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assess survival to emergence for Colorade River cutthroat trout and

brown trout from knowledge of subsirate composition. First, 1
considered includipg permeability as a variablie in the models. Bu

using the MARK VI standpips to measure permeability in a substrate-

lled flume under constant-ficw conditions
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differences in permeability reacdings made by different pecple at four
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problems. Part of this difficulty included ths re of biologists
to select 3 single measure of substrate composition and to use
statistically valid technigues fg relate it fo survival to emergence.

I guestioned Chapman's {(1988) conclusion that the fredie index should
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be the preferred measure of substrate compoasition. Reanalysis of the
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i DMAD : me te suggest the geometric mean particle

size &s an apprepriate statistic., #With data obtained from iaboratory
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to emergence 2f brown troub on

several measures of subsirate compesition and found that the geometric
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unted for the greatest proportion of wvariation

in survival t¢ emergence. Furthermore, I noted that as the geomelric



less than 0.8% mm was more sensitive to changes

compared samples collected by two freeze-core samplers, a McoHeil

]

ampler, and a shovel, and found that samples coliected by different
methods significantly differed from test substrates for individual

particie sizes. The McKRell sampler produced samples that approximated

the test substrate composition more frequently than 4id the other
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IHTROBUCTION

Various physical, chemical and biological factors influence the
survival of trouit embryos during thelr incubation in the substrate
(Reiser and Bjormn 1979). Physical factors include intragravel water
flow, substrate composition, porosity, permeability, temperature, and
redd disturbance. The key chemical facter is dissolved eoxygen;
however, ammonia, pH, and heavy metals are also important. Bilotic
intevactions include predation, redd superimposition, and the oxygen
demand of other stream organisms. The introduction of sediment to a
stream channel alters the intragravel conditions by affecting ail of
the aforementioned parameters.

Sediment generally has been regarded as defrimental to the
survival of troubt embryces {Cordone and Kelly 1981, but sees Bverest et
al. 1987;. Increases in fine sediment have led to decreases in
norosity, permeability, and apparent water velocity in stream
substrates (Reiser and Wnite 1981, Sowden 1983). Field and laboratory
studies have Jdemonstrated that as the proportion of fine sediment
increases, the survival to emergence of trovt embrvos decreasas
{Phillips et al. 1975, Bicrnn 1969, Hausle and Coble 1976, Tappel and

Biornn 198331,

incubation of saimenid embyyos occurs in two roughly defined
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stages: eggs ang alevins
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; stage lasts from spawning o
hatching. The zlevin stage begins at hatching and continues until the

juvenile fish has emerged from the substrate, usvally coinciding with
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the absorption of the volk sac (Phillips 1971}

. Both stages are
subject to mortality from unfavorable substrate conditions caused by
sediment. However, sediment impacts vary with the stage of
develcopment.

Both dissolved oxygen concentration and intragravel flow
directiy determine survival-to-emercgence (MoHell 1966, Iwamoto et al.
1578). Coble {(1%8]1) suggested survival would be higher in areas of
high intragravel flov compared to areas of low flow, even if both
contained identical concentrations of dissclved oxygen. Perhaps the
rate of oxygen delivery to the egg periphery is the key determinant of
survival (Davkin 1965, Witzel and MacCrimmon 15983). Since increased
levels of sediment decrease intragravel flow {Reiser and ¥White 19811},
this delivery rste would be decreased.

The survival and condition of alevins are also dependent on
oxygen and intragravel flow (Shumway et z2l. 1564, Jitzel and
MacCrimmon 1581). Furthermore, alevins must migrate through the
substrate to reach the surface waters. If insufficient interstitisl
space exists in the substzate, the alevins will become entrappsd and
starve., Decreases in substrate porosity have been linked to increases
in sediment content. Decreases in alevin survival have zlse been
attributed fo increases in fine sediment (Bjornn 1558).
¥umerous attempts have heen made to model survival to emeréence

of salmonid embryos (Shirazi and Seim 1381, Tappel 1981, Stowell et
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al. 1983). However, these models have sutfered from several
érawbacks. Shirazl and Seim {1581} suggested the use of the geometric
mean particle size of the substrate to determine survival. However,
different substrates with variocus proportions of different size
classes of material can possess the same geomebric mean {Lotspeich and
Everest 1981}). Tappel {1581} generated curves explaining over 90% of
the variation in survival to emergence in his experiments with
steelhead and chinock salwmon. However, his test substrates and test

statistic 2id not represent nztural redds (Everest et al. 19B82}.

Finally, the model of Stowell et a2l. (1583} relied on the percentage
of material below 6,35 mm to determine survival. This characteristic
suffered from the same problem as the geometric mean l.e., many
substrates conid have identical propertions of waterial below 6.35 mm,
vet the distribution cof sizes both above znd below this size may vary.
Fuorthermore, much of the variance in survival was not explained by
this variable.

Most models have suffered from an oversimplification of the
conditions present in a redd. ote that they all rely solely on
measures of substrate, yvet the importance of dissclved oxygen and

intragravel flow have been demonstrated in the iaboratory and
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field {Alderdice et al. 1858, Coble 1961, Silver et al. 1363, HcHeill
19661, Sowden and Power {1985) reported no vorrelation befween
survival to emergence and substrate measures, bub found significant
correliations betwsen survival and intragravel flow and dissclved
orygen. However, the technoiogy to measure intragravel dissclved

cxvgen and intragravel flow has presented problems, sspecially in



coniunctlon with attempis to validate these models in the field (B,

The Cheyenne Water Project has diverted water from many streams
in the Morth Fork Little Snake River drainage (Jespersen 1581). Om
several occasions, large ampunits of sediment have been introduced to
the streams in this watershed due to road comstruction, diversion

il S, hannel rerouting {R. Schmal, Hedicine Bow Hatil 1
failures, and channel ¥ ting {R. Schmal, Hedicine Bow Hatlional

Forest, Laramie, Wyoming, personal communication

]
pn
)
1]
s
4
fu
o
fou]
fa
s
1]

contains the largest known population of genetically pure Colorado

River cutthroat trout {Oncorbynchus clarkl pleuriticus}) in ¥yoming

{Binns 1977}. Thnis scbspecies has a very restricted range in Colorado

and ¥yoming (Behnke and Zarn 1976} and has been recognized

o
in
o1}

species of special concern by the ¥Yyoming Game and Fish Department (M.
Stone, Wyoming Game and Fish Department, Cheyemnne, ¥Wyoming, personal

communiication). Additional mortality caused by sediment
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ons is likely to cause further deciines in the populations

of this rare subspecies.

i

The status of brown trout (Salmo trutta) populaticns is aiso o
cancern,'éue toe the recreational popularity of this species {R. ¥Wiley,
Yyoming Game znd Fish Depariment, Laramie, ¥Wyoming, persomal
communication). Mumerous streams contalining this specles across

¥yoming are affected by land uses, such as logging, livestock grazing,

mining, or road construction, which increase sediment loads.



PROJECT OBJECTIVES

There weres two primary goals for this project The first was

development of a laboratory model predic

oF

ing the survival-to-emergence
of brown teout. The following chapters present my work that zaddressed
these goals. The chapters focus on laberatory and field experiments
oi survival to emergence and the sampling and measuring of
characterisiics of the intragravel environment.

The importance of intragravel flow in affecting survival to
emcrgence iz evident. One index of intragravel flow is permeability;
this has been measured using a bhicycle pump to suck water through sz
perforated standpipe (Terhune 19%8). In Chapter 2, I evaluate Ifhe
variation In measurements of permezbility when using the MARK VI
standpipe, which 1 found to produce significantily different results
when used by different people. To reduce the variability and bias
associated with this technigue, I replaced the bicycle pump with an
electric vacuum pump capable of producing constant vacuum pressure
{Appendix B}. Though the variatien in permeabllity measurements
declined, substrate composition zlone was a better predictor of
survival to emergence than was permeablility.

The inadeqguacy of permeability measurements, as well as problems

asgociated with direct measures of intragravel water velocity (H.

[

rost, Hosey and Assoclates, Seattle, Washington, personai
communication!, led me to focus on the effects of substrate

composition on survival to emergence {(Grost et al. 1948},

3
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Oversimpilficaticon has led the creation of unrealistic models
that attempt to predict survival to emergence {Stowell et al. 13983;}.

Chapman {1988} believed the problem was largely due tc the lack of

understanding of redd structore. Based on analyses of previously
published data, he proposed measuring a certain set of variables in

#gg pockets of redds. In Chapter 3, I present data =suggesting that

biclogists have overlocked 2 number of variables that may influence

o

redictions of survival to emergence. Furthermore, thzough reanalyses
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the data used by Chapman, I reach dif
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erent conclusions about how
certain variables are related to survival to emergsnce.

B reduction in survival to emergence is only ome potential
consequence of ceoncentrations of fine sediment in redds. For example,
rhanges in emergence timing may increase the mortality of svim-up fry
due to predation or to increased competition for suitable
microhabitats. Chapter 4 explains the development of z lsboratory
model of survival to emergence for brown trout. In addition, I found
that increasing amcunts of fine sediment decreased the time to first
emergence and increased the length of the emergence interval. 1 ailse
obhserved no difference in the survival to emergence between two stocks
of brown trout, though differences might become apparent in more
extensive tests.

in Chapter 3, 1 compare severai measures of substrate
composition to determine which measure may be the best predictor of
survival te emergence. For both brown trout and cutthroat trout, the
geometric mean particie size acoounted for the greatest proportion of

the variatlien irn survival to emergence. However, in analyses o

o
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sets of field data {contained In Appendices A and ), I found that ihe
percentage of fine sediment less than £.85 mm in dilameter was nore
sensitive teo changes in zuhstrate composition.

Biclogists have devised several technigues for sampling
substrate composition in streams. Unfortunately, they have alsc
assumed that these technigues produced samples of identical
composition. Using iaberatory tests, I demonstrate that four devices
pollected samples that significantly differed from ope ancther and
from the substrates from which they were collected {Chapter 6}.

Chapter 7 presents a summary of my findings. Included are
quidelines for designing a strategy to sampie and meassure substrate
composition and to estimate its impact on survival to emergence.

The appendices contain information that 2id not directly address
the goals of this project or were not substantial enough to warrant a
separate chapter. The zppendices include an assessment of the
moedification of substrate composition by spawning brock trout
{Appendix A}. 1 concluded that brook trout significantly altezed
substrate compesition during spawning and that substrates containing
eggs had less fine sediment than other locations both inside and
outside the redd. Appendix B contains analyses of the relation
etween survival to emergence and permeability as measured by the

o

glectric vacuum permeability techriogue. collected substrate samples

o

=
o

from 41 egg pockets in redds of Colorado River cubthroat trout; these
data are tabulated in Appendix €. Fipally, I attempted to validate

the laboratory models of survival to emergence of Colerado Rivex

cutthroat trout in 1968 and 1389, The rasulis of these attempts aze



given in Appendix B. Though largely unsuccessful, the tests revealed
possible relations between certaln aspects of subsirate compositison

£

and survival ¢

[#]

emergence, and they represzent a starting peint for

R

]

future attempts to measure survival toc emergence in the fiszid.

To assist other researchers, the dats sets for zll experiments
are available from myself, the Wyoming Cooperative Fish apd wWildlife
Research Unit, the Hedicine Bow Hational Forest, and the ¥Wyoming Game

and Fish Department.
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CHAPTER 11

AN EVALUATION GF VARIATION IN PERMEARILITY HEASUREMENTS
WHEN USING THE HARK VI STANDPIPE

The impact of iine sediment on salmeonids has been studie

£
Py
[
[

more than &0 years {Harrison 1923}. In a relation that is not

precisely understood, increases

e

% fine sediment lead to decreases in
the embryonic intragravel survival of numerous species {(Cordone and
Kelly 1%61; Iwamobc et al. 1878}, A&mong the sugagested influences of
fine sediment on spawning substrates iz a reduction in permeabilit:
{Cooper 1965).

Permeability and hydraunlic head directly determine intragravel
water velocity, as demonstrated by barcy's Law {Pollard 13855).
Estimates of permeability have focused on two methods, iaboratory
estimates based on permeamcters (McNell and Ahneil 1364} and field
estimates based on the use of standpipes {Gangmark and Bakkala 1958}.
Because the laboratory estimstes zeguire that substrate be removed
from a streambed, the true permeability cannct be measured because the
subsirate loses its in-stream arrangement and compaction {Pollazd
18553, Conseguently in-stream measurement of permeablility is

nrefsrred.

Wickett (1954}, Pollard {1355}, and Terhune (1958} developed the
standpipe method to weasure permeability of the spawning subsirates of
saimonids. Dy applying suction in the standpipe at a point 2.5 om

3



pelow the surface of the water inside the pipe, the opsrator draws

water through the perforated tip buried in the seubstrate. The vgi
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ot water coellscted is
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ndex of the permeablility of the substrate.
Terhune {19523} demonstrated remarkable precision with this technigue;

coefficients of variation (cC

<

{v} = standaréd deviation/mean x 100}
ranged from 1% to 5%. In contrast, Pollard (1955} found greater
scatter about the predictsd mean permezbilities, and his test
substrates seemed much more representative of salmonid redds than
those of Terhune.

After evaluating the available technigues for directly ox
indirectly evaluating intragravel fiow in salmonid redds, Chapman and
HeLeod {1987) suggested that the standpipe measurement of permeabilitby
was the most desirable method. Previous studies of szlmonid spawning
habitats have relied on this methed of permeablility sstimation
{Wickett 1958; Turnpenny and ¥Williams 1988), Several investigators
fe.g. Coble 1561; Hansen 1975} failed to demonstrate a relation
between permeablility and survival of salmonid embryvos to emergence,
despite the theoretical suppert for this relation {Shumway et al.
1564; Vaux 1968). PFew researchers have reported means and variances
for their measurements, zpparently assuming that single readings were
adeguate descriptors of permeability (EKoski 196&; Reissr and ¥Yesche

1977). My flel

£

chservations of this technique mwade us less certain

et

of its precision and led to the present laboratory study.
1 wished tc assess the variability in permeability estimates
sade by diiferent peeople, at different sites, and through time undax

laboratory conditions. By rep

o

icating measurements by Individuals st



ven site
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, I hoped to estimate the precision of this techpigue.

HETHOD
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I conducted the experiment from 0800 te 1200 on 18 May 1587, 1

A

used a 21.3-m flume, containing 3 substzate typical of that found in
the Hig Laramie River of scutheastern ¥Wyoming, in the Hydraulics
Laboratory of the Univarsity of Yyoming Department of Civil

Enginsering. The materials and technicue used for determining

permeability closely followed those used by Terhune {1958, 1 drove a

o

standpipe 25 cm intsc the substrate once at each of five randomly
selected sites That hag different substrate compositions and hydraulic
characteristics {i.e. poois or riffles). Fiow through the flume was
0.07 m®-57%, Water temperature was held constasnt {(at 18 =C}, since
changes in water temperature alter viscosity and hence permeabllity
{Terhune 195§1}.

Five people, with varving physical abilities and differing
amounts of experience in uvsing this technigue, collected the samples.
T¢ collect a2 sample, a persoh pumped waber for 5 or 10 seconds through
a copper tube (inside the standpipe! into a graduated cylinder using a
modified bicycle pump (Terhune 1958). The workers usually took three
samples at each site; the seguence of sampling for each person and
each site was randomized. Because one perscon took only ome reading at
site ¥ and two readings at site 1, the total number of readings was
72, A1l aznalyses were performed on 2 standardized semple of discharge
{mL-2~*] inte the graduated cylindex, less the I5 =i introduced by the
sampling techrnigue. [ used two-way ANOVA, pericrmed by the GANOVA-4

program (Courtesy of D. §. Boneti, Deparitment of Siatist

Jms

cs,
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University of Wyoming, Laramiel, to assess differences between people

and sltes; palrvise comparisons were made between 21l Individuzal
sampler combinations within slites and across all sites., Tests for

runs up and down and Dinomial probabilities (Mostellsr and Rourke
1973 were used to determine If perwesbility changed at each site
through time. Finzlly, I calculated estimates of the sample sizes
needed to detect possible changes of 14, 20, or 30% in the
permeablliity means at each site {(Sokal and Rohif 1881:. P < 6.05 was
accepted as indicating significance.
RESULTS

Mean permeability readings ranged from 3 to 43 mL-s7* over the
five sites; ceefficients of variation at each site ranged from 27 to
79%. HMeans between individuals varied greatly within and between
sites (Table 1). I was unable to detect overall differences among
people by applying two-way analysls of variance, but I 8id identify
significant differances awong sites. A significant interaction
between peopie and sites suggested that people performed differently
at different sites. Henetheless, when I transfcrmed the measured
values to ranks, I found the majority of people gave the same rank to
a given site.

