
I 
J 

'I 

'\ 
I 
I 

~ 


The Effects of Large Storm Events on Basin-Range 

Riparia_nStream Habitats1 


Will iam S. Pl atts , Kar l A. Gebhardt, Wi lliam L. Jackso~1 

Abstract.--Large storm events had major impacts on 
stream ripar ian reaches t ha t had received heavy livestock 
grazing. One ungrazed r ehabilita ted stream reach actually 
improved in habitat condition while the two adjacent grazed 
stream reaches dec r eased. Each stream reacted different ly 
to channel erosion , wi t h two streams showing mainly latera l 
channel movement and the t hird stream vertical channel 
movement. 

I NTRODUCTION 
Geological Survey Record~1 collected on Gance 

This report des cribes habitat changes in Creek show peak flows of 114 cfs on May 30, 
three riparian stream systems from 1978 through 1983, and 127 cfs on ~~y 12, 1984. These flows 
1984. This i s a valuable period for analyzing are approximately 2 to 14 times larger than mean 
environmental fluctua t ions because broad areas of annua l discharge peak flows for 1980, 1981, and 
the Great Basin expe r ienced some of the lowest and 1982, which were 60, 9, and 50 cfs, 
highest s t ream flows on record. res pective ly. Flows for Big Creek are not 

available, but on June 4, 1983, the Bear River 
that Big Cr eek empties into, exceeded all past 

STUDY AREA 40-yea r flow r eco r ds (Millard and others 1983) 
at 3630 cfs and was near ly as high in 1984 at 

The study streams are i n Nevada (Chimney and 3050 cfs (Harenbur g personal communication). 
Gance Creeks) on the no r thern fringe of the Basin 
and Range physographic province and in Ut ah (Big 
Creek) on the fringe of the middle Rocky Mountain 
phys ogr aphic province (fig. 1). Historically the 1} Boise 
wa ter sheds of all three streams have been heavily 
grazed by livestock. Complete descriptions of 
study streams can be found in Platts and other s 

IDAHO(1983b~, Platts and Nelson (1 983), and Platts and 
Ne l son--.. 

Few flow data exist for Chimney Creek. 
However, ba sed on a nearby stream record, peak 
flows in 1984 were in the range of a 500-yea r flow 
event (Sieber t personal communication). U. S . 

!/Paper pres en ted at the North American Riparian 
2?nf erence, Tucson, Arizona, April 16-18, 1985. .;:;:: 1} Carson UTAH 
- William S. Pl a tts is Research Fisheri es City 
Biologist , USDA Forest Service, Intermountain 
Fo r est and Range Experiment Station, Boise, Idaho. Figure 1.--Study site locations . 
Karl A. Gebhardt is Hydrologist, Bureau of Land 
Management, Boise, Idaho. William L. Jackson is 
Hydrologi st, Bureau of Land Management, Denver 
~?rvice Cent er , Denver, Colorado. 
- Plat t s, W. S., and R. L. Nelson. In press. ~/u . S. Geological Su rvey . 1984. Unpubl ished 
Stream habitat and fishe r ies response to livestock wa t er leve l records. U. S. Geolog i ca l Survey . 
grazing and instream improvement st ructures: Big Carson City , Nevada . 
Creek , Utah. J ournal of Soil and Wat er 
Conserva t ion. 
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RESULTS 
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Chimney Creek H 10TH. FEET 

Chimney Creek s uff ered severe floods in 1983 Figure 2.--Chimney Creek channel cros s section
that unraveled the streambanks and made 31, 1981-84. 

channel changes (figs. 2 ~nd 3). Tabl: 1 
the reduction of veg e ta t ~ve overhang ~n 
t he year of mos t severe flooding. In 1981 Figure 3.--Chimney Creek channel cross section 
was l ittle vegeta tive overhang , but this was 146, 1981-84. 
periods of heavy gr azing. I n 1982 and 6440 
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t i ve overhang increased because of two -- 1984 
-- - - 19 81

