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ABSTRACT

A four-year study was undertaken to estimate the number ofjuvenile chinook

salmon migrating downstream from Blue Creek, the largest tributary to the lower

Klamath River that supports a significant fall chinook population. Secondary objectives

of this study were: (1) determine what factors affect trap efficiency, (2) evaluate the use

ofmark-recapture methods in determining trap efficiency, and (3) investigate the

relationship between efficiency-based and discharge-based estimates ofjuvenile chinook

salmon downstream migration.

Over a three-year period, the number ofjuvenile chinook salmon migrating

downstream from Blue Creek during the spring/summer ranged annually from 15,615 to

48,971 and averaged 33,717. This represented only 6% ofthe number ofjuvenile

chinook salmon downstream migrants that could theoretically be produced in Blue

Creek based on spawning habitat assessments. The relatively low numbers ofjuvenile

chinook salmon migrating downstream from Blue Creek coincided with some of the

lowest natural fall chinook spawning escapements observed in the Klamath River Basin,

suggesting that the number ofjuvenile chinook salmon produced may have been spawner

limited.

Estimates of trap efficiency based on unmarked juvenile chinook salmon

captured in the screw trap and weir indicated a general trend of increasing efficiency as

stream discharge decreased; however, there was also substantial variation in trap
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efficiency at similar stream discharges. Analysis of trapping effort data indicated that

stream discharge was generally the principle factor affecting trap efficiency.

Mark-recapture trap efficiency estimates were negatively biased, averaging about

50% of"actual" trap efficiencies. The large negative bias in mark-recapture efficiency

estimates can be attributed primarily to: (1) increased mortality of marked fish, possibly

due to reduced predator avoidance resulting from handling stress, (2) delayed migration

of marked fish, and (3) differential distribution of marked and unmarked fish. Data

collected during this study demonstrated the importance of testing the assumptions of

mark-recapture methodology when employed.

Some ofthe data collected during this study indicated that estimates of the

number ofjuvenile chinook salmon migrating downstream based on the proportion of

stream discharge sampled may possibly be useful for assessing the magnitude ofjuvenile

salmonid downstream migration. These data also indicated that the relationship between

"actual" trap efficiency and the proportion of stream discharge sampled can change: (1)

during the sampling season, (2) from one season to the next at the same site, and (3) at

different trapping sites. Discharge-based estimates ofjuvenile salmonid downstream

migration are only useful if a relationship between trap efficiency and the proportion of

stream discharge sampled exists and can be verified at varying flows and between years.

IV



··'I~'·.·, .
,
Nt

ACKNOWLEDGMENTS

I would like to thank my major professor, Dave Hankin, for guidance,

encouragement, and patience during all the years that it has taken to complete this

project. Also thanks to my committee members, Terry Roelofs and Charlie Biles, for

guidance in data analysis and review of this manuscript.

I would like to thank all of the U.S. Fish and Wildlife Service staff who assisted

in the collection of data for this project. Special thanks to Jim Larson and Craig Tuss

who encouraged me to pursue this project and provided invaluable assistance in getting

it started; and to Jeff Chan and Jim LintZ for having the patience to look through 'all the

fish for fin-clips in 1992. Thanks to Ann Gray for providing encouragement and a final

review to make sure things were tidy.

Thanks to the San Francisco Tyee Club for a much appreciated scholarship.

Thanks to my parents and brothers for their encouragement.

To Danielle Zumbrun, who encouraged me to work on Blue Creek and whose

memory has been a source of inspiration to me in completing this project.

Thanks to my daughters, Stacy and Stephanie, who understandingly allowed me

to finish this project while I should have been out playing with them. Also thanks t6

Stacy for keeping me company out in the field.

And finally, the greatest thanks of all goes to my wife, Janis. Her never-ending

patience, sacrifice, and support throughout this project were often the only things that

motivated me to complete it. Thanks F.L.

v



TABLE OF CONTENTS

ABSTRACT : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. III

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. v

LIST OF TABLES : '.' IX.

LIST OF FIGURES : . . . . . . . . . . . . . . . . .. . . . . . . . .. x

INTRODUCTION 1

STUDY SITE " . . . . . . . . . . . . ... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4

MATERIALS AND METHODS

Physical Stream Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6

Juvenile Salmonid Trapping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8

B~ological Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12

Mark-Recapture Efficiency Estimates. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13

Distribution ofMarked Chinook Salmon. . . . . . . . . . . . . . . . . . . . .. 17

Screw Trap Efficiency Estimation 17

Estimation ofJuvenile Chinook Salmon Downstream Migration . . . . . . . . .. 19

Efficiency-Based Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19

Discharge-Based Estimates 20

Comparison ofEfficiency-Based and Discharge-Based Estimates 21

RESULTS

Physical Stream Measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22

Stream Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25

VI

.-; .



.<
;

TABLE OF CONTENTS (continued)

RESULTS (continued)

Juvenile Salrnonid Trapping " 25

Size ofJuvenile Chinook Salmon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 27

Mark-Recapture Trap Efficiency Estimates' 31

Comparison ofEfficiency Estimates 32

Distribution ofMarked Chinook Salmon . . . . . . . . . . . . . . . . . . . . .. 32

Downstream Migration After Release. . . . . . . . . . . . . . . . . . . . . . .. 32

Recovery ofMarked Chinook Salmon 34

Screw Trap Efficiency Estimates and Predictive Equations. . . . . . . . . . . . .. 35

Estimates ofJuvenile Chinook Salmon Downstream Migration 43

Comparison ofTrap Efficiency and Proportion of Stream
Discharge Sampled , 47

DISCUSSION

Assessment ofTrap Efficiency , 53

Mark-Recapture Efficiency Estimation. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 58

Size Differences of Chinook Salmon Captured in the Screw Trap
and Weir 62

Estimates ofDownstream Migration 63

Comparison ofEfficiency-Based and Discharge-Based Estimates of
Juvenile Chinook Salmon Downstream Migration 65

REFERENCES CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 68

APPENDIX A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 74

..
V11



TABLE OF CONTENTS (continued)

APPENDI)( B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75

APPENDI)( C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 76

APPENDI)( D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 77

APPENDI)( E ". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 81

APPENDI)( F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 90

APPENDIX G · 91

APPENDIX H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 93

APPENDIX I 94

APPENDIX 1 95

APPENDIX K " 97

APPENDIX L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 98

APPENDIX M 99

APPENDIX N " , 100

APPENDI)( 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 104

Vlll



; 2...
-.

3

~;
;f·
.::...
.' 1~'

~l~i:

:;~- .
:;!~:

>t:. 4'I
11'..

I
i,'fi'
.~"

I 5
"

.,~.

6

7

LIST OF TABLES

Regression Statistics for Stream Discharge Predictive Equations on
Blue Creek, California, 1989-1992 , ,......... 23

Regression Statistics for Stream Width Predictive Equations on Blue
Creek, California, 1990-1992 ..................,............. 24

Upper and Lower Confidence Limits (95%) and Significance Levels (P)
ofWeekly Mean Fork Lengths ofJuvenile Chinook Salmon Captured
in the Weir and Screw Trap During Monitoring Operations in Blue
Creek, 1989-1992 30

Correlation Matrixes for Juvenile Chinook Salmon Trap Efficiency
and Potential Independent Variables from Data Collected During
Trapping Operations on Blue Creek, 1989-1992 (significance level in
parentheses) '..................... 38

Results ofMultiple Regression Analyses for Juvenile Chinook Salmon
Screw Trap Efficiency Data, 1989-1992 40

Annual '(April 16-July 15) Efficiency-Based and Discharge-Based
Abundance Estimates ofJuvenile Chinook Salmon Migrating
Downstream from Blue Creek, 1989-1992 44

Correlations (r), Sample Size (n), and Significance Level (P) Between
Juvenile Chinook Salmon Screw Trap Efficiency and the Proportion of
Stream Discharge Sampled by the Screw Trap on Blue
Creek, California, 1989-1992 48

IX



LIST OF FIGURES

1 Location Map ofBlue Creek in the Lower Klamath River Basin (Gilroy
et al. 1992) 5

2 Blue Creek Trapping Sites for 1989-1992 and Gage Station (Gilroy
et al. 1992) 7

3 Schematic Diagram of the Screw Trap Used on Blue Creek 9

Estimated Screw Trap Efficiencies Based on (A) Mark-Recapture
Methods (marked fish) and (B) the Proportion ofRecaptured Chinook
Salmon Captured in the'Screw Trap (marked fish) Compared to Actual
Trap Efficiencies (unmarked fish), 1989-1992. (Line Depicts Equal
Efficiency Estimates for the Two Methods) 33

Weekly Mean Length (95% confidence interval) of Juvenile Chinook
Salmon Captured in the Screw Trap During Trapping Operations on
Blue Creek, 1989-1992 28

5

4 Trapping Site Diagram Showing the Location ofthe Screw Trap
and Weir 11

Daily Stream Discharge (m3;s) ofBlue Creek During Trapping.
Operations, 1989-1992 26

6

7

'..
}. ",

~. ;
" :

8

9

10

Screw Trap Efficiency and Stream Discharge During Juvenile Salmonid
Trapping Operations in Blue Creek, 1989-1992 36

Semimonthly Efficiency-Based (open bars) and Discharge-Based
(hatched bars) Abundance Estimates of Juvenile Chinook Salmon

Migrating Downstream from Blue Creek, 1989-1992 : " 45

Screw Trap Efficiency (E) and Proportion of Stream Discharge Sampled
by the Screw Trap (PQ) Versus Stream Discharge (A) and PQ Versus
E (B) During Juvenile Salmonid Trapping Operations in Blue Creek,
1989. (Line in Graph B Depicts Equal PQ and E) . . . . . . . . . . . . . . . . .. 49

x



LIST OF FIGURES (continued)

FiiUre

"~ .

11

12

13

Screw Trap Efficiency (E) and Proportion of Stream Discharge Sampled
by the Screw Trap (PQ) Versus Stream Discharge (A) and PQ Versus
E (B) During Juvenile Salmonid Trapping Operations in Blue Creek,
1990 late season. (Line in Graph B Depicts Equal PQ and E) , 50

Screw Trap Efficiency (E) and Proportion of Stream Discharge
Sampled by the Screw Trap (PQ) Versus Stream Discharge (A) and PQ
Versus E(B) During Juvenile Salmonid Trapping Operations in Blue
Creek, 1991. (Line in Graph B Depicts Equal PQ and E) 52

Mark-Recapture Screw Trap Efficiency Estimates for Juvenile Chinook
Salmon on the Imnaha River, Oregon (redrawn from Ashe et aI. 1995,
Table C) " 56

"

xi



;:.i .: -.~..

INTRODUCTION

Salmonids have a complex life cycle and at any life stage a host of abiotic and

biotic factors can influence survival and subsequent recruitment to the next life stage

(Larkin 1988). The status of a salmonid population can be measured at a variety of life

history stages (Ricker 1975, Hilborn and Walters 1992) and it is important for fishery

resource managers to select the appropriate life stage to monitor based on management

objectives. Harvest managers often measure the status of a population at the first age at

which the target species becomes vulnerable to a fishery (Ricker 1975), whereas

freshwater salmonid habitat managers often assess abundance prior to or while the

population migrates from natal streams or rivers, most often as smolts (Everest and

Sede1l1984, Solomon 1985, Bagliniere and Champigneulle 1986, Reeves et aI. 1991).

Assessing the number of smolts produced by an estimated adult salrnonid spawning

population, prior to ocean entry, provides the most direct measure of the effects of the

freshwater environment on incubation, hatching, emergence, and rearing.

Monitoring of downstream migrating juvenile anadromous salmonid smolts has

been conducted using a variety of sampling gears, most ofwhich sample a portion ofa

stream by filtering water as it passes through the sampling device. The most common

sampling devices employed have been fyke nets (Craddock 1959, Davis et aI. 1980,

Milner and Smith 1985), inclined plane or scoop traps (Wolf 1951, Seelbach et aI. 1985,

McMenemy and Kynard 1988, DuBois et aI. 1991), and most recently screw traps

•



2

(Thedinga et al. 1994, Ashe et al. 1995). Weirs or partial weirs have also been used

(Hare 1973, Siler et aI. 1981, Dempson and Stansbury 1991, Mullins et aI. 1991).

Mark-recapture techniques are often integrated into juvenile salmonid downstream

migration studies to allow estimation of trapping efficiency (Siler et aI. 1984, Dempson

and Standbury 1991, Thedinga et al. 1994, Ashe et al. 1995). Trap efficiency estimates

are then utilized in conjunction with the numbers of fish captured in the trapping device

to derive estimates of the number ofjuvenile salmonids migrating downstream. Other

methods employed to estimate the number ofjuvenile salmonids migrating downstream

have included expansion oftrap catches by the proportions of stream discharge sampled

(FPC 1986) and expansion of trap catches by the proportions of stream width sampled

(Siler et al. 1989).

Concerns over the status ofanadromous fishery resources in the Klamath River led

Congress to enact the Klamath River Fish and Wildlife Restoration Act (P.L. 99-552) in

1986 and ultimately led to the initiation of studies designed to assess the status of these

resources. In particular, the U.S. Fish and Wildlife Service carried out a four-year

monitoring program to assess the status of the fall chinook salmon (Oncorhynchus

tshaW)'tscha) population inhabiting Blue Creek, a lower Klamath River tributary. This

monitoring program included as~~ssments of freshwater habitat, adult spawning

population size, and juvenile abundance.

Blue Creek once supported fall chinook salmon runs of 5,000 to 10,000 fish

annually (DeWitt 1951) and is still the most important spawning tributary in the lower

Klamath River (USFWS 1979, USDOI 1985). It is known for the large fall chinook



salmon, called "Blue Creekers", that utilize the creek for spawning and physically

resemble fall chinook salmon from the Smith River (Snyder 1931). Gall et al. (1991)

found that fall chinook salmon from Blue Creek were more genetically similar to

chinook salmon originating from the Smith River and southern Oregon streams than to

chinook salmon stocks within the Klamath River Basin. Attention was focused on the

Blue Creek population of fall chinook salmon due to concerns over the status of this

unique stock and its potential use as a brood stock source for lower Klamath River

rearing and supplementation programs.

The primary objective of this study was to estimate the number ofjuvenile fall

chinook salmon migrating downstream from Blue Creek. Three secondary objectives

were to: (1) determine what factors affect trap efficiency, (2) evaluate the use of mark-

recapture techniques in detennining trap efficiency, and (3) investigate the relationship

between estimates of the number ofjuvenile chinook salmon migrating downstream

based on adjusting trap catches by (a) estimated trap efficiencies or (b) calculated

proportions ofstream discharge sampled by the trap.

3 "
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STUDY SITE

Blue Creek is a fourth order stream with a watershed of 329 km2 and 41.1 km of

mainstem stream (USFWS 1979). It is the largest tributary to the Klamath River below

the confluence of the Klamath and Trinity rivers and enters the Klamath River at river

kilometer 26.4 (Figure 1). The upper portion of the watershed is located in the Siskiyou

Wilderness Area of the Six Rivers National Forest.

Due to the proximity of Blue Creek to the coast and its relatively low elevation,

the majority of precipitation occurs as rainfall, causin~ rapid fluctuations in stream

discharge, especially from November through April.

Fall chinook salmon and steelhead (Q.. mykiss) are the predominant anadromous

salmonid species that utilize Blue Creek. Other fish species commonly found in Blue

Creek are coho salmon (Q.. kisutch), cutthroat trout (Q.. clarki), speckled dace

(Rhinicbthys osculys), threespine stickleback (Gasterosteus aculcatus), prickly sculpin

(Cottus~), Klamath smallscale sucker (Catostomus rimicylys) and Pacific lamprey

(Lamperta tridentata). Occasionally, brown trout (s..a1J:Jm 1nI1ta) are found in Blue

Creek.

4
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Figure 1. Location Map ofBlue Creek in the Lower Klamath River Basin (Gilroy et aI.
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MATERIALS AND METHODS

Physjcal Stream Measurements

Stream discharge (Q) and stream width (W) were estimated during this study to

allow for the assessment of relationships among trap efficiency and stream discharge, the

proportion of stream discharge sampled by the screw trap (PQ), and the proportion of

stream width sampled by the screw trap (PW). A stream gage station was established on

Blue Creek at rkm 3.4 (Figure 2). Stream discharge in cubic feet per second was

estimated at varying gage heights (GH) using a Price AA current meter and top setting

rod (platts et al. 1983) and was then converted to cubic meters per second (m3/s).

Regressions ofLog(Q) against Log(GH) were used to describe the relationship between

stream discharge and gage height in individual years. The resulting predictive regression

equations were used to estimate the daily stream discharge based on observed gage

height. For days that gage height was not recorded, an estimate ofdischarge was

, calculated by interpolation ofdischarge data from the previous and folJowing days.

Stream width at the trapping sites was measured intermittently throughout this

study. Stream width predictive equations were developed by linear regression of stream

width on discharge data. Discharge measurements were made at the trapping sites

intermittently throughout this stu~y to provide data to compare stream discharge at

these sites to that measured at the gage station. Stream discharge estimates at the

trapping sites (QInp) were regressed on stream discharge estimates at the gage (Qpgc:)

6
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station to develop equations that could be used to estimate stream discharge at the

trapping sites.