Pairwise comparisons of samples withdrawn by different pecple
across all sites yielded only one significant difference (between
samples collected by persons 1 and 11}, but palrvwise comparisons of

samples taken by different people st each site revealed several

o

ignificant differences (Table 2}. Only for site 1 414 1 f£ind ne

significant differences Letween the samples removed by all poessible
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pairs of individuals, which may be attributable to the variancs

associated with samples at this site rather than to a lack of
differences betwesen people, At site 3, seven of the 10 pairwise

comparisons were significant, but a2 low single reading by sa

H
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und

o
influenced this result. Honetheless, the sampies withdrawn by each
individual differed significantly from those taken by at least one
other person at one 0r more sltes.

Permeability did not exhibit a directional shift at zny site
during the experiment (test for rums, P »0.05). The prohabilities
that readings by specific samplers at each site had successively
increased {sample 1 < sample 2 < sample 3} or decreased (sample 1 >
sample 2 > sample 3} were not significant. The number of samples
needed Yo detect a 16% change in the mean permeabililty of a site
varied from 34 to 99, to detect a 20% change, from 9 to 23, and to
detect a 30% change, from 4 to 10 {Table 3).

DISCUSSION

I demonstrated the need to take replicate samples for
permeability estimates. Yet single samples taken at variocus intervals
have been used to evaluate tempozal variation in permeability le.cq.
Reiser and ®White 1981}, Typically, researchers attributed this
variation to fluctsation in permeability, rather than te imprecisieon

of the technigque and the

[

ndividual sampler {(Moring 1982}.
Furthermore, sampling by different people at a single site should be
interpreted cauticusly, and I guesticn the compariscon of

parmeabllities between different streams when readings are colliected
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Table 1. Means of Permeability Readings (ml-s57*} for each Combination
of Person and Bampling site. All Cell Heans Arve Based on Three
Chservations per Cell Except Celis I-3 {one observation} and V-1 {ifwo

ohservationsi. Sample Standard Deviations Are Given in Parentheses.

Site
Person i Z 3 4 >,
i 2 {1 23 (%) 12 9) 27 (16} 38 (132;
11 4 (2} i5 (7} 57 (5} 45 {41} 35 (3%
11z 5 (5} 21 (7} 42 () 3% {2} 23 (10)
iv 2 {2} 1% {3} 42 {8} 30 {15 3% (&)
v 4 () 25 (2% 4G {4} 35 (2} 32 (5}
Heans I 13 17 42 {12} 36 {11 37 (%)
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Table 2. Pairwise Comparisons of Samples Taken by Different
Individumls at Bach fite Based op F-tests (* Indicates Signilicance
at B £ 3.465; 5% Indicates Significance at B < ¢.01). 8ite 1 Had Ho
Significant Differences and ¥as Excluded.
Person
ite Person i I 1f3 i¥
2 17
IiT
iy
v E
3 II %k
111 k% %
iv k& ¥
¥ EE £1 1
4 il ik
IiI B
Iv Y
W %
5 131
111 & &
iv

v
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by different people whose sampling bisses are unknown (e.g. Moring
1%8%).

Terhune {1358) stated that the probable error in predicting mean
permeability vhen using his calibration curve was 1.1%, and that a
iiberal zllowance for erver would be 10%. Conversion of my samples %o
permeablility estimates by using the figure published by Terhune (1958}
exacerbated the variability, since the calibration curve is based on 3
log-log plot and one perforwms the conversion graphically. Thus I
belisve that the standpipe technigque is best adapted to assessing
relative differences or changes, rather than providing precise
estimates of permeability. Replicated readings by one person faken st
various sites or times will probably refiect true changes in
perreablility.

Pollard {1955) suggested that permeabilitv readings 4id not
change over the course of sampling. My results confirm this
conclusion and suggest that individual samplers behaved consistently
during the test, despite the strenucus sampling effori. From these
perspectives, the standpipe method has potential for detecting
temporal or spatial changes in permeability.

PROPOSED SAMPLING STRATEGY
I demonstrated limitations of the standpipe fechnigue fox

measuring permeability, but I also identified advantages of ihis

Butt

method and belleve it can be successfully used to assess permeability.

1 cifer the following sampling strategy:

J

1} Drive a2 single standpipe line

&

the specific location of interest,

.49, the egg pocket of a zalmonid redd. f spatial differencas are of
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Tabie 3. The Humber cf Parmeablliity fSamples Hecessary to Detect
Potential Changes of 10, 20, or 30% in the Hean Permeability {Alphz =
§.85) at the Five Sites.

Fotential change Sites
ipercent 1 Z 3 4 5 Hean
16 90 £8 3 44 34 55
20 23 i7 g 11 g i4
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interest, the standpips can be removed after sampling. I1If temporal
changes are of concern, then the standpipe shouid not be removed oz
disturbed because deoing so could alter future readings.

2} Select the percentage change in the mean permeability that ons
wishes to be able to detect. My resulta suggest that about 15 samples
should enable one ito recognize a Z0% change in mean permeability at an
aiphe of 0.05, but variability among sites may reguire a different
number of samples to dstect s similar change.

1} Cne person should collect 211 the readings, fcllowing the
technigque developed by Terhune {19%958). Intervals between sampling may
vary, but all samples should be collected at similar watex
temperatures and flows.

4} Results should be inferpreted as an index of permeability, rather

than as an accurate estimstor.



CHAPTER 111
COMMERT OB
“CRITICAL REVIEYW OF VARIABLES USED T0 DEFINE EFFECTS 4F
FINES IKH REDDS OF LARCE SALMORIDS®
BY . 9. CHAPMAN

Chapman {1988) noted that the relation between the survival to
emergence (STE] of embryonic salmonids and several measures cof
substrate composition was not guantitatively comsistent. He stated
that fisheries biclogists cannot accurately and precisely predict STE
from the existing data on the intragravel environment. He largely
attributed these problems to a lack of understanding of the structure
of the egg pocket, which is the exact location of the eggs in a
szlmcenid redd, To address these deficlencies, he proposed an
intensive study of egg pocket structure, followed by laboratory
assessment of STE from simulated egg pockets and field assessment of
STE in natural redds.

I agree that current predictions of S5TE in natural redds are
unreliable, bet the unreliabliity is oniy partly due to the lack of
understanding of egg pockets. Although the research proposed by
Chapman on the structure of egg pockets can only improve our
understanding of the effects of fine seéiﬁent cnn 5TE, certain problems
remain. Specifically, fisheries biclogists have overlooked several
cther sources of variation that may produce imaccurate predictions of
5TE, such as variation in egg viability angd egg deposition and the

1%



inappropriate analysis of STE data.

Researchers tend to assume that egg viasbility eqguals 1086%, but
in zesponse to environmentsl or genetic causes, egg viability may vary
substantially among stocks or individeals of 2 single stock.
Furthermora, the fecundity of 3 salmonid of a given size varies with
locaticn, age, and tlme. The imprecision of fecundity estimates based
on fish size, as well as the difficulty of estimating egg loss and
tfertilization success during spawning, seriocusly reduces the accuracy
of estimates of egg deposition. The selection and compubation of
measures of substrate composition lack uniformity znd thes hamper
comparisons of the effects of subsirate on STE. Unfortunately, the
inappropriate selection and application of independent variables in
regressions involving 8TE have compounded this problem and have
produced spurious relations between STE and substrate measures.

EGG VIABILITY

Assessments of S8TE (cor suvrvival during & portion of the

intragravel phase} in relation to simulated redd characteristics have

heen conducted with brook trount {Szlvelinus fontinalisi {(Hausle and

Coble 1976; ¥Witzel and HacCrimmon 19833, brown trout (Harshbarger and
Porter 1979; ¥itzel and HacCrimmon 19833, bull trout {(Salvelinus
confluentus) {Shepard et al. 1984}, cutthroat trout (Bianchi 15633,
rainbow tfrout (0. mykiss) (Witzel and MacCrimmon 1981; MCAST 1984:,

chinook salmon {(Q. Ishawvtscha) {(Tappel and Biornn 1983}, chum salmon

i

. keta (Scrivener 1983}, coho salmon (Q. kisutch! (Phiilips et al.

18751, oink salmon {0. gorbuschal (Meehan and Swanston 19773, and

Eokanes (O, perka) {irzving and Biornm 1984). Among these studies,



only ¥itzel and MacCrimmon {1981,

[

9831 and Irving and Biornn {1984)
estimated survival in non-gravel treatments, thus creating a

iaboratory control. Img

fmd
fpuda

icit in stud ng & laboratory control

st

es lack
is the assumption that survival equals 100% under ideal conditions,
but I contend that this belief is oniustified.

Embrvonic survival may vary between stocks, years, and
individuzl females. Horrison et al. (1985) reported significant
differences in survival to hatch among different CGreat Lakes stocks of
ooho saimon. Purthermore, they presented data demonsitrating that
survival to hatch of cohe salmon eggs freom the Lake Hichigan stock
fiuctuated between 45% and %0% frem 1372 te 1582, Survival to hatch
of coho salmon eggs from 2 Lake Erie stock was sigrificantly greater
for egys taken from large females than for those taken from small
femaies (Morrison et al. 1985). 8pringate and Bromage {1585} noted
that large females tended to preoduce large eggs but that the relation
between egg size and survival was cften sigpificant but eguivecal
i.2., 8qgg size was negatively correlated with survival to later stages
for chinock salmon {Fowler 1972} and chum salmon {(Beacham and Hurray
1385} and positively correlated for Arctic char Salvelinus alpinus
{Wallace and Rasjord 1584).

More striking is the variation in survival of eggs from
individoals of & single stock. The survival to swim-up stage of the
eggs from six Z-vear-cld rainbow trout varied from 14% to 28%
{3pringate and Bromage 1945!, and survival to the eved stage varied
from 40% to 98% for the eggs of nine I-yvear-old rainbow trout (Hruhn

and Bowen 1973}.



Considering the number of {actors that influsnce the fitness of
salmonids, one should expect egg viability to come under the influence
3f natural selection. Artificial selection of hatchery £ish can
increase egg wiability over that in wild fish isee Leitritz and Lewis
1%76:. Perhaps wild stocks balance reductions in egyg viability with
increases in egy number, female survival, or some other trait that
increases fitpess. Beacham and Murray (1%87}), who found variation in
the embrveonic survival of different chum salmon stocks inm British
Columbia, concluded that it was a conseguence of selection imposed by
an array of enviropmental conditions.

BEGG DEPGIITION

Most estimates of STE in natural redds rely on 2 regression of
fecundity on body size {measured as length) and the use of fry traps.
Consequently, precise and accurate measursment of S5TE depends on the
size-related variation in fecundity. Chapman {1988} noted that
fecundity for fish of a given size may vary, but that estimates of 3TE
would simply require a greater number of fry traps. [ believe that
the wvariation in egg deposition caused by variation in fecundiiy and
other sources, comwbined with the wariation in egg viability, may
prevent meaningful estlipates of STE in the field.

Tagart {1%76) found significant differences among the length-
fecundity equations for three stockes of coho salmon, and thess
eguations accounted for omly 47% to 78% of the variation in fecundity.
This chservation suggests that an eguation developed for one stock
shonld not be extrapolated to other steocks. Bub Healsy and Heard

{1584) aliso found significant changes between vears in the size-
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specific fecundity of four stocks of chinock salmon, and speculahed
that these changes might have been related to food avaliability.
Hounsefell (1357) found that only 12% of the variation in fecundity
was explained by length for pink salmon when data for several vears
were combined. Female age alse influences the wvariation in fecundity.
¥hen Healey and Heard {1584} pooled the fecundity data for eight
pepulations of chincok salmon and standardized it for fish size, they
found that age was significantly related to fecundlty. Thus,
fecundity of fish of a given size can fiuctuate randomiy if infivenced
by environmental conditions (Wooton 1373} or undergo directional

change if older fish are selectively removed by explolitation {Ricke

]

19813,

To demonstrate the potential difficulty of accurately estimating
fecundity, I used the length-fecundity datz of Tagart (1576; p. 1%},
which were alsc used by Chapman (198%; p. 15) to try te demonstrate a
precise relation betwesn fecundity and length; however his resuits
actually pertain to the estimation of fecundity from 2 subsample of
egg mass. 1 found a significant relation between fecundity and length
{xr® = 0.69, P = 0.002). WHext, I found that the mean predicted
fecundity for 2 female coho salmon §28 mm long {roughly one standard
deviation below the mean size) was 3015 eggs. However, the 95%
prediction interval for fecundity was 20082 to 4036 egygs. 1 concluded
that meaningful estimates of STE hased on fecundity-length relatioms
must rely on fish from & small zize range, from a single stock, and
from a single year. Unfortunately, these restrictions reduce the

generality of any relation between intragravel conditions znd STE.
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Other scurces of variability in estimating egy deposition focus
on monitoring redd construction. In high-density spawning aress, redd

superimposition may be common. If late-spawning femal

£

v
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previocusly construcied redds, ithe unigue structure of =gg pockets may
be altered and of little importance to STE. Ironically, such modifled
egqg peckets may closely resemble the homogeneous substrate mixes used
in many studlies {e.g., HMeehan and Swanston 1577) that were criticized
by Chapman {1988). A less common problem invelves multiple redds.
Within a redd, female salmonids may construct one o more egg pockets
{Hawke 19768}. But HacKenzie and Horimg {1988} watched an Atlantic
salmon construct egg pockets and deposit eggs in at least two redds.
If not detected, the division of one female’s eggs into mere than one
redd would distort the estimste of egg deposition in & single redd,
But multiple redds may be relatively rare in semelparous speclies if
females are concentrated in spawning areas and defend redds (M. R,
Gress, University of Toronto, Torente, Ontario, personal
communication}.

Dezpite its petential ilmportance to 3TE predictions, the
estimation of vnfertilized (but viable! eggs has been igaored; 1 know
cf no study quantifying the proportion of eggs depesited by females
that are not fertilized. Honetheless, I have found egg pockets
containing few or no live eggs shortly after spawning, though the
substrate appeared adequate for survival. And 1 have chserved agqg
losses caused by water currents during oviposition and covering cof the
egg pocket, but I am wnavware of any research on this topic.

A1l these problems ls2ad to difficulties in estimsting the 5TE of



salmonids in the fieid. Bven if large numbers of fry trsps could be
used to obtalp reliable infoymation, the costs {up Lo USS3LH per trap;

sl

8. ¥olff, EA Engineering, Seat

=t
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Washington, personal communication)
and time for installiation {up to 4 h per trap; Phillips and Koskl
i963) and monitoring may deter fisheries researchers and managers frcm
using this approach.

As an alternative, 1 propose constructing artificial egg pockets
and redds. Planting eggs in known locations might be less costly and

time-consuming than capping redds of wild £ish, and it should produce

more precise resulis. Ideally, the eggs and sperm that are used in

[+

ield tests should be collercted from the stream where the test is

(=g

eing conducted. But, as Chapman suggested, I must intensively
investigate the structure and function of egg pockets before
attempting these tests,
SUBSTRATE ANALYSIZ AND STE

Fisheries biclogists have not adopted a2 single measure of
substrate composition in stuodies of 8TE. Instead, STE has usually
been related to one cf four substrate measures: the percentage of
fine sediment less than a given size {(size varying from G.8 to 6.3 om
in diameter); the percentage of fine sediment less that 9.85% mm and
$.% mm {Tappel and BJjornn 1%83); the geometric mean particle size of a
substrate (Platts et al. 1579); and the fredle index (Lotspeich and
verest 1981). Chapman (1%88) preferred the fredle index to ths
geometric mean, a2nd recommended that researchers that conduct
laberatory and £ield investigations of egqg pockets and redds should

focus on the fredle index, on the percentage of sediment less than



both 0.8% mm and 9.5 mm, and on permeability.

