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Table 2.1. Summary of trout stocking from 2005-2012. The number stocked and mean 

total length (TL) was estimated by state fish hatcheries.  

  Cutthroat Trout Rainbow Trout Tiger Trout 

Month 

Number 

stocked 

Mean TL 

(mm) 

Number 

stocked 

Mean TL 

(mm) 

Number 

stocked 

Mean TL 

(mm) 

2005 

      July  ---- ---- 478,484 83 ---- ---- 

September ---- ---- ---- ---- 103,716 122 

October ---- ---- 100,003 169 ---- ---- 

2006 

      June  ---- ---- 399,214 78 ---- ---- 

October ---- ---- 134,880 151 46,800 135 

2007 

      May ---- ---- 467,365 74 ---- ---- 

October ---- ---- 100,960 135 129,941 150 

2008 

      October ---- ---- ---- ---- 139,375 152 

2009 

      May 86,052 207 24,320 217 ---- ---- 

October ---- ---- 58,533 201 122,500 148 

November ---- ---- 162,544 170 ---- ---- 

2010 

      May  90,132 193 ---- ---- ---- ---- 

October ---- ---- ---- ---- 108,560 160 

November ---- ---- 80,100 183 ---- ---- 

2011 

      May 80,143 203 ---- ---- ---- ---- 

October ---- ---- 74,523 183 119,635 149 

2012 

      April 81,152 199 ---- ---- ---- ---- 

October ---- ---- 91,702 187 116,681 182 
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Table 2.2. Wet weight energy density estimates of individual predators and prey items 

used for bioenergetics simulations. All estimates are from literature sources; where 

noted, a similar prey surrogate was substituted.  

Prey 

Energy Density 

(J/g) Source 

Amphipoda 4429 Cummins and Wuycheck 1971 

Chironomidae 3304 Cummins and Wuycheck 1971 

Coleoptera 2448 Cummins and Wuycheck 1971 

Decapoda 4507 Cummins and Wuycheck 1971 

Ephemeroptera 3715 Cummins and Wuycheck 1971 

Hemiptera 2621 Ciancio et al. 2007; Penczak et al. 1999 

Isopoda 2624 Cummins and Wuycheck 1971 

Mollusca 2007 Cauffope & Heymans 2005 

Zooplankton 2445 Cladoceran, Cummins and Wuycheck 1971 

Tricoptera 3342 Cummins and Wuycheck 1971 

Fish 5230 

Tui Chub (Gila bicolor), Raymond and Sobel 

1990 

Other Aquatic 

Invertebrates 3351 Cummins and Wuycheck 1971 

Terrestrial Invertebrates 2742 Cummins and Wuycheck 1971 

Organic Matter 2116 Penczak et al. 1999 

Cutthroat trout 5764 Steelhead, Hanson et al. 1997 

Rainbow trout 5921 

Cummins and Wuycheck 1971, Hanson et al. 

1997 

Tiger trout 5591 Brown Trout (S. trutta), Dieterman et al. 2004 
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Table 2.3. Length categories (mm TL) proposed for trout species found in Scofield 

Reservoir. No Tiger Trout values were found in literature, so lotic Brown Trout values 

were substituted for reference. Tiger Trout values were calculated based on upper 

percent of world record length, using the 2012 Utah Tiger Trout state record (820 mm).  

Species Stock 

(S) 

Quality 

(Q) 

Preferred 

(P) 

Memorable 

(M) 

Trophy 

(T) 

Source 

Cutthroat 

trout 
200 350 450 600 750 

Kruse and Hubert 

1997 

Rainbow 

trout 
250 400 500 650 800 

Simpkins and 

Hubert 1996 

Brown trout 

(lotic) 
150 230 300 380 460 

Hyatt and Hubert 

2001 

Tiger trout 213 336 451 525 656  

 

 

 

 

 

 

 

 

 

 



54 
 

Table 2.4. Seasonal catch rate (CPUE), an index of relative abundance, calculated as the 

number of fish, per net, per hour, for Cutthroat Trout, Rainbow Trout, Tiger Trout, and 

Utah Chub in Scofield Reservoir, Utah. One standard error shown in parentheses.  