Jyyenile Salmonid Trapping

Trapping was conducted during the spring and early summer, encompassing the

majority of the juvenile chinook salmon downstream migration period, typically from

early April to mid-July. Trapping effort (days sampled) varied according to stream

discharge and personnel availabilitY. A trapping "day" was defined as the time that the

trap was deployed, typically morning to early afternoon, to the fonowing morning when

it was checked. This time period encompassed the evening and night when the majority

ofjuvenile salmonids migrate (Neave 1955, McDonald 1960, Reimers 1973). Trapping

activities were typicaUy conducted four or five days per week. In 1990 and 1992,

trapping activities were conducted seven days per week during the second halfof the

season.

Three trapping sites were used during this study due to physical changes at the

trapping sites (Figure 2). The trapping site was located at rkm 2.1 in 1989 and 1990, at

rkm 1.8 m1991, and at rkm 3.3 in 1992.

A screw trap with a 2.44 m"diameter cone supported by pontoons was utilized

throughout this study (Figure 3). The cone consisted of a rigid aluminum framework

covered byO.64 cm2 hardware cloth. Within the cone two opposing screw vanes were

fixed to a center axle and the surrounding framework. As water passed through the

cone, the force of the water against the vanes caused the cone to rotate. Only the lower



SIDE VIEW

,,/
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Figure 3. Schematic Diagram ofthe Screw Trap Used on Blue Creek.
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half of the cone was submerged and, as the cone rotated, fish that entered the cone were

guided into the live box by the rotating vanes which created a physical barrier and

prevented fish from swimming out of the trap. The Iivebox was fitted with a

drumscreen, driven by a worm-gear assembly attached to the center axle of the cone, to

remove debris from the livebox. The trap was deployed at the head of a pool, in the

thalweg, where the water velocity was sufficient to rotate the cone (Figure 4).

Depending on the water depth, the cone could be positioned at varying depths but was

always set as deep into the water column as possible. As stream discharge changed, the

position of the trap was adjusted to maintain proper position within the stream channel.

,Trap.position was maintained by ropes attached to anchor points (logs, trees, or fence

posts) on each bank.

The volume of stream discharge sampled by the screw trap was estimated by

dividing the width of the cone into three cells (left, center, and right). The products of

the water velocity and area ofeach cell were summed to estimate the total volume

sampled. Water velocity was measured at the center of each cell with a Price AA

current meter and top setting rod; the area of each cell was determined by the cell width,

the depth that the cone was submerged, and the radius of the cone. The proportion of

stream discharge sampled by the screw trap (PO> was estimated by dividing the

estimated volume of water sampled by the screw trap by the estimated stream discharge.

1\

The proportion of stream width sampled by the screw trap (PW) was estimated by

dividing the submerged width of the cone by estimated stream width. The number of

1\

revolutions the cone completed in one minute (RM) was estimated by recording the
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Figure 4. Trapping Site Diagram Showing the Location of the Screw Trap and Weir. --
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amount of time (in seconds) in which ten revolutions were completed. The revolutions

per second were then multiplied by 60 to estimate the number of revolutions per minute.

A weir consisting of a frame net with a live box and weir panels was erected

immediately downstream ofthe screw trap at the tailout of the pool (Figure 4). The

weir was positioned 22 m below the screw trap in 1989 and 1990, 20 m below the screw

trap in 1991, and 80 m below the screw trap in 1992. The weir panels, constructed of

0.64 cm2 hardware cloth mounted on wooden frames, were deployed in a V-shape with

the apex facing downstream. The weir. panels were supported by T-bar fence posts

imbedded in the stream substrate. Plastic webbing and rocks were used to seal the

bottom ofthe weir panels with the stream bed in an attempt to minimize locations where

fish could escape through the weir. A frame net (1.5 m x 3 m x 9.2 m, 0.48 cm delta

mesh netting) with attached live box was placed at the apex of the weir panels. When

the weir was properly set, virtually all of the fish migrating downstream through the site

were guided into the net and live box. The operation of the weir was greatly dependent

on stream discharge due to the difficulty in maintaining the weir at higher flows.

Biological Sampling

All salmonids captured during the trapping operations were removed from the live

box and placed into buckets for identification and counting. Fish captured in the screw

trap and weir were sampled separately. A subsample of fish captured in each trap,

typically the first 30 to 50 fish of each salmonid species removed from the buckets, were

anaesthetized with tricaine methanesulphonate (MS-222) and fork lengths were



measured. As time pennitted, volumetric displacements of individual fish were also

measured. Once mark-recapture tests were initiated, all chinook salmon were examined

for marks.

Comparisons of weekly mean fork lengths of chinook salmon captured in the

screw trap and weir were conducted to determine if any selectivity based on fish size

was occurring. Weekly mean fork lengths ofchinook salmon captured in the screw trap

and weir were compared by t-tests using an (X of0.05 for individual tests.

Mark-Recapture Efficiency Estimates

Mark-recapture methods were used to estimate the trapping efficiency of the

screw trap in 1989, 1990, and 1992. A random sample ofjuvenile chinook salmon

captured in the screw trap and weir were marked and then released above the screw

trap. Subsequent recaptures in the screw trap and weir were used to estimate screw trap

efficiency.

The assumptions invoked when employing mark-recapture techniques for

estimating trap efficiency were:

I) marked fish experienced no mortality after release,

2) marked fish migrated downstream past the screw trap and weir

immediately or soon after release,

3) marked fish had the same distribution as unmarked fish while they

migrated past the trapping site and exhibited similar behavior (equal

capture probability),
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4) fish did not lose their·marks, and

5) all marks were observed and recorded.

Two marking techniques were employed during this study. Marking techniques

were changed to adjust to logistical constraints of field staffing while maintaining the

quality ofdata necessary to estimate trap efficiency using mark-recapture techniques. In

1989 and 1990, marking was accomplished by dying fish with Bismarck Brown Y, a

biological stain (Mundie and Traber 1983). Juvenile chinook salmon were immersed in a

0.021 gil solution ofBismarck Brown Y (48% concentration) for 15 to 30 minutes.

Marked fish were recognizable for up to three days.

In 1992, chinook salmon were marked with partial fin-clips. This marking

technique was employed to provide a diScrete mark for each release group due to the

observations in previous years that not all chinook salmon migrated immediately after

release. Tips ofdifferent fins were removed with scissors for different release groups.

The fin-clips used were: upper caudal (UC), lower caudal (UC), left pectoral (LP), right

pectoral (RP), left ventral (LV), and right ventral (RV).

Marked chinook salmon were transported upstream at least one riftle above the

screw trap and released~ The distances released upstream from trapping sites were 650

m in 1989 and 1990, and 200 m in 1992. In 1989 and 1990, marked fish were moved

upstream and immediately released. In 1992, marked fish were moved upstream and

retained in holding cages for typically six to eight hours prior to release. Marked fish

were released after dark in all but two tests, when they were released in the late
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afternoon and early evening. Any dead or injured marked chinook salmon were

removed from the holding cage prior to release.

As numbers of fish were available, a subsample of marked and unmarked chinook

salmon were retained in live cages as controls for two to four days to estimate delayed

1\

mortality, or relative survival (SD)' ofmarked chinook salmon due to the marking <

process. Relative survival was estimated by dividing survival rate of marked controls

1\ 1\

(S..J by the survival rate of unmarked controls (S u..J (Equation (1». Survival rates for

marked and unmarked controls were estimated by dividing the number of fish alive at the

end of the holding period by the number offish held. When the survival rate of

unmarked controls was less than the survival rate of marked controls, it was assumed

1\

that there was no additional mortality due to the marking process (S D= 1.00). In cases

when insufficient numbers of fish were available to estimate relative survival, data from

the previous or following test were used. The number of marked chinook salmon

released (M) was multiplied by the estimated relative survival to adjust the number

The design of this study allowed for the calculation of three distinct estimates of

trap efficiency, two based on the recapture of marked fish and one based on the capture

(2)

(1)

1\

released (MADJ) to account for relative survival due to marking (Equation (2».
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of the numbers of marked fish recaptured in the screw trap and weir (Rw) on the day

(4)

(3)

(5)

1\ 1\

E MR =Its / M ADJ

1\ .

E ACT = Ns / (Ns + Nw)

1\

of unmarked fish. The first estimate of trap efficiency (EMJJ based on mark-recapture

The third estimate of trap efficiency (BACT), "actual" trap efficiency, was calculated

data was calculated by dividing the number of marked fish recaptured in the screw trap

calculated by dividing the number of marked fish recaptured in the screw trap by the sum

CRs) the day after release by the adjusted number of marked fish released (Equation (3».

The second estimate of trap efficiency (Bps) based on mark-recapture data was

mortality after release was not necessary in estimating trap efficiency based on

following release (Equation (4». The assumption that marked fish experience no

Equation (4).

by dividing the number of unmarked juvenile chinook salmon captured in the screw trap

(Ns) by the sum ofthe numbers ofunmarked juvenile chinook salmon captured in the

screw trap and weir (Nw) (Equation (5».
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1\ 1\

The relationships between mark-recapture efficiency estimates, (EMJJ and (Eps),
A

and "actual" trap efficiency estimates (BACT) were examined using correlation analysis.

Distribution ofMarked Chinook Salmon

Two-by-two contingency tables were used to test the assumption that the

distribution of marked fish was similar to that of unmarked fish (Zar 1974). If marked

fish were not distributed in a similar manner as unmarked fish, the assumption of equal

probability of capture would be violated, resulting in efficiency estimates that would only

pertain to marked fish and not to unmarked fish. In cases when more than I ()O!cl of the

total recaptures occurred on the second day following release, data for both days were

pooled and the analysis was also perfonned on these pooled data.

Screw Trap Efficieney Estimation

Data collected during trapping operations when the screw trap and weir were

operated on the same day were utilized to develop predictive equations for screw trap

A

efficiency. "Actual" trap efficiency estimates (BACT' Equation (5» were used for this

analysis. Assumptions invoked for trap efficiency estimation were: (1) migrating

chinook salmon did not terminate their nightly migration between the screw trap and

weir and (2) the weir was lOO%·efficient. Variables that were expected to influence the

efficiency of the screw trap included: stream discharge, the proportion of stream

discharge sampled, the proportion of stream width sampled, and the trap revolutions per

minute. Values used for these variables were calculated by averaging the values on the
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day the trap was set and the day it was checked to account for fluctuations that occurred

during this time period.

Trap efficiency data were transformed using the logit transformation and stream

discharge data were natural log transformed, resulting in the variables Logit<FJ and

1\

Ln(Q), respectively (Ashton 1972). The logit transformation of trap efficiency was

utilized because, according to this model, trap efficiency asymptotically approaches zero

or one as the independent variable(s) increase or decrease, respectively. In addition,

Some of the collected data indicated that trap efficiency followed this functional

relationship. This transformation makes intuitive sense because as stream discharge

increases, trap efficiency should decrease until it becomes virtually zero. Conversely, as

stream discharge decreases, efficiency should theoretically increase until the trap

sampled the entire stream (100% efficiency). Operational constraints prevented this·

from occurring since no physical modification of the stream channel was undertaken.

Correlation analyses were conducted to determine if there were significant

relationships between estimated trap efficiency (Logit <E» and potential predictor

variables (Ln(Q), PQ, PW, and RM). Forward stepwise multiple regression utilizing

Statgraphics software was employed to develop predictive equations for trap efficiency

1\
(Zar 1974). The resulting equations were used to predict trap efficiency (EJ when the

weir was not operated.
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Estimation ofJuyenile Chinook Salmon
Downstream Migration

Two kinds of estimates of the number ofjuvenile chinook salmon migrating

downstream were calculated from catch and effort data collected during this study: (1)

estimates based on trap catches scaled by estimated trap efficiencies or "efficiency-

based" estimates and (2) estimates based on trap catches scaled by the proportion of

stream discharge sampled or "discharge-based" estimates. These tWo kinds of estimates

were compared to evaluate the possibility that discharge-based estimates provide a

reasonable measure of the magnitude ofdownstream migration.

Efficiency-Based Estjmates

The daily number ofjuvenile chinook salmon migrating from Blue Creek cNJ was

estimated by dividing the number of chinook salmon captured in the screw trap (N .) by

A

the predicted trap efficiency (EJ (Equation (6» or by summing the number of chinook

salmon captured in the screw trap and weir, when both were operated.

(6)

A--

Semimonthly estimates (NSof the number ofjuvenile chinook salmon migrating

downstream from Blue Creek were calculated by dividing the sum of the daily estimates

1\
(NJ for each period by the proportion of days sampled in that period (op) (Equation (7».

"% ..
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Discharge-Based Estimates

(8)

(9)

(7)

1\ 1\

Nqp = [Nqj I up

1\ 1\

N'li =Ns I (PQJ

Discharge-based estimates ofjuvenile chinook salmon migrating downstream

because trapping was typically initiated in early to mid-April in all years but was
I

concluded by mid-July in 1989 and 1992.

1\

Semimonthly (Nqp) (Equation (9» and annual discharge-based estimates of the

Estimates of the number ofjuvenile chinook salmon migrating from Blue Creek

through the 30dl or 31 1t of each month.

1\

trap by the proportion of stream discharge sampled by the screw trap (PQJ

estimates. This time period was selected to provide comparable estimates between years

Semimonthly periods were defined as the lit through the lSdl ofeach month and the 16d1

number ofjuvenile chinook salmo~migrating downstream were calculated in a manner

each year, mid-April through mid-July, were calculated by summing semimonthly

1\

(NqJ were calculated by dividing the number of chinook salmon captured in the screw

(Equation (8».

analogous to that for semimonthly and annual efficiency-based estimates.

--------------_ ...._-_._-.
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Comparison ofEfficiency·Based and
Discharge·Based Estimates

To assess if there was a relationship between daily efficiency-based and discharge-

based estimates of the number ofjuvenile chinook salmon migrating downstream,

correlation analyses of trap efficiency and the proportion of stream discharge sampled by

the screw trap were performed. These variables, rather than the efficiency-based and

discharge-based numeric estimates, were compared because both numeric estimates

were based on the screw trap catches, N.. Estimates of trap efficiency and the

proportion of stream discharge sampled were statistically independent of one another.

Data used for comparing trap efficiency and the proportion of stream discharge sampled

were trap efficiency data used in determining efficiency-discharge relationships and

corresponding estimates of the proportion of stream discharge sampled collected

between April 15 and July 15 for individual years. Estimates of trap efficiency generated

from efficiency-discharge relationships and corresponding estimates of the proportion of

stream discharge sampled were not subjected to this analysis because these data were

not independent; both sets of data using stream discharge in their estimation.



RESULTS

Physical Stream·Measurements

Fifty-three stream discharge measurements were made during this study: 20 in

1989,9 in 1990, 13 in 1991 and II in 1992 (Appendix A). Regression analysis of

estimated stream discharge on gage height, for individual years, resulted in highly

significant predictive equations (Table 1).

Forty-one stream width measurements were made during this study; 4 in 1989,

11 in 1990, 13 in 1991, and 13 in 1992 (Appendix B). Data collected during 1989 were

excluded from analyses because of small sample size. Regressing stream width on stream

discharge resulted in highly significant predictive equations for each year (Table 2).

Eleven paired discharge measurements were made at the gage station and trapping

sites during this study (Appendix C). Regressing stream discharge estimates at the

trapping sites on stream discharge estimates at the gage station resulted in an intercept

parameter that was not significantly different from zero (t=-1.191, n=ll, p=O.265) and a

slope parameter that was not significantly different from one (t=O.138, n=ll, p=O.447).

Since there was no significant difference in stream discharge between the gage station

and trapping sites based on the results of the regression analysis, stream discharge at the

trapping sites was assumed to beJ,he equal to the estimated stream discharge at the gage

station.

22



Table 1. Regression Statistics for Stream Discharge Predictive Equations on Blue Creek, California, 1989-1992.
8

Standard
Year n r Parameter Estimate Error t p

1989 20 0.995 Intercept 1.560 0.0119 134.26 <0.001
Slope 2.182 0.0384 56.85 <0.001

1990 9 0.987 Intercept 1.428 0.0298 7.89 <0.001
Slope 1.765 0.0770 22.92 <0.001

1991 13 l. 0.988 Intercept 1.453 0.0285 50.88 <0.001
Slope 1.796 0.0606 29.65 <0.001

1992 II 0.986 Intercept 1.415 0.0359 39.41 <0.001
Slope 1.773 0.0695 25.52 <0.001

8 Estimated parameters are for log-transformed data: Log(Q)= Intercept+Slope*Log(GH)

N
w



Table 2. Regression Statistics for Stream Width Predictive Equations on Blue Creek, California, 1990-1992.