Chapman {1988}, who calculated the relation betwsen STE and both
the log of the fredle index and the untransformed gzometric mean using
data from several published studies, concluded that the transformed
fredie indewx was a betier correlate with STE than was the geometric
meapn., However, his analyses of the two measures were flawed. Using
data from Tappel and Bicrnmn (1983}, he found that the geometric mean
accounted for 57% of the wvariation in 8TE for steelhead and 53% for
chincok salmon. However, a piot of these dats (Tappel and Bioxnn
1983; Figuere 9, p. 132} suggested that thergeametzic mean should be
transformed or that the analysis should include only substrate
treatments with a geometric mean of less than 10 mm i.e., the 8TE-
geometyic mean particle size curve becomes asymptoltic at values
greater than 10 mm. Chapman acknowledged this problem for the fredle
index, because he examined only substrates with a2 fredle index of less
than 4.0,

1 reanalyzed these data, and came to different conclusions about
the relation of the fredle index and geowmetric mean to STE {Table 43,
For chinook salmon, the log of the fredle index accounted for slightly
more of the variation in STE than 414 the log of the gecmetric mean
for both the entire range of substrates and the substrates below a
geometric mean of 18 mm {roughly corresponding to a fredle index less
than 5). But for steelhead, the log eof the gecmetric mean accounted
for slightily more of the variatien in 8TE for the substrates from the
restricted range, and nearly as much from the entire range.

i algo examined the relation betwsen these twe substrate
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statistics and the survival of alevins of steelhead and coho salmon to
swim-up stage from dzta published by Phillips et al. (1375}. Again, I
found wery little difference in the amount of variation in survival
accounted for by the log transformations of the fredle index and the
geometric wean and the untransformed geometric mean (Table 5. From
these results, I concluded that the fredie index and The geometyic
mean are both adeguate descriptors sf the effects of substrate
composition on STE.

In multiple regression eguations prediciing STE, Chapman {(158%)

[ =]

included the geometric mean, the log of the fredle index, and
permeability. Unfortunstely, eguations in which these variables are
used may suffer frowm high multicollinearity. If these variables are
highly intercorrelated, the regresslion coefficients for each variable
depend on the variables already included in the model, and the
precision of the estimates of the coefficients is reduced (Zar 1584;
ph. 338, 344}). An informal technigue for detecting multicollinearity
is inspection ¢f a correlation matrix of independent variables (Heter
2t al. 1983; p. 3%90). & correlation matrix for severazl substrate
statistics, based on data from Tappel and Biornn (1983}, indicated
that most measures of substrate composition were highly corrslated
{Table 5). And Platts et al. (1379} found that permeablility was
highly;caztelated {x »0.9) with the geometric mean and several
measures of “percent fines.® Consequently, if errcrs associated with
muiticellinearity are to be avoided, perhaps estimates of STE should
inciode only one independent vaviable representing substrate

composition.
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Table 4. Relation Between 8Survival to Emergence of Stezelhead and
Chincck Salwmon and Sevsral Heasures of Substrate Composition, Based on
Data From Tappel and Biornn {1%983). P, is the Fredie Index, DBy is the
Geometric Mean Particle 8ize, H is the Wumber of Substrate Treatments
Examined, and ©® is the Coefficient of Determination. WYhere ¥ = 15,
211 Substrates Are Inciuded; Where H = 7, Only Substrates with a Dy of
Less Than 10.0 mpw Are Included. A1l Begressions Bre Significant (P
<0.,65),

Y Bauations o
S8teelhead
i% 21.4 + 68.%[log Fil G.79
15 ~-38.9 ¢+ 111.1{3og Dol 0.77
7 -1.% + 134.0{iocg F.l 0.94
7 ~133.4 ¢ 233.113cg Do} G.96

Chinook Salpmon

is 25.4 + 6£9.301log F.l (.74
15 -33.7 + 118.2110g Dgl g.71

o |

f
[
[
-+

149.8(1log Ful §.93

-1431.% + 250.3[log Dgl 0.85




Table 9. Belation Between the Arcsine Transformation of Survival of
Alevins of Steelihead and Cche Salmon to Emergence and Several Heasures
of Substrate Composition, Based on Data fros Phillips et al. {1975},
Fa iz the Fredle Index, Dy is the Geomstrlc Mean Particle 8ize {mm),
and £2 is the Coefficient of Determination. For ALl Equations, B = 48
and B <0.05.

Bcuations r?
Zteelhead
16.4 + £5.4{log F.l 8.74
-34.5 ¢+ S82.011log Del .76
9.4 + 4.3{D51 8.78

Coho Salmon
2.6 ¢+ T0.G{log Ful $.83
-5G.5 + $7.0811l0g D2} U.77%

-4.5 + 4.51Dbg1 .82




Finally, I guestion the use ¢
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STE from a giver substrate
to calculate regression statistics. Freund (1971) suggested that this
process artificizlly reduces the variation in the datz and tends to
infiate the ccefficlent of determination. Al]l of the eguations
calenlated by Chapman for the data of Tappel and Biornn (19%33) and
Bhillips et al. (137%) apparently relied on the means from those dasta,
as 4id wmy reassessment of the datas from Tappel z2nd Biornm (194833,
For compariscn, I regressed the arcsine transformation of the
proportion of successfiully emerging coho salmon alevins on the log of
the fredle index {(as in Table %) bul used only the mean survival for
each substrate from Phillips et al. (1578). This reduced the sample
size from 48 to 8, but did not alter the regression coefficients.
However, the cosfficient of determination incressed from 0.83 {aill
data} to £.9% {(means only}. BAdditiocnzally, the precisiocn cf the
estimate of the regression coefficients was reduced when the means
were used., I concluded that the use of means tended to conceal the
variation in the relatlion between 3TE and substrate composition and
that this form of analysis should he avoided.
CONCLUSIONS

Chapman (1988) concluded that fisheries hiclogists must measure
conditions in the egg pocket to accourately estimate STE. However, the
importance of egg pocksts to STE for the egos and zlevins of all large

saimonids was exirapolated from datas on the substrate composition of

iBased on identical resulis obtained betwsen his analyses and
mine when I used the means. I contacted the authors im an attempt to
obtain the entire data sets, but these data were unavailable,
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fable €. Correlation Matrix Between Several Measures of Subsirate
Composition, Based on Data from Tappel and Biornn {1583). F. is the
Fredle Index, Dy is the Geometyic Mean Particle Size {mm}, %<9.5 is
the Percentage of Sediment Less Than 5.5 mm in Diameter, and %<0.85 is
the Percentage of Sediment Less Than 0.85% wmm in Dlameter. Al
Correlations Ave Significant (P <6.05%.

Substrate
MRASUTES iog Fa iog Do De %458.5 %<0.85%
log F. 1.609
log Bg 8.936 1,660
1 (.%5% ¢.976 1.600
%<5.5 -.944 -.940 -.%43 1.000

%<0.85 -.8%9 -.504 - B26 3.760 i.466¢
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16 egg pockets and the permeability of 15 egg pockets {Chapman 198%;

kg

. 17Y. I suggest that researchers collect numerous samples

e

)

throughout lncubation from the redds of several species of

i

arqe

salmonids from many different streams to elucidate the structure and

w

function of egg pockets. But based on the sources of waristion and
exror associated with egg viability and depesition in the Fisld, I
guestion the wtility of capping redds to accurately estimate 5TE in
the f£ield.

i concur with Chapman that infeormation on the structure of egg
pockets should be incorporated in laboratory experiments evaluating
the relation between STE and intragravel conditions. Unlike Chapman,
i suspect that much of the current information on STE derived from
iaboratory stodies could be applied to the field, but only when
embryonic survival characteristics and intragravel conditions in
ishorstory tests match those fn the field. The suggested
investigations of egg pockets should resolve this problem.

Finaily, fisheries researchers should be aware of statistical
problems that can cause misleading results. Realism in simelating

intragravel conditions must be matched with rigorous analyses of the

data frem experiments involving STE.



CHAPTER IV
SUBSTRATE COMPOBITION AND S5TOCK OEIGIN ON THE
SURVIVAL TO EMERGENCE COF BREOWH TROUT

The survival of salmonid eggs and alevins during incubation in

the stream bed is affected by several chemical and physical

characteristics, inciuding dissolved oxygen conceptration {8ilver e

=

al, 1963}, intragravel water velocity {Shumway et al. 1564}, watex
temperature (Beacham and Morray 1%85), and interstitial pore space
{Chapman 1388). Fine sediment in substrates can directly or
indirectly alier these variables and influence survival te emergence
{3TE) of embryonic salmonids. Hecause many land management practices
€.9., 10g9ging {Hegahan and Kidd 1572}, increase fine sediment in
streams, managers have wished to guantify the zelation between fine
sediment and 8TE. Lzboratory models predicting STE have been
developed for several native salmonidz in the western U. $., including
stealhead and chincok salmon {Stowell et al. 1383}, but ne models have
been developed for introdoced zesident salmonids suech as brown trowi.
The percentage of fine sediment less than 3 given diameter is
fzequentiy used to represent substrate composition in STE models (see
Reisey and White 19£8F. But fine séﬁiment has been inconsistentiy
defined; it has been messured as being from less than 6.3 mw (Sheridan
et al. 1984} Lo less than 0.83 me {McHeil and Ahnell 1564}). Other
measures of substrate composition, such as the geomebric mean particle

33



ol
b

size {Platts et al. 157%) and the fredle ipdex (Lotspeich apd Everest
198¢1, have also been related to 8TE. Rarely have the three measzures
of substrate composition and thelr relation to STE been simultanecusly

compared {but see Tappel and Bjormn 1583},

i 1)

Fipnally, many models predict S5TE of & gensric stock of a given

salmonid species {e.g., 8towell et 231, Yet Morrison et al.

+1]

[
et
WLy

£1585) found significant differences in the survival to hatch of
diffterent stocks of coho salmon from the Great Lakes, and Beachzw and
Marray {1987} noted variation in STE azmong stocks of chum salmon from
British Columbia. Furthermore, females from the same stock but of
different ages may produce eggs differing in wiability., For example,
Springate and Browade (1985} noted that large femzales tended to
produce large eggs and Bagenal {1969} implied that large eggs had
yvielded higher STE.

In the present study, I had three objectives: (1) to develop a
laboratory model of STE for brown trout based on substrate
compoesition; (2) to determine which of the three measures of substrate
composition accounted for the greatest proporticn of wvariation in 8TE
of brown trout; and i3} to assess the differences in STE between two
stocks of brown trout.

HETHODS

I copducted experiments at the Red Buttes Environmental Blology
Laboratory, 16 km south of Laramie, Wyoming, in experimental aguaria
eguipped with a horlzontal flow system {Figure 1}. Test substrate was
placed betwsen porous baffles in glass-walled, plexiqlass-bottomed

aguaria 5.8 cm long, 2%.4 om wide, and 30.% om desp. Baffles,
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Figure 1. Side View of an BExperimental Aguarium.
the Substrate from Right to Left.

Yater Flows Through
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consisting of 2 plexiglass frawe covered with £iberglass screen,
warepositioned 7.5% om from each end of an aguarium. Flow splitters
{Mount and Brungs 19%967) maintained constant flows of 1 L/min of §=C
well water at or near oxvgen saturation to each agusrium. An
adjustable standpipe inside = venturi standpipe controlled water
depth; the venturi standpipe drew water from the lower one-third of
the aguarium.

1 £illed each aguarium with substrate to a depth of 10 cm and
constructed a centyum of 3 or 4 gravel particies more than 785 me in
diameter {(Chapman 190883, Hext, I began £illing each tank with water;
when the water level exceeded the depth of the substrate, I poured 108
equs onto the centrum a2nd then gently added the remalining substrate
and continved filling each tenk with water. The rear standpipe was
adjusted to maintain 3 water depth of 3 com cver the substrate.

I monitored the aguaria weekly until emergence began, then
collected emerging fry with 2 suction device every 1 te 3 days until
emergence ended. Bach vear, 300 eggs from sach stock were placed in
Heath incubator trays to estimate STE in a non-gravel control. Ail
slevins from the substrate tCreatments were preserved inm 70% alcoohsl.
The f£irst 10 fry to emerge from each treatment were later measured to
the nearest 0.1 mm (total length).

I conducted two STE experiments, the first from 20 Hovember 1387
to §& April 1388 aznd the second from 16 Hovember 1988 to 31 HMarch 1588.

k4

i devised 14 test substrates of various compositions {Table 7i1. 1

1

uaed three replicates of each of 15 diffsrent test substrates in 1387,



Type iz the General Description of Each Treatment

Percentages of Each Substrate Slze Class in the Treatzment
Substrate; the First and Sscond Fumbers Define the Approximate

Table 7.
Suhstrates.
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Table 7, continged.

Statistics
Tvype D Fa v

7.%-0.85%-s 13.24 7.1 4.41
7.5-0.85-u 1%.3Z &.8T 3.48
F.5-0.8%-g 12.69 &.87 3.%

15-1.78-5 11,91 £.0% 3.85
15-1.7¢-u 16.31 B.28 2.48
i5-1.70-q 11.15 5.68 3.08
25-2.35-5 1.30 4.12 4.02
25-3.35-u B.3 2.%8 1.76
25-3,35~-g 1g.00 3.8C 2.80
5~0.85-2 14.19 7.87 5.11
5-0.85-¢ 13.5 7.5¢ 4.23
5-0.85-g 13.79 1.5 4.54
10-0,85-5 12.24 6.49 3.81
18-0.8%-u 11.21 5.%5 1.78
18~G.85%-g 11.5%8 6.14 3.11
16-1.706-5 13.32 7.20 4.711
19-31.70~-u 12.687 6.53 3.29
18-31.70-g 12.73 &.88 3.97
20-1.78-8 16.45 4.36 3,12
28-1.70-u §.58 3.%0 1.74
26-1.708-g 9.55 3.89 2.38
35-3.35%-s 10,18 3.67 3.49
36~3.35-u T.04 2.14 1.11
36-3.35-g 8.7 3.44 2.32

[Z%]
T
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1988, Three replicates of each wmixture were used in tests of the 3TE

af each of two stocks of brown trout.

B

In 1287 1 obtained eyed eggs from the Danlel {(Wvomingl State
Fish Hatchery that had been tzken from wild brown frout of variocus
ages inhabiting foda Lake in western Wyoming. This populiation was
established from brown trout taken from Big Sandy Reservoir in
scuthwestern Wyoming in the late 1350's; that population is speculated
to have originated from the Plymouth Rock {(Massachusebts) State Fish
Hatchery (Richard Cheeney, Wyoming Game and Fish Department, Daniel,
Yvoming, personal compunication). In 13988 1 cobtained birown troul sggs
from both Soda Lake and from a hatchery-reared stock at the Saratoga
{Wvoming) Batlonal Fish Hatchery. These eggs were izken from 3-year-
613 hatchery fish spawning for the first time. This stock descended
from brown tyout at the Crawford {(Mebrasks) Hatlional Flsh Hatchery,
which had come from the Pivmouth Rock Hatchery in 13980 (Jim Hammer, U.
8. Fish and ¥Wildlife Service, Saratoga, ¥yoming, personal
communication). The brown trout eggs from Soda Lake stock averaged
5,670 per liter and the smaller eggs from the Saratoga Hatchery stock

averaged 20,830 per liter.

b=

o assess the relation of the varicus measures of substrate
compesition to 87TE, 1 created skewed, uniform, and geometric
distributions of sediment less than 3.3% me in diametey in each test
substrate (Table 7). For example, the test subsirates consisting of
about 30% sediment less than 2.3% mm in diameter contained essentially
no sediment less than 1.7 wm in dlameter (skewed), roughly egual

proportions of sediment from 1.7 ®mm to less than 0.212 s {uniform!,



or increasing proportions of sediment from less than 0,212 mm te 1.7
mm {ceomebric).
To obtain substrates c¢f different size classes, 1 sorted

material on 2 mechanical shaker through sieves of 10 mesh sizes (mmi:

fy

G, 25, 12.5, 9.5, 6.3, 3.35, 1.7CG, 0.8%, (.425, and §.217; smaller
particles were ceollected on a pan attached to the last sieve,
Particles larger than §.3 mm consisted largely of alluvial material
and those less than 6.3 mm lavgely of angular silica.

Lotspeich and Everest (1981) calculated the geometric mean

parficle size for each treatment using the formulac

Bg = DBa" % DWFR &, DR
where
o, = the geometric mean, in mm;
s = the mean diameter, ip mm, of material reiazined on sisve
i, and
Pa = the proportion ¢f the entire sample made up of material

retained on sieve i.