Species  Season CPUE 

    2011 2012 

Cutthroat Trout  

  

 

Spring  -- 0.45 (0.1) 

 

Summer 0.18 (0.022) 0.45 (0.08) 

 

Autumn 0.20 (0.048) 0.68 (0.03) 

Rainbow Trout 

  

 

Spring  -- 0.03 (0.01) 

 

Summer 0.060 (0.015) 0.068 (0.02) 

 

Autumn 0.014 (0.010) 0.037 (0.005) 

Tiger Trout 

  

 

Spring  -- 0.18 (0.08) 

 

Summer 0.19 (0.03) 0.20 (0.03) 

 

Autumn 0.16 (0.04) 0.32 (0.01) 

Utah Chub 

  

 

Spring  -- 3.3 (0.5) 

 

Summer 3.7 (0.4) 6.8 (0.6) 

  Autumn 4.5 (1.4) 5.2 (0.3) 
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Table 2.5. Predator abundance and density (fish/ha) estimates based on hydroacoustics 

surveys in August 20   and June 20 3.  he ‘small’ size class refers to fish < 350 mm    

and the ‘large’ size class refers to fish ≥ 350 mm   .  

  2011 2013 

Species Small Large Density Small  Large Density 

Cutthroat 

trout 39,800 174,200 188 81,400 337,700 368 

Rainbow 

trout 39,800 15,100 48 0 9,650 8 

Tiger trout 48,600 189,500 209 153,800 135,100 254 
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Table 2.6. Annual Utah Chub consumption (g) estimates per individual predator for two 

representative size classes of Cutthroat Trout, Rainbow Trout, and Tiger Trout for the 

2011 – 2012 simulation year. Abundance values used are those estimated from 

hydroacoustics surveys in June 2013. Population-level estimates are annual 

consumption (kg). 

 

Individual  Population 

  

Consumption 

(g) 

Number of chub 

consumed 

Abundance Consumption 

(kg) 

Number of chub 

consumed 

Cutthroat Trout 

 

   

Small 110 3 81,400 8,900 252,000 

Large 1820 49 337,700 615,000 16,619,000 

  

Total: 419,100 625,000 16,870,000 

Rainbow Trout 

 

   

Small 90 3 0 0 0 

Large 400 11 9,700 3,900 105,000 

  

Total: 9,700 3,900 105,000 

Tiger Trout 

 

   

Small 60 2 153,800 9,200 231,000 

Large 2660 63 135,100 359,000 8,565,000 

  

Total: 288,900 368,000 8,796,000 

 

 

 

 

 



57 
 

Table 2.7. Bioenergetic efficiency expressed as a percentage of the realized maximum 

possible consumption rate, determined with the Fish Bioenergetics 3.0 model (Hanson 

et al. 1997).  

Species Size Class BioEff (%) 

Cutthroat Trout 

 

 

 

Small 41.6 

 

Large 36.0 

Rainbow Trout 

 

 

 

Small 43.4 

 

Large 50.2 

Tiger Trout 

 

 

 

Small 57.7 

 

Large 54.0 
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Table 2.8. Condition (K  ) of Cutthroat Trout, Rainbow Trout, and Tiger Trout captured in 

Scofield Reservoir during 2012. One standard error shown in parentheses, “----“ 

indicates no data available.  

 
Cutthroat Trout Rainbow Trout Tiger Trout 

 
Small Large Small Large Small Large 

Spring 
0.83 

(0.02) 
0.93 (0.01) 

0.97 

(0.05) 
---- 

0.84 

(0.04) 
0.89 (0.02) 

Summer 
0.79 

(0.01) 
0.88 (0.01) 

0.91 

(0.02) 
1.03 (0.06) 

0.84 

(0.02) 
0.98 (0.02) 

Autumn 
0.76 

(0.01) 
0.88 (0.02) 

0.87 

(0.04) 
0.96 (0.2) 

0.87 

(0.02) 
0.94 (0.03) 
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Table 2.9. Relative return rates of Cutthroat Trout stocked in Scofield Reservoir and 

recaptured from summer 2011- autumn 2012.  