Standard
Year 2

Parameter Estimate Error tn r p

1990 11 0.723 Intercept 9.063 0.9390 9.65 <0.001
Slope 0.573 0.1183 4.85 <0.001

1991 13 0.954 Intercept 10.122 0.5976 16.94 <0.001
Slope 0.747 0.0494 15.11 <0.001

1992 13 0.833 Intercept 13.605 0.8300 16.39 <0.001
Slope 1.099 0.1482 7.42 <0.001
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Stream Discharge

During this study, stream discharge generally decreased throughout the trapping

season with moderate and minor increases due to rain events (Figure 5, Appendix D).

Stream discharge generally decreased during the 1989 trapping operations with one

significant increase in discharge during the third week in May. In 1990, the stream

discharge pattern was unique in that stream discharge was low at the initiation of

trapping and the highest flows occurred from May 26 through June 13, peaking at 27.7

m3/s on June 4. Stream discharge decreased throughout the trapping operations in 1991

with several increases during April and May. In 1992, stream discharge was low at the

initiation of trapping but quickly increased and thereafter followed the decreasing pattern

observed in 1989 and 1991.

Juyenile Salmonid Trapping

During 1989, trapping was initiated on April 12 and continued until July 21

(Appendix E). The first day the weir operated was April 20 with limited operation

through much of April and during the second half ofMay due to high stream discharge.

The screw trap was operated for 62 days and captured 15,076 juvenile chinook salmon.

A total of 5,794 juvenile chinook salmon were captured in the weir during 21 days of

trapping.

Juvenile trapping operations occurred from April 12 to August 3 in 1990

(Appendix E). The $crew trap was operated for 78 days and captured 4,883 chinook

salmon. The weir was operated for 19 days with the first day of operation being
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April 19. High stream discharge precluded the use of the weir from the third week in

May through the third week in June. Atotal of2,250 chinook salmon were captured in

the weir.

In 1991, trapping operations began on April 12 and concluded on August 14

(Appendix E). The screw trap was operated for 67 days and captured 1,397 chinook

salmon. The weir was first installed on May 16 and was operated for 23 days, capturing

2,707 chinook salmon.

In 1992, trapping operations occurred from April 8 to July 14 (Appendix E). The

screw trap was operated for 73 days and 10,647 chinook salmon were captured. The

weir was first installed on May 19 and operated for 52 days, capturing 8,798 chinook

salmon.

Sjze ofJuyenile Chinook Salmon

During this study, mean length ofjuvenile chinook salmon captured in the screw

trap generally increased throughout the trapping season (Figure 6, Appendix F). In

1989, mean length of chinook salmon captured in the screw trap ranged from 41.3 nun

during the first week of trapping to 71.0 mm during the last two weeks of sampling.

Mean length ofjuvenile chinook ~.almon captured in the screw trap during 1990 ranged

from 48.5 mm to 58.0 mm during the first nine weeks of trapping (April 9 to June 4),

then increased to 83.5 mm during the last week of trapping. Mean length of chinook

salmon captured in the screw trap during 1991 generally increased throughout the
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trapping season ranging from 38.3 mm to 76.8 mm. In 1992, mean length of chinook

salmon increased from 41.°mm to 83.7 mm throughout the trapping season.

A total of32 comparisons of weekly mean fork lengths ofchinook salmon

captured in the screw trap and weir were conducted: six in 1989, eight in 1990, mne In

1991, and nine in 1992 (Appendix G). Overall, there was a significant difference in

mean fork length in 28 (88%) of the 32 comparisons with the mean length ofchinook

salmon captured in the screw trap significantly greater in 26 (93%) of the 28

comparisons with a significant difference (Table 3). In 1989, mean fork length of

chinook salmon captured in the screw trap was significantly greater (p<O.OS) than the

mean length of chinook salmon captured in the weir for ,all weeks compared. Mean

length of chinook salmon captured in the screw trap was significantly greater (p<O.OS)

than mean length ofchinook salmon captured in the weir in seven of the eight weeks

compared in 1990. In 1991, there were significant differences (p<0.05) in mean length

of chinook salmon captured in the screw trap and weir in seven of the nine

comparisons. Mean length of chinook salmon captured in the screw trap was

significantly greater in five of the comparisons and significantly less in two. In 1992,

mean length ofchinook salmon captured in the screw trap was significantly greater

(p<O.OS) than mean length of chinook salmon captured in the weir in eight of the nine

compansons.

..



30

Table 3. Upper and Lower Confidence Limits (95%) and Significance Levels (P) of
Weekly Mean Fork Length Comparisons of Juvenile Chinook Salmon
Captured in the Weir and Screw Trap During Monitoring Operations in Blue
Creek, 1989-1992.

Weir Screw Trap
Year Week Lower Upper Lower Upper p

1989 Apr 17 40.5 41.7 43.3 44.9 <0.001
May 7 44.6 47.0 50.8 53.2 <0.001
Iun 12 56.7 61.2 62.2 67.1 0.018
Jun 19 62.8 65.8 66.5 69.6 0.016
Iun 26 58.4 61.0 66.8 69.4 <0.001
Jul 3 60.7 64.6 70.2 73.7 <0.001

1990 Apr 16 42.6 45.9 53.3 58.9 <0.001
Apr 23 45.0 47.4 51.0 53.4 <0.001
Apr 30 45.8 49.0 52.4 55.7 <0.001
May 7 54.0 55.7 56.9 59.2 0.002
May 14 48.9 51.0 52.8 55.2 <0.001
Jun 25 74.3 76.4 73.0 75.2 0.248
Jul 2 75.5 78.8 78.9 82.3 0.043
Jul 9 79.0 82.5 82.9 84.7 0.033

1991 May 13 . 57.0 59.4 50.0 54.3 <0.001
May 20 50.5 54.1 54.6 57.6 0.025
May 27 57.1 60.9 58.1 62.5 0.532
Jun 3 54.9 57.1 55.5 57.8 0.589
Jun 10 63.6 67.0 59.9 63.5 0.039
Jun 17 62.4 64.9 65.5 68.4 0.018
"Iun 23 65.5 69.1 71.6 74.8 0.001
Jul 1 61.3 68.3 68.7 75.4 0.037
Jul 8 72.6 75.5 75.6 78.0 0.042

1992 May 18 53.7 55.4 60.3 61.9 <0.001
May 25 56.9 58.8 62.6 64.7 <0.001
Jun I 60.7 .- 62.3 64.3 65.9 <0.001
Iun 8 62.8 64.4 65.9 67.6 <0.001
Jun 15 68.8 70.4 71.0 72.6 0.008
Iun 22 69.3 71.8 72.7 74.5 0.007
Jun 29 73.2 74.9 77.5 79.1 <0.001
lui 6 78.1 80.1 81.0 82.5 0.003
JulI3 82.5 86.9 82.1 85.3 0.602
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Mark-Recapture Trap Efficjency Estjmates

Sixteen mark-recapture efficiency tests were conducted during this study: four in

1989, three in 1990, and nine in 1992. Fol1rteen tests to determine the differential

survival of marked chinook salmon due to mortality attributable to the marking process

were conducted (Appendix H). Estimates of relative survival were high (0.88 to 1.00)

for all but two release groups (0.43 on July 5~ 1989, and 0.83 on June 6, 1992).

During 1989, the number of marked fish released per group, after accounting for

relative survival, ranged from 117 to 244 (Appendix I). Mark-recapture estimates of

trap efficiency based on single day recaptures (Equation (3)) ranged from 0.307 to 0.527

(Appendix 1). Trap efficiency based on the proportion of recaptured chinook salmon

captured in the screw trap (Equation (4)) ranged from 0.381 to 0.773.

The number ofmarked fish released during 1990 mark-recapture efficiency tests,

after accounting for relative survival, ranged from 80 to 311 per release group

(Appendix I). Screw trap efficiency estimates ranged from 0.112 to 0.238 for the mark

recapture method and from 0.177 to 0.288 based on the proportion of recaptured fish

captured in the screw trap (Appendix 1).

Releases ofmarked chinook salmon for determining screw trap efficiency during

1992 ranged from 211 to 338 fish"'p'er release group (Appendix I). Mark-recapture

estimates of trap efficiency ranged from 0.098 to 0.250 (Appendix 1), whereas trap

efficiency estimates utilizing the proportion of recaptured chinook salmon captured in

. the screw trap ranged from 0.219 to 0.672.
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Comparison of Efficiency Estimates

Mark-recapture trap efficiency estimates (Equation (3» were positively but not

significantly correlated (r=0.414, n=16, p=O.III) with "actual" trap efficiency estimates

(Equation (5». These mark-recapture efficiency estimates were highly variable and were

typically less than "actual" trap efficiency estimates, averaging about 50% of"actual"

trap efficiencies (Figure 7A).

Trap efficiency estimates based on the proportion of recaptured chinook salmon

captured in the screw trap (Equation (4» were significantly correlated with "actual" trap

efficiency estimates (r=O.873, n=16, p<O.OOI). These estimates of trap efficiency were

more similar to "actual" trap efficiency estimates than mark-recapture estimates

(Figure 7B), averaging 87% of"actual" trap efficiency.

Distribution ofMarked Chinook Salmon

Based on Chi-squared tests, the distribution of marked chinook salmon recaptured

in the screw trap and weir was not significantly different (p>0.05) from the distribution

ofunmarked chinook salmon in 12 (75%) oft~e 16 mark-recapture efficiency tests

conducted during this study (Appendix K). When marked fish recaptured two days after

release were included, the distribution of marked fish was not significantly different

(p>O.05) in 13 (81%) of the 16 mark-recapture efficiency tests.

Downstream Migration Mer Release

The majority of marked chinook salmon were recaptured in the screw trap or weir

the day following release, but some large catches occurred the second day after release



Figure 7. Estimated Screw Trap Efficiencies Based on (A) Mark-Recapture Methods
(marked fish) and (B) the Proportion ofRecaptured Chinook Salmon
Captured in the Screw Trap (marked fish) Compared to Actual Trap
Efficiencies (unmarked fish), 1989-1992. (Line Depicts Equal Efficiency
Estimates for the Two Methods)
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during 1989 mark-recapture tests (Appendix L). Because trap operations were not

continuous and marks were not recognizable for long periods of time, data on delayed

migration during these years was limited.

During 1992 mark-recapture tests, 78% of all recaptures occurred the day

following release and 91 % of the fish were recaptured within five days after release for

all release groups combined (Appendix M). Marked fish exhibited varying delays in

migration with small numbers of all release groups captured intennittently after release.

The longest delay in recapture was 48 days for an individual released on May 18. Other

lengthy delays in migration were 41 days after release (May 25 release group), 28 days

after release (May 30 release group), 27 days after release (June 6 release group) and 19

days after release (June 10 release group). The largest percentages ofa release group

recaptured many days after release (June 19 release group) were 6.8% eight days after

release and 4.6% nine days after release.

Recoyery ofMarked Chinook Salmon

For the 16 mark-recapture tests conducted during this study, the proportion of

each release group that was recaptured in the screw trap and weir ranged from 0.368 for

the June 6, 1992, release group, to 0.881 for the July 5, 1989, release group (Appendix

I). The proportion ofeach release group that was recaptured was not significantly

correlated with stream discharge (r=O.304, n=16, p=0.252). The recovery rate for the

July 5, 1989, release group may be an overestimate due to the low relative survival

(Sd=O.43) for this release group which greatly reduced the estimated number of marked
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chinook salmon available for recapture. Data collected in 1992, when the screw trap

and weir were operated continuously for longer periods, also indicated that recovery

rates were highly variable, ranging from 0.368 to 0.801, and relatively low, averaging

0.623. The proportion of each release group recovered in 1992 was not significantly

correlated with stream discharge (r=-0.191, n=9, p=O.632).

Screw Trap Efficiency Estimates and Predictive Equations

A total of 115 estimates ofscrew trap efficiency, based on captures of unmarked

juvenile chinook ~almon in the screw trap and weir, were generated during this study

(Appendix E). Due to changes in the trap location or in the physical configuration of the

trapping site, data were analyzed separately for individual years.

During 1989,21 estimates of trap efficiency were generated, ranging from 0.100

at 19.2 m3/s on April 20 to 0.858 at 4.7 m3/s on June 28 (Appendix E). Estimated trap

efficiency increased with decreasing stream discharge (Figure 8). Legit transformed

1\ 1\ 1\ 1\

estimates of trap efficiency were significantly correlated with (Ln(Q), PQ, P~ and RM,

and all potential predictor variables were also significantly correlated with each

other (Table 4).

Forward stepwise multiple regression of 1989 trap efficiency data resulted in a

significant model (F=132.12, vi=l, v2=19, p<O.OOI) with significant intercept and slope

parameters and R2
ADJ of 0.868 (Table 5). The resulting model had a single independent

variable, Ln(O>.
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Table 4. Correlation Matrixes for Juvenile Chinook Salmon Trap Efficiency and
Potential Independent Variables from Data Collected During Trapping
Operations on Blue Creek, 1989-1992 (significance level in parentheses). a, b

Year Variable RM PW PQ Ln(Q)

1989 Logit(E) -0.775 N/A
c 0.776 -0.935

«0.001) «0.001) «0.001)

Ln(Q) 0.743 N/Ac -0.744
«0.001) «0.001)

PQ -0.438 N/Ac

(0.047)

-0.790
«0.001)

PW

1990- Logit(E) -0.651 0.357 -0.506 -0.365
Early (0.113) (0.432) (0.246) (0.421)

Ln(Q) 0.860 N/Ad
0.286

(0.013) (0.534)

PQ 0.694 -0.262
(0.084) (0.571)

PW -0.849
(0.016)

1990- Logit(E) -0.706 0.861 0.354 -0.894
Late (0.010) «0.001) (0.259) «0.001)

Ln(Q) 0.612 N/A
d

-0.552
(0.034) (0.063)

PQ 0.1'50 0.601
(0.643) (0.039)

PW -0.579
(0.049)
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a Sample sizes: 1989 (n=21), 1990-early season (n=7), 1990-late season (n=12), 1991
(n=23) and 1992 (n=52).

d Correlation between Ln(Q) and PW was not calculated because PW was estimated
from stream discharge.

Stream width data were not estimated for 1989 due to insufficient sample size of
stream width-discharge data.

1992 Logit(E) -0.301 0.336 -0.094 -0.340
(0.030) (0.015) (0.507) (0.014)

Ln(Q) 0.923 N/A
d -0.141

«0.001) (0.318)

PQ -0.135 0.171
(0.342) (0.225)

PW -0.935
«0.001)

Year Variable RM PW PQ Ln(Q)

1991 Logit(E) -0.751 0.767 0.728 -0.789
«0.001) «0.001) «0.001) «0.001)

Ln(Q) 0.978 N/Ad -0.965
«0.001) «0.001)

PQ -0.908 0.968
«0.001) «0.001)

PW -0.978
«0.001)

Table 4. Correlation Matrixes for Juvenile Chinook Salmon Trap Efficiency and
Potential Independent Variables from Data Collected During Trapping
Operations on Blue Creek. 1989-1992 (significance level in parentheses). a, b

(continued)

b Logit(E) = logistic transformed trap efficiency, Ln(Q) = natural log transformed
stream discharge, PQ = proportion ofstream discharge sampled, PW = proportion of
stream width sampled, RM ::. trap revolutions per minute.

c



a Predictive Equations: Logit(E) = a+b*(Ln(Q)) or E = 1/[1+e-<a+b.ln(Q»] for 1989, 1990, and 1992 and
Logit(E) = a+(bI*Ln(Q)+b

2
*PW) or E = 1/[1+e-<a+{bcccI·UI(Q)+b2·PW) b.UI(Q»] for 1989 .

b Ln(Q)= Natural log transformed stream discharge, PW = Proportion of stream width sampled by the screw trap.

'.....~.

c Only 1990 late season data included in this analysis.
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Nineteen estimates of trap efficiency data were generated from data collected

during trapping operations in 1990. Most of the trap efficiency data collected prior to

May 18 (when a large increase in stream discharge began., Figure 5) were lower than

expected based on the estimated trap efficiencies obsetved in 1989. A possible

explanation for these lower than expected trap efficiencies was that the physical

configuration of the trapping site changed from 1989 to 1990. A shallow gravel bar

developed at the head of the pool where the screw trap was placed, resulting in a

diffused stream flow pattern. This may have affected the distribution ofjuvenile chinook

salmon while they migrated through the trapping site, resulting in the lower efficiencies.

The high stream discharge that occurred from the end ofMay into the second week of

June scoured this gravel bar, recreating a stream channel similar to that obsetved in

1989. Estimates of trap efficiency were therefore separated into data collected prior to

May 18 (early season} and after June 18 (late season). This resulted in seven estimates

of trap efficiency for the early season and 12 for the late season.

Estimated trap efficiency during the early season ranged from 0.047 on April 19 at

a stream discharge of8.5 m3/s to 0.179 on May 10 at 7.1 m3/s (Appendix E). Early

season trap efficiency estimates did not exhibit a functional relationship with stream

discharge for the early season (Figure 8) and logit-transformed trap efficien~was not
....

significantly correlated with any of the potential predictor variables (Table 5).

