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FOREWORD

Ef fective regulatory and enforcenent actions by the Environnental
Protecti on Agency would be virtually inpossible w thout sound
scientific data on pollutants and their inpact on environnental
stability and human health. Responsibility for building this data
base has been assigned to EPA's O fice of Research and Devel opnent and

its 15 major field installations, one of which is the Corvallis

Envi ronment al Research Laboratory (CERL).

The priority mssion of the Corvallis Laboratory is research on
the effects of environnmental pollutants on terrestrial, freshwater,

and mari ne ecosystens; the behavior,

effects and control of pollutants

in |lakes and streans; and the devel opnment of predictive nodels on the

novenent of pollutants in the biosphere.

This report is the product of a special conference at d eneden

Oregon June 4-6, 1979, to discuss and rewite a white paper originally

prepared by Shirazi and Sei mon devel opnent of a united approach for

eval uati on of spawni ng habitat.

Invited participants are |isted

bel ow. This report was shaped as the outcone of intensive work

sessions directed towards crystalizing a consensus.

The seni or

authors are, of course, indebted to these scientists for their

contributions, but they derive greatest satisfaction fromthe support

their work has received.
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ABSTRACT

As a result of silvicultural activities in the Pacific Northwest,
various |l evels of sedinent and debris enter the streanms, often degrading
spawni ng substrate of salnonid fishes. Sinple but reliable procedures are
needed to nonitor spawning gravels to assess the |evel of these inpacts.
Thi s paper presents a prelimnary rationale for conducting a nonitoring
programwi th the objective of assessing the |evel of sedinentation inpact
both locally in a given stream spawning site as well as nore generally for
the entire streamthat m ght be inpacted by watershed nanagenent activities.
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I NTRODUCTI1 ON

Nonpoi nt source pollution (NFS) is recognized as a serious problemin
the United States and throughout the world. Water quality nanagenent
programnms conducted under state and federal |egislation have identified
nonpoi nt sources of pollution as a significant obstacle to attaining the
1983 goal of water quality adequate for fish, wildlife and recreation.
Stream sedi nentation is one of the greatest NFS pollution problens,
primarily because wi despread activities such as agriculture, |ogging,
| i vestock grazing and road construction are major sources of increased
sedi ment | oadi ng. For exanple, |ogging and road construction in the Pacific
Nort hwest introduces various |levels of sedinents and debris into streans and
rivers. This can result in the degradation of riffle habitats critical for
sal monid fish reproduction and for the production of invertebrate food
organi sns necessary for the rearing of juvenile fish. |In nountain streans
spawni ng takes place in riffles where the water velocity is usually 45 to 75
cmsec (1.5-2.5 ft/sec) and the water depth is 15 to 90 cm (6 to 36 inches).
Sal noni d reproduction and the production of invertebrate food organi sns
respond adversely to excessive sedinentation in these areas. A study of
spawni ng habitats could, therefore, provide a relatively sinple, sensitive
and meani ngful indicator of watershed nanagenent i npacts.

For several decades, fishery biologists have known t he general
properties of spawning gravels used by sal nonids. However, the lack of a
relatively sinple, reliable and standardi zed net hod of characterizing the
gravel s has hindered quantitative descriptions of changes caused by
sedi nentati on. This paper describes a conprehensive procedure to assess and
monitor the effects of watershed managenment activity on stream spawni ng
habitat, applicable both to individual spawning sites and to an entire
stream system This nonitoring programis designed to minimze costs and
work effort. It is anticipated that this procedure will provide the
groundwork for a serious effort in conpiling the conprehensive data base
required to evaluate effects of |and use on streans over | arge geographica
areas in the United States.



A UNI FYlI NG SUBSTRATE STATI STI C

Fi sheries researchers generally agree that excess fine sedinents in the
spawni ng gravel of salnonids are a cause for enbryo and |larval nortality
(Iwanoto et. al. 1978). Several neasures of substrate fines have been
advocated, nanely, fractions less than .83 mMmm 3.3 mm or 6.5 mm Even if
there is no consensus on a unified definition of fines, the causal factor of
nortality is generally believed to be the filling of spaces within the
gravel . This causes substantial reduction in the replacenent of netabolite-
| aden water with oxygen-|laden water during the incubation of enbryos and
al evins and the trapping of alevins during energence fromthe gravel.

Since natural spawning substrates contain a w de range of particle
sizes including silt, sand, gravel and cobble, perneability to flow and thus
enbryo survival depends not only on fine materials in the sand range, but
al so on the presence of gravel and cobble. Perneability is a strong function
of pore size distribution, which in turn is affected by the size conposition
of the particles and by their shapes and packi ng arrangenent. Shape
angularity of the particles directly influences the packing arrangenent.
There exi sts no conveni ent nmeasure of natural packing of substrate in a
stream bottom Lotspiech (1978} presented convincing argunents that
combi ned neasures of central tendency (i.e., the nmean) and the sorting
coefficient (i.e., the standard deviation) should provide an indirect but

adequat e nmeasure of potential change in perneability.

In an extensive analysis of the relationship between perneability and
gravel conposition, and in an attenpt to arrive at a logical alternative
measure of spawning gravel, Platts et. al. (1979) denonstrated that
information on the entire textural conposition of the gravel is necessary.
They proposed the geonetric nean particle dianmeter (dg) as
an appropriate statistic because

(1) dy is a conventional statistical nmeasure used in sedinentary
petrol ogy and engi neering to represent sedi nent conposition.
2



(2) dq is a convenient standard neasure that enabl es conparison of

sedi nent sanple results between two studies.

(3) dg may be cal culated fromds, and di, two paraneters that may al so
be used to calculate the standard devi ati on.

(4) dy relates to the perneability and porosity of channel sedinents
and to enbryo survival, at |least as well as "percent fines.".

