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Instream Mining in North Carolina

Chris Hite (N.C. Department of Environment and Natural Resources, Division of Land Quality, 1612 Mail Service Center, Raleigh, NC 27699-1612; 919-733-4574; FAX 919-733-2876; chris.hite@ncmail.net)

A brief overview of instream mining in North Carolina will be presented, as well as addressing the processes involved in permitting, operating, and reclaiming these operations.

Stream Morphology and Sediment Transport 

Alan Walker (USDA Natural Resources Conservation Service 589 Raccoon Road, Suite 246, Waynesville, NC 28786; 828/456-6341, Ext. 5; alan.walker@nc.usda.gov)

This stream classification system developed by Dave Rosgen, (Wildland Hydrology) is a consistent tool for people to discuss streams and rivers.  An overview of the classification system and the measurements needed to classify a stream are imperative in understanding sediment transport in streams.  A natural stream is said to achieve stability provided that a stable dimension, pattern, and profile are maintained over time so that the stream neither aggrades nor degrades.  A stable stream must be able to consistently transport its sediment load, both in size and type.  An understanding of bankfull and identifying bankfull indicators in the field are essential in the classification and assessment of a stream reach.  As streams are classified using the system developed by Dave Rosgen and understanding of the relationship between the stream type and sediment transport are developed.  Many activities can influence the ability of a stream to transport its sediment and many activities have attempted to “stabilize” streams.  In efforts to “stabilize streams” and reduce flooding concerns streams have been straightened, dredged, and levees have been constructed to contain floods within one large channel.  1) As channel widths were increased to increase channel capacity the width/depth ratio was increased.  An increased width/depth ratio can reduce shear stress therefore reducing the ability of a stream to transport its sediment load.  2) Straightening streams to increase sediment transport therefore increasing the channel slope and mean flow velocity.  Increasing channel slope changes the velocity gradients that occur naturally in stream systems.  Streams release their energy through a system of pools and riffles, as streams are straightened these velocity gradients are moved to the streambanks as the will stream naturally attempt to re-establish the pattern and slope at the lower elevation.  This results in excessive streambank erosion and excess sediment being deposited in the stream system.  There is delicate balance that exists with channel dimension, pattern and profile and the ability of a stream to function in a “stable” condition.  Alteration of these variables without proper field measurements and documentation to support decisions can result in negative impacts throughout a stream reach or perhaps even a watershed.
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Scale Considerations for Instream Sand and Gravel Mining Impacts in North Carolina

David A. Braatz (P.O. Box 114, Mt. Mourne, NC 28123; 704/892-3694; dabljj@ix.netcom.com)

Sediment is a tremendous water quality problem.  Prof. D.E. Walling (Exeter, UK) recently reviewed the economic costs of erosion and sediment problems, and estimated the global cost of onsite and offsite impacts of soil erosion at $400,000,000,000 per year (IAHS, Nov 2001).  This estimate considered agricultural impacts alone, and excluded other sediment impacts such as from construction, forestry, development, road building, mining, and natural flood damage.  In constrast, the sand and gravel industry in North Carolina in 1998 was valued at $58,000 (USGS 1999).  The annual production of industrial sand and gravel in NC in 1998 was under 11,000 tons, and the incidental sediment transport attributable to the industry (i.e., the mass of suspended and/or bedload sediment causing negative impacts) is arguably a small fraction of the total production.  In contrast, the US Geological Survey has measured high levels of annual sediment transport in mountain streams (e.g., 110,000 tons per year in the Little Tennessee River at Needmore, below Lake Emory), and has measured sediment transport rates in piedmont streams as high as 182,000 tons per day (e.g., Yadkin River).  

Sediment impacts have frequently been identified as the primary water quality impact in individual states (including NC), as well as nationwide (EPA).  Sedimentation impacts in North Carolina are unquestionably of tremendous biological, physical, and economic significance, and need to be addressed more effectively.  Such a pervasive problem mandates that we utilize our limited resources wisely in addressing that problem.   The spectrum of "solutions" that we consider targeting at specific sources or causes - through regulation, stabilization, restoration, incentives, mitigation, or technology to reduce sediment impacts - must maintain a common-sense balance with respect to the overall sediment issue in the state.  This paper offers a variety of perspectives on sand and gravel mining impacts, to assist in prioritizing such water quality problems and to maximize the likely return on our efforts to improve water quality.

Impacts of Gravel Mining on Stream Ecosystems

Arthur V. Brown (University of Arkansas, Dept. of Biological Sciences, Fayetteville, AR 72701; 501/ 575-6357, FAX 501/575-8434; artbrown@uark.edu)
Impacts of gravel mining on stream geomorphology, sediment dynamics, biofilm, invertebrates, and fish assemblages were studied in three Ozark streams.  The parameters were examined upstream, on-site, and downstream of a large mining area on each stream.  In addition, invertebrates and fish assemblages were studied in disturbed and reference riffles at each of 10 other, smaller sites.  The removal of gravel significantly altered the stream channel form, fine particle dynamics between riffles and pools, aggradation and degradation of bedload, turbidity, and the entire stream community structure.  The percentage of riffle area per reach was much less in impacted areas.  Pools were extremely long, wide, and shallow, encouraging the growth of algae and algivorous minnows (Campostoma anomalum).  Density and biomass of large invertebrates (e.g., crayfish) and density of smaller invertebrates were reduced in the more frequently mined small sites.  Densities of all families of fishes were less abundant in pools at and below large mining sites.  Silt-sensitive species of fish were less abundant downstream.  Effects are obvious for kilometers upstream as well as downstream from mines.  Stream geomorphology was altered by the reduction of bedload, not by how it was removed.  Because of this it would be impossible to effectively mitigate the impacts of mining in stream channels.    


Monitoring Stream Fish Populations: Effects of Seining Effort on Species and Individual Capture Rates in Small Piedmont Streams

Youth Partners of the Museum of Life and Science and Chad Hallyburton (Museum of Life and Science, 433 Murray Ave., Durham, NC 27704; 919/220-5429 ext. 353; FAX 919/220-5575; chadh@ncmls.org)
Teen Youth Partners of the Museum of Life and Science’s Natural Resources Action Team evaluated the effects of seining effort on species and individual fish capture rates in three small Piedmont streams.  Youth Partners seined 200-meter stream reaches for 40-60 minutes in 10-minute increments, recording cumulative species and total individuals captured after each increment.  Using graphical analysis, the Youth Partners found that 40-60 minutes of seining gave a realistic approximation of the fish species inhabiting a stream reach.   However, the same sampling effort did not appear to realistically describe the total number of individual fishes in a reach.  Therefore, this sampling protocol may be used when surveying for species presence/absence, but cannot serve to estimate total population size.

Contribution of Stocked Fingerling Brown Trout in the Lake James Tailrace, North Carolina

Doug Besler (North Carolina Wildlife Resources Commission, 645 Fish Hatchery Rd., Marion, NC 28752;

828/659-8684, FAX 828/652-3279; beslerda@wnclink.com) 

The Lake James tailrace extends for 29 km in western North Carolina.  Hypolimnetic releases provide suitable temperatures for trout, but seasonally low dissolved oxygen levels and a heavy bedload of sand were seen as potential limiting factors to a quality trout resource.  The North Carolina Wildlife Resources Commission (NCWRC) has managed the upper 1 km of the tailrace as a put-and-take trout fishery for over 30 years.  The NCWRC began annual stockings of 25,000 brown trout Salmo trutta fingerlings into the upper 18-km of the tailrace in 1996.  This study was conducted to determine if stocking fingerling brown trout is a suitable management strategy for maintaining a brown trout population in the tailrace.  Twenty-five thousand brown trout fingerlings were coded wire tagged and stocked in May 2000 (mean, 90 mm) and 2001 (mean, 86 mm).  Twenty-three sites were boat electrofished in September 2000 and 2001.  Overall, 88% of age-0 brown trout in 2000 (N=81) and 75% in 2001 (N=109) were tagged.  Tagged age-0 brown trout growth varied little between 2000 (18.2 mm/month) and 2001 (16.6 mm/month).  In addition, 36 tagged age-1 brown trout (mean, 291 mm) were captured in 2001, indicating growth past age-0 is good.  Preliminary results of this study indicate that spring stocking fingerling brown trout is maintaining a quality brown trout population in the tailrace.

Fish Population Variation in North Carolina's Coldwater Streams

James C. Borawa (North Carolina Wildlife Resources Commission, 37 New Cross North, Asheville, NC  28805-9213; 828/299-7023; borawajc@earthlink.net)
Seventeen coldwater streams were monitored from 1989 to 1996 to evaluate annual variation in fish population characteristics.  Using backpack electrofishing gear and three-pass depletion sampling techniques, trout and nontrout densities, standing crops, length-frequency distributions, and relative weights were assessed.  Thirty-six fish species and one natural trout hybrid were collected.  The number of nontrout species captured in a given stream varied from 0 to 21.  Generally, fewer nontrout species were collected at higher elevations.  While young-of-year trout (<100 mm) were the most variable group, there was little evidence that natural reproduction was a limiting factor.  Stock size trout (>100 mm) were less variable than young-of-year and mean lengths of trout >177 mm varied little from year to year within streams.  Brook trout Salvelinus fontinalis and rainbow trout Oncorhynchus mykiss >250 mm were rarely captured, whereas 7% of brown trout Salmo trutta captured exceeded that size.  Mean relative weights (Wr) ranged from 89 for brook trout to 93 for brown trout.  Trout and nontrout species occurrences, densities, and standing crops in the present survey were, in most cases, equal to or greater than those collected from the same streams in the mid-1960s and early 1980s.  No definitive trends in these characteristics were identified.

Swimming Up the Blue Wall: Fish Assemblages along the Blue Ridge Escarpment (Toxaway and Horsepasture Rivers), Transylvania County, North Carolina

Jason L. Robinson* (North Carolina State University, Department of Zoology, Box 7617, Raleigh, NC 27695-7617; 919/515-6146, FAX: 919/515-5327; jlrobins@unity.ncsu.edu)

Peter S. Rand (North Carolina State University, Department of Zoology, Box 7617, Raleigh, NC 27695-7617; 919/515-6146, FAX: 919/515-5327)
The recent acquisition of land holdings in Transylvania County by NCDENR sparked a series of investigations into the biotic communities in these lands.  This study describes patterns in stream habitats, and fish assemblages in the Jocassee Gorges section of Transylvania County, NC.  This area constitutes a large fraction of the total Savannah River basin acreage within NC, and several endemic fish species were known or believed to occur within the study area.  Our primary objective was to locate ‘rare’ species (per Natural Heritage Program records), and to describe habitat associations for each species, to facilitate management.  A secondary objective was to establish pre-development conditions of aquatic resources, prior to any development by Gorges State Park (~9600 acres are under the Park jurisdiction).  We used multivariate statistical techniques to analyze fish and invertebrate collections.  Strong elevational patterns in fish distributions were observed.  These patterns are most easily explained by the presence of waterfalls and other barriers to migration.  A ‘lower gorge’ ichthyofauna, containing 3 of the Natural Heritage Program listed species, (and two additional NC/Savannah fish records), was shown from clustering procedures (based on site similarities).  Habitat relationships are discussed, including hypothetical effects of the 1916 Toxaway Flood.