6 ... 39ars without grazing. Grazing was 

in 1984, bu t the heavy bank scouring 


643 8
the overhang. The flooding .... 
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~ 6·07 
f ine sediments in the channel, but the 
l ushed gravel downs t ream and replaced it 


The f i ne s probably re-deposited a s :z 

o 6436 

r eceded. The increased subs tra te .... 
a:rating (1 i s high, 5 i s low) in 1984 ~ 64 35 .,.... ---------1...Jthe increase of fine s ediments. Chimney UJ I 

became wider and deeper (tab le 1) afte r ' the 6434 


of 1983 and 1984 , bu t pool qual i ty and 

ratio were reduc ed. 6 433 


In years past, the Chimney Creek s treamside 6<32 
10 15 20o 25 30 35 

was heavil y dominated by large aspen t r ees. WIDTH. FEET 


of thi s aspen forest stil l exists i n t he 

amount of decomposing aspen logs in the controlling the annual aspen s prout ing and 


Creek channel. The aspen population seedlings. The large aspen l i mbs and l ogs that 
ly decreased, probably because of a com­ held the Chimney Creek channel t oge t her 
of wind blow down , beaver cutting t he decreased in volume and de composed so that t hey 

mature trees , and heavy cattle grazing no longer had the capacity to hold t he acquired 

1.--Physical env ironmental means (plus or minus 95% confidence about the mean) f or t he Gance and 

Chimney study areas . Vegetative overhang, width , and depth in f ee t ; fine sediments and gravel in 

percent; embeddedness and pool quality in units; and pool-riff l e in ra t io. 


1978 1979 1980 1981 1982 1983 1984 

overh ang 0.10(.03) 0.13 (. 04) 0.1 2 (.04) 0.1l(. 03) 0 . 30 ( .06) 0. 15(.05) 0.06(.03) 
81 (4) 70 (3) 71 (4) 76 (3 .8) 73 (3 .6 ) 64 (3.6) 58 (4) 
5. 2 ( .3) 5.5 (.2) 6.3 (. 3) 6.1 (.3) 6.0 (.3) 6 . 5 (.3) 7.4 (.3) 

~mne.1. 
Vegetat ion overhang 0.06 (. 03) 0. 16 (. 04 ) 0.11(.05) 0.05(.03) 
Fine sed iment s 8 .4 (- ) 8 .5 (- ) 6 .7 ( - ) 17.6 (-)
Gravel 57 (3 .5) 48 (4 .1) 40 (3 . 9) 18 (2.5) 
Embeddedness 3.2 (.1) 2 . 7 (.1) 3 . 1 (.1) 1.7 ( .1)
Width 4 .7 (.3) 4 . 6 ( . 3) 5.5 (.3) 6.9 (.4)
Depth 0. 15(. 01 ) 0.17(0 .02) 0.19(.01) 0.22(.02)
Pool quality 2.8 (.2) 3 . 1 (.02) 2.4 (.7) 1.8 (.2) 
Pool-riffl e rat io 2 .7 (- ) 2.7 (-) 1.7 (-) 1.0 (-) 
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Tabl e 7..--Some examples o f ml1imum channe l e l evat i ons in feet and 
translocation dis tances- in fee t at fou r selec ted strcam transects. 

Year 

1978 1979 	 1980 198 1 1982 1983 1984 

Stream 
Ch i mney 

Elevation 18 4 35 
Translocation 6394.7 6394 .7 6386 . B 
Elevation 9 10 3 1 
Translocation 6395 .9 6395. 7 6388.3 

Gance 
-nevation II. 2 7.7 8 .7 4. 3 17 .1 

Translocat;ion 6520 .6 6521. 2 6521. 3 65 21. 3 652 1. 3 
Elevation 14. 5 13 12.5 10,3 9 
Trans loc ation 6505.7 6506.7 6506 . 2 6505. 5 6504 . 4 

.!/Trans locat i ons are distanc es f r om t he benr.hm<lrk s take t o the po i nt of 
minimum channel elevation . 