(5) dy is a nore conplete description of total sedinent conposition
than "percent-fines" and sedi nent conposition evaluations in many cases
i nvol ve | ess sanpling error using d,.

(6) dy relates to porosity and perneability, and thus it is potentially
a suitable unifying neasure of channel substrate condition as it

i npacts enbryo survival

In a conprehensive revi ew paper of enbryonic survival, Shirazi
(unpubl i shed) showed an enpirical relationship of survival during different
enbryo to al evin energence stages with geonetric nmean di anmeter of the
spawni ng substrate (Figure 1). Percent enbryo survival is plotted against
t he geonetric nmean dianmeter of the substrate within the redd. The positive
trend relating these two variables is unm stakable. To account for mnor egg
size differences anong species, dy was divided by a value for egg di aneter
(de ) for that species in order to produce a nore strongly correl ated
relationship with survival (Figure 2). The utility and the adequacy of a
general i zed scalar (dy) are indicated in the figures by the strong

correlation it exhibits with enbryo survival fromdiverse sources of data.

There may be justification for further research to obtain a nore
conpl ete description of the substrate than dy. Vigorous research wll
hopeful ly continue, but for it to be successful and to provide the data
base, the full substrate conposition nust acconpany all survival test
results. Having this information, d,, percent fines, or other convenient
measures may be readily estimated and correlated with enbryo survival
studi es.
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VI SUAL ESTI MATI ON OF SUBSTRATE COWVPOSI TI ON AND NUMBER OF SAMPLES

To acconplish the objective of nonitoring and assessing stream
gravel conposition, the follow ng facts nust be consi dered:

(a) Substrate conmposition varies both horizontally and vertically at
a given time and | ocati on.

(b) Substrate conposition changes through tinme because of bed form
novenent (e.g., bar progression) and the entrai nnent and deposition of fine
materi al .

(c) Wthin a given streamreach, bed fornms and channel patterns tend
to repeat as simlar geonorphic conditions are encountered (e.g.a
sequence of pool-riffle conpl exes).

Because of the natural variability of stream gravel conposition
intine and space, a rapid stratification of the gravel environment
woul d be desirable to reduce the overall sanpling effort. It must be
remenbered that site assessnent (gravel conposition) nust be coupl ed
Wi th area determ nation to establish net gravel quality and quantity
within a streamreach or system The experinent described here
addresses gravel conposition differences at typical spawning sites
within an area, each site on the order of ten to several hundred
square neters. This experinment tested the ability to estimate visually
relative differences in the conposition of two neighboring gravel patches.
No attenpt was nmade to delineate the boundaries of these patches even
t hough the conposition at times appears to change continually between
t hese patches. A variety of spawni ng substrates was sanpl ed, including
streans in the Siuslaw National Forest in Oregon, a segnent of the Rogue
River in Oregon and a snall sal non streamin southeast Al aska. The
sanpling teaminitially had no experience in matching visual conposition

with the results of sieve anal ysis.

At each location, the areal extent of the spawning gravels was visually
stratified into three groupi ngs (based on apparent conposition of the
surface gravels): A for coarse, Cfor fine, and B for internedi ate. Channe
formwas indirectly included by associating the relative coarseness of
gravels with flow velocities; coarse gravels are typically found under

6



relatively faster waters. A single 12" core sanple was collected within each
area and fiel d-sieved.

Subsequent analysis of the field data indicated that when nean
particle dianmeter in bed material differed by about 10%for any two
sanples at a site, the visual procedure was capable of correctly
identifying the coarser material 87% of the tine (Table 1). Wen
di fferences were about 20% the visual estimation of relatively coarser
mat erial was correct 93% of the tine. To get an idea of the differences
in the conpositions of A, B, and C, the reader should refer to the
anal ysis of a typical site sanple collected in Indian Creek (Figure 3a).

These results indicate that visual estimation procedures nmay be useful
for characterizing the relative conposition of the underlying bed materi al
at a particular site. Canadi an experience (Chanberlin, pers. comm) suggests
that trained observers can estinate percentage of fine (< 2m, gravel (2-64
mm and larger material to £ 10%in test gravels. Such a capability would
allow a relatively rapid assessnment of quality and quantity of potentia
spawni ng gravels along a particular streamreach. However, detail ed gravel
nmeasurenents woul d be necessary at specific sites for eval uating conposition
changes along the streamor through tine. It may be useful to specul ate on
how accurately observers can visually assess gravel characteristics in
conparison to the variability in the area determ nati ons which are necessary
for overall reach or system assessnment. If precise area neasurenents are
difficult (as in nobile bed rivers) then rapid visual estimtes of bed
conmposition referenced to a few quantitative sanples may provi de useful
nonitoring information

As a consequence of visual stratification of gravels, sanple sizes
may be adjusted to reflect the degree of variability within the sites of
interest. The presence of broad zones of honpbgenous material suggest
fewer sanple points than would a nosaic of widely different bed materi al

composi tions.



Table 1. CEOVETRI C MEAN DI AVETER dy (nm) OF SUBSTRATE CATEGORI ES
(A, B, AND C) SHOW NG SCORES FOR 10% AND 20% DI FFERENCE | N
RELATI VE COARSENESS ESTI MATI ON.

Coar se I nternedi ate Fi ne Scor e?
A B C 10% 20%
1 46. 4 14.5 14. 2 3 3
2 22.5 16.7 18.9 2 3
3 31.0 27.5 22.6 3 3
4 24. 7 22.1 9.6 3 3
5 23.1 14. 4 13.3 3 3
6A 27.6 13.9 8.5 3 3
6B 23.9 23.3 16.9 3 3
7 20.2 23. 7 14.9 2 3
8A 24. 4 16.9 14. 4 3 3
8B 12.5 11.8 6.2 3 3
9A 51. 4 13.2 6.8 3 3
9B 26.5 22. 4 26. 4 2 3
10 25.8 19.0 26.1 2 2
11 35.1 38.9 18.8 3 3
12 83.1 62.9 25.1 3 3
| SA 39.0 39.7 15.2 3 3
15B 41.9 20.5 17. 4 3 3
14B 59.0 30.9 17.3 3 3
14C 21.8 18.6 48. 4 1 1
14D 58.7 58. 8 65.5 1 3
15 22.2 22.6 19.5 3 3
16A 6.5 8.7 1 1
16B 8.7 6.4 7.9 2 2
17 28.3 23.1 19. 4 3 3
18 16.0 10. 3 4.3 3 3
19 33.8 22.5 32. 7 2 2
Possi bl e Score 76 66 71
Rati ng Success % 87 93

@ Afull score of 5 was assigned if A was coarser than B and C, and B
coarser than C



To determ ne the nunber of sanples to be taken in an area consisting of
tens of hundreds of sites, one nust conbine the visual information on
variability of the conposition in the site with the desire to attain a
certain level of resolution. This procedure allows enough flexibility to
assess either as small an area as that occupied by a redd or an entire
riffle of several hundred square neters. In both instances taking only three
sanpl es may be adequate, with obvious inplications on the accuracy attai ned
in each case. To assess reaches of an entire stream system stretching
several kiloneters, the I evel of resolution need not be too demandi ng. For
exanpl e, the authors surveyed a two-kilometer reach of Canal Creek in nearly
four hours. They conbined results of this visual survey with two site
estimates of gravel conposition (ltens 8A and 8B in Table 1) to obtain the

results shown in Table 2.

Tabl e 2. STREAM REACH EVALUATI ON OF SPAWNI NG GRAVEL COVPCSI TION IN IN
CANAL CREEK, JUNE 29, 1975.

Rel ative Appr ox. mean Appr ox. gravel Per cent of
coarseness dianmeter (nm area in nt t ot al

d 6 24 1

C 9 672 24

B 12 1191 43

A 18 768 27

Al 26 137 5

Total 2792 100
Total stream | ength surveyed: 2130 m

Total streamreach covered as a result of beaver dam 400 m
Approximate streamw dth: 2.5 m
Appr oxi mat e spawni ng area: 50% of the reach

It appears that this level of effort may be entirely adequate in
many cases and shoul d provide a general assessnent of quality of
substrate with attached areal extent for the streamreach



THE ADEQUACY OF A SAVPLE WEI GHT

The question of sanple weight nust be addressed in terns of its
adequacy to assess a spawning site for the effects of sedi nents on success
of reproduction and devel opment of salnmonid fishes. It is evident that
there is considerable variability in data relating survival to geonetric
mean. For exanple, at 50% survival (Figure 1), the nmean geonetric dianeter
is 10 nm but, due to the scatter in the data, a range of dianeters from
7.5 mMmmto 12.5 mmcould also lead to the sane result. The |evel of
variation is nore pronounced in the m drange of d, The true source of
variation can only partially be related to the procedural difficulties in
assessing the gravel conposition. Natural variability within bed materi al
at spawning sites and within egg packets has been docunented by Kosk
(1966), Tagart (1976), Platts (1974, 1979), and Corely and Burneister
(1978). Two-fold variation in the geonetric nmean even within a single redd
i's not unusual. That al one can cause the scatter under natural conditions.
Difficulties in accurately estinmating the nunber of eggs deposited and
enunerating energent fry further contribute to possible sources of errors.
Consequently, the margin of error attributed to dy i s probably rather
smal | .

The probl em of adequate sanpl e wei ght may now be eval uated as foll ows.
If a gravel patch has a true nean geonetric dianmeter equal to dy, how
| arge a sanple weight should we anal yze to estimate dy Wi th reasonabl e
accuracy, say to within £ 10% An experinent was conducted in Gak Creek
using a frane sanpler 30x30x30 cm G avel was extracted and pl aced
randomy in five different containers nmarked 1 through 5. The contents of
each contai ner were dried, sieved and anal yzed. Results were conpiled for
sanple 1, sanples 1 and 2, sanples 1, 2 and 3, etc., each tinme increasing
the sanple weight, with the idea of attaining a limt as the weight
i ncreased. Unfortunately, we did not take a sanple too snmall to be totally
I nadequate. Nevertheless, in this experinent, dq fluctuated mldly and
tended to approach a limt, hopefully approximating the true value of dg,

as the sanple weight becane very |arge.

More specifically, these values were 14.4, 14.9, 14.7, 15.3, and 15.1 mm

10
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The results suggest that a sanple size of 5 to 10 kg produced the desired
accuracy. QO her inportant observations are (a) the patch was i ndeed
fairly honogenous as evidenced from anal ysis of individual sanples, (b)
the size fraction between 50 to 76 mmwas on the order of 5 to 10% of the
total sanple weight, and (c) an equival ent sanple size can be obtained
with 6" core FRI (MNeil) sanpler

Because of these observations and the w despread use of FRI sanplers,
one can generalize the experinmental results as follows: (a) core dianeter
should be two to three tines the size of largest particles sanpled, and (b)
the weight fraction of the |argest particles (or the content of the
coar sest sieve when appropriate) should be on the order of 5 to 10% of the
total weight.

The adequacy of the sanple weight obtained with a freezecore nethod is
di scussed in the next sections. |In general, it is determ ned by the radia
extent of the frozen core relative to the size of the |largest particles
attached and by the ability to extract the core wi thout |osing excessive
amount of particles.

For application to a coarser substrate, a large core dianeter nust be
used. G avel patches are sel dom honogenous. There are pockets of fine and
coarse particles appearing randomly with depth and areal directions.
Therefore, the above rule nust be applied in conbination with the visual

estimati on procedure discussed earlier.

The followi ng experinents will denonstrate the heterogenous nature of
gravel patches in the Poverty spawning area in the South Fork Sal non River
| daho, and will also give an idea of adequate sanple weight. The Poverty
area has been nonitored for nore than a decade using various nethods.
Corley's data for 1976 show that the nmean dianmeter is 13.5 mm (corrected
for the effects of wet sieving) and the range for nean dianeter is 7 mmto
23.7 nm W conpared 1978 neasurenments taken by Corley in the Poverty area
with the | argest gravel sanple ever taken in that area or el sewhere by
Platts (Figure 4). Platts® sanple size of 620 kg, which consisted of a
typical redd, gives d; ~23.3 nm Corley's
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data taken near that sanple give a range 9 nm< dq < 24.5 mm

Corley's sanples were on the order of 25 to 45 kg taken with a 12" core.
Detailed vertical analyses of Platts' sanple denonstrate that the patch was
coarse throughout and, thus, perhaps an upper limt of gravel conposition in
Poverty area. Unfortunately, Corley did not use a sieve greater than 25 mm
openi ng and thus his data were extrapol ated to obtain

dy in Figure 2.

Now, according to Platts, particles were all smaller than 203 nm and
| ess than 7% were greater than 127 mm Corley's sanpler, therefore,
satisfies the size selection rule stated above even if it captures the
stated proportion of large particles. On the other hand, the use of a 6"
core would be only marginally adequate, if not actually inadequate.



METHODS OF OBTAI NI NG GRAVEL SAMPLES

The primary purpose of devel oping these procedures is to obtain a
representative sanple of the substrate to a depth used by spawni ng
sal moni ds. Theoretically, we wish to extract an undi sturbed core of gravel.
The two nost comon nethods are frozen core sanpl es devel oped separately by
Ryan (1970) and Wal kotton (1976) and grab (or manual) sanpling techni ques
designed by McNeil and Ahnell (1960).

In the freezecore method a netallic tube about one inch in dianeter,is
driven into the gravel. Liquid carbon dioxide (CQ) is throttled into the
tube through a bank of small nozzles. The expansion of the gas rapidly
freezes interstitial water outside the tube, thereby attaching a solid core
of substrate materials to the tube, which is then extracted for analysis.
The di mensions of the core and the total size of the sanple can be varied by
a conbi nation of (a) depth of tube penetration into the gravel, (b) length
of time CO, is applied and (c) use of nore than one tube in a given area.
Freezing efficiency is inversely related to gravel density. Efficiency
decl i nes rapidly beyond about 4 m nutes of application of CQ.

The manual sanpling nethod consists of inserting a |l arge
di ameter tube (4 to 12 inches) into the gravel bed to a depth of 4 to
12 inches and extracting by hand or scoop the gravel and sand inside
the pipe. An estimate of the suspended material that escapes the
gravel sanple is obtained by retaining, for subsequent analysis, a
subsanpl e of the water colum in the pipe, once the contai ned water
is thoroughly m xed.

A phot ographi ¢ nethod anal yzi ng surface (or arnor) material visible
t hrough clear water was devel oped by Ritter and Hell ey (1969).
Phot ographic prints of a stream bottom segnent are anal yzed with
speci al i zed scanni ng equi pnment. These devices incorporate conputation
facilities that enable counting, sizing, and even particle size
distribution. Once the systemis set up and calibrated, photographic
records of hundreds of particles can be analyzed in a matter of m nutes.
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This nethod is good for extrenely large quantities of work but is
restricted to the analysis of the surface | ayer of gravel, hence the
utility of this nethod is limted.

The mai n advant ages of the freezecore nethod are (a) the ability to
sanmpl e in deep water or under ice on frozen streans, (b) the routine
application of uniformprocedures, i.e., duration of CO, application and
depth of core, and (c) the ability to analyze sanples fromdifferent depths
within the substrate. Di sadvantages are (a) the equi pnent weight and field
transport problens, (b) the cost of CO recharge, (c) the difficulty of
sanpling in gravel coarser than 32 to 64 nmin diameter with a single probe,
and (d) inability to sanple fromdry gravel patches, and (e) disturbance
during probe insertion and | oss of particles during probe renoval.

Advant ages of manual sanpling are (a) sinplicity of equipnent and
procedure, (b) flexibility in nodifying sanple diameter with respect to
gravel characteristics, and (c) possibility of conmbining with benthic
i nvertebrate sanpling. Disadvantages are (a) bias associated with different
operators who nmight extract the gravel selectively, including the suspended
fines segnent, (b) difficulty in sanpling in deep water, and (c) difficulty
of inserting the core into a coarse gravel bed.

The di sadvant ages of freezecore and manual sanpling may be reduced
to acceptable levels. For exanple, Lotspiech and Reid (1979) used stee
tubes instead of copper to reduce problens of tube bending during
insertion and extraction of the frozen core. They al so used al unm num CG,
tanks to mnimze carrying weight while increasing refrigerant capacity.
To minimze operator bias with manual sanpling all substrate conponents
must be renoved to a pre-determ ned depth. A scoop should be used when
possi bl e.

This discussion relates primarily to the nmechani cal advantages and
di sadvant ages of various sanpling nethods. Some sanpling bias can be
reduced by taking a very large sanple. Coviously all attenpts to mnimze
bi as shoul d be made before increasing sanple size. |ncreasing
17



sanpl e size should not be used to disguise problens inherent in the

sanpler itself.

The foll owi ng case studies are presented to enabl e conpari son of
results fromfreezecore with FRI sanplers.

1) Berry Creek near Corvallis, Oregon has a very coarse substrate. Five
sanpl es were taken in the follow ng nmanner. After a spot was chosen in the
stream a 12" dianeter sanpler was placed on the spot and a single
freezecore sanple was extracted fromwi thin the 12" core sanple, then the
remai ning material was extracted. The data were anal yzed separately for the
freezecore sanple and in conbination with the remaining parts of the 12"
core sanple. Theoretically, the freezecore represented a subsanple of the
12" core sanple. The experinent should denonstrate a direct conparison of
the two nethods (Table 3).