To calculate the fredle index of each substrate, I used the formula:

Fa = Dgf8
where
8- = a sorting coefficient, (Des/Dasi®-?, and
Drs, Da2s = the substrate diameter below which 75% and I5%

ot the sample lies.
Finally, Beschta (1582} suggested that the fredle index should he
modified by using the standard deviation of the geometric mean rather

then a sorting coefficient., §h

s

razi and 3eim {1979) provided a

e
L8]
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formela for the geometric standsard deviatiosn. 1 used fhe notation Fam

r

to indicate the moditied fredle index.

I assessed the effect of stock origin of eggs and substrate
composition on STE, fry length at emergence, days to first emergence,
days to 50% emergence, and the length of the emergence interval.

Prior to any analyses, I applied the arcsine transformation {(Zar 19%84;
p. 2867 to normalize STE. To assess the effect of stock oyigin and
the interaction between stock origin and substrate composition on the
dependent wvariables, I conducted two-way analyvsis of variance using
the GRHOVA-4 program {(Courtesy of D. ¢. Bonett, Department of

tatistics, University of ¥yoming, Laramie, ¥yoming). I performed

[2-]

-4

in]

sgressicn analyses using 5PSS® (8PS2 Inc. 1988} to assess the
rejation between S5TE and substrate compositicn for all subsirate
treatments. In addition, I evaluated this relation for skewed,
uniform, and geometric treatments separately. I used indicator
varizhles in regression analyses (Heter et 2i. 1%83; p. 343} of STE
and substrate composition to compare the slopes and Intercepts of
regression lines calculated separstely foy the 1987 Soda Lake stock,
the 1988 Soda Lake steck, and the 1%8# Searatogs Hatlional Fish Hatchery
stock. 1 decided frowm the start to pool the data from both stocks and
both years if I fziled to redect the null hypothesis of no difference
in the regression coefficients between stocks or years or both. Using
only data from 1988, I conducted separakte regression analyses for the
two different stocks on the relation between the different measures of
suhstrate composition and alevin size, days to first and 50%

emergence, and length of the emergence interval. P £ 0.05 was



accepted as indicating significance.
EESULTS

The STE 4id not differ significantly betwesn the eggs from two
stocks of brown trout, nor 4id days to first emergence {(Table 8). Hor
was the interactlion betwsen stock o¢rigin and substrate composition on
STE significant. However, stock origin was significantly related to
fry length at emergence (% < £.001}, days to 50% emsrgence (P <
.08}, and length of the emergence interval (P = §.019). Compared
with fry produced from e2ggs of the Saratoga Hatchery stock, fry fzom
eqgs of Soda Lake stock were longer and emerged later and over a
ionger interval.

Substrate composition was significantly correlated with STE. In
regressions of STE znd substrate composition, T found no significant
differences among the regressicn coefficients for the two stocks ox
between years, conseguently 1 combined these data for further
aralyses. Though all measures of substrate compeosition were related
to ETE, the gecometric mean sccounted for the greatest proporticon of
the variaticn in 8TE when all treatments were pooled (Figure 2). When
the treatments were divided inte skewed, uniform, and geometric
groups, the geometric mean performed nearly as well; only for the
geometric group of treatments did another measure of substrate
composition account for a greatey proportion of variation in STE
{Table 9%}.

The relation between substrate composition and the other
dependent varlabies was influenced by the measure of substrate

composition and stock uwsed in the analysis. For the stock from the
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. Averages of Untransformed 8urvival to Emergence, Fry Lenglth
gence, bDays to First Bmergence, Days to 50% Emergence, and

£ £ the Emergence Interval for Soda Lake (8L} and Baratoga
tional Fish Hatchery {8WFH) Stocks of Brown Trout in the 1988 Test
{5 is the Bkewsd Substrate Distribution, U is the Uniform
Distribution, and ¢ iz the feometric Distribution; C is the Hon-gravel
Comtrel).

Svbstrate mixes

7.5% 15% 258%
< 0.85% mm < 1.70 mm < 3.35% mm
Variahle g ] G g 1] G g 4] G C

Survival fo emezgence (%)

3L g6.3 7T4.0 79.3 86.7 55.3 8.3 81i.0 40.7 55.7 85,7

SHFH  88.0 87.7 T7%.0 T4.7 BR.D TF3.T O UBL3 40,0 2T.T 0 92.0
Fry length {mm)

8L 24,5 25.0 24.7 24,9 24.3 4.9 4.0 74.% 23.§ ---

SWFH  Z2.6 22.5% 2.8 23.06 22.5% 21.8 2%.4 2%.8 22.9 -~
Days to first emergence

8L T1.7 718.0 73.7 13.¢ T1.4 76.0 63.0 72.3 658 ---

a¥FH T73.7 T3.00 67,7 7.7 2.7 T0.0 6G.0 TZ.0 T0.G60 ---
bays to 50% emergence

5L 87.0 83.7 89,7 B%.¢ £%.7 56.3 90.2 9Z.3 §3.¢ -

SHFH B5.C B83.3 81.0 85.0 85.2 84.3 81 87.0 84.3 ---
Length of emergence interval {days]

8L 38.7 29.7 34,3 30.7 38.3 33.0 55.3 40.7 46,7 e

SNFH  26.7 8.7 35.9 36.3 306.0 29.0 3%.% 5.7 29.7 --—-
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Table 9. Mabtrix of Coefficients of Determination for Several Heasures
cf Bubstrate Composition and the Arcsine Trapsformation of Survival to
EBmergence for All Substrates and for Svphstrates Separated inte Skewed,
Uniform, and Geometric Categories. Data are from Both 3tocks in 1987
and 1998 (Dg is the Geomeiric HMean Particle Size (mm), Fi is the
Fredie Index, and F= is the Modified Fredle Index}.

s

Substrate measyre

Percentage of fine sediment
Substrate Statistics less than the diameter {wm) shown:

cateaory Do Fe Feu 9.5 £.2 3.35 1.7¢ n0.8% §¢.43 6. 71

ALl .54 G.47 0.49% G.38 0.38 0.38 0.27 0.13 0.24 0.24
Skewad 0.58 G.49 ©0.4% 0.37 6.36 0.37 €.14 0.10 G.15 0.1%
Uniform G.63 0.4% 0.82 0.40 0.3% 0.3% ©G.4% 0.48 0.53 0.50

Geometric 0.42 0.44 (.36 0.45 ©.45% 6.45 ©.18 0.00 ©.84 0.04
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Arcsine Transformation of STE (¢

[

4 72 &
Gecmetric Mean {mm)

Figure 2. Relation Between Survival te Emergence and the Geometric
Hean Particle Size {mm). The Eguation is Arcsine{Survival to
Emergence)

= 7.75{Geometric Mean) - 32.53 (F = 112.65, £2 = .54, B <
§0.0001, ¥ = 9%;. Data are from Both Stocks in 1587 and 158E; SHFH is

the Saratcga Hational Fish Hatchery.

i
45
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Szratoga Hatchery, only the correlation between the percentage of
substyate less than 1.70 mm in dismeter and davs to first emergence

was significant {vr = 0,44, P = 0.02}. I found no other zelation

L]

between any measure of substrate composition znd alevin length, days

rst emercence, days to 20% emergence, or length of the emergence

¥

Py

e

o
interval. But for the §oda Lake stock, at ieast three measures of
substrate composition were significantly correliated with davs to first

and 50% emergence and length of the emergence interwval {Table 1

)
S

2

Again, no measure of substrate compesition was sigpificantly
rcorrelated with fry length at emergence.
BISCUSSION

The geometric mean particle size of & substrate consistently
accounted fox the greatest proportion of the variation in 87TE.
However, the fredle index and modified fredle index often explained
nearly as much of this variation. Chapman (193581 favored the fredle
index over the geowetric mean, but his analyses revealed few
substantial differences in the predictive abllity of the two measures.
Also, Lotspeich and Everest {1981} suggested that 2 single value of
the geometric mean could represent several different values of the
fredle index, and therefore concluded that the fredle index was more
sensitive to changes in subsirate composition. But subsirates of
diftering composition can be represented by a simgle value of the
fredie index and several values of the geomebtric mesn as well. Unless
additional research reveals major differences, 1 prefer the geometric
mean &s a measure of substrate composition in models of STE due to ifs

predictive abllity, computationzl simplicity, and widespread use bs

bt
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Table 18. Correlation Coefficients for Measures of Jubstrate
Composition and Days to First Emergence, Days to 50% Emergence, and
Length of the Emergence interval for the Bggs from Soda Lake Stock in
1287 and 1988 (V is the Variable, Dg is the Geomelric Hean Particie
Size {mmj, F. is the Fredie Index, and F. iz ths Hodifi=d Fredle
Index. n Asterizk Indicates Significance at P { 9.085%,

Zubstrate measure
Percentage of fine sediment
Statistics iess than the dismeter (mm) shown:

¥ Do Fa Fe 9.5 6.3 338 1.70 68.85 6.43 0.71

Days to first emergencs
§.23 0.35% 0.06 -0.45" ~0.45% -0.45" -5.11 ~-0.07 -0.09 -0.09

Pays te 50% emergence
-0.41% -0.417 -0.41" -0.0% -0.05 -0.05 ~-0.15 -G.1& -0.17 -0.17

Length of the emergence interval (days!
-8,31% -£.3%" -0.21 §,33% 9.33% 0.33" -0.14 -0.15 -0.18 -0.10




fluvial geomorphologists (Platts = a
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e

9y, Finally, I 4o not

recomnend that the eguation for 8TE o

By

brown trout be considered a

guantitative predictor ¢f 8TE in the

T

has not been

Pt

ield, becauss

P

validated under naturzl field conditions.

Despite its popularity, the percentage of fine sediment less

£

than a given diameter was the poorest predictsr of STE in most tests.
Though smaliler-sized sediment may reduce 3TE to a greater sxtent than
larger sediment (Reiser and White 1988}, it appears that the overail
substrate composition has a greater influence on 8TE {cf. Chapman
13588), ©Hodels of 37TE based on the percentage of one or more sizes of
fine zediment can be informative {e.g., Tappel and Blornm 1983}, but
the appiicability of these models to substrates containing similar
proportions but different distributions of the selected sizes of fine
sediment is unknown. Pinally, I recognized that my experimental
design would rigorously test the influence of “percent fines® on STE.
Conseguently, I encourage zdditicnal comparisons of measures of
substrate composition in laboratory and field experiments.
Surprisingly, I found no significant difference lm the STE of
eggs from two steocks of brown trout, despite the disparity in egg size
and femals age. Previcus studies have demonstrated greatsr STE of
large iéagenai 1369} or small (Beacham and Murray 1985) eggs.
Furthermore, survival fo haich of eggs of cche salmon from a Lake EBris
stock was significantly greater for eggs taken from large females than

for those taken from small females {Morrison et al. 198%). 1 assessed

i
s

e 8TE of the egygs from the two stocks over s relatively narrow range

of substrate compositions. BAdditional tests over & greater range of
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substrate composifions might reveal differences in the 8TE of egys
from these two stocks.

& reduction in the geometric mean of substrstes significantly
accelerated the timing of peak emergerce and ilengtheped the emergence
interval. Olsson and Persson {1986} also dswonstrated that the fims
to 50% emergence decreased and the length of the emergence interval
increased as the oroporition of fine sediment in substrates increased.
Witzel and HacCrimmon {1983} reported z decrease in the time o 50%
emergence as pean particle size decreased, but noted that the length
of the emergence interval also decreased. However, the decrezsss may
be attributed to very low STE in treatments coptalning large
proportions of fine sediment i.e., the emergence interval Iz likely to
be short when few fry emerge. Altermatively, substrates cf low mean
particle size may induce synchronous premature emergence by
restricting delivery of disscolved cxygen. Fry acguire oxygen much
more efficiently than eggs, and eggs under stress due o lovw dissolved
oxygen hatch prematurely into fry that assume 3 free-swimming
existence while still carxying 2 lavge yolk sac {(Rame 196%). Thus
synchrony of emergence may exist at two dliferent stages of embryornic

development in response to the intragravel environmwent.



CHAPTER ¥
SELECTION OF WMEABURES OF SUBSTRATE COMPOSITION 15
ESTIMATE SURVIVAL TO EMERGENCE OF SALMONIDE BND
TG DETECT CHANGES IN SUBSTRATE COMPOSITION

Researchers have demonstrated that fine sediment can reduce
survival to emergence (5TE} of embryonic salmonids (Tappel and Bioron
1983) and that certaln land wmanagement practices can increase the
praoportion cf fine sediwent in spawning gravels in streams (FPlatis et
al. 1%89). Hanagers have attempted to link the ilmpacts of land
management to STE of salmonids by assessing changes in substrate
composition {Stowell et al. 1983}, but the inconsistent definiticn of
substrate composition, in addition to other problems {Chapman 1%88;
ioung et al. in press}, has obscured this linkage.

Two approaches have been widely used to describe substrate
composition. The first guantifies the proportion of substrate (by
weight or volume) less tham a given size. These sizes have included
.4 mm (Stowell et 2l. 1983), 4.0 mm (MacCrimmon and Scts 13865, 3.33
mm (Hoski 15975; Ringler and Hall 1388}, 3.0 mw (Hall and Lantz 1%69;
Phiilips et al. 197%), 2.0 mm {Hausle and Coble 1376; Witzel and
HacCrimmon 1983a), 1.0 me {Crisp and Carling 1989), 0.84 mm {Reiser
and White 1988}, 0.83 mm {(HoMeil and Ahnell 1964), and 0.75% mm (Olsson
and Persson 15%B8). In zddition, Tappel and Biornm {1383} chose two

sizes of sediment (9.5 mm and 0.65 mm) to describe substrate

50
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composition (z2lso ses Reiser and White 1368

Substyate composition has alsc been described vsing measures
related to the central teandency of the entire particle distribution.
These measurzs include the geometric mean particle size (Platts et

1979), fredle indew {Lotspeich and Eversst 138]

fa—

, modifisd fredis
infex {(Beschta 1982}, arithmetic mean particle size {(Crisp and Carling
198%), median particle size {¥Witzel and HMaclrimmon 1583bi, sorting
coefficient {(Sowden 1983}, and skewness {Crisp and Carling 1989).
Both graphical and mathematical technigues have bsen used to calculate
most of these mezsuves {(Bhirazi and Seim 15%79). However, these
technigues produce different estimates of 2 particular measure,
particularly if the distribution of parficle sizes in a substrate
sample is not lognormal {see Folk and Ward 1557).

I know ¢f no studlies that have assessed the relation between
several measures of substrate composition and STE. Often, a single
measure of substrate compoéition is arbitrarily selected and related
to STE {usuvally as the percentage of fines less than & given size
e.9., Phillips et 21. 197%). Occasionally, 2 measure has been chosen
based on theoretical or empirical relaticns between substrate
composition and the intyagravel environment (Platis et al. 1979).
Though some studies included comparisons of more than one measure of
substrate compesition (e.qg., Tappel and Bicinn 1%83), such works
frequently compare only similar statistics e¢.g., the percentages of
substrate less than several sizes (Reliser and White 1988j.

Pailure to standardize measurement of substrate compesition has

plagoed the assessment of iand management impacis on stream
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substrates. To evaluate the effects of logging and road construction
on spawning areas in the Scouth Fork Salmon River, Platis and Magahan
£1978) visually estimated the amount of fine sediment less than 4.7
mm.  Alternatively, Shirazl and Seim {1381) favored the geomebric mean
tc monitor changes in substrate composition. But Beschits (19387}
seggested that not ail substrate measures were eQuaily sensitive to
changes in substrate composition due to logging.

My obiectives were to compare the relation between saveral
different substrate statistics and STE in the laboratory zand to
examine the sensitivity of a subset of thess statistics o known
changes in substrate compesition in the fieid.

HETHODS

I conducted experiments at the University of ®¥yoming's Red
Buttes Environmental Blology Laboratory, 16 km south of Laramie,
Wyoming, in experimental aquaria equipped with a horlizontal flow
system. Test substrate was placed between porous baffles in glase-
walled, plexiglass-botiomed aguaria 50.8 cm long, 75.4 om wide, and
38,5 om deep. Baffles, consisting ¢f a plexiglass frame covexed with
fiberglass screen, were positioned 7.5 cm from each end of an
aguarium. Flow splltters {Mount and Brungs 1267} mzintained constant
flows of 1 L/=min of 9°C well water at or near oxygen saturation to
each aguarium. An adjustable standpipe inside a venturi standpipe
controlled water depth; the venturi standpipe drew water from the
iower one-third of the aguarium.

