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Habitat Enhancement & Restoration:
an Investment

e Habitat enhancement & restoration actions
are investments in the health of the Niagara
River & the ecosystem services it provides to

the community
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Presenter
Presentation Notes
 Our work contributes to the information base, which enhances each step in the process; reliable information, planning tools, & evaluation maximize success, or in other words, the effectiveness of the investment. When first started working in the UNR we were missing a lot of basic information about the ecosystem, species present, basic fish assemblages, in river habitat, rearing areas for YOY muskellunge, invasive species abundance.  Our work has addressed information gaps & helped to identify key problems.
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Presentation Notes
We have monitored & identified several nearshore sites used by MKY as nursery habitat


Building on Previous & Ongoing
Research

 Muskellunge depend upon particular habitats
for spawning & nursery

e Spawning muskellunge select sites with
vegetation & mixed sand/mud substrates,
never observed using finer silt substrates

Crane et al. in progress




Building on Previous & Ongoing
Research

* Age-0 muskellunge feed on particular prey
species, especially banded killifish, cyprinids,
& darters

Kapuscinski et al. 2012, NAJFM
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Presentation Notes
Specialized, not generalist predators…contrary to expectations based on research of adult MKY


®
Building on Previous & Ongoing

Research

* Fish assemblages differ along habitat
gradients at muskellunge nursery sites

VS.

Kapuscinski & Farrell 2013, JGLR
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Therefore, habitat quality likely affects foraging success, growth, & survival of age-0 muskellunge


Rudd Dominate Trap-net Catches
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Only 25% of fishes sampled w/ trap-nets in UNR were native spp.; highest documented abundance in North America
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Diet composition really caught my attention; Need to understand how herbivory by this dominant, nonnative fish is affecting nutrient cycling, macrophytes, and the fishes they support if we are going to effectively manage native fishes; foraging ecology of rudd may be affecting lower and higher trophic levels – middle-out control by this nonnative species?
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Presentation Notes
Previous & ongoing research has collected important info on ecology of NR fishes & identified habitat characteristics for MKY, but not river-wide & not transferrable to other spp. / sites.


Proposed Project Objectives

e Objective 1: Develop a model to predict
occurrences of Niagara River fishes from
habitat characteristics

— a: Predict the occurrence of age-0 muskellunge
from habitat characteristics

— b: Predict the occurrence of native and non-
native fishes from habitat characteristics
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Proposed Project Objectives

e Objective 1: Develop a model to predict
occurrences of Niagara River fishes from
habitat characteristics

o Objective 2: Quantify prey selection by age-0
muskellunge

e Objective 3: Monitor nearshore fish
assemblages
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Presentation Notes
We developed these 3 objectives based on the knowledge we acquired and issues we have identified to date.  Transitioning from acquiring basic knowledge to integrating past and current research into applied tools that can be used to guide conservation and restoration in the Niagara River


®
Objective 1a: Model Occurrence of

Age-0 Muskellunge

e Purpose

— Develop models that predict the occurrence
(relative probability of presence) of age-0
muskellunge from habitat characteristics of the
upper Niagara River
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Presentation Notes
Muskellunge have supported a recreational fishery in the UNR for over 150 years.  It is an internationally recognized self-sustaining fishery.  However, been threatened by the cumulative impacts of habitat loss, invasive species, and ecosystem changes.  Relying on natural reproduction is the most cost-effective and ecologically sound (Nohner and Diana in progress) manner for sustaining muskellunge fisheries.  Stocking is expensive, has varying results, and can be effected by disease for example Green Bay WI vhs. Greenway and HERF provide the opportunity to restore critical habitat that has been lost.  Providing high quality habitat through conservation and restoration will help insure that a healthy fishery is sustained through natural reproduction.  Building on knowledge gained from spawning model so that conservation and restoration efforts can provide habitat for all early life stages


