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4. mi nimal peakedness. meaning a min imal difference between the

maxifOOm grouped value ( t , e, increment ) and the i ncrements

inmediately below and above the maximum, as defined by a

peakedness i ndex described below.

The fi rst three criteria above are the same as those proposed by

Baldr idge and Amos (1981). The fourth criteria is proposed as a method

of quantifying a characteristic of the utilization curves, which had in

previous studies of this type been used to SUbjectively evaluate the

curves (Amos, personal cOlmlUnicat1on) . Note the subjective evaluation

of curves wou ld occur i f the f i rst three criteria faf l ed to indi cate one

The four cri teri a were more or less we ighted equally when evaluating the

curve . The exceptions being, that the i rregular fluctuation criteria

was weighted most strongly, while the coef f icient of vari at i on was only

used as a deciding factor between curves which were otherwise i ndi 5t i n­

guishable . Peakedness was intermediate i n importance between i rregul ar

fluctuat ions and coefficient of variation .

The f irs t cri teria ( t . e , minimal variance) i s utilized in only those

instances when the differencp. between variances i s statistically si gni f­

i cant. Levene '5 Wtest for homogeneity of vari ance (Brown and Forsythe

1974; Glaser 1983) was executed t o evaluate the s imilar ity of the

variance of frequency counts between the s ix or seven scal ed frequency

histograms. The test i s a robust test (i .e . i t i s to dependent upon a

normal distribut ion assumption). The hypotheses tested are:
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.HO: All var iances are equal ;

Ha: At least one of t he var i ances are di fferent.
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If the null hypotheses (i .e. Ho) i s reject ed then i ndividual patrs of

vari ances are compared ut il izing the ratio of the larger variance value

to the smaller value fanning an F statistic which can be evaluated for

statistical si9nificance usin9 st andard F tables (Dixon and Hassey

1969). The hypotheses involved are:

HO: One of the six variances 15 the same as one part icular vari ·

ance of the ot her fi ve or six.

Ha: One of the six variances is not the same as one particular

variance of the other fi ve or si x.

A series of f ifteen possible pairwi se compari sons can be made. However,

the compari sons between the histograms with the smaller variance values

are t hose of primary i ntere~ t (except 1n cases of violation of the third

cri t eri a above. i . e. mi nimal i rregular fluctuat ions ).

The th ird cr iteria above (i . e. mi nima l irregula r f luctuat ions ) is

evaluated using a seri es of four i ndices:

1. Number of irregular fl uctuati ons .

2. Total magnitude of i rregul ar fluctuati ons.



as :

9-12

below the maximum increment;

above the maximum increment .

represents the frequency of the increment i mmedi at ely

represents the freq uency of the max imum increment; and

represents the frequency of the i ncrement immediately

F(:n-I)

4. And , average fluctuation .

3. Ma ximum i ndi vidual irregular fluctuations .

the mi nimal variance curve . Rejection of min ima l var iance curves due t3

cUI'Ve with many increments and a smooth curve with fewer t ncreeerris

where .

The peakedness criteria was evaluated using a peakedness index defined

this criteria involved professional judgment as to the tradeoffs 11'­

yo lved. This tradeoff generally i nvolved choosing between a non~smoo1h

The minima l irregular f l uct uat i on criteria sometimes led to rejection of

DRAFT May 6. 1984

(often with a higher variance). A non-smooth curve with many tncremen~s

1s indicative of low numbers of observations (f.e . frequencies) .

These i ndi ces are computed by the fonnulas def ined in Baldridge and Amos 'I
(1981). , The best curve should have small vetues for all four i ndi ces .
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or

where,

F( x) • r (m+l) when F(m) i s f irst increment of the curve,

May 6, 1984

F(x) • F(m_ 1) when F(m) is las t increment of the curve.

Index · F(m) - F(x)

OMFl

This i ndex has a range of O. indi cati ng a f l at peak. to 2 indicati ng ~

ma ximum peak. Generally, the lower"the i ndex t he better the curve .