I £illed each aguarium with substrate to a depth of 10 cm and

constructed a centrom of 3 or 4 25-mm gravel particles {Chapman

%
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13885, Hext, I began £illing each tank with water; when the water

Jnd3

level exceedsd the depth of the substrate, 1 poured 160 2ved eggs onto
the centyrum and gently added the remaining subsirate and continued
£illing each tank with water. The rear standplpe was adjusted to
maintain 2 water depth of 3 om over the substrate.

I moniteored the aguaria weekly until emergence bagan, then
collected emerging fry with 2 suction device every 1 to 3 days until
emergence ended. To estimate BTE in a non-gravel control, 308 eggs
were placed in incubation trays for each test.

From 1987 to 1589, 1 ceonducted four 2TE experiments, two with

breown trout and two with Colorade River cutthrost trout. 1 devised 55

A

treatment substrates of various compositiens {Table 11} and tested at
ieast three replicates of esach substrate.

To assess the relation of the various measures of substrate
composition to 8TE, I created skewsd, uniform, and geometric
distributions of sediment less than 2.35 mm in diameter in each test
substrate (Table 11). For example, the test substrates consisting of
33% sediment less than 3.3% mm in diameter contalned essentialiy no
sediment less than 1.7 am in diameter {skewed), roughly equal
proportions of sediment from 1.7 mm to less than $.212 mm {(uniform),
or increasing proportions of sediment from less than 0.212 mm to 1.7
mm {geometric. Dee to changes, in my method of designing substrats

composition, substrates with the sawme name {e.g.., 39% less than 1.

Gad

5
mm in & skewed distributicn! that were used in experiments with both
specises had slightly different compositions.

To obtain substrates of different slize classes, I sorted
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material on a mechanical shaker through sieves of 19 mesh gizes {mmi:

-

pl
&

56, 25, 12.%, 9.5, 6.3, 3.35, 1.76, 0.85, 0.425%, and 0.21%; smaller
particles were collected on a pan attached to the last sieve. For the
brown trout tesits, particles larger than €.3 mm consisted larxgely of
alluvial materizl and those less than €.3 mm lavgely of angular
silica. In the Ceolorado River coetthroat trout tests, all substrate
consisted of alluvial material collected from a stream containing a
naturally zeproducing population of this species.

For each subsitrate, 1 calculated several different statistics
representing measures of the central tendency. To caleulate the
geometric mean, I used the formula (Lotspeich and Everest 1581):

Dg = Da= % D72 % ., D71

wherse

g = the geomeiric mean, in mm;

By = the mean diameter, in mm, of material retained on sieve
i, and
209 = the propertion of the entire sample made up of material

retained on sieve 1.
Platts et al. {1979) graphed substrate composition on log-probability
paper to calculate the graphic geomeiric mean:
Dgg = {Dga ¥ Diygi™-®

whare

Dea, Das the substrate diameter below which £4% and 16%
of the sample lies.

The sample pedian, Dsc, was also determined from graphs. In addition,

Shirazi and Seim {1979} demonstrated a least-gguares reqgression
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technigque to determine the geomeizric mean. I refer to this statistic
285 Dge.
To calculate the fredle index of ezsch subsirate, I used the

ormula:

Fim

Fi = Dgffo
where
8- = a sorting cosfficient, {Dva/Das}®-%, and
Bes, Bas = the subsirate diapeter below which 75% and 25%
of the sample lles.
Beschta {(1%82) suggested that the fredle index couid be improved by

using the standard deviatlion of

o

he geometric mean rather than a
sorting coefficient. Shirazi and Selm (1575} provided a method of
moments formula for determining the geometric standard deviation. I
referred to the the geomsiric mean divided by its standard deviation

as the modified fredle index (Fwj.

i performed regression 2nalyses using SPSS™ (8P35 Inc. 1588) o

e
Bar

assess the relation between S8TE and subsirate composition. For eac
substrate treatment, I caliculated the aforementionsd measures of
central tendency as well zs the percentages of fine sediment less than
6.3 mm, 3.3% mm, 1.70 mm, 0.85 wem, 0.425 mm, and €.212 mm. FPFricr to
any analvses, I applied the arcsine transformation (Zar 1984; p. 786)

£o normalize STE. Fo

=

2ll analyses, P £ §.05 was accepted as
indicating significancs.
i used indicator variables in regression znalyses (Heter et al.

1883; p. 343) of STE and substrate composition to determine whether

data from different vezrs could be combined. 1 chose to pool the data



Wd®
LA

if 1 failed to redect the null hypothesis of no difference in the
regression coefficients between species or yvezrs. Based on these
anzlyses, I combined the data from both brown treout tests but
separately analyzed the two experimenis involving Colorade River
cubthroat {rouk,

Tests of the sensitivity of substrate measurses Lo known changes
in stream substrates relied on data from Lwo sources. First, I
reexamined the data on the modification ¢f substrate composition by

spawning brook trout {(Young

[
s s
il

1. 19%8%)}. 'To assess that
modification, I collected freeze-core samples of substrate from egg
pockets, from locations in the redd {excluding egg pockeis) and trom
locations immediately adjacent to brook trout redds. After
stratifying the samples into upber z2nd lower layers {representing
sebstrates altered and unaltered by spawning fish), these substrates
were dried, sisved, and weighed as described above. Due to possible
hiases asscriated with the sampling techniguos (Adams and Beschta 1380;
Chapman et al. 1%86}1, I excluded the substrate retained on the 50-mm
and ?5-mm sieves. I then compared the abllity of Bg; Fa, and the
percentage of fine sediment less than 6.85 mm to detect the
anticipated differences in substrate composition among upper strata
samples and among unstratified {(recombined} samples. Rased on my
previous work, I expected to find diffevences among 211 thres
ilocations using the upper strata samples, and between eqgg pockets and
ouiside zedds using unstratified samples. I used the ¥Wilcoxon signed-
rank test to compars iccations {Sokal and Rohlf 1%81). 1 considered

the level of significence an indicator of sensitivity to changss in



substrate composition.

The second source of field data consisted of substrate sampies

K]

rollectaed with zhovels from new and former redds of Colorado Riv

= ¥
&

it

cutthroat trout. 1 obtalined these samples frowm two second-order
streams, Green Tiwber Creek and Harrison Creek, in south-central
Wyveming that contaln naturally reproducing populztions of this
species. Im July 1987, a1l samples represented egg pockets. 1
measured the distance from each sample location to 2 marker on the

nearest stream bank. During May 1988, over 1508 m* of fine sediment
were deposited in Green Timber Creel due te the failure of a frans-

basin water pipeline (R, M. Schmal, U. 2. Forest Service, Laramie,

Yyoming, personal communication). In July 19%BR and 1989, I resamp

s
i
(=]

most of these former redds (some were not sampled due to the loss of
markers). BAgain, 211 samples were dried, sieved, and welighed, and
particles larger than 25 mm vwere excliuded from further analvses.

After calculating the Dg, Fm, and percentage of fine sediment lezs
than $.85 mm from each sample, I compared the substrates bhetween ysars
and streams using these statistics. I expectad to find no differences
between streams in 1927 {only egg pockels were sampled!, but, due to
the sediment spill, I anticipated that 1987 samples from Green Timber
Creek would Qiffer from those collected in 1988 and 1585 and that
Harrison Creek sanples would differ from Sreen Timber Creek samples in
1988 and 1%89. I used the ¥ilcoxon signed-rank test to compare
between years for each stream and the Hann-¥hitney U-test to compare
between streams for each year {Sokal and Rohlf 1981). Again, the

level of significance was considered an indicator of sensitivity to



(3]

(4]

RESULTS

The geometric mean accounied for the greatest preportion of

variation ia 2TE for twe of the three cases {Table 12}. 1Im the 1988
test with Colorade RBiver cutthroat trout, the grachic geometris mean

had a slightly greater coefficient of delermination. Generally, th

in

percentage of substrate less than any given size 4id not perform as
well as the measures of central tendency.

I found significant differences among the STE squations for the
combined brown trout tests, the 1888 Colorade River cutthroat trout
test, and the 1989 Colorade River cutthroat trout test (Figure 3). In
addition, the mean 8TE in incubator travs varied fyom 94% {(z 5%) for
brown trout, to 33% {+ 0%} for Colerado River cubtthroat trout in 1988,
and to T1% {1 17%) for Colorado River cutthroat trout in 1989,

The percentage of fine sediment less than 0.95 mm was the most

sensitive indicator of the alteration of su

g

strates by spawning broock
trout, especially in unstratified substrates {Table 13}). Furthermore,
the modified fredle index was a better indicater of change than was
the geometric mean for both upper strata sampiss.

Similarly, the percentage of fine sediment less than (.85 am was
the most sensitive indlcater of change in substrate composition due to
the sediment splll in Green Timber Creek {Tables 14 and 15). When
using either the modifled fredle index or the geometric mean I failed
to detect all of the anticipated differences between streams and

Years.



Table 12. {Coefficients of Determination Between the Arcsine
Transformation of Survival to Emergence and Varicus Heasures of
Bubstrate Composition for PThree Sels of Datz. BNT is for the 1387 and
1388 Brown Trout Dats (M = 953, CRCTEB iz for the 1388 Colorado River
Cutthroat Trout Data (N = 45}, and CROTEY is for the 1%8% Colorads
River Cutthroat Trowi Data (¥ = 57i. Do is the Geomelric Hean
Farticie Size {mmg; Dge is t%e Least-sguares Geomelric Mean {(mm), Dog
iz the Graphic Geometric Hean ‘mmj, Dsc is the Median {(mm), F:. is the
Fredle Index, Fm 15 the Modified Fradle Tadex, and % FPines < is the

Percentage of Fine Sediment Less Than a Given Size (sm).

Independent Survival to emergence data
varjable BHT CRCTE8 CRCTAY
Dy 8,54 G.65 5,58
bar 0,46 8.5% 6.53
Dgg 0.43 4,67 3.4%
B50 0.34 8,51 0.42
Fa G.47 8.63 0.54
Fen G.45 U.60 G.47
Log{Dg} §.54 G.64 0.57
Log{F.} §.48 .58 §.53
LogiFa) 0.45% .58 §.54
% Fines <3
6.3 #.38 £.52 G.4¢6
3.35 g.38 8.52 0,45
1.76 6.27 a.48 .33
g.85% 06.23 $.14 6.33
G.425 B.24 .25 .26
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Overall, my laboratory studles indicated that the geomeiric
meanwas the best predictor of §TE. Furthermore, measures of central

tendency that were based ¢n the entire parxticle distribution

fai]
(4]

&

- F D@§

Fi, and Fao, typlecally performed better than &14 other measures that

[

elied on only 2 portion of the distribution. Based on the reanalysis
of other data, Chapman {(1988) preferred the log transformation of the
fredie index to the geometric mean, but my analyses of the same data
indicated that the fwo measures accounted for almost egual proportions
gf the variation in S8TE for several specles {Young et al. in pressi.
Sowden and Powsr {1985) found that the modified fredle ipdex was
significantly correlated with survival of embryonic rainbow trout ta
shortly after hatching, whereas the geomstric mean was nob. However,
the authors relied on 2 small sample of redds (H = 5} arnd only
estimated survival during & poxrtion of the intragravel phase.

Predicting BTE from the percentage c¢f substrzte less than a
given size proved unsatistactory, apparently because different
distributicns of fine sediment less than a single size produced
different propoxtions of STE. For example, in the 1989 test with
Colorade River cubthroat trout, the treatments copsisting of 25%
substrate less than 3.35 mm produced mean 3TE of 39%, 15%, and 11%
from the skewed, gecomstric, and uniform dAistributions of that
substrate. Conseguently, I guestion the applicetion of models
estimating STE from the percentage of fine sediment in a substrate
{e.g., Stowell et al. 1983},

Chapman {1988} noted that evaluations of measures of substrate



Table 13, Levelis of Significance from the Wilcoxon Signed-rank Test
on Substrate Samples from in or neay Brock Trout Redds Using Thres
Different Measures of Substrate Composition. JComparisoens Are of Upper
Strata Samples or Unstyatified Samples fzom Inside and Outside Eedds
{IR/FOR; H = 12}, Bgg Pockets and Inside Redds {EP/IR; N = 13}, and Egg
Pockets and Outside Redds (EP/OE; B = 281. Dy iz the Gsometric Hean
Particle Size {mm), F= is the Modified Fredle Index, and % Fines is
the Percentage of Sediment Less Than 0.85 mm.

Substrate Comparisons

Sample MESSULE IR/OR EP/IR BP/OR
Upper Strata

19 0,023 0,055 0.801

Fr 0.008 0.039 <5.801

% Fines 0.665 0,807 <0.0063
Unstratified

By 6.117 3.478 0.4602

Fr 6,671 0.0655 <G.061

% Fines 4.071 3.433 {0,201
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Table 14. Levels of Significance from the ¥ilcoxon Signed-rank Test
Uzing Three Different Measures of Substrate Composition. [ rsed
Substrate Samples from Hew or Former Egg Pockets of Colerado River
Cutthroat Trout Collected from Two Streams in Three Years. For {xean
Timber Creek, Comparisons Are of Bamples from 1987 and 1588 {87/8B8; H
= 7}, 1988 and 1989 {88/8%; ¥ = 5), and 1987 and 198% (87/89; N = &).
For Harrison Creek, Comparisons Are af Samples from 1987 and 1558
fSTJBS; B o= 12), 1988 and 1989 (88/8%8; K = 111, =2nd 1387 and 198%
1/85; B o= 12} Dy is the beQHPtXic Mean Particle Size {(mm), Fm is
*he Hodigied ?reﬁle Irdex, and % Fines is the Percentage of Sediment
Less Than 2.8% mm.
Substrate Comparisons
Stream mEQSUre 87/88 2B/8% BY/89
Green Timbery
Ba 6,128 §.345 0.043
Fo G.078 §4.225 5,043
% Fines 0,818 4.500 G.0443
Harrison
Dg o,480 8,155 0.23%
Fen 0.689 9.131 0,182
% Fines 0.845 §.168 0.038




i
(A

Levels of Significance from the Mann-¥Whitney U-test Using
ferent Weasures of Eubstrate Composition. T Used Substrate
rom Hew or Former Eqg Pockets of Colorado River Cubthroat
iected from Two Streams in Three Years. Between-stream
Comparisons are of Samples from 1937 (M = 20), 1%88 (M = 1%}, and 1588
(B = 17). Dz is the Geomelric Mean Particle Size {mm), Fm iz ths
Hodified Fredle Index, and % Fines is the Percentage of Sediment Less
Than ¢.85 mm.

Substrate Compariscons

measure 87/88 ge/a9 87/83%
De 0.438 2.385 3.00%
Fom §.438 0.443 0.606
% Fines 4.275 4,081 ¢.04a3
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Figure 3. Relation Between Survival to Emergence and the Geomelric
Mean Particle Size {mm} in Three Laboratory Tests. For Brown Trout,
the Equaticn is Arcsine!{Survival t¢ Emergence) = 7.7%{Geometric Mean!
- 32,53 {F = 112.65, 2 = 0.54, P < §.000G1, H = 99}, For Cubthroat
Trout in 1388, the Equation is Aycsine{Survival to Emergence} =
7.01{Geometric Mean) - 36.89% (F = 81.39, x? = §.65, P ¢ 0.000%, ¥
45). For Cutthroat Trout in 198%, the Eguation is Arcsine{Surviva
Emergence) = 2.98{Ceomeiric HMean) ¢ 1.67 {F = 75.09, % = #.%8, P
6.0991, H = 573,

it

e
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to
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composition "have produced results tha

o
a

re guantitatively

inconsistent among and usually within {ish species.” He contended

o

that this was iargely dus

bt a lack of upderstanding of the structure
of egg pockets. However, I suggested that these inconsistencles ma
also be created by variation in the inherent viability of esggs from
different stocks in different years (Young et al. in press). 1
believe that the significant differences between regression
coefficients from the data for STE of Colorado River cutthreoat frout
in 1988 and 1985, as well as the differepces in S8TE in the non-gravel
control in those two yvears, suppori this conclusion.