Abundance and Movement of Introduced Riverine Flathead Catfish in Contentnea Creek, North Carolina: Analysis of Capture-recapture and Radio Telemetry Data

William E. Pine, III* (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; wepine@unity.ncsu.edu)

Thomas J. Kwak (North Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University , Campus Box 7617, David Clark Labs, Raleigh, NC 27695)

James R. Rice (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695)

The flathead catfish Pylodictis olivaris is a large piscivorous catfish introduced into at least thirteen states, including North Carolina.  It was introduced into North Carolina in 1966 when 11 adults were released into the Cape Fear River.  Within 15 years, flathead catfish occupied 230 km of the river and were the dominant predator within the system.  The current distribution of this species includes most North Carolina river drainages.  Capture-recapture population estimates in Contentnea Creek (Neuse River Drainage) during the spring and summer 2001 were high and variable, ranging from 60 to over 400 fish per 2-km sample reach.  Additional analysis showed high rates of temporary emigration with up to 98% of the tagged fish leaving the site for some duration.  Radio telemetry results from the same sample reach support the high emigration estimates from capture-recapture data.  Most radio-tagged fish emigrated from the study site throughout the summer, with a few fish returning to the study reach for short time periods.  Our results document much greater movement than previously documented for flathead catfish, with some fish commonly moving long distances (~20-km) from their original tagging location.  These findings represent new information on the ecology of introduced flathead catfish in North Carolina, which may be incorporated into management planning.

An Evaluation of Anadromous Fish Spawning Runs in the Roanoke River, North Carolina Using a Fishwheel and Stationary, Split-beam Hydroacoustics

David A. Hewitt* (North Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; 919/513-2471; dave_hewitt@ncsu.edu)
Joseph E. Hightower (North Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; 919/515-8836; jhightower@ncsu.edu) 

We used a fishwheel and stationary, split-beam hydroacoustics to monitor the spawning runs of anadromous fishes in the lower Roanoke River, NC. Our results indicate that both technologies have limitations in southeastern coastal rivers, but that both can provide valuable information about the timing and magnitude of spawning runs. Fishwheel catches of anadromous fishes in 2000 totaled only 609; striped bass Morone saxatilis were the most abundant species (335). Catches increased greatly during the 2001 season due to a larger run of blueback herring Alosa aestivalis and a likely increase in fishwheel effectiveness. We captured 4950 anadromous fish; blueback herring (3630) and striped bass (1166) were the most abundant species. Hickory shad, American shad, and alewife were also captured in smaller numbers. Daily fishwheel catches appear to accurately describe the timing of the runs for species that are captured in sufficient number. The fishwheel has good potential for providing an annual index of relative abundance for these species. Hydroacoustic methods appear to provide a reliable second measure of the abundance (relative and absolute) and timing for hickory shad, blueback herring, and striped bass. The combination of the two methods provides important, detailed information about the spawning runs of anadromous fishes.


Shallow Water Fish Habitat: The Good, Bad, and Ugly

Hugh Barwick (Duke Energy, 13339 Hagers Ferry Road, Huntersville, NC 28078; 704/875-5459; dhbarwic@duke-energy.com)

Shallow water fish habitat is important as spawning, rearing, and feeding areas for many species of fish common in our North Carolina reservoirs.  Due primarily to concerns expressed by the natural resource agencies to the potential habitat degradation resulting from increased residential development in reservoir riparian areas, Duke Power has devoted considerable manpower in recent years to mapping these habitats and evaluating their importance for lake-use restrictions.  Our findings have been somewhat surprising in that fish do not appear to respond necessarily to a specific type of habitat but more to the characteristics created by the habitat.  The most used habitats by fish and presumed to be “good” habitats (e.g., vegetated areas, woody debris, and riprap) are those that provide complex structure.  The least used habitats and presumed to be “bad” habitats (e.g., clay and sand substrates) are those that provide little or no complex structure.  The “ugly” habitats (e.g., bulkheads, riprap, and piers) are those that are characterized as such from a human perspective.  However, this perspective may or may not be confirmed by the responses of fish.

