek Weir IHalcliery 1,315 9.6% 126 

71)lal 3,046 9.6% 292 

Spawner - . escapement ~~. - ~~ ~ - 

Trinilv River 
Natural d l  ~ a l c h e r ~  . .- . ~ Tolal 

944 533 1.477 

a/ Slralum Grilse = two-year-old salmon. Arlulls = lllree years and older salmon. Nalural = nalurally produced steelhead. 
I lalchery = hatchery-produced steelhead. Naloral and halchery co~nponenls calculated by proportioning lhe tolal 
run-size by ihe ralio of fin-clipped (hatchery) to non-fin-clipped (natural) sleelhead observed at Willow Creek Weir. 

I)/ I larvesl rates for spring-run chinook and steelhead were based on the return of reward-lags. Fall chinook and coho 
llarvesl rates are I~ased on lhe rctcrrn of reward ph~s nor1 reward tags. 

C/ Calculated as t l ~ e  run-size limes the Ilarvesl rate. 
dl Calculated as run-size minus angler-hawest rrrinus halchery esca(lernent. 



fish in 1991 (Appendix 12), while the run-size upstream of JCW 
has ranged between 121,033 and 4,787 fish (Appendix 13). 

Coho Salmon 

We estimated that 10,339 coho (including those harvested) 
migrated into the Trinity River basin upstream of WCW during the 
1992-93 season, and 5,683 continued their migration upstream of 
JCW (Table 13). An estimated 0.23% (24) of the coho were 
harvested upstream of WCW, but none were caught upstream of JCW. 
The spawning escapement estimate for coho upstream of WCW was 
10,315 fish, 5,683 of which continued upstream of JCW and 
included 3,582 fish that entered TRH (Table 14). 

The 95% confidence interval, based on the Poisson Approximation, 
ranged between 8,801 and 12,269 coho salmon upstream of WCW 
(Table 13). 

Estimated coho salmon run-size upstream of WCW has ranged from 
1,971 fish in 1983 to 59,079 fish in 1987 (Appendix 14), and 
between 2,177 and 26,370 fish for the Trinity River upstream of 
JCW (Appendix 15). 

Adult Fall-run Steelhead 

We estimated that 3,046 adult fall-run steelhead, comprised of 
1,731 naturally produced and 1,315 hatchery-produced fish, 
migrated upstream of WCW (Table 13). From these,.anglers 
harvested an estimated 166 and 126 naturally and hatchery- 
produced steelhead, respectively. Twenty-five naturally produced 
and 430 hatchery produced steelhead entered the hatchery, leaving 
1,540 naturally produced and 759 hatchery-produced steelhead for 
the natural spawner escapement upstream of WCW (Table 14). 

The 95% confidence interval, based on the Poisson Approximation, 
ranged between 2,120 and 4,706 fall-run steelhead upstream of WCW 
(Table 13). 

The fall-run steelhead run-size above WCW this year was the 
lowest recorded since 1980. Intermittent estimates made since 
that year have ranged from 37,276 in 1989 to this year's low 
estimate (Appendix 16). 

Too few steelhead were trapped at JCW to develop a run-size 
estimate for the basin upstream of that site this year. Previous 
run-size estimates upstream of JCW have ranged from 2,285 in 1991 
to 13,574 in 1989 (Appendix 17). 



RECOMMENDATIONS 

Tagging and recapture operations for adult spring-run and 
fall-run chinook and coho salmon, and adult fall-run 
steelhead conducted in the Trinity River basin should be 
continued during the 1993-94 migration season, using the 
capture sites near Willow Creek and Junction City. 

More detailed information should be requested from anglers 
returning tags, including: 1) if the fish was kept or 
released, and 2) if the tag was recovered from a fish found 
dead (carcass recovery). 

LITERATURE CITED 

lixon, W., and F. Massey. 1969. Introduction to Statistical 
Analysis. McGraw-Hill Book Co., New York, N.Y. 638 p. 

:ibbs, E. D. 1956. A report on the king salmon, Oncorhvnchus 
tshawvtscha, in the upper Trinity River, 1955. Calif. 
Dept. of Fish and Game, Inland Fish. Admin. Rep. No. 
56-10. 14 p. 

ieubach, B. 1984a. Progress report 1980-81 season. Task VI. 
Trinity River salmon and steelhead tagging program. 
pp. 92-151. In: P. M. Hubbell (ed.), Progress Report. 
Fishery ~nvesti~ations - Trinity River. Trinity River Basir 
Fish and Wildlife Task Force Priority Work Item No. 5. 
Tasks I and VI. November 1984. 151 p. Available from 
Calif. Dept. Fish and Game, Inland Fish. Div., 1416 9th St., 
Sacramento, CA 95814. 

"apman, D. G. 1948. A mathematical study of confidence of 
salmon populations calculated from sample tag ratios. Int. 
Pac. Sal. Fish. Comm. Bull. 2, pp. 69-85. 

1 

. 1984b. Progress report 1981-82 season. Task VI. 
Trinity River salmon and steelhead tagging program. pp. 49- 
106. In: P. M. Hubbell (ed.), Progress Report. Fishery 
~nvestsations - Trinity River. Trinity River Basin Fish 
and Wildlife Task Force Priority Work Item No. 5 .  Tasks I 
and VI. December 1984. 106 p. Available from Calif. Dept. 
Fish and Game, Inland Fish. Div., 1416 9th St., Sacramento, 
CA 95814. 



Heubach, B., and P. M. Hubbell. 1980. FY 1979 Progress report. 
Task VI. Lover Trinity River salmon and steelhead tagging 
program. pp. 80-132. a: 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 California 
Dept. Fish and Game, Inland Fish. Div., 1416 9th St., 
Sacramento, CA 95814. 

Heubach, B., M. Lau, and M. Boucke. 1992a. Run-size, angler 
harvest, and spawner escapement of chinook and coho salmon 
in the Trinity River basin. Chapter IV. Job IV. pp. 82 -  
127. u: K. Urquhart (ed.), Annual Report of the Trinity 
River Basin Salmon and Steelhead Monitoring Project, 1989-90 
Season. June 1992. 140 p. Available from Calif. Dept. 
Fish and Game, Inland Fish. Div., 1416 9th St., Sacramento, 
CA 95814. 

Heubach, B., M. Lau, and E. Miller. 1992b. Run-size, angler 
harvest, and spawner escapement of chinook and coho salmon 
in the Trinity River basin. Chapter IV. Job IV. pp. 93- 
145. a: X- Urquhart, and R. Carpenter (eds.), Annual 
Report of the Trinity River Basin Salmon and Steelhead 
Monitoring Project, 1990-91 Season. December 1992. 186 p 
Available from Calif. Dept. Fish and Game, Inland Fish. 
Div., 1416 9th St., Sacramento, CA 95814. 

La Faunce, D. A. 1965a. King (chinook) salmon spawning 
escapement in the upper Trinity River, 1963. Calif. Dept. 
Fish and Game, Mar. Res. Admin. Rep. No. 65-3. 10 p. 

. 1965b. A steelhead spawning survey of the upper 
Trinity River system, 1964. Calif. Dept. Fish and Game, 
Mar. Res. Admin. Rep. No. 65-3. 5 p. 

. 1967. A king salmon spawning survey of the 
South Fork Trinity River, 1964. Calif. Dept. Fish and Game, 
Mar. Res. Admin. Rep. No. 67-10. 13 p. 

Lau, M., 8. Heubach, and E. Miller. 1994. Annual run-size, 
harvest, and spawner escapement estimates for Trinity 
River Basin chinook and coho salmon and steelhead. 
Chapter IV. Job IV. pp. 103-167. a: X. Urquhart and 
R. M. Kano (eds.), Annual Report of the Trinity River 
Basin Salmon and Steelhead Monitoring Project, 1991- 
1992 Season. February 1994. 235 p. Available from 
Calif. Dept. Fish and Game, Inland Fish. Div., 1416 9th 
St., Sacramento, CA 95814. 



Miller, E. E. 1975. A steelhead spawning survey of the 
tributaries of the upper Trinity River and upper 
Hayfork Creek drainages, 1973. Calif. Dept. Fish and 
Game, Anad. Fish. Admin. Rep. No. 75-5. 8 p. 

Moffett, J. W., and S. H. Smith. 1950. Biological investigations 
of the fishery resources of Trinity River, California. 
USFWS Spec. Sci. Rep.-Fisheries, No. 12. 71 p. 

Ricker, W. E. 1975. Computation and Interpretation of 
Biological Statistics of Fish Populations. Bull. Fish. 
Res. Bd. Can. No. 191. 382 p. 

Rogers, D. W. 1970. A king salmon spawning escapement and 
spawning habitat survey in the upper Trinity River and 
its tributaries, 1968. Calif. Dept. Fish and Game, 
Anad. Fish. Admin. Rep. No. 70-16. 13 p. 

. 1972. A steelhead spawning survey of the 
tributaries of the upper Trinity River and upper 
Hayfork Creek drainage, 1971. Calif. Dept. Fish and 
Game, Anad. Fish. Admin. Rep. 72-12. 6 p. 

. 1973a. A steelhead spawning survey of the 
tributaries of the upper Trinity River and upper 
Hayfork Creek drainage, 1972. Calif. Dept. Fish and 
Game, Anad. Fish. Admin. Rep. No. 73-5a. 8 p. 

. 1973b. King salmon (Oncorhvnchus tshawvtscha) and 
silver salmon (Oncorhvnchus kisutch) spawning escapement and 
spawning habitat in upper Trinity River, 1970. Calif. Dept. 
Fish and Game, Anad. Fish. Admin. Rep. No. 73-10. 14 p. 

. 1982. A spawning escapement survey of anadromous 
salmonids in the upper Trinity River, 1971. Calif. Dept. 
Fish and Game, Anad. Fish. Admin. Rep. No. 82-2. 11 p. 

Smith, G. E. 1975. Anadromous salmonid spawning escapements in 
the upper Trinity River, California, 1969. Calif. Dept. 
Fish and Game, Anad. Fish. Admin. Rep. No. 75-7. 17 p. 

Weber, G. 1965. North coast king salmon spawning stock survey, 
1956-57 season. Calif. Dept. Fish and Game, Mar. Res. 
Admin. Rep. No. 65-1. 34 p. 



Zuspan, M. G., D. Maria, and 8 .  Heubach. 1985. Progress report 
1982-83 season. Task IV. Trinity River salmon and 
steelhead tagging program. pp. 62-146. u: P. M. Hubbell 
(ed.), Progress Report. Fishery Investigations - Trinity 
River. Trinity River Basin Fish and Wildlife Task Force 
Priority Item No. 5. January 1985. 146 p. Available from 
Calif. Dept. Fish and Game, Inland Fish. Div., 1416 9th St., 
Sacramento, CA 95814. 



-140- 

APPENDIX 1. List of Julian weeks and their calendar date equivalents. 

Julian week ' Inclusive dates Julian week Inclusive dates 
1 01-Jan - 07-Jan 27 02-Jul - 08-Jul 

a1 Eight-day week in each leap year (years divisible by 4). 
b l  Eight-day week every year. 



APPSNCIX 2 .  Fark !ength distr~butm cf ;cdea-wbre-'agged. TrinIly River H a t ~ h e r ~ p r o d l ~ d ,  Spring-rdn 
chnook salmon recoverea at Trinlvi Rver Ha(;nety dcr~ng the 1992-93 season. a1 

Brood year 
1987 i 988 1989 1990 

Fark Length Coded-w~re tag numoerlaqe at release b/ 
( cm) 066147R 0661481~ 066149n 0601040002/f 065639ly 065636!y 0601040103K 0656401~ Total 
37 1 1 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5 4  
55 
56 
57 
58 
59 
60 
6 1 
62 
63 
6 4  
65 
66 
67 
68 
69 
70 
71 
72 
73 
7 4  
75 
76  
n 
78 
79 
80 
a1 
82 
83 
84 
85 
86 
87 

Tcrals 
Mean FL 

a/ The fish ,aader was open from :l September 1992 .hrougn 28 Marcn 1993 
bi Age at release f = fingerl~ngs, y = yearlngs 



APPENDK 3 Fon l e m  abYmutbn cfmdea-wbtaggm mnq RNW navhev-prmucea f a w n  cnaook u m n  m e r e d  at T M Q  Rher HatChev 
durmg m e  1992-93 reason W 



APPENDIX 4 F c h  length dntnburson 01 spring-wn c h t m k  sairnm trapped am lwed  in me Tnnw Rver at 
wlllow Creek and Juncion C q  w e n  and m v e f e d  a1 Tnnn) Rlver Hatchery dunng lhe 1992.53 season 

Wdlw Creek Welr a Jundlon Cny Wwr W 
Effeave TRh d Total iffemm T R H e i  

A d d m  d laas dl remvenes trapped A d d l p  cl lags d mnvenes 
1 

al rraopmg at Willow Creek Wetr tmk place horn .uiiar, reek 34 (20 AuguY) Uwmgh Jutian week 48 
(2 December). Only biinooi; moped mmrargh Juiian week 35 wen, mnoderd rpnng-run chmk 

w Trappanp at Junmon Cny Wer tmk pbce b m  Jutisn week 21 (21 May) m m ~ i 3  Julian w& 4 9  
(9 December). Only chlnmkMpped lhrwgh J~lian week 37 were mn- SplW-Nn &MoC 

d AduiD=Adipose finclip@ fish. 
d The lumber of eKeaiv3y l a g ~ e d  fish u a w g  nsn @at were MI tagged and lagging mnallies 



APDFhDIX 5 C 3 n  e - q r  c s:rDu:on 11 'a Lr.r n noo* ramon Lawed acd [awe3 YI the Tnnm %ver a: 
N l o r  C,- m a .  .rc zr 37, Ae rr ard ear- at *qrlr, K . r  -at .-nq aunng Lhe 1992 93 e a r n  

Wlllow Creek Welr a/ JunUlon City Weir b/ 
F w k  knm Total E f l m v e  TRH ei Tolai Eflectwe TRH e/ 

remvenes (cm) tra~ped A6dips d lags dl ieo~venes trapped A M i p  d tags dl 
32 

Tolak 
Mean FL 

a/ Trappmg at Wllow Creek Weir tmk  place lrom Juiian week 34 (20 August) m w h  Juhn wee* 48 
(2 December). Only cnlnwr trapped aner Julian week 35 wcre mnw)eFed fall-mn c h v m k .  

b/ Traming al Juncion City Welr t m *  @ace b r n  Jullan week 21 (21 May) thmugh Julian week 49 
(9 December). Only c h ~ n w k  b a ~ W  aner Julian week 37 w w e  mnsiderxc WCNn chinwk 

d Ad-$ip=Adi- O n 4 , p W  fW. 
dl The number of effedlvely tagged fish exdudes fish mat were m~ tagged and fa@% m o n a l ' i .  . 
u TRH=TnnQ River Hatch- 
V FalCNn ch1nc& Salmon gnhe were < 51 m FL. 



APPENDIX 6 Fork LenSth dlstnbut~on of con3 salmon trapped and tagged in the Tnniiy R~ver  at Wlllow 
Creek and Junction City W e n  aid recoverac at  Tnniv iilver t-alchey dunng the 1992-93 season. 

- Willow Creek Weir ai Juncticn City Weir bl 
Fcrlc l e n ~ t h  Total Effective TRH el Total Effective TRH el 

(ern) trapped Ad-clips d lags dl recoveries trapped Ad-clips d Lags dl recoveries 
I 1 I a 

Totals 405 
Mean FL 57.5 

Total gnlse V 93 
Total adults 312 

a/ Trapplng at Wdlow Creek Welr took piace lrom Jullan week 34 (20 August) through Julian week.48 
(2 December) af 1992 

bl Trarping a! Junct~on Cty  Wen took place ?om Julian week 21 (21 May) through Julian week 49 
(9 Gecember: of 1992 

d Ad-clip=Adipose fin-clipped fish. 
a1 The number of effec:ively taggea fish exc!udes fish that were not tagged and lagglng mortalities. 
e l  TRP-Tdnity River Hatchery. 
fl Coho salmon grilse were 4 1  crn FL. 



69 
70 
7 1 
72 
73 
74 
75 
76 
77 
78 

Totals 
Mean FL 

Willow Creek We~r  al Junct~on C ~ t y  Weir b l  
Total Effective TRH e l  Total Effen~ve TRH el 

Fin-clips cJ tags dl recnvenes trapped F1n41ps d tags d l  recnvenes trapparer 

Total half-pounden f l  14 
Total aduns 176 

-- 
a/ Trapp~ng at Willow Creek We~r t w k  place from Julian week 34 (20 August) through Jul~an week 48 

(2 December) of 1992 
bl Trapp~ng at Junct~on C~ry W e ~ r t w k  place from Jul~an week 21 (21 May) through Julian week 49 

(9 December) of 1992 
cJ Since b d  year 1990 at! steelhead released from Tnn~ty Rwer Hatchery have been fin-clipped 
d The number of efiectively tagged fish excludes fish that were not tagged and taggmg mortal~t~es 
e l  TRH=TnnlV R~ver  Hatchery 
f l  Half-pounder fall-mn steelhead were < 42 cm FL 



APPENDIX 8 Release and recovery data for Tnnity River Hatchery-produced, fin-cl~pped and non-fin-clipped 
fall-run aault s:eeiheao n tne Tnnity R~ver  dunng the 1992-93 season. 

