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Abstract 
Humboldt State University and Paeific €orst Fish, Wildlife and Wetlands Restoration 
Association, under a Memorandum of Agreement with the California Department of 
Transportation €&iance Plan U&F RegienaCWater Qdity €ontrol B o ~ d  Order 90-8, 
monitored the migration of adult and juveniIe salmonids and spawning substrate composition in 
Prahe Creek, an old-growth cats& stream, located in northern California. Anadromous 
salmonids entering and spawning in Prairie Creek were examined over a 5-month period starting 
in November of 1996 and ending in Mtweke€ 1993. A total of237 live fish were captured using a 
weir and fish trap placed 9.5 km above the creek mouth. Species composition, numbers, size of 
fisk, run timing, and sex r&were m&. Spwmkg and canxss surveys were conducted 
over the study period. A total of 160 individual chinook and coho salmon redds and 221 
circasses weFe measwed withiff the€kdvmed Nationid Pmk 10.5 km index reach (Streelow 
Creek to Good Creek) plus an additional 4 km upstream. Sixteen coho redds were used for a 
spawning gravel compwticm M y  a d  &these redds, 6 were wed for an emergent fry t r y  ping 
study. A negative linear relationship was demonstrated between intragravel flow and the 
pereeF&-tge e f f i w k t k 2  me€thespw&g sttbft~ate fix & 16-cobor&. A significant 
difference in inflow rates and percent fines was determined between coho redds above Brown Ck. 
and b e h  €hewn €k. kve& n-tigahg sdmmds were captured using an EG Sdutiott rotary 
screw trap, a fyke net, and six pipe traps. The screw trap was operated upstream from the 
cmiltiewe OF S~F& €k. fi.Offt20 F- 1997 to l9 June 1997. T a d  captures included 
25,994 chinook young of the year (YOY); 3,113 coho YOY; 2,302 coho yearlings; 247 trout 
YOY; 3 10 trottt yead-, 9 4 s t e e W  melts; and 430 eoftftd eutthoat trout. Weekly trapping 
efficiencies were conducted when possible with juvenile chinook. The rotary screw trap total 
mwtdity rate e&&& w~F+L mppingperid was-leesstkm f %. The @ke net trap was 
operated above the confluence ofBoyes Ck. from 3 March 1997 to 19 June 1997. Total captures 

trout yearlings; 3 1 steelhead smolts and 2 10 coastal cutthroat trout. Pipe traps were located at 
the eor tAt te~e of SF. d N . F .  BiwmCk., Beyes€%., €k&veod €k., Mky €le., m d  &we 
Hwy 10 1 in Little Lost Man Ck. Total captures for pipe traps combined included 6,68 I chinook 
YOY, €9,909 eobYOY, 596e&yeis@, tK2Qtreut YOY; 801 trout yearlings; 68 
steelhead smolts and 274 coastal cutthroat trout. A summer coho population estimate produced 
24;55gjttve& cokobetween Steelew G m k  a i d  below Ten T a p  Creek (14.5 km)f1,694 

iWb€kf$34,987 €hk€d€ Ya%?, &%&&yo%?, 6-33 C & F d i ? l @ ;  1,797 tF& YOy; 177 

C d d k m ) .  



... 
111 

Acknowledgments 

Thisstudy was condue& with fitndtRg pixwided by the C3dtlifornia Department ef 
Transportation directed under the California Department of Fish and Game and the California 
Regional Water @sky Cm€rd Board €leantip and Abatement Order 90-8. 

David HankiR, kw their assistwe thrmgh their commeffls, S U ~ ~ ~ S E ~ O I I S ,  and expeaise concerning 
the various aspects of this study. 

Association for his assistance and willingness to share his insights, suggestions, and field expertise 
and equipwe. 

Randy Kleiq David Aneerson and Valerie Gstzinski ~ F W F ~  the Redwood N & b d  Park and 
Prairie Creek Redwoods State Park provided many hours of assistance, sampling equipment, 
stwage space, and access to Prairie Creek. 

equipment and the staff to transport and install this equipment. 

storage space at their home over all hours of the year. 

hours assisting in the logistical design and development of equipment needed for my research 
project. 

A speck& thanks te Bill Red, Batf-kk Moorhwse, T m  Wedoh, Mike Sparkman, Chris 
Moyer, Patty Egan, Mike Cronan, and Dave Anthon. Several other persons too numerous to 
nteahn a h d  in this projeet, y w  knew who y w  xe. I eouki-not have dene it wilhotrt you. 

I wish to thank my committee members, Dr. Terry Roelofs, Dr. William Trush, and Dr. 

I wish to thank Mteh Fmo of Pas& C m t  Fkh, Wild& and W e t h d s  Restoration 

The UF&& States F& and Wildlife Service in Afcata, California provided sampling 

A specid-thitnkstoRkhitrd and Lisa Bym for prottidii access to their prope~ty and 

Rob Thempsort from the Humboldt Sate Universdy wikllife stockroom has spent many 

My sincerest thanks, ef course, goes to my pafiner Ronnie.. 



Figures 
FWRX 1.  !&€ATION W or: PRAlRIE C'IZEEE;, & w e e ~ N A T l o N &  -STATE PARKS, H U ~ ~ B ~ L D T  C'WNFY. 

CALIFORMA. . . . . . .. . . . . . . . .. . ... ... . .... ....__.__. ._............. .._.._... :-. .... .... ..... .... .__. ..... .. ... .. . .. .... ..... ._. . ....... ..... . .. .. . . . . .... . . . . . . .. 3 

F I G W  2. LOCATJON MAP OF STUDY ARE.AWwzNGT6LAp LOCATIONS AND REDD LOCATloNs IN PRAUUE CREEL BASTN. 

REDWOOD NATIONAL AND STATE PABKS, HUMBOLDT COW. CALIFORNIA. ..... . . ._. . . . .. .. .. ... . _. . .. . . . . . . . . . . . . ... . . ... . . . 4 
F 1 c - u ~  3.  SALMONREDDCONSTWCFIQN-WFX~FE~IPE ~ A T Z O N S  (BARNARD 1992). ................... ........ ..... ... 6 

FIGURE 4. MODIFIED PERMEABIUIYhREJXE CORE STAND PIPE IN REDD USED BY BARNARD (1 992) TO STUDY COHO 

S L U O N  REgDS I N F ~ W A T E E ~ ~ . & W N ,  kkDdBOLDT COUNTY, C~FORlrIIA ............................................ 6 

FIGURE 5. FREEZE CORE SAMPLING WITH THE MODIFIED FREEZE CORE STANDPIPE IN A COHO SALMON REDD (BARN.4RD 

1992) ..................._........_.............,................. ................................................................................................... 6 

FIGURE 6 .  SPECIFICATIONS OF THE EMERGENT TRAP FOR CAPTURING FRY FROM COHO REDDS IN PRAIRIE CREEK. . . . . . . . 1 0  

FIGURE 7. RuF; T l h a ~ G  OB C # ~ L A N P ~ ~ H ~  ADLBTsAbhdQN CMlXRED AT F'LURLE CREEL WEIR TRAP. 1997 .  . . . . . I 4 

FIGURE 8. LINEAR REGRESSION BETWEEN TOTAL, NUMBER OF EMERGENT COHO FRY AND PERCEhTAGE OF FINES LESS 

THAN2 WW6C&MOREDB6-I+?l%WRfE CREEK, &MBQLDT c€WNFK, E]ALWXN€& 1997 .............................. 18 

FIGURE 9. INFLOW RATES AND PERCENTAGE OF FINES LESS THAN 2 h4M FOR 16 COHO REDDS IN PRAIRIE CREEK. 

H u h . I B o L p T ~ ~ ,  CAUEBELNIA, L99.7. ...................................................................................................... 20 

FIGURE 10. LINEAR REGRESSION BETWEEN INFLOW RATES AND THE PERCENTAGE OF FINES LESS THAN 2 b&l FOR 16 

COHOREDE)GMPRA,&RIEC:REEK, &h#EQLDT@LlNTY, CALjlFORFRA, €997. ..................................................... 20 

FIGURE 1 1.  PERCENT DISSOLVED OXYGEN SATURATION FOR 16 COHO REDDS IN PRAIRIE CREEK, HLWLDT COUNTY. 

6 U F O W  1997. ................................................_...................... . ............................................................... 21 

FIGURE 12. DAILY AVERAGE WATER TEMPERATURE OF PRArmE CREEK, HWLDT COUNTY, CAJAFORNIA 

DECEMB€R 1'3% T t F W  1 w7:. . . . . . . . . . . . . . . .. . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . 26 



Tables 
Ti\f3LE 1. EQUATIOM~USEDTO ESTIMATE THE hVhfEER OF EhfIGRATI?dfiATEXttE SALMOfP’iDSEKH WEEK IN PRAIRIE 

CREEK DURING 1997 (SHAW AND JACKSON 1991) ........................................................................................... 1 1 

TAJ3l.E 2. SPAWNIXG SUBVEP RESUL’IS FEfXf NOV3lgER 1 !E6 TO MAKCET 1997 IN PKAWE CREEEL _______. __. __.__._. ..... 15 

lu47). ........................................................................................................................................................... 16 

Cm~omm 1997. ....................................................................................................................................... 17 

TABLE 3. CARCASS RECOVERY RESULTS FROM SCR\TYS CONDUCTED IN PR.URIE CREEK (NO\rEhlBER 1996 TO MARCH 

TABLE 4. RESULTS FROM EMERGENT FRY TRAPS PLACED O\TR SIX REDDS Ih: PRAIRIE CREEK. HCMEWLDT COUNTY. 