In the field, the percentage of substrate lesz than 0.85 mm
revealed the expected changes in sobstrate compositicon more freguently
than the geometric mean or the modified fredle index. Beschta {198%)

aiso noted that the percentage of fins

[}

ediment was 2 better indicator

(3l

of the intensity of land use than was the geometric mean. Howsver, he
speculated that the modified fredie index might be the best statistic
for describing the composition of spawning gravels 1l.e., he implied
that the modifled fredle index might he the best predictor of 3TE and
the most sensitive i6 changes In substrate compesition. But my
results suggested that the modified fredle index was cutperformed in
both contexts by other statistics.

I believe that the percentage of substrate less than a given
size was the best indicator of changesz in substrate composition
because 1t mezsured the portion of the particlie size distribution that
was modified. Thus, the nature of an impact on stream substrates say

dictate the most appropriate measure of substrate composition. For

)



alter the proportien
best be detected by u

gam channels and

of many s change

x

might

¢

{F. Marsten,

Department of Geography and Recreation, University of Wyoming,
Laramie, WY, personal communication}. Alternatively, bank erssion of
floodplain alluvium wonld primaviiy introduce fine sediment; such
changes might best be detected using the percentage of substrate less
than a given size.

Sheridan et al. {1984) made a plea for the standaxdization of
measures of subsirate composition in western Horth America, in hopes

that a single measure

that 2 single measure

]

y

i

i STE in a

[

potentis

b

s5u

would be selected. However, I have demonstrated

1

(w8
m

e

wWou

inadeguate to describe both the

bstrate and to detect the alteration of that

substrate by land management or fish behavior.



CHAPTER VI

RIASES ASSOCIATED WITH FOUR STREAM SURSTRATE SAMPLERS

Fisherles biologistis freguently sample substrate composition in
streams to assess subsirate guality for spewning by saimonids (Stowell
et 21, 1983} or to detect changes in subshrate composition caused by
lznd management (Scrivener and PBrownlee 19891, To obtain substrate
sampies, biologists generally have used cne of three sampling devices:
single—probe fresge-core samplers {Walkotten 1876}, triple-probe
freeze-core samplexs {Evezest et al. 1988), or Mckell samplers [HoHeil
and Ahnell 1365). Variations of all these samplers have Deeén
developed (¥oski 1966, Ringler and Hall 1588, this paper). In
additicon, shovels have been used f¢ collect substrate samples {P.
Carling, Freshweter Blological hssociation, Far Sawrey, Ambleside,
Cumbria, United Kingdom, persomnal communication).

Each technlque samples the substrate in a dlfferent way, but
these differences have been assumed to have little pffect om the
composition of the sample (Shirazi and Selm 1379). The freeze-core
sampler freezes interstitial water and nearby substrate Yo probes that
have been driven into the stream bottom. After some interval, the
probes are extracted with the sample attached. McHell samplers are
forced into the substrate, then the material is ceollected by scooping

it behind 2 vim inside the sampler. Shovels simply skim through the

£9



upper layers of the stream bottom. The insertion of all these device
disturbg the substrate before the sample is sxtracted

I gquestioned the sscumption that samples of identical
composition were collected by these techniques. Hy cbiectives were
to: 1) determine whether samples that were collected from identical
substrates by different technigues would have identical compositions;
2} determine vhether samples that were collected from test substrates
would duplicate the composition of those substrates; 3} assess the
variation in substrate composition associated with samples taken using
gach technique; and 4) identify the particle sizes that were under ox
oversampled by each technigue.

HETHODS

B1] tests were conducted at the Sediment Laboratory in the
University of ¥yoming Department of Range Hanagement from 22 March to
18 April 1989. 1 compared samples collected by four devices: a
single-probe freeze-core gampler, 2 triple-prcbe fresze-cors sampler
a McHeil sampler, and a shovel,

I designed ten test substrates for these experiments (Table 18).
Substrates A-G were devised to vigorously test any blases associated
with the samplers. Alternatively, substrates H-J represented samples
collected from redds of brook trout (M. K. Young, unpublished datal,
Colorado RBiver cutthroat trout {Appendix Cj. and coho salmoen (K V.
Koski, Hational HMarine Fisheries Service, Auke Bay, Alaska,

unpoblished data), respectively.

sl

created eight replicates of the

Eirst four substrstes and 16 repiicates of the last six substrates. 1
took a single sample from each replicate; conseguently, I obtained 123
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samples. From test subsirates A and € I collected four samples each

with the single-probe and triple-probe freeze-core samplers, and from

%]

ubstrates B and D I collected four samples each with the HelNeil

sampler and shovel.

ol

collected four samples with each davice from
the remaining six test substrates.

To obtain substrate particles of different sizes, 1 sorted
material onm 2 mechanical shaker through sieves of 10 mesh sizes {mm):

(%3]

oy

25, 17.5, %.5, 6.3

daek

ay

.3, 3.35, 1.70; 0.8%5, 0,425, and §$.212; smaller

ay

particles were ceollected on 2 pan attached to the iast sieve. To
create each substzate replicate, I mized the specified amcunts (by
weight] of each size class in a large rotating bin., After mixing feor
1% sec, 1 poured each substrate into a sampling container, Finally, I
filled the sampling container with water untili the top of sach test
substrate was submerged 2t least 3 cm. Water temperature remained
constant at 18.5=C.

Because each device collects substrate differently, I devised
separate sampling techhigues that allowed 311 particle sizes to be
available to each device. Substrates ior both freeze-core samplers
and the McHell sampler were placed in 26 om by 20 cm by 35 om plastic
buckets. However, test substrates for the McNeil sampler weighed 12.7
kg and for the freeze-core samplers welched 290.0 kg. This should have
accommodated the tendency of frseze-core samplers to collect long,
relatively narrow samples {Carling and Rezdexr 1%81) znd The tendency
of MrHell samplers to collect shorter samples {especially if insertion
cf this device is hampered by large substrste particles),

To obtain freeze-vgore samples, I drove either one or three steel



oy

probes, 50 ¢m long and 2 cm in diameter, to the bottom of the plastic

bucket containing 2 test substrate. For the triple-probe freeze-core

a3

sampler, a steel template held the probes in an

i

guilateral triangle

.

with % cm 8}

a2
| 41]

g5 {Bverest et 21. 1

(Y%

863. 1 froze the sample fo the
probei(s) by injecting 1liguid carbon dioxide for 2 wmin inte each probe
Hext I 1ifted the probeis) from the sampling container and thawed each
sampie in a separate plastic bucket.

The McHeil sampler had a tube diametsy and tube length cf 15 cm.

=y

It was twisted into the substrate 15 cm and all material within the
tube was scooped by hand onto a retaining rim. Afterwards, the
sampler was lifted fyom the substrate, and the materizl on the rim was
washed into a separate plastic bucket.

Test substrates for shovels weighed 10 kg 2nd were placed in 25
cm by 38 cm by 13 om plastic trays. 1 inserted z peinted Z1 om by 28
em shovel at a 90= angle into the substrate, then 1ifted the sample
from the tray. After allowing it to drain for 5 sec, the sample was
placad intc a plastic bucket.

I dried all samples in an electyic drier at 60°C for at least 72
hours, Hext, I sieved the samples as described zbove and weighed the
amount retained on each sieve on an electronic balance. [ described
the composition of the samples by calculating the propertion of
mzterial retained on sach sieve and by caleulating the geomeiric mean
particle size {by the sethod ¢f moments; Lotspelich and Everest 1981}.

Bdamws and Beschta (19803, Lotspeich and Reid {(1580) and Chapman
et al. (1586} noted that some devices do not accurately sample large

particles, Before comparing samples, I regressed the freguency of

3
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particles greater than 50 sm in samples with that freguency in test
substrates. [ concluded that if this particle size was consistently

absent from certain samplesz, 1 would sliminate it from furi!

in the samples and test substrates. Furthermore, 1 would test for
differences in the presence of these particles among sampies collected
by different sawplers using the § test {(Zar 15841,

To determine 1f There were differences in substrate composition
among samples and between samples and test substrates, I compared the
prooortions of each particle size using the Wilcoxon signed-rank test
{8ckal and Rohlf 198l}). Because these proportisns were not
independent, I applied the Bonferronil procedure to produce an
experiment-wide alpha of 0.1 {alpha for individual comparisons = §.01}
for all nonparametric tests (Weter et al. 1385). For zll other tests,
I considered B € 0.05 as indicating significance.

] further assessed differences in substrate composition between
samples and test substrates by comparing thely gecometric means. I
calculated means and standard errors before conduocting planned
comparisons using f-tests {Efokal and Rohif 1981). 1iIn contrast to my
analysis of separate particle slizes, thils analysis should have been
much less affected by the presence or absence of particies iarger than

in diameter. Therefor I retained all parti
5 mm in diameter. Therefore, I e d all part

0}
et

sr the

P4

e sizes
caloulation of the geometric mean.
RESULTS
The freguency ¢of substrate particles greater than 50 mm in

dizmeter in samples was poslitively correlsted with the freguency o

Fat]
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the presence of those particles in samples celilected by the four
devices ik = 35, B » 0.5%). For my analysis of proporitionz of
individual particie sizes, I excluded particles lavger thar 53¢ mm in

diameter and recalculated the proportions for the other sizes.

I found sigrificant differences between tesi substrates and
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samples by the four methods for several particle sizes
(Table 17}. Of these, single-probe freeze-core samples differed most
aften and Mclell and shovel samples differed least often from the test

substrates. A1l devices underszampled particles 6,3-%.5 mm and less

than 0.217 mm in diameter. Both fresze-core samplers oversampled

Similarly, the samples collected by most of the davices
significantly differed for at ieast cne particle size {Pable 18}. But
there were no differences beiween samples collected by the freeze-core
samplers, and only one difference between samples collected by McoNeil
samplers and shovels. Freeze-core samples contained greater
proportions of substrate 25-50 zm and less than €.212 mm in diameter
than 3id McMeil and shovel samples, which contalned greater
proportions of intermsdiste sizes.

Finalilv, means of geomelric means of samples significantly
differed from the geometric means of several of the test substrates
{Tahle 19). BAlsoc, 28 of the 37 sample geometric means excesded those

of the test substrates. Uf the samples collected by the fcur deviges,

the geomeiric wmeans of single-probe freeze-core samples were generally

&



Table 17. Comparisons of ns of Substrate Retalned on Sieves
of Different Sizes Betwese Substrates and Subsirate Samples
Coliected by Four Devices ulng e-probe Fraeze-core Samples Are
Represented by FC1, Triple-probe Freeze-core Samples by FCO3, ﬁcNeil
Samples by Mo, and Shovel by 2hv, An Ineguality 8ig
indicates a2 Significant bi Between Samples Collected b; a
Device and the Test SJubsirx
Sieve Device
size {mm 7C1 FC3 MCcH Shy
25.40 > >
12.5
$.5
6.3 < < < <
3.3% < b >
1.76 < <
5.85% <
8.425
§.212 >
212 < < < <
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Table 18. Compariscns of Properytions of Substrate Eetained on Sieves
of Different Sizes Awong Substrate Samples Coliected by Four Devices,
Single-prcbhe Freeze-cors samples Are Hepresented by FCL, Triple-probe
Freeze-rore Samples by FCI, McHeil Samples by McM, and Shovel Zamples
by 8hv. An Ineguality Sign Indicates the Significant DRifference of

the Upper Sample from the Lower Sampie.

Deavices

Sileve PFCi: FCi: FCL: B3 FC3: Mo
gize {mm) FC3 HcH Shy McH Bhv Shv
25,0 b > >
12.% > <
5.5

5.3 < <

3.35 < < < <

176 £ < < <

§,85 <

G.425

9.2132 >
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Tabhle 1%. Arithmetic Means (and Standazd Errors} of Geocmetric Mean
Particle Sizes {(mm) of Samples Collected by Four Devices from Ten
Substrates of Varying Composition. Substrate is the Test 3Jubsirate
Label and its Gecmelric Hean. Single-probe Freeze-core fSamples Are
Hepresented by FCY, Priple-probe Freeze-core Samples by FC3, McoMeil
famples by McH, and Shovel Samples by Shv. An asterisk indicates
significance at g £ 0.05.

Device
Substrate FC1 PC3 Mol Shy
B 3.& i4.1 £.8 ——— ————
(7.1} {Z.8}
E 2.5 ———— —— 5.8 7.0
(2.3} (2.1}
£ 9.5 23.7 20.5%7 ———— ———
{10.2) (4.3
D %.3 ———— ———— .9 14.7=
{1.5) 1.3}
E 1.5 2.7 2.67% 2.3% Z.37°
{0.9) {0.4) {0.33 {0.5)
F 4.7 15.3 7.8 4.3 £.5
(6.2} {2.31 (1.6} {2.0)
G 3.3 6.7 4,6" 3.1 4.0
(5.1 (1.5} (0.5} {0.5}
H 4.8 4, 5.8 5.0 5.3
{G.8} {6,713 {0.23 (2.5}
I 11.8 17.4 17.2 13.6 15.2
(8.2} (4,73 3.4} (4.5}
J 6.7 13.3% 11.8" 8.5 7.1
(3.9} 1.9} {1.91 {1.8)




the largest and varied the most. Alternatively, gecmetric means
of¥cleil samples usually varied the least and {requently were close to

the geometric mean of the [est substrates.
DISCUSSION

Subsirate composiftion of samples collected by 211 devices often

i

differed from the composition of test substyates, both for individual
particular sizes and for the geometric means. These differences
indicate biases associated with the samplers, especially for the
largexr particles, bubt may also sucgest problems with the sampling
technigues. For exawple, the insertion of 211 samplers disturbed the
substrate. Such disturbance could cause fine sedimeni to displaced
deeper into the substzate or downstream by the current and lead to
undersampling of this size. Fleld studies (Everest et al. 1982, Young
et al. 19891 have reported that f{ine sediment increases with depth in
the substrate, but they may actually be detecting infiltration
associated with sampling. This probiem regulires further
investigation.

Both freeza-core samplers, particularly the single-probe
sampler, tended to oversample large particies. Consider that only for
the test substrate lacking particles 25-50 mm and larger than 50 am in
diameter 4id the mean of the single-probe samplies onderestimate the
geometric mean of that substrate, BAdams and Beschta {1580} also
reported that the single-probe frecze-core sampler was blased in favor
of large particles; they hypothesized that only a small portion of a
large particle needed to be frozen to the probe €o be sampled.

Lotspeich and Beid (1583) suggested that fhe triple-probe freeze-cors



sampler would overcome this problem, but I found that 1t alsc
cversamgled large particles.

interestingly, I found virtually no differences in the substrate
composition of samples collected by similar samplers i.e., between
both freeze-core samplers and between the HeNeil sampler and shovel.
Again, this conflicted with the suggesticn that the triple-probe
freeze-core sampler should collect less blased samples than the
single-probe device {(Everest et al. 1988). And my £inding of
gifferences in the samples collected by dissimilar samplers contrasted
with the suggestion that fresze-core and McHell samples are similar
{Bverast et al. 1980, Lotspeich and Reid 19389, Shirzazi angd Seim 1581}.
However, Ringler {1970} alsc reported difierences between freeze-core
and Mc¥ell samples.

The variation ip szubstrate composition of samples taken by the
triple-probe freeze-core sampler, HoWell sampler, and shovel was
moderate. Buot the extreme variation of single-probe freeze-core
samples reduces the value of this technigue for fleld surveys. Adams
and Beschta {1586} reported large spatial and temporal wariatien in
the composition of stream substrates, but they 4id not guantify the
propertion of that variation that was caused by thelr use of a single-
grobe freeze-core sampler. Crisp and Carling (1983}, using this
device, falled to detect significant differences in subsirate
composition at sites before and afier spawning by brown trout. Yet
Young et al. (1589} noted a significant reduction in fine sediment in
styeam subsirates after spawning by brosk trout, based on samples

collerted with the same ftechnique. These contrasting resulits may



reflect initial differences between study areas in the cemposition of

sabstrates that increased the the variability of single-probe freeze-~
core samples. Young et al., (1%89) excluded particles larger than 25

mm in diameter from thelr analyses, which probably improved ths
precision of their samples. MNonetheless, Shirazi and Selm {1551)

suggested that sampling with
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coarse substrates was unrellable. And I neoted the tendency isr the
variance of these samples to increase as the geometric mean of the
test substrate increased.