Table 3. COWARI SON OF RESULTS FROM FREEZI NG FRI (McNEI L) SAMPLES.

dy Mm
Sampl e # Freezecore 12" core
1 9.7 32.7
2 42 43.5
3 42 43.0
4 33.9 27.0
5 37 66
Mean 32.9 42. 4

On the average, sanples taken by the two nethods are within 25% of
one another; individually they may differ by a factor greater than 3.
The 12" core sanpl es averaged 25 kg each, the freezecore sanples were
about 5 kg.

2) In a second experinment with a coarse substrate in the Rogue

Ri ver, 12" dianeter core sanples and tri-tube freeze sanples (Lotspeich
18



and Reid 1979) were obtained side by side. Eleven such sanples were

coll ected and anal yzed. The average wei ghts of the tri-tube sanples and 12"
cores were 13.3 and 25.4 kg with a standard deviation of 6.9 and 3.2 kg,
respectively (Table 4).

Tabl e 4. COVPARI SON OF TRI - TUBE FREEZECORE AND 12" NMANUAL CORE SAMPLES TAKEN
FROM ROGUE RI VER, OREGON.

Sanpl e ID dy MM
Tri-core 12" core
Bri dge Hol e B 30. 4 30.9
C 24. 0 17.3
Hatchery Site A 42. 1 21.8
B 18.0 18.6
C 69. 6 48. 4
Sand Hol e A 34.2 58.7
B 22. 6 58. 8
C 46.0 65. 3
Big Butte Mean A 15.6 22.9
C 19.3 19.5
32.1 35.0

On the average sanples differed only about 10% The tri-tube presents a
significant inprovenent over single tube freezecore, even though the Rogue
Ri ver presented a severe test of the system Note that the difference in
the results of the nethods is not always in the sane direction.

Cal cul ati ons presented by Lotspeich and Reid (1979) differ slightly from
those given here due to different estimation procedures. The sanme 10%
di fference appears using their nmethod as well.

3) Platts (1979) obtained 15 single freezecore sanples in South Fork
Sal ron River, Poverty area during 1977. There were consi derabl e variations
in the sanple weights as well as the geonetric neans. The average sanple
wei ght was 5.1 kg with a standard deviation of 3.7 kg. The average of the

15 geonetric nmean dianmeters was 34.6 mmwith a 20.6 nmm devi ation from
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this nean. We attribute this difficulty to the inconsistency of sanpling
with a freezecore in a relatively coarse substrate. Because of this scatter
the size fractions fromall sanples were conbined to obtain an average
geonetric nmean equal to 20.4 mm This is within the range of results (7 < dg
< 23.7 nmm and average = 13.3 nm obtained by Corley using 12" core sanples
in 1976. Platts' freezecore sanples were obtained in egg pockets and this
may explain the difference between the two nmeans. The aggregates of Platts
singl e freezecore sanples in egg pockets during 1977 agree well with the
entire redd sanple taken in 1978.

4) There have been nany attenpts to directly conpare freezecore sanpl es
with 6" core sanples. Anong these are the unpublished work of Cederhol m and
yet to be published work of Koski. Both works were restricted to relatively
fine artificial gravel m xes. Both indicate single freeze-cores produced
satisfactory results under these conditions.

Ringler (1970) in his Master's thesis conpared freezecore sanples
with 6" core sanples both obtained fromredds in Drift Creek. He found
that the freezecore nearly always underestimted the fines snaller than
85 mMmmand 3.3 mMm

We will conclude, based on the analysis of the foregoing case studies,
that: (a) by conbining the analysis of many freezecore sanples taken froma
spawni ng site, a reasonable estinmate of the mean conposition of that site is
obt ai nabl e, (b) single freezecore sanples, particularly if taken in a coarse
substrate with a single tube nay not be a good representation of a gravel
patch, and (c) it is expected that a good representation of the patch over
the range of grain size up to 100 nm substrate is obtained by a tri-core
nmet hod.
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ANALYSI S OF GRAVEL-VET Sl EVI NG

Access to spawning areas wth notorized vehicles is not always possible
and transporting |large gravel sanples fromthe stream bank to the vehicle
often presents a problem Therefore, serious consideration should be given
to on-site analysis by wet sieving the gravel.

Equi prrent required for wet sieving includes a set of sieves, a bucket
with an overfl ow nozzle and a graduated cylinder. In general, it is
desirabl e that the sieve sizes should represent a geonetric progression
(e.g. 128, 64, 32, 16, 8, .... 0.064 m). However, the specific sizes chosen
wi || depend upon the actual stream being sanpled and the need to maintain
consi stency of sizes with past sanpling or other conparative work. If, for
the selected sieve series, a large proportion of the material collects on
one sieve, an additional, coarser sieve nay be added to facilitate the
si evi ng process.

The content of the 4-mm and coarser sieves can be wet sieved and
anal yzed volunetrically in the field using the bucket and graduated
cylinder. Particles retained on all sieves on will also contain sone
interstitial and surface water. The amount will vary with particle size and
becone quite significant at sizes below 4 mm To avoid introduci ng excessive
errors in the volunetric determi nation, the sieved sanpl es should be all owed
to drain before the volunetric neasurenents are made (draining with sieves
inclined and the material periodically turned over will expedite this
process). The contents of the fine sieves, i.e. size ranges less than 4 mm
may be either processed in the field or taken to the |aboratory for dry
wei ght analysis. This also applies to particles passing the smallest sieve
used. The error introduced by wet sieving, because of the water present, can
be corrected by using data in Table 5.

If dry sieving is used for particles smaller than 4 mm the two sets of
data nmust be conbi ned. Conbining the volunetric and gravinetric analysis
requi res knowl edge of average gravel density. For this purpose, the dry
contents of the 2 mm sieve should be used for rock density
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Table 5. WATER GAINED I N A WET SI EVI NG PROCESS AND
CORRECTI ON FACTOR FOR VOLUMETRI C DATA. *

G am wat er gai ned Correction factor applied

Gram dry gravel to wet sieved gravel
Si eve size
i nches nm p=2.2 p=2.6 p=2.9 p=2.2 p=2.6 p=2.9
3 76. 2 .02 .01 .01 . 97 . 96 . 96
64 .02 .02 .01 . 96 . 96 . 96
2 50. 8 .02 .02 .02 . 96 . 96 .95
32 .02 .02 .02 .95 .95 .94
1 25. 4 .03 .02 .02 .94 .94 .94
16 .03 .03 .03 .93 . 93 .92
1/ 2 12. 7 .04 .03 .03 .92 .92 .91
8 .05 .04 .04 .91 .90 . 89
1/ 4 6. 35 .05 .05 . 05 . 89 . 88 . 88
4 .07 . 06 . 06 . 87 . 86 . 85
1/8 3.18 .08 .07 .07 . 86 . 85 .84
2.0 .10 .09 .08 . 83 .81 .81
1/ 16 1.59 .11 .10 .09 .81 . 80 .79
1.0 .13 .12 .12 77 .76 .75
1/ 32 .79 .15 .14 .13 .75 .73 .72
.5 .19 .18 .17 .70 . 69 . 67
1/ 64 .40 .21 .20 .19 . 68 . 66 . 65
. 25 .27 . 25 .23 .63 .61 .59
1/ 128 .20 .30 . 28 . 26 . 60 .58 .57
. 125 . 38 .35 .33 .54 .52 .51
1/ 512 .10 .43 .39 . 37 .52 .50 . 48
. 063 .54 .49 .47 .46 .44 .42

* The values in this table have been obtained fromdetail ed
anal ysis of substrate ranging from0.63 mmto |arge gravel
based on unpublished work of Thonpkins, Shirazi, and
Kl i ngeman. Exanpl e: The volunetric displacenment of a 2-nm
sieve is 300 cnf. Fromprior analysis, the estimte of the
gravel density is known to be 2.69 g/cnf. The dry wei ght of
the gravel according to the table is 300 x .81 = 243 g.
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determ nation by sinply dividing the dry weight of the nmaterial in grans by
its displaced volune of water in cubic centinmeters. This requires bringing a
sanpl e of such material to the laboratory for analysis. Unpublished data
from Kl i ngeraan show that the choice of 2 mmfor density determination is
reasonabl e, although there is a slight change of density with particle sizes
used. The error is on the order of one percent of the nean for a range of 14
si eve sizes. Correspondence of the density of 2 nmand |arger particles
shoul d be confirmed where |ikelihood of difference is apparent.



CALCULATI ON OF SUBSTRATE STATI STI CS

Exanpl es of three procedures for calculating the geonetric nmean
di anmeter and the geonetric variance of two sanples of gravel are given in
this section for the purpose of denonstrating the relative effort needed
and the relative accuracy obtainable with each procedure. The gravel
sanples A, B, and C were obtained fromlIndian Creek. They are plotted on
sem -logarithm c scales in Figure 3a.

LEAST SQUARES GRAPHI CAL METHOD

The graph of sanple Ais shown replotted in Figure 3b on a |og-

probability paper. The straight |ine passing through the data is the

| east squares fit with a coefficient of determi nation r? equal to 0.958
whi ch can be interpreted as the test of lognormality. The average r? for
100 sanples was 93 which is very good indication that spawning gravel is
l ognormal Iy distributed. The data for sanple B are not shown on the plot
to avoid crowdi ng. The coefficient of determ nation for the |east squares
linear fit to that set of data is 0.804.

The details of this procedure are listed in Table 6. Col utmms one and
two are the original data listed in terns of weight percentiles. Colum
three (designated X) is the |og transform of columm one. Colum four
(designated Y) is the inverse probability transform of colum two. The
|atter can be obtained fromtabul ated standardi zed norrmal distribution
function available in textbooks of statistics. They also can be cal cul ated
with small programmabl e cal cul ators. Next, Y is regressed over X. The linear
equati on now can be used to obtain all statistics as listed. Note that the
percent fines, for exanple, less than 3.3 nm can be calculated fromthe
equation, thereby relating that point statistically to the entire
di stribution. The procedure reduces the variability, otherw se unavoi dabl e,
if the data were used directly. This nethod yields the foll ow ng:

d, = 25.5mm 6 = 5.93
SA €x
d = 9,48 mm o = 4.02
&g g



Tabl e 6. | LLUSTRATI VE EXAMPLE OF LEAST SQUARE/ GRAPHI CAL PROCEDURE FOR
SAMPLE A I N | NDI AN CREEK, OREGON.

Si eve opening Percent finer | ogi, d OF(d)]*
d mm F(d) X Y
(1) (2) (3) (4)
127 100
102 82.6 2. 009 . 938
64 80.6 1. 806 . 863
32 44.0 1.505 -. 151
16 26.6 1.204 -.625
8 16. 8 . 909 -.962
4 10. 3 . 602 -1. 265
2 7.53 . 301 -1.458
1 5. 60 0 -1.590
.5 3.01 -.301 -1. 880
. 25 . 67 -.602 -2.475
. 125 .17 -.902 -2.929
. 063 0