Table 3.--Flsh biomass estima tes in 01. / £t 2 ( x lO-2 ) for Chimney, G:mce, 
and Big Cre eks . 

St udy Area 1978 1979 1980 1981 1982 1983 1984 

Chimne y Creek. Nevada - Cutthroat trout 

0.4 0.6 1.1 0.8 

Gance Cre ek , Nev ada - Cutthroat trout 

1.1 1.6 	 3.2 2.3 1.2 1.1 1. 4 

Bis: Creek. Utah - Rainbow t rou t 

5ite I 0.3 0. 7 	 0 . 2 

Site 2 0 .4 0.3 	 0 .1 

Site 3 0.5 0.1 	 0.2 

alluvi um underlying the channel. Consequently, 
large floods were capable of scouring valley 
a lluvium materials and causing accelerated erosion 
of t h e Chimney Creek streambanks and channel 
(table 2) . 

The Humboldt cutthroat trout (Salmo clarki 
henshawi) not only survived the floods, b~ 
actually had higher summer populations during the 
high water years of 1983 and 1984 than during the 
lower water years of 1981 and 1982 (table 3). 
Drought conditions, which caused Chimney Creek t o I flow ephemerally, may cause more severe limiting 
factors t han floods. Now tha t the Chimney CreekI' 	 channel is largely modified, it will be 
interest ing to see how cutthroa t trour summer in 
Chimney Creek during the next drought years. 

Gance Creek 

Gance Creek mainly showed ve r tical change 
resulting from the maj or flood events (tab le 2 and 
fig . 4) . But some cr oss sec t ion profiles (f ig . 5 
and 6) showed some lateral change. Because of it s 
large vegetative canopy cover and st reambank 
vegetation biomass dominated by t rees, the Gance 
Creek streambanks were more resistant to lateral 
movement. Had Gance Creek sustained its past 
control by beaver dams that occurred in the 1950 's 
and 1960's, it would probably have suffered even 
l ess fr om the high flows. The only variables 
possibly affec t ed by the high flows would have 
been reduced gr avel in t he channel (similar to 
what happened in Chimney Creek4 increased stream 
width primari l y because of the higher summer 
fl ows, and reduced vegetat ive overhang . 
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Figure 4.--Gance Creek channel cross Section 
1978-84. 43, 

Figure 5. --Gance Creek channel cross section 89 
1979-84. • 
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Figure 6 .--Gance Creek channel cross section 
14 7, 1978- 84 . 

In Gance Creek t he Humboldt cutthroat did 
best during the drier years of 1980 and 1981. 
However, the populat i on dur ing t he flood y~a~:r 
of 1983 and 1984 wa s quite similar to the hO 

flow years of 1978 and 1979 . Cance Creek as 
better summer flows than Chimney Creek. 
Therefore, high flows could have mor e 
proportional effect on f ish populations . 



Big Creek 

sites on Big Creek are descr ibed 
be cause site 2 has been r es ted 
for a sufficient period (about 10 

to induce dramatic r ehabilitat ive changes. 
width i ncreased dramat ically--by about 40 

(table 4) - -betwe en 1982 and 1984 ( 1983 and 
f lood years) in t he grazed reaches. ThelIere 

r iparian- bank conditions in the ungrazed 
2 were able t o contain the excess streamf low , 
1 a sli ght increase in width occurred. In 

on Yed upstream site 3 , extens i ve later al 
graz and redepos it ion of bedload s ediments 

whereas i n grazed sit e 1, immediat ely 
from t he ungrazed s ite 2, t here was 

bank side cutt ing but r educed deposit i on 
ts occurred . Thi s combination may have 

because l arge vo lumes of fine s ediments 
trapped i n the rehabili t ated r iparian zone of 

adjacent upstream ungrazed site. 
_ Ph sical enviro nment al mCllns (plus or minus confidenc e interval around 

4~ .ea~ ) fo r Big Creek. Habitat t ype and poo l quality i n un i ts . bank 
~~uration and ~lne s e diments in percent . stream .... id th and strl!umhank 
undercut in feet. and s treambank ang l e in degrees. 

