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Presenter
Presentation Notes
Thank you and good afternoon- Today we will go over some work we are doing with the Confederated teibes of the colville reservation on sustaining and optimizing salmonid productivity in one of their lakes, Buffalo Lake
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Presentation Notes
With primary production occuring thoughout lakes from the shallow to the open water areas there is ample foraging opportunities for invertebrates in lake food webs, and the connections can be relatively simple. 
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However, when we add fish into the system, the food web linkages become more comple. In lakes with multiple species, issues of predation and resource competition from elevated fish densities can negatively impact fisheries. Competition for resources such as zooplankton can result in reductions in growth, changes in habitat use, and variation in recruitment success, while the presence of non native predators can result in predation pressures. 
These relationships can change seasionally as well. Where in one season fish consume one thing and not the other. 
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Presentation Notes
These food web relationships can become more complex when management decisions bring more fish into a system. This is particularly true in instincances where A generalist feeder such as rainbow trout are introduced into a system through hatchery stocking. As depicted here, the introduction of RBT drastically complicates this lake food web and the interactions.  

With the introduction of non-native species and excess hatchery supplementations, issues of increasing competition and predation are of major concern as they contribute to reductions in fish productivity. At the broader scale, many management decisions are often made based on food web interactions and available resources, weather it is how many fish to stock or how to mitigate predation pressures from piscivorous fishes, food web relationships can be the driving force in decision making processes, and therefore it is important to understand fully these complicated connections. Some of these food web based relathinships we have examined in Buffalo Lake, WA and I will be discussing today



 
 
 
No  
outlet! 
 

Buffalo Lake Watershed 
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Buffalo Lake is located on The Confederated tribes of the Colville Indian reservation in North central Washington 

The lake is relatively unproductive, consequently creating a system that has clear water with ample oxygenation throughout the lake. 

One thing to note is Buffalo Lake and the watershed as a whole does not have a direct outlet, and most of the creeks pictured here are intermittent. 
	 so, anything that goes in….stays in making the lake acts like a sink. 



Max Depth: 
• 35m 

 
Length: 

• 2 miles 
 

Surface Area: 
• 224 ha 
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As I mentioned, there is ample habitat for cold water fish because the abundance of oxygen, but also because Buffalo Lake is a moderately deep lake that is characterized by steep drop offs throughout much of the lake. These drop offs can be of importance to rainbow trout and bass when searching for food and provide ample open water habitat for other more pelagic salmonids



2014 WSU began working with Colville Tribe to assess 
Buffalo Lake’s fishery and water quality, and 
determine threats to both 
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Presentation Notes
After concerns began to rise regarding the sustainability of Buffalo Lake’s good water quality fishery conditions, WSU’s limnology lab began working with Colville Tribal biologists to assess buffalo Lake’s water quality with the primary goals of determining threats to the water quality and fishery as a whole
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Buffalo Lake has a mixed warm and cold water fishery that is quite productive. The oligotrophic nature of the lake provides ample habitat for salmonids….resulting in a relatively productive sustainable kokanee fishery
The cold water fishery consists of a healthy naturally producing kokanee population and hatchery rainbow trout that do not reproduce in the lake and are sustained by annual stocking. The warm water fishery is comprised of pumpkinseed sunfish, black crappie, and largemouth bass- both that can grow to considerable size. The primary management goal for the lake is to sustain the naturally reproducing kokanee population and provide a recreational fishery for them Secondary goals include supplementing the sport kokanee fishery with hatchery rainbow trout and provide a largemouth bass fishery
Although the lake’s fishery is relatively healthy and sustainable as it is, there are several threats that loom on the horizon that could change the status quo. 
One of the primary threats is competition for zooplankton resources. Because kokanee are planktivors strictly forage on zooplankton, they are more sensitive to changes in this food supply than other, more generalists feeders (like rainbow trout) who can go elsewhere in search for food. A second threat to the kokanee quality is predation from many of the larger 5+# bass in the lake.