Because there were no significant relationships between early season trap

efficiency and any of the potential predictor variables, an estimate of average trap

efficiency was used for this period in 1990. This was calculated by summing the number
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ofjuvenile chinook salmon captured in the screw trap and dividing this by the sum of the

number ofchinook salmon captured in the screw trap and weir for the seven days

1\

sampled. The estimated trap efficiency for ·the 1990 early season (Eearly 1990) was:

1\

E (early 1990) = 277 / (277+ 1863) =0.129.

Trap efficiency estimates for the late season ranged from 0.396 on June 27 to

0.954 on July 25 at stream discharges of8.9 m3/s and 4.5 m3/s, respectively (Appendix

E). Trap efficiency generally increased with decreasing stream discharge (Figure 8).

1\

Logit-transfonned trap efficiency estimates were significantly correlated with Ln(Q),

pVJ. and RM, and several significant correlations also existed among the potential

predictor variables (Table 4).

Regression analysis of the 1990 late season trap efficiency data resulted in a

significant model (F=39.656, vl=l; v2=10, p<O.OOI) with one independent variables,

"Ln(Q), and R2
ADJ of0.778 (Table 5).

Screw trap efficiency data were collected on 23 occasions during 1991 trapping

operations (Appendix E). Estimated trap efficiencies ranged from 0.090 on May 17 at a

stream discharge of12.5 m3/s to 0.815 on July 9 at stream discharge of4.1 m3/s.

Estimated trap efficiencies increased with decreasing stream discharges but exhibited a

sharper transition than was observed in 1989 and 1990 data (Figure 8). Logit-

transformed trap efficiency estimates were significantly correlated with all potential

predictor variables (Table 4).
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Stepwise multiple regression of 1991 trap efficiency data resulted in a significant

1\

model (F=31.542, v1=2, v2=20, p<O.OOl) with two independent variables, Ln(Q), and

P\1I, and R2
ADJ ofO.735 (Table 5). Without the variable PW, R2

ADJ was 0.604.

Data to generate 52 estimates of screw trap efficiency 'were collected in 1992

(Appendix E). Due to the configuration of the trapping site utilized in 1992, the weir

was not operable at stream discharges greater than 6.8 m3/s. Trap efficiency estimates

were extremely variable (Figure 8) and were only weakly correlated (r=-0.340, n=52,

p=O.014) with stream discharge in 1992 (Table 4).

Although regression analysis of the 1992 trap efficiency data resulted in a

significant model (F=6.495, v1=1, v2=50, p=O.014), the resulting equation was of little

utility because only a small portion of the variation in efficiency (R2ADJ = 0.097) was

explained by the model (Table 5). Trap efficiency estimates were not generated for the

period when· the weir was not operated because of the poor trap efficiency predictive

model.

Estjmates ofJyyenile Chinook Salmon Downstream Migratjon

Based on screw'trap catches scaled up by trap efficiency estimates (Equations (6)

and (7» (Appendix N), an estimated 48,970 juvenile chinook salmon migrated
0<

·downstream from Blue Creek from April 15 to July 15 in 1989 (Table 6). Downstream .

migration peaked during the last two weeks ofMay (11,725), with large numbers of

chinook salmon also migrating downstream during the first two weeks in June (11,407)

and the last two weeks ofJune (10,037) (Figure 9, Appendix 0). Based on trap catches

~.



44

Table 6. Annual (April 16-July 15) Efficiency-Based and Discharge-Based Abundance
.Estimates of Juvenile Chinook Salmon Migrating Downstream from Blue
Creek, 1989-1992.

Year Efficiency-Based Discharge-Based
1989 48,971 74,026
1990 36,565 26,243
1991 15,615 14,887
1992

8
49,945

a No efficiency-based estimate was derived for 1992 because of poor discharge-trap
efficiency relationship.
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bars) Abundance Estimates ofJuvenile Chinook Salmon Migrating
Downstream from Blue Creek, 1989-1992.
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scaled up by the proportion of stream discharge sampled (Equations (8) and

(9»(Appendix N), the estimated number ofjuvenile chinook salmon migrating

downstream was 74,026 (Table 6), peaking (17,854) during the last two weeks of June

(Figure 9, Appendix 0).

Based on trap catches and corresponding trap efficiency estimates (Equations (6)

and (7» (Appendix N), an estimated 36,565 juvenile chinook salmon migrated

downstream from Blue Creek in 1990 (Table 6). Migration peaked during the last two

weeks in May (11,378) with a substantial number ofjuvenile chinook salmon (9,254)

migrating downstream during the first two weeks ofJune (Figure 9, Appendix 0).

Based on trap catches and corresponding estimates of the proportion of stream

discharge sampled (Equations (8) and (9»(Appendix N), the estimated number of

juvenile chinook salmon migrating downstream for 1990 was 26,243 (Table 6).

Discharge based estimates ofdownstream migration peaked during the last two weeks of

May and the first two weeks ofJune (6,698 and 6,716, respectively) (Figure 9,

Appendix 0).

Based on Equations (6) and (7) (Appendix N), an estimated 15,615 juvenile

chinook salmon migrated downstream from Blue Creek in 1991 (Table 6), with

downstream migration peaking at 7,378 during the last two weeks ofMay (Figure 9,

Appendix 0). Based on Equations (8) and (9)(Appendix N), an estimated 14,887

juvenile chinook salmon migrated downstream in 1991 (Table 6), with the peak of the

downstream migration (5,574) occurring during the last two weeks ofMay (Figure 9,

Appendix 0).
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The poor trap efficiency predictive model for 1992 precluded efficiency-based

estimates the number ofjuvenile chinook salmon migrating downstream from Blue

Creek in 1992. Based on the trap catches scaled up by the proportions of stream

discharge sampled (Equations (8) and (9»(Appendix N), the number ofjuvenile chinook

salmon migrating downstream in 1992 was 49,945 (Table 6). The peak of downstream

migration occurred during late-May (Figure 9, Appendix 0).

Comparison ofTrap Efficiency and Proportion
Qf Stream Discharge Samp~

Estimates of screw trap efficiency when the weir was operated ("actual"

efficiency) were significantly correlated (r=O.78 I, n=21, p<O.OOI) with estimates of the

proportion of stream discharge sampled in 1989 (Table 7). Estimates of trap efficiency

were generally greater than the corresponding estimates of the proportion of stream

discharge sampled (Figure lOA). As stream discharge decreased, the difference between

trap efficiencies and corresponding proportions of stream discharge sampled increased

(Figure lOB).

Trap efficiencies were significantly correlated (r=O.658, n=I2, p=O.020) with the

proportions of stream discharge sampled for the 1990 late season data (Table 7).

Estimates of trap efficiency were gre'ater than corresponding estimates of the proportion

of stream discharge sampled (Figure II A). Estimated trap efficiencies increased as

stream discharge decreased while the proportion of stream discharge sampled remained

fairly constant (Figure lIB). The relationship between trap efficiency and the
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Table 7. Correlation (r), Sample Size (n), and Significance Level (P) Between Juvemle
Chinook Salmon Screw Trap Efficiency and the Proportion of Stream
Discharge Sampled by the Screw Trap on Blue Creek, California, 1989-1991.

Year

1989

1990-Late Season

1991

r

0.781

0.658

0.687

n

21

12

23

p

<0.001

0.020

<0.001
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proportion of stream discharge sampled was similar to that observed in 1989

(Figure lOA).

Trap efficiencies were significantly correlated (r=O.687, n=23, p<O.OOI) with the

proportion of stream discharge sampled in 1991 (Table 7). Estimated trap efficiencies

and the proportions of stream discharge sampled were very similar at lower values

«0.20), but above this value (0.20), the proportion ofstrearn discharge sampled

remained fairly constant as trap efficiency increased (Figure 12A). The proportion of

stream discharge sampled increased slightly as stream discharge decreased (Figure 12B).

As stream discharge decreased, trap efficiency remained relatively constant but then

increased at a rapid rate at stream discharges below 6 ml/s.
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DISCUSSION

The primary objective of this study was to estimate the number ofjuvenile chinook

salmon migrating downstream from Blue Creek. Secondary objectives were to

detennine what factors affect trap efficiency, evaluate the use of mark-recapture

methods in detennining trap efficiency, and investigate the relationships between

estimates of the number ofjuvenile chinook salmon migrating doWnstream based on trap

efficiency and the proportion of stream discharge sampled.

Assessment ofTrap Efficiency

Thedinga et al. (1994) found that the efficiency of screw traps was affected by

stream discharge, trap placement, and the speed ofcone rotation, whereas Roper and

Scamecchia (1996) found that trap placement along the length of a pool did not affect

the efficiency ofa screw trap on wild chinook salmon but did affect the efficiency on

hatchery chinook salmon. During this study several general trends between screw trap

efficiency and factors that were expected to affect trap efficiency were evident.

Estimated trap efficiencies were negatively correlated with stream discharge and with

trap revolutions, and positively correlated with the proportion of stream width sampled

(Table 4). There were also many significant correlations among potential predictor

variables, specifically stream discllarge and trap revolutions, proportion of stream

discharge sampled and proportion of stream width sampled, and trap revolutions and

proportion of stream width sampled.

53
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Selection of the stream discharge variable, (Ln(Q», during stepwise multiple

regression analyses used to develop trap efficiency predictive equations indicated that

stream discharge was generally the principle factor affecting trap efficiency (Table 5).

The prpportion of stream width sampled was also a significant factor for the 1991

efficiency predictive model. Other potential predictor'variables were generally

significantly correlated with the stream discharge (Table 4) which limited their utility in

further defining the relationship between trap efficiency and the predictor variables

(Draper and Smith 1981).

Although regression analysis of the 1992 trap efficiency data resulted in a

significant model, the resulting equation was of little utility because onJy a small portion

of the variation (R2ADJ =0.097) was explained by the model (Table 5). This poor

relationship was probably attributable to the violation of the assumption that

downstream migrant juvenile chinook salmon did not tenninate their nightly migration

between the screw trap and weir. The large distance between the screw trap, located at

the head ofa 80 m long pool, and the weir, located at the tailout of the same pool,

allowed for a significant number of fish to hold/rear in the area between the two traps.

Snorkel surveys of this pool indicated that large numbers ofjuvenile chinook salmon

utilized this pool for holding/rearing. Fin-clipped chinook salmon were also observed
-'
'"

holding in this pool several days to weeks after their release indicating that there was a

delay in migration through the trapping site.

Estimates oftrap efficiency based on unmarked juvenile chinook salmon captured

in the screw trap and weir indicated a general trend of increasing efficiency as stream
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discharge decreased but also indicated that there was substantial variation in trap

efficiency at similar stream discharges (Figure 8). It was expected that at a given stream

discharge, trap efficiency would be relatively stable but the data collected during this

study clearly contradicted this expectation. Although Ashe et al. (1995) grouped trap

efficiency estimates into three periods based on stream discharge, individual trap

efficiency estimates showed an efficiency-stream discharge relationship similar to that

observed during this study (Figure 13). Their data also indicated substantial variation at

similar stream discharges. Other studies (Siler et al. 1984, Giorgi and Simms 1987,

Thedinga et al. 1994) also found that trap efficiency estimates can be highly variable at

similar or moderately stable stream discharges,

Two potential causes of the observed variability oftrap efficiency were fish finding

their way through the weir without being captured, a violation ofthe assumption that the

weir was 100% efficient, and/or fish tenninating their nightly migration after passing the

screw trap but not the weir. Although it is unlikely that the weir was always 1000./0

efficient, it is believed that the assumption of 100% weir efficiency was no~ significantly

violated during this study. Difficulties in maintaining a "fish tight" weir would be

expected to occur at higher stream discharges due to the increased water depth and

velocity. If there had been a problem with the weir being "fish tight", then a negative

correlation between stream discharge and the proportion ofeach mark-recapture group

recovered in the screw trap and weir would be expected. This would be due to marked

fish escaping through the weir, resulting in a lower recovery rates for release groups

during higher stream discharges. During this study, the proportion ofmarked fish

--------------._---_.
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released that were recaptured in the screw trap and weir was not significantly correlated

with stream discharge, indicating that the trapping effectiveness of the weir was not

affected by stream discharge.

Delays in the downstream migration ofjuvenile chinook salmon between the screw

trap and weir could have led to increased variation in observed trap efficiency estimates

because the actual number offish migrating past the screw trap would be unknown.

This would lead to overestimation oftrap efficiency if fish ceased their migration

between the screw trap and weir and, conversely, if significant numbers offish that were

rearing/holding below the screw trap then entered the weir, then trap efficiency would be

underestimated. The potential effect offish not migrating through the trapping site on

. the variability oftrap efficiency estimates was most evident in the data collected in 1992

(Figure 8). Large concentrations of fish were observed rearinglholding above the weir

which greatly affected the variability in trap efficiency estimates. Although small schools

of fish were intermittently observed rearinglholding above the weir during other years, it

is not believed that this had a significant influence on trap efficiency estimates or their

variability.

It is believed that the variability observed in trap efficiency estimates, excluding

1992 data, was an accurate representation of the variability that occurred during juvenile

salmonid monitoring activities in Blue Creek. Only if the distribution of downstream

migrant chinook salmon was consistent at a given flow would stable trap efficiencies be

expected. Based on data collected during this study, it appears that the distribution of

fish as they migrate downstream is somewhat variable. This demonstrates the
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importance of assessing the variability of trap efficiencies at similar stream discharges,

possibly through replicate mark-recapture release groups.

Mark-Recapture Efficiency EstimatioD

Mark-recapture techniques are often,used to estimate trap efficiencies in fish

population assessments (Krema and Raleigh 1971, Siler et aI. 1984, Dempson and

Standbury 1991, Thedinga et aI. 1994, Ashe et aI. 1995) but violation of the underlying

assumptions of the mark-recapture methodology can greatly affect the validity of the

results. Due to the size of the Blue Creek watershed, it was possible to operate the weir

and collect data to evaluate the "actual" efficiencies ofthe screw trap at varying flows

and compare these to mark-recapture efficiency estimates.

Mark-recapture techniques used in this study resulted in estimates of trap

efficiency that were negatively biased, averaging 50% of"actual" trap efficiency

(Figure 7A). It is likely that the negatively biased efficiency estimates were due to

violations offour ofthe five assumptions invoked while employing mark-recapture

techniques. The assumptions that marked fish migrated downstream immediately after

release (assumption #2) and marked fish had the same distribution as unmarked fish

(assumption #3) were violated to varying degrees. It is also believed that the assumption
...:...."

that fish did not lose their marks (assumption #4) and marked fish experienced no

mortality after release (assumption # 1) were violated and contributed to the negative

bi~ in efficiency estimates.

t. ~
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It was expected that virtually all of the marked chinook salmon would be

recaptured in the screw trap or weir within a day or two after release but total recoveries

of marked chinook only averaged 63% for all release groups and substantial delays in

migration were observed, the longest being 48 days after release. In 1989 and 1990, it

was impossible to determine if the failure to recover the majority of the marked fish was

due to delays in migration (violation ofassumption #2), potentially leading to poor mark

retention (violation ofassumption #4), and/or to the intennittent operation of the weir

which would have allowed marked fish to pass the trapping site without being accounted

for unless they were captured in the screw trap. Lack of continuous trapping, especially

with the weir, and a short tenn mark had an unquantifiable negative affect on the

estimates of total recovery for 1989 and 1990 data. In 1992, changes in the mark used

(partial fin clips) and weir operation (almost continuous operation once it was installed)

were initiated in an attempt to obtain a better accounting of the marked fish and delays

in migration. These data indicated that the assumption that marked fish migrated soon

after release was consistently violated with an average of 78% of recovered marked fish

being recaptured· the day following release and 91% within five days after release.

Violation ofthe assumption that marked chinook salmon had the same distribution

as unmarked chinook salmon (assumption #3) also contributed to the negative bias in

mark-recapture efficiency estimates. The distributions of marked and unmarked fish

were significantly different in 25% of the mark-recapture efficiency tests based on

recaptures within one day of release and 190;'0 when recaptures within .two days of

release were included. Mark-recapture efficiency estimates based on the proportion of
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recaptured chinook salmon captured in the screw trap, averaging 87% of"actual" trap

efficiency (Figure lOB), provided a measure of the negative bias due to the violation of

this assumption because these estimates of trap efficiency are free of the assumptions of

"no mortality" and "immediate migration".

It appears that the assumption that marked fish experience no mortality after

release (assumption # I) was violated during this study. Overall, only 63% of marked

fish were recovered during this study and only 61% were recovered during 1992

trapping operations when continuous trapping was conducted. The "loss" ofmarked

fish was probably primarily due to mortality of marked fish and most likely due to

predation, since marking mortality was generally low (Appendix H). During this study,

reduced ability for predator avoidance due to stress induced by capture, marking,

transporting, and release may have had a significant impact on survival ofmarked fish

once they were released. Fish exposed to significant levels of stress are more susceptible

to increased predation (Sigismondi and Weber 1988, Schreck et aI. 1989, Mesa 1994).

Physiology studies (Wedemeyer 1972, Barton et aI. 1986, Mesa 1994) have

demonstrated that juvenile salmonids typically require 3 to 24 h to recover from stress;

in some cases recovery may take up to three days (Taylor 1988).