®
Objective 1b: Model Occurrence of

Native & Non-native Fishes

e Purpose

— Develop models that predict the occurrence
(relative probability of presence) of native & non-
native fishes from habitat characteristics of the
upper Niagara River
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Presentation Notes
Unfortunately, the Niagara River has been subject to a multitude of non-native fish species invasions since the opening of the Erie Canal.  The cumulative impacts of these species is unknown but they likely have negative effects on native species through competition, predation, and habitat destruction.  KK insert a chart showing rudd abundance compared to native species in trap nets.  Maybe mention you trapnetted 5000 rudd with relative ease and initial results from mark recapture study indicate that rudd are extremely abundant. Non-native species do not provide the same recreational fisheries or ecosystem services as native fishes such as smallmouth bass, yellow perch, muskellunge, and northern pike.  Therefore we want to insure that restoration and conservation efforts maximize benefits to native species and minimize benefits to non-native species.  Do no lasting harm is a cornerstone of habitat restoration and it has been recognized that aquatic habitat restoration can inadvertently benefit non-native species if not well planned with adequate knowledge on habitat use by both native and non-native species.   I sent Geoff an email requesting a picture of RG devouring a SMB nest.  A rudd photo from River Oaks would also be good in here.
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Presentation Notes
Riprap colonized by dreissenid mussels & RG





Objective 1a & b: Species
Occurrence Modeling

e Methods

— Conduct surveys of physical habitat & vegetation
characteristics at nearshore sites, including
existing restoration sites
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Objective 1a & b: Species
Occurrence Modeling

e Methods

— Conduct surveys of physical habitat & vegetation
characteristics at nearshore sites, including
existing restoration sites

— Collect fishes by seining

— Develop models that identify (1) high quality
habitat for age-0 muskellunge & other native
fishes, & (2) lower quality non-native fish habitat

— Models can be applied in a spatially explicit
manner & projected on maps in GIS



Objective 1a & b: Species
Occurrence Modeling
« Utility

— Prioritize areas for protection...most effective
restoration practice is conservation!
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Presentation Notes
The most effective habitat restoration practice is conserving high quality habitats.  These modeling tools will aid in identifying key features of high quality habitats and should be prioritized for conservation.  As GIS data becomes available we can actually project the model in space and view maps that show where the highest quality habitat exists.  This can be used as a decision making tool when funds are available to purchase lands for habitat conservation.  These models can also be applied directly to habitat restoration designs.  Alternative habitat restoration designs can be entered into ArcGIS and the model can be project onto the spatially explicit habitat designs.  Users than can then view alternative designs and determine which design maximizes habitat for native species.  


Objective 1a & b: Species
Occurrence Modeling

o Utility
— Prioritize areas for protection...most effective
restoration practice Is conservation!

— Identify areas needing habitat enhancement &
restoration (if GIS layers are available)
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Presentation Notes
The most effective habitat restoration practice is conserving high quality habitats.  These modeling tools will aid in identifying key features of high quality habitats and should be prioritized for conservation.  As GIS data becomes available we can actually project the model in space and view maps that show where the highest quality habitat exists.  This can be used as a decision making tool when funds are available to purchase lands for habitat conservation.  These models can also be applied directly to habitat restoration designs.  Alternative habitat restoration designs can be entered into ArcGIS and the model can be project onto the spatially explicit habitat designs.  Users than can then view alternative designs and determine which design maximizes habitat for native species.  
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Presentation Notes
Areas w/ bare sand may be poor habitat, or they may support logperch, sand shiners, etc.; Our model will allow practitioners to determine the value of these habitat types relative to our concept of ideal nearshore habitat (i.e., dense SAV)


Objective 1a & b: Species
Occurrence Modeling

o Utility
— Prioritize areas for protection...most effective
restoration practice Is conservation!