TABLE 5. ONE-WAY ANALYSIS OF VARIANCE OF BTRAGRAVEL FLOU‘ FOR 16 COHO REDDS IN PR.4IR.E CREEK. 1 9 9 7 .  19 
TABLEG. W A Y  i t t d A t Y S f S O f V ~ A N € E O f € K F L W i t A T E 4 F O R € O H G ~  REDD4.4BOVE . W B E t O W ~ R O W N  

CREEL;. 1997 ................................................................................................................................................. 19 
Txms; 7. Dowxs~mrnt T ~ I P C G  msm’ls BOB x t  T= m m ~ m  PaAtrttE €REEK &ism, 1487. ....................... 23 
TABLE 8. ROTARY SCREW TRAP EFFICIENCY RESLXTS FOR CHINOOK YOY SALMON IN PRAIRIE CREEL. 1997. ........... 24 
TA3E 9. ~ U E M € , E  tOm)SALhiOM RMMER POPbL.4Tm ESTMfATE FOR 14.5 K!! of: mwRfE CREEK. 1947. ........... . 2 5  
TABLE 10.  HABITAT SURVEY RESULTS BY SECTION FOR JUVENILE COHO POPULATION ESTIhIATE IN PRAIRIE CREEK, 

E397 ......_._.___._....... .....--.........*-...-.--.-.---.....-...--.---..-------.-- ___ -.__ 1 .--._-...._-..._.. - .._.___..._..._........._...._..........-. 25 



. . .  
*.. 

. . . . .  . . .  . . . . . .  . . . . . . .  s . . .  . . . . . . . .  : . . . . . . . . . . . . . . .  I . . . . .  ., A. . 

vi 

Contents 
ABSTRACT ..- .................................................................................................................................... I I  
ACKNOWLEDGMENTS .................................................. ; ................................................................................ 111 

GIGUBES- m ..... m ..._____m-__. ..... iv 
TABLES ............................................................................................................................................................... V 
CONTENTS .................................. " ................................................................................................................. vi 
INTRODUCTION ................................................................................................................................................ 1 
O r n G T \ \ P  ....... 1 
STUDY AREA ......................................................................................................................................... ........... 2 
M E T H O ~ ~ ~ T E ~ ~  -...... .- .... ---.-.- ........................................... ... .... - ..... ... 2 
U P S T R E M 4  MIGRATION ................................................................................................................................... 2 
SPAWNING AND CARCASS SUEWEY S. ............................................................................................................ 2 
SPAWNING SURVEY .......................................................................................................................................... 2 
CAR€ASS SURVEY ............................................................................................................................................. 2 
COHO REDD MEASUREMENTS ........................................................................................................................ 5 
REDD SITE SELECTION ..................................................................................................................................... 5 
STANDPIPE SITE SELECTION ........................................................................................................................... 5 
INFLOW ME h 4 E A S m M w S ;  .................................................................................................................... 5 
DISSOLVED OXYGEN SAMPLING AND TEMPERATURE MEASUREMENTS .............................................. 7 
COHO SPAWNING SIJB!XWkTE COhdposITzoN SAMPLES ........................................................................... 8 
FREEZE CORE SAMPLING ................................................................................................................................. 8 
MNEE SAMPLIW ........................................................................................................................................... 8 
COHOFRY EMERGENCE ................................................................................................................................... 9 
D O ~ T E E A A 4 ~ N  .......................................................................................................................... 11 
ROTARY SCREW TRAP .................................................................................................................................... 11 
s u M M E R M ~ € - ~  . pE)putB-Tff)p) EST.. ................................................................ 12 
WATER "EMPERA"RE AND STREAM DISCHARGE .................................................................................. 13 
R E s U L T s A N Q L l I s C W L B I u  - .... P ...... 14 
UPSTREAM MlGRATION .................................................................................................................................. 14 
€-- .......................................................................................................................................... 14 
COHO SALMON ................................................................................................................................................. 14 
SPAWNING AND CAacAss SLTBVEYS.. ......................................................................................................... 15 
SPAWNING SURVEYS ...................................................................................................................................... 15 
 ass... ........................................................................................................................................... 15 

COHO REDD IBELQa RA. ......................................................................................................................... 18 
COHO SPAWNING SUBSTRATE COMPOSITION ........................................................................................... 18 
D o w b J S r n M  h43-m- .......................................................................................................................... 21 
IUVENILE COHO SALMON SUMMER POPULATION ESTIMATE ................................................................ 22 
WATER 'IEbAPEWdXIRE AND STQEAM-DISCHAB(=rE .................................................................................. 22 
CONCLUSIONS ................................................................................................................................................ 26 
LlCTEMTBRE R E W W  ............... .. .. ........... - ........ ... ..................................................................................... 28 
LITERATURE CITED ...................................................................................................................................... 30 
P E B S O N A L C Q l k l M - U N I C A C  ............ P 32 

.. ........... ... 

COHO FRY EMERGENCE ................................................................................................................................. 16 



1 

Introduction 
Prairie €reek isa tributary to Redwood €reek in Humbddt County, Cdifomk. It i s m  kqmrtant 
spawning and rearing area for anadromous salmonids, specifically chinook salmon (Oi~corhyiichzrs 
tshvytscha), c o b  &mort (Q. hsutch), steelhead trout (#. mykss), and coastid sutthroat trout 
(0. clarki clarkz). The recent decline in numbers of anadromous species has increased the 
potentia4 fer these speciesto becorne listed in California under both federal and state endangered 
species laws. In October 1989, a storm event generated numerous mud flows from a highway 
cometiction abgnment project withitt the Prairie Creek Basin (Welsh and Olliver 1992). Several 
hundred tons of sediment eroded from the project and were deposited into the Prairie Creek 
Bask. In anticipation of damage to fish d other aquatic resources, the €diforni-a Department of 
Transportation (Caltrans) proposed monitoring to study the impacts and persistence of this fine 
sediment (Pvlyerset A. 1994). Caltrms also eorttFasted the Pacifx €east Fisk, WWife and 
Wetlands Restoration Association (PCFWWRA) to rear and release salmonids in Prairie Creek in 
E 990. EffWs to supplement the sidmon populations using streamside incubatien and reafing 
ended in 1995 (PCFWWRA 1995). Currently, natural spawning success and rearing within the 
Prairie Creek B& is being evakated. Here we present the results of the 1996-1997 field study 
of the anadromous salmonids in Prairie Creek. 

Obje&iUes 
In this study we proposed to quanti@ the impacts of a human-caused sedimentation event on 
salmeftids In zt  coastal old-g~owth &wood forest. Ow obiestives were its fdlows: 

e 

* 
e 

e. 
e 

* 
e 

e. 
* 

Determine the species composition of the anadromous fish runs, 
estimate the a&Fomws sdmm escapement, 
determine run-timing for salmon, 
detemine the age and &e &salmon, 
describe sex ratios, 
& u m e ~  ksttk a& w e e s s  of spawning activities, 
measure intragravel characteristics of coho redds, 
determine gravel cempesitio~ e€ e& red&, and 
determine the survival t o  emergence of coho salmon. 
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Study Area 
The Prairie Creek Basm lies witt.lirr the €=east Redwmd Belt ofthe Humid Tramition Life Zone 
near the town of Orick, Humboldt County, California (Figure 1). Prairie Creek, tributary to 
Redwood Creek, is 22.5 km long and drains an area of 77.5 km2. The altitude ranges fiom sea 
level to 305 m a d  the raid& d t h e  area averagesabo& 127 crn annually (Ekiggs 1953). The 
Prairie Creek channel originates at USGS Fern Canyon, CA quadrangle T12N R1 E section 10, 
and flowsswth along U.S. Highway 181 thou& private agriculture and old-growth forests in 
Prairie Creek Redwoods State Park and Redwood National Park (RNP). The stream enters 
Redwood €reek 5.5 km fiom the P ~ i k  &em at USGS €)rick, €A quadrangle TI 1N RlE 
section 34. The study was conducted between the confluence of Streelow Creek and below Ten 
Tapo Creek , within the RNP 10.5 h i d e x  reach itRd extended an additional 4km (Figure 2). 

Methods and Materials 

Upstream Migration 
A weir and fish trap were placed i~ P~rtkie €‘reek at Elk Prairie €ampground, campsite 65, and 
operated between 21 November 1996 and 3 February 1997 (Figure 2). The weir spanned the 
entire width ef the creek with the tra&xSed 
long by 1.1 m high, constructed of marine plywood flooring with sides and top formed by a 
combination &chicken wire and w d .  Steel weir panelsused were 1.1 m high by 1.8 rn long 
and placed end to end in a ‘V’ configuration leading upstream, directing fish into the trap (CDFG 
€992). The trap was operated an8 monkxed 24kottrs per day, 7 days per week except when 
flows prevented safe operation or were too low for adult migration. Each salmon captured was 
identifEd to specks, sexed, swd measured @the newest em fork length (FL). A scale sample was 
taken from the left side slightly above the lateral line and posterior to the insertion of the dorsal 
fin. All fish were released upstream i~t-it side eddy i t f s o ~ n  as possible. 

Spawning and Ca&ss Surveys 

* 

the thalwag. The trap was 1. I m. wide by 1.4 m 

-Ring s-Q=Y 
!Spawning ami sidmoR cscitss suwepwere e & M  within the RNP 10.5 km index reach and 
extended above an additional 4 km in order to identi@ and measure salmonid redds and recover 
tagged and untagged fish. T W C F ~ ~ F S I ~ B  erewssuiveyed the creek on a weekly basis throughout 
the period of salmon spawning and dying, unless poor visibility or high stream discharge 
pevented stt..eying. All new red8f-were measwed (width and length), recorded, and marked 
with pink surveyors flagging. All live fish sighted were identified by sex and species if possible. 

(ZweafsSurvey 
The careass wwey w a s c o h t e d  wirkthe SpaWIting sttrveys: A long handle gA€was used to 
retrieve carcasses fiom the deeper pools. All new recoveries were identified to species, sex, and 
cditiort.  C~casses  were C I A &  its ee&+ (h flesh), fie& - (eyes milky), decayed + (flesh 
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Fipure 1. Loczloon map of h n e  Creek. Redwood NauonaA and State Park 
Humbldt County, California 
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soft), and decayed - (flesh falling of€). All carcasses received a numbered jaw tag and surveyors 
flag secured around the maxillary bone of the jaw. Tagged carcass recaptures were identified by 
tag number, condition classified, and returned back, to the location recovered. Heads from 
adipose fin clipped carcasses were taken to obtain coded-wire tags and sent to the California 
Department of Fish and Game (CDFG) in Arcata, California for analysis. Tagged carcass 
information was cdlected for an escapement estimate using a modified Jolly-Seber mark- 
recapture esrimater-. 