Blue Creek supports a large population of prickly sculpin (Co.~) which were
...:....

often captured in the screw trap and usually contained juvenile salmonids in their

stomachs, some ofwhich were marked fish. Although the unnatural condition of being

retained in the live box in close proximity to each other may have increased sculpin

predation, it probably also occurs at high levels in the stream, especially on marked fish



suffering from handling stress. Steelhead and cutthroat trout also inhabit·Blue Creek

and were potential predators of marked chinook. Rodgers et al. (1992) believed that

coho salmon population estimates in Beaver Creek, Oregori, may have been affected by

mortality of marked fish or by predation by cutthroat trout, while Hillman (1989) found

that shorttiead sculpin (!:. confusys) were effective predators ofjuvenile chinook salmon

in streams.

Overall, the use of the mark-recapture methodology to estimate trap efficiency

was ineffective in Blue Creek due to violations of several of the assumptions invoked

while utilizing this method. The large negative bias in mark-recapture efficiency

estimates observed during this study can be attributed primarily to: (1) mortality of

marked fish, possibly due to a reduced predator avoidance resulting from handling

stress, (2) delayed migration affecting the capture probability ofmarked fish, and (3)

differential distribution ofmarked fish and unmarked fish, also affecting capture

probability.

Use of trap efficiency estimates from mark-recapture data to generate estimates of

abundance would have led to substantial overestimates of the number ofjuvenile

chinook salmon migrating downstream in this study. These results demonstrate the

importance of testing the assumptions of mark-recapture techniques, especially the

critical assumptions of no mortality and equal capture probability, as suggested by

Connack (1968), Seber (1970), and Cone et al. (1988).
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Size Djfferences of Chinook Salmon Captured
in the Screw Trap and Weir

Juvenile chinook salmon captured in the screw trap were generally larger than

chinook salmon captured in the weir (Table 3, Appendix G). This can be attributed to:

(1) placement of the trap in the thalweg, where water velocities were the greatest, and

(2) preference for faster water velocities by larger fish (Chapman and Bjornn 1969).

Although many of the size differences of chinook salmon captured in the screw trap and

weir were statistically significant, the differences were relatively small, averaging 5.0 rom

for all tests.

Cramer et a1. (1990) found that the mean size ofmarked chinook salmon

recaptured below an agricultural diversion facility was significantly larger than the mean

, size of fish released. They attributed this to the loss of smaller sized fish through the

diversion due to their reduced capability ofavoiding entrainment because ofweaker

swimming ability. Thedinga et al. (1994) noted that the size distribution of recaptured

salmonids represented the "middle size range" when compared to the size distribution of

release groups. They did not believe that these differences would affect population

estimates because the differences were slight and recaptured fish represented the middle

of the distribution of released fish.

In this study, the difference in the size offish captured in the screw trap and weir

indicated that the operation of the screw trap was selective for larger fish. Size selection

could lead to biases in population estimates when utilizing mark-recapture techniques to

determine trap efficiency. Fish captured in the screw trap, marked, and then released,



',' -. ~

63

may have higher probability of recapture than unmarked fish due to the trap's selectivity,

violating the assumption of equal capture probability. Cone et al. (1988) found that the

. major cause of unreliable brook trout (Salyelinus fontinalis) population estimates was a

violation of the equal capture probability assumption. Beukema and DeVos (1974)

found that population estimates of carp (Cyprinus~) were either negatively or

positively biased when the same method ofcapture and recapture was used. They also

found that population estimates were not biased when different sampling gears with a

different selectivities were used for capture and recapture.

Although the screw trap operated in Blue Creek was selective for larger juvenile

chinook salmon, it is not believed that this had any affect on mark-recapture efficiency

estimates because a representative sample offish captUred in the screw trap and weir,

which sampled the entire migrating population, was used for each mark group. The

observed selectivity ofthe screw trap for larger individuals does indicate that the

potential biases due to the selectivity of this sampling device and its potential affect on

capture probability.

Estimates ofJuyenile Chinook Salmon
Downstream MigratioD

Based on efficiency-based estimates, the number ofjuvenile chinook salmo.n

migrating downstream from Blue Creek during the spring/summer time period ranged

from 15,615 in 1991 to 48,971 in 1989, and averaged 33,717 during this study. The

relatively low Dumbers ofjuvenil,e chinook salmon migrating downstream from Blue

.•.lIl .
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Creek coincided with some of the lowest natural faU chinook spawning escapements

observed in the Klamath River Basin since comprehensive monitoring was initiated in

1978 (KRFCRT 1994), suggesting that production may have been spawner limited.

Although.it is believed that the majority ofjuvenile chinook salmon migrate downstream

from Blue Creek as subyearlings, the estimates ofjuvenile chinook salmon downstream

migration generated during this study do not include fish that continue to rear in the

stream throughout summer. Juvenile chinook salmon downstream migration generally

peaked during the last two weeks ofMay but downstream migration continued until the

end of trapping operations and juvenile chinook salmon were observed in Blue Creek

throughout the summer.

Although the spawning escapement in Blue Creek was once th~ught to be 5,000

to 10.000 fall chinook (DeWitt 1951), the spawning escapements during this study were

undoubtedly much smaller than this. Due to the highly variable stream discharge in Blue

Creek during fall chinook salmon spawning, recent spawning surveys (redd and live fish

counts) conducted by U.S. Fish and Wildlife Service have not provided consistent redd

Offish counts (Stem and Noble 1990). This lack ofconsistent spawning escapement

data precludes a comparison of spawners and resultant progeny. Gilroyet aI. (1992)

estimated that Blue Creek contained sufficient spawning habitat to accommodate a
0<

minimum of 1,153 pairs of fall chinook salmon. Based on this estimate of 1,153

potential redds, 4,000 eggs/female (Rowdy Creek Hatchery, Smith River, 1992-1993

data), and egg to downstream migrant survival averaging 0.12 (weighted average for

Fall Creek fall chinook salmon in Wales and Coots 1954). Blue Creek has the potential
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to produce approximately 550,000 juvenile chinook salmon downstream migrants,

providing that fiy/juvenile rearing habitat is not limited. The estimated number of

juvenile chinook salmon migrating downstream from Blue Creek during this study

averaged only 6% of the potential number of downstream migrants that might

reasonably be produced in Blue Creek.

Comparison ofEfficiency-Based and Discharge-Based Estimates
ofJuyenUe Chinook Salmon Downstream Migration

Although fishery managers often desire numerical estimates of fish abundance,

difficulties in estimating trap efficiencies often make such estimates unattainable. One of

the objectives of this study was to assess the relationship between efficiency-based and

discharge-based estimates ofjuvenile chinook salmon downstream migration and to

determine ifdischarge-based estimates were a valid surrogate for efficiency-based

estimates. For data collected during 1989 and 1990-late season monitoring operations,

estimated trap efficiencies were positively and significantly correlated with the

proportions of stream discharge sampled (Table 7). Trap efficiencies were generally

greater than corresponding proportions of stream discharge sampled but the

relationships between trap efficiencies and the proportions ofstream discharge were very

similar for both years.

Trap efficiency and proportion of stream discharge sampled data collected in 1991

were significantly correlated, but the linear relationship between these data deteriorated

above efficiencies ofapproximately 0.20 (Figure 12A) and stream flows ofless than

:'1';:
' .....•
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6.0 m3/s (Figure 12B). The relationship between trap efficiency and the proportion of

stream discharge sampled was ideal at trap efficiency values of less than 0.20, in that

values of trap efficiency and the corresponding proportion of stream discharge sampled

were very similar (Figure 12A).

As stream discharge decreased, the difference in values of trap efficiency and the

proportion of stream discharge sampled may have been minimized ifmodifications to the

stream were undertaken to guide more of the flow through the trap. This would have

increased the proportion ofstream discharge sampled at lower flows, when the

differences between efficiency and the proportion ofstr~ discharge sampled increased

(1989 and 1990-late season data, Figures 10 and 11) or the relationship completely

deteriorated (1991 data, Figure 12). But modifications to the stream to increase flow

through the trap would have undoubtably affected the distribution ofjuvenile chinook

salmon downstream migrants which could have compromised the relationship between

trap efficiency and the proportion ofstream discharge sampled.

The relationships between trap efficiency and the proportion ofstream discharge

sampled influenced the differences between semimonthly efficiency-based and discharge-

based estimates ofjuvenile chinook salmon downstream migration. As stream discharge

decreased, the difference between v~ues oftrap efficiency and proportion of stream

discharge sampled generally increased which led to increased differences of semimonthly

efficiency-based and discharge-based estimates (Figure 9). This was especially evident

in the 1989 data.
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The ease with which discharge-based estimates ofjuvenile salmonid downstream

migration can be generated makes them desirable, but they are of little utility unless a

significant relationship between trap efficiency and the proportion of stream discharge

sampled exists and can be verified. The similarity of the relationships between trap

efficiency and the proportion of stream discharge sampled in 1989 and 1990-late season

suggest that there may be some utility in discharge-based estimates (Figures lOA and

11 A). But data collected during this study also indicate that the relationship between

trap efficiency and the proportion of stream discharge sampled can change: (1) during

the sampling season (1990 early- and late-season data), (2) from one season to the next

at the same site (1989 and 1990 data), and (3) at different trapping sites (1989 and

1991).

Some ofthe data collected during this study indicate that discharge-based

estimates ofmay be useful for assessing the magnitude ofjuvenile salmonid downstream

migration, but only ifa relationship between trap efficiency and the proportion ofstream

discharge sampled exists and can be verified at varying flows and between years.

Caution should also be used in relying solely on discharge-based estimates of

downstream migration, even' if the relationship between trap efficiency and the

proportion of stream discharge sample9~is verified and consistent. Changes in the timing

ofdownstream migration can lead to the generation ofdischarge-based estimates that

are not comparable between years, unless the corresponding values of trap efficiency and

the proportion of stream discharge sampled are very similar throughout the range of

discharges sampled.

-..
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Appendix A. Gage Height (GH) and Stream Discharge (Q) Data for Blue Creek, 1989-1992.
. Date GH (m) .. Q (ro3/s) Date GH (m)

Jan 20, 1989 0.90 34.1 Aug 22, 1990 0.29
Jan 26, 1989 0.85 28.2 Oct 10, 1990 0.21
Jan 31, 1989 0.87 30.8 Apr 17,1991 0.74
Feb 13, 1989 0.63 13.5 May 6, 1991 0.62
Feb 21, 1989 0.77 22.6 May 10, 1991 0.65
Mar 1, 1989 0.75 21.0 Jun 25, 1991 0.40
Apr 14, 1989 0.83 26.5 Ju125, 1991 0.30
Apr 22, 1989 0.70 17.6 Aug 7,1991 0.27
Apr 27, 1989 0.64 14.2 Sep 5, 1991 0.24
May 7, 1989 0.56 11.2 Sep 24, 1991 0.20
May 14, 19,~9 0.50 8.9 Oct 9, 1991 0.18
May 19, 1989 0.47 7.6 Oct 28, 1991 0.31

~ May 22, 1989 0.45 6.7 Nov 18, 1991 0.77
May 31, 1989 0.57 11.3 Dec 5, 1991 0.36
Jun 7, 1989 0.47 7.5 Dec 16, 1991 0.43
Jun 14, 1989 0.43 5.9 Jan 3, 1992 0.42
Jun 19,1989 0.41 5.8 Jan 24, 1992 0.46
Jul 12, 1989 0.34 4.8 Feb 6, 1992 0.65
Sep 4,1989 0.26 2.0 Feb 18, 1992 0.83
Oct 3, 1989 0.24 1.7 Jun 24, 1992 0.32
Apr 24, 1990 0.70 15.9 Jul 8,1992 0.30
May 11, 1990 0.46 6.0 luI 23, 1992 0.26
May 18, 1990 0.42 5.5 Aug 5, 1992 0.23
May 24, 1990 0.67 14.6 Aug 25, 1992 0.19
Jun 21, 1990 0.60 10.8 Sep 30, 1992 0.16
Jun 26, 1990 0.54 8.5 Nov 3, 1992 0.33
Jul 20, 1990 0.39 4.8

3.0
1.9

18.8
1.9

13.1
5.0
3.1
2.5
2.1
1.7
1.6
3.2

19.5
4.0
5.7
5.5
5.9

12.8
21.7

3.0
2.8
2.4
2.0
1.5
1.2
3.2

".(



Appendix B. Stream Width (W) at the Trapping Site at Various Stream Discharges (Q) in
Blue Creek. 1989-1992.

Date W (m)
Apr 30,1989 36.9
May 6, 1989 24.6
May II, 1989 24.0
Joo 9,1989 16.4
May 3, 1990 12.6
May 11, 1990 1l.5
May 17. 1990 11.1
Joo 16. 1990 17.1
Joo21.1990 17.1
Joo 29, 1990 13.4
luI 6, 1990 13.4
Julil. 1990 12.9
Jul 20, 1990 12.9
JuI 26. 1990 12.5
Aug 3, 1990 12.0
Apr 16, 1991 23.1
Apr 22,1991 21.5
Apr 25.1991 23.1
Apr 29,1991 21.5
May 8. 1991 23.1
May 9. 1991 21.5
May 31. 1991 . 18.5
Joo 4. 1991 15.4

Jun 18, 1991 12.3
Jun 19. 1991 15.4
Jun 24, 1991 15.4
Jull1. 1991 13.8
Aug 2,1991 2.3
May 4.1992 25.8
May 5. 1992 25.8
May 20. 1992 18.4
Joo 20. 1992 16.6
Jun 21. 1992 16.6
Jun 29.1992 19.7
Jun30.1992 19.1
lui 1.1992 19.1
Jul 3. 1992 16.2
JuI 4, 1992 16.6
lui 6, 1992 18.8
JulIO. 1992 18.8
lul 14. 1992 16.3

75

15.0
12.2
9.5
7.2
8.7
6.8
5.8
13.7
11.1
8.3
7.8
6.2
5.2
4.5
3.7
17.2
14.8
18.2
15.4

.17.2
14.1
11.2
8.5
6.0
6.3
5.6
3.9
2.8
10.8
10.3
6.8
3.7
3.6
4.6
4.6
3.9

. 3.5
3.7
3.5
2.9
2.6
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Appendix C. Estimated Stream Discharge (m3/s) at the Gage Station (QgagJ and
Trapping Sites (Qtmp) in Blue Creek, 1990-1992.

.::;~.;~.
. ~••:'.'j

i

..~ :

Date QQBlj QIrJp
May 18, 1990 5.6 5.3
May 24,1990 14.6 14.4
Sep 5, 1990 2.1 2.2
Sep 24, 1990 1.7 1.6
Oct 9, 1991 1.6 1.4
Oct 28, 1991 3.5 3.3

,:.:" Dec 5, 1991 4.0 3.8
_c" Dec 16, 1991 5.7 5.6,

Jan 3, 1992 5.5 5.4
;;., Jan 24, 1992 5.9 6.2;.

·r; Feb 6, 1992 12.8 12.8~.~;
!.

K
ij
:~
il,
,;,.
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AppendixD. Estimated Daily Stream Discharge (Q (m3/s» at the Blue Creek Gage
Station During Trapping Operations, 1989-1992.

Date Q Date Q Date Q
04111/89 30.6 05121/89 7.2 06/30/89 6.0

04112189 29.0 05122189 7.0 07/01/89 5.5
,. 04/13189 27.9 05123/89 10.7 07/02189 5.1

"t';
05124/89 07/03/89;-~: 04/14189 26.6 16.5 4.6

.(

ri 04/15/89 25.8 05125/89 15.2 07/04/89 4.8
t 04/16/89 24.3 05126/89 13.2 07/05/89 4.4
~;.

04/17189 22.8 05127/89 13.0 07/06/89 4.3
'J'
~ .-.,.

05128/89 07/07/89i.:. 04118/89 21.3 12.7 4.1
,",
l~{ 04/19/89 19.7 05129/89 12.4 07/08/89 4.0

f
04/20189 18.7 05130/89 12.1 07/09/89 4.0

'.'\
04/21/89 17.6 05/31/89 11.7 07/10/89 3.9

04/22189 18.0 06/01/89 11.3 07111189 3.9

~' 04/23/89 18.9 06102189 10.2 07112189 3.8. ',:

?- 04/24/89 17.9 06103/89 9.6 07/13/89 3.8
'~'. 04/25/89 17.0 06/04/89 8.9 07/14/89 3.7
,.}

04/26/89 16.1 06105/89 8.3 07/15/89 3.7/.,..';
~;i:~

04/27/89 15.2 06/06/89 8.1 07/16/89 3.6~.
~;

\i;:
04/28/89 14.7 06107/89 7.7 07/17/89 3.6~~:-

I 04/29/89 14.4 06108189 7.5 07118/89 3.6
co<

i 04/30/89 15.0 06/09/89 7.2 07/19/89 3.6

~i~ 05/01/89 14.4 06110/89 7.0 07120/89 3.6
;-i,

05/02189 14.0 06111/89 6.8 07121/89 3.5,.
05/03/89 13.5 06112189 6.6

'f 05/04/89 13.1 06113/89 6.3 04/11/90 10.2

& 05/05/89 12.6 06/14/89 6.2 04112190 10.0
;~:

05/06/89 12.2 06/15/89 6.3 04/13/90 9.9"'.
~~;.