 Season and 

Year 

Total 

Caught 

Number 

Marked 

Percent  

Marked 

Mark 

Type Cohort 

Total Length 

(mm) 

Weight 

(g) 

Summer 

2011 81 7 8.6 Ad Clip 2009 358.0 420.2 

  

3 3.7 Red Dye 2010 309.0 273.7 

  

2 2.5 Green Dye 2011 290.0 209.4 

  

69 85.2 Unmarked 

 

406.1 655.6 

Fall 2011 42 12 28.6 Ad Clip 2009 362.3 466.6 

  

1 2.4 Red Dye 2010 323.0 291.5 

  

8 19.0 Green Dye 2011 289.1 202.5 

  

21 50.0 Unmarked 

 

320.1 329.1 

Spring 2012 197 101 51.3 Ad Clip 2009 399.7 661.3 

  

10 5.1 Red 2010 339.4 324.4 

  

11 5.6 Green 2011 308.7 237.5 

  

10 5.1 Orange 2012 214.7 93.4 

  

65 33.0 Unmarked 

 

349.4 421.6 

Summer 

2012 179 55 30.7 Ad Clip 2009 409.4 658.4 

  

1 0.6 Red 2010 346.0 311.4 

  

26 14.5 Green 2011 318.1 248.4 

  

8 4.5 Orange 2012 247.3 127.7 

  

89 49.7 Unmarked 

 

361.6 484.2 

Autumn 

2012 109 47 43.1 Ad Clip 2009 447.1 827.8 

  

8 7.3 Red 2010 343.3 309.4 

  

5 4.6 Green 2011 326.4 252.0 

  

22 20.2 Orange 2012 275.9 164.0 

    27 24.8 Unmarked   353.9 510.5 
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Table 2.10. Relative return rates of Rainbow Trout stocked in Scofield Reservoir and 

recaptured from summer 2011 – autumn 20 2.  he “-“ indicates data was not available.  

Season and 

Year  

Total 

Caught 

Number 

Marked 

Percent 

Marked Mark Type Cohort 

Total Length  

(mm) 

Weight 

(g) 

Summer 

2011 27 2 7.4 Ad Clip 2009 334.0 357.9 

  

4 14.8 Red Dye 2010 287.0 449.1 

  

21 77.78 Unmarked 

 

342.81 459.82 

Fall 2011 3 1 33.3 Ad Clip 2009 320 334.5 

  

1 33.3 Red Dye 2010 316 333.9 

  

0 0.0 Green Dye 2011 - - 

  

1 33.3 Unmarked 

 

340 426.3 

Spring 2012 13 1 7.7 Ad Clip 2009 344 374.1 

  

2 15.4 Red 2010 330.5 443.0 

  

4 30.8 Green 2011 297.0 250.5 

  

6 46.2 Unmarked 

 

273.2 224.5 

Summer 

2012 27 2 7.4 Ad Clip 2009 357.5 457.15 

  

1 3.7 Red 2010 332.0 382.1 

  

2 7.4 Green 2011 307.0 295.1 

  

22 81.5 Unmarked 

 

291.2 264.3 

Autumn 

2012 6 1 16.7 Ad Clip 2009 251.0 134.9 

  

1 16.7 Red 2010 326.0 285.4 

  

0 0.0 Green 2011 - - 

  

1 16.7 Orange 2012 256.0 140.5 

    3 50.0 Unmarked   323.7 363.4 
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Table 2.11. Stock density index ranges for Scofield Reservoir trout species. Proportional 

stock density (PSD), relative stock density of preferred length fish (RSD-P) and relative 

stock density of memorable length fish (RSD-M) given. Values were calculated based on 

summer (1 June – 31 August) data for both 2011 and 2012.  

Species 2011 2012 

  PSD RSD-P RSD-M PSD RSD-P RSD-M 

Cutthroat Trout 78.5 22.8 0.0 52.0 14.1 0.6 

Rainbow Trout 8.0 4.0 0.0 5.0 0.0 0.0 

Tiger Trout (Brown) 99.0 90.0 60.0 98.8 91.3 81.3 

Tiger Trout (state record) 86.9 33.3 13.1 91.1 49.4 24.1 
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Figure 2.1. Map of Scofield Reservoir, Utah showing the eight locations during which fish 

were sampled in 2011 and 2012.  
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Figure 2.2. Utah Chub catch-per-unit-effort from 2004 until 2012. Catch data 2004-2010 

courtesy of Utah Division of Wildlife Resources.   
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whereas the diet of larger individuals originated in more pelagic areas. Cutthroat trout 

sampled for stable isotope analysis shifted to feed more littorally with an increase in 

size.  

