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Changes in the Grand Canyon

Early 1900’s 2010
David Rust Photograph Collection, 
Church of Jesus Christ of Latter Day Saints, Salt Lake City, Utah

Native fish Nonnative fish
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Presentation Notes
Intro- how native fishes have declined and how non-natives are widespread. 



Fishes of Bright Angel Creek (BAC)
Native

Speckled dace 

Bluehead sucker

Nonnative

Brown trout

Rainbow trout 

Photo: Jeff Sorensen

Photo: Brian Healy

Presenter
Presentation Notes
Current fishes of Bright Angel Creek. Bluehead suckers and speckled dace are the only 2 natives present, and there is a large abundance of rainbow and brown trout. Additionally, BAC is thought to be the main spawning source of brown trout within the Grand Canyon. 



Native Fish Restoration

Bright Angel Creek Trout 
Reduction Project

Restore and enhance native 
fish populations in the 
Colorado River and Bright 
Angel Creek
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Presentation Notes
BAC trout reduction project has been reinstated to restore and enhance native fish communities. 



Native Fish Restoration

Bright Angel Creek Trout 
Reduction Project

Restore and enhance native 
fish populations in the 
Colorado River and Bright 
Angel Creek

What role do nonnative trout play in Bright Angel Creek?

Presenter
Presentation Notes
However, one question fisheries managers have is what are the affects of nonnative trout have in BAC, and how can understanding this help benefit native species?



Questions

How much food is available to fishes in BAC?

What resources are nonnative trout consuming?

Are native and nonnative fishes consuming similar 
resources?

Presenter
Presentation Notes
To better understand the roles of trout in BAC and their impact on native fishes…we asked these questions



Objectives

How much food is available to fishes in BAC?
Quantify seasonal patterns of food availability

What resources are nonnative trout consuming?
Characterize seasonal diets of brown and rainbow trout

Are native and nonnative fishes consuming similar 
resources?

Examine potential diet overlap between native and 
nonnative fishes

Presenter
Presentation Notes
And formed these objectives to answer them.



Methods

Sampling periods 
November 2010
January 2011
June 2011
September 2011

Objective 1: Food availability
2 stream reaches (100 m)
Drift: 4 nets, 4 times / 24h
Benthic: 6 Hess samples 

Identified Measured Biomass

Presenter
Presentation Notes
4 sampling periods from November 2010 to September 2011. For food availability, we sampled 2 100 meter reaches (1 near BAC ranger station and 1 near Clear Creek trailhead). For drifting invertebrates, 4 nets were placed across the width of the stream in each of the reaches and samples were collected every 6 hours over a 24 hour period (So a total of 4 samples from 4 nets- sample size = 16 samples per reach). For benthic samples, 6 Hess samples were collected in each of the reaches. In the laboratory, all invertebrates were picked from samples, identified (aquatic inverts ID’ed to genus, terrestrial inverts to family, and non-insects to order), counted, and then measured to the nearest mm. From there, we used published length-mass regressions to develop biomass (mg/m2  for benthic and mg/m3 for drift) estimates for each of the taxa collected.



Methods
Objective 2: Diet analysis 
Backpack electrofishing
Brown trout (n=97)(68-490 mm)
Rainbow trout (n=130)(79-375 mm)

Identified Weighed Biomass

Objective 3: Diet overlap
δ 13C and δ 15N stable isotopes
Fin clips (all fish)
Invertebrates
Basal resources

Presenter
Presentation Notes
For nonnative trout diets, approximately 20-30 of each species of varying size classes were captured from backpack electrofishing (see above for totals and size ranges). Fish were euthanized, stomachs removed, and all contents were identified to the same resolution as the invertebrate samples (We found algae in some stomachs and classified it as filamentous algae [mostly Cladophore glomerata]). From there all identified stomach contents were dried and then weighted to obtain biomass (mg) estimates.To examine potential diet overlap between natives and nonnatives we used carbon and nitrogen stable isotopes. Fin clips were collected from native (approx. 5-10 individuals per sampling date) and nonnative (clipped from all trout used in diet analyses) fishes. Also numerically dominant invertebrates (Ephemeroptera, Megaloptera, Trichoptera, Diptera) and basal resources (algae and detritus) were collected to examine potential food resources.



Methods

Diet analysis
Short term diet trends
Piscivory rates
Identify actual items

Stable isotope analysis
Long term diet trends
Food source (δ 13C)
Trophic position (δ 15N)

Presenter
Presentation Notes
We chose to use both diets and stable isotopes because these 2 methods can often compliment one another and we were unable to get diets from native fishes…so this was next best approach. From here I just describe the benefits of using the 2 methods. 



Total invertebrate drift biomass

November
January June

September
0.0

0.2

0.4

0.6

0.8

m
g/

m
3

Total invertebrate benthic biomass

November
January June

September
0

500

1000

1500

2000

2500

3000

3500

m
g/

m
2

Objective 1: Seasonal food availability

p = 0.11 p = 0.18
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Presentation Notes
Here is the mean (±SE) total macroinvertebrate biomass for each of the sampling periods. No significant differences based on 1 way ANOVA (hard to believe looking at a couple of those error bars!). Overall, drift was lowest in November and highest in June and September (Not too surprising given the summer months have more terrestrial inputs, etc). For benthic samples biomass was highest in January and similar among other dates.



