Claytor Project 739-018; HSC
February 1, 2008


February 1, 2008

[image: image1.wmf]0.0

0.2

0.4

0.6

0.8

1.0

0.0

1.0

2

.

0

3.0

4.0

5.0

S

U

I

T

A

B

I

L

I

T

Y

VELOCITY (FPS)

FRY


Thomas R. Payne & Associates


Fisheries Consultants


P.O. Box 4678


Arcata, California  95518-4678


(707) 822-8478


trpa@northcoast.com
TECHNICAL MEMORANDUM

Date: February 1, 2008
To: Instream Flow Needs Workgroup - Claytor Project 739-018, Appalachian Power Co. 

From: Thomas R. Payne & Associates

RE: Proposed Habitat Suitability Curves
___________________________________________________________________________
This memorandum presents proposed habitat suitability criteria (HSC) for aquatic species identified in the Instream Flow Needs and Reservoir Elevations Revised Study Plan dated October 2006.  The species list includes:

· Rock bass  (Ambloplites rupestris)
· Smallmouth bass (Micropterus dolomieu)
· Flathead catfish (Pylodictis olivaris)

· Channel catfish (Ictalurus punctatus)

· Muskellunge (Esox masquinongy)
· Redbreast sunfish (Lepomis auritus)
· Bigmouth chub (Nocomis platyrhynchus)
· Greenside darter (Etheostoma blenniodes)
· Logperch (Percina caprodes)
· Silver shiner (Notropis photogenis)
· White shiner (Luxilus albeolus)
· Northern hogsucker (Hypentelium nigricans)
· Mussels (pocketbook and purple wartyback) (Lampsilis ovata and Cyclonaias tuberculata)
· Macroinvertebrates

· Crayfish

· Hellbender

· Water willow (Justicia americana)
· Riparian vegetation

The selection of HSC for inclusion in the instream flow needs study generally followed the process described in the revised study plan.  A number of the species and life stages identified for evaluation are the same as those which have been assessed in the Smith Mountain IFN study, and it is assumed these HSC would be utilized for the Claytor Project IFN study.  Criteria for some species and life stages were developed from literature review.  No functional HSC exist for crayfish and hellbender; HSC for these species will either require input from specialists with detailed habitat knowledge of these species or assessed by means other than this IFN study.

Proposed cover/substrate codes are based on a system developed by North Carolina Department of Water Resources (NCDWR, Table 1).  This is the same coding system used for target fish species and life stages in the Smith Mountain IFN study on the Roanoke River (TRPA and Louis Berger 2007), the Roanoke River IFN study (Gore 2006), and the Walters Hydroelectric Project, Pigeon River, North Carolina (RMC 1992), among others.  The goal was to use cover and substrate suitability values from the primary source for depth and velocity suitability.  In instances when no cover or substrate suitability values were presented in the primary source, an alternate source was used.  

Species and life stages proposed for evaluation, including HSC sources are listed in Table 2.  In some instances, HSC from different sources are compared to either; 1) validate the proposed HSC by illustrating similarities from different studies, or 2) indicate discrepancies between sources, and possible explanation.   

Computation of flow-related habitat indices for riparian vegetation and water willow using PHABSIM may not be appropriate, due to lack of existing suitable HSC and an uncertain relationship between biomass and depth, velocity, and substrate/cover (the underlying assumption of PHABSIM).  It is proposed that a relationship between river stage and inundation be used to assess riparian vegetation and water willow, which is described in more detail below.  

Rock bass
Unlike other bass species, habitat suitability criteria for rock bass are scarce in the literature.  HSC developed for an earlier flow study in Virginia (Leonard et al. 1986), are proposed (Pages 15-17) primarily due to their availability and the fact that HSC from this study are also proposed for smallmouth bass, chub and northern hogsucker.  A habitat model evaluation conducted on rock bass in two Virginia streams (Pajaak and Neves 1987) used a host of variables to describe the relationship between habitat and rock bass density, though there was no clear characterization of individual model elements such as depth and velocity.  Due to lack of substrate information (except spawning) in Leonard et al. 1986, an additional source (Aadland and Kuitunen 2006) was used for fry, juvenile and adult substrate and cover suitability.   In addition, a comparison between depth and velocity for fry and adult between Leonard et al. (1986) and Aadland and Kuitunen (2006) is presented on Page 18.  The primary difference between these two sources is depth suitability, Leonard et al. maintaining maximum suitability regardless of the depth versus Aadland and Kuitunen with declining suitability at deeper depths.     
Smallmouth bass 

HSC used in the Smith Mountain instream flow study (TRPA and Louis Berger 2007) are proposed (Pages 19-21).  For comparison, HSC from RMC (1992) are also included.  The primary difference between the two sources is maximum depth suitability for juvenile, adult and spawning life stages.  