When the isotopic niche of these species was plotted in 2-dimensional niche 

space, large tiger trout had a very broad niche (ellipse area, EA=10.4); they consumed 

food at a wide range of trophic positions and vary with respect to their basal resources 

(Figure 3.5). Large cutthroat trout (EA=2.2) and large rainbow trout (EA=2.7) both had 

smaller more focused isotopic niche areas which overlapped significantly with the tiger 

trout niche (78% and 64%, respectively), and with each other (31% and 26%, 

respectively). The isotopic niche of tiger trout only overlapped 17% with both cutthroat 

trout and rainbow trout.  

Small rainbow trout (EA=3.2) and small tiger trout (EA=2.8) overlap significantly 

with respect to their isotopic niches (45% of the rainbow trout niche and 52% of the 

tiger trout niche), sharing similar prey resources at an intermediate trophic position. 

Small cutthroat trout (EA=6.6), closely share a feeding niche space with all sizes of Utah 

chub, as demonstrated by their similar isotopic signatures, with 19% of their niche 

overlapping with the entirety of the small chub niche. Small Utah chub may consume 

more pelagic prey than do small rainbow trout, however, adult rainbow trout may share 

a large proportion of niche space with small Utah chub.  

 
Gape limit 

Utah chub found in cutthroat trout diets ranged from 80 to 272-mm in total 

length. Cutthroat trout became piscivorous at approximately 320-mm TL, and consumed 
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Utah chub near and well above both their horizontal and vertical gape size (Figure 3.6). 

In several instances, cutthroat trout consumed Utah chub that were greater than 50% of 

their body size. One 425-mm cutthroat trout consumed a 272-mm Utah chub (64% of 

the trout’s body size). However, on average, cutthroat trout consumed fish prey 30% of 

their body size. Gape-width limit was very similar to gape-size limit calculated using 

vertical gape measurements.  

Utah chub found in tiger trout diets ranged from 37 to 234-mm in total length. 

Tiger trout switched to piscivory at approximately 340-mm TL and consumed fish very 

close to or just exceeding their horizontal and vertical gape sizes. On average, tiger trout 

consumed prey fish approximately 28% of their body size. One 418-mm tiger trout 

consumed a 202-mm Utah chub (48% of the trout’s body size).  Comparable to cutthroat 

trout, gape-width limit was very similar to gape-size limit calculated using vertical gape 

measurements. Rainbow trout, however, demonstrated limited piscivory in Scofield 

Reservoir, and we found no measureable fish prey in diets. 

Discussion 

In this study, I present new information on diet among a unique assemblage of 

trout in a lentic environment, and quantified species interactions and diet overlap of 

three top trout predators. I also described the feeding niches of three top predators and 

Utah chub using stable isotope analyses. Overall, the fish composition in Scofield 

Reservoir was dominated by Utah chub, a species which consumed large quantities of a 

suite of aquatic invertebrates and zooplankton throughout the growing season. Isotopic 
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signatures of Utah chub, indicative of its feeding position and primary food source, 

compared similarly to small cutthroat trout. I observed consistently low numbers of 

rainbow trout, which consumed few prey fish, and relied substantially on aquatic and 

terrestrial invertebrates for food resources. High overlap was demonstrated amongst 

rainbow trout with all other species, strength of overlap varying based on season. 

Additionally, I found cutthroat trout and tiger trout share a top trophic position in the 

food web, relying on an ontogenetic shift to piscivory to consume Utah chub as a 

substantial proportion of their adult diet. Both cutthroat trout and tiger trout consumed 

Utah chub at and above theoretical predictions of gape limit, demonstrating they were 

not food-limited based on gape morphology or prey size.  

Throughout the study period, all large trout relied extensively on shared 

resources. I found evidence that large cutthroat trout and large tiger trout exhibited 

high diet overlap, with both species feeding primarily on Utah chub. There was no 

evidence of predation by one species on the other; Utah chub dominated the diets of 

both. The diets of cutthroat trout reported in this study differed substantially from diets 

reported from other lentic systems. Atleast 50% of cutthroat trout diet in Scofield 

Reservoir consisted of Utah chub throughout the year. Small cutthroat trout displayed 

an expansive diet throughout all seasons and fed on many different aquatic and 

terrestrial invertebrates, crayfish, and zooplankton. Within Strawberry Reservoir, Utah, 

Daphnia were important prey for juvenile cutthroat trout and were seasonally 

important to adult fish; additionally, fish was a minor contributor to adult diet (Baldwin 

et al. 2000). However, in Bear Lake, Utah-Idaho, Bonneville cutthroat trout are a 
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dominant piscivore, predominantly consuming cisco Prosopium gemmifer and sculpin 

Cottus extensus (Ruzycki et al. 2001). The similar piscivorous behavior of cutthroat trout 

in Scofield Reservoir is likely influenced by the abundant fish prey.  