Food Web Analysis 
 Our goal was to apply stomach content analysis (SCA) as 

a measure of resource usage, predator/prey 
interactions, and seasonal diet overlap for all fish in 
Buffalo Lake further guiding fishery management 
decisions.  
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To determine evidence for completion and predation, We used stomach content analysis to quantify seasional shifts in diet of all fish species in Buffalo Lake





Methods- Fish Collection 
• Quarterly 2014, 2015, 

2016, & 2017  
• Gillnets/Trawl 

• Kokanee and Rainbow 
Trout 

• Electrofishing 
• Warmwater Fish 
• Salmonids in colder 

months 
 

• 10–15 fish selected, 
predetermined size classes 
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Quarterly included spring, summer, fall, and winter. Where winter was as soon as we could get on the water following ice off…this was feb, March, and april



Methods:  
Stomach Content Analysis (SCA) 
 

• Stomachs were extracted or contents obtained with 
gastric lavage and preserved in 70% alcohol for 
laboratory analysis.  
 

• Prey species present were identified to order and 
wet weight biomass estimated using length-weight 
regressions of measured prey items found (Benke et al. 
1999, Dumont et al. 1975) 
 

• Percent by weight was calculated for each prey item 
present to determine proportional diet composition 
of all fish species. Fish with empty stomachs were 
omitted from analysis 
 
 



Data Analysis-  

 

•Schoener’s Diet Overlap Index (SDOI) to determine 
biologically significant overlap between  
• Kokanee/Rainbow Trout 
• Kokanee/Black Crappie 
• A value greater than 60 indicates significant biological 

overlap  (Schoener 1970, Wallace 1981) 
 
 

•Seasonal variation in Cladocera consumption 
• Rainbow Trout & kokanee 
• Difference between seasons & years tested using glm 
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Schoner’s diet overlap index compares the mean percent by weight proportion of all prey items between two different fish species. Empty stomachs were omitted from the overlap analysis

A value greater than 60 indicates that more 60% of the diet is overlap 





2014–2017 Kokanee SCA: % weight 
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Kokanee were separated into three size classes based on age
As we might expect, the primary component of kokanee diet was zooplankton, particularly Cladocera. However, when present in the water column during spring and summer hatches, chrinonomids and other hatching macroinvertebrates were consumed by the larger kokanee. .




2014–2017 Rainbow Trout SCA: % weight 
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RBT were separated into two size classes based on stocking.
As we might expect from a generalist feeder…misc lit invertebrates included: scuds, damsel flies, dragon flies, snails and bivalves



2014–2017 Rainbow Trout SCA: % weight 
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It is important to note the consumption of Cladocera…



2014–2017 Rainbow Trout SCA: % weight 
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An additional aspect of their diet that is important to note is the consumption of decapoda, crayfish!



2014–2017 Largemouth Bass SCA: % weight 
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Largemouth bass were separated into 100mm size classes. The primary component of all bass in both the lower and uppersize classes were crayfish,  



2014–2017 Largemouth Bass SCA: % weight 
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Largemouth bass were separated into 100mm size classes. The primary component of all bass in both the lower and uppersize classes were crayfish,  



2014–2017 Largemouth Bass SCA: % weight 
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Crayfish, again represented by the red portions of the percent by weight graphs, were a primary component of the large size class bass as well.. 



2014–2017 Largemouth Bass SCA: % weight 
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However, in these two larger size class of bass, we noticed a bit of an ontogenetic shift in diet where consumption of other fish began to occur. And infact, we noticed that largemouth bass were infact consuming kokanee as we expected



2014–2017 Pumpkinseed Sunfish SCA: % 
weight 
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Another generalist feeder found in Buffalo Lake were pumpkinseed sunfish. Their diet primarly consisted of scuds, beetles, and dragon/damsel flies. Although Pumpkin seed sunfish had Cladocera in their stomach, that is of little concern with regard to competition with kokanee because they are a littoral species



2014–2017 Black Crappie SCA: % weight 
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Black crappie- consumed littoral invertebrates, Cladocera, and in the calse of larger size class blc consumed other littoral fish but also kokanee in the fall

however, can be more of a plegac species and so they were included in SDOI 



2014 SDOI 
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Moving into our Diet overlap results, It is clear that both rainbow trout and black crappie consume zooplankton during a portion of the year, so looking at the schoener’s diet overlap index is the next step in determining competive interactions that may limit the kokanee fishery due significant biological overlap in diets. If we remember, the literature specifies that a overlap index value greater than 60 percent indicates significant biological overlap in diets

So, the good news in the diet overlap data is that throughout 2014 we did not observe biologically significant overlap in diet between both kokanee/rainbow trout and kokanee/blackcrappie, although in October, black crappie did come close to having a similar diet as kokanee



2015 SDOI 
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2015, however is a different story.




2015 SDOI 
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When we noted a 100% overlap between kokanee and rainbow trout diets in February and overlaps that began to approach the 60% threshold in mid summer. 