Flathead catfish 

No existing HSC were located for flathead catfish, however two recent publications (Daugherty and Sutton 2005 – St Joseph River, Michigan; Malindzak 2006 – Deep River, North Carolina) contained habitat use information which can be used for criteria development.  Though both studies obtained measurements for use and availability data, only use data was utilized in curve development.  Availability data was questionable for some habitat variables in both studies.  For example, both studies observed fish (use data) at depths greater than 6.0 meters, even though depths in this range were not found during availability measurements.  The same was true for velocity in the Daugherty and Sutton study, with fish using velocities rarely, if ever, observed during habitat availability surveys.  HSC are presented for annual (adult), spawning and winter.  Some or all these seasonal curves may be used in the final IFN study.  Lee and Terrell (1987) presented adult velocity suitability values for use in a habitat suitability index model (HSI).  No juvenile or fry habitat suitability information was found.  
Suitability values were calculated from use data by fitting polynomial regressions to frequency data.  In some cases professional judgment was used, particularly at the tails of the curves.  Resulting HSC between the two sources differ noticeably with regard to velocity and substrate suitability (Pages 22-24).  Differences in velocity suitability may be due to physical differences in the study streams.  The study by Malindzak was conducted on a reach of river that was partially impounded, possibly resulting in lower velocity use.  A plot of adult velocity data from Lee and Terrell (1987) seems to indicate that suitability should extend to higher velocities than identified in the Malindzak study. 
Daugherty and Sutton observed flathead catfish were primarily found in depths less than 3 m during all seasons except winter, when fish utilized deeper main-channel pool habitats.  By comparison, Malindzak found fish were usually associated with depths between 3 to 6 meters, occupying even deeper water during the winter.  Depth use in winter was similar between the two studies.  
The primary substrate/cover in the Dauhgerty and Sutton study was woody debris followed by rip rap.  By comparison, Malindzak observed the primary substrates as silt/sand and bedrock with cover dominated by woody debris.  Again, the differences may be explained by different morphology of the two study streams, rip rap (boulder) apparently not found in the Deep River and bedrock not noted as a substrate type in the St. Joseph River.
These curves will require additional discussion within the AWG.
Channel catfish 

HSC used in the Smith Mountain instream flow study (TRPA and Louis Berger 2007) are proposed (Pages 25-27).  
Muskellunge
Studies which investigated seasonal habitat use and movement of muskellunge (Brenden et al. 2006, New River, Virginia; Younk et al. 1996, Mississippi River) contain general use information.  These studies contain general habitat use information including depth and velocity ranges, and substrate use, but the data is insufficient for development of HSC.  Spawning HSC was taken from Aadland and Kuitunen (2006) based on 33 observations (Pages 28-29).  These curves are corroborated by Younk et al. (1996) which indicate spawning depth is generally less than 1.0 m, velocity use 0 to 0.2 m/s, and substrate composition consists primarily of muck, silt and sand.

Adult muskellunge curves were taken from Zappia and Hayes (1998).  These curves were obtained from a third party source and are described as “generalized”.  Cover suitability was not included, though association with aquatic vegetation and woody debris was described.  Adults tend to use deeper water in the winter while summer depth use ranges between 2-3 meters (Brenden et al. 2006, Younk et al. 1996).  Brenden et al. observed movement towards stream banks at higher discharges (greater than 2,700 cfs).             
Redbreast sunfish
HSC used in the Smith Mountain instream flow study (TRPA and Louis Berger 2007) are proposed (Pages 30-32).  

Bigmouth chub
Lobb and Orth (1988) provide the only known source for bigmouth chub suitability criteria.  Depth and velocity use data for adult bigmouth chub was converted to HSC and compared to composite chub curves used in the Smith Mountain instream flow study (TRPA and Louis Berger 2007), Pages 33-34.   Based on the similarity of the curves, and the wider range in depth suitability using the composite curves, we propose to use the composite adult chub curves.  Though Lobb and Orth (1988) provide spawning depth and velocity ranges and means, there was not enough information to construct HSC.  However, their data fell within the ranges of the composite spawning HSC.  
Greenside darter
HSC from the the USFWS (1978) database are proposed (Pages 35-37).  