’ 

Coho Redd Measurements 

Redd Site Seleetien 
€&e redds selected for thif study w e  identified over the cotfrse of the spawning s e a m  during 
weekly surveys. Redd locations were marked with surveyors flagging depicting the date, case 
number, redd number, and redd dimensions. Redds used for thif study were seleeted only from 
those redds on which coho salmon were identified as spawning. The number of coho redds 
available for this permeability study was mall because large flow events prevented spawning 
surveys from occurring during the potential peak migration period. Therefore, all coho redds 
positively identified afier 5 Jmw-y €997 f&er 15-20 year stom event, R. Klein pers. com. 
1997) were used for the coho spawning substrate study (n=16). 

Sandpipe Site Selection 
Three stanwpes w e ~ e  placed longitudinally into the egg pocket a d  tailspdl ef each coho redd 
selected. Five redds were randomly selected for adjacent standpipes placed outside of each redd 
for cmpariSen. Each redd egg pocket and tailspill was measured and divided into four equal 
lengths. Standpipe placement into each redd was at equal inside intervals (Figure 3). A standard 
steel €&freeze core probe was pounded 30 crn iRto each standpipe site with a sledge hammer as 
a pilot hole for the PVC standpipe. This was necessary in order to create a guide into the redd 
md reduce my damage to the PV€ pipe when inserting it into the redd. When withdrawiy the 
freeze core probe, a rapid transition of freeze core probe to PVC standpipe point would occur in 
order to use the pilot hole mifde k the substrate by the probe. The standpipe wwM then be 
tamped by hand with a 0.5 inch steel pipe placed inside the PVC standpipe against the wood 
&vkg peint. Asthe frictiorrincreased WM penetrating the substrate, the sledge would be used 
until the appropriate depth was reached. The depth of the standpipe holes coincided with the 
depthof egg depesition determined by Briggs (1953) in Prairie Creek to be 25 em. Once the 
standpipe was inserted to the appropriate depth it remained in place over the study period with a 
PV€ eapplxed over the top. 

Inflow Rate Measurements 

The method wed fbr inflow Fatesand $issdved oxygen fdlewskrnard and k B a i n ’ s  (1994) 
with a few modifications. A polyvinyl chloride (PVC) freeze core standpipe allows liquid nitrogen 
to sewe as the eryegenk medium. The 4 2  cm diameter @nrter) standpipe meifswkg 40 cm long 
is sealed at one end by a wooden driving point. It is modeled after the Mill 
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Figure 3 .  Salmon redd construction with modified pipe locations (Barnard 1992). 
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Figure 4. Modified permeability/freeze core standpipe in redd used by Barnard ( 1992) to study coho 
redds in the Freshwater Creek basin, Humboldt County. 
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Creek (Gangmark and Bakkala 1958) standpipe and Barnard and McBain's (1 994) modified 
Terhune Mark VI standpipe (Figure 4) This standpipe was designed to be dFiven into the gravel 
streambed only one time. Once the standpipe is driven, it is left in place to monitor the intragravel 
flow, temperatwe? and dissolved oxygen (Do) over the egg incubation and fry emergence period. 
The standpipe consists of a schedule 40 PVC pipe, 40 cm in length, beveled at one end with a 
driving point. The driving point consists of it 4 2  cm (outer diameter) fir closet rod inserted 10 
cm into the PVC pipe. This point is secured with 3 #12 SS tapered head wood screws and 5- 
minute epoxy. The trm&tiw space between the tapered PVC P;pe and the wooden ckhin4 point 
was filled and smoothed with Plumber's@ epoxy. The beveled end above the driving point is 
perforated with sixteen 4.0 mm diameter holes divided inte 4evenly spaced FOWS (3.5 cm x 3.8 1 
cm). The holes imitate a spherical sink allowing water to freely flow into the standpipe from the 
adjacent gravel edumn (Terhme 195$). Each h d e  has if- horizontal groove 1 R M ~  wide and 10 
mm to each side to minimize blockage of the hole by small particles (Barnard and McBain 1994). 
When the stadpiipe is driven inte the gravel, intragravel water enters the pipe through the holes 
and rises to the level equal to the outside water surface. To sample the inflow rate a vacuum 
pump maintaka 2.54-cm pressure head causing water t o  flow through the gavel a i d  into the 
standpipe. In maintaining this pressure head, the vacuum pump evacuates the water from the 
standpipe rtt a rate epal  teinfle-w. Thiswater isstoFed i~ a maflometer so vduffte per u s t  time 
@e., inflow rate) can be measured (Barnard and McBain 1994). While Terhune (1958), Barnard 
(1  994) and & h e ~ ~ ~ s h t g  this tehniwe reported actual values OF permeability derived from a 
calibration curve relating permeability to inflow rate, the field values (inflow rate) are reported 
here because the pipestsed inthbsmdy ?we not been calikated to convert tovahes of 
permeability. In this sense, inflow rates are used as indices of permeability. 
Two people are required t o  measure the inflew r&e. One per- @umper)operates the pump 
system which is an electric, battery powered vacuum pump connected to a 500 ml manometer, a 
90 ern flexible vacuttrzr b se  a& it 65 crn straight copper tube. The second p e ~ w  (tiHteF j Iowers 
the copper tube into the standpipe and listens for a characteristic slurp indicating that the end of 
the tube h=jttstm& cmtaet t+4th the water d a c e  itlfide the standpipe. A2.54cm w d e n  
spacer is place on top of the standpipe and a "visegrip" is attached to the plunger at the top of the 
m e r .  When the spacer k e r n w e d ,  the pbnge~ islowered until the visegFip restson top of the 
standpipe, thereby holding the end of the copper tubing exactly 2.54 cm below the water surface 
wit& the Seadgpe ( F $ g ~ e  4) Asthe first 2.54emofwa4e~ kemoved ffm the st 
pressure gradient is created driving intragravel water into the standpipe. As the water fil s the 
well and t ~ ~ t ~ k t i p  the manemeter, the timer -sa slepw&k a14 recordstke st& distance. 
Water from inside the standpipe is continuously drawn into the well until the well is almost full or 
60 w&has elapsed. 'Fktim~ simttkmems$y raisesthe copper tubing from the water surface 
and stops the stopwatch. This procedure is repeated several times to get an average inflow rate. 
Thisrat& of the meawed vslume per unit time (ifdlow rate), must be ssneeted t 0  account 
for the initial 2.5 cm water column and the time required to remove it (0.25 sec) (Barnard and 
h4cBitirr€994j 

Te7 a 

Bisseivea&pSrtRtPiiRg&T-aktre-Rts 
A potentiometric method using an YSI electronic dissolved oxygen (DO) and temperature.meter 
with a pebe irtserted ktethe sandpipe wasused tonteaswe the subsurfaee & &=e DO and 
temperature for each standpipe over the study period. Subsurface measurements were taken after 
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intragravel water was removed from inside the standpipe for flow measurements. Dissolved. 
oxygen measurements md tempeFa-twe%weFe taken i n s i i  and outside the standpipe and were 
used to calculate the relative DO saturation of intragravel water to surface water (Barnard 1992). 

Freeze Core Sampling 
The freeze cofe method was des& to extract a vertkd sect& of relatively undisturbed 
streambed material and thereby avoid the homogenization of stream bed material that occurs 
t&ng bttIk ecwe smplefs(LIsle &E&, 1991). Thismethod previdesdifect &sewation of 
vertical bed stratification. A successful freeze core demands that water be excluded fiom the 
standpipe so that the maximum &zing effect ofthe liquid n h g e n  is directed to the 
graveVstandpipe interface. To make the permeability standpipe also fbnction as a fieeze core 
st&&, 8 steel sleeve i s M y  MF& intothe standpipe to “sed” the holesand then the 
entire unit is frozen. The sleeve is a 45 cm long steel electrical conduit, 3.8 1 cm inner diameter 
(ID) with a plastic disk ad Ftteeef 04% sealing the inserted end. A steel water key with the 
“key” removed and a stainless steel size 12 wood screw welded in place is used as a core puller. 
The p€astk washer a& &ng ifk& immediittely above the welded screw. Thispktnger/puller 
is inserted into the electrical conduit steel sleeve. The steel sleeve with washer and core puller is 
dowry lowered *the s$dp&e a d  screwed i-the w m d d ~ v k g  po&. A plunger system 
similar to Barnard and McBain’s (1994) was tested but failed, therefore, water was not evacuated 
from the stan8ptpe but sbwly pttske8- oet &e& g r a d  h e  the skew was in plxe it quick 
check for any water leaking into the sleeve is performed with the vacuum pump. Liquid nitrogen 
isthen pawed- fim if Dewar BE& &the staridppe (Figwe 5 ) .  &the liquid &Fogen boils and 
vaporizes in the sleeve and standpipe, the gravel column begins to fieeze to the sides of the. 
s t m p e .  Best nsttksiwe ObtZtiAed when-& €iq&d nitrogen level is rnaktrtiiled above the ravel 

d i e t e r  e m .  S r &  pmWi ifktgk, isme F&F-E may be necessary. When the jrtsl-of the 
liquid nitrogen in the standpipe is allowed to vaporize, the frozen core is pulled from the 
stmmbed t&g the ewe pthk .  The gavel sampk &thawed, separated &to wFEkaj stratum, and 
sieved to separat6particle - size classes. 

surface. Ten liters of liquid nitrogen (approximately 30 minutes) are sufficient to freeze 20- ! 0 cm 

. 

Field Procedure . 
The WNeitsttmf3ler wasemstmetedfrontPVE: sewer pipe 30.5cm diameter by 91.4crnbng 
with two handles on top and a beveled edge on the bottom. Samples were collected around each 
standpipe by p k k g  the sampk~ en the s&eambed with the stadpipe as close to the center as 
possible. Material was lifted out of the sampler by hand and placed into plastic buckets. As 
d was-llewed, the MeNeiI- sampk wa4ewFed 
was on the border of the sampler , it wouId be “pinched” and pulled into the sampler. If the rock 
ws~4me~e than h&in it wouMbekMeBbthe  sample, ifnot it would be thrown out. Substrate 
material would be removed until the sampler was 25 cm below the streambed surface. The . 
remaking depth d t h e  turbi& W ~ F  ifi the b4kW S H B ~ ~ F  w& be measured- f e  €&ai volume 
and subsampled prior to extracting the sampler &om the streambed. The sample would be wet 

the meambed. Ef it pieee of gravel 
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sieved using the Wentworth scale from 128 mm and less down to 4 mm (64, 32, 36,8,4). The 
remaider less thm 4 mm- if @xed into 5-ga€h buekets d camied back to the W sediment 
lab for fbture analysis. Wet weights and volumes of all fractions (including > 128 mm) were 
~ e ~ ~ r d e d  the b-axis diameter ofthe largest rmk in the sample was measwed. All sieved 
gravel is placed back into the stream after volumes and weights are recorded. 

Labwa&wyPrwed u re 
The remaining sample uses the dry sieve technique based on the Wentworth scale with a 
geometric progression of size-classes ranging from 0.062 to 2 mm. Material from each sieve size 
is-qxead att in a &&ad cake pctn (25.4cm X 35.6cm) and remaining water is removed with a 
siphon. The pan is placed into a 60" C oven for 24 hours to dry. The dry sample is weighed and 
spkt down to a workabk size (Z-cups) using a spktter. The subsample ispbced off top of a series 
of sieves (2, 1, 0.85, 0.5, 0.25, 0.125, 0.062 mm) and covered. This stack is placed into a shaker 
fcw 5 minutes Each &action is weighed a d  placed into bags &F fbture voktmetric measurements. 
This material is suspended in a graduated cylinder and the volume measured. This is repeated for 
each sieve size until entire sa@ has been added. The cylinder is agitated fix 1 minute a d  then 
poured into an Imhoff cone for final volumetric measurement. Volumes are recorded 30 and 60 
mittukesafter pouring. 

McNeil Water Sample 
The s&sampk! of turbid wiftef taken from inside the McNeil sampkr in the &Id kfikered and 
weighted in the lab. The subsample volume is recorded and then filtered using a vacuum filter 
a p p s t r ~  with € .5 micron fiiker pape~. The filtrate is dried and weighed to determine the 
suspended weight by volume. This ratio is extrapolated to the entire McNeil volume sampled. 

€ e l i e F q  E m q e w e  
Spawni~g arztfeaxasssuweyshelped identifjr reddlswith wtively spitwning c o b  salmon. From 
these redds, 6 were randomly selected for an emergent Ery trap to be placed over the egg pocket. 
These emergent f iy t~ifps, used in PF&& €reek by €my (1990, 1991), weFe @xed wer the 
selected redds 10-30 days before expected emergence. Each trap frame is 2.5 m long by 2 m wide, 
em&uete&hffon, €.6 cm diameter steek rod and- cevered with 3 m polyethylem netting (F' re 
6). Each trap netting has a zipper sewn into it running the length of the trap in order to acc Y ss the 
s&~+s&F the ~FW. Exbtra-pwa+mehoredtethe *e&d using bmkd-rebaf stakes. 
Streambed material was removed around the margin of the trap frame to a depth of approximately 
2035  emf& the net qxm. The apm+wisseeureBwith grzweU/eobblestepFeveRt lateral 
migration of fry beyond the trap perimeter. The placement, maintenance, and operation.of the 
trap-wask iteeedanee with tke methocb~&O€seef~996), and €eey e1 994) Trapwere 
inspected and maintained every two days until emergence occurred, then monitored daily. All 
captwe&Cfry weFe anesthetized with TI&& n t e t k m w k a t e  (M-222) tofwihwe kinding 
Each fish was measured to the nearest millimeter and released downstream upon recovery.. Each 
t ~ ~ ~ d k h t ~ i  & 10 'zerecatch' dayswere recoded a h r  the last e eaptwed- or 20 'zero 
catch' days- after the expected emergence date. 
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I. % M M  =%CM-%CUM,where 3. TE =MRC/TMRS,where 
%?VIM =percent marked mortalities TE = trap efficiency 
%CM = percent control marked mortalities TMRS = tatal marked released Survival 

o/acm = percent contrd unmarked mortd&s MR(: = marked released recaptured 

2. m s  =o/ehQMx h& where 4. EWC = 1/TE x (TWC), where 
TMRS =total marked rekaserf survi& EWC =expandedweetdy& 
%MM = percent marke&mrt&ties TE = trap efficiency 

r MR = markedreleased TWC = l x J t d w e e ~ y c ~  

Downstream Migration 

MaFy SerewTrry, 
A U&ed StatesFish and WMl& Sewke (USFWS)EG Sdtttkm wary =Few tFap wasused for 
the assessment of emigrating juvenile salmonids and other species of Prairie Creek. The rotary 
=Few t ~ q  wascaaqxiwd ef B 1.5 m (5 e.) &meteF cone with a spiral vein supported by foam 
filled aluminum pontoons. The trap was placed 50 m above the confluence of Streelow Creek 
(Figttre 2) asxi fisked- at it depth ef 0.75 H) t - W  the t~aPpiRg perio8. As W&?F pttfkes the 
spiral vein the cone spins, entrapping emigrating fish and forcing them into the live holding box 
lo&ed at the reitf of the t ~ a p  (ska*v rtnd Jacksoff 1994). The trap was operated 24hmrsper 
day, 7 days per week, from 18 February to 19 June 1997. The live holding box was checked daily 
atpd it ~affdom sample of size ~ 3 0  fish was taken fer chinook ywng-of-the~iw (YOY) salmon. 
Fork length and weight were recorded for each individual. Also, samples of size n=30 were.taken 
fix dk &&F age aid- speeiesof%present-. AZE~en~akirtg fisk were identified a d  wwted. The 
separation of age was based on fork Iength and appearance. Fish were anesthetized with Tricaine 
m e t b w l b k  (MS-222)te fkditate httrtdling. Each fisk W ~ ~ S E W W F ~ ~  tethe nearest 
millimeter and weighed to the nearest 0.10 gram. 
Trape&iemieswFe condwted wee&, when p c x d k ,  to estimate the numbers offish 
emigrating fiom above the trapping site in Prairie Creek. This estimate does not take into account 
the level ef pr&etk d o w ~ m  fiw the trap or these fish FemaiRing in the basiff beyond the 
trapping season. Juvenile chinook salmon were marked weekly with alternating caudal fin.clips. 
The N & F S H E U ~ ~ ~  vked  b e  to the iktusttionsii, dowrtskem *&. A+ least 50-1 00 or 
more fish were used for the efficiency tests. Marked fish were transported upstream fiom the 
rotmy screw trap 0.5 km and released in a deep pool containing large woody debris for refuge. 
A control group of 25 marked and 25 unmarked fish was held instream in a 0.75 m by 1.22 rn. by 
0.92 m live pentedetemdne snskkg m&&ty. ReeaptwesweFe recorded &weekly estimates 
of outmigrant chinook were calculated using the equations of Shaw and Jackson (1 994) in Table 
I .  
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Fyke Net 
A U. S. Forest Service M w d  Seienee l.,i&~sttofy (RSL) Qke net was used for assessment of 
emigrating juvenile salmonids and other species in Prairie Creek. The e k e  was comprised of a 
€.S ntX 3.1 q &Wem ~ ~ n e + ~ % e  &em&fickef-8eereasing k-dy dewn to 
25 cm in diameter and enters a live holding box. The net was placed in the thalwag 90 m above 
the e a e t t e e  dBolples CF& (Figwe 2); The @rkewas-seeured with carabikws and line to-metal 
fence posts pounded into the substrate at the upstream opening of the net. A rock weir spanning 
tke wki&&thecreek h e d  a d  migmthgint%~&iR)Othe net and irttothe live holding 
box. An additional live holding box was placed directly downstream from the first holding box as 
ii jwenikFr&tgm&seettsd-~tkvvith-ek Apksbe g~a4et1.25 cmntesk)wftspla.ced in 
the upstream box to prevent larger fish from passing to the second live box through a flexible 
tube fisk weresampled aeeof8htgte-tbpotoeek stated h e  as well ifs t ~ H n g  efficiencies 
when possible. 

Trib&myPipeTraps 
s i x t d x i t ~ ) e - P F ~ r e e k r e e e k d - “ p i p e t ~ ~ ”  te- thedownstrememigration of 
juvenile salmonids and other species in that tributary (Figure 2). Each trap was comprised of a 
25.46~)- W S W  p$e fvstfie$rle- rw-ittSlittee r a a p a d  a h e  hold& k. A Fwk weir 
spanning the width of the creek forced water and migrating individuals into the pipe, downstream 
&theadjust& indined ramp-dinte-the live hdding box. South Fork and- North F o ~ k  Brown 
Creek pipes were attached directly into a RSL net live box with a PVC fiame. All fish were 
sampkdsceFQtRg~&e pfdeseC&mcL~ as-we~stfkz@ng efficiencies, These ~ F W  were 
operated only when flows permitted. The trap locations are (Figure 2): 

B. May Creek - at the confluence with Prairie Creek. 
6. Gedwwd-Greek-at the aidueme *rritkp~aiFie Greek. . 
D. Boyes Creek - at the confluence with Prairie Creek. 
E SF. Bfefwl?-€‘reek andps;f;; E$mwn-€& - wrkeretk-hlwmeet. 

Trapping Mortality 
PeFee&tsqpiagmwtdiqr v a ~ & W k & -  ‘ eaptw& over the e k e  tfitpping 
period for each trap used. Artificial refbgia was created with plastic milk crates, rocks, vegetation, 
mep-hea& am&Fee&wadsplitee&k-aekh h & h g k t t + m k k i z e  predation. 