1978 19 79 1980 1982 1984 

12.9(0.8) 10.0(0 . 8) 14 . 2(0. 6 ) 6 .1 ( ) 
15.3 (0 . 8) 15.3(0 .9) 16 . 5 (0 . 6) 16. 2( ) 
!l. 8(0 . 8) 13 . 5 (0 . 8) 14.7(0.6 ) 8.8( ) 

42(-) 69(- ) 59( - ) 64(- ) 
16(-) 27(-) 25( - ) 23(-) 
34(- ) 63(-) 55(- ) 64(-) 

15.50 10 . 3(-) 21. 2 ( - ) 
49 . 9(-) 
48.1(-) 

45.1 (- ) 
31.1 ( - ) 

39. 8 (-) 
34.4(-) 

12 . 5(0 . 7) 13.3(0.8) 12.5(0 .8) 17.9 (1.0) 
11.7(0.7) 12.3 (0.8) 11. 7 (0 . 8) 14 .0(0 .9 ) 
12 . 9(0 . 7) 13.8(0 . 8) 13 . 1 (0 .8 ) 18.2 (I. 8) 

2.8(0 . 3) 3 .1 ( 0.3) 3.2(0 . 3) 3.2 (0.3) 
3. 6(0.3) 4.5(0 . 3) 4 .1(0 .3) 3.7(0.3) 
3 . 1(0 . 3) 3.9 (0.3) 3.6(0. 3) 3.2(0.4) 

136 (8) 134 (7) 121 (7) 123 (8) 
11 3 (8) 104 (7) 103 (7) 75 (8) 
138 (8) 124 (8) 125 (7) 125 (8) 

0.08( .05 ) 0. 10(.05) 0 . 19(. 06 ) 0.19 (.06) 
0.20 ( . 05 ) 0.22(. 05 ) 0.29(.06) 0.50(.09) 
0. 07( .05) 0.14(.05 ) 0.18(.06) 0.23(.06) 

Streambank angle (the higher t he angle t he 
the bank is out s loped and the les s value the 
has to t he fishery) only i ncreased slightly 

grazed sites, bu t t hey were a l rea dy in an 
condition. In t he ungrazed si t e, bank 

ed by 27 pe r cent from 1982 to 1984 to 
value of 75°. The large dec rease in 

angle a lso caused a corresponding 72 percent 
in bank undercut , a move toward better 
condit ions. 

f The habitat type (a vegetat ive classification 
arm) rat ing decreased dramatically in the 

Sites because of t he large increase in 
eroded sediments dominating the streambank 

and the i ncrease in exposed banks 
l ateral movement and bank scour. 
alterat ion was much higher after t he 

t. 
h (1 983-84) in t he graz ed sections but did 
~ an ge much in the ungrazed sec ~ ion, 

IS. c'·~r;.~< __ t he abil i ty of t he improved 
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str eam-riparian condition i n the ungr azed area 
to resis t damage f rom unusual runoff events. 

He avy r ecreat ional fishing pressure 
effect ively r educed trout numbers i n site 2 (the 
lives tock exclosure) because o f better pool 
quality. This heavier fi shing ·pressure makes it 
difficul t to evaluate influences on f ish 
populations from recent flooding . I t is clear, 
however, t ha t improved riparian-s treambank 
cond ition in the ungrazed area has not 
benefitted the fish population. We believe this 
is because t he large number of instream 
improvement structures trapped fine s ediments, 
and offs ite limiting factors (high wa t er 
temperatures) from upstream grazed rea ches 
cance131ny of the benefits ga ined (Pl atts and 
Nelson- ). 

CONCLUS I ONS 

Historically, r esearchers and managers have 
been interested in the ef f e cts from large flood 
events (Lyons and Beschta 1983; Gregory and 
Madew 1982). The runoff years of 1983 and 1984 
were intensive, re sult ing in marginal to 
dramatic changes in ripar i an st r eam habitat of 
the three s t udy streams. Where s treamiide 
vege tation was abundant , flood impacts wer e 
minimal. 