Objective 1: Seasonal food availability

Source Benthic 
(mg/m2)

Drift 
(mg/m3)

Taxa
Richness

This study 1919 0.45 60
Bright Angel 
(1993)

900a - -

Colorado River 204b 0.16c 16

a Oberlin et al. 1999
b Cross et al. 2011 
c Cross et al. in revision Ecological Monographs

Presenter
Presentation Notes
To put our mean annual (average of all 4 sampling dates) biomass estimates in perspective here we are comparing them to other studies in Grand Canyon. Our estimates were more than double that of Oberlin et al. 1999, however they had a smaller sample size then us. Also, this is most likely because of varying year to year biomass from differing environmental conditions, predation rates, etc. When comparing to Colorado River estimates our estimate for benthic and drift biomass and taxa richness is MUCH higher.  Higher drift and higher taxa richness = good food availability in BAC. Also I like to mention this really highlights the potential importance of resource transport from tributaries into the mainstem Colorado.
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Objective 1: Seasonal food availability
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Presentation Notes
Here we are just showing what groups were contributing the most to benthic and drift samples. For benthic samples Megalopterans and trichopterans were usually the most dominant. Other aquatic inverts such as lepidopteran larvae (Petrophila) and coloepterans (riffle beetles) contributed mostly in November. For drift samples, ephemeropterans and dipterans (mostly chironomids) dominated every month. Terrestrial didn’t contribute very much in any of the months.  



Objective 2: Nonnative trout diets
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BNT and RBT diet proportions by biomass. BNT eating fish (mostly speckled dace, 1 bluehead sucker found in a 307 mm BNT), megaloptera, and trichoptera. RBT eating filamentous algae and small insects (ephemeroptera and trichoptera). Relatively little terrestrial insects eaten. Total piscivory was 19% for brown trout and 4% for rainbow trout.



Objective 3: Native/nonnative diet overlap
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Reading stable isotope bi plots



Objective 3: Native/nonnative diet overlap
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Presentation Notes
Here is the mean annual Carbon and Nitrogen values from all of the 4 sampling periods. 3 distinct trophic levels seen here…Basal resources, Invertebrates, and Fish. 



Objective 3: Native/nonnative diet overlap
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Presentation Notes
Putting labels on everything now. All fish are clustered over the dominant insect groups indicating they are all consuming a portion of these prey types (i.e. diet overlap is occuring). Notice how BNT and RBT are have slightly higher nitrogen values, this is probably because they are consuming fish as well and driving this value up.



Objective 3: Native/nonnative diet overlap
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Presentation Notes
Looking at month to month variation of nitrogen and carbon values among all fish and dominant invertebrate groups. No error bars here, just to make things easier to see.



Objective 3: Native/nonnative diet overlap
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Once again all fishes are tightly clustered together indicating diet overlap.



Objective 3: Native/nonnative diet overlap
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All fishes clustered over invertebrate groups. Diet overlap occuring. 



Native and nonnative fish trophic positions

RBT BNT BHS SPD
2.0

2.5

3.0

3.5

4.0

4.5

A A AB

B

Trophic Position = [(δ 15NFish - δ 15NPetrophila) / 3.4] + 2

p< 0.001
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Presentation Notes
Trophic levels of all fishes based on yearly nitrogen values. Anova indicated difference between trout and SPD but they are still within the same trophic level (i.e roughly 3-4)



Summary

Objective 1 – Seasonal food availability
Benthic and Drifting biomass varied seasonally

Megaloptera (hellgrammites) highest in benthos
Ephemeroptera (mayflies) & terrestrial insects highest in drift

Objective 2 – Nonnative trout diets
Diets shifted with season and differed between species
Brown trout – fish and large insects
Rainbow trout - filamentous algae and small insects

Objective 3 – Native and nonnative diet overlap
Similar trophic positions and food sources



Implications to native fish

Resource utilization
Diverse food base and high drift biomass
Rainbow trout diets likely overlap more with natives 

(algae and small bodied insects)
Niche partitioning? 

Speckled dace benthic vs. rainbow trout drift

Predation
Both brown and rainbow trout consume native fishes

Brown trout predation higher and more likely to affect natives

Presenter
Presentation Notes
Diverse food, but fish focused on only a few taxa



Future Research

Effects of trout removal on ecosystem structure/function
How will the food base and native fish populations change?

Importance of tributaries to native fish in Colorado River
Do drift inputs affect native fish assemblages?

Presenter
Presentation Notes
Future research is needed….as always.
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Questions?





Food type BNT RBT 
Fish 23 6
Aquatic insects 146 100
Terrestrial insects 10 9
Organic matter 8 35
Total consumption 187 150

*Individual based model (1 yr)
*No growth assumed from estimates  

(g dry mass yr-1)

What resources are non-native trout consuming?

Presenter
Presentation Notes
Here is results from the bioenergetics simulations we ran using diet proportions. Overall, both species can eat a lot of resources over the course of a year and BNT are eating a lot more fish.



Food type BNT RBT 
Fish 23 6
Aquatic insects 146 100
Terrestrial insects 10 9
Organic matter 8 35
Total consumption
# fish removed
Potential resources  

“not consumed”

187 g/yr
292

54,604 g/yr

150 g/yr
541

81,691 g/yr

What resources are non-native trout consuming?



BNT RBT
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P < 0.001
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BAC Population Estimates

October 2010 January 2011
Species No. /100m 95% CI No. /100m 95% CI
BNT 28 23-45 25 20-41
RBT 27 21-46 17 14-30
BHS - - - -
SPD 411 305-598 639 211-2947

Omana Smith, E. C., B. D. Healy, W. C. Leibfried, and D. P. Whiting. 2012. 
Bright Angel Creek trout reduction project: Winter 2010-2011 report. 
Natural Resource Technical Report NPS/GRCA/NRTR—2012/001. 
National Park Service, Fort Collins, Colorado.
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