& Li&-bS&WCFWk -38Ht--h€I’l-kJ.s 101. 

- 

Summer Juvenile Coho Salmon Population Estimate 
&- ’ 

reach) between 15 July 1997 and 17 August 1997 using the modified Hankin and Reeves (Moyer 
€997)mt-. This index mieksvedwde - ’ Bint&x+~ s e s h s  in order tekeeptbe data 
collection, Le., habitat typing, snorkeling, and electrofishing, within a two-week period. The 
s e c t i e w ~ e .  &)-%feelow Ck. &&ejw-€k., 2)3qes-€k. t&hwn Ck., 3)-€i~e~&k. *Sweet 
Ck., and 4) Sweet Ck. to 0.8 km below Ten Tapo Ck. (Figure 2). Five habitat types were used 
fiw tkifestkmte. These habhtypes-itre &We C)-empIex pools-those to 

forjtweffilet-h--m&k 14.5 km&:P~&k €F& (index 



13 

electrofish effectively, 2) deep pools-deeper than 1.1 meters, 3)  pools-none of the above, 4) runs- 
depth-at- le~0.4-mte~s  to  ahwdive~g&-field OFvififfft, and 5)riffleMwt be longer than 
wide. 

WMt.  Tempet.&twe a&sfwm~Wkrtpge 
Water temperature data and stream discharge were measured at the United States Geological 
Survey (UsGs)stream g& station, located & the Wdf €reek Bridge in the &$wood National 
Park. RNP staff biologists provided this information for the study period. Temperatures were 
m d d  eveq  1.6- k r s b y  a HOBOTEMFM tempratwe maitor placed i A  a pokstive 
PVC sleeve anchored in Prairie Creek with a cement block. Discharge (Q)  was calculated using a 
calibratieft cuwe generated by W from water sage heghts recorded continttottdy at three 
USGS gaging stations located itt Prairie Creek above May Creek (R. Klein pers. comm.). 



14 

Results and Discussion 

Upstream Migration 
The weir and trap was operated and mcm&wed 24keurs per day, 7 days peF week except-when 
flows prevented safe operation or were too low for adult migration. The trap and weir was in 
@=e off 21 WvemBer 1 9 9 6 - & w e W & 1  Fe- 1997. The t r a p w a w e m e d  from 
the creek during high flow events and replaced when flows receded. 

€ki&sttkitetr 
Fa* ekiRoek were capttsed- the stme day that the we& t~ztp was in place, 2 1 November 1 996 
(Figure 7). The peak occurred on 23 November 1996 (n=15) and fluctuated into January 1997. 
A t-1 of 153 ekiRedr were eaptwed, 33-&Htales(29%).& %males (71'?& 37 jacks). Average 
fork length for chinook females was 85 cm and 66 cm for males. 

16 - 

- 
0 

z 6 

Date 

eohn s;ltmmr 

A W of 124 sobsalmon wefe t m  45 ~n1a.€e~(3BYe)-d79 males (a%, 18grilse) The 
peak occurred on 21 December 1996 (n=l1) (Figure 7). Average fork length for female coho 
wit4 65 em itnd llPtdeeoho w e 6 3  cm. 

PF&- to the 19954996 adult t ~ t y p k g w  st$uksk3km€b ' wefe trapped in PF&+ CFeek to 
supplement the salmon populations using streamside incubation and rearing facilities. The weir 
t ~ a p  was operateddwing permissi&hsu&m adequate number of adults weFe captured to 
mificially spawn. Trapping cmtinue$, kten&tently, to-detennine the run size and timing until 
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the goal of 100,000 chinook eggs were acquired (PCFWWRA, 1995). The past two seasons the 
trap was O ~ F W  as many days as possible &2 set.et-al zere catch days were recode$. 
Although the trap was removed several times due to high flow events, we still captured over 200 
s d m w  each ye=. The sex r a t k - w e  Si& fof chirtedt, but Feversed for c o b  sftknor, with less 
females captured in 1997 than 1996 and more males in 1997 than 1996. 

Spawning surveys 
Measwed redds tha+ were =*F OF eqpd te 1.5 m- lmg by 1 .O m wide we= emsidered te be 
excavated by a coho or chinook salmon in Prairie Creek (Briggs, 1953; Bjornn and Reiser, 1991; 
M. F m ~ p e ~ s .  e m .  1996+ !&meysweFe e c m i u c M  weekly beginning 25 November 1996 to 3 
March 1997. A total of 191 salmon redds were measured over the first 10 weeks and 21 
steeHteab F& reeorded in the next 4 weeks. @these l9f s d m m  redds, 82 had adult female 
salmon on them at the time of the survey. Chinook salmon account for 73 % (60 fish) of these 
% a d  coho x h m  contributed 27 %f22 fisk). mlyi% the percentage ofeh imk and coho 
redds each week to the unknown redds (1 09) gives a total 1 1 1 chinook redds, 54 coho redds, and 
26 udme+m (Table 2) .  The =age d i d  . se€&red&rneasured was 2.7 mltmgby 1.5 m 
wide (4.05 m2). Chinook salmon average redd size was 3.5 m long by 2.1 m wide (7.35 m2) by 
14.3 cm deep. Coho salmon average redd size was 2.5 m long by 1.5 m wide (3.75 m2) by 14.1 
cm deep. 

Table 2, Spawning survey results from November 1996 to March I997 in Prairie Creek 
Survey Date Chinook Coho Unknown Percentages Total Redds 

(Week starting) Redds Reads Redds Chin Coho Chin Coho Unk. 
25 November 0 0 26 0 0 a 0 26 

- 2Deeedxr 16 0 11 1 0 0  0 27 0 0 
9 December 0 a a a 0 0 0 0 
16 December 23 1 23 96 4 45 2 0 
23 December 7 3 9 70 3 0  13 6 0 
30 December 0 0 0 0 0 0 0 0 

6 Jarnary 12 9 13 57 43 19 € 5  0 
13 January 1 5 16 17 83 4 1% 0 
20 January 1 3 a 25 75 3 9 0 
27 JanuaFy 0 1 3 0 0 a 4 a. 

Totals 60 22 109 - l € l  54 26 

€ e t t s f - y  
A4l sa4- safeassesrecovered wFe tagged, ide&&d and Fekafed back tothe exist place of 
capture for a spawning escapement estimate (in progress). A total of 164 chinook salmon 
6aFcaSseswere Feeevered. of these, 4 WeFe M i$ettti&bk by sex, 85 were fe&, and 7 1 male. 
A total of 61 coho salmon carcasses were recovered. Of these 1 was were not identifiable by 
sex, 26-k~ixik, aid 34 male. The averrtge le~@hwd resttksam listed below in Table 3. 
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ChinoaknRlmnn . Cohosalman 
r 

- n [ a b  - n ave. in. 
Female 85 1 78cm ' 26 65 cm 

M d e '  71 1 81cm ; 34 66 cm 
'Unknowrt 4 I 75cm J 63 cm 

- Total, 160 1 t 61 t - 

Table 3. Carcass recovery results from surveys conducted in Prairie Creek (November 1996 to 
March 1997). 

Prior to 1995, RNP staffconducted annual spawning and carcass surveys in established index 
reaches of sever& *e-Wirkirrh p& kmmdane s, imling the IO. 5 kn, ir, Prairie €reek. 
W ' s  best effort was during the 1992-1993 spawning season when RNP staff measured 167 
redds, FeeeveEd g? ekineek em-, rwB 14k&c~caffes No surveys weFe conducted in 
Prairie Creek for the 1994-1995 spawning season. The number of carcasses and redds measured 
du- the 1995-1996- sease~tkPt.rdfie €'reekifthe highes€ FeeOFded (279 redds, 314ewcasses). 
The 1996-1997 numbers are not as high as 1995-1996 numbers but a big stom prevented any 
s t t r v e p ~ t ~ ~ ~ e ~ b e t w e e ~ 2 5 ~ e e ~ ~  1-996-and 5 Januitq 1-997. Thifwas a 
15-20 year recurrence interval according to RNP staff (R.Klein pers. corn.). Most redds and 
e a ~ a s s e s w e ~ e  lest auFiAg thi+eve&whiehwaf&mg the 1-995-1996 peak s a h m  FLM. It is not 
known if the past two years numbers are due to increased effort, a strong year class, or good 
quality stn&qua&y efspmw&k habitat zwdabk ikte t e b b e r  winter flows An attempt to 
estimate the spawning escapement is in progress using a Jolly-Seber capture-recapture estimator 
(Law 1994) above €byes C m k  j%w WW997. Poer v4Mity below the cottflueMe of Boyes 
Creek prevented weekly surveys fiom occurring between Streelow Creek and Boyes Creek 
(kwh L), there&, 4-swveS(s-wefe e w t e d  B Y ~ F  the e&e spztwning seasea. This may 
explain some of the discrepancies in the two years. Weekly spawning and carcass surveys 
smx&&eed with&the W 16;5kfttix~eaekBktfasa&%t~4Iun upstFeamisproposed for 
1998. All carcasses recovered will be identified, measured, cut in half and returned to the creek. 
AH adipose fkdqptd  careitsshea8fwiKb and flelivewd to CDFG €& eoded wire tag 
removal and reading. 

€ 9 4 6 - F ~ E r n ~  
P F ~ € ~ I ~ F I ~ ~  stdieseathe e%$ d - h m M  ky ewqijence in P F ~  €reek were 
conducted by Coey (1994). Results from Coey suggests that fine sediments were responsible for 
cawkg IWYi mm=t&ty h - 6 4  tke W - m .  Spdfmm c1 996) f d  W'?& W d i t y  in 
3 of the 5 redds trapped in 1996. In 1997 5 of the 6 coho redds trapped produced salmon (Table 
4)- Also, ~ ~ ~ e ~ o d u c d ~ ~  s a h m  afwel-l &e* &on, Re& 15 and f% The 
lowest trap in the system, Redd 3, did not produce any fish although this redd was the best 
i&&k& ef &g c & e - d w ~ t h e k &  Thlsredd was- located W k t  below the 
adult weir trap. The redd escavation and deposition of eggshperm by male and female coho was 
08SeFve8-eve~tke entke dwi&w-& spvwkgbytke k i ) B v ~ i f f e f ~ .  This Feaadidhttye a high 
itrtlount of fines A h  poor i n w l B o w  (Figure 9). A hghspring flow event eroded the 
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redd m. redd . d a t e o f .  
survey date 1 spp. , fiFst capture 

16 1/7/97 coho 4Bf97 

15 - chino& 3/24/91 

1s 1 /7/97 coho 3/25/97 

11 1 1r7m coho 4/6/9? 

substrate around Redd 7 trap and exposed the apron. The live box did contain a few fish which 
4 i d k a t e  it pss ib iky  offiskeswpkg tkwgI+th+wpesiffg &ring thisevent. 
The mean FL of emergent coho fky captured was 37.7 m, ranging from 33 mm to 41mm. In 
general, the size efthe &captw&kre&throttgh the dw& of redd t~~tppi~g .  The 
captured fry were generally in very good condition. Incidental redd trapping mortality was 1.12 
"e, with newly 41 nxxtdity. weurrittg &riag a h@+ flew event. 

dateof date of . FL range percent 
, peak captltre . last fmm) ' total . STE" 

1 capture 
' 4/13 ( ~ 2 0 8 )  5/2/97 38-41 992 40% 

3/29 (n= 74) ' 4/29/97 - 214 . 
i 

, 411 ( 6 7 3 )  t 5/5/97 t 35-40 1902 76% 

' 4112 (n=616) ~ 4/25/97 ' 33-40 ' 2403 . 96% 

Survival to Emergence (STE) 
PCFWWBA trapped & s p m e d m  a~e:ritge of7 19 f e d  cOkO&orn Prairie €reek between 
1992-1995 while operating the chinook and coho salmon suplementation program. The average 
fecuftdky fof e& .&won gmerated by P€FwwBA is2503 eggs per fern&. Rlt~~6n.g a length- 
fecundity regression on the coho females spawned yields the equation for estimating fecundity 
[ k c d a y  = f 1 1 1. 7) * f b ~ k  length - 4895). The peFeent sttnival to emergeme c&dated iR Table 
4 uses the mean fecundity value above (2503) due to visual FL estimates only for each coho 
spawning in the red&trap@. Egg retention ~ ~ M S S U I W ~ -  to- be negligible based m if- sample of 
female coho carcasses over the past three years. 

t% - chinook ~ 3/30/97 3/31 ( ~ ~ 6 4 8 )  4/19/97 - 
8 1/13/97 coho 4/53/97 , 4/17 (11411) . 5/5/97 35-38 

1 

7*" . 1/13/97 coho 1 4/7/97 ' 4/8 ( 1 ~ 1 3 2 )  5/7/97 ' 35-40 1 

-2105 . 

1843 74% 

371 

* STE calculated using average fecundity of coho (2503/fernale) 
MRerMkcrmte&tretowBrowrr€reek 

. 3- 
I - - - . 1/€3/97 coho 0 
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To compare the number of emergent coho fry for each redd with the percentage of fines less than 
2 mm, I rifft if l k a ~  regressioff betweeBtke tetd mmber &fry captured an$ the p e ~ ~ e ~ t  fines 
(Figure 8). The regression plot suggests a negative linear relationship with a R2 value of 0.524. 

R? = 0.524 

0 2500 - 

0 2 4 6 8 10 12 14 16 

%n-<z- 

Figure 8. Linear regression between total number of emergent coho fiy and percentage of fines 
kss than 2 ~)fff, i~ ~ G O ~ C S F & & ~ ~ - P ~  €reek, k W t  €-y, California, 1997. 

Coho Redd Inflow Rates 
%veFd i~t~agfml h w  measttFem€%&weFe ~ € & d  OveF the egg incubat& and emergence 
period for each standpipe in each redd, these results are reported in Appendix A. Conducting a 
me-way dysifofvaFiance %these iRfFagwel mewemerttffor pipe A skewsthat t k ~ e  is a 
significant difference between these redds (Table 5).  The calculated F-value is greater than the F- 
CF&& v&, tkerefefe yott Fejeet the hypethesifef +g. a d  state that there if at least one 
inequality between redds. Taking t h i s  one step m h e r  by running a one-way ANOVA between 
those re$&- h w n  Creekfcent~&gm&agains$ these e $ d s  below (treatment gotip) we 
find a significant-difference between the two groups (Table 6) .  For this analysis, we threw out 
twu*- abuve--e& These twu redd~are redd 9 wbdrwas above 
water over the incubation period and redd 14 which had a bank erode into the creek 10 meters 
uwFem dwhg it @ng eve&. 

Coho Spawning Substrate Composition 
The six ~eaaf~&ktke-fFy-wwere-&h spawning S U & F E ~ ~ ~  eoditimusing 
the fieeze core method suggested by Barnard and McBain (1994). The fieeze cores taken with 
the R t e $ j & ~ - w e f e v e g r  d W - t h e  k g e r  substrate which-isa 
drawback to using this technique (Lilse and Eads 1991). Most freeze cores did not sample the 
uppe~ ~ e f t t t t m ~ & k l p .  w m w k e + ~  see" t e k k  s t m m  flow a r d  the pipes and 

kw e - C n  red& TkeFemah&g-retkiswere saffqkd with the &Neil sampler and 
the results are shown in Figure 9 below a d  AppenEiix B: 

when pouring extra liquid nitrogen. Therefore, only the egg pocket or bottom stratum was used vy 



Table 5.  One-way analysis of variance of intragravel flow for 16 coho redds in Prairie Creek, 1997. 

ANOVA. 
Squrce,ofVariation , .SS , df . MS F -P-valuk . Fcrit 

Between Groups 626164.9 15 41744.33 4.725017 0.000019 1.880174 
Within Groups 424067.8 48 8834.746 

Total 1050233 63 

Table 6 .  One-why analysis of variance of inflow tates fur coho salmon redds above arid below drown Ckeek, 1997 

ANOVA 
Source ofvariatiori SS . df MS . , F , .P-valu$. . F crit, 

Between Groups 88855.29 1 88855.29 5.564922 0.021971 4.019540 
Within Groups 862219.7 54 15967.03 

Total.. , . . 9510.75 $ 5 ,  b 



Figure 9. Inflow rates and percentage of fines less than 2 mm for 16 coho redds in Prairie Creek, 
Humboldt County, California, 1997. 

To sempwe the ~ek&cmbq+bet+veeRtke pesesg effkeskesfk 2 mm a d  the inflow rate of 
each coho redd, I used a simple linear regression (Figure 10). The regression plot suggests a 
negative linear relationship between the variables with a R2 value of 0.683. 

The DO ofk€sagravel wifteF €kw e a e h d d - w a f h F  than the s w h e  wateF DO  OF dtll redds 
(appendix 3). The mean relative DO saturation was 82 YO with a high of 91 YO (redd 10) and a 
k w  d65Y~@e&I43(Figwe I$) 

400 - 
350 - 

h 

5 100 - 
c.l 

50 - 

- x - 
R2 = 0.683 

a 

0 
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% ~ ~ Z ~  

F b ~ e  18; L k i ~ ~ t ? g ~ - e ~ ~ i ~ ~ b t ~ ~ t ~ ~ i ~ ~ i t n B - h  peFeentage of fines leessthctrt 2 mm for 
16 coho redds in Prairie Creek, H u W t  €ounty, California, 1997. 
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Successfil incubation of embryos and emergence of fsy depend on many extragravel and 
intrag~wel ehenticd, pbysicd, a d  bydradk vmi&es Do, water temperatwe, k h e m k a l  
oxygen demand (BOD) of material carried in the water and deposited in the redd, substrate size, 
ehartnel gwhent, channel gradient, cham4 eonfigwatb, wateF depth above the redd, surface 
water discharge and velocity, permeability and porosity of gravel in the redd and surrounding 
streambed, and v e k i t y  of water through the re& (Bjot-nn and Aeiser 1991). M y  a few of these 
variables were addressed in this study. We looked at the DO, substrate size, and porosity of 16 
coho redds The Fesdts indkate th& DO d& nd- dSer between redds but the percentage of fines. 
and the inflow rates did. The results also indicate that the redds above Brown Creek are 
sig&kmt€y &€€krent from the mlddxlow. 

r 100- 

bc 50 

' " J  q! 
bb 

Figwe 11.. PereeH Q W v e d  oxygen sittttf&icm fw 16 c o b  redds in Prairie €Feek, Humboldt 
County, California, 1997. 

Bewi&ream migration 
Rotary Screw Trap 
The F- s e w  ~ F E ~ ~ - W ~ S - F &  2 4 W d q  between 20 February 1993 & 19 June 1997. 
Initially the screw trap was placed approximately 50 m below Streelow Creek but did not function 
aswe&as-expeeted-as the higksp&igAowf-mede$. On25 MaFeh 1997 the trapwasrebcated 
to the 1996 location (50 m above Streelow Creek) and fished until 19 June 1997 when stream 
flows dropped tea kvel wkkeettld net q+k+ the cone e%tively The majwity- efthe c&h 
throughout the sampling period consisted of chinook young of the year (YOY). The captures for 
chinook pertked 0 ~ 4  April tW7 @=1251)-witka g ~ d  t&d of25,994 (Tattle 7). € o b Y O Y  
captures peaked on 13 April 1997 (n=388) with a grand total of 3,113. Other salmonids included 
cob&,  trot& YOY, t r w  pan, &?eke& && and cutthFoat trout (Table 7); Other 
species captured included sculpin (coastrange and prickly), lampreys (sea and brook), salamanders 
Etnd frogs; Estimate made fFefft weekly trap e & k i e s  ttskg vwious fin clipsfeF chkeek and 
c o b  salmon are listed below iil Table 8. The total trapping mortality was less than 1 percent. 
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The 1996 downstream juvenile salmon migration was monitored using the same rotary screw trap. 
k was operated &em 13 MaFekte 10 k€y 19% t~apphg 26,333 chinook YOY and 25,492 coho 
YOY. The 1997 coho YOY captures are significantly lower than 1996. 