The seasonal shift in rainbow trout diet is likely a function of stratification in the summer preventing rainbow trout from accessing crayfish prey soruce in the littoral zone and avestation or hibernation of crayfish and many other littoral invertebrates consumed during the spring and fall. Duing both of these perdiods, rainbow trout relied more heavily on zooplankton as a food source



2016 & 2017 SDOI 
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2016 and winter of 2017 revealed no significant biological overlap in kokanee and rainbow trout diets, 

May 2016 black crappie n=1…also, only year where this was noticed, and Cladocera was not a significant percent of diet for remaining years, infact, Cladocera represented a greater percent of diet in from 2014-2017 summer than any other seasons and in all of the SDOI there was no sig bio overlap in summer



Kokanee Cladocera consumption 
 Significant summer 2015 (p < 0.001) 

  

Presenter
Presentation Notes
Looking at the weights of Cladocera found in Kokanee stomachs, there was only a significant difference noted in summer of 2015 where consumption increased when compared to previous seasons and years. The fact that the weight of Cladocera found in the stomach contents of kokanee remained consistent throughout the seasons and years indicates that the significant diet overlap noted by the SDOI may not be influencing kokanee’s ability to consume Cladocera, however, further investigation is needed for that. 

p = 0.000582



Rainbow Trout Cladocera consumption 
 Significant, summer (P=0.035) & winter (P<0.001) 2015 
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Presentation Notes
A similar story can be told in looking at Cladocera weight found in RBT stomachs were a significant difference was noted in Summer and winter of 2015. this goes along with our OVERLAP index representing significant biological overlap in winter 2015 

2.49e-06
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So going back to our lake food web diagram, we have several take home messages. 
Crayfish a dominant part of consumption in food web:Alternative food sources MAY buffer diet overlap and predation
The consumption of larger invertebrates by larger size class kokanee was significant in that if introducing smaller kokanee into a system, competition may be buffered if larger kokanee have other food resources to consume beside daphnia
Predation Kokanee and Rainbow Trout consumed by bass in spring and fall:During spring and fall seasons when we observed rbt and kok in stomachs likely because during these times salmonids are accessing shallower waters along drop offs where bass can lie and wait. 
Diet overlap present in winter between Kokanee and Rainbow Trout: Seasonal difference in Zooplankton consumption may indicate competition

Implications & Conclusions
Seasonal shift in rainbow diets
Late spring/early summer stocking- not fall (overlap)
Importance of crayfish
Watch for overfishing:manage Crayfish for “ecological sustainable yield”…where we manage the crayfish population for the man ecological role they play in the ecosystem 
Monitoring the crayfish population in the lake to prevent over fishing of the crayfish and any resulting drop in the population that may result in a shift in diets
Kokanee predation 
Spawning Adults 
And monitoring the predation pressures bass may have on kokanee because they are consuming the adult, spawning class of kokanee
First off, I want to say These are arbitrary weights to the lines, to have real weights we will quantify…which brings us to our next step with this research…which I’ll discuss in a minute(que Moving forward and Bioenergetics slide and quantifying predator-prey relationships (figure wat to combine those two)
But first...
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Closer look of a rainbow taken from a largemouth stomach show that the fish that they are consuming are of significant size and with respect to kokanee are of spawning size class



Moving Forward: Bioenergetics  

• Bioenergetics modeling 
for consumption of: 

• Zooplankton by Kokanee 
• Zooplankton by Rainbow 

Trout 
• Kokanee by bass 

 
• Use Consumption to aid 

in determining 
competition 
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Moving forward we plan to take this information and apply it to bioenergetic modeling to determine consumption of zooplankton and bass



Quantify Predator-Prey Relationships 
• Prey biomass 

• Crayfish & Zooplankton 

• Zooplankton consumption 
• Determine surplus zooplankton  

• Simulate Rainbow trout stocking 
strategies 
 

• Kokanee Predation 
• Connect Kokanee consumption with 

Largemouth Bass and Kokanee 
populations to determine predation 
threat 

• Harvest bass to limit predation 
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Once consumption is determined, we aim to build a carrying capicty model for the salmonids in lake by correlating prepy biomass with the modeld consumption. 
	we can then apply stocking strategies that optimize stocking given the available resources and kokanee population