Based on the relatively low variances assorciated with HoBeil
samples, and on their frequent proximity of thelir geometric mean to
the mean of the test substrates, I consider the McHeil sampler to be
the most accurate device for assessing overzll substrate compeositi

Farthermore, this accouracy might be enbanced by including a suction

mechanism inside the sampling tube to improve the retent

et

on of fine
sediment {(Koski 1866). Interestingly, shovel samples were quite
similar to HeNell semples. BRecause sampling with 2 shovel is faster
and easler, I recommend further laboratory and field comparisons of
these two sampling f{echnigues.

Freeze—core samplers remain useful, because osaly this technigue
agllows the stratification cf 2 sample and an asgessment of changes in

substrate composition with depth {Everest et al. 1380

-

. But
freeze-core sampler accurately sampled the known substrate
composition. Perhaps further refinements of these devices, such as 3

greater spread between probes, additiornal probes, or longer freezing
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inteyvals, could reduce the imprecision and bilases associated with

their samples.
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CHAPTER VII

SUMMARY AND MANAGEMENT GUIDELINES

As stated in Chapter 1, the goals of wmy research were to develop

af

podt

eld-validated model ¢f survival to ewergence for Colorade River
cutthreat trowt and 2 laboratory model of survival to emergence for
brown trout. %o achleve these goals, I conducted field and laborstory
experiments on substrate permeability, substrate measurement, and
substrate sampling, as well as developing laboratoery models of
survival to emergence for both species {Chapters 2-6}. In support of
these experiments, I also obbaiped information on the alteration of
substrate compesition by spawning brook trout, on the measurement of
permezbility with a new technigue, on the substrate composition of egg
pockets in redds of Colorado River cutthroat frout, and on the
survival to emergence of Colorade River cutthroat trout in the fizld
{Bppendices A-D}.

I demonstrated that permeability measurements colliected by one
person at a single site oftepn significantiy differed from the those
collected by a different person at that same site {Young el al,

158%a). Furthermore, the variation asscciated with the standard
technigue {Terhune 1958} prevented the meaningful estimation of
permeability from a single measurement. By replacing the hand-powered

suction device with an electric vacuum pump, I substantially reduoced

o
Lad
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the variation ¢f permeability measurements {Ampendix B}, Buot

f"]

cmparisons of substrate composition and permeabiliity to survival fo
emergence in the 1588 brown frout Test indicated that substrate
coempousition alone was a hetter predictor of survival to emergence than
was permeability.

Ho model of survival to emergence has been successfiully
vaiidated in the field. Furithermore, Chapman {1988} believed that no
laboratory experiments adequately mimicked the nateral intragravel
environment; conseguently, he concluded that no laboratory model would

ac

f]
4

]

ately predict survival to emergence in the field. He proposed

1

3

]
s
[0

and laboratery experiments (bised on a review of the literature
and reanalysis of data therein) designed to improve our understanding
of redd structure, to determine which variables should be measured to
eztimate survival to emergence, and to estimate survival to emergence
in natural redds.

Theough I agreed with Chapman that we need to better understand
the structure a2nd function of egg pockets in zedds, I disagreed with
his prooosed experiments (Young et al, in press). He suggested
capping natural redds to estimate survival to emergence, but the
variaticn in egg depositicn and viability, coupled with the difficulty
in obtaining enough redds to sample, may preciude widespread uvse of
this technigue, I alsec guestioned the statistical reliability of his
analyses, and pressnted a2dditional analiyses of the same data which led
me to reach differemt conclusions about variable ection for
estimating survival to emergence. Finally, I stated that existing

laboratory data on survival to emergence could be successfully applied



4

I successfully developed & laboratory model of survival to
emergence for brown trout (Young et al. in reviewl. (f the wvariables
tested, the geometric mean particle size accounted for fhe
proportion of the variation in survival to emergence. The percentage
of fine sediment less than a given size was a poorer predictor of

suyrvival to emergence. These relatiens alsc held for Colorado River

cutthroat trout {(Chapter 5). However, the percentage of fine sediment

i

legs Tthan 3 given siZe was more sensilive to changes in stream
substrate compesition caused by spawning brosk trost and by a sediment
spill than was the geometric mean. Thus the selection of a measure of

ie

813

on the oblectives of the sampling

]

substrate composition re
program.
hdditionally, cpne must consider the effects of the device

selected for substrate sampiing. in my laborateory experiments, the
samples collected by different devices cften significantly differed,
because each device is blased with respect to different particle sizes
{Chapter 6}, These biases led to significant differences in substrate
composition beiween samples and the test substrates from which they
were drawn., I concluded that the MoNell sampler was the most accurate

and precise
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ing stream substrates. Honetheless,
freeze-core samplers preserve the vertical stratification of
substrates, which may be impertant in studies of egg pockets (Young et

al. 1%8%b}, a2nd further improvements of this device could redurce its
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Based on the results of this research, I have developed

fu

gensral strategy for monitoring subsirate composition and for
estimating ite effectz on survival to emergence. First, I emphasize
that the models of survival to emergence for brown trout and Colozad

O

River cutibhroat frout should be used as indexes of the poten

p,.u

,,,_u

effect of substrate ziteration by iand management on the survival to
emergence of these species. Because neither model has been
successfully validated in the £ield {(Appendix D), the accurate

rediction of survival to emergence in the field is not possible
g P

unless the lzboratorv conditions present in the development of thess

g

models match those found in the field. Those conditions includs
dissolved oxygen concentration, intragravel water velocity, and
substrate composition. Sampling of the latter variable has been
described; sampling of the fiyst twe variables is alsg Gqifficult, but
technigues have been developed {Scriveney 1%88; Grchard 15883,

The recommended strategy for sample location is simple but
strict; substrate samples designed to sstimabte survival to emergence
must be collected from the egg pocket (Chapman 1988, Young et al.
1988b). For the detection of changes in substrate composition due to
land management, I suggest establishing fixed sampling locations. The
number of lecrations needed will be determined by the proportion of
change in substrate composition that one wishes to deteck. 1In
unstable stream channels, samples should be collected from specific
iccations in similar hablitat types (Bisson et al. 1982} 2.q., from the

tails of pools, stc.

The timing of sampling to asssss survival to emergence is



O
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dependent on the dynamics of sediment transpert {Young et al. 13%89b:.

F

£ bedload a2nd suspended load transport are largely absent during

incubation of the eggs and ale

"1

g, then sampling can occur anyiime
after spawning but before emergence has ended. This might be

appropriate for spring-spawning spec such a

[

&

6]
™

the Zolerado River
cutthroat trout {but note that a particularly severe thenderstorm msy
be sufficient to indure sediment transport; M. Bozek, Department of
Zoolegy and Physiclogy, University of Wyoming, personal

vommunication). The effect of sediment intrusion duzing incubation

o
in

anknown, bub Everest et al. {1987) suggested sampling during bthe
midpoint of emergence under these circumstances. Grost (13989}
demonstrated that sediment transport occurzed during the incubation of
embryos of fall-spawning brown trout in a2 Wyoming stream. He
attributed this transpert to channel changes csused by surface ice
formation. In streams lachking surface ice during winter, sediment
transport may be mincr, and samples could be taken anytime during

incubation. For simply detecting changes in substrate composition

sed by iand management, one should sample at the same time each
vear. This could be medified if short-term changes are important
i.e., one could sample immediately before and after 2 specific land
management activity.
Finaliv, the preferred measure and sampler of substrate

composition depends on the objectives of the sampling scheme. To

estimate survival to emergence, one should measurs the geometric mesn.

g

To detect changss

e
ot
U T

substrate composition caused by land management,;

one should select the measure most likely to change dus Yo a specific



activity. Furthermore, the most accurate device for sampling stream
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EPPENDIY B
SUBSTRATE ALTERATION BY
IW A SOUTHEASTER
Fine sediwment often affects the survival of embryonic trout and
salmon {Cordone and Kelly 1961; Iwamoto et al. 1978; Ever=st et al.
158%1. Burvival to emergence of s3almonid embryos decreases as the
guantity of fine sediment in the incubation substrate increases
{Phillips et 21. 1975; ¥itzel and HacCrimmon 1%982a). Yo determine the
conseguences of human-induced sediment introduction into spawning

streams, researchers have linked models that predict sediment delivery

[

{e.g., Cline et al, 1981} with sediment-relsted predictions of
survival to emergence {e.g., Tappel and Bjcrnn 1983}. Stowell et al.
{1983}, who used this approach, suggested that predictions eof surviwval
to emergence might be besed on substrates collected before the
spawning seascn. This implies that increases in fine sediment
deposition before spawning will be refiected in the subsirate
composition of redds--l.e., that there iz a direct relation between
pre-spavning and post-spawning substrates.

Everest et al. (1987} stated that salwonids are not passive
users of substrates, but that They distinctively modify substrate
compesition during redd construction. For example, HcHeil and Bhnell
£1964) suggested that pink salwon removed 3600 kg of sediment less
than 0.1 mm in dismeter from a single spawning riffle. Helle (1570}

83



renorted a 3.5% decrease in sediment less than 9.8 mm in diasmeter
atter the =spawning of pink salmon. Compared to l-year-old redds, new
redds of oohe salmon contained 25% less sediment less than 3,33 mm
(Ringler and Hall 1988:., Thus, predicting the suzvival to emergence
of embryos based on the sediment content of ondisturbed pre-spawning

substrates may be unrealistic,

Most research on substrate modification has focused on larags,

unb
(W)
[e:»]
o d
"
»

anadromous ssimonids in the Pacific Horthwest {(Everest et al.
To determine if relatively small resident salwonids could measurably
glter substrate composition during spawning in swall, high-elevation
streams, and if 2 corrzelation existed between undisturbed pre-spawning
substrates and disturbed post-spawning substrates, I exanmined
substrate modification by bDroock trout in 2 second-order mountain
stream.

Besides identifving substrate changes caussd by spawning, 1
hoped to collect informstion on the substrate composition of redds and
egg pockets. Balmonid redds usually have a2 depression in the anterior
portion {the pit or pot) and a mound of subsirate {the tallspill) that
has heen excavated from in and upsiream 2f the egg pocket{s) {Ottaway
et al. 1981). Though much research has focused on measuring the
responses of incubating salwonid embryos to varlous intragravel
environments (e.g., Irving and Bjornn 1984}, less work has
conceptrated on defining the natural environmeni of embrvaes {e.g.,
Tagart 1976). Freguently, survival has been evazluvated in laboratory
studlies of "redds® with artificial structure or substrate composition

F

[Hamor and Carside 1976; MacCrimmon and Gots 1%86); vet Chapman (1988}



noted that conditions in the egg pocket, rather than in the entir

redd, probably determine embryo survival.

I also studied the depth and jiocation of egg puckets. Zome

researchers {e.g., Hauosle and Coble 1876} appeared to assign a varietly

of depths to egg pockets ¢f brock trout arbitzarily. From
unstratitied redd samples, Witzel and MacCrimmon {1983b} estimated
that the maximuwm depth of brook frout egg pockets was 14 cm. Also
Chapwan et al. {1986} suggested that the tailspill of a redd may not
cover the majority of egg pockets in a rvedd, but cthers have found
most ego porckets undexr the anterior portion of the tailspill {Ottaway
et al. 18981},

HMETHODS

I ohtained samplies from a low-gradient {<1.%%} reach of

4%
[

Telephone Creek, z high-elevation f{about 2900 m above mean sea level;,

secand~orderx stream in the Snowy Range of southeastern ¥yoming.
Chisholm {1585) reporited that its standing stock of brocok trout
averaged 318 kg/hectare, and that mest fish were less than 25 cm long.
Hean daily flow in Telephone (Creek in September is 0.02 w® 572
{Wyoming Water Research Center, unpublished dataj. 1 sampled that
siream because many brook trout redds had been found there by Reiser
and Wesche {1977},

To determine szubstrate composition before the brook trout
spawned, 1 established 27 tramsects in riffles, known to be used for
spavning, on 28 Auvgust 1987 and used a freeze-coring technigue
{¥zlkotten 1975) to collect three substrate samples per Cransect

netween 29 Rugust and 1l September. After spawning bagan
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¥, I tock only 2 single sample from small redds,

because one sample disturbed the entire redd.

B variety of substrale sampling technigues have been used o

{Adams and Beschta 1380; Everest et al. 1982}). Because th
freeze~core technigue ensbles one to stratify substrate samples
vertically {Bverest et al. 1%81Z}), one can Celermine whether either the

upper portions of redd samples or the entire sample yields the

=
wm

moE i
information ahout substrate wmodification. This alsc provides an

indirect evalvation of the potential efficiency of sampling tachnigue

w0

that do not allsw vertical stratification of samples.

I measured water depths at each site, then obtained
freeze-core sampies by wse of a single-probe apparatus similar to thst
described by Walkotten (1976} zlong tramsects and in or near redds.
Freeze-core probes weres driven 20 om deep, indjected with liguid CC:

for at least 2 win, and sxtracted. I collected samples at the

downstream end of each redd and progressed upsiream.

il

I collected 81 freesze cores from transecis between 7 and 11

3

£z

. 1 first observed redds on 12 Saptember and

wnd

September 198

discontinusd transect sampling o
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averaged 1500 cm® and welght of the substzate samples averaged 1197 g.

I described three

;

vk
o

cinds of redd-associated samples. When I

found egge in & core ¢ in the depression created by removal of i

£T=)
core, I defined thai core as am £g9g pocket sample. I considered other
cores from disturbed sites bub without eggs to be inside-zedd samples
and defined cores from immediately ocutside the disturbed zrea as
outside-redd samples. HMultiple szmples from inside or outside of 3
single redd were pocied to form an average for each liocation near that
vedd., Gf the 106 cores, 1 had 12 pairs of inside-redd and cutside-
redd samples, 13 palrs of egg pockel and inside-redd samples, and 28
pairs of egg pocket and cuiside-redd sampies.

The three kinds of zamples were divided into upper and lower
strata. The laower boundary of the uppzr stratum was defined by the
bottom of the egg pocket, the bottom of the 2rea that appeared toc have
been disturbed by fish, or at the core midpoint if nc difference could

e detected visuall etween the lower and upper portions. Transect
be detected 1iv b the 1 a [ pori T &

ol

samples ware not stratified. I thawed samples with a propane terch
and placed them in plastic bags for transport fe the laboratory.
After drving 2 sample for 72 h at 60°C, I weighed it, sieved it
for 8 min on 2 mechanical shaker, and weighed separately the material
retzined on sleves with meshes {mm} of 50, 25, 12.5, 9.5, &£.3, 3.35,
.00, 4.85, 0.4%5, 0,212, and less than 0.7212. Adams and Beschia
{1980} excluded large particie sizes frowm their anaiysis; they stated
that freeze-core samplers mav be biased in faver of large particles.

Alternatively, Chapman et al. (1988} noted that large pariicles tended

te be lost from frozen cores during extraction of the sample. To



avoid bias in elther direction,

et

50-mm and 25-mm sieves. However, thess large particles appeared more

inside-yredd samples (9% and 82%) or ontside-redd samples {26 and 54%;.

To deteymine :if the substrate composition from the three kinds

Pt

of samples differed, I compared the proportions of each substrate =ize
from the upper stratum of cores from these locations. Afier combining
apper and lower strata, I again compared redd-asscciated samples and

alsc compared these to 3 set of 27 unstratifled transect samples that

had been collected from the reach that sventually contained the

5

maiority of sampled redds., 1 also examined the differences

£

i

substrate composition between upper and lower strata at all three
locations by use of a sign test (3ckal and Rehlf 1981}, To test for
differences among redd-asscciated samples I used the Wilcoxon signed-
rank test, and fo compare redd-asscociated samples with transect
samples I used the Hann-Whitpney U-test {Sckal and Eohlf 1981).