Fish Populations Associated with Habitat-Enhanced Piers and Woody Debris in Piedmont Carolina Reservoirs

Robert D. Barwick* (North Carolina Cooperative Fish and Wildlife Research Unit, Box 7617, North Carolina State University, Raleigh, NC 27695-7617; 919/816-8347, 919/513-2696, FAX: 919/515-4454; rdbarwic@unity.ncsu.edu)

Thomas J. Kwak (North Carolina Cooperative Fish and Wildlife Research Unit, Box 7617, North Carolina State University, Raleigh, NC 27695-7617; 919/816-8347, 919/513-2696, FAX: 919/515-4454; tkwak@ncsu.edu)

Richard L. Noble (North Carolina State University, Department of Zoology, Box 7617, Raleigh, NC 27695-7617; 919/515-6146, FAX: 919/515-5327; richard_noble@unity.ncsu.edu)

D. Hugh Barwick, (Duke Power, 13339 Hagers Ferry Road, Huntersville, NC 28078; 704/875-5459, FAX 704/875-5032; dhbarwic@duke-energy.com)

One concern associated with reservoir residential development is the loss of littoral habitat complexity.  A potential approach to compensate for these losses is to employ artificial habitat modules under existing piers, but the benefit of this practice on developed reservoirs has not been demonstrated.  To determine the effect of pier habitat modifications, 86 piers located on 39, 100-m transects on two Piedmont Carolina reservoirs were selected for enhancement using fish hab modules augmented with brush (BHP), hab modules alone (HP), or as reference piers with no modification (RP).  Fish were sampled from all piers and transects in April, July, and October 2001.  Generally, throughout all seasons, catch rates were higher at BHP and HP sites than at RP sites.  Similarly, fish abundance was generally higher on transects containing woody debris, brushed hab piers, or habbed piers than transects containing reference piers during spring and summer.  However, few differences were observed during fall.  On these reservoirs, fish abundance associated with developed shorelines appears to be related to the structural complexity of the habitat, even though the composition of the structure differs.  This approach may serve as an effective management technique to enhance littoral habitat complexity in residentially developed reservoirs.

The Effects of Shoreline Hardening on Fish Assemblages in Five North Carolina Coastal Rivers.
Christian T. Waters* (North Carolina Wildlife Resources Commission, 1973 Daly Waldrop Rd., Kinston, NC 28504; 252/208-7764; watersct@coastalnet.com)

Chad D. Thomas (North Carolina Wildlife Resources Commission, 200 Joanna Drive,, Elizabeth City, NC 27909; 252/335-4961; thomascd1@earthlink.net)

Throughout the coastal plain of North Carolina, the amount of shoreline modified under the auspices of shoreline stabilization has increased in recent years.  To evaluate the impact of these modifications, we assessed the fish communities and habitat along riprap and bulkhead shorelines throughout five coastal river systems.  We sampled the fish community at 14 sites per shoreline habitat type using a boat-mounted electrofishing unit.  Water quality, depth, vegetation abundance, and woody structure abundance were also evaluated at each site.  Fish abundance and species richness were significantly higher along riprap when compared to bulkhead.  On average, there were twice as many fish collected at riprap sites versus bulkhead sites, and three-times as many gamefish.  In addition, there were three more species of fish and two more species of gamefish collected on average along riprap.  We attribute this disparity to differences in the complexity of the habitat associated with each shoreline hardening device, specifically depth at the shoreline and the occurrence of woody structure.  Depth was significantly shallower and woody structure was more abundant along riprap than bulkhead.

The Analysis of a Blue Catfish Population in a Southeastern Reservoir: Lake Norman, North Carolina

Joseph D. Grist* (Virginia Tech, Department of Fisheries and Wildlife Sciences, Blacksburg, VA 24061-032; 540/ 231-3329 FAX: 540/231-7580; jgrist@vt.edu)

Brian R. Murphy (Virginia Tech, Department of Fisheries and Wildlife Sciences, Blacksburg, VA  24061-0321, 540/ 231-6959 FAX 540/231-7580; murphybr@vt.edu)
An assessment of the blue catfish Ictalurus furcatus population in Lake Norman, North Carolina was conducted to improve the current state of knowledge regarding the ecology of this introduced blue catfish population.  Length, weight, and age data from incidental catches of blue catfish by Duke Power Company during spring 1999 and 2000 were used to describe age-and-growth characteristics.  Comparisons between Lake Norman and Santee-Cooper, SC blue catfish indicated similar trends in condition, where mean relative weights increased with length, while comparisons of Lake Norman, Lake Texoma, OK, and Kentucky Lake, TN, indicated mean lengths-at-age of blue catfish in Lake Norman were smaller than the other lakes.  Stomach contents were identified seasonally to describe the diet of blue catfish in Lake Norman.  The diet composition of blue catfish in winter consisted primarily of aquatic plants (Charaphytin) and fish; however, during the spring and summer Asiatic clams Corbicula fluminea were the dominant food item while fish decreased in overall occurrence.  Fall diet composition analysis indicated a decrease in Asiatic clam intake from the summer, while fish and aquatic plants amounts increased.  Blue catfish in Lake Norman are in good condition, with slow growth rates, and have a diverse and seasonally variant diet composition of primarily Asiatic clams, fish, and aquatic plants. 

Forage fish dynamics in Lake Norman, North Carolina.

David J. Coughlan* (Duke Energy, 13339 Hagers Ferry Road, Huntersville, NC 28078; 704/875-5236; djcoughl@duke-energy.com)

Scott Van Horn (North Carolina Wildlife Resources Commission, 1142 I-85 Service Road, Creedmoor, NC 27522; 919/528-9886; vanhorsl@mail.wildlife.state.nc.us)

Purse seine samples from lakes Rhodhiss and Norman, NC, suggest differences in clupeid population dynamics in the two reservoirs.  Rhodhiss samples are characterized by shifts in species composition between threadfin shad (Dorosoma petenense) and gizzard shad (Dorosoma cepedianum).  The length frequency distributions of the clupeid catch vary accordingly.  Lake Norman samples collected from 1993-1998 were dominated by young-of-the-year threadfin shad (>99.9%).  Small mesh gill nets fished in concurrent years at depths <10 m suggest larger clupeids of both species are present in near shore areas of Lake Norman not sampled by purse seining.  Differences in the catch of the two gears suggest differences in how threadfin and gizzard shad are distributed in lakes Rhodhiss and Norman.  In 1999 the first purse seine catches of alewife (Alosa  pseudoharengus) were made in Lake Norman and their contribution to more recent samples has increased dramatically.  Alewives were introduced by anglers to improve forage for striped bass (Morone saxatilis).  While the new addition has added complexity to the forage species mix and size distribution of the purse seine catch at Norman, striped bass relative weights obtained from winter gill netting and fishing tournaments appear unchanged.


Development of Mechanistic Models for Description of Larval Yellow Perch Predation Vulnerability in an Ecosystem-specific Context.

Richard Fulford* (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; rsfulfor@unity.ncsu.edu)
James A. Rice (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695)
Annual variation in larval mortality is a major source of recruitment variability in fishes. Research shows predation is often an important component of larval mortality, and may occur in a relatively narrow size window.  The ratio of predator size to larval size is a good descriptor of this predation window for larval fish.  Mechanistic predation models are often based on general relationships between size ratio and capture probability for a non-specific predator.  However, these general models may not adequately describe predator-prey relationships when applied in a system-specific context.  We investigated how larval yellow perch, Perca flavescens, size-dependent vulnerability to predation differed among several potential predators in the southern Lake Michigan system.  We conducted behavioral experiments with yellow perch larvae (5-20 mm TL); and adult yellow perch (100-150 mm TL), white perch, Morone americana, (80-100 mm TL) and alewife, Alosa pseudoharengus, (100-200 mm TL) as predators.  These data were used to build several structurally different models of the size ratio-capture probability relationship.  These models were compared to each other, and to more generalized models described in the literature, for optimal fit within predator taxa and consistency of fit between taxa.  Our results show that the size ratio-vulnerability relationship differs among predator species and that the predictive power of mechanistic models used to describe predation vulnerability in specific systems will be enhanced when these differences are taken into account.  

Acoustic Assessment of Spatial Overlap and Trophic Interactions of Fish Grazers and Planktonic Prey in a Shallow Stratified Estuary

J. Christopher Taylor* (North Carolina State University, Department of Zoology, Center for Marine Sciences and Technology, 303 College Circle, Morehead City, North Carolina 28557; 252/222-6322; FAX: 252/222-6311; Chris_Taylor@ncsu.edu)

Peter S. Rand (North Carolina State University, Department of Zoology, Box 7617, Raleigh, NC 27695-7617; 919/515-6146, FAX: 919/515-5327)
Juvenile pelagic fishes are integral members of many coastal river communities.  While residing in coastal estuaries as juveniles, pelagic fishes respond to the biotic and abiotic environment over a continuum of spatial and temporal scales. Many of these systems are strongly influenced by variable wind stress that can increase heterogeneity in estuarine habitat for fishes. It is expected that exposure to suboptimal habitats, exacerbated by deleterious water quality, can result in sublethal effects on individuals that ultimately lead to declines in system-wide production and trophic inefficiencies. Therefore, to increase our understanding of marine and estuarine fishes in coastal rivers, we must take into consideration spatio-temporal scales of environmental variability and the scale-specific response of the target species or community. Typically, assessments of estuarine fish populations have utilized trawl surveys, which are generally limited to coarse spatial and temporal scales and are unable to resolve patterns in vertical distribution of pelagic species. We have been using mobile and fixed sonar surveys within the Neuse River Estuary System, North Carolina, USA to assess distribution and behavioral patterns of pelagic fishes at a broad range of spatial scales in response to diel and seasonal changes in water quality including stratification, hypoxic events and plankton dynamics.  These spatially-explicit data are critical for developing trophic dynamic models that predict the response of fish communities to anthropogenic and storm impacts on the system. Results from our study suggest that episodic stratification-induced hypoxic events cause spatial separation between plankton and the grazing fishes.  

Density-Dependent Growth and Survival of Juvenile Spot: Indirect Effects of Estuarine Hypoxia?

James A. Rice* (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; jim_rice@ncsu.edu)

Larry B. Crowder (Duke University Marine Lab, Beaufort, NC 28516‑9721)
While many organisms exhibit density-dependent growth and/or survival, some fisheries scientists have hypothesized that the density of juvenile estuarine-dependent fishes is constrained by the number of larvae transported to nursery areas, and typically remains below carrying capacity, preventing food limitation and density-dependent effects.  This question has gained additional significance as hypoxic conditions due to excessive nutrient loading substantially reduce the amount of available habitat.  We conducted two experiments to test for density-dependent growth and survival of juvenile spot leiostomus xanthurus.  In the first experiment fish were placed in 1-m2 cages in an estuarine marsh creek at densities of 0, 2, 5, and 10 fish/m2 (6 replicates each) and their growth and survival were determined after 51 d.  In the second experiment spot were stocked in 79-m2 pond sections at densities of 0, 2, 5 and 10/m2 (2 replicates each) and their growth and survival were determined after 52 d.  Benthic core samples were also taken to assess the effects of spot densities on infaunal prey.  In both experiments spot growth and survival were significantly reduced as fish density increased.  Growth rate increased 5 to 30-fold as spot density declined from 10 to 2 fish/m2, and P(mortality) increased 2 to 5-fold with increasing spot density.  At the end of the pond experiment, densities of benthic meiofauna commonly fed upon by spot declined significantly with increasing spot density.  Estimates of spot density gleaned from the literature indicate that these density-dependent effects occur well within the range of realistic field densities.  These results suggest that hypoxic events may have substantial indirect effects on fish populations as habitat reductions (often 30-50%) result in increased densities in remaining habitat.