Release data Recovery data 

Brood Number Mean Numbers recovered a t  a/ 

Fm c!ip year released Oate fork length (cm) WCW JCW ANGLER TRH 

Adipose+right ventral 1989 - 180.967 03/18/91 21.7 17 3 2 73 

Adipose+left ventral 1990 982.812 03/18/91 18.0 47 12 1 227 

Right ventral 1990 1,909 0311 6192 35.2 1 0 0 107 

Leff ventral 1991 959,313 03/16/92 18.1 3 0 0 23 

Adipose b/ 8 1 0 9 

Non-fin-ciipped d 

Totals 

a/ WC'N='Nillow Creek Weir. JC'N=Junc:ian City We~r, ANGLERzAngier-hawes:ed fish. TRE=TrinlIy River iatchery. 

b/ Fin ciip of unknown origin. 

d Non-fin-clipped fall-run steelhead were either Trinity River Hatchery- or naturally produced. 



A'PPENCIX 9. Cslifcr?.ia Fish and Game Commission regulations 
that affected saimonid halvest in the Trinity Xiver upstream cL 
Willow Creek Weir during t h e  1992-93 season. ' I  

I T r i n i t y  River 

4 .  Pram Old Lewiston br ldge  t o  Laec Saturday  i n  A p r i l  chrough March 1 4 .  
Highway 299 West b r idge  ac Only b a r b l e s s  hooks may be used f r m  I NO m x e  t h a n  2 
Cedar Flat AUCTLIS: 1 throuah %=ember 31.  t r o u t .  NO mre 

2 .  Lewieton Dam t o  250 f e e t  
d-stream from Lewlston 
Dam. I I 

Closed t o  a l l  f i s h i n g  a:? yea:. 

3 .  P m  250 f e e t  b e l w  L e w ~ s t o n  
Dun t o  Old i c v i s t o n  b r i d a e .  

Last  Saturday in Apr i l  through September 2 Crouc, 0 
1 5 .  Onlv a r t i f i c i a l  f l i e s  with b a r b l e s s  s a l m  

5 .  Prcm che Hqk.way 299 west 
b r i d g e  a t  cedar P l a t  
domecream ro the  Xwkira  
Sar Bridce !Road t z  Eerny) , 

6 .  Frcm I i a v k : ~  Bar Brrdge 
(Road t o  Dera).!to :he msuth 
of  t h e  South Fork T r i n l r y .  

7 .  The main s!en T r i n ~ t y  S i v e r  
dovnstream :ram m u c h  of t h e  
South Pork cf :he T r i z l t y .  

8 .  South  F a r i  of =he T r l z ~ r y  
R i v e r  d-stre&.n f m  t h e  
South  Fork Trinity R ~ v e r  
b r i d g e  a: Hrarrcm. I 1 

- 
Last Sa turday  i n  A p r i l  through August 31. 
Nave&r 16 through March 11. *.ly 
barb:ess hooks may be used f r a  ?.upst 1 
tnrocgn kcember 31. 

Last Sacurday i n  Apr:: chrouph March : i ,  
Only b a r b l e s s  hooks may 'be used from 
A;ydst 1 through December 31. . 
. A l l  yea r  Cniy b a r b l e s s  h m i s  m y  ze used 
frcm A u ~ s t  1 through December 3 1 ~  

Sacur5ay preced1r.g M e w r l a l  Day. through 
Mar. :4. m l y  b a r r l e s s  h m k s  m y  be used 
f r m  A q c s t  1 througn December 31.  

9 .  South Fork Tz:n ;y  R;ver 
mam s:m -ve t h e  Sou:h 
Pork Trinity River S r l d g e  
near H y m m  

10 .  North Pork T r r n l t y  k v e r  
above t h e  lover  baw.da.~ of 
t h e  H o b  Guich C a - ~ ~ s . d .  

. . 
i-. N e w  R l v e r  M;C ecem -ve 

t h e  confluence wr:h rne East 
D--b 

above. 1 l engch .  I 

t h a n  1 e a l m n  
over 2 2  
t o t a l  l e n g t h .  
N~ more , 
e a l m n  aver 2: 
inches  i n  k?y i 
z o n e e c ~ t i v e  
d a y s .  No more 
chan 8 s a i 7 c n  
may be 
p o s s e s s e d ,  of 
whlch no msre 

Over 2 2  'nc' 
t o t a l  l e3gr  

C:ased ts a i l  f l s h i n g  a l l  y e a r .  

Closed t o  a:l f i s h m g  a;? y e a r .  

c l o s e d  :; a?; f;sP.lsg a;: y e a r .  

.-.-. I I 

PROVISIONS OF THIS STdSFC-ION. *' 

12 .  All t c l b u c a r i e s  of :x - ~ r i n i t y  k v e r  not  :rs:ea 

a/ From State of California, Fish and Game Commission, 
California Code of Replations for 1992, Title 14. Natural 
Resources, Division 1. Fish and Game Commission-Department of 
Fish and Game, Chapter 3, Article 3, Section 7.50 (Alphabetical 
List of Waters with Special Fishing Reylations). 

b! Subsection 13 became effective 5 November 1992. 

2s: Sacsr2ay LP. Apr. chrougn Xov. l5; 
. e i t  14 inches r m a i  

2 t r o u t ,  5 
salrran 



Recovery iaauon d findtppea fim al - 
FOI* Wlllw Creek Welr br Junaoo C q  Weu c' T n n L R v w  Hatchpv a 

lengvl~cm) R'i LV Ad+W Ad+LV Ad RV LV M * R V  Ad+LV Ad RV LV AdrRv Ad+Lv M 
z 
26 
77 

a RV = R g n  venwl fin o!p 19W baQ year-Wsared hm tnnny f iver Hal* on 16 March 1992 
LV = Len renVal fin d ~ p  1991 MaQ sear released horn TnnW &ver Hat- on 16 Mach 1992 
Ad+RV = Ad)- and nghl vanVal fin dlp 1989 Lxcd p a r  mieased hom Tnnny firer H a < c h e ~  and Sarrnll Pmd ar 18 Mach 11991 
Ad*LV = Ad,- and let  ventral hn clop 1WO kood ysar r e l e a d  h m  Tnnw tbw Halcheq on 18 March 1691 
Ad = AaN- fin alp unloavn q t n  

b/ Trapprng at Willw Cree* Wet< 1- place horn Jultan week 34 (20 Augusl) througn Julmn week 48 (1 December) ol 1992 
U Trapcmg at Juncllon Cny W w  I& plsce hom Jilian week 2; (21 May) lhrwgh i u l m  week 19 (8 December) of 1992 
dl The neb ladder was open 17 Sspemter lW m m g h  28 Mam 1993 
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APPENilIX 14 Coho salmon run~slze. sDawnar escaoement and angler harvesl eslimales lor the Trlnlly Rlver upalream of Wlllow Creek Welr 

Year 
1077 
19711 
1979 
1980 
1981 
1982 
1987 
19H4 
1?185 
1086 
1081 
I988 
1989 
1990 
19'Jl 
1992 

G~llse Adulls 
~ ~- ~ 

Nlrnlher Percegj-Number Percenl 
3 . 1 0 6 8 0 5 %  7 i j - -1~  5:~- 
6.685 73.2% 2.447 268% 

Tolal .. ~~~~. 
-. 

3.es.8 
9.132 

11,624 
6,094 

10.970 
11.529 
1.971 

19.694 
38.933 
27,972 
59.079 
38.904 
18.752 
3.897 
9.124 

10.309 

. -. 
- ~ 

Grllse 

~ 

1.756 
4,309 
5.567 

954 
3,486 
1.158 

295 
6.180 
4.198 

13,034 
3.975 
1.850 

208 
234 
1G4 

1,lfiB 

~ - 

Grllse Adulls Tolal - - - - . - - 
.. ~ - 

120 29 1-19 
Flshlng closure a1 0 

707 120 827 

. 

-- -- - - 

~ ~ 

I. _-._ 

YEAR 
loll 1910 1819 1980 1981 1982 1983 I084 1885 1988 1881 1880 I 1 9  I993 1991 1932 

~ . 
at The 1978 sport harvesl of coho was essenlially ellminaled by a sal~non lishlng clos~lre heginnlng 25 August 1978. 
1b1 The 1985 spoil lharvasl of adull coho was llmlled by a closure lor lhe laklng salmon greater than or equal lo 56 cm lolal length beglnnlng 22 Sepleniber 1985 



72 3% 2.036 
No eslimales 

854% 1.797 
35Y% 14.398 
676% 6.312 

No estimates 
5 8% 24.841 
16% 12.429 

lOfi%, 1.947 
3 : I x  3.11135 

27 1% 4.144 

Angler harvest Spawner escapemen!$ _ ~- - ~ 

Trinity River Halchery Nat'lral . . . . . . . . . . . . .  
Grilse Adults Total Grilse Adult: , Jotal- .GdJe. :?dulls_ _Tola!, 

Trimly River Coho f7w1 Slzn Cslilrxiles 
Upslrearn ol J~lr!cl~on Cily Weir 
~~ ~ - - ~  ~ 

~.~ ~ .~ 
1,928 No eslimales 
3.655 Flshfng closure a/ 
3.535 No estimains 

706 
8.861 

11.786 
7.991 

23,338 No estimates 
12.816 63 839 
4.970 1 75 
1335 0 0 
2.600 1 23 
3.582 0 0 

.. . . . . . . . . .  .... ..-. 
a1 llin 1978 sporl llarvesl of coho was essentially eliminaled l ~ y  a salrrroil fisl~ing closure beginning 25 August 1978. 





AF'PENDIX 17 Fall-run sleelllead run-size, spawtiar esrapemelll and angler I l a ~ e s l  eslllnales lor llle Tri~illy Rlver upslream of Junclion Clly Welr 

fro! 197; !llrou~~l!l!??, . _. . . . . ~ . .--. ~ 

Run-size esllmale - ~~ ~ ~ ~ . ~ .. . -~ Spawner - ~ escepenienls - Angler Harvesl 
Nal"r?!.-._-. Tri111ly~RIver Halcliery 

Halcl~nty ?/ ,. Wild bl ---  -~ ~. - riarciijiy : ! I  . . ~ .  - .. Tolal i-?ai&ety W i l d  T o ( a l  &khchry -W& *?I- 
Nu~l~tmr Perceul Number _ ~ e r c e ~ ~ l  Tolal ~ ~. - 

Noeslinnales N& eslimales ZCO 16 285 No  eslimales' 

YEAR 

~~ ~ 

111 Nnl,lrally-produced siedliead 
cl  l l le  nalural spawner escapemen1 reflecls an ovfllnslinlaln dl18 Ir, llm unknown number of 5sh l~arvesled hy englers llpslream of Willow Creek Weir. 
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TRINITY RIVER BASIN SALMON AND STEELHEAD MONITORING PROJECT 

1992-1993 SEASON 

CHAPTER V 

JOB V 
SURVIVAL AND CONTRIBUTIONS TO THE FISHERIES AND SPAWNER 
ESCAPEMENTS MADE BY CHINOOK AND COHO SALMON PRODUCED 

AT TRINITY RIVER HATCHERY 

Mark Zuspan and Ed Miller 

ABSTRACT 

Between 1 July 1992 and 30 June 1993, the California Department 
of Fish and Game's Trinity River Project marked (adipose fin- 
clipped and binary coded-wire tagged) five groups of chinook 
salmon (Oncorhvnchus tshawvtscha) and one group of coho salmon 
(Q. kisutch) at Trinity River Hatchery. The fish were released 
into the Trinity River throuqh the hatchery release facility. We 
effectively marked 325,835 spring-run and 307,332 fall-run 
chinook salmon, and 53,058 coho salmon. 

Recovery operations at Trinity River Hatchery captured 921 
adipose fin-clipped chinook and coho salmon. Coded-wire tags 
were recovered from 161 spring-run and 305 fall-run chinook 
salmon, and 321 coho salmon. 

Run-size, in-river angler harvest, and spawner escapements of 
marked spring- and fall-run chinook, and coho salmon of the 1987 
through 1990 brood years are presented. Complete returns are 
only available for both runs of chinook from the 1987 brood year, 
returning as two- through five-year-olds, and for coho from the 
1989 brood year, returning as two- and three-year-olds. 

We estimated that 210 spring-run and 547 fall-run chinook salmon 
from the 1987 brood year returned to the Trinity River basin 
upstream of Junction City Weir and Willow Creek Weir, 
respectively, as two- through five-year-olds during the years 
1989 through 1992. We also estimated that 461 marked coho salmon 
from the 1989 brood year entered the Trinity River basin upstream 
of the Willow Creek Weir during the 1991 and 1992 seasons. 



JOB OBJECTIVES 

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

INTRODUCTION 

During the period 1 July 1992 through 30 June 1993, the 
California Department of Fish and Game's (CDFG) Trinity River 
Project marked and released chinook salmon smolts and yearlings, 
and one-year-old-plus (yearling+) coho salmon produced at Trinity 
River Hatchery (TRH), and recaptured fish from previously marked 
brood years (BY) returning to TRH. Similar marking studies began 
at TRH in 1977 with the marking and release of fall-run chinook 
salmon (fall chinook) from the 1976 BY. Beginning with the 1977 
BY, representative, marked subsets of TRH-produced fish have been 
included in all releases of smolt, yearling, and yearling+ 
spring-run (spring chinook) and fall chinook from TRH and its 
associated off-site rearing locations. Beginning in 1978, 
representative samples of coho salmon (coho) were marked and 
released from TRH in most years, except BY'S 1987 and 1988. 

These earlier studies were funded by the U.S. Bureau of 
Reclamation (USBR), and with Anadromous Fish Act funds 
administered by the U.S. Fish and Wildlife Service. The current 
program has been funded by the USBR since 1 October 1989. 

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

METHODS 

Fish Marking and Release 

Marking and release methods were similar to those used in the 
1991-92 season (Heubach and Miller 1994). Salmon selected for 
marking at TRH were crowded into a small area beneath a marking 
shed situated over their rearing pond. After crowding, fish were 
dip-netted into a 152.4 x 61.0 x 76.2-cm wooden holding tank in 
the tagging shed through which water from the pond was 
circulated. We dip-netted approximately 25 fish at a time  fro^ 
the holding tank into pans containing an anesthetic solution o 
tricaine methanesulfonate. Once anesthetized, we marked the fish 



by removing their adipose (Ad) fin, and injected a coded-wire tag 
(CWT) into their rostrum with a Northwest Marine Technologies 
Mark IVI' tagging unit. Spring chinook smolts received half- 
length tags, while all other salmon groups received full-length 
tags. 

After marking, fish were dropped into a funnel supplied with 
running water that led to a quality control device. If the fish 
had a CWT, the quality control device tallied it and diverted the 
fish into a separate rearing pond. If a fish had not received a 
CWT, the quality control device gave a warning signal and 
diverted the fish into a rejection bucket. Fish in the rejection 
bucket were re-tagged later that day. Periodically during the 
marking period, we inspected samples of fish for the placement 
and retention of the CWT and quality of the Ad-clip. 

Salmon from a particular tag group were held together in separate 
rearing ponds until release. Immediately before release, a 
systematic sample of 300-to-500 fish from each tag group was 
examined for CWT retention and the quality of the Ad-clip, and 
measured to the nearest mm fork length (FL). 

We determined the number of properly tagged and fin-clipped 
(effectively marked) fish released by subtracting mortalities, 
which occurred during and after tagging operations, and the 
estimated number of fish that had shed CWTs or were improperly 
fin-clipped, from the total fish marked. 

All tagged fish of a particular CWT group were released 
concurrently with unmarked fish of the same strain, BY, and size 
into the Trinity River through the hatchery release facility. 

Coded-wire Tag Recovery 

The TRH fish ladder was open from 11 September 1992 through 
28 March 1993. Hatchery personnel conducted fish sorting and 
spawning operations two days per week. 

Fish were sorted by species and spawning condition. Each fish 
was examined for external tags? and fin-clips, and its sex and 
FL (cm) were recorded. Ad-clipped fish which were not ready to 
spawn were given an additional distinguishing fin-clip and placed 
in ponds to ripen. Later, when these fish were killed and 
spawned, we determined the initial day the fish was sorted from 

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

a Trinity River Project personnel tagged returning salmon and 
steelhead as part of Job IV activities. 



its unique fin-clip. These dates were used in Chapter IV to 
document the timing of the returns of hatchery fish to TRH. We 
removed the heads of all Ad-clipped salmon and placed each in a 
sealable plastic bag with a serially numbered tab noting the 
date, location recovered, species, sex, and FL. Salmon heads 
were frozen and given to the CDFG/Ocean Salmon Project for tag 
extraction and decoding. We were provided with a computer file 
of the CWT data for editing and analysis. 

Run-size, Contribution to Fisheries, and Spawner 
Escapement of Coded-wire Tagged Salmon 

The information needed to estimate the numbers of the salmon of a 
specific CWT group that returned to the Trinity River basin, and 
contributed to the fisheries and spawner escapement are: 1) run 
size; 2) the proportion of the run comprised by the various CWT 
groups; and 3) the harvest rate. Methods to determine the run- 
size and harvest estimates are presented in Chapter IV (p. 102). 
The same sets of equations employed during the 1991-1992 season 
were used to determine run-size, harvest, and spawner escapement 
(Heubach and Miller 1994). 

To estimate the numbers of the salmon above a specific weir site 
with a CWT, we used the equation: 

where, N, = estimated number of the specific species of salmon 
above the weir with a CWT; NW- = number of salmon observed at 
the weir with an Ad-clip; NW = total number of salmon observed at 
the respective weir; NH, = number of salmon observed at TRH 
with an Ad-clip a CWT; NH,, = total number of Ad-clipped 
salmon observed at TRH; and N,,,,, = run-size estimate. 

Using the various CWT groups recovered at TRH, we estimated the 
fraction of the population upstream of the weir with a specific 
CWT with the equation: 

where, F,, = fraction of the salmon population with a specific 
CWT code; and G, = number of salmon observed at TRH with a 
specific CWT code. 

We estimated the total number of chinook salmon upstream of the 
weir with a specific CWT code with the equation: 



where, N,, = estimated total number of salmon of a specific 
CWT group. 