The potential for competition between top predators is indicated by similar 

trophic habits among cutthroat trout and tiger trout. Small tiger trout consumed a wide 

variety of aquatic invertebrates, whereas large tiger trout switched to a diet primarily of 

prey fish and crayfish. Tiger trout have been described as a “predator trout” capable of 

utilizing nuisance prey fish, and as such, added to stocking programs for this purpose 

(Hepworth et al. 2009; Hepworth et al. 2011). In contrast, tiger trout in eastern 

Washington appeared to rely substantially on Daphnia, and were intermittently 

piscivorous (to pumpkinseed Lepomis gibbosus and redside shiners), but only in the 

summer months (Miller 2010). The same study postulated that kokanee were 

outcompeting tiger trout for zooplankton, and thus tiger trout had adapted a more 

benthic diet. While I observed tiger trout consuming a significant proportion of crayfish, 

a benthic prey item, fish still were the favored prey of tiger trout in this study.  

The shared chub diet of cutthroat trout and tiger trout alone does not 

necessarily indicate competition for prey resources (Matthews et al. 1982). Resources 

must be limited and fitness or performance-related factors such as growth, condition, 

and fecundity must be negatively affected in order for competition to occur. 

Consequently, there is likely minimal potential for competition between these trout 

species as Utah chub are abundant and as cutthroat trout and tiger trout are caught at 

large sizes and in high numbers throughout the reservoir (see chapter 2). However, if 
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the Utah chub population collapsed under high predation, or if the trout population 

continued to expand via increased stocking rates, then con-specific competition and 

predation rates may increase.  

Both predator size and prey size strongly influence predation (Hambright 1991; 

Fritts and Pearsons 2006). Cutthroat trout and tiger trout displayed an ontogenetic shift 

to piscivory around 330 mm TL, and consumed prey fish at 30% of their own size. 

Additionally, the mouth size and morphometry of these top piscivores does not appear 

to be limiting prey consumption, as both species also consumed prey at and above their 

theoretical gape limits. Piscivorous mouth gape size restricts the size of prey based on 

the body depth of that prey; however, food can be attacked and then manipulated in 

such a way as to consume larger than expected sizes (Nilsson and Bronmark 2000). In 

contrast, Hambright (1991) and Hill et al. (2004) both suggest the vulnerability of prey 

larger than predator gape size is reduced to zero. Subsequently, predation may also 

depend on prey morphology and predator behavior. Northern pike E. lucius prefer 

shallow bodied roach Rutilus rutilus before deep-bodied bream Abramis brama  in 

Swedish lakes, experiments that also highlighted pike may swallow larger prey than 

suggested by gape measurements (Nilsson and Bronmark 2000). Convincingly, our study 

also demonstrates the ability of cutthroat trout and tiger trout to consume prey up to 

50% of their own size, much larger than gape limit alone would predict.  

Unlike the piscivorous cutthroat trout and tiger trout, rainbow trout behaved 

mostly as invertivores in Scofield Reservoir and occupied a more pelagic habitat than 

the other trout species. Large rainbow trout displayed a similar propensity for aquatic 
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invertebrates as small rainbow trout. Although our sample size of rainbow trout diets 

was low, the results agreed with previous studies, demonstrating that rainbow trout 

relied heavily on aquatic invertebrates, zooplankton, and a small percentage of prey fish 

(Tabor et al. 1996; Baldwin et al. 2000; Haddix and Budy 2005). In contrast however, 

there are many studies which depict rainbow trout as aggressive piscivores (Beauchamp 

1990; McDowell 2003; Yard et al. 2011; Juncos et al. 2011). Consequently, the suite of 

top predators in Scofield Reservoir may have indirect effects on rainbow trout through 

exploitative competition or behavioral interactions (Duffy et al. 2007; Sih et al. 2010). 

For example, the presence of cutthroat trout and tiger trout could cause rainbow trout 

to decrease activity, exhibit predator avoidance, or change feeding strategies (Romare 

and Hansson 2003). Catch rates of rainbow trout throughout our study were low, and 

the blue-ribbon rainbow trout fishery has abated from this western reservoir.  