— ldentify areas needing habitat enhancement &
restoration (if GIS layers are available)

— Guide designs of habitat enhancement projects,
maximizing benefits to native spp. & minimizing
benefits to non-natives


Presenter
Presentation Notes
The most effective habitat restoration practice is conserving high quality habitats.  These modeling tools will aid in identifying key features of high quality habitats and should be prioritized for conservation.  As GIS data becomes available we can actually project the model in space and view maps that show where the highest quality habitat exists.  This can be used as a decision making tool when funds are available to purchase lands for habitat conservation.  These models can also be applied directly to habitat restoration designs.  Alternative habitat restoration designs can be entered into ArcGIS and the model can be project onto the spatially explicit habitat designs.  Users than can then view alternative designs and determine which design maximizes habitat for native species.  


EX: Prioritizing Protected Areas

Kremen et al. 2008


Presenter
Presentation Notes
Initiative in Madagascar to triple the network of protected areas.  Team of scientists used a species distribution modeling strategy based on species occurrence data to prioritized sites maximize spp. protection.  If you can only protect 3%, then protect yellow, and so on


Ex: Conservation of Stream Fishes

Endries 2012


Presenter
Presentation Notes
The US Fish and Wildlife Service recently used the Maxent modeling approach to prioritize streams for conservation in North Carolina based on 226 aquatic species distributions, environmental variables, and NatureServe’s global rank for each species.  



Objective 2: Quantify Prey Selection
by Age-0 Muskellunge

e Purpose

— Determine if age-0 muskellunge feed selectively
among prey species

N
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Objective 2: Quantify Prey Selection
by Age-0 Muskellunge

e Purpose
— Determine if age-0 muskellunge feed selectively
among prey species

— Identify mechanisms driving selective feeding
(e.g., capture efficiency, caloric content, anti-
predator defenses or behavior, etc.)



»
Objective 2: Quantify Prey Selection
by Age-0 Muskellunge

 Methods
— Collect muskellunge & prey from Niagara River
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Presentation Notes
Ability to capture good numbers of age-0 MKY in the UNR makes this experiment possible, results applicable to other waters w/ low density pops
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Objective 2: Quantify Prey Selection
by Age-0 Muskellunge

e Methods

— Collect muskellunge & prey from Niagara River
— Conduct feeding trials to quantify selection

— Use video to analyze anti-predator behaviors,
measurements of prey morphology, & bomb
calorimeter to determine mechanisms



Objective 2: Quantify Prey Selection
by Age-0 Muskellunge

o Utility
— Integrate results with knowledge of fish spp.-
habitat relationships (Objective 1) to enhance
growth & survival of age-0 muskellunge through

management actions (e.g., protect high quality
habitat or enhance poor habitat)



Objective 3: Monitor Nearshore Fish
Assemblages

e Purpose

— Monitor the relative abundance of fishes at
nearshore sites of Buffalo Harbor & the upper
Niagara River that are used by muskellunge as
nursery areas, continuing a standardized survey
that began in 2007
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— Conduct a minimum of 4, 30.5 m seine hauls at
10 index sites (2 in BH, 8 in UNR)
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Objective 3: Monitor Nearshore Fish
Assemblages

e Methods

— Conduct a minimum of 4, 30.5 m seine hauls at
10 index sites (2 in BH, 8 in UNR)

— ldentify & count all fishes

— Examine stomach contents of muskellunge &
northern pike

— Examine trends In relative abundance data



Objective 3: Monitor Nearshore Fish
Assemblages
o Utility
— Measure response of fishes (i.e., production of

young) to ecosystem changes, including habitat
enhancements
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Some sites much more consistent producers of age-0 MKY (top) & all fishes (bottom) than others; BH sites & SIB particularly poor; we can compare trends before & after habitat enhancement


Objective 3: Monitor Nearshore Fish
Assemblages

o Utility
— Measure response of fishes (i.e., production of

young) to ecosystem changes, including habitat
enhancements

— Sample rare native species


Presenter
Presentation Notes
Blacknose & blackchin shiners; longnose gar, logperch, hornyhead chub, mottled sculpin, fantail darter