This cr f t er fa was established p ri~arily as a met hod of quant i fyi ng (and

th erefor e all owi"9 for repea tabil f ty) a subjec ti ve triter; a ""hi ch had

been pre vi ous ly used to evaluate curv es which coul d no t otberet se be

dist inguished . The criteria of min imal peakedness was only appl ie d when

the resulting best curve did not seri ously viola t e the min ima l irregular

fluctuation cr i t er i a . Peakedness i ndi ces were evaluated to be "di sti n­

gu i shab1e" when t l1 ey differed by ~ 101: f rom each other. SpecH ic

decisions made during the sel ecti on of t he "best U util i zatton curves i s

presente d mo re fully in the appropri at e results section .

~-13

A modifi cati on of ttle above formula is implement ed in cases where the

peak. occurs 1n the fi rst or l as t i ncrement of t he curv e , i n t hi s case

the formula used 1s:
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The second step i n develop ing the habitat suitability cri t er i a curves

would ideal ly be to compare the utilization data to the habitat present

at the t ime the util ization data was collected . Thi s would indicate if

certa in ranges of the habitat present were not used even though present

and thus allow the adjustment of the criteria accordingly. However , due

to time and manpower limitations do to reestablishment of priorities

this could not be done.

The final step in the development of suitability criteria curves i s

consideration of the habitat values of increments out si de of the range

of the field data coll ected but within the range of predictions t hat

habitat evaluations to be made. This refinement of the curves involves

evaluation of additiona l f ield observations . previousl y published

informat ion on the species/life stage, and professional judgement.

The analytic approach to deve1oping sui tab; 1i ty index factors as de­

scr i bed above generally describes the procedures which have been impl e­

mented during the deve lopment of suitability curves for depth, velocity ,

and substrate habitat components for adult chinook salmon t he tr ibu­

taries of the middle Susi t na River .

Sui t abi l i ty curves for coho and pink salmon were developed from

previously published cr i t eri a informati on on the speci es/ li fe stage, and

profe ssiona l j udgment of biologists famil iar with t he spawn ing phase of

t hese species i n the Susi t na River drainage.
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Water depth and velocity , substrate compos i t i on, and surface and intra ­

gravel water temperatures were mea sured at 265 acti ve chinook sal mon

redds i n tributaries of the Susitna River upstream of Talkeetna. The

majority of the measurements were made in Portage Creek (136) and Indian

River (125) . Table 9-2 tabulates the tributaries surveyed and number of

measurements made per tr ibutary. Table 9-3 tabulates the dates. number

of measurements and specific site where measurements were made. Field

data are presented i n Appendi x 9-A.

Depths used by spawnin9 chinook ranges from 0.6 ft to 2.8 ft with the

majority of measurements made at 1.5 ft depth . Ve locit ies ranged from

0.4 ft/sec to 4.4 ft/sec with the most observations made at 2.0 ft/sec.

Substrate composit ion at redds ranged from large gravel {1-3 i nches } to

boulder (10 inches or larger) . The majority cons isted of rubble (3- 5

inch) type substrate . Surface water temperatures ranged from 7.8° to

13 .6 °C; and intragravel temperatures ranged from 7.7 ° to 14.5°C. Plots

of the depth, velocity and substrate data are presented i n Figures 9-4

throu9h 9-6 .
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Table 9- 2. Tri bu taries surveyed f or spawning chinook sal mon9 1983

TRIBUTARIES SURVEYED RIVER PEAK NO . REDO
BY ADF&G MILE CDUNTSI MEASUR EMENTS

Whiskers Creek 101.4 3 0
Chase Creek 106.9 15 0
Slash Creek 111.2 0 0
Gash Creek 111.6 0 0
Lane Creek 113. 6 12 0
Upper McKenzi e 116.2 0 0

Creek
Little Por t age 117.7 0 0

Creek
Deadhorse Creek 120.8 0 0
Fi fth of July

Creek 123.7 0 0
Skull Creek 124. 7 0 0
Sherman Creek 130.8 0 0
Fourth of July 131. 0 6 0

Creek
Gol d Creek 136. 7 23 0
I ndian River 138. 6 1, 193 125
Jack l ong Creek 144.5 6 0
Portage Creek 148. 9 3, 140 136
Chi nook. Creek 156. 8 8 0
Cheechako Creek 152.5 25 2
Devil Creek 161. 0 I 0

I from Barret t et a l. 1984
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I Table 9-3 . Table of sampl ing s i tes for chinook salmon spawni ng habitat

I
data. 1983. .