X = 1.407 + .777Y r2
ds = 1.34 mm

d15 = 4,30 nm
d5o = 25.50 mm

. 958

dgs = 151.21 mm

dos = 484. 33 nmm

dy = dsp = 25.5 m
984

()g = d5o = 5.93

% Fines < 3.3 is 13% becuase:
l 0ogip 3.3 = 5.19

Y = 1.143
F (3.3) = 13%

* Ois the standardi zed normal distribution function
QUANTI LE GRAPHI CAL METHOD

A common, sinple graphical procedure consists of estimating directly



fromthe data the dianeters at the 84th percentile (i.e. dg) and at the
16th percentile (i.e. dy) of the distribution. The geonetric nmean and the

geonetric variance is then:

dg = 7 dgy dig
% = ¥ 984’6

For the two sanples given above, we have

METHODS OF MOMENTS

4 5104 x 7.4 = 20,7 o = 104/7.4 ='3.8
d =50x3.8=13.8 ¢ = 50/3.8 = 3.6
83 8

The details of this nethod are described in Table 7. It consists of
taking the n'" root of the product of n numbers as required by definition of
the geonetric nean. The procedure for cal culating the geonetric variance is
al so given. For the two sanpl es

d = 25,5 mm o 4,0

o
n

4.1

14,7 mm o

CHO CE OF METHODS

Consi dering both the adequacy of the theoretical basis as well as the
sinmplicity in procedure, the quantile graphical nethod should be favored
over the others. The | east squares nmethod is nore precise in calculating the
geonetric variance than the second nethod, however, it is difficult to
assess the theoretical adequacy of the third nmethod fromthis aspect. At
times it mght be necessary to obtain a systematic estimtion of the
geonetric variance so that the entire distribution, including back-
cal cul ati on of percent fine becones possible. |In that case the first
procedure is recommended. For nonitoring and assessnment objectives the
quantil e graphical nethod of calculation is quite adequate (if dy i s needed)

and is the suggested procedure.



Tabl e 7. CALCULATI ON OF GEQOVETRI C MEANS AND GEOMETRI C VARI ANCE BY THE METHOD OF MOMENTS.

Si eve Size Sample A Sample B
Range M dpoi nt
(1) 2 @ @ (5) (6) M (@ (9) (10)
d mm dm f p f(ln dy f(ln dy f p f(lndy f(lndy2
% finer % finer
mm
127 100.0
102-127 114.5 1737 82. 63 . 823 3.904 100.0
64- 102 83.0 . 0201 80. 63 . 089 . 392 . 0540 94. 60 . 239 1. 054
32-64 48. 0 . 3660 44.02 1.417 5. 485 . 3010 64. 50 1.165 4.511
16- 32 24.0 1744 26. 59 . 554 1.761 . 2260 41.90 . 718 2.283
8.0-16 12.0 0983 16. 76 . 244 . 607 . 1490 27.0 . 370 . 920
4.0-8.0 6.0 . 0650 10. 26 . 116 . 209 . 1070 16. 30 . 192 . 344
2.0-4.0 3.0 . 0272 7.53 . 030 . 033 . 0480 11.50 . 053 . 058
1.0-2.0 1.50 0194 5. 60 . 008 . 003 . 0360 7.90 . 015 . 006
.5-1.0 . 750 .0258 3.01 -. 007 . 002 . 0349 4.41 -. 010 . 003
.25-.5 .375 .0235 0. 67 -.023 . 023 . 0335 1.06 -.033 . 032
. 125-.25 .188 .0050 0. 17 -.008 . 014 . 0083 .23 -.014 . 023
0.63-.125 .094 .0017 -- -.004 . 010 . 0023 - - -. 005 ~.013
1. 000 G=3.239 (Q=12.442 1. 000 Og=2.689 0=9. 246
4 = =2 d = o = o2-689
gA 2 BB 9
= 25,508 mm = 14.720 mm
o = exp (Eg-252)}% o, = exp (L19-298) Y%
EA Ep

1.951
e

= 4,042
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ESTI MATI NG LOCALI ZED AND STREAMN DE | MPACTS

The ultimate goals of substrate nonitoring are to rel ate watershed
processes and | and use to substrate conditions and to assess the possible
i npact of accel erated erosion on spawning habitat, both locally in one or
nore riffles as well as nore extensively for an entire stream system The
paraneters used as neasures of this inpact can be classified in the
categories: (a) changes in the area of spawning gravel, i.e. the change in
t he avail abl e habitat, and (b) changes in the conposition of the gravel,
i.e. the quality of the habitat. For the latter neasure the, geonetric mean

di aneter dy is assunmed to be a sufficient indicator.

The extent of actual and potential spawning areas for the species of
i nterest can be obtained through visual inspection and areal neasurenent in
the streamreach. The quality of these spawning areas can then be determ ned
by using the sanpling procedures previously outlined in this docunent.

To denmonstrate how this informati on can be used to assess streamw de
i mpacts exam ne Tabl e 8 which contains hypothetical data for spawning grave
guality and quantity in areas on Dream Creek prior to a |andslide in 1966.
Throughout the 4 miles of this creek the spawning gravel, totaling 510 nft,
had a nmean dy of 12.5 mm equivalent to predicted average egg survival of
62% Table 8 al so shows the sanme type of information obtained by nonitoring
after the landslide. Note that, though the quality of the gravel was reduced
(dy = 8.3 m), the total available spawning area was increased from 510 nf
to 540 ntf and the overall predicted average survival was reduced to 33% |If
t he nunber of spawning fish and nunber of eggs deposited in Dream Creek
remai ned approxi mately the same after the |andslide, the 34%reduction in dq
corresponds to a 47% reduction in the nunber of energing fry produced by the
system
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Tabl e 8. SPAWNI NG GRAVEL AREA AND QUALI TY BEFORE AND AFTER LANDSLI DE OF
1966 | N DREAM CREEK. *

Area nt dy, mMm % Sur vi va
M | e Post Bef or e Af ter Bef or e Af ter Bef or e Af ter
1 100 60 13 6 66 19
2 300 300 10 8 45 31
3 50 100 12 9 58 38
4 60 80 15 10 79 45
Total or 510 540 12.5 8.3 62 33
mean

* hypot hetical data

EVALUATI ON OF STREAM SYSTEMS

The geol ogy and nor phol ogy of watersheds strongly influence substrate
conmposition in the stream systens draining them For this reason one would
not expect all spawning gravels in streans unaffected by cul tural
activities to be of the highest quality. A hypothetical exanple is provided
by Figure 5, which denonstrates the areal extent of gravels of different
quality as determ ned by neasurenments of d, All of these streamsystens are
relatively undisturbed by man, yet the total stream area suitable for
sal moni d spawni ng (that expected to yield [ ess than 50% egg survival)
varies fromapproximately 8% in Cascadia Creek to approximately 77%in
Fl ynn Creek.

Three inportant qualifications nust be introduced in this inter-
pretation to conplete the picture. One is that the total area of spawni ng
gravel of a particular quality in one systemcould be many tines greater
than the second system even if percentages are alike. Thus, an additiona
col um suppl enenting this information nust be provided in the rea
situation to enable conparison of one systemw th another. The second
qualification is that the adequacy of the habitat differs with the species
using the habitat. An inportant aspect of species differences relating to
survival is size. For this reason, interpretation of quality is best nmade
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Figure 5. Hypothetical assessnment of quality and quantity of spawning habitat in

three stream wat ershed systens.



with respect to a transforned scalar dqy /d. , i.e. in terns of multiples of
egg dianeter d. , such as in Figure 2. The third, and perhaps the nost
inmportant qualification is that any inplied adequacy of quality of habitat
must relate to a baseline condition in the absence of accel erated erosion.
It is not unusual to find a natural substrate of small nean di aneter
producing low survival. 1In this case, the baseline that can be used for
conparison is, as expected, rather low as well. 1In some stream systens the
sal noni ds, successfully adapting to the existing |ocal environnent, my
mai ntain relatively high population levels in the presence of rather |ow
enbryo survival rates which are the result of the |ong term exi stence of
mar gi nal baseline substrate conditions. Additional nortalities caused by
reduci ng baseline conditions is expected to be deleterious to the

popul ati on, however.



CONCLUSI ONS AND RECOMVENDATI ON

The study of sal nonid spawni ng habitats or habitats potentially usable
for spawni ng may provi de a meani ngful indicator of watershed characteristics
because stream substrate conditions integrate many aspects of clinate,
vegetation, soil type, land formand human activities. This paper provides a
uni fyi ng met hodol ogy for sanpling stream substrates and appl yi ng that
nmet hodol ogy to the nonitoring of substrate quality and quantity. The nean
geonetric particle diameter (dy ) provides a convenient and theoretically
sound paraneter that expresses the entire range of the particle distribution
and effectively relates particle size to salnonid enbryo survival. Thus d,
is preferred to percent fines because it is biologically neaningful,
sensitive to changes in distribution and, nost inportant, provides a
theoretical basis for substrate analysis by considering the entire spectrum
of size conposition. In this respect particle size distribution is taken as
tending toward log-normality. Either manual core or freezecore sanplers may
be adequate when used properly. Sanpling reconmendations include the
fol | owi ng:

(1) The range of coarseness of spawning or potentially adequate
spawni ng substrates can be identified visually as a basis for selecting
sanpl e | ocati ons.

(2) Either manual core or freeze core sanples provide adequate
sanpl es when used properly.

(3) The dianeter of FRI (MNeil) type sanplers should be two to
three tines the dianeter of the largest particle sanpled. The 12-inch (30
cn) is suitable for a broad range of typical substrate coarseness.

(4) Single freeze cores or nanual cores less than 15 cmin di aneter
may gi ve inadequate sanple size in coarse substrates.

(5) For relatively fine substrates, 5-10 kg sanple size is adequate but
this val ue shoul d be increased when increasing coarseness is encountered.

(6) Sanple depth should be 25 cm

(7) The nunber of sanples taken depends on variability and extent of
area sanpl ed. For nmany smaller spawning streans a single riffle area may
often be well represented by one sanple fromeach of three categories of
coar seness.
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(8) Sieve series should followthe series in nmfrom64, 32, 16, 8,
etc. down to .063. Wiere finer particles conprise an inportant fraction
t hey should be retained and determned by any of the several standardized
met hods.

(9) Water retention on sieved portions should be reduced by draining
prior to volunetric anal ysis.

(10) On-site wet sieving is recomended for size groups greater than 4
mm f ol | owed by vol unme determ nation using the water displacenent technique.

(11) Particle size should be expressed as dy and determ ned by

dy = Jds«dis or other suitable methods as described in the text on the
i nvestigator's objectives.

(12) By conbining visual estimation and actual sanpling the quality
and areal extent of the various categories of coarseness may be estimated
for a single riffle, a streamsection, or an entire stream system
dependi ng

(13) For exanple, assessnent of habitat quality and quantity of
spawni ng gravels coul d be made on the basis of the dy categories of greater
than 15.25, 15.25 to 10.75, 10.75 to 7.0 and 7.0 nm respectively, rated in
terns of enbryo survival estimtes of 80 or greater, 80-50, 50-25 and 25
percent or |ess. Conparison between existing and the expected nor nal
background sedi nent characteristics will provide the basis to assess extent
and quality of spawning habitats.

In conclusion, it remains to be stated and enphasi zed t hat
spawni ng habitat anal ysis and assessnment is studied here as an avenue
to better understanding of the nore general driving elenents that
cause and maintain the spawning habitat. These el enents have their
roots in the watershed itself. Fish habitat and therefore fish
popul ati ons and t he assenbl age of other organi sns dependent on the
gravel environnment respond to these driving forces, but nmay be
adversely influenced by man's activities on them Prograns to nonitor
stream gravel conditions can therefore be a significant aspect in

i nking the watershed and the stream environnents.
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