~~::: 05/07/89 11.4 06116189 6.1 04/14/90 9.9

~~~ 05/08/89 11.5 06117/89 5.9 04/15/90 9.9
05/09/89 10.8 06/18/89 5.8 04116190 9.8

.,
05/10/89 10.2 06119189 5.6 04/17/90 9.3i<

f~: 05111/89 9.5 06/20/89 5.5 04/18/90 8.8

05112189 9.2 06121/89 5.4 04/19/90 8.2

05/13/89 8.9 06122189 5.2 04/20/90 8.1

05/14/89 8.8 . 06123/89 5.1 04/21/90 8.0

05/15/89 8.6 06124/89 5.0 04/22190 10.2

05/16/89 8.4 06125/89 4.9 04/23/90 12.3
05/17/89 8.2 06/26/89 4.8 04/24/90 14.5

05/18/89 8.0 06127/89 4.8 04/25/90 12.0
05/19/89 7.7 06128/89 4.7 04/26/90 11.0
05/20/89 7.5 06/29/89 5.3 04/27/90 10.0
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.... Appendix D. Estimated Daily Stream Discharge (Q (m3/s» at the Blue Creek Gage
r{
~} Station During Trapping Operations, 1989-1992. (continued):':;;;

k: Date Q Date Q Date Qlr,:.
f.". 04/28/90 9.9 06/07/90 25.5 07/17/90 5.4L

04/29/90 9.7 06/08/90 25.5 07/18/90 5.2
04/30/90 .. 9.5 06/09/90 23.2 07119/90 5.2
05/01190 9.4 06/10/90 21.0 07/20/90 5.2
05/02/90 9.4 06111190 . 18.7 07/21/90 5.0
05/03/90 8.7 "06/12/90 16.5 07/22/90 4.8
05/04/90 8.3 06/13/90 15.4 . 07/23/90 4.6
05/05/90 8.0 06/14/90 14.3 07/24/90 4.5
05/06/90 7.8 06/15/90 13.7 07/25/90 4.5
05/07/90 7.5 06/16/90 13.2 07/26/90 4.5

"" 05/08/90 7.2 06/17/90 12.8 07/27/90 4.4
05/09/90 7.1 06/18/90 12.4 07/28/90 4.3
05/10/90 7.0 06/19/90 12.0 07/29/90 4.1
05111190 6.8 06/20/90 11.1 07/30/90 4.0
05/12/90 6.6 06/21/90 11.1 07/31/90 3.9

,
05/13/90 6.4 06/22/90 10.4 08/01/90 3.8

;';
c'

05/14/90 6.3 06/23/90 10.1 08/02/90 3.7
05/15/90 6.2 06/24/90 9.7 08/03/90 3.6

~: 05/16/90 . 6.0 06/25/90 9.3
"05/17/90 5.8 06/26/90 9.1 04/11/91 21.5
05/18/90 5.8 06/27/90 8.7 04/12/91 20.2

~[ 05/19/90 7.1 06/28/90 8.4 04/13/91 19.4
;;,

OS/20/90 8.3 06/29/90 8.3 04/14/91 18.6
OS/21190 11.4 06/30/90 8.1 04/15/91 17.8
OS/22/90 13.6 07/01/90 8.0 04/16/91 17.2
OS/23/90 15.9 07/02/90 7.8 04/17/91 16.4
OS/24/90 14.0 07/03/90 7.5 04/18/91 16.1
OS/25/90 13.1 07/04/90 7.5 04/19/91 15.7
OS/26/90 14.8 07/05/90 7.4 04/20/91 15.7
OS/27/90 16.5 07/06/90 7.8 04/21/91 15.6
OS/28/90 18.2 07/07/90 7.4 04/22/91 15.6
OS/29/90 19.9 07/08/9tJ 7.0 04/23/91 14.5

05/30/90 23.4 07/09/90 6.6 04/24/91 16.3
05/31/90 24.1 07/10/90 6.3 04/25/91 18.2
06/01190 24.7 07/11/90 6.2 04/26/91 17.4
06/02/90 25.4 07112/90 6.0 04/27/91 16.6
06/03/90 26.0 07/13/90 5.8 04/28/91 15.9
06/04/90 26.7 07/14/90 5.7 04/29/91 15.1
06/05/90 25.9 07/15/90 5.5 04/30/91 14.8
06/06/90 25.1 07/16/90 5.4 05/01/91 14.3
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AppendixD. Estimated Daily Stream Discharge (Q (m3/s)) at the Blue Creek Gage
Station During Trapping Operations, 1989-1992. (continued)

Date Q Date Q Date Q
05102191 13.6 06/11191 6.9 07/21/91 3.6

05/03/91 13.4 06112191 6.8 07/22191 3.5

05/04/91 12.9 06/13/91 6.5 07/23/91 3.5

05/05/91 12.5 06/14/91 6.5 07/24/91 3.4

05/06/91 12.0 06/15/91 6.3 07/25/91 3.4

05/07/91 11.9 06/16/91 6.2 07/26/91 3.3

05/08/91 17.2 06/17/91 6.0 07/27/91 3.2

05/09/91 14.1 06118/91 6.0 07/28/91 3.2

05/10/91 13.1 06/19/91 6.3 07/29/91 3.1
05/1 1191 12.9 06/20/91 6.0 07/30/91 3.0

05112191 12.8 06/21191 5.8 07131191 2.9

05/13/91 12.6 06122191 5.7 08/01191 2.9

05/14/91 11.9 06123/91 5.6 08/02191 2.8

05115/91 11.2 06124/91 5.5 . 08/03/91 2.8

05116/91 11.9 06125/91 5.5 08/04/91 2.8

05117/91 13.2 06126/91 5.4 08/05191 2.8

05118/91 13.0 06127/91 5.4 08106/91 2.7

05119/91 12.8 06128/91 5.3 08/07/91 2.7

05/20/91 12.6 06/29191 5.2 .08/08/91 2.6

OS/21/91 12.4 06130/91 5.1 08/09/91 2.6
OS/22/91 11.9 07/01191 5.0 08/10/91 2.5

05123/91 10.8 07/02191 4.8 08111191 2.4

OS/24/91 10.4 07/03/91 4.6 08112191 2.4

05/25191 10.1 07/04/91 4.5 08/13/91 2.4

OS/26/91 9.7 07/05/91 4.4 08114/91 2.3

OS/27/91 9.3 07/06/91 4.3
OS/28/91 8.9 07/07/91 4.2 04/07/92 7.1

OS/29/91 10.1 07/08/91 4.1 04/08/92 7.0

05/30/91 11.2 07/09/91 4.1 04/09/92 11.8

05/31191 11.2 07110/91 4.0 04/10/92 30.7

06/01/91 10.3 07/11/91 3.9 04/1 1/92 27.9

06/02191 9.5 07/12/91 3.9 04112192 25.1

06/03/91 8.6 07/13/91 3.8 04/13/92 22.3

06/04/91 8.5 07/14/91 3.8 04/14/92 21.8

06/05/91 8.0 07/15/91 3.8 04/15/92 19.6

06/06/91 7.7 07116/91 5.2 04/16/92 22.0

06/07/91 7.5 07/17/91 5.1 04/17/92 22.1
06/08/91 7.3 07118/91 4.2 . 04/18/92 22.1

~~{
06/09/91 7.1 07/19/91 3.9 04/19/92 22.1

:': 06/10/91 6.9 07/20/91 3.8 04/20/92 22.2
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Appendix D. Estimated Daily Stream Discharge (Q (m3/s)) at the Blue Creek Gage\1'

~" - Station During Trapping Operations, 1989-1992. (continued)'.
~",

Qis,: Date Q Date 0 Date
I';.'.,',

04/21/92 22.2 05/19/92 6.8 06/17/92 4.0(',

"

04/221.92 20.4 05120/92 6.8 06/18/92 3.9
04/23/92 18.3 OS/21/92 6.6 06/19/92 3.7
04/24/92 17.3 05122192 6.3 06120/92 3.7..

04/25/92 16.4 05123/92 6.1 06121/92 3.6
\

04/26/92 15.4 OS/24/92 5.9 06122192 3.5
04/27/92 14.4 05125/92 5.8 06123/92 3.5
04/28/92 13.5 05/26/92 5.7 06124/92 3.4
04/29/92 12.8 OS/27/92 5.6 06125/92 3.3
04/30/92 14.1 OS/28/92 5.5 06126/92 3.3

~~
05/01/92 12.4 OS/29/92 5.3 06127/92 3.2

~ 05/02/92 11.8 05/30/92 5.2 06128/92 3.2
~'" 05/03/92 11.2 05/31/92 5.1 06129/92 4.6:.,.'
'j, 05/04/92 10.6 06/01/92 5.0 06/30/92 4.6

05/05/92 10.3 06/02/92 4.8 07/01/92 3.9
~~ 05/06/92 9.9 06/03/92 4.8 07/02192 3.6l}i
~. 05/07/92 9.5 06/04/92 4.7 07/03/92 3.5

I 05/08/92 9.5 06/05/92 4.6 07/04/92 3.7
05/09/92 9.1 06/06/92 4.4 07/05/92 3.5

I 05/10/92 8.8 06/07/92 4.4 07/06/92 3.4
05/11/92 8.4 06108/92 4.3 07/07/92 3.2

, 05/12/92 8.1 06/09/92 4.2 07/08/92 3.1
'. 05/13/92 7.8 06/10/92 4.2 07/09/92 2.9
;',

05/14/92 07iIO/92ij" 7.7 06/11/92 4.1 2.9
05/15/92 7.3 06/12192 4.2 07/11/92 2.8

r'~i' 05/16/92 7.2 06/13/92 4.6 07/12/92 2.8e;:
{f.,

05/17/92 7.1 06/15/92 07/13/92 2.7of' 4.2',;",.

05/18/92 6.8 06/16/92 4.1 07/14/92 2.6
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Appendix E. Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping Operations in Blue Creek, 1989-1992. [Q = stream discharge

. (m3/s), PQ = proportion of stream discharge sampled, PW = proportion
of stream width sampled, RM =trap revolutions per minute, Ns = number
ofchinook captured in the screw trap, Nw = number of chinook captured
in the weir, E =screw trap efficiency].

Date Q PQ PW RM Ns Nw E
04/12/89 29.8 0.099 0.035 11.6 19
04/13/89 28.5 0.105 0.037 10.6 24
04/14/89 27.3 0.110 0.038 10.3 1
04/15/89 26.2 0.102 0.040 9.6 2
04/19/89 20.5 0.085 0.051 6.2 14
04/20/89 19.2 0.092 0.055 6.3 16 144 0.100
04/21/89 18.2 0.102 0.058 6.6 3
04/22/89 17.8 0.103 0.059 6.6 5
04/23/89 18.4 0.104 0.057 6.8 3
04/27/89 15.6 0.141 0.067 6.3 12
04/28/89 14.9 0.154 0.070 4.2 14
04/29/89 14.6 0.139 0.072 3.4 8
04130/89 14.7 . 0.139 0.071 5.8 6"
05/01/89 14.7 0.157 0.071 6.5 41
05/04/89 13.3 0.221 0.079 8.1 125 712 0.149
05/05/89 12.9 0.215 0.082 8.1 222 627 0.261
05/06/89 12.4 0.224 0.084 7.8 234 435 0.350
05/07/89 11.8' 0.249 0.889 8..1 314
05/08/89 11.5 0.261 0.092 8.5 191
05/11/89 9.8 0.287 0.107 7.7 289
05/12/89 9.4 0.255 0.112 7.2 214 265 0.447
05/13/89 9.1 0.214 0.116 6.7 227 312 0.421
05/14/89 8.8 0.226 0.119 6.4 125
05/15/89 8.7 0.240 0.121 6.2 127
05/19/89 7.9 0.365 0.134 7.7 199 442 0.310

~:,: OS/23/89 8.9 0.346 0.119 8.3 505
P~: OS/24/89 13.6 0.218 0.077 7.8 137. :~"

OS/25/89 15.8 0.169 0.066 6.8 169
.!'..:..

OS/26/89 14.2 0.193 0.074 7.0 131..~;

~.' "05/31/89 11.9 0.234 '0.088 7.1 180 365 0.330
~,

06/01/89 11.5 0.214 0.092 5.8 153 216 0.415J
:,. 06/02/89 10.7 0.225 0.098 5.5 142 199 0.416

06/06/89 8.2 0.366 0.128 6.0 427
~.~ 06/07/89 7.9 0.375 0.133 6.1 597
~:. 06/08/89 7.6 0.393 0.137 7.0 662·r;'·
~~;"

;V:
~'

;;:,
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Appendix E. Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping Operations in Blue Creek, 1989-1992. [Q = stream discharge
(m3/s), PQ = proportion of stream discharge sarnpled, PW = proportion
of stream width sampled, RM ~ trap revolutions per minute, Ns = number
of chinook captured in the screw trap, Nw = number of chinook captured

1} in the weir, E = screw trap efficiency]. (continued)
~:. Date· Q PQ PW RM Ns N· E:il,,", w
;(

06/09/89 7.4 0.440 0.142 7.6 690:~.

g
t }i 06/13/89 6.4 0.470 0.163 6.2 374 252 0.597

"'. 06/14/89 268 127 0.678. f/-: 6.3 0.468 0.168 5.9
~. 06/15/89 6.3 0.479 0.168 5.8 318 166 0.657
~l.
,,:.,

06/17/89 6.0 0.518 . 0.174 6.2 138''':"
j~'

;j: 06/18/89 5.9 0.523 0.179 6.0 206f·
06/19/89 5.7 0.536 0.184 6.0 307
06/20/89 5.5 0.531 0.189 5.7 457 123 0.788
06/21/89 5.4 0.497 0.194 5.2 218
06/22189 5.3 0.441 0.199 5.2 227
06/23/89 5.1 0.436 0.204 5.6 242
06/27/89 4.8 0.415 0.219 5.0 418 125 0.770
06/28/89 4.7 0.416 0.223 4.9 495 82 0.858
06/29/89 5.0 0.362 0.211 5.4 997
06/30/89 5.6 0.327 0.186 6.6 1,486 845 0.637
07/04/89 4.7 0.332 0.217 5.5 207
07/05/89 4.6 0.306 0.221 5.1 554
07/06/89 4.4 0.318 0.233 5.0 275 118 0.700
07/07/89 4.2 0.328 0.242 5.0 216 81 0.727
07111189 3.9 0.346 0.260 2.5 361
07112189 3.9 0.352 0.264 2.3 269 84 0.762
07113/89 3.8 0.368 0.266 4.6 368 74 0.833
07114/89 3.8 0.386 0.269 2.3 190
07118/89 3.6 0.384 0.282 5.0 65
07/19/89 3.6 0.377 0.281 5.0 65
07/20/89 3.6 0.415 0.293 5.0 64
07/21/89 3.5 0.499 0.296 5.0 64

-'
04/12190 10.1 0.280 0.163 9.8 32
04/13/90 10.0 0.253 0.165 9.3 20
04116/90 9.9 0.301 0.166 9.4 25

;; :;: 04/19/90 8.5 0.398 0.175 10.9 18 363 0.047
, ~ .

04/20/90 8.2 0.404 0.178 10.7 16::.
'~ft·
.)', 04/21190 8.0 0.387 0.179 10.1 32it

04/24/90x· 13.4 ·0.189 0.144 8.6 18
.:·l~.

ji
S::"
Ii'
,,~,
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Appendix E. Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping'Operations in Blue Creek, 1989-1992. [Q = stream discharge
(m3/s), PQ =proportion ofstream discharge sampled, PW = proportion
ofstream width sampled, RM =trap revolutions per minute, Ns =
number of chinook captured in the screw trap, Nw = number of chinook

'.'

captured in the weir, E =screw trap efficiency]. (continued)t
~;.:

Date Q PQ PW RM Ns Nw E
(. 06/29/90 8.4 0.303 0.176 7.0 112
:?

06130/90 8.2 0.342 0.177 7.7 85
f:

07/01/90 8.1 0.326 0.178 7.4 77
,,\. 07/02/90 7.9 0.309 0.180 7.2 69

07/03/90 7.7 0.297 0.181 6.9 94 97 0.492
07/04/90 7.5 0.285 .0.183 6.7 38,.
07/05/90·t· 7.4 0.270 0.183 6.6 29
07/06/90 7.6 0.325 0.182 7.0 134

'. 07/07/90 7.6 0.381 0.181 7.3 55
! 07/08/90 7.2 0.371 0.184 7.0 26
:~: 07/09/90 6.8 0.358 0.187 6.7 72
.~: 07/10/90 6.5 0.343 0.190 6.4 70 8 0.897

07/11/90 6.3 0.317 0.191 5.6 68 8 0.895
07/12/90 6.1 0.273 0.193 5.0 55 28 0.663
07/13/90 5.9 0.336 0.195 6.0 127

.. 07/14/90 5.7 0.416 0.191 6.9 154

/ 07/15/90 5.6 0.384 0.192 6.6 109
07/16/90 5.4 0.358 0.194 6.5 64
07/17/90 5.4 0.308 0.194 5.9 57 8 0.877
07/18/90 5.3 0.264 0.195 5.0 69 5 0.932
07/19/90 5.2 0.259 0.196 4.7 46 5 0.902
07/20/90 5.2 0.295 0.196 5.4 35

!:~ 07121/90 5.1 0.332 0.197 6.0 43
07/22/90 4.9 0.337 0.199 5.8 79

l ••.••

t; 07/23/90 4.7 0.327 0.201 5.6 75,
07/24/90.,' 4.6 0.344 0.207 5.1 79 6 0.929

rb 07/25/90 4.5 0.334 0.202 4.6 83 4 0.954
~. 07126/90 4.5 0.294 '<.0.203 4.8 41\~

~: 07/27/90 4.4 0.284 0.201 4.9 28
t;' 07128/90 4.3 0.279 0.202 4.8 19;-.

07/29/90 4.2 0.296 0.203 4.5 12
/",

I ~: 07130/90 4.1 0.320 0.207 4.4 11
:~: 07131/90 4.0 0.332 0.208 4.4 11,.'','
~{ .

08/01/90!;..': 3.9 0.315 0.209. 4.3 10rd't1 08/02/90 3.8 0.311 0.210 4.2 8~r