We also plan to determine predation threats to kokanee by correlating kokanee consumption with largemouth bass population with kokanee population structure and suggest any harvest recommendations on the larger bas that may limit kokanee predation
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I would like to close by saying the concepts put forth in our research are not limited to lake ecosystems, and can be equally applied to salmon and steelhead recovery. Excess salmon smolt densities from hatchery inputs may have the potential of limiting salmon recovery due to similar density related predator prey issues outlined in our research from excess rainbow trout stocking and warm water fish interactions. Therefore by providing a background for determining a system’s predator-prey relationships and density related limitations, restoration activities aimed at increasing carrying capacity can be carried out more efficiently by targeting the specific limitations optimizing productivity. Furthermore, managers will have the framework to determine optimal smolt stoking to limit excess inputs. 

The bass predation modeling can also transfer to aid in determining predation levels on other salmonids including out migrating smolts 




Thank you & 
Questions 
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With that I would like to thank my fellow graduate students and my advisor Barry Moore as well as the conferdated tribes of the colville reservation for funding this project and take any questions




References: 
• http://clean-

water.uwex.edu/pubs/clipart/images/CRITTER/original/DaphniaOrWaterFlea.jpg 
• http://clipart-library.com/clipart/146387.htm 
• http://clipart-library.com/clipart/120821.htm 
• http://grig3.org/coloring-upload/2015/11/26/scud-macroinvertebrates-created-

for-national-mississippi-river-museum.jpg 
• http://www.manateemosquito.com/Midges.htm 
• http://clipart-library.com/search/ 
• Benke, A. C., A. D. Huryn, L. A. Smock, and J. B. Wallace. 1999. Length-mass 

relationships for freshwater macroivertebrates in North America with particular 
reference to the southeastern United States. North American Benthological 
Society 18(3):308-343.  

• Dumont, H. J., I. Van de Velde, & S. Dumont. 1975. The dry weight estimate of 
biomass in a selection of Cladocera, Copepoda and Rotifera from the plankton, 
periphyton and benthos of continental waters. Oecologia,19(1), 75-97. 

• Schoener, T. W. 1970. Nonsynchronous spatial overlap of lizards in patchy 
habitats. Ecology 51:408-418. 

• Wallace, R.K.J. 1981. An assessment of Diet-Overlap Indexes. Transactions of the 
American Fisheries Society, 110:1, 72-76. 
 
 

http://clean-water.uwex.edu/pubs/clipart/images/CRITTER/original/DaphniaOrWaterFlea.jpg
http://clean-water.uwex.edu/pubs/clipart/images/CRITTER/original/DaphniaOrWaterFlea.jpg
http://clipart-library.com/clipart/146387.htm
http://clipart-library.com/clipart/120821.htm
http://www.manateemosquito.com/Midges.htm
http://clipart-library.com/search/

	Balancing Seasonal Food Web Interactions to Manage Kokanee Production in a Mixed Fishery
	Slide Number 2
	Slide Number 3
	Slide Number 4
	���No �outlet!�
	Slide Number 6
	2014 WSU began working with Colville Tribe to assess Buffalo Lake’s fishery and water quality, and determine threats to both
	Slide Number 8
	Food Web Analysis
	Methods- Fish Collection
	Methods: �Stomach Content Analysis (SCA)
	Slide Number 12
	2014–2017 Kokanee SCA: % weight
	2014–2017 Rainbow Trout SCA: % weight
	2014–2017 Rainbow Trout SCA: % weight
	2014–2017 Rainbow Trout SCA: % weight
	2014–2017 Largemouth Bass SCA: % weight
	2014–2017 Largemouth Bass SCA: % weight
	2014–2017 Largemouth Bass SCA: % weight
	2014–2017 Largemouth Bass SCA: % weight
	2014–2017 Pumpkinseed Sunfish SCA: % weight
	2014–2017 Black Crappie SCA: % weight
	2014 SDOI
	2015 SDOI
	2015 SDOI
	2016 & 2017 SDOI
	Kokanee Cladocera consumption�	Significant summer 2015 (p < 0.001)� 
	Rainbow Trout Cladocera consumption�	Significant, summer (P=0.035) & winter (P<0.001) 2015
	Slide Number 29
	Slide Number 30
	Moving Forward: Bioenergetics 
	Quantify Predator-Prey Relationships
	Slide Number 33
	Slide Number 34
	References:

