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INTRODUCTION 

The June sucker (Chasmistes liorus) is endemic to Utah Lake, Utah. 

Suckers in the genus Chasmistes are lake dwelling midwater planktivores 

that fossil records indicate once occurred throughout the West (Miller 

and Smith 1981). Today, the June sucker is one of only three species of 

Chasmistes known to exist. The cu-ui sucker (Chasmistes cujus) occurs in 

Pyramid Lake, Nevada and is federally listed as endangered. The 

shortnose sucker (Chasmistes brevirostris) is found in the Klamath River. 

Basin of Oregon and California and is being considered for possible 

federal listing as an endangered or threatened species. Since early 

settleruent around Utah Lake, June sucker numbers have been reduced from 

reportedly "millions" (Carter 1969) to probably less than 1,000 adult 

individuals today (U.S. Fish and Wildlife Service 1984 ) . Because of its 

declining population and present low numbers, the June sucker is 

threatened with extinction. Consequently, the U.S. Fish and Wildli f e 

Service (FWS) designated the June sucker as an endangered species i n 

March 1986 (U .S. Fish and Wildlife Service 1986). 

The Provo River, the largest tributary to Utah Lake, provides the 

only known spawning site for June suckers. Operation of Deer Creek 

Reservoir and irrigation diversions lar gely contr ol f l ows into Utah 

Lake. Low flows during June sucker spawning in J une ar e beli eved t o 

a dversely affect repr oduc tive s ucces s. I n the l a te 1800 's an estima t ed 

1 ,500 t on ( t ) of spawning sucker s we r e killed when approxima t ely 2 . 1 

miles of t he Pr ovo Rive r were dewater ed . Soon after 1923, 2 .5 t of 



suckers were removed from a dewatered irrigation ditch (Carter 1969). 

Because these sucker losses were reported when June sucker spawning 

occurs, it is inferred that they were June suckers which were lost rather 

than Utah suckers (Catostomus ardens), which spawn in April. From 1979 

to 1985 the number of spawning June suckers present in the river has 

never exceeded an estimated 500 individuals (Radant and Sakaguchi 1981, 

Dennis Shirley, UDWR, pers. comm. 1984). 

Because of potential impacts to the June sucker resulting from 

development of the Bonneville Unit of the Central Utah Project (CUP), a 

cooperative agreement was established between the Utah Division of 

Wildlife Resources (UDWR) and the U.S. Bureau of Reclamation (USBR ) to 

examine instream flow requirements for spawning and young-of-the-year 
0 

(YOY) June sucker. Hajor objectives of this study were to develop water 

depth, water velocity, and substrate probability of use curves for 

spawning and YOY June sucker; and using these data, to recommend minimum, 

maximum, and optimum instream flows in the Provo River during the per iod 

of June sucker use. This report summarizes and pr esents· the results of 

this study. 

DESCRIPTION OF THE STUDY AREA 

The end of the lake/ riverine trans i tion area, 1.6 mi above the Utah 

Lake State Park (Cen t er St . ) bridge, to the Tanner Race Diversion 

(Columbia Lane Diversion) in Pr ovo is the only known spawning ar ea for 

J une suckers (Figure 1). This river sec tion has experienced extreme 

annual flow f l uctuations ranging from 0 to 2,520 ft3/s over the period 

of record. Water diversions typically cause extr emely (0-3 ft3/ s) low 
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water flows in this river segment during summer months. The Tanner Race 

Diversion is responsible for the major water diversion in this area; 

however, the Fort Field Canal Diversion (1.5 mi downstream from the 

Tanner Race Diversion) and other onstream irrigation gates also remove 

water from the river during irrigation periods. The Tanner Race 

tiversion forms a permanent barrier to upstream fish movement, while the 

For t Field Canal Diversion ga tes lay on the stream bottom during high 

flows and when water is no t being diverted. The ga tes are raised to back 

up water behind the structure during low flows to divert water into 

adjacent canals. when the ga tes are upright, they become a barrier to 

upstream fish migration. The entire study section has been channelized 

and portions have been dredged to control high water flows that occur 

during spring snowmelt. Because o f channelization and dredging, the area 

is generally characterized by riffles and runs wi th few pools. The 

predominant substrate is rubble and gravel. Bank stabilization with 

rip-rap and concrete slabs is evident along much of the reach. 

Huch of the study section flows through residential areas of Provo 

City. Provo City has developed a parkway and jogging path along much of 

the river. During favorable water. conditions, the study area supports a 

brown trout (Salmo trutta) fishery. These attractions and its 

accessibility to the public make this porti on of the Provo River a highly 

used recreational area throughou t the year. 

METHODS AND MATERIALS 

Habi t a t Use Curves 

Velocity, depth, and substra te utilization da ta for spawning June 

s uckers wer e collected in June 1982, 1983, and 1984 . Measur ements were 

4 



taken by directly observing spawning aggregations of suckers, noting 

specific locations of individual fish, and recording the velocity, depth, 

and substrate information for each specific sucker. located. 

Channel and bottom water velocity measurements were obtained using a 

a.irect reading Marsh-McBirney (Hodel 201) portable electro-magnetic 

current meter. Corresponding water depth was measured with a calibrated 

wading rod or meter ruler. Substrate composition was described using a 

modified Wen tworth particle size scale (Bovee and Cochnauer 1977). 

Probability of use curves were constructed using methods described by 

Bovee and Cochnauer (1977) . These curves were subsequently examined by 

Gominque ana Bovee (1986) (FWS Instream Flow Group) and the velocity and 

a.epth curves smoothed using a running-median process. 

Instream Flow Analysis 

Two study stations ( S-1 and S-2) were established in 1982 and two 

additional study stations (S-3 and S-4) were established in 1985 at 

observed June sucker spawning sites (Figure 1). All of the stations were 

located within a l mi reach below the USGS Provo River. at Provo Gage No . 

1016300. Physical stream data were measured along three cross section 

transects in 1982 and along five cross section transects in 1985. Cross 

section transects in 1985 were identified by an inter.agency team 

comprised of representatives of the UDWR, FWS, and USBR. Stream features 

intersected by t he cross section transects, and station lengt hs are 

presented in Tables land 2 . 