~ ~ ~

:~.:.
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Appendix E. Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping Operations in Blue Creek, 1989-1992. [Q = stream discharge
(m3/s), PQ =proportion ofstrearn discharge sampled, PW =proportion
of stream width sampled, RM =trap revolutions per minute, Ns =
number ofchinook captured in the screw trap, Nw =number of chinook

.captured in the weir, E =screw trap efficiency]. (continued)

Date Q PQ PW RM Ns Nw E
06/13/91 6.7 0.173 0.160 3.1 25 89 0.219
06/14/91 6.5 0.175 0.162 3.1 31 89 0.258
06/18/91 6.0 0.187 0.166 2.9 8 67 0.107
06/19/91 6.1 0.179 0.165 2.9 44 215 0.170
06/20/91 6.1 0.182 0.165 2.8 28 165 0.145
06/21/91 5.9 0.190 0.167 2.8 37 132 0.219
06/25/91 5.5 0.193 0.170 2.8 37 50 0.425
06/26/91 5.4 0.185 0.171 2.5 12 3 0.800
06/27/91 5.4 0.186 0.171 2.5 13 7 0.650
06/28/91 5.3 0.191 0.172 2.5 10 9 0.526
07/02191 4.9 0.189 0.176 2.0 10 11 0.476
07/03/91 4.7 0.190 0.178 2.1 13 10 0.565
07/04/91 4.5 0.197 0.179 2.1 17
07/05/91 4.4 0.201 0.180 2.0 33
07/09/91 4.1 0.201 0.183 2.0 44 10 0.815
07/10/91 4.0 0.204 0.184 2.0 39 13 0.750
07/11/91 4.0 0.202 0.185 2.0 27
07/12191 3.9 0.206 0.186 1.9 38
07/16/91 4.5 0.195 0.180 2.3 12
07/17/91 5.2 0.177 0.173 2.5 18
07/18/91 4.7 0.181 0.178 2.2 6
07/19/91 4.1 0.197 0.184 1.9 5
07/24/91 3.4 0.195 0.191 1.6 6
07/25/91 3.4 0.197 0.192 1.6 10
07/26/91 3.3 0.203 0.192 1.7 0
07/31/91 3.0 0.209 0.196 1.7 18
08/01191 2.9 0.209 0.197 1.4 2
08/02191 2.8 0.209 '" - 0.198 1.3 1
08/06/91 2.7 0.198 0.199 1.0 1
08/07/91 2.7 0.198 0.199 1.0 0
08/08/91 2.7 0.201 0.200 1.0 3
08/09191 2.6 0.210 0.201 1.0 1
08/13/91 2.4 0.238 0.203 1.0 1
08/14/91 2.3 0.241 0.204 1.0 1
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. Appendix E. Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping Operations in Blue Creek, 1989-1992. [Q =stream discharge

~
(m3/s), PQ =proportion ofstream discharge sampled, PW =proportion
of stream width sampled, RM =trap revolutions per minute, Ns =
number ofchinook captured in the screw trap, Nw =number of chinook
captured in the weir, E =screw trap efficiency]. (continued)

Date Q PQ PW RM Ns N,.. E
04/08/92 7.1 0.267 0.113 7.1 33

,.. 04/09/92 9.4 0.201 0.101 5.3 6
:.

04/10/92 21.2 0.098 0.066 4.4 2,

04114/92 22.1 0.079 0.064 4.9 3
04115/92 20.7 0.085 0.067 5.2 1
04116/92 20.8 0.089 0.066 5.7 6
04/22192 21.3 0.093 0.065 6.9 22
04/23/92 19.3 0.100 0.069 6.8 53
04/28/92 14.0 0.149 0.084 7.4 56
04/29/92 13.2 0.152 0.086 7.1 36
04130/92 13.4 0.154 0.085 7.2 24
05/01192 13.2 0.151 0.086 7.0 55
05/05/92 10.5 0.185 0.096 5.8 33
05/06/92 10.1 0.182 0.098 5.3 47
05/07/92 9.7 0.195 0.100 6.1 120
05/08/92 9.5 0.215 0.101 7.2 136
05112192 8.2 0.268 0.107 7.0 343
05/13/92 7.9 0.269 0.108 7.0 233
05114/92 7.7 0.263 0.110 7.0 234
05115/92 7.5 0.271 0.111 6.8 147
05/18/92 6.9 0.297 0.114 7.0 340
05119/92 6.8 0.299 0.115 6.8 370 290 0.561
OS/20/92 6.8 0.269 0.115 6.5 429 957 0.310
OS/21/92 6.7 0.247 0.1 IS 6.3 364 362 0.501
OS/22192 6.5 0.273 0.117 6.2 . 352 324 0.521

"
OS/25/92 5.9 0.271 0.121 5.0 263 279 0.485
OS/26/92 5.7 0.276 0.122 5.0 520 567 0.478
OS/27/92 5.6 0.270 "0.122 4.5 346 756 0.314
OS/28192 5.5 0.280 0.123 4.2 199 268 0.426

'~' OS/29/92 5.4 0.293 0.124 4.3 310 341 0.476
,t:

05/30/92 5.2 0.292 0.125 4.4 302 123 0.711;~

~"
05131192 5.1 0.313 0.126 4.5 257 311 0.452.

.,J. 06/01192 5.0 0.303 0.126 4.0 275 79 0.777
06/02192 4.9 0.291 0.127 4.2 331 412 0.445

.. 06/03/92 4.8 0.305 0.128 4.3 222 61 0.784...

t
'<c....'.
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Appendix E. . Juvenile Chinook Salmon Catch and Effort Data Collected During
Trapping Operations in Blue Creek, 1989-1992. [Q = stream discharge
(inl/s), PQ = proportion of stream discharge sampled, PW = proportion
ofstream width sampled, RM = trap revolutions per minute, Ns =
number ofchinook captured in the screw trap, Nw = number ofchinook
captured in the weir, E = screw trap efficiency]. (continued)

Date Q PQ PW RM Ns N. E
06/04/92 4.7 0.309 0.129 4.3 297 117 0.717
06/05/92 4.6 0.301 0.129 4.3 207 293 0.414
06/06/92 4.5 0.276 0.130 3.6 178 197 0.475
06/07/92 4.4 0.280 0.131 3.4 196 53 0.787
06/08/92 4.3 0.310 0.132 3.7 354 155 0.695
06/09/92 - 4.3 0.319 0.132 3.9 205 160 0.562
06/10/92 4.2 0.318 0.133 3.8 198 219 0.475
06/11/92 4.1 0.319 0.133 -3.7 182 353 0.340
06/12192 4.2 0.315 0.133 3.7 184 238 0.436
06/13/92 4.4 0.325 0.131 4.0 183 161 0.532
06/14/92 4.6 0.299 0.130 4.0 151 197 0.434
06/15/92 4.4 0.295 0.131 3.9 150 215 0.411
06/16/92 4.2 0.305 0.133 3.5 48 129 0.271
06/17/92 4.1 0.287 0.134 3.0 30 22 0.577
06118/92 3.9 0.297 0.135 3.2 21 46 0.313
06/19/92 3.8 0.311 0.136 3.3 34 65 0.343
06/20/92 3.7 0.292 0.137 3.1 43 29 0.597
06/21/92 3.6 0.263 0.138 2.8 67 2 0.971
06122192 3.5 0.280 0.138 2.9 44 13 0.772
06/23/92 3.5 0.300 0.139 3.0 60 5 0.923
06/24/92 3.4 0.301 0.139 3.0 60 4 0.938
06125/92 3.4 0.303 0.140 3.0 104 35 0.748
06126/92 3.3 0.302 0.140 3.0 70 25 0.737
06127/92 3.3 0.308 0.141 2.9 133 178 0.428
06/28/92 3.2 0.325 0.141 2.7 112 171 0.396
06/29/92 3.9 0.318 0.135 3.7 168 83 0.669
06/30192 4.6 0.319 0.130 4.8 171 129 0.570
07/01192 4.3 0.334 -' 0.132 4.5 84 13 0.866~.

07/02192 3.7 0.326 0.137 3.8 90 109 0.452
07/03/92 3.5 0.286 0.138 3.3 60 31 0.659
07/04/92 3.6 0.262 0.138 3.2 40 76 0.345
07/05/92 3.6 0.262 0.138 3.3 49 12 0.803
07/06/92 3.5 0.285 0.139 3.1 35 22 0.614
07/07/92 3.3 0.313 0.141 3.0 48 25 0.658
07/08/92 3.1 0.31 I 0.142 3.0 38 58 0.396
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E
0.857
0.647
0.778

3.0 0.304 0.143 2.7 36 6
2.9 0.305 0.144 2.3 33 18
2.7 0.209 0.146 2.8 14 4

Juvenile Chinook Salmon Catch and Effort Data CoUected During
Trapping Operations in Blue Creek, 1989-1992. [Q = stream discharge
(ml/s), PQ = proportion ofstream discharge sampled, PW = proportion
of stream width sampled, RM =trap revolutions per minute, Ns =
number ofchinook captured in the screw trap, Nw = number ofchinook
captured in the weir, E = screw trap efficiency]. (continued)

Date

Appendix E.

07/09/92
07/10/92
07114192



Appendix F. WeeklY,Mean Fork Length (nun), Standard Deviation, and Sample Size
ofJuvenile Chinook Salmon Captured in the Screw Trap During
Monitoring Operations on Blue Creek, 1989-1992.

Year Date X s n Year Date X s n
1989 Apr 10 41.3 4.18 6 1990 Apr 9 48.5 6.06 51

Apr 17 43.6 3.49 41 Apr 16 57.3 7.41 43
Apr 24 43.6 4.72 50 Apr 23 54.7 6.42 166
May 1 46.4 6.47 . 209 Apr 30 55.3 6.69 191
May 8 52.0 5.81 250 May 7 58.3 6.58 168
May 15 59.1 8.60 50 May 14 54.3 7.79 167
May 22 52.3 6.18 100 May 21 56.7 7.21 139
May 29 53.7 7.52 80 May 28 57.3 11.12 20

. Jun 5 56.6 7.67 100 Jun 4 58.0 13.65 9
Jun 12 63.9 10.45 136 Jun 11 65.9 8.94 200
Jun 19 66.4 8.46 200 Jun 18 70.3 11.20 86
Jun26 68.1 9.94 100 Jun25 75.0 9.40 289
Jul 3 71.0 8.96 100 Jul 2 79.9 8.22 200
JulIO 71.0 7.44 50 Jul 9 83.5 7.44 273

1991 Apr 15 38.3 1.53 3 1992 Apr 13 41.0 7.42 10
Apr 22 40.6 4.08 29 Apr 20 51.0 7.65 72
Apr 29 43.7 8.65 43 Apr 27 52.4 7.47 114
May 6 50.0 8.55 80 May 4 54.2 7.92 120
May 13 50.6 8.99 82 May 11 59.8 7.75 126
May 20 57.2 7.68 196 May 18 61.1 7.80 163
May 27 58.9 8.00 83 May 25 63.7 10.30 158
Jun 3 57.5 7.78 113 Jun 1 65.1 9.17 216
Jun 10 61.8 12.01 102 Jun 8 66.8 8.58 212
Jun 17 66.9 11.49 96 Jun 15 71.8 8.79· 205
Jun24 73.2 10.26 65 Junll 73.6 9.62 218
Jul 1 75.7 11.01 53 Jun29 78.3 8.43 221
Jul 8 76.8 9.35 117 Jul 6 81.8 7.36 185

Jul13 83.7 7.10 44
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AppendixG. Weekly Mean Fork Length (mm), Standard Deviation, and Sample Size ofJuvenile ChinookSalmon Captured
in the Screw Trap and Weir During 1989-1992 Monitoring Operations with Results of t-tests Comparing .
Weekly Mean Lengths.

# ofDays Screw Trap Weir
Year Date Sampled X s n X s n t df P
1989 Apr 17 I ·44.1 2.99 16 41.1 1.82 30 4.325 45 <0.001

May 8 1 52.0 6.09 50 45.8 6.05 50 5.090 99 <0.001
Jun 12 1 64.7 11.70 36 58.9 9.32 42 2.410 77 O.oI8
Jun 19 1 68.1 7.97 50 64.3 7.45 50 2.451 99 0.016
Jun26 2 68.1 9.94 100 59.7 8.55 100 6.430 199 <0.001
JuI 3 1 72.0 8.93 50 62.7 8.52 41 5.047 90 <0.001

1990 Apr 16 I 56.1 5.63 18 44.2 9.21 52 5.136 69 <0.001
Apr 23 1 52.2 6.03 50 46.2 5.86 50 5.046 99 <0.001
Apr 30 ~ t 54.1 7.56 50 47.4 8.74 50 4.087 99 <0.001
May 7 2 58.1 7.59 68 54.8 6.48 125 3.094 192 0.002

\0 May 14 3 54.0 7.87 117 49.9 10.13 150 3.585 266 <0.001- Jun25 3 74.1 9.93 139 75.3 8.46 150 -1.159 288 0.248
JuI 2 1 80.6' 7.86 50 77.2 8.86 50 2.054 99 0.043
JuI 9 3 83.8 7.88 150 80.8 7.61 39 2.146 188 0.033

1991 May 13 2 52.2 7.78 33 58.2 8.93 103 -3.472 135 <0.001
May 20 1 56.1 6.89 .46 52.3 7.69 32 2.287 77 0.025
May 27 1 60.3 7.88 30 59.0 8.99 41 0.638 70 0.532
Jun 3 3 56.7 7.50 83 56.0 7.84 92 0.550 174 0.589

. Jun 10 3 61.7 J3.04 77 65.3 9.40 90 -2.080 '166 0.039
Jun 17 4 66.9 J J.49 96 63.7 8.72 122 2.386 2J7 0.018
Jun24 4 73.2 10.26 6S 67.3 7.19 50 3.460 114 0.001
JuI 1 2 72.1 J2.74 23 64.8 9.28 21 2.148 43 0.037
JuI 8 4 76.8 9.35 117 74.0 9.69 83 2.044 199 0.042

1992 May 18 4 61.1 7.80 163 54.6 6.47 150 8.061 312 <0.001

May 25 5 63.7 10.30 158 57.8 8.37 184 5.790 341 <0.001

Joo 1 7 65.1 9.17 216 61.5 7.96 223 4.425 438 <0.001

: ....
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AppendixG. Weekly Mean Fork: Length (mm), Standard Deviation, and Sample Size ofJuvenile Chinook Salmon Captured
in the Screw Trap and Weir During 1989-1992 Monitoring Operations with Results oft-tests Comparing
Weekly Mean Lengths. (continued) .

Year .Date
1992 Joo 8

Joo 15
Joo22
Joo29
JuI 6
Jul13

# ofDays Screw Trap
Sampled X s

7 66.8 8.S8
7 71.8 8.79
7 73.6 9.62
7 78.3 8.43
6 81.8 7.36
2 83.7 7.10

n
212
205
218
221.
185
44

63.6
69.6
70.6
74.1
79.1
84.7

Weir
s

8.47
7.78
9.17
8.86
7.80
7.81

n
222
208
109
200
113
23

t
3.811
2.658
2.711
5.029
2.983

-0.524

df
433
412
326
420
297
66

p
<n.001
0.008
0.007

<n.ool
0.003
0.602



Appendix H. Numbers (#) ofMarked and Unmarked Chinook Salmon Held for
.~

Relative Survival Tests, Number ofChinook Salmon Alive After Test
(#S), and Estimated Relative Survival (Sa).

Marked Unmarked
.-

Mark8Date # #S # #S Sd
05/30/89 BRN 55 55 80 80 1.00
06/13/89 BRN 47 47 b b 1.00
07/05/89 BRN 50 20 c c 0.43
07/11/89 BRN 50 44 48 45 0.94

05/09/90 BRN 35 33 55 54 0.96
05/16/90 BRN 25 24 25 25 0.96

05/18/92 UC 25 24 25 25 0.96
OS/25/92 LC 25 23 25 20 l.OOd
05/30/92 LV 25 21 25 24 0.88
06/06/92 RV 25 25 25 25 1.00
06/10/92 LP 25 24 2S 24 1.00
06/14/92 RP 25 19 25 23 0.83
06/19/92 UC 25 23 25 23 1.00
06/27/92 LC 20 16 20 16 1.00

8 Mark: BRN=Bismark Brown-Y dye, UC=upper caudal clip, LC=lower caudal clip,
LV=left ventral clip, RV=right ventral clip, LP=left pectoral clip, RP==right pectoral
clip.

b Used unmarked mortality from 05/30/89 test.

e Used unmarked mortality from 07/11189 test.

d Relative survival assumed equal to 1.00 because unmarked controls had a lower
survival rate than marked controls.
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o Used marking mortality estimate from 06/27/92.



Appendix 1 Screw Trap Efficiency Estimates Based on Mark-Recapture Method <EMJ, the Proportion ofRecaptured
Chinook Salmon Captured in the Screw Trap (E,,), and Actual Trap Efficiency (EACT) Based on the Proportion