Fyke Net 
The w e  net was-eprated 24-ket t fw betweeft 13 Miweh 1997 a d  19 J t m  1997 This trap 
was removed from the creek due to high stream flows on 2 1 to 24 April 1997. The majority of 
the catch h w g -  the samphg pried u~itfsimik te the scxw trap nuntbersexcep for the 
higher number of coho YOY. The captures for chinook YOY peaked on 3 1 March 1997 
( ~ 2 8 6 - 5 ) w h k a g ~ d t 4 o f 3 4 , 9 8 ?  (Figwe I€> €&eYOYsapturespe&edm 20Aprh 1997 
(n=636) with a grand total of 6,368. All other species listed above were captured as well (Table 
7). 
Pipe Traps 
The pipe traps wefepkeBinte-tkecreeksat di€€&e& dates lifted in the table below and operated 
24 hourdday. These traps require low flows to fish effectively, therefore, they were removed 
several times over the trapping pried due tethe fluctuating stream flows. The various catches 
are listed in Table 7 below. Godwood Creek, the most pristine tributary in the basin, produced 
amazingnumbem-efjuvenile sahntm f'er w h - a  s d  e~eek~2.4h-n long). Ne-h~~her research 
has been conducted in this creek but these high numbers for coho salmon justifies hrther 
iRvest&kn iff tkifsystem. €%the 3 2 , W  sc+hm&- * capkseci, ittotal of 201- (0.6IYe) moealities 
were observed. The majority of mortalities observed were regurgitated chinook YOY from 
predation i~ the h e  box. 

Juvenile Coho Salmon Summer Population Estimate 
The redtsf imn the summer ftitbitz&ztnd c & s h  populatiew survey for W.5 km of Prairie 
Creek are listed in Table 9. These estimates were generated using a S-PLUS program writfen by 
€. D, m e r  (1997). 

Water Temperature and Stream Discharge 
 ware^ temperzdttfesk Prairie GFeek fkdkw if ~ & & k d y  can&% seasonal pattern fF&:ufe 1 2). 
Fluctuations in mean monthly temperatures did not exceed more than 2" to 3" C. The overall 
mean temperatwe &om Decem& ?9%w&kme 1997 w e I I o  C. Stream disehrge ranged 
from ? cfs to ?cfs during the water year WY 97. Pulses in adult migration and juvenile migration 
eccuwed pwdemimtely during* WF h ~ s f ~ d k  3) 



Rotarv . @-chin O+coijo_ 1+ cohb d+ tq ’ _-__ 1+  trt ~ u l p  sucker t f r a  
212 0197- 25994 31 13 2302 247 710 94 43 0 303 25 0 
6/ 19/97 

Fvke Net O+ chin O+ coho 1+ coho O+.trt .ll~rt SJM guu &glp sucker t&m 

61 1 9/97 

L Lost OLchin QtG@hQ I+-coho O+ trt l_+_tg StkJ cutt $culp_ ssker t f i r  
-- Man 129 602 128 195 479 5 10 4 0 0 
414197- - 
May 0-t chin Q t w b  E C @ h Q  o+t_rt ktm st14 butt sG&? SUckeF tfw 
411197- 3 1938 167 213 93 3 78 19 1 0 

GdwDod O+chin o + c o h ~  1+coht, O+trt ILtrt stld mtt ~ I Q  sucker tLfra 
3/15/97- 6519 13852 176 403 119 3 5  53 4 0 0 

B.!.QY@ -_ O+. chin o+cohs 1+ COhD k t a  !?fa stld curt S S l h  S_UFk$r. t:ffoP 
311 5197- 30 416 84 0 71 19 44 21 4 0 

311 3197- 34987 6368 63 3 1797 f 7 7  31 210 89 1 0 

. ,6/4/97 

, ,613197 , . , . 

~ ~ ~ ~- 

NF Browrt O+. chin Q+_ coho_ l+coho k t r t  1.t.t~ 8tk-J wtt 3culr1 suck& LfrQg 

6/4/97 

--- SF B~QM O%h$g O+coho I+C&B OLtrt __-_I I +  trt stld wft g t ~ l p  sucker Lffog 
415197- 0 460 4 6 5 0 22 0 0 1 
6/4/97 . , . 

412197- 0 4579 37 j- 34 6 63 139 4 0 
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Week starting 
24 February I997 

3 March 7997 
10 Mar& 1997 
17 March 1997 
24 March 1997 
31 March 1997 

14 Apd 1997 

28 Aprit 1997 

7 April 1997 

21 ApriI 1997 

5 May 1997 
I2R.faYIW7: 
19 May T W ?  
26 May 1997 
2 June 1997 

16 June 1997 
9 JUW 1947 

Table 8. Rotary screw trap efficiency results for chinook YOY salmon in Prairie Creek, 1997 

. 

. 

- 

I ChiIldYOY 
Total Catch 

0 

2)) 
103 
42 1 
5034 
2009 
1282 
2129 
3673 
4529 
2017 
I278 
1591 
IQ52 
490 
- 115 

a 

totals I 25994 
-efF~ieney teest- ttet emkted 

No. 

with marks 
CafttUrd Trap 

Eficiencv 

Expanded 

Estimate 
W d Y .  

0 
0 

21 1 
103 
42 1 

10273 
837 1 
1282 
7604 
4897 
4529 
2077 
I966 
1591 
I O 5 2  
490 
- 115 

44982 
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Reach Distance C-Pools - D-Pools Pools Runs Riffles. T~ta l s  : Rem31 1 Stredow Ck. tu . 4.5 km . 1265 .. 3337 2315 NA :4930*. 11847 

Reach 2 'Boyes Ck. to 4.1 km 1248 1240 2944 468 965 6865 

484 . 2705 339 27 . 4236 * Reach3 BmwrrCk. to . 3.4Bm 681 . 

Reach 4 .Sweet Ck. to 2.5 km 1 G2 29 936 NA 483 1610 

Totals: 14.5km 3356 ' 5090 1 8900 807 6405 -24558 

Boyes a. 
Brown Ck. 

Sweet Ck. 

0.8 km below 
:TerrTapo Ck. 

- 
0.q\+/m* 

c. 375 /mw 

o.Ct60/mL 

0. 

0.397/mL 

Table IO. Habitat wwey F~&s& s e e t k  fef juvenile c&+tion esihate in PraiFie Greek, 
1997. 

c-Pools D-PO& Po& Runs Rimes Totals 
Rea& 1 
No. Units - I5 - 34 - 33 - 17 52 - 15r 

Total k e a  (m2) 251 1 10065 6134 2700 7215 28634 
(9%) (35%) (22 Ya) ( 10%) (25 %) ( 200%) 

Reach 4 
No. units - €2 - 1 - 30 - 28 - 67 - 13% 

. Total kea (in2) 455J 64 623 769 3644 5559 
(8%) ( 1 YO) (1 IYO) ( 14%) (66%) ( 100%) 

- Total U& - 70 - 66 - 128 - 1 02 - 248 
Totaj k e a  (m2) 7-732 14779 €6949 9195 18069 GI225 

Reach Z 
22 - 20 - 43 - 36 - 61 - 182 No. Units - 

Total Area (m2) 353 3704 533 I 4748 4284 18420 
(2%)- (20%) (29Yu) (26%) (23%) ( 1 ooo/'o) 

Reach 3 
No. Units. - 22 - I1 - 22  - 21 - 68 I43 

Totd Area (m') 1508 946 3859 975 1 924 9212 
( 16%) ( 1 0%) (42??) ( r  no> (2 1?4) ( 1 6Ph) 
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16 - 
14 - 

c, 4 -  
2 -  
a 

Date 

Figwe 12. Dz+-sv~F~~~E? -F tempera&Fe efP~aifie €~*k; Htmhldt €ot&y, €&rnia, 
December 1996 to June 1997. 

The lififjI) obpriue &t&s&dy I s t t + e  &e impaetseftbe 1989 sedimentatk event on 
anadromous salmonids in Prairie Creek. Prior to this event, limited data has been collected on 
these ani&Bttfiftgthek ihshwte~ phitse kP& €'reek exeep& for a stw4-y by m f l 9 5 3 )  
on adult salmonid behavior and reproduction. In 1989 a streamside hatchery supplementation 
pfeg~am w e s t w e d  by PG€Wl&Cl&&emk& f;ef 5 e w c u t i v e  y e s .  Mtth ehinook 
and coho salmon were captured and spawned at a streamside facility. The eggs were fertilized, 
b k d  a.n&Fdtt+the prtrrsize tke~t~eleased-hteP~a-kie €=k-. Periodk *em w e p w e r e  
conducted to determine the magnitude of natural spawning of salmon during this 5-year period. 
k, 1995, HSLJ wa!+eon t r a&twi&s t -~h  Be-&, @mentat&, & ev&&ien of a 
study design to assess the natural spawning success of salmon in Prairie Creek. We began with a 
r w n k w k g  fe detemhe the w e e &  sf3ifwAiffg sut$ restring of ckweok a d  coho 
salmon using various fishery techniques. Using an adult weir trap from the sublementation 
p ~ e g ~ i t f f f ,  w e  eaptwecl a n d - F e l e d W ~ e ~  isxi 115 &t coho &@ y n - a b o v e  
the campground. Weekly spawning surveys produced 288 redds, 216 chinook carcasses, 98 coho 
G~FG~ss~?~;  4 54-veq~ d ~ € ~ ~ ~ G ~ ~ ~ ~ ~ . ~ € ~ ~ ~ n t i f i c ~ ~ .  The F O ~  screw 
trap captured 26,333 juvenile chinook and 25,492 juvenile coho migrating past Streelow Creek. 
ARemeFgeF&i+ykapping pje&~mde&ed-bya#SU sen& W R e s  student trapped 5 salmon 
redds below Boyes Creek with low survival to emergence (0%-52%). Also, a summer coho 
+ h e w  produce& 9,WjweEtile eeke-betweer+ %eelow Creek ad- Bfwm €Feek (8 
km)(1,187 coho/km). These results indicate that successfbl spawning and survival to emergence /y?s 
efehkek &sekssdrnon-wwmdiffPmi& %3ekfeft-&yeitf. HoweveF, peer ualit 
spawning habitat existed below Boyes Creek and could become a limiting factor during low flow 
~f 8t.ettgkeyea~~ P k r  to 1-996, € - & ~ & i t S y ~ t r  dfettght w h i c k j i i d  the F 
anadromous salmonids up Prairie Creek (M. Farro pers. com.). Few redds were observed, y 
P€FWA?&-%akieve €bye&& dttftftgthk-petld. Aegis-dkss; k 1996, k@ w k t e  Aews 

' t y  

T Of 
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provided access to this spawning habitat above Boyes Creek and Brown Creek and the majority 

spawning and determine if the spawning quality is a limiting factor to anadromous salmonids. To 
&emnine ifthe 1989 sedimenta&nevent still kasa sigi-dkant effect on the spawning quality of 
Prairie Creek, we compared spawning gravel quality above Brown Creek, the control which did 
not received any ofthe 1989 sediments a d  spawning gravel quality below Brown Creek, the 
treatment which did receive 1989 sediments. 