5 



Table l. 

Station 

l 

~ 

Stream features sampled by cr oss section transects, Provo River, 
1982. 

Cross Section Dis t ance Upstr eam to 
Number Descr iption Next Cr oss Section ( ft ) 

l Hydraulic contr ol; 0 
tail of pool gravel bar 

2 Midway to tail of pool 21. 6 

3 Deepes t portion of pool 24.9 

To tal length 46 . 5 

l Hydraulic con trol 0 

2 Tail of pool 45 . 3 

3 Upper pool; dividing line 25 . 9 
be tween gr avel and 
boulder-cobbl e 

Total leng th 71.2 

6 



Table 2. 

St a tion 

3 

4 

Stream fea tur es sampled by cr oss section transects, Provo River, 
1985 . 

Cross Section 
Number 

l 

2 

3 

4 

5 

l 

2 

3 

4 

5 

Description 
Distance Upstream t o 

Next Cros s Sec t ion ( ft ) 

Hydr aulic control 

Area o f known use by spawning 
June sucker, transect crosses 
gravel bar near left bank, 
present at very low flows. 

Transect crosses pool near lef t 
bank run area and gravel bar 
near le ft bank . 

Change in elevation-- fea t ur es 
similar. to transect 3 

Transec t cr osses riffle above 
gravel bar near left bank . 

Total Sta tion Length 

Hydr aulic control 

Change in eleva tion; transect 
crosses run near righ t bank, 
gr avel bar with back water at 
low flow near lef t bank . 

Ar ea observed t o have most use 
by spawning June sucker in study 
sec ti on . Tr ansec t crosses pool 
and run areas . 

-Tr ansect crosses riffle and 
glide areas 

Top of riffle 

To tal St a tion Len5 t h 

7 

0 

44 

56 

3G 

76 

212 

0 

57 

42 

67 

139 

305 



Physical stream data were collected at three flows during June and July 

1982 and three flows during August and October 1985 for calibration of the 

' IFG-4 hydraulic simulation model (Table 3). Methodology used is described by 

Bovee and Hilhous (1978). Weighted usable habitat area was calculated at 

discharges ranging from 20 to 900 cfs for the stations established in 1982 . 

weighted usable habitat area for. the two stations established in 1985 was 

calculated for. discharges r anging between 0 to 1500 cfs. 

RESULTS AND DISCUSSION 

Habi t at Use Curves 

Probability of use curves are based on the assumption that 

individuals of a species will select the most preferred conditions in a 

streaffi when g iven their choice. Less favorable conditions will also be 

used, but with the pr obability of use deer.easing as conditions approach 

the enus of the ranbe of a cceptability. It is further assumed that 

individuals elect to leave an drea when conditions become unsuitable. 

A total of 132 separate observations were recorded for spawning June 

suckers in June 1982, 1983, and 1984 . Because individual obser vations 

were typically taken from an aggregate of June suckers, these data 

theoretically represent many more individuals than indicated. 

Original study objectives identified developing similar habitat use 

probability curves for YOY June suckers based upon the belief t ha t they 

used t he Pr ovo Ri ver a s nursery habi tat. Larval sucke r s collected from 

the lower Pr ovo River in 1982, 1983 , and 1986 were sent t o t he Color a do 

St a te Lniversity Lar val Fish Labor a t ory for identification . None of the 

8 



Table 3. Calibr ation flows (f t3 /s) measur ed for IFG-4 hydr aulic simulation 
model, Provo River. 

Station 
Date l 2 4 

07/ 19/82 22 21 
06/ 24/82 139 107 
06 / 29 /82 1G5 163 

08 /05/85 55 57 
10/ 15/85 132 153 
10/ 16 /85 307 356 

9 



specimens examined were June sucker (Synder 1986 ) . Additionally, larval 

suckers obtained from the Provo River in 1985 were reared in an isolated 

wa ter. These suckers were later identified as mountain sucker 

(Catostomus platyrhynchus ). Consequently, since no data are available t o 

substantiate the Provo River as a nursery area for YOY June sucker, no 

habitat use evaluations are pr e sented in t his r e port for this l ife s t age . 

Substrate 

Substrate used most by spawning J une suckers ranged from coarse 

5ravel to small cobble 100-120 mm in median particl e size (Figure 2) . 

This substrate does no t a ppear to be limited within the study a rea. 

Spawning sites selected by J une suckers were frequently in rea ches where 

channel hydraulics had established larger deposits of the preferred 

substrate than elsewhere in the river. These si tes were general l y 

relatively clean of silt and periphyton growth , but June suckers wer e 

also noted to clean s ubstrates by their spawning activity . Tabula ted 

aata f or the substrate probability of use curve is presen ted in 

Appendix Table II-1. 

Water Depth 

Selected wa ter depths f or 132 spawning June suckers r anged fr om 

l.O ft to. 2.5 ft. Pr obability of use curves wer e converted by usi ng a 

running-median pr ocess t o show t he suitability i ndex (Figur e 3) . 

Dolliinq ue and Bovee (198G) analyzed the wa ter dep t h suitab i lity curve and 

fo und a nega t ive corr ela t ion be tween flow and pr eferred depth . I t is 

t ho ught tha t this r elationship of decreasing dep t h preference with 

increasing a i schar ge is caused by an avoidance of high velocities and a 

rela t ively weak preference for depth . 

10 
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Field observations i ndicate that males will maintain their position 

over a spawning site while females will remain in deeper pools until they 

are ready to spawn. wben the f emale is ready to spawn, she will move 

onto the spawning site, complete spawning, and leave the river. The 

s uitabili ty index curve was developed only for areas where ac t ive 

spawning was observed, consequen tly the use of deeper pools by June 

suckers is no t reflected in the curve. The importance of t hese deeper 

wa t er areas is unknown, bu t they are t hough t to be most important dur ing 

low water conditions when they prov ide a r efuge area fo r spawning J une 

suckers . The tabulated da ta for the composite water depth suitability 

index curve is shown in A~pendix Table II-2 . 

water Velocity 

The greatest probabi l ity o f use by spawning J une suckers combining 

1982 through 1984 data, occurr ed a t channel velocities from 1.25 to 

1.75 ft / s. However, wa ter velocity measurements r ecorded f or spawning 

J une suckers in 1983 deviated from measurements recorded in 1982 and 

1984 . Reasons for the se differences are unclear. wben da t a fr om t he 

three years were combined, a bimodal curve resulted. Dominque and Bovee 

(1986) subsequently analyzed these da ta using a running-median process. 

The resulting s uitabili ty index curve smoothed the bimodal charac t e r fr om 

tte original pr obability cur ve ( Fi gure 4) . Tabulated data fo r t he 

composite wa t er velocity suitabi lity index curve are l isted i n Appendix 

Table II-3. 

lns tream Flow Analysis 

Pr obabil ity of use curves dev~loped by t his study we re us ed with the 

~hysical habita t s i mula tion moa~l (PliABSI M) (Mi l hous e t al . 1984) to 

13 
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calculate weighted usable habitat available for spawning J une sucker a t 

the 1982 established habitat stations. The PHABSIM model results for 

Station l showed little to no spawning habitat available at any of t he 

dischar8es modeled (Figure 5). Hodel results for Station 2 showed that 

maximum amounts of s pawning habitat were available at 90 cfs (Figure 5 ) . 

Sta tion l con tained a large , deep meander pool, bordered by gravel 

ar eas . Since t he deep pool area comprised the lar gest por tion of Stat ion 

l, it was thought to have overshadowed the relative value of the small 

adjacen t spawning habitat . Th is station was selected, however. because 

of the abundance of spawning J une suckers using this loca ti on . I n low 

water years the pool and ad jacent gr avel a reas have contained s ome of the 

hi ghest concentrations of spawning June suckers fo und in the river. 

Station 2 was more repr esen ta tive of habi t a ts fo und in the riverine 

portion of the lower Provo River. It was charac terized by a rif fle-pool 

ar ea bordered by shallow gravel bars near each shoreline . Tabulated 

wei5h tea usable habitat area data for stat ions l and 2 are pr ovided in 

Appendix Table II- 4 . 

Results from this i nstream flow analysis did not agree with ob served 

use of the lower Provo River by spawning June suckers . Pr obl ems wer e 

iuentified with the loca tion of Station 1, limitations with only t hr ee 

cross-sec tion transec ts within each station, and t he adequacy of onl y 

modeling flows down t o 20 cfs. Because of reservations in making final 

flow recommendations based upon these da t a , it was agreed t o per form 

ddditional s tudies in 1985 using the Ins tr eam Flow Incremental 

Methodolo~y (Bovee 1982) . The results f r om this addi tional wor k would 

a i a in veri fying and/or refining the instream flow analys is r~sul ts 

15 
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obtained from the 1982 habitat stations. Addi tionally, the FWS Instream 

Flow Gro up was requested to review and refine the probability of use 

curves developed for the June sucker. 

The 1985 habitat stations were modeled using the IFG-4 

stage-discharge model (Milhous e t al. 1984). Station 3 study section 

calibration was considered adequa te to predic t stage and weighted usable 

habi tat at various discharges . However, Sta tion 4 included a gravel 

island and backwater, and the calibration for this area was considered 

inadequate. The field data were reviewed by Dominque and Bovee (1986) and 

the station was calibrated using four independent models (see Append ix I ) . 

wei5hted usable hab itat a rea for June sucker spawning adults in the 

Provo River is shown in Fi5ure 6. These values are modeled for flows 

ran5in5 from 0 to 1500 cfs and are averages o f Station 3 and Station 4. 

Tabulated data for each station are provided in Appendix Table II-5. The 

highest average weibhted usable habitat area value for spawning June 

suckers occurred at 113 cfs dischar ge. Ins tream flow analyses of the 

19b2 habitat stations showed the highest usable habi t at area values 

occurred at flows ranging from 80 t o 107 cfs for Station 2, which 

physically resembled both stations established in the 1985 study. 

To determine loss of incubation habitat (effective spawning habitat) 

as flows decreas e after sucker spawning, tominque and Bovee (1986) used 

the HABSP model described by Bovee (1985) . This model provides an 

analysis of stranding of eggs from f low r eductions which diminish the 

overall effec tive spawning area . Suitability criteria for incubation 

ass umed that depths above 0. 1 f t and veloci ties less than 8 ft3 /s were 

sui t able (suitability = l ) fo r incubati on . Results show that a s s pawning 
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flows increase, the rate at which these flows can subsequently be reduced 

without significant losses of incubation habitat, decreases ( see e xample, 

Appendix I, AGde ndum I ) . For example, using upstream model 2 , when 

spawning flows of 250 f t 3 / s are reduced to 25 ft3/s there is a 19 

percen t loss of incubation hab itat. In comparison, 150 f t 3 / s spawning 

flows reduced t o 25 ft3 / s results in only a 2 percent loss of 

incuba tion habi tat . 

SUh¥iARY 

Addi tional instrea m flow f ield studies, da ta analyses, and conversion 

to velocity a nu depth suitability values for. spawning June sucker s by 

Lominque and Bovee (1986) were performed to verify and r efine results 

obtained by analyzing 1982 habitat s tations. These re sul ts sup ported 

previously identified op timum flow values for spawning sucker in J une and 

identified a flow, of 113 f t 3 / s, as being most desirable for spawning 

J une suckers within the existing Pr ovo Ri ver channel. Predicted maximum 

usable hab itat values fo r spawning June suckers wer e somewhat Lower than 

an t icipatea based upon field observations in recen t year s . Figur e 7 

illustrates wa t er flows i n t he study a r ea in June and t he period of J une 

sucker spa wning, for a 6 year period when observations we r e r ecor ded . 

Appendix Table II- 6 lists the his t orical flow records rec orded at t he 

LSGS Provo River gage a t Pr ovo . As flows fall below 150 c fs , s pawning 

June suckers become i ncreasingly vulne r able to har assment by the pub l ic . 

A HABSP analysis was conducted by Dominque and Bovee (1986) t o 

de t e r llii ne e ff ec ti ve spdwning habita t fo r spawni ng Jnd incubation of June 

suckers unaer var ious flow condi t ions. These da t a should be conside r Pd 

19 



....
....

 
C/

l 
....

....
 

(Y
')

 f.J
 

I'\
-; ~
 

bO
 

I-<
 ~ 

/\
)
 

(
)
 

0 
C/

l 
•.

-i
 

re
 

2
3

0
0

 
22

00
 

21
00

 
20

00
 

1
9

0
0

 
1

8
0

0
 

1
7

0
0

 
1

6
0

0
 

1
5

0
0

 
1

4
0

0
 

1
3

0
0

 

1
2

0
0

 

ll
O

O
 

1
0

0
0

 

90
0 

8
0

0
 

7
0

0
 

6
0

0
 

50
0 

11
00

 

30
0 

2
0

0
 

1
0

0
 

0 

19
83

 

.... 
. 

.. 
.. 
. 

. 
.. 

. 
.. 

.. 
. 

.. 

• • 
• 

• 
• 

• •
 

• •
•
•
•
 * 

••
 * • 

. 
.. 

* 
.. 

• 
. 

.. 
. :

 ....
 

... ....
 

• 
1

9
8

'-
-
-

1-
-, 

-
-
-

\ 
I 

' 

\ 
I 

' 
\ 

I 
\ 

\ 
I 

\ 
\ 

I 
\ 

\ 
I 

\ 
\ 

I 
\ 

\ 
/ 

\ 
' 

/ 
\ 

\
/
 

\ 
1

9
8

2
 

\ \ ),<
,, 

9
0

9
0

9
9

9
4

0
•
•
•

0
{
1

.
{
I
 

""
 • 

• • • • • 

• • * * •
 • • • * • • .

.
.
.
.
.
.
.
.
.
.
.
.
.
 * 

••
 

, _
_ 

• • • • .. • .. * .. • • • * • 

~
 

• • • 
~
-
-

....
....

....
 , 

• • • * 
, _

__
 _

 

~
,
,
 

19
8

0
 

~
 

-"'
; 

...
...

...
...

 
_

1
 _

_
 ~
 

-
-
-
-
-

-, 
"""-

• .. 
•)

 

\ \ '. 

.. ·
. 

. .
 

. .
..

..
..

. i
 .

..
..

 . .
 . 

·
-

. 
.. 

~. • 
' 

-
~ 

-
...

...
. ·

··
· 

···
/·

··
···

·· 
....

....
....

. . 
··

··
··

··
··

··
··

·-
··

··
··

··
··

··
··

··
··

··
··

 
19

7
9

 

1 
2 

3 
4 

5 
6 

7 
8 

9 
1

0
 l
l
 1

2
 1

3
 1

4 
1

5
 1

6
 1

7
 1

8
 1

9
 2

0
 2

1
 2

2
 2

3
 2

li 
2

5
 2

6
 2

7
 2

8
 2

9
 3

0
 

d
a
y

 

F
'i

g
u

re
 7

. 
S

ix
 y

e
a
rs

 
o

f 
Ju

n
e
 :

fl
o

w
 r

e
c
o

rd
s 

a
t 

th
e
 P

ro
v

o
 R

iv
e
r 

a
t 

P
ro

v
o

 U
SG

S 
g

a
g

e
, 

a
n

d
 p

e
ri

o
d

 
o

f 
Ju

n
e
 s

u
c
k

e
r 

sp
aw

n
in

g
 

( 
) 

[i
n

 s
om

e 
c
a
se

s 
d

a
te

 o
f 

f
ir

s
t 

sp
aw

n
in

g
 a

c
ti

v
it

y
 e

st
im

a
te

d
].

 



when reducin5 flows from spawning levels to base flows to prevent loss of 

incubatin~ eggs anri /or pre-emergent larvae. Matrices (Appendix 1, 

Addendum l, Table l) of effective spawning habita t may be used as a 

guideline in determining appropriate rates of flow reductions. 

With the exception of results fr.om Station 1, modeling of weighted 

usable spawning habitat availability showed consistency between habitat 

Stations 2, 3, and 4 . Preliminary 1985 recommendations for maintaining 

June sucker spawning flows between 100 to 250 ft3/ s are generally 

supported by additional work completed in 1985. Further field studies 

shoulri be carried out to validate model results, so operational 

adjustments and refinement can be made where possible . 

Recommendations 

1. Flows below the Tanner Race Diversion should be maintained 

between 80 and 250 ft3/s to provide at leas t 75 percent of the 

highes t WUA for spawning June sucker. Target flows between 100 

and 170 ft3/s should be established to provide at least 95 

percent of the highest WUA for spawning June sucker. 

2. Spawning flows should be provided no later than 10 June and 

preferably by l June each year. These flows should be mainta ined 

until l July or until all June sucker spawning activity has been 

completed. 

3. Prespawning flows in the Provo Rive r be low Tanner Race Civer s i on 

should not fall below 50 ft3/ s from 1 May to when spawni ng 

flows are pr ovided . Although data is unavailable to suggest what 

flows ar e neeaed to attract spawning sucker to the Provo River a 

minimum flow of 50 rt3 / s is pr oposed. 
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4. Flow r.eduction fr om level s pr.ovided for J une s ucke r spawning t o 

base flows should be determined from a detailed composite of t he 

two established matrices (See Appendix I , Addendum I, Table 1 ) . 

Flow reduction should no t cause t he loss of more t han 5 pe r cen t 

of the incubation habita t a va i lable riur i ng peak June sucker 

spawni ng activi t y. 

5 . Flow reuuc t i on criter i a s hould be appl ied f r om l J ul y t hr ough 20 

J ul y or fo r t he per iod 20 days a f t er s pawning act i vity has cea s ed . 

6 . Studies should be initiated to valida t e flow r ecommendati ons, and 

r efine t iming and dura t i on of fl ows r equir ed for June sucker 

repr oduction . Thes e studies s hould likely i nclude : a ) quantifi­

ca tion of spawni ng J une sucker using the Pr ovo Ri ver annually and 

their uti l ization of spawn i n g habita t s a t various flow r egi mes, 

b) evalua tion o f annual repr oductive success based upon numbers 

of lar val J une s ucke r s pr oduced under various fl ow r egimes , and 

c) r e f i nemen t o f ear ly life histor y data, especi ally conce r n i ng 

l arval fi sh behavi or . 

Cngoi n& Studies 

The UDwR June s ucker pr ogram in 1987 and 1988 wi l l concentr a t e on 

ar t i fi cial ly s pawning ripe fish collec t ed fr om t he Pr ovo Ri ve r , ha t ch i ng 

t hei r eggs a t t he LDwR ha t cher y i n Spr in5ville , Utah , and developi ng and 

maintaini ng a t least one r efugia population of genet ical ly diverse June 

s ucker s t o safeguara against loss of t he wild po pula ti on. Addi t ionally , 

ne5o tiations a r e pr ogressing to contr ac t with the Colorado State 

Unive r sity Lar val Fish Laboritory f~r completion ~f a Lar val key for JunP 

s ucker, Lt ah sucker, ana mountain sucker . ~egotiations a r e also 

22 



pr o5ressing t o develop a gr adua t e student project through the Utah State 

University Cooperative Fishery ~esearch Unit t o determine the emi gra t ion 

pattern o f YCY June suckers and develop pr ocedur es to es tablish an index 

of June sucker re productive success. The project would a lso de termine 

the 6rowth and feed i ng of YOY June sucke rs under controlled conditions . 

Other wor k ac tivi ties during this peri od will include: a) partici­

pa tion in comple t ing a June sucker recover y plan, b) continua ti on of wo rk 

to clarify June sucker age distribution in Utah Lake, c) investigations 

of po tential proauction facilities to rear June suckers , d) fo r mulating a 

design , pl anning, and budgeting for a fish trap in the lower Provo Rive r 

to cav t ure June suckers mi gra ting into the river t o spawn, e) deter~ining 

a suitable marking t echnique for adul t J une suckers, f) r efining culture 

techniques for June sucker s, and g) con tinuing i nvolvement in 

miscellaneous ac tivities that affec t the s urvival and recovery o f the 

June sucker . 
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APPENDIX I 



Preface 

Habitat analyzes were completed using larval fish data collected from 

the lower Provo River in 1982 and 1983 . Subsequent identification of 

larval fishes from this ar ea failed t o substantiate t he presence of June 

sucker larvae. Therefore , although assessments for lar val fi shes were 

comple t ed, they wer e no t used in the final evalua t ion of June sucker 

habitat requiremen ts. 
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Provo River 

June Sucker Habitat Study 

by 

Richard Domingue and Ken Bovee 

Study Sites: 

Two stream transect segments were established to represent the stream 
reach of interest for spawning and rearing June suckers. These two sites have 
been identified as Upstream (Study Site 1) and Downstream (Study Site 2). Both 
sites were surveyed with arbitrary datums and character ized by five strategic­
ally located cross-sect i ons. Throughout the analysis each segment was assumed 
to effect ive ly describe habitat conditions through 1/2 of the study reach. 
That is, they were weighted equally in the analysis . 

Data: 
Hydraulic data were acquired at t hree flows (57.2, 153.3 and 356 .4 cfs) 

during the sulTITier and fall of 1985. Spawning observat i on data was collected at 
flows of 153 cfs (1982), 424 cfs (1983) and 601 cfs (1984). The fry 
observation data were collected during July, 1982 and July through November, 
1983. All hydraulic and fish data were collected by Utah Department of 
Wildlife personnel and Bureau of Reclamation personnel. 

H..Ydraulic Simulation: 
The Upstream segment contained a gravel is land wit h a variable backwater. 

In order t o adequately simulate this segment , 4 independent models were 
created (see Figure 1). Model 1 si mulates the island segment (variab le 
backwater) from 0 to 400 cfs at which point the island is estimated to be 
inundated and backwater effects elimi nated. The data indicate that flows beg in 
to overtop the island at flows above 356 cfs. Model 2 simulates the main 
channel port i on of the stream adjacent to the island sect ion from flows of 0 
to 400 cfs. Model 3 describes that portion of the reach above the island 
section from flows of 0 to 400 cfs. Model 4 models the entire reach at flows 
above 400 cfs. 

The Downst ream segment had less hydraulic variability an d was suffi­
ciently simulated with one model covering the entire reach. 

Both reaches were originally modeled using the open channel hydrauli cs 
model IFG4, a stage/dischar ge model. Initial results of th is analysis were 
considered good for the Downstream segment and poor for the Upstream segment. 
The Upstream segment displayed impossible water surface profiles (water run­
ning uphill) and poor calibration t o velocities meas ur ed in the field. 
To improve the calibration of the Upstream models the data were input to WSP , 
a mass and energy balance model , in order to predict water surface elevations 
at the flows of interest . The WSP sets calibrated well and the res ult i ng WSL's 
were input into the IFG4 sets for fin al hydraulic simulations. 

The results of the initial IFG4 runs showed unreal istically high 
Manning's n values for cells at the stream margins when calibrated to the 
measured velocities. This is caused by ~easuri ng ve locities in very shallow 
water where the relative roughness (the ratio between particle size and depth) 
is Jery large. When dept h increases (i.e. when discharge increases) the 

27 



relative roughness decreases rapidly. Since IFG4 transposes the n values of 
cells at the edge of water at calibration flows to cells that were dry dur i ng 
the calibration measurements, it is necessary to limit n values at the edge to 
prevent the inclusion of artificially high n•s in the model. We set maximum n 

. values to 0.05 in the main channel and 0.15 at the stream margins to more 
accurately reflect the physica l hydraulics of the channel. Final hydrauli c 
simulations are considered good for the Downstream segment and for flows above 
5 cfs in models 2,3 and 4 of the Upstream segment. 