The estimated number of fish from each CWT group caught in the 
Trinity River sport fishery upstream of the weir was then 
estimated by the equation: 

where, SFmv = number of salmon of a specific CWT group caught 
in the Trinlty River sport fishery; and Nh,,,, = harvest rate 
estimate. 

We estimated the total number of fish of a specific CWT group 
available to the spawner escapement by the equation: 

where, N,- = the total number of salmon of a specific CWT 
group available to the spawner escapement. 

The estimated number of salmon of a specific CWT group available 
to the natural spawner escapement was: 

where, N, , = the estimated number of a specific CWT group 
contributing to natural spawning escapement. 

All estimates for spring and fall chinook are for the Trinity 
River upstream of Junction City Weir (JCW) (river km [RKM] 136.5) 
and Willow Creek Weir (WCW) (RKM 4 7 . 0 ) ,  respectively. 

RESULTS AND DISCUSSION 

Fish Marking and Release 

Five groups of chinook salmon reared at TRH, totaling 633,167 
fish, were effectively marked (Ad-clipped and CWTed), and 
released into the Trinity River from the hatchery during October 
1992 and June 1993 (Table 1). One group of spring chinook 
yearlings and two groups of fall chinook yearlings were released 
in October 1992. All three groups were from the 1991 BY. The 
two groups of yearling fall chinook were released as a replicate 
tag-experiment to determine variability in the numbers of CWTed 
fish caught in the fisheries and returning to the hatchery. 
Spring and fall chinook smolts of the 1992 BY were released in 
June 1993. We also marked coho from the 1991 BY at TRH. The 
coho were released into the Trinity River in March 1993 
(Table 1). 



3 1. Coded-wire lagging and release of spring- and fall-run chinoof 1 coho salmon from Trinity River Hatchery, 1992-93 season a/ 

Tolal 
Extrapolated __ 

shed taos 8 Number 
Release data - - -. . -- - -. .- .. .. .- -. - 

Nn ~ ~~ ~., - ~ ~~ . 

CVVT b l  E31,..>d number Morta!&.- -. . . .- p~~rJin-cl ips . -~ ~~~ - of tagged unmarked 
code  year^. - --k?99ed  y number % Number c/ %. fish d l  ~~ Date ~~~. ---- e l  ~ No.lkg . .~ .. FL (mm) - .  ~ ~~~. 11 - . fish 

Sorlna-run ch lnwk salmon 

065658 1991 
Tolal spring-run: 

Fall-run ch lnwk  salmon 
065733 1992 

065731 1991 
065732 1991 

Sublolal yearlings: 
I 
N 

Total fall-run: 
I 

Tolal chlnook: 

Coho salmon 
065662 1991 

Total Salmon: 

--- ~ ~ ~ ~ ----- ~ - -  ~~~ ~ 

a/ All releases were made into the Trinity River from the hatchery release facility. 
b/ C W  = coded-wire tag. 
CI Numbers of unmarked fish were calculated from percentages of unmarked fish observed in samples taken before release and the total 

numbers of marked fish excluding morlalities. 
d l  The number of tagged flsh released = the total number of fish marked minus (he rnortallly and the extrapolated number of flsh 

with shed tags or poor fin clips. 
e l  Chinook salmon released in June were smolts, those released in October were yearlings. Coho releases were yearling-plus flsh. 
11 FL = Average fork length. 



All chinook and coho tag groups were released concurrently with 
unmarked fish of the same BY, strain, and size. 

Coded-wire Tag Recovery 

We recaptured 921 TRH-produced, Ad-clipped chinook and coho 
during the 1992-93 season. These consisted of 140 male and 78 
female spring chinook, 184 male and 160 female fall chinook, and 
262 male and 97 female coho (Table 2). 

CWTs were extracted from 787 of the 921 Ad-clipped salmon 
recaptured. These were from 161 spring chinook, 305 fall 
chinook, and 321 coho. 

In addition to the CWTs from TRH-produced fish, we also recovered 
four CWTs from fish tagged by the Trinity Fisheries 
Investigations Project (another element of CDFG's Klamath-Trinity 
Program). These were naturally produced chinook captured and 
tagged in the mainstem Trinity River from the BYs 1988 and 1989 
(one fish each), and 1990 (two fish) (see Chapter 11). 

Run-size, Contribution to Fisheries, and 
Spawner Escapement of Coded-wire-tagged Salmon 

S~rina-run Chinook Salmon 

We estimated the run-size, angler harvest, and spawning 
escapement of the eight spring chinook CWT groups returning to 
the Trinity River upstream of Junction City Weir this season 
(Table 3). CWT group 066147 was the only spring chinook group 
(1987 BY smolt release) returning to TRH with a completed life 
cycle (ages two- through five-years-old). These fish were raised 
at an off-site facility while Trinity River Hatchery was being 
modernized. There were no 1987 BY yearling spring chinook 
raised. The overall return rate of CWT group 066147 was 0.113 
percent, with three- through five-year-olds comprising 0.080 
percent of overall returns (Table 3, Figure 1). 

The other CWT groups have not yet completed their life cycles, 
but in general, the yearling release groups are returning as 
adults at rates at least three-times greater than their smolt 
release counterparts (Table 3, Figure I). The 1989 BY smolt 
release group (CWT 0601040102) has, so far, had very poor return 
rates with 0.003 percent returning as three-year-olds. The 
comparable yearling release group (CWT 065639) returned as three- 
year-olds at almost 30 times that rate (0.087 percent). 

It should be noted that CWT group 065639 may be composed of both 
fall and spring chinook. This group, from the 1989 BY, 'was 
tagged and released as yearling spring chinook (Heubach, et al. 
1992). However, based on their entry dates at TRH, it appears 
likely that over 50% of the returning fish from this group were 



I able L Helease and recovery data for adlpose lln-chpped chlnook and coho salmon recovered at Trinity R'ver Hatchery (TRH) 
.ring the 1992-93 .~ season:.. 

~ - . . .~ -. ~. . ~ -~ ~ .. 

Release data .~ ~. ~ Recovery data 
CWT a/ Egg Brood size Males Females 

code source Date Nu!!ber - (N?lkgl-. Site No. FL b/ No. FL b/ Total No. 
Spring-run chlnook salmon 
066147 TRH 
066149 TRH 
066148 TRH 
065639 TRH 

0601040102 TRH 
0601040103 TRH 
065636 TWI 
065640 TRH 

100000 cJ dl 

Fall-run chinook salmon 

I 065633 TRH 
e 065631 TRH 
tn 
,-I 

065635 TRH 
I 065522 TRH 

065523 TRIi 
065632 TRH 

0601040101 TRH 
065634 TRH 
065637 TRH 
06564 1 TRH 
065638 TRH 

IOOOOO d e/ 

187 0 Sawmill rearing ponds 
182 6 TRH 
29 3 TRH 
25 3 TRH 
189 6 TRH 
158 4 TRH 
21 8 TRH 
21 8 TRH 

Spring-run chinook salmon lotals: 

257 4 Arnbrose rearing ponds 
19 6 Ambrose rearino oonds - .  
161 0 TRH 
15 6 TRH 
17 8 TRH 
34 1 TRH 
343 9 TRH 
21 3 TRH 
17 6 TRH 
18 2 TRH 
25 7 TRH 

Fall-run chinook salmon totals: 

Coho salmon 
065660 TRH 1989 03118190 51.088 26 4 TRH 75 61 77 63 152 
065657' TRH 1990 04/03/92 52.233 15 7 TRH 163 43 8 49 169 
100000 c/. TRH 24 14 59 -- 38 53 __ 

Coho salmon lotals: 262 97 359 
.. - ~ ~ - - - - . .~~~ ~~~ - ~ ~ ~ 

a/ CWT = Coded-wire lag. 
bl FL = Average fork lenglh 
ci 100000 = No CWT found or it was lost during recovery 
dl Assumed to be spring-run chinook from their enlry dates into Trinity River Halchery. 
el Assumed lo be fall-run chlnook from their entry dales Into Tr~n~ly River Hatchery 



Table 3. Run-size, percent return, in-river sport catch and spawner escapement estimates for Trinily River Hatchery- 
produced, coded-wiretagged spring-run chinook salmon returning to the Trinity River upstream of Junction City Weir during 

1989 through 1992. ~ ~ - -- .- 

Release data . _ _  . -._.-.-I_ Estimated . relurns 
- ._ 

CWT a/ Brood Run- % of River Spawning escapement ~ 

c o d e j e a r  -- Date b l  Number Site size . release - harvest - -. TRH c/ Natural .~~.. Total - ~ 

066147 1987 05/23/88 185.718 Sawmill 2 61 0.033 6 6 49 55 
Pond 3 112 0.060 15 55 42 97 

4 34 0018 5 13 16 29 
5 3 0.002 0 2 1 - - - -- 3 

Totals. dl- 210 0 113 26 76 108 184 
Total adults: el 149 0.080 20 70 59 129 

066149 1988 05/26/89 181,698 TRH 2 30 0017 4 26 
3 34 0.019 6 29 
4 22 0012 8 21 

066148 1988 10124189 98.820 TRH 2 0 0 0 0 0 0 
3 23 0.023 3 9 11 20 
4 87 0.088 4 51 32 83 

0601040102" , 1989 ' 0511&2j/90 186,413 TRH 2 0 0 , .  0 0 
3 5 3 , : 2  5 

065639 1989 10/01/90 102.555 TRH 2 9 0.009 1 6 2 8 
3 89 0.087 4 52 33 85 

0601040103 199 6.908 TRH 2 62 0.0 9 55 

065636 1990 10/08/91 48.553 TRH 2 2 0.004 0 1 1 2 

065640, , 19 01W9 6.088 TRH 2 5 0.011 1 . 4 
- - - .- - 
a1 CWT = coded-wire tag. 
b l  Chinook salmon released during May were srnolh, those released in Oclober were yearlings. 
C/ TRH = Trinity River Halchery. 
dl Totals are presented only for brood year 1987. These fish have reached five years of age and are considered to have 

completed their life cycle. 
e l  The term "adults" means chinook aged three- through five-years-olds. 



2 3 4  2 3 2  3 2  2 2 

Age at return (years) 

C-- 1987 BY + t---- 1988 BY  - C-- 1989 BY ---C 
(smolt) (yearl~ng) (smoll) - (yearling) - (smoil) --- (yearling) 
0 .- 

0 
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Age at return (years) 

Figure 1. T r i n i t y  River i n - r i v e r  r e t u r n  r a t e s  f o r  Trin:ty Ri'ier 
Eatchery-produced,  coded-wire - tagged (CWT) , spr ing-  and f a l l  -rm 
chinook salmon of brood yea r s  (BY) 1597-1590 dur ing  the y e a r s  --89 
~ h r o u g h  i392. 



actually fall chinook (see Chapter IV, p. 123). 

Fall-run Chinook Salmon 

All fall chinook estimates were for the Trinity River basin 
upstream of the Willow Creek Weir. 

Two CWT groups (065633 and 065631) completed their life cycles 
this season. Both of these groups, from the 1987 BY, were reared 
off-site at the Ambrose Ponds during hatchery modernization. The 
overall return of three- through five-year-olds for the yearling 
release group was about 10 times that of the smolt release group 
(0.385 vs. 0.040 percent, respectively) (Table 4, Figure 1). 

The CWT group of 1988 BY yearlings (CWT 065632) returned at a 
rate of about 15 times greater than its smolt release counterpart 
(CWT code 065635) (Table 4 ,  Figure 1). This was for overall 
returns of three- and four-year-old fish. Some returns can be 
expected during the fifth year. 

Two 1988 BY fall chinook CWT groups (CWT 065522 and CWT 065523) 
were used in a feed-experiment conducted by Trinity River 
Hatchery personnel. The experiment was designed to determine if 
there was a difference in the adult returns of chinook raised on 
diets supplied by two different vendors. The adult return rates 
for these two groups are essentially identical (0.186 and 0.188 
percent), although there appeared to be a difference in the age- 
at-return of the adults (Table 4, Figure 1). No two-year-old 
fish of either group were recovered. 

TRH personnel repeated the feed-experiments with the 1989 BY, CWT 
groups 065637 and 065641. The return rates for both two- and 
three-year-old fish were higher for the CWT group 065641 (Table 
4, Figure 1). 

Coho Salmon 

Only two CWTed coho groups returned to the Trinity River upstream 
of Willow Creek Weir this season. The overall return of the 
1989 BY CWT group 065660 was 0.902 percent. This was composed Of 
0.893 percent three-year-olds and 0.010 percent two-year-olds 
(Table 5). 

Two-year-olds from the 1990 BY (CWT 065657) returned at a 
relatively high rate of 0.971 percent (Table 5). It is unknown 
if the high return rate of these fish as two-year-olds will also 
be seen in high returns of this group as three-year-olds. 



Table 4. Run-size, percent return. ~n-nver sport catch and spawner escapement eslmates for Trinrty River 
Hatchery-produced, coded-we-tagged falLrun ch~nook salmon returnfng lo  the Trinily River Upstream 
Of Willow Creek We~r dunng the period 1989 through 1992. 

Release data Estimated returns 
C W T d  Brood Run- %of River Spawnlng escapement 

code year Date bl Number Site Age size release harvest TRH cl Natural Total 
065633 1987 06/02/88 172,980 Ambrose 2 60 0.035 4 10 46 56 

Pond 3 39 0.023 1 16 22 38 
4 26 0.015 4 11 11 22 

2 2 4 4 0.042 -0- - 5 - 
Totals: dl 129 0.075 9 39 81 120 

Total adults: el 69 0.04 5 29 35 64 

065635 1988 06112/@9 194,197 TRH 2 50 0.026 2 9 39 48 
3 54 0.028 8 23 23 46 

06552211 1988 11/01/89 22.234 TRH 2 0 0. 0 0 0 0 
3 33 0.148 5 14 14 28 
4 9 0.040 0 5 4 9 

0601040101 1989 05/18/90 201,622 TRH 2 5 0 002 1 2 2 4 
3 16 0.008 0 9 7 16 

065634 . 1989 l ~ % ~  97.8iO . TRH 2 9 . 0.009. I 8 
3 ..... 72 . . .  0.074 .. 2 -.. 70 

06563711 1989 1OH6190 23.625 TRH 2 2 0.008 0 1 1 2 
3 30 0.127 1 17 12 29 

065638 1990 10109191 103.040 TRH 2 18 0.017 1 10 7 17 

a1 CWT = coded-wire tag. 
b/ Chinook salmon released dunng May or June were smolts, those released in October M November were 

yearlings. 
cl TRH =?nnlty Rfver Hatchery 
dl Totals are presented only for brood year 1987 These fish have reached five years of age and are 

wnsfdered lo have completed the~r I ts  cycle 
e l  The term 'adults' means chlnook aged three- through five-years-olds 
11 Tagged and released by Tnnlty River Hatchery personnel 



Table 5 .  Run-size, percent return, sport catch and spawner 
escapement estimates for Trinity River Hatchery-produced, coded- 
wire-tagged coho salmon returning to the Trinity River upstream of 
Willow Creek Weir during the 1992 and 1993 seasons. 

Estimated returns 
Release Data SpP-g -Pe-t 

CWT pl B r d  Run- % of Riva 
cod; year Dab Number Site Age size r e l a  hprvsst Hatchery Nsturnl Total 

065660 1989 03/18/91 51.088 TRH 2 5 ,010 0 5 0 5 
3 a ,893 H 

Totals: h/ 461 .902 58 157 245 403 

065657 1990 04/03/92 52.233 TRH 2 507 .971 0 169 338 507 
a/ CWT = coded - w m  tag 
h/ Totals are presented only for brood year 1989. These fish have reached t h e  y- of ngs and arc 
considered lo have completed their Life cycle. 

RECOMMENDATIONS 

Coded-wire tagging and release of smolt and yearling chinook and 
coho, and the monitoring of adult salmon returns at Trinity River 
Hatchery should be continued in 1993-94. 
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CHAPTER VI 

JOB VI - - -  . -  
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 Pish and Game'8 Trinity Fisheries 
Investigationo Project conducted a eteelhead, Oncorhvnchua mvkiee, marking 
program at Trinity River Hatchery from 5 January through 2 April 1993. Unique 
combinations of fin clips ware given to each group of fieh to permit 
identification of brood year upon recapture. This seaeon w e  marked 15,665 
ateelhead held over from the 1991 brood year with an adipose and right ventral 
fin-clip, 13,582 of which were effectively marked and released as two-year- 
olde. We also marked 324,875 eteelhead from the 1992 brood year with an 
adipose and left ventral fin-clip, 323,583 of which were effectively marked 
and released as yearlings. 

We checked 1,000 steelhead from the 1991 brood year and 6,470 from the 1992 
brood year for fin-clip accuracy prior to release. We found 0.5% from brood 
year 1991, and 0.11% from brood year 1992, with poor fin clips. 

We monitored adult steelhead returning to Trinity River Hatchery from 
14 September 1992 through 28 Xarch 1993, when we determined migration to be 
completed. During that time 586 eteelhead returned to Trinity River Hatchery, 
of which 96.9% (568/586) were fin-clipped. 

stealhead were also checked for fin clips an they entered through the Willw 
Creek and Junction City weirs. One hundred-ninety iteelhead were obaerved at 
the Willow Creek Weir, of which 44.7 \  (85/190) were fin-clipped. Twenty-nine 
steelhead were observed at the Junction City Weir, of which 58.6\ (17129) were 
f in-cl ipped. 



JOB OBJECTIVES 

To determine relative return rates and contributions to 
spawning escapements and the fisheries made by steelhead 
produced at Trinity River Hatchery, and 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. Project-induced reduction in fishery habitat and 
flow are among the factors contributing to the decline of annual 
runs of steelhead. 

In October 1984, U.S. Public Law 98-541 was passed to mitigate 
for fish and wildlife losses. This act, commonly referred to as 
the Trinity River Basin Fish and Wildlife Restoration Act, 
authorized the expenditure of $57 million over a lo-year period 
to implement restoration of fish and wildlife populations to pre- 
dam conditions. 