I observed no biologically-significant diet overlap between large rainbow trout 

and Utah chub, contradicting expectation that rainbow trout were performing poorly 

due to shared food resources, and thereby limited food resources, with Utah chub. The 

small sample size of rainbow trout, which inflated average contributions of prey towards 

diet composition, may have substantially and unrealistically altered diet proportions. 

Marrin and Erman (1982) found minimal diet overlap between brown trout and rainbow 

trout with tui chub Gila bicolor, and Tahoe sucker Catostomus tahoensis, demonstrating 

these trout and nongame fish partition resources sufficiently, and contradicting the 

common belief in that system that competition for food resources was the cause for the 

decrease in trout performance.  However, apparent survival of rainbow trout, a relevant 
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measure of interaction strength (Keeley 2001), is extremely low in Scofield Reservoir, 

and we may not have captured changes in competitive abilities with size and 

environmental conditions (Hayes 1989). 

Our analyses of stable isotope data corroborate with overall diet contributions, 

and reaffirm evidence of potential for competition amongst this unique assemblage of 

species. High nitrogen signatures of large cutthroat trout and large tiger trout confirm 

these top predators are piscivorous share a top trophic position in the food web, relying 

heavily on prey fish. Carbon signatures from tiger trout suggest they utilize more littoral 

resources, a pattern corresponding with the high percentage of crayfish in diets.  

The trophic positions of small cutthroat trout, rainbow trout, and tiger trout all 

shifted to higher nitrogen values at larger sizes, indicating a strong ontogenetic shift in 

diet preferences with size. Rainbow trout also shifted to a more negative δ¹³C value as 

they became larger. Vander Zanden et al. (1999) documented a similar carbon shift of 

lake trout in bass-invaded Canadian lakes, reflecting a diet shift towards zooplankton 

and reduced dependence on littoral prey fish. This diet shift from the littoral to the 

pelagia for rainbow trout in Scofield Reservoir may indicate rainbow trout are altering 

their trophic niche in response to direct or indirect competition with the new predators 

recently stocked into this system (Correa et al. 2012). Despite low sample size, my 

results indicate rainbow trout are now performing poorly in Scofield Reservoir as 

suggested, in part, by very low rates of apparent survival and return to the creel, a 

pattern that could very likely be due to feeding constraints or other limitations 

associated with the other predators.  



96 
 

Our dietary findings are particularly important given the recent interest in tiger 

trout and managers’ desire to expand their use in stocking regimes. Several lines of 

evidence suggest that tiger trout are performing very well and are not limited by strong 

food web interactions such as competition or predation. Utah chub make up at least 

30% of the diet of tiger trout seasonally, suggesting encounter rates are high and prey 

fish are energetically favorable (Wallace 1981). Large tiger trout also have a wide 

breadth of diet preferences, relying on a diversity of prey. In addition, this hybrid 

species feeds more littorally than other trout, thus potentially allowing them to 

minimize competition for food and space (Petchey 2000; Helland et al. 2011). 

Accordingly, tiger trout hold a high trophic position in the ecosystem. Tiger trout are 

also ideal predators to stock into reservoirs as sport fishes, because they are sterile 

hybrids, and energy normally allocated for gamete production should be allocated into 

growth (Budy et al. 2012). In addition, sterile trout are easier to control over the long-

term (Scheerer and Thorgaard 1987), a consideration that has important conservation 

implications. 

The combination of gut content and stable isotope analysis performed in this 

study provided a more complete understanding of potential limitations due to 

competitive or predatory interactions among a suite of novel predators. Competition for 

food resources between sport and nongame fishes is commonly cited as a reason for 

decreased salmonid angling success, and competition is often assumed to exist between 

desired sport fish and undesired invasive prey species (Marking 1992). Nevertheless, 

competition does not always occur, and, my data suggests two of the top trout 
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predators are not competing, likely because food is not limiting. Both tiger trout and 

cutthroat trout are monopolizing upon the abundant prey fish, Utah chub, and their 

growth and survival rates are high. However, prey availability may change spatially, as 

well as on a seasonal or annual basis, and increased growth rates of prey may result in 

chub outgrowing predator gape quickly, causing a shift in predator-prey dynamics. This 

novel fish community should be monitored carefully, as large-scale recent changes in 

the food web as well as annual changes in reservoir volume may result in an extremely 

dynamic predator-prey system.  
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Figure 3.1. Map of Scofield Reservoir, Utah showing the eight locations during which fish 

were sampled in 2011 and 2012, denoted as black circles.  
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Figure 3.2. Seasonal diet composition of small (<350 mm   ) and large (≥ 350 mm   ) 

cutthroat trout, rainbow trout, and tiger trout captured in Scofield Reservoir. Diet 

composition was calculated as the proportion of diet by wet weight (g).  
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Figure 3.3. Proportion of Utah chub diet contribution for each predator species in 