Below 5 cfs the upstream model required relative ly large adjustments to the 
predicted velocities to fit the given water surface elevations. 

Problems and assumptions made in modeling the variabl e backwater are disc ussed 
below. 

Model 1: 

There were two major problems encountered in simulating the hydraulics of 
Model 1: a distinct nonlinear stage/dicharge relationship (see Figure 2) and 
poor definition of the stage of zero flow. 

The dogleg in the stage/discharge relat i onship is apparently caused by a 
shoal at the head of the segment contro lling inflow. Flows within the segment 
when the stage of the river is below the elevation of the shoal appear to be 
interstitial or minor channel flow. As the stage of the river exceeds the 
elevation of the shoal a dramatic increase in side channel flow occurs. There 
was not sufficient information available to determine the elevation of the 
shoal so an assumption was made that flows over the shoal occurred at total 
ch annel flows of 154 cfs. It i s clear from the data that such over shoal flows 
occur at flows between 154 and 356 cfs. Field measurement of the elevation of 
the upstream inlet to this section would improve the accuracy of thi s model. 

After developing the stage/discharge relationship for Model 1 it was 
discovered that the predicted stage of zero flow was apparently somewhat 
higher than measured in the fi eld. This was apparent fr om t he f laring at low 
flows of the velocity adjustment factors (see Figure 3). Thi s phenomenon often 
occurs when the predicted stage is too low. The estimated stage of zero flow 
was fou nd by linear extrapolation of the log transform of the two lowest 
stage-discharge pairs (see Figure 2).The simulations were run assuming that 
the predicted stage of zero flow was more accurate than that measured in the 
field. 

These corrections result in a simu lation showing that more water remains 
in the side channel under conditions of zero flow. If the predicted stage of 
zero flow is incorrect, this result will also be incorrect. This segment 
provides a significant amount of simu lated f ry habitat under extremel y low 
flow conditions. Therefore, we suggest that t he presence and extent of 
backwater habitats be f ield verif ied under very low flow (i.e.,10 cfs) 
conditions. 

Habitat Simulation: 
In this study it was found that suitabil ity values based on utilization 

alone resulted in a bimodal spawning suitabi lity fo r velocity . Such a suit­
abi lity curve is biological ly unlikely because it implies low suitability 
between two interva ls of high suitability for the same variable . The spawning 
data #ere collected at three different flows so it is possible that 
utilizat ion was influenced by the habitat available at the time of 
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observation. The utilization curve was converted to a preference curve by 
dividing utilization by availability, a process which reduces the 
environmental bias. The resulting curve lacked the bimodal character of the 
utilization function and was smoothed using a running median process. (See 
Figure 4 ). 

Similar techniques were used to produce a preference curve for spawning 
depth. Of interest is the appearance of a strong negative correlation between 
flow and preferred depth - as flow increased the preferred depth decreased. It 
ls likely that this effect is caused by avoidance of high velocities and a 
relatively weak preference for depth. The resulting depth function is 
therefore relatively broad. 

Results: 

The available prefered habitat area vs flow function was run through the 
three flow time series of interest (baseline , present and future) to produce 
habitat time series and duration analyses. 

The final habitat time series results of the analysis are available in 
Appendix 2. These results are ordered by life stage and show three hydrologic 
scenarios: baseline vs present, baseline vs future, present vs future. A 
surrmary of available habitat and changes in available habitat is given at the 
beginning of Appendix 2. 

Discussion and Recommendat ions: 

The results of the habitat time series analysis for present vs future 
flow conditions showed a dramatic increase in spawni ng habitat and losses of 
fry habitat during July and August. 

The apparent negative impacts on fry rearing habitat are probably due to 
excessive velocities and a lack of backwater areas in the Provo River. 
Several possible alternatives are suggested by this analysis. 

1. Maintenance of streamflows no greater than about 10 cfs in the 
lower Provo River during the period from emergence to out ­
migration. This alternative will also make the Provo River less 
attractive to walleyes, white bass an d other aquatic predator 
species, but may result in increased terrestrial and avian 
predation. 

2. Construction of islands or other backwater-forming structures that 
create effective slack water areas over a wide range of flows. 
This may reduce terrestrial predation, but may also provide 
favorable habitats for aquatic predators. 

3. Combined mitigation employing both flow control and habitat 
construction. This alternative may provide the best overall 
protection from predation. 

Since it appears that fry habitat will be best at ·very low flows, two 
issues remain: (a) is the simulation correct and, (b) if it is, what is the 
best way to reduce the spawning flow down to the rearing flows without 
stranding eggs or flushing fry into Utah Lak e? The simulation might be 
experimentally verified by using ex1sting diversions to reduce flows in the 
study area while monitoring the pooulation of young June suckers for several 
years. Any attempt to simulate lower flow conditions during the mo nth of June 
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should also include simulation of spawning and incubation effects as well as 
possible temperature effects. 

Due to uncertainties relating to backwater format ion and the assumption 
that the reach which exhibited simulated backwater conditions represented 1/2 
of the study segment both the existence and extent of such backwater habitats 
should be field verified under very low flow conditions. 



---·-·---- -

d-~+-~ofUu~ 

!"' 

' " c 
~ 

4.. I" 
..... 

v 
~ ~ 

C\ 
ri, 

Ill 
~ 
\A 
r'\ 

~ 
?t 

.... ~ ~ 

~~ 
~ ~ 

r> 
r 

"' ) 

£:) =' 
N 

~ -
\, 



( 
\ 

( 

:r .. 
c .. 
" 

P~ :. £~ 

... ""/ _; ~ : 

8 t="1~e.£ 3 V~~ ;:"LAR1N6@ LDLD +L.DLLJS 

-------------------------------------------------• I I I I I I I I 8 
' ' ' ' 

"' -.:: 
). 

~ .... 

Ill 

'° < 
't 
~ 
c;J V\ 

~ '3 
J s \I 
~ 

14. 

.. '3 
Ill 9 
~~ 

.... 

.... 

... 

.. 