Knowledge of hatchery- and naturally produced steelhead 
escapements into the Trinity River is a necessary component both 
for management recommendations and determining the effectiveness 
of those recommendations. To differentiate between naturally 
produced and hatchery-produced steelhead, all steelhead reared at 
Trinity River Hatchery from 1978 through 1981 were systematically 
fin-clipped before being released. 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; H~ubach 1984; Zuspan et al. 1985). 

This year, staff of the California Department of Fish and Game's 
(CDFG) Trinity Fisheries Investigations Project (TFIP) marked 
steelhead produced at Trinity River Hatchery (TRH) as part of the 
first phase in meeting the Job Objectives. The second phase 
included the monitoring of adults returning to TRH. 

METHODS 

Hatchery Marking Operations 

Steelhead Brood Year Selection and Growth 

Steelhead from the 1991 and 1992 TRH brood years (BY) were 
available for marking this season. Fish of each BY were 



monitored throughout the season to ensure that groups being 
marked would meet the hatchery minimum release-size requirement 
of six inches. Growth was monitored and recorded by hatchery 
staff during weekly standard weight counts (number of fish per 
pound), an operating procedure used to determine the amount of 
food given to fish following feed manufacturerst recommendations 
(Gary Ramsden, Manager, Trinity River Hatchery, CDFG, pers. 
comm.). The average weights of individual fish reported in this 
Chapter were based on these weight count data from TRH feeding 
schedules. Project petsonnel also culled fish while marking, 
placing smaller fish into holding tanks until they could be moved 
into hatchery ponds for further growth. 

Fish Markins and Release 

A crew of four markers from CDFGts TFIP marked steelhead at TRH 
inside a 3-m X 3-m wooden shed , positioned directly over the 
hatchery ponds. The shed contained a four-station marking table 
and a circulating fresh-water holding tank of approximately 284 
liters. Fish were netted directly from the hatchery ponds, and 
placed into the holdinq tank. Another smaller holding tank with 
circulating fresh water was located in the center of the marking 
table and was used to hold fish immediately before marking. Each 
station was equipped with a manual counter to count each fish 
marked. 

The marking shed was equipped with a recirculating tricaine 
methanesulfonate (MS-2221') system (approximately 76 liters), 
which was changed at least once per day with fresh MS-222 
solution. This system used if cups of MS-222 per week, and was 
was installed to minimize fish mortality caused by overdosage of 
anaesthetic. Carbon dioxide (CO,) was used to anaesthetize the 
last group of steelhead marked (approximately 4,600 fish) on 2 
April 1993, since they were to be released before the 21-day 
holding period required by MS-222 use. Fresh-water and MS-222 
solution temperatures were monitored regularly throughout the 
day. 

Marking of steelhead involved anaesthetizing them with 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 ventral (RV) or left ventral (LV), and adipose (Ad) fin 
clips were used to differentiate fish from each BY and age-group- 
at-release. Fish marked this year from the 1991 BY were given an 
Ad+RV fin clip to be released as two-year-olds, and those from 
the 1992 BY, an Ad+LV fin clip to be released as yearlings. We 
randomly checked steelhead one to four times per day throughout 

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



marking to see how well the fins were being removed. A sample of 
fish was netted as they exited the marking shed and checked 
before they entered the hatchery ponds. 

We also examined a larger sample of marked steelhead immediately 
prior to release to determine fin-clip quality and fish size. 
Fish were anaesthetized with MS-222, measured to the nearest mm 
fork length (FL), and fin-clips were inspected. These fish were 
placed in a separate holding pond, and releqsed after the 21-day 
holding period required by MS-222 use. Fin clipping is 
considered a permanent mark if the fin rays are removed to the 
point of attachment to the bone (Stuart 1958; Eipper and Forney 
1965; Jones 1979). Fins which are less than one-half-removed are 
likely to regenerate, and may appear distorted at the location of 
the clip. Unless persons checking for fin clips specifically 
look for distorted rays, fish that were actually marked may be 
unrecognizable. We determined the number of effectively marked 
fish by multiplying the percentage of fish with poor fin clips by 
the total number of fish released, and subtracting this product 
from the release total. Numbers of fish released from TRH were 
estimated by TRH personnel using standard weight counts on a 
subsample of each marked group. 

A sample of marked fish was checked for health and general 
condition through an autopsy conducted by a CDFG Fisheries 
Pathologist. A complete organosomatic analysis was done and 
results are on file with the CDFG ~egion-I pathologist. Results 
in this report are confined only to general remarks made by the 
pathologist. Fish were also inspected for general condition 
during the hatchery mark-evaluation process by Project personnel. 

Recovery Operations 

Recoveries of returning marked steelhead were conducted at TRH, 
river kilometer (RKM) 179.8, and downstream at two trapping 
locations; Junction City Weir (42.7 km downstream from TRH), and 
Willow Creek Weir (131.4 km downstream from TRH). Project 
personnel examined fish for fin clips, measured each to the 
nearest cm FL, and recorded its sex. Trinity River Project (TRP) 
personnel operated the Junction City and Willow Creek weirs, 
where they examined steelhead for fin clips, measured each to the 
nearest cm FL, recorded its sex, spaghetti-tagged each, then 
released them back into the mainstem Trinity River. Scale 
samples were taken from steelhead at all three recovery 
locations. 



RESULTS AND DISCUSSION 

Hatchery Marking Operation 

Steelhead Brood Year Selection and Growth 

Brood Year 1991 (Two-vear-olds). Approximately 15,000 fish 
were held over from the 1992 marking season because they did not 
meet the minimum release size. Fish from the 1991 BY were reared 
at TRH, marked this season, and released as two-year-olds. 

According to TRH feeding schedule records, progressive growth 
occurred throughout the rearing period. During April 1992, the 
average weight of each fish was 30.2 g, and increased to 378 g by 
the release date (Figure 1). 

Brood Year 1992 (Yearlinssl. According to TRH feeding 
schedule records, the 1992 BY fish also grew progressively 
throughout the rearing cycle. Smaller grade fish were constantly 
culled and kept in separate hatchery ponds throughout rearing. 
Smaller fish were probably from eggs that were spawned out last 
(Laird Marshal, Assistant Manager, TRH, CDFG, pers. comm.). We 

D a t e  

FIGURE 1. T h e  average weights of two-year-old steelhead from the 
1991 brood year reared at Trinity River Hatchery from 8 April 1992 
through 8 March 1993. 



identified four different size-classes in this BY from TRH 
feeding schedules. After 24 December 1992, we combined the three 
larger classes into two, and then into one size-class after 28 
January 1993, when average individual weight of fish converged at 
65 g. Smaller grade fish were recorded as a separate size-class 
throughout rearing. The average weight of fish from this BY on 
the date of release was 103.8 g for the larger steelhead, and 
63.9 g for the smaller steelhead. Fluctuations seen in recorded 
size are probably the result of constant grading by TRH personnel 
(Figure 2). 

This is the fourth consecutive season that Project personnel 
completed marking and release operations at TRH. To date, we 
have marked five BYs with a combination of various fin clips 
(Appendix 1). 

Brood Year 1991 (Two-year-olds). We completed marking a 
total of 15,665 fish from the 1991 BY this season with an Ad+RV 
fin-clip combination on 5 January 1993, and released them as 

FIGURE 2. The average weights of yearling steelhead from the 1992 
brood year reared at Trinity River Hatchery from 1 July 1992 
through 8 April 1993. Weights of the three larger groups wf ' 
combined after 28 January 1993. 



two-year-olds. Releases were made into the mainstem Trinity 
River at TRH, the old weir site (RKM 178.6), and at Old Lewiston 
Bridge (RKM 176.9). Three release locations were chosen to allow 
increased angling opportunities over a wider area, and minimize 
residualism (Laird Marshal, Assistant Manager, TRH, CDFG, pers. 
corn.). The average size of these fish upon release was 2.6 
fishlkg (Table 1). 

TABLE 1. SUI&!Uary of Trinity River Hatchery ateelhead marking and release for tho 
1992-93 seaaon. 

Release group 

Pin- 
Numbers clip Size at 

Brood year Age clipped type ,, Releaaa date reloaae 
( t  fishfkg) 

1991 Two-yr-old 15,665 Ad+RV 4/12/93 2.6 

1992 Yearling 320,192 Ad+LV 4/12/93 9.7 

1992 Yearling 4,683 Ad+LV 4/12/93 15.7 

g/ Fin clips were right ventral (RV) or left ventral (LV), and adipose (Ad). 

During the hatchery mark evaluation procedure, we checked 1,000 
steelhead from this BY and found some dorsal and caudal fin 
erosion, and scale loss; an organosomatic analysis was not done 
because of the limited number of fish. Of the 1,000 fish 
examined, we found 0.5% (5/1000) were poorly fin-clipped. Six 
hundred of the 1,000 fish were measured. According to TRH fish 
planting estimates, they released a total of 13,650 fish from 
this BY; thus we estimated 2,015 mortalities occurred during the 
rearing period. Altogether, 13,582 steelhead from this BY were 
considered effectively marked (Table 2). At release, FLs ranged 
from 184 mm ( 7 . 2  in) to 421 mm (16.6 in), and averaged 322.1 mm 
(12.7 in) with a sample SD of 4.02 (Figure 3). 

Brood Year 1992 (Yearlin~sr. We marked steelhead from this 
BY with an Ad+LV fin-clip combination from 14 January through 2 
April 1993. Throughout this period TRH personnel continually 
graded fish according to size. Between 14 January and 5 March, 
we marked a total of 320,192 steelhead. The approximately 5,000 
fish remaining were considered too small to fin clip, so marking 
was temporarily halted. We marked the remaining 4,683 fish from 
this BY on 2 April, giving us a total of 324,875 fin-clipped 
yearling steelhead for the season. The average size of these 
fish was 9.7 fishlkg for the larger fish, and 15.7 fishlkg for 
the smaller grade fish (Table 1). 



TABLE 2. Summary of hatchery mark evaluations for steelhead fin- 
clipped between 5 January and 2 April 1993. 

Release group 

Estimated Fin- Numbers 
Brood numbers clip Numbers \ Poor effectively 
year Age released typ& evaluated clips markedy 

1991 Two- 
year-old 13,650 Ad+RV 1,000 0.5 13,582 

1992 Yearling 323,939 Ad+LV 6,470 0.11 323,583 

p/ Fin clips were right ventral (RV) o r  left ventral (LV), and adipose (Ad). 
b/ Number of effectively marked fish - number released X ((100 - poor - 

clips)/100). 

185 205 225 245 265 285 305 325 345 365 385 405 

195 215 235 255 275 295 315 335 355 375 395 415 

Fork length Cmm) 

FIGURE 3. Length frequency distribution of fin-clipped two-year- 
old steelhead from the 1991 brood year released from Trinity Ri 
Hatchery on 12 April 1993. 



We examined a subsample of 6,470 steelhead from the 1992 BY to 
see how well they were marked, and found 0.11% (7/6470) with poor 
fin clips. Comparing TRH fish planting estimates with the total 
number of fish marked, we estimate 936 mortalities occurred 
during the rearing process. An estimated 323,583 steelhead from 
this BY were effectively marked and released into the Trinity 
River at TRH. (Table 2). 

Of the 6,470 fish examined, we measured 2,870 (44.4%). Average 
FLs for the two size groups were determined separately. Smaller- 
sized fish made up 18.42 (527/2870) of our measured sample. Fork 
lengths of this size group ranged from 76 mm (3.0 in) to 151 mm 
(5.9 in), and averaged 124.8 mm (4.9 in) with a sample SD of 
1.41. Larger sized fish ranged from 152 mm (6.0 in) to 291 mm 
(11.5 in), and averaged 198.1 mm (7.8 in) with a sample SD of 
1.96 (Figure 4) . 
A subsample of 20 fish was collected at TRH prior to release by 
the CDFG pathologist. An organosomatic analysis was done and 
results were determined by autopsy. Results showed some dorsal 
and caudal fin wear and scale loss; however, their overall 
general condition upon release, determined by both the 
pathologist and Project personnel, appeared to be excellent. 

SmaI I s i z e  r i s n  

... . .. . ... .. . . . . . . .... . ... . . . . . . . . . . .. . . . - . . .. . . . .. . 

76 96 116 136 156 176 196 216 236 256 276 

86 106 326 146 ?66 186 206 226 246 266 286 

Fork  length Cmm) 

FIGURE 4 .  Length frequency distribution of fin-clipped yearling 
steelhead from the 1992 brood year released from Trinity River 
Hatchery on 12 April 1993. 



Recovery Operations 

Naturally produced juvenile steelhead migrate to sea after 
spending one to three years in fresh water. They usually stay 
one to two years in salt water, then return to fresh water to 
spawn when they are 38 to 69 cm in total length. Life-history 
patterns of steelhead are variable, and growth rates may vary 
(Moyle 1976) . 
A fraction of the Trinity River steelhead run have a unique life- 
history pattern in that they will stay less than one ear in salt 

fish are referred to as half-pounders. 
z water, and return to fresh water after several months . These 

In relation to life-history patterns, this was the second and 
third years we expected to see returns of fish which were 
released in 1990 and 1991 (1988, 1989 and 1990 BYs). 
Experimental hatchery management practices aimed at increasing 
adult returns were not conducted with any of these steelhead 
release groups. 

Trinitv River Hatchery 

There was a significant loss of returning steelhead at TRH thic 
year due to otter predation before recoveries could be made. 
Otters took fish directly from the holding tanks and fish trap, 
where only fish body parts were occasionally found. In addition 
to reducing the possible recovery of marked steelhead, fewer 
spawners were obtained and fewer eggs taken, which will result in 
a lower number of juvenile steelhead available for marking next 
season. Plans to trap and relocate some otters are being made 
and will be discussed in future reports. 

Project personnel monitored steelhead returning to TRH from 
14 September 1992 through 28 March 1993, when migration was 
completed. During that period 586 steelhead returned, of which 
568 (96.92) were fin-clipped, making up the greater proportion of 
returns to the hatchery. Of those marked fish, 119 (20.99) had 
LV fin-clips, from the 1989 BY released as yearlings or from the 
1991 BY yearling release; and 130 (22.29) had RV fin-clips, from 
the 1989 BY or the 1990 BY two-year-old releases. Ad+RV fin- 
clips were seen on 76 (13.02) of the marked steelhead, indicating 
they were from the 1989 BY yearling release; and 234 (39.99) fish 
had Ad+LV fin-clips, indicating they were from the 1990 BY 

21 Hopelain, J. S. Unpublished manuscript. Age, growth, and life 
history of Klamath River basin steelhead (Salmo aairdnerii), as 
determined from scale analvsis. 33 D. Available from Calif. Dept. 
of Fish and Game, Inland Fisheries D ~ v . ,  1416 9th St., sacramen' 
CA 95814. 



yearling release (Appendix 1). Nine steelhead were marked with 
an Ad fin-clip only, origin unknown, and 18 were unmarked. Ad- 
clipped-only fish may have at one time been marked in conjunction 
vith a ventral fin clip, and were probably the result of poor fin 
clipping and regeneration. 

During the 1990-91 and 1991-92 seasons, totals of 927 and 295 
steelhead, respectively, were observed at TRH. Marked fish 
constituted 2.4% of the 1990-91 returning fish, and 62.0% of the 
1991/92 returns. Three- and four-year-old adults of the 1988 BY, 
released as two-year-olds, composed the largest proportions of 
the marked fish recovered at TRH for both those seasons 
(Appendix 2). 

Junction city Weir 

TRP personnel monitored steelhead at Junction City Weir from 
21 May through 8 December 1992, when migration was complete. 
During that period 29 steelhead were recorded, of which 17 
(58.6%) were fin-clipped. Of those marked fish, 12 (70.6%) had 
Ad+LV fin-clips, indicating they were from the 1990 BY; three 
(17.6%) had Ad+RV fin-clips, indicating they were from the 1989 
BY; and one (5.9%) had a LV fin-clip, from the 1991 BY. One 
recovery was marked with an Ad fin-clip only, and 12 were 
unmarked. No RV fin-clipped steelhead were recovered at the 
Junction City Weir this season. 

During each of the past three seasons, the total number of 
steelhead caught at Junction City Weir was lower than at either 
of the other two recovery sites. The percentage of fin-clipped 
fish seen at Junction City, however, was intermediate to the 
percentages seen at TRH and Willow Creek Weir. The marked fish 
recovered during the 1990-91 season could not be assigned to a BY 
release group because of a questionable fin clip. Four-year-olds 
from the 1988 BY made up the largest proportion of marked fish 
recovered at Junction City Weir during the 1991-92 season 
(Appendix 2). 

Willow Creek Weic 

TRP personnel monitored steelhead at Willow Creek Weir from 
20 August through 2 December 1992, when migration was complete. 
During that period 190 steelhead were observed, of which 85 
(44.7%) were fin-clipped. Of those marked fish, one (1.2%) had a 
RV fin-clip, from the 1988 BY; 12 (14.1%) had LV fin-clips, from 
the 1989 BY or from the 1991 BY. Ad+RV fin-clips were seen on 17 
(20.0%) of the marked steelhead, indicating they were from the 
1989 BY; and 4 7  (55.3%) had Ad+LV fin-clips, indicating they were 
from the 1990 BY. Eight recoveries had an Ad fin-clip only, and 
105 were unmarked. 



No marked steelhead were seen at Willow Creek Weir during the 
1990-91 season. During the 1991-92 season, four-year-olds from 
the 1988 BY again made up the largest proportion of marked fish 
recoveries. 

RECOMMENDATIONS 

1. Marking should continue, starting at the latest possible 
date to allow the maximum time for fish growth. This would 
eliminate unnecessary delays during marking. 