Logperch
HSC from the the USFWS (1978) database are proposed (Pages 38-39).  

Silver and White shiner (Common shiner as surrogate)
No specific HSC for silver or white shiner were located.  Propose to use common shiner curves from the Pigeon River, North Carolina instream flow study (RMC 1992), Pages 40-42.  HSC are plotted with common shiner from Aadland and Kuitunen (2006) for comparison.

Northern hogsucker
Propose to use northern hogsucker curves from the Smith Mountain instream flow study (TRPA and Louis Berger 2007), Pages 43-45.  HSC are plotted with HSC from Aadland and Kuitunen (2006) for comparison.

Mussels (pocketbook and purple wartyback)
We propose to use HSC for plain pocketbook (Lampsilis cardium) from Aadland and Kuitunen (2006) as a surrogate to pocketbook (Lampsilis ovata), Page 46.  Data obtained by Hart (1995), shows similar depth range and substrate composition, however velocity use was near the upper end of the Aadland and Kuitunen curve.  No HSC were found for the purple wartyback, though data on substrate use is available.  Both Hart (1995) and Layzer and Madison (1995) suggest minimums for depth and velocity, however their recommendations differ 10 fold, likely due to differences in study stream hydrology and morphology.
Physical habitat modeling in streams and rivers assumes target organism will react to changes in hydraulic conditions by moving to suitable locations with changes in stream flow.  Mussels, on the other hand are basically sedentary, and cannot react to changing flow conditions.  Some mussel species have been found to have very specific habitat requirements, consistent across geographical areas (Layzer and Madison 1995).  Suitability curves developed from site-specific data show clear preference for certain hydraulic conditions and substrate composition (Hart 1995).  However, it has also been found that these preferences may change with changes in stream discharge (Layzer and Madison 1995). 

Complex hydraulic forces (shear stress, Froude number and stream power) may be more useful in determining habitat quality and juvenile recruitment than simple hydraulic parameters (depth and velocity) generally used in HSC (Layzer and Madison 1995, Kristolic 2001).  Layzer and Madison (1995) conclude that attempts should be made to provide adequate flow and hydraulic conditions over existing beds as opposed to providing suitable conditions where mussels are absent or rare.       
Macroinvertebrates
HSC for Ephemeroptera, Plecoptera, Trichopera and community diversity were taken from Gore et al. (2001), Page 47.  
Crayfish
No viable HSC could be found for crayfish.  There are 363 species of crayfish found in North America, 25 of which are known to occur in Virginia, 14 of which also occur in West Virginia (Taylor and others 2007).  Studies on streams with multiple species, suggest that habitat partitioning occurs (Rabeni 1985, Roell and Orth 1992, DiStephano et al. 2003), and therefore differences in depth, velocity and substrate suitability is likely.  Of the three species examined by Roell and Orth, Orconectes sanbornii is not known to occur in Virginia and O. virilis is introduced.  
Gore and Bryant (1990) examined habitat utilization of O. neglectus in an Oklahoma stream.  Though they produced suitability values for depth and velocity, the criteria is site and species specific and is not applicable to other geographical areas.  They also noted a distinct difference in preferred substrate compared to another Orconectes species, O. punctimanus studied by Rabeni (1985).  O. neglectus young use cobble and gravel and adults tend to prefer aquatic vegetation, while the reverse is true for O. punctimanus.  With the apparent variability between species it is unlikely that any generalized HSC could be developed for use in the New River instream flow study.           

Hellbender
No HSC are known to exist for hellbender.  The eastern hellbender (Cryptobranchus alleganiensis alleganiensis) is found in clear, swift running streams at relatively shallow depths (Mayasich et al. 2003).  The presence of riffle areas with flat rocks, logs and other cover are considered essential for feeding and breeding activities.  
The distribution of hellbender in the New River drainage is probably limited to tributaries with the habitat characteristics described above.  Mayasich et al. (2003) indicate hellbender are found in the following tributaries of the New River; Little River, Crab Creek, Little Stony Creek, Lower Wolf Creek, Sinking Creek, and Walker Creek.  
Water willow

This aquatic macrophyte forms dense beds along stream margins and provides nursery habitat for many fish species and cover for juvenile fish during spring and summer.  Water willow beds have been found to increase streambed stability, act as catchments for stream sediment and provide habitat for many aquatic invertebrates such as insects, snails and mussels (Fritz et al. 2004b).