' ' I I 1 I 

I I I t I I • • • a 

--------·-----------------·-------------· 

• • 
§ 
" ... ... 

... 
c 
> 

• 

8 
0 .. .. 

8 
c:i .. .. 

8 
c:i 
"' "' 

8 
0 
~ 

..... 

- _,._ 
<.. 

8 
ci 
"' ... 

8 
0 

"' "' 

l[ 

8 "' II 
c 

8 :r .. • "' "' "' .. .. 
c > :r 
u .. 
"' 
Q 

0 
> 
0 .. .. 

8 
~ .... 

§ 
c:i • 



--~ . 

use ~r~'1 2i 
\.l i:.RIH8LE:5 IN S 'fSIAT FZL..:: .:iRE: 

e-· .,_,,. 

. s •...tl:rr.i t "! m<:'C: t.h 

. ::- rt..·s~c .ll"'t.erval~ 

S~JV 

srJ COF::ED ;:"ROM 3·, S7AT ;:-::_=: ::NTO AC~."E ' . ..ORI-< ARE;:. 

=:..CT .JF S::'J 
'IL.::"':E?. OF CASES = .LO 
~HM 'JF SEFJ:E= = 0 . .J...:.'; 

=-~~JC.:.?o :JE: ·~ T=:':lr' OF :5E?=~= * 

----- ·-==-

.L 

-----..: =.. :""' --=...=> 
:;:=::= ::E:5 

\...'AL~E: 

O . .L20 
t:•. S.l.J 
.L .000 
t) . 5E.0 
0 ~.-­

·J. 2~-:1 

-----.: ::.--=..= -

0. -~C·•J 

3f''CC-WE:J 
3i'"CG ~=::J 

Si·'()C7HES 
S!''COT"i-IED 

~- =:i:.. ·=.;- 'Smo::.r.lied cur' ·@ 

- ..... K -=·~s ~~ i:olTClounc $mcOt.her 
.::_QT 'JF S:r'.' 
· •Ur"'SER OF CASES • 10 
"'£AN OF 3ERIE2 s 0 .:i.27 
;-:-;.1,iw.:.Ro DE'J :!AT.:ON OF SERIES • 

.:·. Jt:.i 

0.272 

--.. 
:E·:UENC2 F!..CT OF SER~S - ~HCCniED ei;~u<..T'.:. .J 
:.:is;:: "\/~ l.JAL'- 'E 0. :00 

l. C 0 ·0.50 • ..l.SS 
2 0 .5-1 IO 0 . ~06 
.; I 0 ·I .5 •). 733 

1 r-zo:;. 723 
20-z.so.ssa 

_ Z. 5' -3.0 ·:J. ;;;..:,.J 
~.o -~s 0 . .i12 
~- S'-4.0 ·:· . ....L9 
-I .c - 4,S" ::.. :;3.:i. 
~ ~- 5°() ). :i::: 

- - 1 _ 

S::Z:3411 

~~---,,., 

------- ---- ·- ·-- ------ - ------·--- - . 

3-



APP ENT:IX I 

Addendum I 



Addendum 1 

An attempt has been made to simulate the loss of incubation habitat as flows 
are decreased from spawning flows down to fry rearing flows ( q < 25 cfs ). 
The HABSP model compares weighted useable area on a cell by cell basis and 
reports the mi nimum habitat area of the two life stages under conditions of 
two different flows. This provides an an alysis of stranding and fiushing of 
eggs which negates the effective spawning area. The Upstream model 2 and the 
Downstream model were analyzed with this proceedure. 

The results of th is analysis show that as flows i ncrease, the rate at which 
spawning flows can be reduced to fry rearing flows without significant losses 
of incubation habitat decreases. As an example, when spawning flows of 250 cfs 
are dropped to 150 cfs only a 1% loss of incubation habitat occurs. However, 
when the 250 cfs spawning flows are reduced to the 25 cfs flow preferred by 
YOY there is a 19% loss of incubation habitat. 

When spawning flows are 150 cfs or less the need to moderate flow reductions 
decreases. Reducing flows from 150 cfs to 10 cfs results in incubation habitat 
losses of about 10%. While flows below 150 cfs are suboptimum for spawning, 
they may produce the greatest reproductive efficiency as they provide the best 
opportunity to achieve rearing habitats for YOY without significant loses of 
incubation habitat. 

The suitability criteria for incubation assumed that depths above .1 feet and 
velocities less than 8 fps were completely suitable fo r incubation 
(suitabil i ty = 1). All substrate conditions were considered completely 
suitable. The computer output of the HABSP work is enc losed with the package 
of suitability criteria work. Matrices of the effective spawning habitat are 
attatched as Table 1. These matrices allow a comparison of effective habitat 
under various spawning and rearing conditions . 
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MATRICES OF EFFECTIVE HABITAT 

UPSTREAM MODEL 2 

COMPOSITE WEIGHTED USEABLE AREA SQ. FT I 1000 FT. 

182.1 981.2 2270 2277 1733 

182 .1 981. 2 2270 2277 1721 

182.1 981.2 2270 2275 1640 

182.1 981. 2 2253 2225 1397 

182. 1 974.9 2203 2041 1024 

10 25 75 150 250 

SPAWNING FLOWS in CFS 

DOWNSTREAM MODEL 

COMPOSITE WEIGHTED USEABLE AREA SQ FT. / 1000 FT. 

18.7 1407 10833 12084 8186 

18.7 1407 10833 12084 8186 

18. 7 1407 10833 12084 8186 

18.7 1407 10571 11497 6213 

18.7 1407 10571 9155 1634 

10 '.25 75 150 ~=o 
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HABITAT DURATION ANALYSIS FILES: 
FUTURE =FUTURE FRY HABITAT AREA 
PRESENT=PRESENT FRY HABITAT AR EA 
ANNUAL =ANNUAL FRY HABITAT DURATION 
MONTHLY=MONTHLY FRY HABITAT DURATION 
FISHFIL=FISHFIL USED FOR FRY ONLY ( FILE 200) 
JUNFRY= COMPOSITE TAPE 8 FOR FRY 
SPWNDUR=SPAWNING ANNUAL DURATION 
SPWNFIL=SPAWNING FISHFIL ( BINARY SUITABILITY) 
SPAWN= SUITABILITY (READABLE) FILE FOR SPAWNING 
SPAWNHB= TAPE 8 FOR SPAWNING PREFERENCE 

HYDRAULIC SIMULATION FILES : 

END OF FI LE 
?? 