To evaluate the relation between pre-spawning and post-spawning
substrates, 1 used rank correlation {HMosteller and Rourke 15731 on
upper stratum samples to compare the propertion of each substrate size
in the three kinds of samples. I assumed that unstryatified outside-

redd samples were eguivalent to samples collected bafore spawning, and

combined the upper and lower strata of the

L'l

hree kinds of redd-

associated cores to assess thelr relation to samples from nearby
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pawning brook trout to reduce the proportion of

]
H

substrate less than 1.7



redds and

for those

the Bonferzonil procedure to preduce an edperimeni-wide alogha

vidual comparisons 1% that used to t

w

determine
significance in 2ll nonparametfric

niated both water dept

5,
w
i

eqy pockets and egg pocket

depth in the substrate, a2nd determined whether the pit or the

tallspill was more likely te contain an egg pocket based on binomial

probabilities these tests, P ¢ §6.05 was

accepted a
HESULTE

Brook trout altered substrate durin

g

spawning; comparisens ¢f

substrate sizes 4.85-1.70, 0.42%-C.85, §4.2i7-

.212 mm in diameter from upper strats

differepces among =gg pockei, i

i

1} ~red

=
o

{Table 20}. The number

&u

of significant

composition among these three kinds of s

performed the same tests on samples in

trats were combined., I foupd signif

)
¥

inside-vedd samples and either

{Table 20}.

The relation in substrates composi

locations was inconsistent. Using upper

Lo

correlat?

Juba

ons substrate comp

4d, and ocutside-

0,437 nd

431
o~

revealed significant

r2dd samples

ifferences in substrate

amnles decreased when

which the upper and lower

icant differences beiween

outside-redd or egyg pocket samples

ticn among the redd-associated

G



Table 20. Mean Proportions (Ranges in Parentheses: of Substrate
Retained on Sieves from Both Upper Strata Samples and Unstratified

o

Samples Cellected Outside Redds {(OR; K = 28}, Inside Redds (IR; H =
12}, in Egg Pockets (EP; H = 313, ard from Unstratified Samples Along
Transects {TR; N = 27y. Significant Ditferences Balween Redd-
Associated Samples for a Gilven Substrate Eize Are Based on 3 Wilcoxon
Eigned-rank 1eut, and Between Transects and Other Locations Based on
Mann-¥hitney U-tests {Alphs for Individual Comparisons = (.01},
Withiln Each Row for Upper Strata Samples znd for Unstratified Samples
{Beparatelv), Values with a Letter in Common Are noct Significantly
Bifferent.
Sieve Sampling Location
size {mm R iR [y
Upper strata samples
12.5 35.4 z 8.7 z 4G.% =z
1311.9-63.5) (14.1-80.6} {24.8-61.5})
2.5 i1.2 =z 10.7 z i4.1 =z
(4.0-17.53% {4.0-20.3) {5.3-40.0}
6.2 11.7 = 1.2 z 12.1 =z
{5.8-20.8} {3.6-15.8) {4.9-17.5;3
3.35 32.0 z 12.7 z 12.2 =
{5.1-18.2 {3.6-1%.7} (8.8-16.9}
1.79 16.3 = 0.3 =z 5.0 z
{1.1-318.2) £2.5-17.7) {5.4-15.7}
09.85 8.8 2 8.1 zy £.4 y
{0.7-17.5) {2.0-13.13 {2.4-13.71
§.475 5.9 2z 51 ¥ 3.6
(0.9-11.4) {3.4-8.7) {G.6-7.6}
G,212 2.6 2 1.9 y i.e x
10.5-7.6} (0.4-3.80} (9,2-2.
£§.212 2.3 z i.5 ¥ 8.7 x
{0.6-9.2} {¢.2-2.8) {G.2-1.3)
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2.4
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{0.8-6.9}
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5.2 zy
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samples. In samples in wnich the upper and lower strata were
combined, I found significant correlations between certain pairs of

the three locations for substrates $.425-0.85, (G.212-%.425, and less

Samples collected before redds were built appeared te be simiiar

to unstratified cutside-redd samples. The pro sediment

]
o
=4
(8
et
o]
el
]
(s}

retained on the 3.3%-mm sieve was the only significant difference
between transect samples and both unsiratiflied outszide-redd and
inside-~redd samples. However, unstratified egg pocket samples

differed significantly from transect samples at five additiomal

zsubstrate sizes {Table 20;.

With regard to vertical substrate properties, upper and lower
strata from egg pocket, inside-redd, and guiside-redd samples differed
significantly at seven, five, and five of the nine subsirate sizes,
respectively. Lower strata censistently contained a greater
proportion of substrate particles 0.85-1.70, 0.425-0.85, 0.212-0.425,
and less than 0.212 mwm in dizmeter and & lesser proportlion of

substrate 172.5%-25.0 mm in diameter than did upper strata.

Bgg pockets tended to be in shallow water and buried ciose to

the substrate surface in the tailspill of the yedd. Mean depth of the
water over egg pockets was 8.1 cm (¥ = 31; 8 = 3.7 cm; range, 3.0 to
15%.0 cm). The base of eqgy pockets was 8.4 cm (M = 31; BE = 1.7 cm;

range, 5.5 to 12.0 cm! below the streambed surface. Egg pockets were
more likely to be found in the leading thizd of the tallspill than in

&

the pit (24 of 31 eg

[’

porkets; B < §.50Z).



reilation Ceefficients {(Probability iw
retained on the 0.425, (.212, and Less
sons Are of Unstratified Sampbles from

Table 21. BSpearman’s Rank Co
Parentheses} for Subst e
Than §.212 mm §

gaz
Inside apd Out is {IR/OR; ¥ = 12}, Egg Pockets and Inside Redds
{EP/IR; H = 13}, and Egg Pockets and Outside Redds (EP/OR; M = 28},
For Indiv 1éua Comparisens, F ¢ G.01 ¥as Accepted as Indicaling
S8ignificance. A1l Comparisons of Larger Sizes ¥Were Honsigniflicant.
Sleve Compariscons
size {mm} IR/0% EE/IE EP/CR
2.425 §.37 f.013 8.66
{0.123 {G.46) {<0.61)
0,212 G.54 0.67 2.43
£0.63) {<0.013 (0.01)
0,217 0.87 6.74 8.55
(<0.811) {€0.01; {<0.41)




DISTUSSION
bespite the small size of brock trout in Telephons Creek, theix

excavat

p.: .

2

the substrate during spawning removed sediment less tha

o

1.7G mm in dismeter. These veductions in fine sediment parzllel those

observed for much larger steelhead and Pacific salmon in ih i

o
=

Pa iv

n

Horthwest, though these speciss alsc removed lavger particles {(BEverest

Chapman (1988

]

contende

e

that egg pockets should be the focus of
sampling in evaluations of the intragravel environment of embryonic
salmonids. In my study, the differences in substrate compasition
between upper stratz samples from the egg pocket and from inside the
redd were striking, and confirmed the unique substrate composition of

the egg pocket. Hy results suggested that researchers should sample

s

the upstream third of the tailspill fo locate egg pockets in brock
trout redds, but I recognize the difficulty in locating egg pockets
consistently. Ideally, researchers would like to characterize
intragravel watsr velorcity, dissolved oxygen toncentration, and
sgbstrate composition to predict survival to emezrgence of embryonic
salmonids, but wost techniques for determining iptragravel conditions
{e.g., Terhune 1558) alter the structure of egyg pockelts and preclude
coliection of accurate data on all bthree variables

Because I was unable to detect differences between inside-redd
and egg pocke® locations based on unsitratified samples, 1 concliuded
that sampling technigues incapable of preserving the vertical

stratification of substrates {z.g., sampling with s shovel or HcoHelil

Ty

device: may be less informafive than the fremeze-core terhnique. This



may be partizlly due to the increase in fine sediment with depth.

Bverest et al. {198Z) alse noted thalt McHe samples cannot revesi

s
ol

differences bstween the uapper modified substrate and the undisturbed
deeper layers. However, I inferred from my data that cpe might still
differentinte betvween eag pockets and undisturbed locations by use of
unstyatified samples. Please note that sampling with either a shovel

cr MocNeil device is much faster than freeze coring, reguires less

egquipment, and is less costl

et

Fisheries biclogists often assume that increases in fine
sediment delivery to a stream will be reflected in the substrate
cemposition of egg pockets, bet my failure to find strong correlaticns
between the proportions of fine sediment in upper strats samples from
egg pockets and outside redds implies otherwise. 8Such correlations
could develop later during incubation, bescause fine sediment can
rapidly infiltrate egg pockets if streams are transporting such
material (Beschis and Jacksor 1373). This may happen during the
winter incubation cf eqgs and zlevins of fall-spawning salwonids in
the Pacific Horthwest., Yet, due to high flows in winter that
apparently disturbed the upper laver of substrate, gravel guality

increased throughout the incubation period in a British Celumbia

stream {Scrivemer 1%688). In the central Rocky Hountalns, streams may

.—l
r~r

carry little sediment during incubation of embryos of fzll-spawnling ox
spring-spawning species because flows {and hence sediment transport)
are low or declining during these intervals. Consecguently, substrates
ollected before spawning may nob reflect the actual substrate

condit that affect survival fo emergence.



Perhbaps the lack of a zelation between cutside-redd (and
presumably undisturbed substrates before spawning! and egg pocket
substrates is due o brook trout reducing the amcunt of fine sediment

to a given "sta

o

wlard,” regardless of the pre-spawning conditions.

This interpretation centers on the narrow range in the proportions of

Fae)

substrate §.217-0.425% and less than 9.212 mm in diameter im the upper
strata from egg pocket samples and the broader range of those twe
sizes in upper siratz from outside-redd samples. However, Telephone
Creek is relatively undisturbed, and I do not know how brook trout
would modify substrates that contain a2 grester proportion of fine
sediment.

I suggest that substrate samples used to predict survival o
emergence should be collected alter spawning but before the complete
emergence of alevins., Additicnally, samples from egg pockets should
yield the most information about the immediate envircnment of eggs and
aleving of salmonids. Hy Jdata on sgg pocket depth, structure, and
location should be useful for designing laboratory tests of survival
to emergence of embryonic brook trout; for sxample, researchers can
construct more realistic substrates than those devised in previous
studies {(Hausle and Coble 1376; Witzel and MacCrimmon 1983z}, And
these data can be compared to field samples of brook frout spawning
sites before redd comstruction {Witzel and HacCrimmon 1983b) and after
spawning {Reiser and Wesche 1877) to help describe the natural

variation in substrate compesition produced by spawning.
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¥ MEASUREMENTS TAKEN
e VACUUM PUME
The variability of permeability readings taken using a bicycle
pump {¥Young et al. 1963! prompted a search for alternative techniques.
An electric vacuum pump allows one to fix vacwum at a constant
pressure. I hypothesized that constant vacuum pressure would reduce
the wvariance associated with permeability measurements.
I measured permeability in 41 of the 45 substrates from the Fall
1987 test of survival to emergence of brown trowuk. OCther than
replacing the bicycle pump with an electric vacuum pump, the measuring
technigue remained unchanged {(Terhune 1%5%B8). In each tank, I dzove

the MARK VI standpips to the flsor of the tank. After setting

pressure at 350 mm, water was drawn from the standpipe for 10 s

(2]

took five measuremenits to estimate mean permezbility in each tark.

The technigue was far less varisbie than that using the bicycle
pump. The mean coefficient of variation across all substrates was
Z2.4% {(range 0.6% to 5.7%} (Chapter 2. Turnpenny and Williams (1382}
reported greater cosifficients of variation for permeabililty
measurements from ilabo ry tests, but they combined measurements
collected by hand-powered and slectric vacuum pumps.

Mean permeablility was significantly related to both the arcsine

transformation of survival to emercgence of brown trout (r® = (.45; F =



composition accounted for areater proportions of the variation in

K

survival to emergence (Chapter 4} and combinations of permeability and
measures of substrate composition in multiple regressions would

violate the assumpticon of independence o
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The technigue 4id enable me to identify possible sources of
arror that cansed waristion when using the kicyele pump. Lezks in the
tubing connections frequently appeared. Bercause pressure was

monitored, these leaks could be detected and correctsed. K

ks
Ly
4}
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o
i+
e

o

(5]

tubing cccasionally reduced suction. Even slight non-vertica

et

insertion of the standpipe altered the head depth for suction and
caused estimates to differ {from those taken in the same substrate
after returning the standpipe to vertical.

Potentiaily, this technique could provide a precise method for
measuring the permeability of stream substrates. However,
meagurements of substrate composition have been better predictors of
survival to emergence, so I do not recommend measuring permeability to

estimate survival to emergence.
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APPEHNDIX D
FIBLD TR
POR

TEST OF B SURVIVAL
oR C B U

i TO EMERGENCE !GSEM
OLORADD RIVER CUTTH

ROAT TROUT

I have argued that & major shortcoming of most survival to

emergence models has been the lack of field validation {Chapte

=
[

In 1988 apd 1385, I attempted Lo estimate the survival to emergence of
Colorado River cutthroat trout in field experimenis. The abjective
was to compare the laboratory and field relations between survival to

emergence and subsirate composition

In 1988, 1 establis

i}
g

hed 24 artificial redds in Telephone Creek

ot
]

the Snowy Range of southeastern Wyoming. In 1989, I constructed 27
artificial redds three streams in the Snowy Range: Scuth Brush Creek,
Medicine Bow River, and Telephons Creek. Each redd consisted of a 3-
mm-mesh nylon sack f£illed with substrate. A capture bottle at the

downstream end of the sack held emerged fry.

To install & redd, ! first excavated 2 small depression in the

stream bottom. The nyion sack was placed in the depression and held

there by inserting a l-m long PVC tube 2.5 mm in diameter. Hext I

]
Yo
48]
g
{4
R
4]
[yt
<
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w
Y
mn
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4
w

te particlie larger than 25 mm in diameter in the
nyion sack {to zimulate the centrum; Chapman 1388}). I mixed 30 eyed
egqgs with water, then poured them inte the tube. I filled the sack
with substrate, then slowly removed the tube by twisting it; this

prevented eggs from being washed out of the substrate. Lastly, I
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fastened a capture botile to the neck of the sack to prevent escape of

the emerged fry. [ removed emerged fry from each sack at lsast twice

in 1988, I used substrate gathered from Telephone Zresk during

redd coenstruction. 1 tried to vary substrate composition in each sack

by subiectively

Al
Jab]
jr
=1}
e

ing different particle sizes., For the 1958% tests,
1 created nine 10-kg fest substrates {Table 23). Each test substrate

conpsisted of material obizined from the Horth Fork Little Snake River

that had been sieved on 2 mechanical shaker {Chapter 5j. 1 used three
replicates of each test substrate in each stream.

After emergence ended in the sacks in 1988, I removed them from
the stream. In 1988, six sacks berame dewzstered as stream flow
declined during emergence; these sacks vere excluded from further
analyses. The szubstrate in each was dried, sieved, and welighed
{Chapter 5}. I calculated several measures of substrate composition
for each substrate and regressed survival to emergence on these
measures using SPSS= {8PS5S5 Inc. 1986}, I performed the same analyses
with the data from 15%8%. But rather than dry and sieve those
substrates, 1 used measures of composition of the substrate placed in
the sacks at the beginning of the test.

I found ne significant relation between survival to emergence

and geometric mean particle size using the 1368 data {(x? = §.0%; F =

emergence and the fredie index or sample weight. In 1989, wvirtually

ao fry emerged from sacks in Heorth Brush Creek and the Hedicine Bow

ﬂ"h

River, thus no anzlysses were performed of these data. However,
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§oed
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emerged from 19 of the

Foad
sl

sacks in Telephons Creek.

it the sacks without emerging frv were included, there was no

significant yelatlion between survival to emezgence and the geometric

excleded, a significant relation resulbted (r® = 0.33; P = §6.0035;:.
Using indicator variables in regression analysis, I concluded that the

field reiation bebween survival to emergence and the geomeiric mean

4]

ignificantly differed from the labgyatory zelstion between thess
variables.

The 2nalysis of survival to emergence only in sacks producing
emerging frv seemed guesiionable. However, for an analysis of

survival to the eyed egg stage in redds, Sowden and Powe

ial

.
et
Lo
e}
L8]

excluded redds if mean dissclved oxvgen in the redd vwas less than ©
mg/L. Cocincidentally, this excluded zll redds with sn estimated
survival to emergence less than 1.0%, and produced a significant

relation between survival to emergence and substrate composition.

bng

believe that this was not & meaningful validation of wmy

laboratory model of survival to emergence. TFurther refinement of the

[

egg planting technigque may improve the relstion., More critical is the

in

monitoring of other varlables, such as dissolved oxvgen concentration

and intragravel water velocity, that sffect survival to emergence.
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