I TR I8UTARY SITE DATE TRM *REOOS

I Portage Creek 1 7/24 13.1 9
IA 7/29 13.0 7
18 7/29 12.5 7

I 2 7/ 24 11.2 4
3 7/25 10. 9 14
3A 7/ 29 10.2-10. 8 24

I
38 7/30 8.0-10. 2 25
4 7/25 7.9 4
5 7/27 6.4 18
6 7/28 4.4 I

I 7 7/28 3.3 23

TOTAL 136

I Indian River 1 7/ 26 14.7-16 . 2 29
2 7/28 10.0-14 .4 34

I
3 7/29 4. 9-7.8 27
4 7/28 0.0-2.7 35

TOTAL 125

I Cheechako Creek 1 8/5 0.0-0.5 2

I GRANO TOTAL 263

I
I
I
I
I
I

,
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Figure 9-6 Plots of substrate ut i l i zat ion data col lected at
chi nook salmon redds .
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Depth measurements at chinook salmon redds were grouped into si x i ncre­

mental groupings as de~crlbed in the analyti cal approach section (Sec­

tion 2.3) . These groupings were plotted as hi stograms, and are shown i n

Figure 9-7 . Tabl e 9-4 summarizes the statistics used to determine which

of the si x histograms to choose as the "best" util ization curve . The

statistically minimal variance curve i s the histogram labelled A (see

Appendix Table 9-8-1) . However, histogram A had large indices of

i rr egular fluctuations, and accord ingly was not chosen as the best

curve. Hi stograms B through F were not distinguishable i n terms of the

minimal var iance criteria . While the minimal i r regul ar fluctuation

criteria i ndicat ed that histograms C and E we re the next most likely

candi dat es for t he best utilizat ion curve . Of these two histograms

curve E had the lowest dist ingu ishable peakedness index and was accord­

ingly chosen as the best ut ili zation curve (Figure 9-8) .

I
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Figure 9-8 Best chi nook salmon depth utili zat ion curve .
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Incre menta l plots of subst r ate are not appropr ia t e beca use subst r at e

dat a a r,~ not cont inu ous . Plots of subst rat e data are pres ent ed in

Figu r e 9-6 .

Ve 1aei t y measur eme nts a t ch i nook sa l mon r edds were grou ped 1nto s ix

1ncrementa 1 group; ngs as de!.cr i bed t n th e analytica 1 approac 1 section

(Section 2. 3) . These groupi ngs were plot ted as histogr ams , and are

shown in Figure 9.9 . Table 9. 5 summari zes the sta tis t ics used to

determi ne which of th e s ix his tog rams t o choose as the "bes t - uti­

l izati on curve . The st atist ica lly mi nimal var iance curv ~ i s the

histogr am l abe ll ed A (s ee Appendix Table 9-B-2 ) . However, h istogram A

had large i ndi ces of i r regular fluctua t i ons, and accord i ngl y was not

chosen as t he best curve. Histograms 8 and C bot h had a vari ance which

were stati st ical ly less than the var i ance for histogram E. but were not

di st ingu i shabl e f rom each othe r or from hi st ograms 0 and F. While t he

mi nimal irregular fl uct uati on criteria indi cated t hat histograms 0 and F

were the next mos t like ly candidates for t he best uti lizati on curve ,

with hi s t ogram F havi ng slightly l ower val ues of irregul ar f l uctuation

i ndi ces . Thes e two histograms we re not dist i nguishabl e i n tenns of

ei t her peakedness, var i ance, or coefficient of var ia t io n. Acc:ord1ngl y .

the s l i ghtly lower val ue for irregula r fl uctu a tion l ed t o se lecti on of

hi s to gram ~ as t he best utilizati on curve {Figur e 9- 10).
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I Tabl e 9-5. Summary of stat i st ics on vari ous incrementa l groupin1S fo r
chinook sal~on uti liza tion veloci ty hi stograms.