Objective 3: Monitor Nearshore Fish
Assemblages

o Utility
— Measure response of fishes (i.e., production of

young) to ecosystem changes, including habitat
enhancements

— Sample rare native species

— Monitor abundances of non-native species &
detect new Iinvaders


Presenter
Presentation Notes
Asian carp?  We will have a long-term data set before & after invasion if this monitoring is continued



Links to Restoration of Niagara River

o Standards for ecologically successful river
restoration (from Palmer et al. 2005)
1) Guiding image of dynamic, healthy river
— Goal dependent upon reliable information base


Presenter
Presentation Notes
Set a goal, based on a reliable information base…all 3 Obj’s of our proposed work will add to this info base


Links to Restoration of Niagara River

o Standards for ecologically successful river
restoration (from Palmer et al. 2005)
1) Guiding image of dynamic, healthy river
2) Measurable improvement

— Restoration targets based on “best” sites
— Index seining will measure response of fishes


Presenter
Presentation Notes
Requires measurable objectives, e.g., …; we can ID restoration targets based on data collected at “best” sites; monitoring at index sites will measure response of fish assemblages to restoration actions


Links to Restoration of Niagara River

o Standards for ecologically successful river
restoration (from Palmer et al. 2005)
1) Guiding image of dynamic, healthy river
2) Measurable improvement

3) River must be more resilient & self-sustaining

— Increasing native spp. = increased biotic resistance
to invasion


Presenter
Presentation Notes
Increasing native spp. = increased biotic resistance to invasion; Obj 1 will guide projects to maximize benefits to native spp.; Obj 2 will enhance mgt of MKY & increase pop. of native top predator


Links to Restoration of Niagara River

o Standards for ecologically successful river
restoration (from Palmer et al. 2005)
1) Guiding image of dynamic, healthy river
2) Measurable improvement
3) River must be more resilient & self-sustaining

4) Do no lasting harm

— “Fishery managers must be cautious in their
selection of habitat modification choices to avoid
favoring undesirable species”

Jude & DeBoe 1996, CJFAS
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Presentation Notes
Don’t build RG, CC, Rudd habitat; Jude & DeBoe


>
Links to Restoration of Niagara River

o Standards for ecologically successful river
restoration (from Palmer et al. 2005)

1) Guiding image of dynamic, healthy river

2) Measurable improvement

3) River must be more resilient & self-sustaining
4) Do no lasting harm

5) Rigorous evaluation
— |dentify corrective measures & guide future designs
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identify corrective measures & guide future designs; Obj 1 & 2 will help guide future projects, Obj 3 will aid in evaluation of fish response to habitat enhancement actions


Deliverables

 Models for predicting occurrences of fishes
based on habitat variables

— Manual for using the model
— Training sessions for practitioners
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Deliverables

 Models for predicting occurrences of fishes
based on habitat variables

— Manual for using the model
— Training sessions for practitioners

e Data available to public & managers

 MS thesis & publications in peer-reviewed
scientific journals




Leveraging Opportunities

e Partnership with USACE

— Collection of bathymetry, substrate, & aquatic
vegetation data => GIS layers

— Planning for habitat enhancement projects (3-5?)
based on our research findings



Leveraging Opportunities

o Partnership with USACE

— Collection of bathymetry, substrate, & aguatic
vegetation data => GIS layers

— Planning for habitat enhancement projects (3-57?)
based on our research findings

o University of Michigan Water Institute RFP

— Expand species occurrence modeling effort
(Objective 1) to include all Great Lakes
connecting channels


Presenter
Presentation Notes
Increase power of models & applicability to restoration throughout connecting channels; several collaborators from USGS & U-M have already expressed interest




Presenter
Presentation Notes
Data collected from other connecting channels will greatly increase the performance & applicability of the models
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