The relationship between water willow and instream flows is little known, though the plant appears to be persistent even after drought or flood events.  This is likely due to extensive rhizome and root systems in established beds, which prevent scouring at high flows and allow plants to access groundwater in dryer conditions.  A recent study on the effects of fluctuating reservoir levels on water willow found mortality was very low for plants exposed to extended periods of drying (Stakosh et al. 2005).  The same study found mortality increased with increasing periods of inundation, assumed to be a result of inadequate sunlight.  Similary, shading from riparian vegetation may affect the growth and density of water willow (Fritz et al. 2004a). 
During the transect selection process of the IFN study, water willow beds were included in a number of cross sections, both main channel and side channel.  The boundaries of these beds were identified during the 2007 low flow period as part of the substrate and cover coding.  Because there are no specific criteria to apply, we propose to use stage-discharge relationships developed for these transects to illustrate depths and velocities which occur at differing flow levels over the water willow beds.  Analysis of these stage-discharge relationships in the context of flow over time should provide information on the depths of the stream channel that currently support water willow and which do not, plus provide a predictive tool for presence/absence under flow release alternatives.

Riparian vegetation
The extent and proximity of the riparian zone to the water’s edge in the New River appears to be primarily a function of high flows.  Riparian vegetation acts to settle out sediment at high flows, provides shade and cover for aquatic species, is a source for woody debris recruitment into the channel and terrestrial insects as food for surface feeding fish.  Presence/absence of riparian vegetation in relation to existing and potential flow alternatives will be evaluated as described for water willow. 

Table 1.  Combined cover and substrate codes proposed for the Claytor Project, New River.  Source: North Caroline Department of Water Resources (developed by Jim Gore).

	CODE
	COVER
	SUBSTRATE

	
	
	

	1
	No cover
	and silt or terrestrial vegetation

	2
	No cover
	and sand

	3
	No cover
	and gravel

	4
	No cover
	and cobble

	5
	No cover
	and small boulder

	6
	No cover
	and boulder, angled bedrock, or woody debris

	7
	No cover
	and mud or flat bedrock

	8
	Overhead Veg
	and terrestrial vegetation

	9
	Overhead Veg
	and gravel

	10
	Overhead Veg
	and cobble

	11
	Overhead Veg
	and small boulder, boulder, angled bedrock, or woody debris

	12
	Instream
	and cobble

	13
	Instream
	and small boulder, boulder, angled bedrock, or woody debris

	14
	Proximal1
	and cobble

	15
	Proximal
	and small boulder, boulder, angled bedrock, or woody debris

	16
	Instream or Proximal
	and gravel

	17
	Overhead, Instream or Proximal
	and silt or sand

	18
	Aquatic Veg
	Aquatic vegetation – macrophytes


1Proimal Cover – within 4 feet upstream or downstream
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Table 2. Proposed habitat suitability criteria (HSC) sources for target species and life stages in the Claytor Lake (New River) Instream Flow Needs Study.

	Species
	Life Stage
	Primary HSC Source(s)
	Secondary HSC Source (Reference)
	Notes

	Rock bass
	Fry

Juvenile

Adult

Spawning
	Leonard et al. 1986, depth and velocity + spawning substrate/cover
	Aadland and Kuitunen 2006; Fry, juvenile and adult substrate/cover 
	

	Smallmouth bass
	Fry

Juvenile

Adult

Spawning
	Leonard et al. 1986
	RMC 1992
	Used in Smith Mountain and Clover IFN studies – Roanoke (Staunton) River

	Flathead catfish
	Adult

Spawning

(Winter)


	Malindzak 2006; Daugherty and Sutton 2005
	Lee and Terrell 1987 (velocity from HSI model only)
	

	Channel catfish
	Juvenile

Adult

Spawning


	Herricks et al. 1980; juvenile cover and substrate Gore 2006
	None
	Used in Smith Mountain and Clover IFN studies – Roanoke (Staunton) River

	Muskellunge
	Adult Spawning


	Aadland and Kuitunen 2006, spawning; Zappia and Hayes 1998, adult
	Brenden et al. 2006
	Zappia and Hayes 1998 Not original source of adult curves 

	Redbreast sunfish
	Fry

Juvenile

Adult

Spawning
	RMC 1992 
	None
	Used in Smith Mountain and Clover IFN studies – Roanoke (Staunton) River


	Bigmouth chub
(Composite chub)  
	Adult

Spawning
	Leonard et al. 1986 (composite velocity and depth)

Gore 2006 (adult cover and substrate)
	Lobb and Orth 1988 (spawning substrate adjustment)
	Composite chub used as surrogate curve in Smith Mountain and Clover IFN studies – Roanoke (Staunton) River

	Greenside darter
	Fry

Juvenile

Adult

Spawning
	USFWS 1978 
	None
	Also composite darter adult  Gore 2006

	Logperch
	Adult

Spawning
	USFWS 1978; 


	Aadland and Kuitunen 2006
	

	Common Shiner  (Silver Shiner, White Shiner)

	Fry/Juvenile

Adult

Spawning
	RMC 1992


	Aadland and Kuitunen 2006; 8 species, no silver shiner
	Common shiner used as surrogate

	Northern hogsucker
	Yoy

Adult

Spawning
	Leonard et al. 1986
	Aadland and Kuitunen 2006
	Used in Smith Mountain and Clover IFN studies – Roanoke (Staunton) River

	Pocketbook mussel
	Adult


	Aadland and Kuitunen 2006; (Plain pocketbook) 
	Hart 1995; Layzer and Madison 1995 
	

	Purple wartyback mussel
	Adult


	????
	Aadland and Kuitunen 2006 (9 species)
	No specific HSC information found on this speices 

	Macro-invertebrates
	NA
	Gore et al. 2001
	
	Generic Ephemeroptera, Plecoptera, Trichoptera curves; Also Community Diversity Curves


	Crayfish
	Adult


	See text
	
	Refer to specialist

	Hellbender
	Adult


	See text
	
	Refer to specialist

	Water willow
	NA


	None 
	
	Use relationship between water surface levels and inundation?

	Riparian vegetation
	NA


	None
	
	Use water surface levels from PHABSIM transects 
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Rock Bass Velocity HSC – Leonard et al. 1986





�





�





�





�





Rock Bass Depth HSC – Leonard et al. 1986
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Rock Bass Cover/Substrate HSC – Leonard et al. 1986
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Rock Bass Fry and Adult Velocity and Depth HSC – Compare





�





�





�





�





Smallmouth Bass Velocity HSC – Leonard et al. 1986, RMC 1992
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Smallmouth Bass Depth HSC – Leonard et al. 1986, RMC 1992
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Smallmouth Bass Cover/Substrate HSC – Leonard et al. 1986, RMC 1992
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Flathead Catfish Velocity HSC – Compare
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Flathead Catfish Depth HSC – Compare
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Flathead Catfish Cover/Substrate HSC – Compare





�





�











�





Channel Catfish Velocity HSC – Herricks et al. 1980
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Channel Catfish Depth HSC – Herricks et al. 1980
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Channel Catfish Cover/Substrate HSC – Herricks et al. 1980
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Muskellunge Velocity and Depth HSC
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Muskellunge Cover/Substrate HSC
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Redbreast Sunfish Velocity HSC – RMC 1992
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Redbreast Sunfish Depth HSC – RMC 1992
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Redbreast Sunfish Cover/Substrate HSC – RMC 1992
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Bigmouth (composite) Chub Velocity and Depth HSC – Spawning (Leonard et al. 1986)
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Bigmouth (composite) Chub Cover/Substrate HSC – Gore 2006; Lobb and Orth 1988
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Greenside Darter Velocity HSC – USFWS 1978
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Greenside Darter Depth HSC – USFWS 1978
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Greenside Darter Cover/Substrate HSC – USFWS 1978
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Logperch Velocity and Depth HSC – USFWS 1978
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Logperch Cover/Substrate HSC – USFWS 1978
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Common Shiner Velocity HSC
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Common Shiner Depth HSC
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Common Shiner Cover/Substrate HSC
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Northern Hogsucker Velocity HSC
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Northern Hogsucker Depth HSC
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Northern Hogsucker Cover/Substrate HSC
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Pocketbook Mussel HSC – Aadland and Kuitunen 2006
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Macroinvertebrate HSC – Gore et al. 2001
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