DOWNXS=COMPLETE DOWNSTREAM IFG4 MODEL 
DOWNHl=HIGH FLOW DOWNSTREAM MODEL 
DOWNMD=MEDIUM FLOW DOWNSTREAM MOD EL 
DOWNLO=LOW FLOW DOWNSTREAM MODEL 
MlHIFIN=HIGH FLOW UPSTREAM MODEL 1 
MlMDFIN=MEDIUM FLOW UPSTREAM MODEL 1 
Ml LOFIN=L OW FLOW UPSTREAM MOD EL 1 
M2LOFLO=LOW FLOW MODEL 2 (<40CFS) 
M2LFIN=LOW FLOW MODEL 2 (> 40CFS) 
M2MFIN=MEDIUM FLOW MODEL 2 
M2HFI N=HIGH FLOW MODEL 2 
MD3LFLO=MODEL 3 LC~ FLOW MODEL C<42CFS) 
MD3LO=MODEL 3 LOW FLOW MO DEL C>42CFS) 
MD3MD=MODEL 3 MEDIUM FLOW MODEL 
MD3HI=MODEL 3 HIGH FLOW MODEL 
M4HI= MODEL 4 FOR HIGH FLOW CONDITIONS 
<OTHER MODEL 4 SETS NOT USED ) 
WSPNl= WSP SET FOR MODEL1 
WSPN2= WSP SET FOR MODEL2 
WSPN3= WSP SET FOR MODEL3 
WSP4T= WSP SET FOR MODEL 4 
WSP2M= WSP SET FOR LOW FLOWS MODEL2 
QPRESNT= HISTORICAL FLOWS FOR CURRENT CONDITIONS 
QFUTURE= HISTORICAL FLOi-lS FOR FUTURE CONDITIONS 
OBSLN = HISTORICAL FLOWS 
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Table II-1. Probability of use data for spawning June sucker, Provo 
River, 1982-84 . 

*Substrate 

0 .o 
4.0 
5 .U 
5 . 4 
5 . 5 
5 .8 
6 . (J 

6 .5 
7 .o 

* Bovee (1982 ) 

Probability 

o.oo 
o.oo 
o.oo 
0 . 04 
0 . 33 
l.00 
0 . 71 
0 . 02 
o.oo 



Appendix Table 11-2 . Composite depth suitability da t a for spawning June 
sucker, Provo River, 1982-84. 

Depth (ft) Suitability index 

o.o o.oo 
0 . 9 0 . 00 
L G 0 . 31 
l.l 0 . 90 
L2 L OO 
l.3 0 .97 
L4 0 .87 
L5 0 .80 
Lb 0 . 78 
L 7 0 . 76 
l.8 0 .7 5 
l.9 0 . 73 
2 .0 0 .71 
2.1 0 . 68 
2 .2 0 . 68 
2 . 3 0 .56 
2 . 4 0 .43 
2 . 5 ) . 13 
2 .55 0 . 00 



Appendix Table II-3. Composi t e velocity suitability data for spawn ing June 
sucker, Provo River, 1982-84. 

Velocity 
(f t / s ) 

o.cu 
0.25 
o.;5 
l.25 
l.75 
2.25 
2.75 
3.25 
3 .75 
4.25 
4.75 
5.00 

-2 

Sui tability index 

0 .00 
0 . 63 
0 .91 
1.00 
0 .99 
0 .90 
0 .76 
0.56 
0 . 16 
0 .03 
o.oo 
o.oo 



Appendix Table II-4. Weighted usable habitat area (WUA,ft2/1000 
f t ) for spawning June sucker in Pr ovo River at model flows, 1982 . 

Discharge 
C ft3 I s) Sta tion 1 Station 2 

5 0 49 
lO 0 348 
20 0 991 
22 ' 1G20 •J 

30 Q 1804 
40 3 2740 
50 0 3015 
60 0 3199 
70 0 3734 
80 ') 

..) 3970 
90 3 4265 

l(J(J 0 4259 
107 3 4022 
150 3 2507 
162 3 2218 
200 7 1368 
250 7 7'28 
300 7 Z.53 
350 3 39 
400 7 7 
450 7 7 
50(, 7 3 
600 10 3 
700 16 23 
800 26 43 

1000 43 75 

-~ 



Appendix Table II-5. ~eighted usable habitat area (w~A , ft2/1000 ft) for 
spawning June sucker in the Provo River at model flows , 
1985 . 

Dischar ge Ave r age 
(£ t3 I s ) Station 3 Sta ti on 4 

2 (j 122 61 
3 0 215 L07 
5 \) 479 240 
8 :J 805 403 

10 LS 950 484 
15 326 L628 977 
2(.; bliCJ 2732 L766 
25 1379 3756 256 8 
30 1%1 4424 31G3 
35 2761 4995 3878 
42 3755 5590 4673 
62 8136 889 4 8515 

113 11758 15113 13436 
160 11114 144 73 12794 
170 10758 14331 12555 
195 10029 135 -7 11768 
221 9217 12 7fJ0 10959 
246 7985 12(;58 10022 
272 0896 11952 9424 
300 5808 llb57 8833 
326 55()5 11697 8601 
352 4553 11355 7954 
378 4006 11432 7719 
4u5 3450 11057 7254 
470 2289 9400 584 5 
535 16 74 7600 4637 
650 916 5400 3159 
800 326 3031 1585 
%0 139 2215 ll77 

l(J (J (J 51 L554 803 
125() u 438 217 
l5Gv 0 77C 385 



Appendix Table II-6 . Historical flows (ft3/s) at the USGS 
Provo River gage at Provo, Utah. 