ofUnmarked Chinook Salmon Captured in the Screw Trap During Mark-Recapture Efficiency Tests in Blue
Creek, 1989-1992. (Rs = number ofmarked chinook recaptured in the screw trap, Rw= number ofmarked
chinook recaptured in the weir, MADJ = number ofmarked chinook released after accounting for relative
survival due to marking)

Release Recapture # Unmarked
Date Date(s) Rs Rw M ADJ Screw Trap Weir ~ En EACT

05/30/89 05/31 74 120 241 180 365 0.307 0.381 0.330

06/13/89 06/14 85 2S 224 268 127 0.380 0.773 0.679

" ,n6114 -15 95 31 224 586 293 0.424 0.754 0.667

07/05/89 07/06 58 17 110 275 118 0.527 0.773 0.700
\0
VI

" 07/06-07 75 28 110 491 199 0.682 0.728 0.712

07/11/89 7112 84 42 244 269 84 0.344 0.667 0.762

" 07112-13 91 44 244 637 158 0.373 . 0.674 0.801

04/26/90 04/27 19 47 80 56 191 0.238 0.288 0.227

05/09/90 05/10 25 100 223 33 151 0.112 0.200 0.179

05116/90 _05117 45 210 311 64 315 0.145 0.177 0.169

05118/92 05119 27 40 211 370 290 0.128 0.403 0.561

" 05119-20 34 .55 211 799 1,247 0.161 0.382 0.391

OS/25/92 OS/26 24 . 82 246 520 567 0.098 0.226 0.478



Appendix I. Screw Trap Efficiency Estimates Based on Mark-Recapture Method~, the Proportion ofRecaptured
Chinook Salmon Captured in: the Screw Trap <&os), and Actual Trap Efficiency (BACT) Based on the Proportion
ofUnmarked Chinook Salmon Captured in the Screw Trap During Mark-Recapture Efficiency Te~ in Blue
Creek, 1989-f992. <Rs =number ofmarked chinook recaptured.in the screw trap, Rw =number ofmarked
chinook recaptured in the weir, MAD1 =number ofmarked chinook released after accounting for relative
survival due to marking) (continued)

Release Recapture # Unmarked
Date Date(s) Rs Rw MAD1 Screw Trap Weir &.m En EACT

05/25192 05/26-27 29 94 246 866 1,323 0.118 0.236 0.396

05/30/92 05/31 48 86 244 257 311 0.197 0.358 0.453

06/06/92 ,.06/07 41 20 296 196 53 0.139 0.672 0.787
I-

" 06/07-08 49 24 296 550 208 0.166 0.671 0.726

06/10/92 06/11 65 142 286 182 353 0.227 0.314 0.340

06/14/92 06115 63 127 252 150 215 0.250 0.332 0.411

06/19/92 06/20 39 102 325 34 65 0.120 0.277 0.343

06/27/92 06/28 41 146 338 112 171 0.121 0.219 0.396

" 06/28-29 53 167 338 280 254 0.157 0.241 0.524

07/05/92 7106 37 44 246 35 22 0.150 0.457 0.614
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Appendix K. Results of the Chi.Square Analysis (df=1) of the Distribution ofMarked

.~ and Unmarked Juvenile Chiriook Salmon Captured in the Screw Trap
.;£

(NJ and Weir (Nw) During Mark.Recapture Efficiency Tests in Blue~

~i
,,). Creek, 1989-1992...
~
"

Release Recapture Marked Unmarked.~~

Date Date(s) N, Nw N, Nw X2 • P
.~

05/30/89 05/31 74 120 180 365 1.442 0.230.~

,~
06/13/89 06114 85 25 268 127 3.198 0.074

~
;j.I

" 06114 ·15 95 31 586 293 3.456 0.063it
.;.;
:",

~i 07/05/89 07/06 58 17 275 118 1.322 0.250

~ " 07/06-07 75 28 491 199 0.053 0.818
1\
~ 07111189 7112 84 42 269 84 3.879 0.049"
~~
/i " 07/12-13 91 44 637 158 10.244 0.001

i 04/26/90 04/27 19 47 56 191 0.760 0.383

05/09/90 05/10 25 100 33 151 0.095 0.758.~

i~ 05116/90 05117 45 210 64 315 0.020 0.888
~
, 05118/92 05119 27 40 370 290 5.477 0.019

" 05119-20 34 55 799 1,247 0.003 0.956

05/25192 OS/26 24 82 520 567 23.713 <0.001
,

II 05/26-27 94 11.876~l 29 866 1,323 0.001

05/30/92 05131 48 86 257 311 3.546 0.060
06/06/92 06/07 41 20 196 S3 2.990 0.084

" 06/07-08 49 24 550 208 0.726 0.394.;c

.~ 06/10/92 06/11 65 142 182 353 0.350 0.554
:~ 06114/92 06/15 63 127 ISO 215 3.002 0.083:ll

I 06119/92 06120 39 102 34 65 0.932 0.334'f,.'

j~''i 06/27/92 06/28 41 146 112 171 15.184 <0.001

J " 06/28-29 53 167 280 254 49.617 <0.001

~ 07/05192 7106 37 44 35 22 2.715 0.099
..~
:'.; ..1 • Chi-square statistic was calculated using the Yates' correction for continuity
..;'

(Zar 1974)
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Appendix L. Recoveries ofMarked Juvenile Chinook Salmon During 1989 and 1990
Mark-Recapture Efficiency Tests.a

Release Date
Days 05130/89 06/13/89 07/05/89 07/11/89 04/26/90 05/09/90 05/16/90

1 194 110 75 126 66 125 255
2 0 16 28 9 0 6
3 0 0 1
4 0
5 0 0
6 1 0 0 0

a Days =number ofdays recapture occurred after release.
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AppendixM. Recoveries ofMarked Juvenile Chinook Salmon During 1992 Mark- o

!

Recapture Efficiency Tests.
a

~~l
~~ RdcueDale
~
.~! Days May 18 May 25 May 30 Jun6 JIID 10 Jun 14 Juo 19 Jun27 Jul5
ti 1 67 106 134 61 207 190 141 187 81
:~ 2 22 17 7 12 4 6 3 33 7
~ 3 5 2 3 6 4 I I 5 19
':,l
~t 4 0 1 I 8 2 0 1 2 3
;:} 5 0 0 0 6 0 0 9 6
? 6 1 0 2 0 0 0 2

.~
7 0 4 I 1 0 0 3 0
8 I :2 0 4 0 0 22 0

" 9 1 0 0 8 0 0 15 0 0l~
1: 10 0 0 0 2 0 0 8 1
.~~

11 0 0 0 0 0 0 0 I
12 2 2 0 0 0 0 0 0
13 0 I 0 0 0 2 I 0
14 1 0 0 0 0 2 2

.. 15 1 1 1 0 0 . 1 0
.;~ 16 0 0 5 0 0 0 0
~.~ 17 I 0 0 0 0 0 0 0
> 18 0 0 0 0 0 0 0
(, 19 0 2 0 0 2 0 0 0

~ 20 0 2 0 0 0 0 0., 21 0 0 0 1 0 0 0
.;~ 22 0 0 0 3 0 0.>';.: 23 0 0 0 0 0 0
;.i.. 24 0 0 0 0 0 0
;',

15 0 0 0 0 0 0 0"J'::
'i!;

~~ 26 0 0 0 0 0 0

~
17 2 1 0 1 0 0
28 I 0 1 0 0

·1iI 29 1 0 0 0 0
~ 30 0 1 0 0 0 0

I
31 0 0 0 0
32 0 0 0 0 0
33 0 1 0 0

~ . 34 0 1 0 0 0
:', 35 0 1 0

36 0 1 0 0
37 0 0 0

;~
38 0 1 0 0
39 0 0 0

".'f: 40 :2 0 0 0J
:t· 41 0 1 0"r,

42 0 0
.~* 43 0 0
.~ 44 0 0
,r 45 0 0 0
"~ 46 0 0
ii 47 0 0
.f.,;

48 1
;~ 49 0i/
W 50 0 0

51 0
52 0 0 .,t.

~3 0
S4
~S

56
37 0
S8
39 0

• Days =nwnber ofdays recaptwl: occWTed after release.
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AppendixN. Daily Number ofJuvenile Chinook Salmon Captured in the Screw Trap
(NJ and Efficiency-Based (N) and Discharge-Based (Nq) Estimates of
'Juvenile Chinook Salmon Downstream Migration in Blue Creek, 1989-
1992. (Screw trap and weir were operated on dates followed by
asterisks. Numeric estimates for other dates are based on the number of
chinook captured in the screw trap and estimated trap efficiency)
(continued)

Date N, N Nq Date N. N Nq
05/18190 80 618 282 07/19190- 46 51 177
OS/21190 322 2,488 1,370 07/20/90 35 39 119 '
OS/24190 98 757 S44 07/21190 43 48 130
OS/25190 40 309 202 07122190 79 85 233
05130190 20 155 120 07/23190 75 81 230
06107190 6 46 510 07/24190- 79 85 230
06108190 3 23 26 07125190- 83 87 248
06112190 120 927 727 07/26190 42 43 139
06113190 152 1,175 836 07/27190 28 30 99
06114190 116 896 615 07/28190 19 20 69
06115190 82 634 431 07/29190 12 12 40
06119190 14 111 74 07130190 11 11 33
06120190 21 132 118 07131190 11 11 32
06121190 21 97 94 OM>l19O 10 10 33
06122190 37 177 170 otW2I9O 8 8 24
06123190 204 824 835 otW319O 7 7 23
06124190 198 706 744
06n.5190 128 398 484 04112191 6 67 45
06126190· 98 192 371 04116191 3 29 22
06!1.719O- 40 101 164 04/17191 0 0 0
06!1.8190- 53 116 221 04/18191 0 0 0
06129190 112 240 370 04/19191 0 0 0
06130190 85 174 247 04/23191 15 143 125
07~119O 77 150 235 04/24191 10 99 84
07~2I9O 69 128 222 04/25191 '4 35 29
07~319O- 94 191 317 04130191 13 124 109
07104190 38 65 135 05Al1191 13 124 108
07105190 29 47 106 05Al2l91 9 86 75
07~ 134 231 412 05103191 8 77 67
07107190 55 94 144 05Al7191 26 249 211
07~8I9O 26 40 69 05108191 20 191 145
07109190 72 102 20t 05109191 17 162 116
07110190- 70 78 204 05/10191 16 153 111
07111190- 68 76 215 05/14191 27 259 190
07112190- 55 83 201 05/15191 23 220 163
07113190 127 154 378 05116191- 17 186 132
07114190 154 183 369 05/17191- 16 177 134
07115190 J09 127 284 OS/21191 98 940 701
07116190 64 74 179 OS/22191 74 710 493
07117190- 57 65 185 OS/23191 91 868 591
07/18190- 69 74 262 OS/24191- 46 460 318



.~-



:":,"

AppendixN.

Date
06107192*
06108192*
06109192
06110192*
06111192*
06112192*
06113192
06114192*
06115192*
06116192*
06117192*
06118192
06119192*
06120192*
06121192
06122192
06123192
06124192-

103

Daily Number ofJuvenile Chinook Salmon Captured in the Screw Trap
(NJ and Efficiency-Based (N) and Discharge-Based (Nq) Estimates of
Juvenile Chinook Salmon Downstream Migration in Blue Creek, 1989
1992. (Screw trap and weir were operated on dates followed by
asterisks. Numeric estimates for other dates are based on the number of
chinook captured in the screw trap and estimated trap efficiency)

N, ' N Nq Date N, N Nq
196 249 701 06125192* 104 . 139 343
354 509 1,142 06fl6192* 70 95 232
205 365 644 06127192* '133 311 431
198 417 623 06fl8l92* 112 283 344
182 535 571 06fl9192* 168 251 529
184 422 584 06130192* 171 300 535
183 344 563 07101192* 84 97 251
151 348 505 07102/92* 90 199 276
150 365 509 07103192* 60 91 210
48 J77 J57 07104192* 40 116 153
30 52, 105 07105192* 49 61 187
21 67 71 07106192* ,35 57 123
34 99 109 07107192* 48 73 154
43 72 147 07108192* 38 96 122
67 69 255 07109192* 36 42 119
44 57 157 07/10192* 33 51 108
60 65 200 07/14192* 14 18 67
60 64 199



Appendix O. Semimonthly Efficiency-Based and Discharge-Based Abundance Estimates ofJuvenile Chinook Migrating
Downstream from Blue Creek, 1989-1992. (d= number ofdays sampled in the period, D= number ofdays in
the period, N. = number ofjuvenile chinook captured in the screw trap, Nd=sum ofdaily efficiency-based
estimates during period, Nqd= sum ofdaily discharge-based estimates for the period, Np=efficiency-based
estimate Cor-the period, Nqp= discharge-based estimate for the period)

Year Period d D N. Nd Nqd Np Nqp

1989 Apr 16-30 9 15 81 581 742 968 1,237
May 1-15 11 15 2,109 6,539 8,887 8,916 12,119
May 16-31 6 16 1,321 4,397 5,082 11,725 13,553
Jon

t
I-IS 9 15 3,631 6,844 9,391 11,407 15,652

Jutll6-30 11 15 5,191 7,360 13,093 10,037 17,854
Jut I-IS 8 15 2,440 3,156 7,259 5,917 13,61 }.

- Total 54 91 14,773 28,877 44,454 48,970 74,026
~

1990 Apr 16-30 8 15 259 2,244 1,038 4,207 1,946
May 1-15 9 15 468 3,535 1,515 5,892 2,525
May 16-31 7 16 665 4,978 2,930 11,378 6,698
Jon I-IS 6 IS 479 3,702 2,687 9,254 6,716
Jon 16-30 12 IS 1,008 3,267 3,892 4,084 4,865
Jut I-IS IS 15 1,171 1,750 3,492 1,750 3,492
Total 57 91 4,056 19,476 15,554 36,565 26,242

1991 Apr 16-30 8 15 45 431 369 807 693
May 1-15 9 IS 159 1,521 1,186 2,534 1,977
May 16-31 9 16 458 4,150 3,136 7,378 5,574
Joo 1-15 8 15 234 1,471 1,426 2,710 2,674
Joo 16-30 8 15 189 837 1,017 1,569 1,906
Jut 1-15 8 15 221 297 1,100 557 2,062

Total 50 91 1,306 8,713 8,234 15,615 14,887



AppendixO. Semimonthly Efficiency-Based and Discharge-Based Abundance Estimates ofJuvenile Chinook Migrating
Downstream from Blue Creek, 1989-1992. (d= number ofdays sampled in the period, D= number ofdays in
the period, N. = number ofjuvenile chinook captured in the screw trap, Ncl= sum ofdaily efficiency-based
estimates during period, Nqcl= sum ofdaily discharge-based estimates for the period, Np= efficiency-based
estimate for the period, Nqp= discharge-based estimate for the period) (continued)

Year Period d D N. Ncl Nqcl Np Nqp

1992· Apr 16-30 6 15 197 1,604 4,009
May 1-15 9 15 1,348 5,625 9,375
May 16-31b 11 16 3,712 8,290 ·13,355 12,058 19,425
Jun 1-15 15 15 3,313 6,223 10,907 6,223 10,907
Jun 16-30 15 15 1,165 2,10l 3,815 2,101 3,815
JuI 1-15 11 15 527 901 1,770 1,229 2,414
Total 67 91 10,262 17,515 37,076 21,611 49,945

•

b

Numeric estimates for Apr 16-30 and May 1-15 periods were not calculated due to poor trap efficiency predictive
relationship.

Discharge-based estimate for May 18 was not used in this sum because no numeric estimate was calculated for this date.
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