&? w* 0€€B& b3 & k - W F  Ma. kt 1997, We p v d  t@ C O & W  nteffitefiRg the 

OUF monitoring r e d s  from 1997 are simila~ t o  the previous years. Weekly spawning surveys 
produced 160 redds, 160 chinook carcasses and 61 coho carcasses. The rotary screw trap 
captured 25,994-)ttveniIe chino& and 3,113juvede cohomigrating past Streelow Creek. A 
summer coho population estimate produced 24,558 juvenile coho between Streelow Creek and 
below Ten T a p  €reek (14.5 ~ ) ( 4 , 6 9 4 c ~ ~ .  Gcmpiwiqg the same rea& -yed iq 1996 

jttverdle e& wsgenerated. %r ~ ~ ~ I t s h s p a w a k g  g ~ v e l -  analysis f w  El93 indicate tqat the 9 ”‘ ’ 
quality of coho spawning gravel in Prairie Creek above Brown Creek is significantly different 
from spawning gravel below Brew €reek. Both the inflow rates and the survival to emergence 
showed a strong negative linear relationship with the percent fines less than 2 mm. These results 
agree with other research suppofiing the general hypothesis that survival to emergence declines in 
substrates as quantities of fine sediments increase. The fine sediment reduces gravel permeability 
and pore space aswell as dissdved oxygen in wateF available to embryos. Due to the small 
sample size (n=6) of redds used for the survival to emergence study, an increase in the number of 
e&+Fed&fiwa stmival te emerge&study isprqjmed fix the next year to &tennine the impacts 
of fine sediments on survival to emergence of coho salmon in Prairie Creek above and below 
BfowR-€&. 

to 1997, Streelow Creek to Browns Creek (8 km), an estimate of 18,712 (2.339 cohokm) jj.fK” : 
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Literature Review 

Numerous studies- h v e  examiffed the g f r t v e t e d m e f  sdmonid spawning habitat and the 
effects of these conditions have on the survival of incubating salmonid embryos. Several studies 
are bFiefly described below, but a thmwgh assessmxt ofthese studies was conducted by 
Chapman (1 988) and since has become the most referenced paper on this subject. A 
chronological literature review follows with a brief description of each study and results. 

Koski (1 966) trapped coho redds in Oregon streams and found that coho salmon fiy survival was 
inversely related to the percentage offinessmidler- tkttff3.3m and that the size of coho salmon 
at emergence related directly to the permeability of the substrate. 

Phillips a i d  K& c1969) used a- fiy trap method toestima+e salmonid survival fiom egg 
deposition to fiy emergence. Field tests showed the efficiency of the trap approached 100%. 
They e w l a  &a+ this- piwwcke~te~e w u f a t e  estimate of swvivd %omegg 
deposition through fiy emergence than 4 other methods (1-excavating live redds, 2-using live 
e l f g + F e € w e r e a & m a p m b ,  3-#h&mg&&egaw€, 4-weiFe€)tHIts). 

Phillips et al. (1975) tested mixtures of gravel and sand in experimental troughs to simulate 
ha&@ 
between the quantity of fines and emergent survival. Mean emergent survival for coho salmon 
ranged fkm%oAh+&e eontmkmixtwe te -Pkh  &m&we (70%&3esbsfth~;3 mm 
diameter). Premature emergence of coho fiy was related to higher concentrations of fines. These 
pematwe fiywe~e S E B ~ ~ F  a n d ~ e t a k d - m  y&thm% emeFging at nemal times 

edtttsakitett&*k&m wedf An inverse wlimemhip waffound 

Lotspeich and Everest (1 98 1) developed an index of gravel quality by dividing the geometric 
mai+p&k€e sizebytke-se#kgeeeiEieieRee€a-simp€e. Thk-dtingmmbeF, the "fiedle 
index", is proposed as a standard for evaluating the reproductive potential of spawning gravel. 
T k e y ~ ~ n o e e x ~ ~ ~ ~ d e e t t ~ t k e ~ ~ ~ t ~ f r e d k i r t a e x s t f l a s t t ~ a l  to 
emergence of salmonids but they used the data of Phillips et al. (1 975) to establish a preliminary 
Fe- tffeeRhse pwmete+ . T h e y e & W * d e r s  fm the gwd samples 
collected by Phillips et d. on coho salmon and steelhead trout and plotted them against survival. 
The ~ & a t i a & p - W a t d t W t k e ~  i&+~i+~eSpt"k t o d i i t  chanp-bgfauel 
composition, survival, and variations in intragravel habitat requirements of individual species. 

Tappel am4 B j e ~ ~ m ~ € 9 8 3 ) d e v e ~ s t r n ~ e f r e ~  Size e€ SpttWninggrawel te salmonid 
embryo survival based on a cumulative distribution of particle sizes. The two size classes that 
be* r e k t  the eempc&iei+&the qwwkg-gftwel-size wew the percentage &&e h a t e  
smaller than 9.5 mm and the percentage smaller than 0.85 mm. Salmonid embryo survival was 
wl&&tehse twc4z.e ~ l a s s e & W w & S d % 3 ~ A  efthe v-yirrembryo 
survival was correlated with the changes in substrate size composition. Gravel mixtures 
a m t a k k g ~ p e ~ e n t a g e & ~  sediment px.&ee$ d e r  s teek&&wgrave ls  
containing low percentages ef fine sedimer&, but ne signiticae difference was found. In gravels 
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containing large amounts of fine sediment, many of the steelhead and chinook salmon fry emerged 
befeFeydkstte-wm@e. 

Taggart (1984) trapped 19 redds in Washington streams to determine the effects of forest 
pwi&esa+nattm&y s p a v m h g e b & M  that &&%emxgence v&&dieetly with 
intragravel permeability, which varied directly with the proportion of good gravel (B3.35 mm and 
c23.9Hutt) I & F ~ ~ ~ ~ ~  exyge~-&pe~~te~ave~ente~e&tskghh4arkVI 
standpipe and pump as described by Terhune (1 958). Gravel samples were obtained with a 

determined by sieving the sample through a series of Tyler sieves. This link between permeability 
&geed gravelprwides-a-meekattisffte-ex~the rehtk&4pbetween& gfiwel-itRB STE. 

RW&#k?d hkw F l  €j&’&F l-5.24 €Rf feirt)&F€l& &ltfIWeF & g-1 Was 

Chapman (1 988) reviewed the variates used to evaluate effects of fines sediments on survival to 
a . k & e m ~ e h & & k ~ ~  ii?weaim- . Fkttseathedata&Keski-(l9&+and 
McCuddin (1977) to calculate permeability’s of redd and laboratory gravels in relation to embryo 
suFviva&teemeqpee ftx e W 4 e - m  S u - w i d d M - ~ i e f ~ ~ y  and 
significantly related to permeability. Chapman suggests using multiple redds with positive . 
~ ~ ~ ~ ~ - t ~ ~ ~ € e ~ i r t ~ g e e ~ ~ ~ k e ~ ~ s  

Young et al(1990) found that survival to emergence of both Colorado River cutthroat trout and 

studies. The percentage of fine particles and Fredle Index were much less effective predictors of 
&a-&teemeFgenee. They memmedW p&eleS+.%5 mn+Be eMtsi$e&*M material 
and that only particles < 50 mm in diameter be included in the computations 

~ k o t t e f i ) . ~ I i i o f t ~ e m ~ w i r k ~ * n t e ~ @ k h ~ l ~  

Yowtget & (IW~jetmpwed k5 m e a s &  s t . 4 ~ ~ ~  e e m p m i t h  in labefitrq tests*at 
evaluated the survival to emergence of Colorado River cutthroat trout in substrates of different 
eornpvsitim. DSk~ent &i-of geometfic mean particle size accounted for the greatest 
proportion of the variation in survival to emergence in laboratory tests, but the percentage of 
&t~a.te htkEtR-O;&S r t M t k w - - a h m - s e r t f i r i v e m e a s u r e  of kRewR ehswges in 
substrate composition in the field. Their studies indicated that the geometric mean particle size 
wa+thebestp&eattisfftef ofSTE. Tkej.eettekt8e$Wa~menteItfufe of stibstmteeempsition 
may be inadequate to both assess the potential survival to emergence in a substrate and detect 

b e ~ k & t r z t t e e o m p o s i & w ~ y  M we. 

Young et al. (1991) (biases associated with four stream samplers) compared samples collected 
from 10 substrates of various compositions with a sq&-probe fieeze-core sampler, triple-probe 
freeze core sampler, a McNeil sampler (1 0 in), and a shovel. All four samplers were biased, but 
the MeNeik s m p k  most & e q y e A y e e d  xm$es-t& a p p - c ~ & ~ ~ A  the 
c-m. 

&strate 
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