Scofield Reservoir. Proportions are displayed with 95% confidence intervals in dark gray, 

then 75%, 25%, to 5% credibility intervals in light gray.   
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Figure 3.4. Stable isotope bi-plots for ¹³C and ¹⁵N of (top) large trout (≥ 350 mm   ) and 

large chub (≥ 250 mm   ), and (bottom) small trout (< 350 mm TL) and small chub (< 250 

mm TL). Error bars are 1 standard error.  
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Figure 3.5. Two-dimensional isotopic (δ¹⁵N and δ¹³C) niche plots of (left) large (≥ 350 

mm) cutthroat trout, rainbow trout, tiger trout, and Utah chub (≥ 250 mm) from 

Scofield Reservoir, and (right) small (< 350 mm) cutthroat trout, rainbow trout, tiger 

trout, and Utah chub (< 250 mm).  
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Figure 3.6. Relationship between cutthroat trout (top), rainbow trout (middle), and tiger 

trout (bottom) length with Utah chub length in Scofield Reservoir, Utah.  Gray circles 

represent actual sizes of prey found in trout diets.  Lines show the calculated gape limit 

for trout based on two gape measurements. Although rainbow trout did consume fish 

prey, we found no measureable fish prey in diets. 
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CHAPTER 4 

SUMMARY 

In this thesis, I presented the findings of a two year intensive survey on the 

Scofield Reservoir fish community. Scofield Reservoir is typical of many systems in the 

Intermountain West, where an unwelcome species may threaten the existence of a 

popular and artificial sport fishery. Therefore, Scofield Reservoir presented an 

opportunity to better understand how multiple top predators of a species assemblage 

may interact in artificial systems. My overall goal was to assess the relative performance 

of three popular sport fish, as well as to identify the best single, or combination of 

species for suppressing Utah chub abundance. Additionally, I intended to quantify the 

food web impacts of these introduced piscivores to reservoir fish assemblages.  

To achieve those objectives, I collected fish for measurements of growth and 

diet using a combination of common fisheries field techniques, and assembled the 

information into bioenergetic simulations of predator population consumption to 

compare with prey abundance and production. I found cutthroat trout to be the largest 

consumer of Utah chub prey, and when combined with the tiger trout population, 

estimated these top predators consume vastly more chub than produced on a yearly 

basis. On the other hand, rainbow trout consume few Utah chub prey. Rainbow trout 

condition and bioenergetic values were not exceptionally low, however, return rates 

and stock density values were extremely low, suggesting poor survival.  

I also employed stable isotope analysis and gut content analysis to investigate 

the potential interactions amongst top predators and Utah chub. Specifically, I 
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documented the food habits and used gut content to calculate indices of diet overlap to 

identify potential for competition, and used stable isotope techniques, by collecting 

tissue samples of fish and aquatic organisms throughout the food web, to further 

characterize potential predation and competition linkages of the three top predators in 

the system. In general, I found that large cutthroat trout and tiger trout share a top 

trophic position within the food web. Both species consume large amounts of prey fish 

after an ontogenetic switch in diet around 350 mm TL. In comparison, rainbow trout do 

not exhibit diet ontogeny. I calculated significant diet overlap between rainbow trout 

with each other focal species depending on season. Stable isotope values corroborate 

with these observations, showing rainbow trout may have similar isotopic niches to 

Utah chub and small cutthroat trout.  

Consequently, rainbow trout performance may be affected by a wide range of 

factors. Biological factors that may influence their persistence in Scofield Reservoir may 

include food availability or competition between others in the fish community. The 

control or removal of Utah chub may highlight their strong interactions and force on the 

community.  

Although I recognize my study is only a single version of many prevalent artificial 

assemblages, this work expanded on our knowledge of the use of piscivorous fish as 

biological control agents, and additionally is one of the first known studies of tiger trout 

ecology. Most importantly, this study highlighted the impacts of both intentionally and 

unintentionally introduced species on reservoir food webs, and will inform fisheries 

management. 