2. Only one marking shed should be used next season because of 
the low number of steelhead expected to be available. 

3. Steps should be taken to reduce or eliminate otter 
predation upon steelhead returning to TRH. 
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MPENDIX 1. Smmmq of Trinity R i w  Hatchsry myked steelhead releases for the 1989-90 thrcugh 1992-93 waans. 
-- 

N\lmber of- 
Warking Fin-clip B r d  A T  a t  Size a t  release Release Rslease effectively 

seaecm t Y P  year release t Fish Hean FL Rangs F l  date site marked fmh 
per kq im) (on) released- 

Rtqht Mntral 1988 'nm-year-old 3.5 
Left ventral 1989 Yearling 19.8 
Left ventral 1989 Yearling 22.0 

Mipow + riqht ventral 1989 Tiu-year-old 2.0 
Miposr  + right ventral 1989 'Rhyea rv ld  1.6 
Mipee + l e f t  ventral 1990 Yearling 3.2 

Right ventral 1990 hrryear-old 2.4 
Left vontral 1991 Yearling 17.5 

Mi- + right ventral 1991 Tw-year-cld 2.6 
2.6 
2.6 

Mipwa + l e f t  ventral 1992 Yearling 9.7 
15.7 

- 03/18/91 Sauaill site 81,796 
11.0-32 .O 03/18/91 IRH 99,171 
10.0-24 .O 03/18/91 IRH 962,812 

18.4-42.1 04/12/93 IRH - 
18.4-42.1 04/12/93 Old wir m i t n  - 
18.4-42.1 04/12/93 O l d  Lsvi.ton Brdg. - -- 

lMal 13,582 
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CHAPTER V I I  

J O B  V I I  
L I F E  HISTORY,  DISTRIBUTION,  RUN S I Z E ,  AND HARVEST OF S P R I N G  

CHINOOK SALMON I N  THE SOUTH FORK T R I N I T Y  RIVER BASIN 

Michael D e a n  

ABSTRACT 

T b e  California Depanment of Fish and Game, Trimty Fisheries Invtstigations Project is conducting 8 study of 
spring-mn chmook salmon (Oncorbmchus tshawvtscha) in the South Fork Trinity River bnsi. During the 
1992-1993 s w n ,  we trapped and lagged retuning adults, operated recovery weirs, conducled creel, snorkel, 
4, md eprepss rocovery surveys, d y r t d  adult scales, urd trapped emigrant j u v d e  salmon. 

During adult happing operations in the spring and summer of 1992, we captured 49 spring-nu, chinook snlmon 
(spring chinook). Subsequently, 21 s p ~ g  chinook were capturd .t -very weirs, six of which had been 
rnarked at the tagging weir. During summer snorkel surveys throughout the busin, we observed 166 spring 
chinook, seventeen of which had been marked at the tagging weir. Based on the above nwvery numbera we 
estimated the run-sire to be 324 fish (266 adults and 58 grilse). Weir opention and snorkel surveys showed 
that the spring chinook IULI began this season in late April to early May, resched r pesk in mid- to lak-May, 
and declined through July and August. 

From scale analysis, we determined that the age class distribution of returning fish was 22% hvo-year-olds, 
40% three-year-olds, 32% four-year-olds, and 6% five-yur-olds. 

Pools were the primary adult summer holding hrbitnr in the basii. Foufieta pools wen located which held 
thmc or more spring chinook. 

B a d  on tag RhImS and c m l  surveys, the angler harvest in the South Fork Trinity River b i n  was Em. 

Spring chinook spuping  began on 1 Octobn a d  add 26 October, 1992. During redd surveys we looted 49 
spring chinook red&. Redds were distributed u p a m  ud of For& Glm in the South Fork 
Trinity River, with m y  downstream of Hyunpom. Ten spring chinook fprcpsses were n w v d ,  but only 
one WPS tagged. 

By trapping emigrnnt juveniles, we found cbat spring chiawk youngdf-the-yea emigration begap in April. 
pealred in May, and was essentially complete by 1 July, 1993. No yenrlrng spring chinook were captured. 



JOB OBJECTIVES 

1. To determine the size, composition, distribution, and timing 
of the adult spring chinook salmon run in the South Fork 
Trinity River basin. 

2. To determine the angler harvest of spring-run chinook salmon 
in the South Fork Trinity River basin. 

3. To determine life-history patterns of spring-run chinook 
salmon produced in the South Fork Trinity River basin. 

INTRODUCTION 

This study is designed to be a thorough evaluation of the life 
history of spring-run chinook salmon (spring chinook), 
Oncorhvnchus tshawvtscha, within the South Fork Trinity River 
(SFTR) basin. This is the first major study of spring chinook in 
this basin. The only other study was conducted in the late 
summer and fall of 1964 prior to the devastating flood which 
occurred that year (LaFaunce 1967). The California Department of 
Fish and Game (CDFG) and the U.S. Forest Service (USFS) have made 
numerous attempts to count adult spring chinook (and spring-run 
steelhead) in the SFTR in order to track population trends and 
evaluate post-flood habitat recovery. These efforts have been 
sporadic, short term, and made no attempt to determine complete 
life history (Appendix 1). Reliable, statistically-valid 
population estimates were not determined during any of these 
efforts. 

The current population of spring chinook in the SFTR is, at most, 
a few hundred fish. Estimates of annual run size from various 
sources (Appendix 1) ranged from multiples of ten to about 350 
fish. The population has experierlced. serious decline since 1964, 
when the run was estimated to be 11,604 (LaFaunce 1967). Up-to- 
date, valid population estimates and understanding of life- 
history patterns are crucial to any management or restoration 
effort for spring chinook. 

This is the third year of a proposed five-year study of SFTR 
spring chinook by the Trinity Fisheries Investigations Project 
(TFIP). Since our annual reports cover the period from 1 July 
through 30 June, the snorkel survey, redd and carcass recovery 
surveys and other observations made during summer and fall of 
1992 relate to those fish trapped and marked during the 1991-1992 
reporting period. Also, most scales used for life-history 
determinations were obtained from fish trapped and released 
during the 1991-1992 reporting period. 



METHODS 

The study area included the lower 124 km of the SFTR, the lower 7 
km of the East Fork of the SFTR, and the lower 16 km of Hayfork 
Creek, totaling 147 km of river. Lafaunce (1967) and USFS 
surveys (Appendix 1) broke this area into 16 roughly equal 
sections. We attempted to use these same sections for 
comparison, but for logistical reasons deviated slightly from 
their delineations (Figures 1 & 2). We also snorkel surveyed the 
lower 4 km of Grouse Creek. 

This study is comprised of several distinct elements, each 
intended to generate an escapement estimate or provide 
information on in-stream life history or distribution. 

To meet Job Objective 1, we used the Petersen mark and recapture 
method, with some variation. We operated a weir at which fish 
were trapped, tagged, and released. We recovered fish or 
observed tags in three ways: 1) a recapture weir in the mainstem 
SFTR, and one in Hayfork Creek; 2) snorkel surveys of the entire 
study area; and 3) carcass recoveries during the spawning season. 
Data from each recovery technique were intended to be used in 
making separate Petersen estimates. We used several recovery 
techniques to insure that at least one would yield statistically- 
valid results, and to make comparisons between the different 
methods. Petersen estimates represent point-in-time run-size 
estimates upstream of the tagging weir. Snorkel surveys were 
also used to determine in-river distribution, and'to continue 
documenting run timing once the tagging weir was removed. The 
number and distribution of redds were determined by foot and 
kayak surveys (redd surveys). 

To meet Job Objective 2, we utilized non-reward tag returns and a 
limited creel survey. Historically, poaching has been a problem 
in the SFTR. Non-reward tags were chosen so the potential of 
poaching, primarily for the reward, was not increased. 

To meet Job Objective 3, we analyzed scales collected during the 
adult trapping operation and carcass recovery surveys, and 
performed emigrant juvenile trapping. 

Immigrant Chinook Trapping and Tagging 

Early-enterins Portion of the Ruq 

The primary trapping and tagging weir (Gates Weir) was located at 
river kilometer (RKM) 31.7, 16 km downstream from the township of 
Hyampom (Figure 1). The weir functioned as a fence across the 
river, guiding fish into a trap. The weir was constructed of 
1.5-m-wide by 1.2-m-high panels, which reached completely across 
the river. Each panel was constructed of 1.9-cm-diameter 
galvanized conduit welded horizontally on 5.7-cm centers to 2.5- 



R K M  31.7 2 \ 

FIGURE 1. Map of the South Fork T r i n i t y  River ,  Hywnpn and below, depicting survey 
sec t ions  ad major t r i b u t a r i e s  (W = r i v e r  ki lcmeter ,  frm the mouth of the South 
Fork Trini ty R ive r ) .  

Big Slide Campground 
R K M  40.2 

SCALE 
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0 = Letter designation of Hayfork Cr. 
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FIGVRE 2 .  Map of the South Fork Tr in i ty  River abwe Eyampcm depic t ing survey 
sectiors and major t r l b u t a r l e s  (ma4 = r l v e r  kilcmeter, frcm t h e  mth of the South 
Fork Tri-ity River)  . 



cm by 2.5-cm steel angle-iron uprights. Panels were wired 
together with steel tie-wire, and supported with conventional 
steel fence posts driven into the river bottom. Netting was 
placed atop the panels to prevent fish from jumping over the 
weir. 

The trap was 2.4 m long by 2.4 m wide by 1.2 m high (vertical 
dimension) and was constructed with the weir panels described 
above. Two 1.2-m2 panels were placed inside the open end of the 
trap forming a fyke, guiding fish inside and deterring their 
escape. The conduit of the upstream and side panels was sleeved 
with clear vinyl tubing to minimize potential abrasion to trapped 
fish. To make fish more "at ease" in the trap and less likely to 
try to jump out, a piece of dark blue nylon fabric was floated on 
the water surface inside the trap. It was attached only at the 
upstream end of the trap, so if a fish were to jump and land atop 
the fabric, it would sink, allowing the fish to settle back into 
the water. This device also provided cover and made fish 
difficult to see from outside the trap. Great care was taken to 
insure that there were no sharp projections, wire, etc. inside 
the trap which might injure fish. Foam pipe insulation was used 
in areas where unavoidable abrasion might otherwise occur. The 
trap was provided with a lockable plywood lid and solid plywood 
bottom. 

Fish were netted from the trap with a knotless-nylon-mesh net , . 
placed in a tagging cradle. The tagging cradle consisted of a 
frame, constructed from 1.9-cm-diameter copper pipe, measuring 
100 by 50 cm, and was fitted with a nylon cradle and a metric 
ruler for measuring fork lengths (FL). The cradle assembly was 
designed to slide into a channel in the front of the trap. A 
sliding door made from perforated aluminum plate (0.32-cm holes) 
formed the upstream end of the cradle. Once marked and measured, 
fish were released by raising the sliding door. 

During tagging, fish were examined for marks, scars, and general 
condition, their FL measured to the nearest cm, and a scale 
sample was taken. A small knife was used to collect scales from 
the left side of the fish just below the dorsal fin. Spring 
chinook from the 1992 cohort, which appeared healthy, were marked 
in one of two ways: either a one-half left ventral (fLV) fin clip 
and a numbered Floyl1 anchor tag, or a one-half right ventral 
(fRV) fin clip and a ~otekl' implantable radio transmitter. 
Anchor tags were placed on the left side, just below the dorsal 
fin, and just posterior to the midline. Radio transmitters were 
inserted into the stomach of adult spring chinook through the 

I/ The use of brand names is for identification purposes only and 
does not imply the official endorsement of any product by t' - 
California Department of Fish and Game. 



esophagus with the aid of a small length of 0.95-cm-diameter 
plastic pipe. The radio tagging operation was done in 
cooperation with a project led by Dr. Roger Barnhart of the U.S. 
Fish and Wildlife Service, California Cooperative Fishery Unit, 
Humboldt State University. Thirty-nine spring chinook were 
tagged with Floy tags and nine received radio transmitters. 
(Note: Spring chinook were marked as described above during the 
last reporting period [1991-19921 and are discussed in the 
RESULTS section of this report. Spring chinook of the 1993 
cohort, were marked at the end of this reporting period with a 
4RV fin clip and colored anchor-tags, and will be discussed in 
the 1993-1994 Annual Report.) Spring-run steelhead were marked 
with a 4LV fin clip. 

Tagged fish were sprayed with a 10-20% aqueous solution of 
~ropolyaqua" (artificial slime) to help prevent infection caused 
by the removal of mucus during handling. Spraying was focused on 
areas such as the caudal peduncle, scale-sample site, and the tag 
location. Care was taken to insure that the head, operculum, and 
gills were not sprayed with the solution. 

After processing, fish which appeared fresh and strong were 
immediately released from the cradle to the river, upstream of 
the weir, without further handling. During periods of warm water 
temperature (> 15.5 O C )  or when they appeared stressed, fish were 
allowed to swim from the cradle into a recovery tube and held 
there for at least 60 minutes. The recovery tubes were made from 
plastic pipe measuring 3.5 m long by 25 cm in diameter. The 
upstream and downstream ends were fitted with sliding plexiglass 
doors, each with numerous 2-cm holes allowing ample water to flow 
through the tube. The tubes were oriented with their long axis 
parallel to the current and held on the river bottom with large 
rocks or steel fence posts. After recovery, the upstream door 
was opened and fish were allowed to leave of their own volition. 

Late-enterinq Portion of the Run 

Instead of a weir operation, we conducted snorkel surveys and 
pool follow-up observations to determine the size and 
distribution of the late-entering segment of the spring chinook 
run. We felt that the operation of a weir during August and 
early September, when minimum water temperatures regularly exceed 
21 OC, would result in unacceptable fish mortality. 

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



Another significant problem encountered in operating a weir at 
this time of year, was defining spring-run vs. fall-run chinook 
salmon (fall chinook), since both are often present at this time. 
Late-entering spring chinook were identified as those fish which 
were dark, brassy, and may have had other physical marks 
indicating they had over-summered lower in the Klamath-Trinity 
system. Fall chinook were identified as those fish which 
appeared fresh, bright, nickel-colored, and usually lacked old 
marks and scars. 

Recapture Weirs 

Two Alaskan-style weirs were operated in the basin as recovery 
stations. These weirs were located in Hayfork Creek at Bar 717 
Ranch, 8 km upstream from its confluence with the SFTR, and in 
the mainstem SFTR at Forest Glen Campground (RKM 89.5) (Figure 
1). The Alaskan weir also utilized 1.9-cm galvanized conduit 
panels as the "fence", but the support and orientation of the 
pipe was markedly different than the Gates Weir. The conduits 
slid through holes in 7.6-cm-wide by 3.3-m-long aluminum channel, 
and contacted the natural river bottom. The aluminum channel was 
supported on tripods constructed of 8.9-cm x 14-cm, and 3.8-cm x 
14-cm Douglas fir beams (standard mill-run). The aluminum 
channel was oriented horizontally and the conduit was oriented 
vertically. The center-to-center spacing between conduit 
elements was 5.7 cm, leaving a 2.5-cm gap. 

The trap construction was the same as that of the Gates Weir, 
except that vinyl tubing was not used to sleeve the conduit 
elements of the Hayfork Creek trap. Fish captured in these traps 
were netted, examined for marks, scars, and general condition, 
then immediately released. Artificial slime was also applied to 
each fish just prior to release. 

All weirs were operated 7 days-per-week, 24 hours-per-day. Each 
was serviced every morning and often staffed 24 hours-per-day 
during busy holiday weekends. 

Digital recording thermographs were used to continually monitor 
water temperatures at the weir sites. Thermographs were 
protected inside a steel casing and chained to each weir. Hand- 
held thermometers were used to check water temperature each 
morning during routine weir service. 

Snorkel Survey 

During the summer of 1992, snorkel surveys were conducted during 
late July and late August, and covered the entire study area 
(Figures 1 & 2). Our primary goal was to observe and record th 
numbers of marked and unmarked spring chinook for making 



population estimates. We also documented the number and location 
of over-summer holding pools utilized by three or more spring 
chinook. We also recorded the numbers of marked and unmarked 
adult spring-run steelhead seen. 

We used teams of two to three individuals, equipped with mask, 
snorkel, wetsuit, anti-slip footwear or fins, notepads, and 
appropriate safety gear (e.g., rescue rope and first aid kit). 
We typically entered the river at approximately 9:30 AM and 
covered 7.0 to 10.5 km of river per-day, depending on the length 
and difficulty of each river section. Each team floated or swam 
downstream, recording the number of adult salmonids and the 
relative abundance of juvenile salmonids. We also noted habitat 
types and conditions, water temperatures, presence of tributaries 
and their respective temperatures, and the presence or absence of 
summer holding habitat. The most difficult task was finding 
adult fish. We spent a great deal of effort searching beneath 
undercut rocks, ledges, vegetation, overhangs, etc., where fish 
often hid to avoid divers. Some sections required a good deal of 
walking and investigation of pools, step-runs, pocket-water, and 
other habitat types which afforded good cover. 

We surveyed two contiguous river sections per-day, four days-per- 
week. This year we surveyed the lowest sections first and 
progressed upstream. We were careful to minimize disturbance to 
fish so that fish movement from one river section to another, and 
possible double counting, was negligible. 

Once we determined which pools were being utilized by spring 
chinook, we made follow-up observations of fish at these sites. 
We used binoculars from a vantage point which afforded a good 
view, without the fish being aware of us. Almost every pool had 
an adjacent steep bluff which was ideal for this purpose. Our 
goals were to determine if fish were moving into or out of the 
pools, assess summer mortality, make counts and look for tagged 
and marked fish, and to observe pre-spawning behavior in or9er to 
begin our spawning/redd surveys at the appropriate time. 

Redd and Carcass Surveys 

Redd and carcass surveys began in late September and continued 
through mid-November. We made aerial surveys by helicopter every 
seven to fourteen days covering the entire river to ensure we 
were performing ground surveys frequently enough, and to observe 
overall trends. Each river section was covered more thoroughly 
by two-person crews, on-foot or in kayaks. When redds were 
located, their location was documented (by RKM and local 
landmarks) and each was assigned a specific identification 
number. We measured overall redd size and position in the 
stream, water depth, current velocity, and estimated gravel size. 
We also estimated the percent fines in surrounding gravels and 



measured with a ~arsh-~c~irney!' flow meter to estimate the t o t 5  
volume of water sampled. Water temperatures were monitored using 
hand-held thermometers or digital recording thermographs. When 
flow conditions permitted, we trapped two nights-per-week 
beginning 2 February, and increased to three nights-per-week near 
the end of March. We trapped on this schedule until no juvenile 
chinook salmon were caught for two successive trapping weeks, and 
emigration appeared to be complete. Results are reported by 
trap-night, defined as one juvenile trap, fished for one night. 

Statistical Analyses 

Effectivelv Marked Fish 

We determined the number of effectively marked fish by 
subtracting the number of tagging or marking mortalities 
recovered at or near the Gates Weir from the number of marked 
fish. Mortality was considered to be a result of the tagging 
operation if the fish was discovered dead within 30 days of 
processing. We did not subtract mortalities discovered during 
the snorkel surveys from the effectively marked population since 
some over-summer mortality is normal. 

Run-size Estimates 
; E  

To determine the run-size above the Gates Weir, we used Chapman-s 
version" of the Petersen Single Census Method (Ricker 1975): 

N = estimated run-size; M = number of effectively tagged fish; 
C = the total number of spring chinook observed during snorkel or 
carcass recovery surveys, or at recovery weirs; and R = number of 
weir-tagged and -marked fish which were seen during the snorkel 
or carcass recovery surveys, or at recovery weirs. 

In using this method, we assumed that fish trapped and marked 
were a random and representative sample of the population; marked 
and unmarked fish were equally likely to be observed in snorkel 
and carcass surveys, and captured at recovery weirs; tagged and 
marked fish were randomly distributed throughout the population; 

1/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. 

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



marked and unmarked fish did not suffer differential mortality; 
all tagged and marked salmon were recognized upon recovery at 
weirs or during the carcass recovery survey; and that only tagged 
fish would be recognized during snorkel surveys. 

Use of Standard Julian Week 

Some data collected are presented in Julian week (JW) format. 
Each JW is defined as one of a consecutive set of 52 weekly 
periods, beginning 1 January, regardless of the day of the week 
on which 1 January falls. The extra day during leap years is 
added to the ninth week, and the last day of the year is included 
in the 52nd week (Appendix 2). This procedure allows inter- 
annual comparisons of identical weekly periods. 

RESULTS AND DISCUSSION 

1991-1992 Reporting Period 

Dau~ina and Taqainq (Earlv-enterina Portion of the Runl 

The following paragraph repeats results from the 1991-1992 Annual 
Report (Dean 1994) to allow the reader to follow the 1992 spring 
chinook cohort through the summer and fall covered in this 
report, and to more clearly understand our methodologies and 
results. 

During the 1992 season we operated the Gates Weir for 64 days, 
from 27 April through 7 July 1992. During this period both 
immigrant and emigrant traps were maintained. Late in the 
trapping period we were forced to suspend trapping operations 
intermittently due to excessively warm minimum water 
temperatures. We captured, marked, and released 39 adult and 9 
grilse spring chinook, 1 unspawned adult winter-run and 15 adult 
spring-run steelhead from the immigrant trap. One captured 
spring chinook escaped just prior to tagging, but scales and 
other data were obtained. Therefore, we captured a total of 49 
spring chinook. Thirty-nine spring chinook were tagged with 
anchor tags and marked with a #LV fin clip, and nine were 
implanted with radio tags and given a *RV fin clip. We captured, 
examined, and released 65 out-migrant (spawned) adult winter-run 
steelhead from the emigrant trap (Table 1). 

In 1992, we began catching spring chinook at the Gates Weir 
during the first week of May, only a few days after instaLlation 
was completed. The run reached a peak from mid- through late-May 
(Table 1). We continued to catch fish until early July, when we 
were forced to remove the weir due to excessively warm minimum 



TABLE 1. Trapping summary for the Gates Weir by Julian week from 
27 April through 7 July 1992. The Gates Weir was located in the 
South Fork Trinity River 32 kilometers upstream from the mouth. 

Imigrant Emigrant 
trap trap 

Spring-run 
chinook Steelhead 
salmon 

Spawned 
Julian Start fall and 
week date Adults Grilse Winter-run Spring-run winter-run 

a/ h/ C/ mteelhead 

1 7  4/23/92u 0 0 1 1 0 

18 4/30/92 1 0 0 3 2 2 

Totals: 40 9 1 15 65 

a /  Grilse were chinook measuring 55 cm, adults were > 55 cm. 
E/ Winter-run steelhead were upstream-migrating, sexually mature fish. 
pl Spring-run steelhead were upstre&>-migrating, sexually inunature fish. 
p/ Trapping actually began on 4/27/92. 

water temperatures (>21 O C ) .  During snorkel and pool follow-up 
observations, we saw that some spring chinook continued to enter 
the SFTR through July and into August. Therefore, the run timing 
for SFTR spring chinook in 1992 was early May through early 
August. 

Spring chinook captured at the Gates Weir in 1992 averaged 5 9 . 8  
cm FL (f 9 . 5  cm SD) (Figure 3). TFIP had previously established 
55 cm FL as the length separating adults and grilse in the 
mainstem Trinity River. Based on our scale analyses, we have 
revised this cut-off to 53  cm FL for SFTR spring chinook (see 
Scale Analysis, page 213). Next season we will use this figure 
to separate adult and grilse chinook captured at the Gates Wei! 



Fork  L e n g t h  Ccm) 
FIGURE 3 .  Fork l e n g t h  d i s t r i b u t i o n  of spring-run chinook salmon captured a t  t h e  
Gates Weir i n  t h e  South Fork T r i n i t y  River from 27 A p r i l  through 7 J u l y  1992. 

For chinook captured and sexed at the Gates Weir in 1992, 32 
(65%) were females and 17 (35%) were males. The percentage of 
males was slightly higher than l e s t .  year, but still surprisingly 
low. Smaller grilse may have escaped capture at the Gates Weir 
at a higher rate than larger adults, accounting for the low 
number of males. Of chinook re-captured and sexed at the Forest 
Glen recovery weir in 1492! six ( 4 C % )  were females and nine (60%) 
were males (sex not determmed for five fish). 

1992-1993 Reporting Period 

Observation or Recoverv of Taus and M& 

Fffectivelv Marked Fish. As stated in the METHODS section, M 
in the Petersen formula represents the number of marked fish 
minus tagging mortalities. During the last reporting period (see 
previous section), we captured 49 spring chinook, and tagged and 
released 48. We documented seven weir-related spring cbinook 
mortalities (four radio-tagged fish and three anchor tagged- 
fish). Therefore, we effectively marked 41 spring chinook. 



Recoverv Weirs. We captured one spring chinook at the Hayfork 
Creek Weir and 20 spring chinook at the Forest Glen Weir. Of 
these 21 fish, six had been marked at the Gates Weir (Table 2). 
Six tag recoveries was inadequate for a statistically-valid 
Petersen estimate. However, using these numbers in the Petersen 
formula yields an estimate of 132 spring chinook upstream of the 
Gates Weir (grilse included). Including those fish seen 
downstream of the Gates Weir in August (39 fish counted in river 
sections L through N, Table 3), the late-summer spring chinook 
population in the SFTR was 171 fish. 

The recovery weirs have not been effective at recapturing 
adequate numbers of Gates Weir-tagged chinook. The continued use 
of these weirs for this purpose should be re-evaluated. 

Snorkel Survevs. During the July snorkel survey, we observed 
133 spring chinook and 28 spring-run steelhead. Forty-five 
spring chinook were seen in pools downstream of the Gates Weir 
site, and 88 upstream of the weir site. A few of those fish seen 
downstream of the weir site may have moved upstream after the 
weir was removed. However, we are certain (through direct 
observations) that most of them remained in these lower holding 
pools until they spawned in early October. These fish were 
simply added to the Petersen estimate. Based on direct 
observations, as August progressed, fish became more and more 
"sedentary1@ and tended to stay in one pool (i.e., there was 
little movement from pool to pool). 

Sixty-three of the spring chinook upstream of the weir site were 
seen well enough to positively determine if they were marked or 
not. In this group, 14 were marked. Utilizing these numbers in 
the Petersen formula, the spring chinook run-size upstream of the 
weir was 179 fish. Including the 45 fish seen downstream of the 
weir site, a run-size of 224 spring chinook was estimated for the 
entire SFTR in July. 

During the August snorkel survey, we observed 166 spring chinook 
(127 upstream, and 39 downstream of the weir site) and 21 spring- 
run steelhead. One hundred twenty-one of the llupstream@l chinook 
and all the steelhead were seen well enough to positively 
identify if marks were present or not. In this group, we 
observed 17 marked chinook and 2 marked steelhead. Using these 
numbers in the Petersen formula, the spring chinook run-size 
upstream of the weir site was 285 fish. Including the 39 fish 
seen downstream of the weir site equates to a run-size estimate 
of 324 fish (95% confidence limit 236 to 505; Binomial 
approximation) for the SFTR in August, 1992. Based on a grilse 
proportion of 18% seen at the Gates Weir (Table I), the run was 
composed of 266 adults and 58 grilse. Tagged chinook were evenly 



TABLE 2. Spring-run chinook salmon capture summary forthe Forest 
Glen Weir during 1992. The Forest Glen Weir was located in the 
South Fork Trinity River 89 kilometers upstream from the mouth. 

Julian Date of Fork length 
week capture (cm) Sex Marks a/ 

5/08/92 6 3 M None 

5/10/92 72 F None 

5/23/92 54 M None 

5/25/92 6 7 *b/ None 

5/31/92 6 3 *k/ None 

6/01/92 5 8  F L V / ~ ~ O Y  tag 

6/08/92 5  8 M LV/floy tag 

6/19/92 6 0 M Rv G/ 

6/21/92 4 8  M None 

F None 
F None 

*h/ None 
*P/ LV d/ 
F LV/floy tag 
*b/ None 

M LV/floy tag 

F None 

M None 

M None 

7/25/92 41 M  one 
Size range: 41 to Total fish - 20 g/ 

72 cm 

Average size: 57.4 cm Total marks = 6 
g/ Marks applied at Gates Weir. 
/ * = sex not determined for this fish. 
E/ RV = right ventral fin-clip (radio tagged fish). 
P/ LV = left ventral fin-clip (floy tag was shed). 
g/ One spring-run chinook salmon captured at the Hayfork Creek 

Weir is not included in this total. 



TABLE 3. Numbers of spring-run chinook salmon seen in the South 
Fork Trinity River and the East Fork of the South Fork Trinity 
River, by survey section, during July and August 1992 snorkel 
surveys. 

River section July August 

A (RKM 124) 1 0 

s B 0 0 

C 2 3 

D 0 1 

E 11 11 

F 29 3 5 

I 4 

J 6 

X 3 

L 4 3 

M 2 

N (m 0) - 0 
Totals 133 

distributed above the Gates Weir in river sections C, E, F, G, H, 
and J. 

The difference in the numbers of fish seen during the July and 
August snorkel surveys (Table 3) supports our hypothesis that 
fish continued immigration into the system through July and into 
August. 

No spring chinook were seen during snorkel surveys of lower 
Hayfork Creek or Grouse Creek. 

Holdinu Pools. We documented 14 spring chinook summer holding 
pools throughout the SFTR, nine upstream and five downstream of 
Hyampom (Figures 4 & 5). Each of these pools was occupied by at 
least three spring chinook during the July and August surveys. 
We made a distinction between pools with three or more spring 
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chinook and those with fewer than three, because those pools 
which met this criterion were utilized consistently. Those pools 
which did not meet this criterion were used intermittently, or 
only for a short period of time. In addition, we did not feel it 
important to document the location of pools which held only one 
or two fish. 

Most of the pools that we documented, contained five or more 
spring chinook. All but one of the pools used last season were 
in use again this season. Such recurrent use suggests either 
that these pools are providing optimal over-summer holding 
conditions that chinook are able to distinguish and locate, or 
that the number of such "goodw pools is limited. 

However, our snorkel observations indicated there was no shortage 
of over-summer holding habitat for the current population of 
spring chinook in the SFTR. We found numerous pools which 
appeared to be of adequate size and depth, had good in-stream 
cover, and good thermal stratification (cooler bottom water), 
which were not being utilized by spring chinook. Also, many 
"goodff pools were utilized by only one or two fish. 
As in the upper river, many fish over-summering in those pools 
downstream of Hyampom survived, and spawned nearby (see Redd 
Surveys). This behavior was typical, as most spring chinook 
appeared to move less than one kilometer from their over- 
summering pool before spawning. This behavior was also noted by 
LaFaunce (1967). He implied that it may have been the result of 
handling and tagging stress caused by his methods, We feel this 
behavior is normal. He also felt that spring chinook did not 
over-summer, and certainly did not spawn, below Hyampom. Our 
surveys document that spring chinook do indeed hold spawn in 
this reach of the SFTR. Whether this behavior is "normalv, or is 
a reaction to the current drought conditions remains to be seen. 

In an effort to quantify the effectiveness of the snorkel survey 
technique, we sometimes observed and counted spring chinook in 
holding pools from a nearby bluff before we surveyed the pool. 
In one case, we observed seven fish in a pool near Hidden Valley, 
prior to entering the water. When three divers snorkeled the 
pool, only one fish could be found. Most of the time, however, 
we counted 80% to 90% of the fish seen from the bluff, and on 
many occasions we accounted all of the fish initially seen. 
Therefore, we believe the snorkel survey methodology may at times 
only account for a fraction of the fish present. 

Taa Sheddina. Spring chinook which had shed Floy anchor tags 
were seen during both snorkel surveys and during pool follow-up 
observations. During the July survey, we observed that.3.of 14  
( 2 2 % )  spring chinook had shed their tags, and during the August 
survey we saw 4  of 17 ( 2 4 9 )  fish which had shed their tags. One 
tagged carcass was recovered with the tag solidly in place. We 
chose the Floy anchor tag because it appeared to be the least 



invasive, least tissue-irritating of our tagging options. We are 
monitoring tag shedding to determine if we should continue using 
this tag. If anchor tags are properly inserted, they appear to 
hold well. However, given the sometimes adverse conditions 
encountered at tagging sites, tags are not always properly 
placed. This results in tags being shed. A tag shedding rate of 
20-25% was estimated last year, and this year's data supported 
this estimate. Those fish which had shed their tags were all in 
good condition, with no signs of fungus or other tagging-related 
problems. The tag insertion wounds were well healed in all fish 
seen. 

Follow-UD Observations at Holdins Pools. Near the end of 
August and through mid-September, spring chinook numbers 
increased in each pool. We feel that fish we had seen during the 
snorkel surveys in poor holding areas, such as glides and step- 
runs, moved into occupied holding pools. We will attempt to 
confirm this next season with the use of bi-colored tags which 
will allow us to identify individual fish by sight, and more 
confidently track their movements. 

We also noted that, as September progressed, fish exhibited 
increased chasing behavior and some pairing was apparent. This 
may be an important clue in determining when fish are nearing 
spawning condition. In the last several days of September, 
spring chinook began leaving pools and moved into glides and 
riffle areas, indicating the onset of spawning. 

Redd Survevs. We conducted 37 individual surveys between 30 
September and 5 November 1992, and located 49 spring chinook 
redds. We first observed spring chinook spawning in the upper 
river (upstream of Forest Glen) on 3 October. Spawning 
incidences progressed downstream over time, and spawning was 
complete by 26 October. Rainy weather, high stream-flows, and 
poor water clarity can make river access difficult, and make 
finding redds impossible. Except for two rainy days, the weather 
and water clarity were excellent during these surveys. 

Nearly equal numbers of redds were found upstream and downstream 
of Hyampom, but notably, no redds were found in sections A, B, or 
I (Figures 6 & 7). In past surveys, spawning was found to occur 
in section A, although LaFaunce (1967) only observed 2.52 of the 
mainstem SFTR spring chinook redds there. During our snorkel 
surveys we found no spring chinook holding in this reach. 
Conversely, we documented one pool in section I, near Butter 
Creek, holding 10 grilse and 5 adult spring chinook, and although 
good spawning sites occurred nearby, these fish seemed to 
"vanishw without constructing redds. Although no evidence was 
found, we suspect that these fish were "poached". As expected, 
no redds were found in river sections M or N, in Grouse Creek, or 
in Hayfork Creek. 
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As discussed earlier, we felt that spring chinook travelled 
relatively short distances from their late summer holding pools 
before spawning. Direct field observations, and to some extent, 
the distribution of redds in relation to holding pools, supported 
this conclusion. Next season we may be able to document this 
more clearly by tagging fish with colored Floy anchor tags. In 
several instances, fish spawned in very poor substrates (e.g., 
sandy, high percent fines) within a few hundred meters of their 
holding pool. Factors such as low stream flows, low energy 
reserves in spawners, warm water temperatures, or the fish's 
internal clock may be eliciting this behavior. 

All redds were typical for chinook salmon with regard to size, 
location in the stream, gravel size, current velocity, and water 
depth (Chapman 1943; Mattson 1948; Cramer and Hammack 1952; 
Lindsay and Jonasson 1989; Groot and Margolis 1991). More 
detailed redd data will be presented in a later report. 

SFTR spring chinook were observed to complete redd construction 
in about 24 hours, with evidence of false redd activity in almost 
every case. Although in a few instances redds were within a few 
meters of each other, we did not observe any redd super- 
imposition (overlap). Females vere observed near redds for only 
three to four days after redd construction was completed, and 
they were seldom seen defending their redd. Although individual 
fish could not be identified, in two instances we discovered an 
additional redd in isolated areas where apparently only one 
female was present. This led us to believe that some females may 
dig more than one redd. However, where spring chinook spawning 
densities were low (which was most of the SFTR), fish were 
extremely flighty and very difficult to observe on the redd, so 
positive correlation of fish with redds was not possible. Based 
on observations and assuming all redds were seen, we estimated 
that there were between two and three spring chinook per redd. 
If this estimate was accurate, then only about 125 fish survived 
to spawn. 

Field observations and limited gravel sampling with a ~~eill' 
sampler, showed gravel in many areas contained high percentages 
of sand and smaller fines. Spring chinook did utilize some of 
these poorer areas, possibly indicating that good quality 
spawning sites were limited. 

Carcass Recoverv Survevs, We recovered ten spring chinook 
carcasses during redd and carcass recovery surveys. Only one 
carcass had been tagged at the Gates Weir. This was an 

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



inadequate number of tag recoveries for a statistically-valid 
Petersen estimate. 

This season, we saw no evidence of pre-spawning mortality in SFTR 
spring chinook. All carcasses recovered had spawned 
successfully. Lindsay and Jonasson (1989) reported average pre- 
spawning mortality of 44% in wild spring chinook for the 
Deschutes River (Oregon) from 1977-81, with some years as high as 
75%. They also found that fish in the Rogue River (Oregon) 
experienced an average mortality of 12% during the samt years. 
For comparison, pre-spawning mortality for spring-run chinook in 
the mainstem Trinity River was 62.8% in 1989, but averaged much 
lower in other years (Zuspan 1992). Groot and Margolis (1991) 
reported that much lower values (less than 10%) are more typical. 
High pre-spawning mortality is often associated with stress 
factors such as high water temperatures, microbial agents, or a 
combination of the two. 

Other Observations. On several occasions during snorkel 
surveys, we observed spring chinook moving upstream through high- 
gradient riffles and step-runs when water temperatures exceeded 
22.5 'C; on one occasion the water temperature was 24 'C. It is 
noteworthy that these fish can withstand these temperatures. 
Based on weir observations, it also appears that, to some extent, 
warm water temperatures motivate fish to move farther upstream. 

Radio Taas. Radio tagging was largely unsuccessful. An 
unacceptable mortality rate (four of nine radio tagged fish died 
within 21 days of tagging) resulted from the stress of trapping 
and tagging, and warm water temperatures (Barnhart and Hillemeier 
1993). 

Further, radio-tag signals were seldom detectable, even with the 
use of an airplane. On one occasion, we saw a radio-tagged fish 
in a large pool near RKM 70.8 during a pool follow-up (the fish 
was recognized by the secondary fin clip and the radio antenna). 
Radio signals from this fish were only picked up about once every 
five to ten minutes. It appears that pool depth and extensive 
bedrock formations somehow interfered with the signal. The 
inaccessible nature of the SFTR made regular tracking of tagged 
fish extremely difficult, and fish were quickly lost in the 
basin. We assisted Dr. Barnhart's project as much as possible, 
but due to the lack of roads and rugged terrain, the SFTR was not 
well-suited to the use of radio tags, or the tracking of radio- 
tagged fish. 

The intent of Dr. Barnhart's staff was to use these radio-tagged 
fish to locate spring chinook summer holding pools in order to 
study utilized vs. non-utilized pool parameters. We have already 
successfully located, and will continue to locate all the 
significant spring chinook holding pools in the SFTR by snorkel 



surveys, causing little or no stress to fish. Future radio 
tagging of spring chinook, or spring-run steelhead, should be 
avoided. 

Traa~ino and Tasaina (Late-enterina Portion of the Run1 

We did not install the Sandy Bar Weir this season to trap and tag 
salmon since we felt water temperatures exceeding 18.5 OC caused 
unacceptable stress and mortality. Based on thermograph records 
from mid-summer to near the end of September, minimum water 
temperatures at this site have routinely exceeded this value. 

However, the Sandy Bar Weir was installed this season by the 
Natural Stocks Assessment Project on I October 1992, after 
minimum water temperatures dropped below critical levels. Early 
in their operation of this weir, nine or ten chinook salmon were 
captured which were classified as spring-run (Carrie Wilson, 
Fishery Biologist, CDFG, personal communication; this weir was 
used to trap and tag fall- and winter-run steelhead as reported 
in Chapter 111). However, it should be noted that the system 
used to classify these fish as spring-run, based on morphology 
and appearance may not be completely reliable. 

Based on observations during snorkel surveys, pool follow-ups, 
and spawning surveys, we felt that most spring chinook entering 
the river later than mid-August encountered excessively warm 
water temperatures and such low flows that significant upstream 
migration was especially difficult. They appeared to stop their 
upstream migration, and held in thermally-stratified pools in, 
and downstream of, the Hyampom valley. Consequently, they mixed 
with spring chinook which had been holding there, and a few 
early-entering fall-run chinook. Therefore, late-entering spring 
chinook were isolated from the bulk of the spring chinook 
spawning population, and appeared to comprise a small fraction of 
the spring chinook run. 

We are interested in the spawning fate of the few late-entering 
spring chinook and early-entering fall-run chinook. It is 
conceivable that some spawn together in late October near, and 
downstream of, Hyampom. This possibility raises interesting 
questions about natural hybridization between the two races. 

Life History 

Scale Analvqis. We interpreted 69 of 71 scale sets obtained 
from immigrant chinook captured at the Gates Weir, the Forest 
Glen Weir, and from recovered carcasses. The unreadable sets 
were composed entirely of regenerated scales. Sixty-two scale 
sets (90%) showed an ocean-type juvenile life history, while 
seven (101) showed a stream-type juvenile life history. Last 



inadequate number of tag recoveries for a statistically-valid 
Petersen estimate. 

This season, we saw no evidence of pre-spawning mortality in SFTR 
spring chinook. All carcasses recovered had spawned 
successfully. Lindsay and Jonasson (1989) reported average pre- 
spawning mortality of 44% in wild spring chinook for the 
Deschutes River (Oregon) from 1977-81, with some years as high as 
75%. They also found that fish in the Rogue River (Oregon) 
experienced an average mortality of 12% during the same years. 
For comparison, pre-spawning mortality for spring-run chinook in 
the mainstern Trinity River was 62.8% in 1989, but averaged much 
lower in other years (Zuspan 1992). Groot and Margolis (1991) 
reported that much lower values (less than 10%) are more typical. 
High pre-spawning mortality is often associated with stress 
factors such as high water temperatures, microbial agents, or a 
combination of the two. 

Other Observations. On several occasions during snorkel 
surveys, we observed spring chinook moving upstream through high- 
gradient riffles and step-runs when water temperatures exceeded 
22.5 OC; on one occasion the water temperature was 24 OC. It is 
noteworthy that these fish can withstand these temperatures. 
Based on weir observations, it also appears that, to some extent, 
warm water temperatures motivate fish to move farther upstream. 

Radio Taas. Radio tagging was largely unsuccessful. An 
unacceptable mortality rate (four of nine radio tagged fish died 
within 21 days of tagging) resulted from the stress of trapping 
and tagging, and warm water temperatures (Barnhart and Hillemeier 
1993). 

Further, radio-tag signals were seldom detectable, even with the 
use of an airplane. On one occasion, we saw a radio-tagged fish 
in a large pool near RKN 70.8 during a pool follow-up (the fish 
was recognized by the secondary fin clip and the radio antenna). 
Radio signals from this fish were only picked up about once every 
five to ten minutes. It appears that pool depth and extensive 
bedrock formations somehow interfered with the signal. The 
inaccessible nature of the SFTR made regular tracking of tagged 
fish extremely difficult, and fish were quickly lost in the 
basin. We assisted Dr. Barnhart's project as much as possible, 
but due to the lack of roads and rugged terrain, the SFTR was not 
well-suited to the use of radio tags, or the tracking of radio- 
tagged fish. 

The intent of Dr. Barnhart's staff was to use these radio-tagged 
fish to locate spring chinook summer holding pools in order to 
study utilized vs. non-utilized pool parameters. We have already 
successfully located, and will continue to locate all the 
significant spring chinook holding pools in the SFTR by snorkel 
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salmon run i n  the South Fork T r i n i t y  River f o r  1 9 9 2 ,  as determined from s c a l e  
analysis. 

Juvenile hniarant Tra~~ina. We trapped 4 2  nights ( 7 2  trap- 
nights) at the Forest Glen site between 2 February and 2 4  June 
1993. Over this period, we captured and released only eight 
young-of-the-year (YOY) spring chinook ( 4 9 0  last season) and no 
yearlings (four last season). The first spring chinook YOY was 
captured on 1 4  April (JW 15), and the last on 26 May (JW 21). 

Peak catch of five YOY occurred during JW week 2 0  (14-20 May) 
(Figure 10). While the number of juvenile spring chinook 
captured was too small to draw any valid conclusions, the 
beginning and peak of juvenile emigration this season closely 
parallelled last year's data. 

The average FL of spring chinook YOY increased during trapping 
from 44 to 6 0  mm (SD fO to k 0 . 9 ) .  It was apparent from their 
relatively large size that spring chinook YOY first captured at 
Forest Glen had been out of the gravel for a few weeks. Based on 
FL and displacement volume data, early instream growth was slow, 



year's scales showed similar composition with 88% ocean- and 12% 
stream-type life histories. 

Scale analysis showed that the 1992 run was composed of 22% two- 
year-olds (grilse), 40% three-year-olds, 32% four-year-olds, and 
6% five-year-olds (Figure 8). For comparison, the 1991 run was 
composed of 17% grilse, 29% three-year-olds, 45% four-year-olds, 
and 9% five-year-olds. This season's fish which showed a stream- 
type life history consisted of five (72%) grilse, one (14%) 
three-year-old, and one (14%) four-year-old. Mills (Appendix 1) 
also noted four of 21 (19%) stream-type, fall-run chinook which 
returned as grilse. Last season's stream-type fish consisted 
entirely of three-year-olds (40%) and five-year-olds (60%). 
Lindsay (1985) reported age ciasses by scale analysis for John 
Day River (Oregon) spring chinook as 1-5% three-year-olds, 5449% 
four-year-olds, and 8-44% five-year-olds. Virtually all these 
fish showed a stream-type life history. 

Summer rearing habitat for juvenile salmon appears to be a 
significant limiting factor in the SFTR. Spring chinook which 
exhibit a stream-type juvenile life history may be at a 
disadvantage as a result of high summer water temperatures and 
competition with juvenile steelhead. Stream-type juvenile spring 
chinook utilize the SFTR above Forest Glen, and possibly some of 
the cooler tributaries. However, during summer snorkel surveys 
we have seen juvenile spring chinook only in the mainstem of tt 
SFTR, and never in the few tributaries we investigated. 

SFTR spring chinook exhibited not only the two liie-history 
strategies discussed above (stream- and ocean-type), but several 
which appeared to be intermediate. Sullivan (1989) noted similar 
intermediate life histories from scales of Klamath River fall-run 
chinook salmon. Based on our scale analysis, some juvenile 
spring chinook appeared to take up residency for significant 
blocks of time either in-river or in the estuary, prior to ocean 
entry. This was indicated by bands of scale gro-ath, several 
circuli wide, between the obvious stream growth and obvious ocean 
growth. 

The average EL for fish returning as two-, three-, four-, and 
five-year-olds was 43.4, 60.2, 65.1, and 71.8 cm, respectively 
(Figure 8). For comparison, last season the average FLs were 
46.7, 59.3, 64.5, 66.8 cm, for the above respective age-groups. 

From our scale analysis, we noted that several spring chinook 
older than two years were less than 55 cm, FL. Distribution of 
FLs for two- and three-year-olds only, showed the nadir 
separating grilse from adults to be nearer 53 than 55 cm 
(Figure 9). Therefore, we lowered the minimum adult FL to 53 cm. 
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FIGURE 10. Number of juvenile spring-run chinook salmon captured each week in 
the South Fork Trinity River near the Forest Glen Weir from 2 February through 
24 June 1993. 

pirect Snorkel Observations. Due to high river flows and 
excessive turbidity this winter and spring, direct snorkel 
observation of emergent juvenile chinook was not possible. 

Eleven individual creel surveys were conducted during July 1992. 
Thirty-two creel surveys were conducted between 23 May and 28 
June 1993. We interviewed 21 anglers who fished a total of 28.5 
hours. No chinook salmon were creeled, and no tags were 
returned. We found that fishing pressure from May through July 
was highest in the Hyampom area, and that the target species was 
primarily juvenile steelhead (which most fishermen identified as 
trout). Based on these data, we estimated that the legal angler 
harvest of spring chinook in the SFTR during the summer of 1992 
and the spring of 1993 was zero. 
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FIGURE 9. Fork length distribution of grilse and three-year-old spring-run 
chinook salmon in the South Fork Trinity River in 1992, as determined from scale 
analysis. 

but within normal parameters (Mark Zuspan, Associate Fishery 
Biologist, CDFG, personal communication). 

The catch-per-unit-effort (CPUE) at Forest Glen ranged from zero 
to one. CPUE is defined as the number of fish caught per trap- 
night. Significantly higher river flows and bad weather hampered 
this season's trapping effort, resulting in much lower trapping 
efficiency compared to last year. We consistently sampled a 
smaller percentage of the river, and traps were l'blown-out" by 
high flows and debris on several occasions. 

The CDFG's Natural Stocks Assessment Project trapped emigrant 
juvenile salmonids for 28 nights in the SFTR near Hyampom and in 
Hayfork Creek between 5 November 1992 and 30 June 1993. During 
this period, no juvenile chinook were captured in the SFTR and 
only three in Hayfork Creek. Unfortunately, fall-run chinook are 
known to also spawn above those trapping sites. Therefore, 
juvenile chinook salmon captured there cannot be positively 
identified to race. Their low catch rate and trapping 
efficiencies paralleled our efforts. 

Coincident with the juvenile chinook trapping efforts, we 
captured and released 296 juvenile steelhead (1,369 last season), 
several hundred speckled dace, one green sunfish, and a few 
thousand ammocetes. 



TABLE 4 .  Trapping 
24 June through 31 
South Fork Trinity 

summary for the Gates Weir by Julian week from 
July 1993. The Gates Weir is located in the 
River 32 kilometers upstream from the mouth. 

Immigrant 
trap a/ 

Spring-run chinook 
salmon Steelhead 

Julian start 
week date Adults Grilse b/ Winter-run c /  Spring-run a/ 
25 6/18/93 p/ 3 0 0 0 

30 7/23/93 6 7 

31 7130193 - 2 - 1 
Totals: 3 1 3 1 

g/ Due to late date of weir installation, emigrant trap was not 
installed. 

k/  Crilee are chinook measuring 5 53 em, adults are > 53 cm. 
c/ Winter-run steelhead are upstream-migrating, sexually-mature fish. - 
d l  Spring-run steelhead are upstream-migrating, sexually-immature fish. 
81 Trapping actually began on 6/23/93. 

Since high river flows delayed installation of the Gates Weir, 
we also tagged spring chinook at the Forest Glen Weir in 1993. 
We installed this weir on 11 May and tagged spring chinook there 
until 31 July. It was operated until 31 August to recapture 
Gates Weir-tagged fish. We captured 44 spring chinook (27 
females, 17 males) and 49 steelhead (14 spring-run and 35 
downstream-migrating winter-run) during 101 days of operation. 
We effectively tagged 21 spring chinook at this site. 

During the 1993 adult trapping season, we examined 62 spring 
chinook and 42 spring-run steelhead at the Gates Weir. Only 
19.3% of spring chinook showed scars this year, compared to 28% 
last year (Table 5 ) .  Similarly, 9.5% of the steelhead had scars 
this year, compared to 41% last year. These numbers are not 
significantly lower for spring chinook, but are significantly 



We certainly did not monitor all angling activity, since CDFG 
staff who reside in the Hyampom area reported that one local 
angler claimed to have caught and released "nine or ten" salmon, 
including one tagged fish, from the Hyampom area in July 1992. 
The local CDFG Warden confirmed this report. 

The use of tag returns to generate angler harvest estimates is 
not always effective. Several local anglers told Project 
personnel they seldom, if ever, returned tags, even if a reward 
was offered. Some anglers told us that they have tags from 
steelhead they intended to return but "keep forgetting". Other 
researchers have noted similar problems (Butler 1962; Green et. 
al. 1983; Konstantinov 1978; Paulik 1961). Therefore, the simple 
lack of tag returns should not be used as documentation for lack 
of harvest. Consequently, we will rely more heavily on creel 
surveys, and less so on tag returns, to meet our objective of 
determining angler harvest. 

Adult Tra~~inq 

During the 1993 season, we operated the Gates Weir for 34 days, 
between 24 June through 31 July. High river flows and late 
spring storms prevented us from installing the weir earlier. 
Spring chinook immigration continued more or less undiminished 
throughout this period and was still underway when we were forcr 
to suspend operations due to excessively warm minimum water 
temperatures (>18.5 "C). During this period only immigrant 
(upstream migrating) fish were trapped, while emigrant fish were 
allowed to pass through the weir via a narrow fyke. 

We captured and released 31 adult and 31 grilse spring chinook 
salmon and 42 adult spring-run steelhead. For comparison, last 
season we captured 49 spring chinook and only 16 spring-run 
steelhead. The weir was operated this season for just over one- 
half as long as last year and captured 27% more fish. Since an 
emigrant trap was not installed, no out-migrant (spawned) adult 
winter-run steelhead were captured (Table 4). Spring chinook 
captured at the Gates Weir ranged in size from 34 to 69 cm FL 
(Figure 11). The average FL was 52.4 cm, significantly smaller 
than the 59.8 cm average of last season (x' = 1.5). This average 
size difference was due to the higher proportion of grilse and 
the absence of fish over 7 0  cm FL during the 1993 season. 

While 62 spring chinook were captured, only 51 were tagged with 
anchor tags and marked with a fRV fin-clip. Spring chinook which 
appeared lethargic or severely stressed were released untagged 
and unclipped. One chinook was known to have shed the anchor tag 
and four weir mortalities were found. Therefore, we effectively 
tagged 46 spring chinook at this weir. Thirty-eight of the 42 
spring-run steelhead captured were given a fLV fin clip. 



TABLE 5 .  Summary of scars observed on steelhead and spring-run 
chinook salmon captured at the Gates Weir in the South Fork Trinity 
River during the 1993 adult trapping season. 

Steelhead Spring-run chinook salmon 

Number Percent of Number Percent of 
scar types with scar total with with ecar total with 

trpe scar type type scar type 

Gill net g/ 0 0 2 3.2 

Fresh-hook b/ 0 0 0 0 

ocean-hook g/ 0 0 0 0 

Predator a/ 4 9.5 7 11.3 

Unknown e /  0 0 3 4.8 

e/ Gill-net .cars are defined as nicks in the leading edge of the 
dorsal or pectoral fins, usually accompanied by individual or 
multiple lines on the sides of the fish. 

h/ Fresh-hook scars are unhealed perforetions or tears around the 
mouth which result from the fish being hooked in fresh water. 

c/ Ocean-hook scars are healed hook scars, usually accompanied by - 
noticeable scar tissue. 

a/ Predator scars are longitudinal scratches or inverted 'v"-shaped 
marks along the body of the fish, usually spaced close together and may 
be accompanied by scale loss. 

e l  Unknown scars are those which do not fit any of the above categories. - 

RECOMMENDATIONS 

1. Continue using color-coded tags which allow for the 
identification of individual fish during snorkel 
surveys, and especially during follow-up observations 
at holding pools and during redd surveys. 

2 .  Consider moving the SFTR recovery weir nearer to Hyampom in 
an effort to recapture more marked fish which would allow 
for a more valid population estimate, or discontinue using 
this weir for recapture. 

3 .  Poor spawning gravel permeability and bedload movement may 
be affecting spring chinook salmon egg and alevin survival. 
Additional studies are needed in this area. 

4 .  Major and minor landslides are adversely affecting juvenile 
rearing habitat in the SFTR. Studies are needed to Cpantify 
this effect. 
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FIGURE 11. Fork length distribution for epring-run chinook salmon captured 
the Gates Weir in the South Fork Trinity River in 1993. 

lower for steelhead (XI = 0.46, X* = 6.5, respectively). 

Precipitation during this past season was near-to-above normal, 
and river flows were correspondingly higher. Water clarity was 
below normal. These factors certainly contributed to lower in- 
river fishing efficiencies (both gill-net and hook-and-line) 
resulting in a lower incidence of associated scars. The 
occurrence of predator scars was virtually the same for spring 
chinook, but less than one-half of last year's total for 
steelhead. 

In the interest of clarity and continuity, further analysis and 
discussion of the above data will be covered in the next annual 
report (1993-94) where these spring chinook will be followed 
through the end of their spawning season. 
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JOB VIII 
SPECIAL PROJECTS: TECHNICAL ANALYSES AND REPORT PREPARATION 

Robert Reavis 

ABSTRACT 

I continued my assignment through the 1992-93 season to compile, 
analyze, and report or edit back-year accumulations of file data. 
These data were collected during studies to determine if 
alternative hatchery practices could potentially increase 
survival to adulthood of salmon reared at Trinity River Hatchery. 
Reports on the first two Job VIII task studies have been 
completed, and previously summarized. The third and fourth 
studies were combined into one report and are summarized in this 
Chapter. 

The third and fourth studies dealt with coho salmon, Oncorhvnchug 
kisutch, reared at Trinity River Hatchery. The studies were 
conducted to determine if survival to adulthood (ages three- and 
four-year-old) could be increased by the following management 
options: (i) release of juvenile fish during the new moon nearest 
the vernal equinox and (ii) release of larger juvenile fish. 

The results were as follows: (i) survival of hatchery-reared coho 
salmon was not significantly increased by releasing them on the 
new moon nearest the vernal equinox, and (ii) releases of smaller 
juvenile fish (33-41 g/fish [13.7-11.1 fishllb]) survivedbetter 
to adulthood than larger juveniles (56-123 g/fish l8.1-3.7 
fishflb]). Greater returns of smaller released fish were 
probably due to larger fish having a greater tendency to return 
as grilse. 
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APPEXDII 2. Liet of Julian weeks and their calendar date equivalents. 

Calendar dates 

Julian 
week Start Finish 

Ol-Jan 

08-Jan 

15-  an 

22-Jan 

29- an 

05-Feb 

12-Feb 

19-Feb 

26-Feb 

05-Har 

12-Har 

1 9 - ~ a r  

26-Har 

02-Apr 

09-Apr 

16-Apr 

23-Apr 

30-Apr 

07-Hay 

14-Hay 

21-Hay 

28-Hay 

0 4 - ~ u n  

1 1 - ~ u n  

18-Jun 

07-Jan 

14-Jan 

21-Jan 

28- an 

04-Feb 

ll-Feb 

18-Peb 

25-Feb 

04-nar 

1 1 - ~ a r  

18-Har 

2 5 - ~ a r  

Ol-Apr 

08-Apr 

15 -Apr 

22-Apr 

29-Apr 

06-Hay 

13-Hay 

20-Hay 

27-Hay 

0 3 - ~ u n  

1 0 - ~ u n  

l7-Jun 

24-Jun 

Calendar dates 

Julian 
week Start Finish 

2 6 25-Jun Ol-Jul 52 b/ 2 4 - ~ e c  31-Dec 

/ Eight-day week in each year divisible by 4. 
/ Eight-day week every year. 



coho salmon performed similarly. 

METHODS 

To test a particular attribute, portions of the annual hatchery 
production were divided into groups, that were tagged with a 
coded-wire tag (CWT) having a unique code and marked with an 
adipose (AD) fin clip. There was one exception to this 
procedure: a group from the 1976 BY was marked with both a left 
and right ventral fin clip, and not CWTed. Portions of the 
annual production from the 1976 through 1978 BYs were used to 
determine if survival to adulthood is affected by size-at- 
release. Portions of the annual production from the 1979 through 
1982 BYs were used to determine if the new moon nearest the 
vernal equinox is the optimum time to release coho salmon reared 
at TRH. 

Our analyses of survival as related to size-at-release and lunar- 
phase-when-released were based on recoveries of CWTed adult fish 
from ocean fisheries and TRH. CWTed fish, released as juveniles 
into the Trinity River near TRH, were recovered as two-, three-, 
and occasionally as four-year-old fish. Adults were defined as 
three- and four-year-old fish, although over 99% of the adult 
coho salmon population were three-year-olds. The number of CWTed 
fish of each group recovered in ocean fisheries was added to the 
number for that CWT group returning to TRH. This sum was then 
divided by the number stocked to calculate the recovery rate. 
Relative survival within each BY was then inferred from these 
calculated recovery rates. 

Analysis of Effects of Lunar-phase Releases on Survival 

We used the following steps to determine if the new moon nearest 
the vernal equinox was the optimum time to release coho salmon: 

1. We tested the hypotheses that there were no differences 
among the adult (ages three- and four-year-old) recovery 
rates of five groups released at various lunar phases. We 
tested for differences with a contingency table analysis at 
the 0.05 level of significance using the following formula 
IZar 1984. D. 400-401): 

2. We carried out a Tukey-type multiple comparison test (Zar 
1984, p. 401-402) at the 0.05 level of significance to make 
one-on-one comparisons between the adult recovery rate of 
the OLPG and each of the groups representing other lunar 
phases. 



JOB OBJECTIVES 

1. To provide for the compilation, analysis, write-up or 
editing of multi-year accumulations of previously collected 
file data on Trinity River basin salmon and steelhead that 
are beyond the scope of current Project activities. 

2. To provide timely, as-needed technical support to the 
Project Supervisor in responding to unprogrammed information 
and data analysis requests regarding Trinity River basin 
salmon and steelhead stocks. 

INTRODUCTION 

The California Department of Fish and Game (CDFG) has been 
researching hatchery stocking and rearing practices that would 
increase contributions to fisheries and spawner escapements of 
coho salmon reared at Trinity River Hatchery (TRH). This study?' 
is a part of that ongoing effort. 

In cooperation with the CDFG, Nishioka et al. (1989) conducted a 
study at TRH and Iron Gate Hatchery to find out if the new moon 
nearest the vernal equinox (March 22) was the optimum time to 
release juvenile coho salmon; hereafter, study groups released '" 

this time will be referred to as the optimal lunar-phased groul 
(OLPG). Their study at TRH included samples from the 1979 
through 1982 brood years (BYs), but they did not include results 
of the 1980 and 1981 BYs in their report because El Nifio 
conditions had drastically reduced recovery rates for these two 
BYs. Based on their study results, they concluded: . . . the 
percent recovery of the OLPG was significantly higher than or 
equal to any other group in three of four occasions at the two 
hatcheries". We also examined the results from 1980 and 1981 
BYs, and agree that El Nifio did depress recovery rates. Still, 
we thought that the effects of El Niiio should have been equal on 
all fish from the same BY. Therefore, the results from the 1980 
and 1981 BYs could be used to evaluate lunar-phase releases, and 
those recoveries are analyzed in this report. 

The effects of size-at-release on survival was studied as a 
result of earlier studies which showed that survival to adulthood 
of hatchery-reared chinook salmon, Q. fshawvtscha, and steelhead 
trout, Q. pvkiss was increased by releasing juveniles of these 
species at larger sizes. We conducted a study to find out if 

1/ Reavis, R. and B. Heubach. 1993. Effects of size at release and - 
lunar phase when released for coho salmon, Oncorhvrt* kisutch, 
reared at Trinity River Hatchery. Inland Fish. Div. Rep. No. 93-3. 
Available from Calif. Dept. Fish and Game, Inland Fish. Div., If 
9th St., Sacramento, CA 95814. 



coho salmon performed similarly. 

METHODS 

To test a particular attribute, portions of the annual hatchery 
production were divided into groups, that were tagged with a 
coded-wire tag (CWT) having a unique code and marked with an 
adipose (AD) fin clip. There was one exception to this 
procedure: a group from the 1976 BY was marked with both a left 
and right ventral fin clip, and not CWTed. Portions of the 
annual production from the 1976 through 1978 BYs were used to 
determine if survival to adulthood is affected by size-at- 
release. Portions of the annual production from the 1979 through 
1982 BYs were used to determine if the new moon nearest the 
vernal equinox is the optimum time to release coho salmon reared 
at TRH. 

Our analyses of survival as related to size-at-release and lunar- 
phase-when-released were based on recoveries of CWTed adult fish 
from ocean fisheries and TRH. CWTed fish, released as juveniles 
into the Trinity River near TRH, were recovered as two-, three-, 
and occasionally as four-year-old fish. Adults were defined as 
three- and four-year-old fish, although over 99% of the adult 
coho salmon population were three-year-olds. The number of CWTed 
fish of each group recovered in ocean fisheries was added to the 
number for that CWT group returning to TRH. This sum was then 
divided by the number stocked to calculate the recovery rate. 
Relative survival within each BY was then inferred from these 
calculated recovery rates. 

Analysis of Effects of Lunar-phase Releases on Survival 

We used the following steps to determine if the new moon nearest 
the vernal equinox was the optimum time to release coho salmon: 

1. We tested the hypotheses that there were no differences 
among the adult (ages three- and four-year-old) recovery 
rates of five groups released at various lunar phases. We 
tested for differences with a contingency table analysis at 
the 0.05 level of significance using the following formula 
(Zar 1984, p. 400-401): 

( x i - n i s 2  X'- C 
t=l n i m  

2. We carried out a Tukey-type multiple comparison test (Zar 
1984, p. 401-402) at the 0.05 level of significance to make 
one-on-one comparisons between the adult recovery rate of 
the OLPG and each of the groups representing other lunar 
phases. 



Analysis of Effects of Size-at-release on Survival 

There were not enough samples to apply tests of significance to 
size-at-release results; therefore, only subjective comparisons 
were made. Ocean catch results of only two BYs (1977 and 1978) 
were available for analysis due to use of different marks on the 
1976 BY groups, which would not have been equally identifiable in 
ocean fisheries. Hatchery return results were compared for all 
three BYs, as all fish entering TRH vere c3reful.y examined 'or 
any marks. The larger juvenile fish used in thrs port-- -- . 
study ranged from 56-123 g/fish (8.1-3.7 fish/lb) when ,rr-. 
and the smaller juvenile fish ranged from 32-41 g/fish (13.9-11.1 
f ish/lb) . 

RESULTS 

Analysis of Effects of Lunar-phase Releases on Survival 

Based on contingency table analysis of the groups representing 
various moon phase releases, we concluded there were significant 
differences among survival to ages three years and older for all 
BYs ( X 2  = p<O.O5). 

Results using the Tukey-type comparison test to find difference< 
between the OLPG and groups released during other lunar phases 
were as follows (Figure 1): 

1. 1979 BY - The survival of the OLPG was significantly 
greater than those of all otier groups. 

2. 1980 BY - The survival of the OLPG was less than those of 
the two groups released later, but the differences were not 
statistically significant. The OLPG survival was 
significantly greater than the earlier released groups. 

3. 1981 BY - The survival of the OLPG was less than those of 
all other groups, and there was a statistically significant 
difference between it and the latest group released. 

4. 1982 BY - The survival of the OLPG was greater than those 
for all other groups, but the differences between it and the 
groups released later were not statistically significant. 
The differences in survival were statistically significant 
between the OLPG and the earlier released groups. 





Analysis of Effects of Size-at-release on Survival 

The ocean recovery rate of adults was greater for smaller 
juvenile coho salmon released from the 1977 BY, and for larger 
juveniles released from the 1978 BY. No comparisons of ocean 
catch rates were made for the 1976 BY due to the use of different 
fin clips. Total recovery rates (ocean plus TRH recoveries) of 
adults were greater for the smaller fish released from the 1977 
and 1978 BYs. 

Adult hatchery return rates were greater for the smaller juvenile 
fish released in all three BYs. The grilse hatchery returns of 
larger released juveniles were several times greater in all BYs. 
These results suggest that smaller fish survived better to 
adulthood due the tendency of juveniles released at a larger size 
to return primarily as two-year-olds (Figures 2 and 3). 

DISCUSSION AND CONCLUSIONS 

The following two assumptions were the basis for the hypothesis 
that the new moon nearest the vernal equinox is the optimum time 
to release coho salmon: (i) prominent peak levels of plasma 
thyroxin (T,) occur on the new moon nearest the vernal equinox, 
and (ii) survival is directly related to seawater adaptability. 
However, Nishioka et al. (1989) did not observe a single 
prominent peak of new-moon-associated T, rise in either the 1975 
or 1982 BYs as had been observed earlier by Grau et al. (1981). 

Other studies have also indicated these assumptions may not be 
valid. After examining the relationship between coho salmon 
survival to adulthood and T, concentration or gill (Na+K)-ATPase 
activity at two Oregon hatcheries, Ewing et al. (1985) concluded 
these relationships were poor predictors of future survival. 
They suggested other factors, such as ocean upwelling, may have 
greater effects on survival. Based on their study results, they 
concluded the most reliable index for predicting optimum-time-of 
release was a photoperiod-dependent index that does not vary with 
hatchery conditions (i.e., calendar dates). 

Morley et al. (1988) reached a similar conclusion. Based on 
observation of coho salmon reared at Quinsam Hatchery, British 
Columbia, they concluded differences among returns of groups 
released at four dates (April 20, May 10, May 30, and June 19) 
were not due to changes in seawater adaptability. 

The results from the size-at-release portion of our study 
suggests that survival to adulthood is greater for smaller 
juvenile coho salmon (32-41 g/fish [13.9-11.0 fishllb]) than for 
larger juveniles (56-123 g/fish 18.1-3.7 fishllb]). Larger 
juveniles returned as grilse at rates three to eight times 



Brood y e a r  

FIGURE 2. Recovery rates at Trinity River Hatchery of adult (ages 
three- and four-year-old) coho salmon from the 1976, 1977, and 1978 
brood years for two size-at-release groups. 

B r o o d  year 

FIGURE 3. Recovery rates at Trinity River Hatchery of grilse (age 
two-year-old) coho salmon from 1976, 1977, and 1978 brood years for 
two size-at-release groups. 



greater than smaller fish, therob] reducing the potential adult 
population. These results are canoistent with observations of 
Morley et al. (1988). From their study of fish ranging from 20 
to 31 gjfish (22.6-14.6 fishjlb) ar release, they conclud-,d that 
the returning percentages of grilse increased as size-at-;elease 
of fish increased. 

Both Ewing et al. (1985), and Morley et al. (1988), in their 
respective studies, concluded that June was the optimum time to 
release coho salmon from the hatcheries. Unlike hatcheries in 
the Pacific northwest, June is not the most favorable time to 
release coho salmon reared at TRH. Due to w3,mer available water 
temperatures, coho salmon reared at TRH are l'rely to grow faster 
than coho salmon reared at hatcheries in the Pacific northwest. 
As a result, coho salmon held to June at TRH would probably be 
larger than the optimum release size. 

We concluded that the new moon nearest the vernal e~dinox may not 
be the optimum time to release coho salmon. The relationship 
between seawater adaptability at the time of release and survival 
to adulthood is presently unclear. There may be factors of equal 
or greater importance affecting survival other than physiological 
readiness. Physiological changes measured in the hatchery may 
not be good predictors of what may begin to occur after fish are 
released from the hatchery and start to actively emigrate to the 
ocean. 