I
I HISTOGRAM LA8EL A 8 C 0 E F

INCREMENT SIZE 0. 1 0. 2 0.2 0. 3 0. 3 0. 3
INCREMENT START 0.0 0. 0 0. 1 0. 0 0.1 0.2

I
I

VAR IANCE 33.8 lI6 . 3 117.8 224 .8 284 . 2 236.8

COEFFIC IENT
OF VARIATION 0.90 0.85 0.82 0.83 0.9 5 0.81

I IRREGULAR
FLUCTUATIONS

I Magnitude 55 7 16 3 7 1
Number 14 3 5 1 2 1
Mean 3. 93 2. 33 3. 20 3.00 3. 50 1.00

I
Maximum 14 5 5 3 4 1

PEAKEDN ESS 0.32 0.10 0.34 0. 19 0.67 0. 20

I
I
I
I
I
I
I
I

I •
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The final chi nook salmon sui tabil i t y criteria curve are presented in

Figure 9-11 through 9-13.

The substrate suitabili ty cri t eri a curve wa s based largely on th~

ut i hzati on data, s light modif ications were made based on profess i onal

ju dgmert in order to smooth t he curve.

The veloc ity utilization curve for chinook 5al~on spawn ing was developed

i n a s imilar ee-mee. The best util izat ion curve (histogram F, Figure

9-10) was selected as a basi s to start from . This curve was smoothed to

i ndi cate a peak between 1. 8 and 2. 8 ft/slc, tapering to a suitabi lity

index of 0.0 at 5.0 and 0.0 ft/sec.

May 6. 1984DRAFT

The depth suitab i l ity curve for chinook salmon spawning was developed by

us ing the selected best utilization curve (histogram E, Figure 9-8) .

This curve was used as a basis to establ ish the coordinates for the

shallow depths up to the 1.0 point on the suitabi lity axis (i.e .

y-axis). The 0.4 depth increment had a scaled frequency of D.O. there­

fore. th is was established as the 0.0 point on t he suitabil ity index

scale . The peak ranged from 1.0 to 1.6 on the best util ization curve,

this was smoothed to develop the suitability curve with the peak at 1.0

and an infl ect ion point of the 0.8 ft depth 0.7 suitability point. It

was determined that depths greater than 1.5 f t would not limit spawning ;

therefore, the suitabil ity factor of 1.0 was extended out to a depth of

8 ft to i ndi cat e thi s trend.
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Figure 9-11 Chi noo k. sa lmon spaw~tng depth suH abf1 ity
criteria curve . .
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The coho salmon spawning curves were developed using infannattoR from

McMahon (1983) and Wilson et at • (1981) •. McMahon st'Ces that a minimum

dept h of 15 em; a range of velocities .f r om 21- t o 70 em/sec; and

preferred substrate of -gr avel and small rubble with l ow amounts of

fi~en are requi red for spawning by coho salmon. The Terror Lake

Hydroelectric Study Team (Wilson et al .) developed suitability criteria

for coho spawning . These curves were used as a basis for the Sust t na

Ri ver suitabi l ity criteria curves . The curves for dep t h. velocity, and

subst rat e from Wil son et a1. were modified to refl ect observati ons of

biologists familiar with Susitna River stocks. A modification to the

depth CUNe was to expand the peak su itabi lity to 8.0 ft . Depths

greater than 0.8 ft are not consi der ed t o limit spawning in Susitna

class ification codes developed for this study. The coho salmon spawning

suitabil ity cri t er i a curves are presented in Figures 9-14 through 9-16.
•
•

River habi t at s. The substrate curve was modified to reflect

•
•
•
•
•
•
•
•

,

Pi nk salmon spawning curves were developed using li t erat ure i nforma t ion

from Estes et . al. 1981, Wilson et. a1. 1981, and Krueger 1981.

Terror La ke curves (Wil son et al. 1981) were t he primary source of data

used. Di fferences between Sus itna criteria curves and the Terror Lake

curves i nclude: an extension of the depth sui tabi l ity index of 1.0 t o a

depth of 8.0 ft ; and slight changes in the substrate curve to include

smal l er subs trate sizes ( i . e. a 0. 0 sui tabi l ity i ndex at substra te code

Z i ns t ead of 3).

The result ing Susftna Ri ver tributary hab itat pink salmon spawning

sui tabi li ty cri t eria curves are presented i n Figures 9- 11 through 9-19.
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In summary, use of these curves in association with hydraulit models to

assess usable habi t at is appropr iate for the tr ibutary habi ta t .