Maj or mechanisms lead i ng to changes in 
channel morphology and t hus changes in fishe ry 
and r i parian habitat , are t he resistance of 
material to fluvial entrainment and the physical 
destr uct i on of streambanks. These t wo 
mechanisms can be cont rol led, to s ome extent, by 
the types of l and u s e and management in the 
riparian stream zone. If s t reambank vegetation 
i s reduced, t he stream usually res ponds by an 
adjustment of channel width. Phys ical 
destruction of the streambank resul ts in 
delivery of sediments to the channel. The 
initial response of channels to these increa sed 
sed iments is to reduce bedform roughne ss (Heede 
1980; Jackson and Beschta 1984 ). In mos t cases 
this is accomplished by filling pools wi t h 
sediments. Subsequent adjustments may include 
changes in width, depth, meander pattern or 
longitudinal profile. When these adjustments 
take place, riparian s t ream habita ts suffer, and 
f i sh populations usually suffer. 

LITERATURE CITED 

Gregory, K. J ., and J . R. Madew. 1982 . Land 
use change s, f lood frequency and channel 
adj us tment. In : Gravel-Bed Ri vers . R.D . 
Hey, J. C. Ba t hurs t , C.R. Thorne , editors; 
John Wi ley and Sons , N.Y. p 757- 781. 

Heede , · B. H. 1980. Stream dynami cs : an 
overview for land managers, U. S.D.A. Forest 
Service, General Technical Report ~M-12, 
Rocky Mountain , Forest and Range Exp . Sta., 
Ft. Co l l ins, CO. 26 p . 



Jacks on, W. L. , and R. L. Be s chta . 1984. 
I nf l uenc es of i ncre as ed sand delive r y on 
t he mor phol ogy of sand and gr ave l channe l s . 
Wat . Res . Bull . 20 (4 ) . p 527-533. 

Lyons , J . K., and R. L. Besch t a . 1983 . Land 
use , f l oods , and channel changes , Uppe r 
Middle Fork Wil lame t t e River , Oregon 
( 1936- 1980) . Wat e r Res our ces Research, 
Vol. 19 , No. 2 . p 463-47 1. 

Millard , M. D., G. A. Birdwell, R. B. Garrett, 
and G. W. Sandburg. Wa t er Resource~ Da t a , 
Utah , Wa ter Year 1983 . U. S . Geological 
Survey Report UT-83-1, Salt Lake Ci ty, 
Utah . 

Plat ts, W. S., W. F . Megahan, and G. W. Minshall . 
1983a . Methods for evaluat ing stream, 
r ipari an, and biotic conditions . USDA Forest 
Service Genera l Technical Report 183, 70 p. 
I n t ermountain Forest and Range Exper iment 
St a t ion , Ogden , Utah. 

I: 

ii' 

Plat ts , W. S. , and R. L. Nelson . 1983 . 
Populat i on and generi c differentiation 
Humbo l dt cut t hroat t rout of Gance C in ~ 

reek Nevada . Cal-Neva Wildlif e Tr anS act i ' 
15- 19 . ons , p 

Plat t s, W. S., R. L. Ne l son , O. Casey , and V 
Cr ispin. 198 3b. Riparian-stream_habi · 

u dtatconditions on Tabor Cr eek , Nevad a , n er 
grazed and ungrazed condi tions. Western 
Proceedings: 63r d annual conf erence of h 
We stern As soc i ation of Fish and WildU/ e 
Agencies. p 10-14. e 

Ray , G. A. , and W. F. Megahan . 1979 . Measuring 
cross sections using a sag tape : a 
general ized procedure. U. S. Forest Service 
Genera l Technical Report INT- 47 , 
Int ermountain Forest and Range Experiment 
St at i on, Ogden, Ut ah. 12 p. 

3 4 