However, application of these curves out si de of the specified habitat,

although it may i ndi cat e usable habita t as i t applies to r iver hydrau-

The habitat su itability criteria presented in th is report for chinoo k.

coho. and pin k salmon are i nt ended to represent the major hydrauli c

hab itat components which are utili zed for spawn ing 1n tributary habitat

by Susi tna River stocks of sa lmon . The curves represent t hree maj or

hydraul ically related habitat components associ at ed with spawning for

chi nook, coho. and pink salmon (water depth and velocity. and substrate

composi t i on). There may however be ot her habi tat components not

del ineated by the curves which, in themselves. can limit spawn ing. Use

of these curves outside the Sus itna Riv er drainage or in different

habitat types where spa'l'llni ng by these speci es has not been observed

should therefore be limited to defining a range of hydraulic conditions

capable of supporting spawning . For eJCample , the hydrauli c conditions

for spawni ng for chi nook saImcn, as outli ned by the curves, can occur

within the mainstem and s ide channe l s of the Susitna River . Howevo. .

chinook salmo n have not been observed spawning in these areas .

Therefore, ether habitat factors or lHe phase requi rements must be

considered as l imiting spawning in these areas . These addi t ional

factors include , but are not l imited to, substrate embeddedness i surface

and i nt ragravel water temperatures ; various aspects of ~ater chemi st ry

and i nt~a grave l fl ow. and passage, i ncubati on, or rear i ng l imi tat ions.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•,
,

,
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l ies , woul d not be germane unless i t could be proven that other habitat

factors were also suitable .

I

I

I
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I

I
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'I

,

It is important to note that the chinook salmon suitabili ty curves ar e

suppor t ed by ut il ization f ield data. Habitat avail abi l ity data were not

collected due to budget and manpower limitations ; thus it is not known

if the fu l l range of available habi tat wa s sampled. Consequently. f ish

prefe rences could not be considered when developing the chinook

suitability cri te ria curves. The coho ard pink salmon curves are based

ent i re1y on 1i terature and profess i Dna1 judgment because of resource

reduct ions . It would, therefore. be appropriate to val idate these

curves with additi onal Sus i t na River drai nage f i el d data i f they are to

be used i n predictive habitat models.
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APPENDIX9·B
Summary of variance statisti cs and tests for various group ings

for chinook salmon util ization histograms

9-5-1





--------------------_._-

A, B 2O,40 3. 4 4 6 8 3 6 0.""e4
A,C 19,4e 3 .489162 0.00"4
A,O 13,40 7 .253486 0.""""
A,E 14,40 8 . 42e647 ':lI .0""e
A,F 13,40 7.e16484 e.""00
B,C 19 , 2 e 1.012280 0.490"
B,O 13 ,20 2.104390 0 . 36:51il
B,E 14 , 2 0 2.443""8 1il .033"
B,F 13 , 20 2 . "35631il 1il .0740
C, O 13,19 2. 0 7 8 8 6 2 e . 0 7 20
C, E 14, 19 2. 41 337 3 0. e380
C,F 13,19 2 . 01 0 9 3 7 0.08 10
O,E 14 , 13 1.160910 11).40"0
O,F 13,1 3 1.033778 0 . 480"
E,F 14 , 13 ,. 1 . 2 0"124 " . 370"

I
I

I•

PRoe

PROB

5, 1 19

df

F .....ALUE

---------------
LEVENE 'S TEST

df

5 .300000

PAIRW ISE COMPARI SONS

F STATISTIC

PAIR

T.bl e 9- B-2 Su~ry of variance stati st ics and tests for various
groupings for chinoo k sal mon u t i l i z a ti~ n ve l oc 'i ty
histograms .

HI S TOGRAM INCRENENT INCREMENT
LABEL SI ZE START VARIANCE d f

----

A a. I <l. a 3 3. 7549 .a
B a.2 a.a 116.34 76 2a
C a_2 a . 1 117 .7763 19
0 a.3 a.a 244.8407 13
E a.3 a. I 284. 2381 I'
F a .3 a.2 236 . 8 407 13

,-
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