Hypoxia-induced Growth Rate Reductions in Juvenile Estuary-dependent Fishes 

Regan A. McNatt* (North Carolina State University, Department of Zoology, Campus Box 7617, Raleigh, NC 27695-7617; 919/515-4596; regan_mcnatt@ncsu.edu)

James A. Rice (North Carolina State University, Department of Zoology, Campus Box 7617, David Clark Labs, Raleigh, NC 27695)

As eutrophication of coastal waters increases, water quality issues such as hypoxia have come to the forefront of environmental concerns in North Carolina.  Many fisheries in North Carolina are dependent on estuaries for essential nursery habitat.  Chronic hypoxia during the summer has become a common occurrence in North Carolina estuaries, increasing the exposure of juvenile fish to hypoxic conditions.  We conducted a laboratory study to investigate how varying degrees of hypoxia affect growth rates of juvenile spot (Leiostomus xanthurus) and Atlantic menhaden (Brevoortia tyrannus) at two different temperatures.  For a two week period we exposed fish to one of four constant dissolved oxygen levels, 6.0, 4.0, 2.0, or 1.5 mg O2/L, at one of two temperatures, 25oC or 30oC.  A fifth dissolved oxygen level was included for spot at 30oC, which fluctuated from 10.0 mg O2/L during the day to 2.0 mg O2/L during the night. This diel fluctuation mimics the natural DO cycle in tidal estuarine creeks.  Growth measurements were recorded at the beginning, middle, and end of experiments.  In all trials growth rates at 1.5 mg/L were significantly lower than growth rates in the 6.0, 4.0, 2.0 mg O2/L, and fluctuating treatments.  The decline in growth rate ranged from a 31% - 89% reduction among trials.  Hypoxia is often associated with fish kills which attract attention in the media and research.  However, sublethal levels of hypoxia typically are more prevalent and may affect fish on a more frequent basis.  Hypoxia does not need to be lethal to have detrimental effects on juvenile estuary-dependent fishes.

Is the Endangered Cape Fear Shiner Limited by Physical Habitat?  A Suitability Analysis

Amanda K. Howard* (North Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University, Campus Box 7617, David Clark Labs, Raleigh, NC 27695; akhoward@unity.ncsu.edu)
Thomas J. Kwak (North Carolina Cooperative Fish and Wildlife Research Unit, North Carolina State University, Campus Box 7617, David Clark Labs, Raleigh, NC 27695)

W. Gregory Cope (North Carolina State University, Department of Environmental and Molecular Toxicology, Box 7633, Raleigh, NC 27695-7633)
The Cape Fear shiner, Notropis mekistocholas, is a recently described cyprinid, endemic to the Cape Fear River Basin, North Carolina.  It is known today from only five declining populations and is federally endangered.  Determining habitat requirements of the Cape Fear shiner is critical to the species’ survival and restoration.  Cape Fear shiner microhabitat use was obtained by snorkeling at two sites in the Rocky River and one in the Deep River.  Available habitat was characterized using the line-transect method at the same three sites and two others, one extirpated site and one low-density site.  Cape Fear shiners proportionately used microhabitats that were significantly different in depth, velocity, substrate composition, and cover than those available.  At some individual sites, velocity and substrate composition of the microhabitats were occupied in proportion to their availability.  Physical habitat measurements in an extirpated reach of the Rocky River revealed that suitable substrate composition and cover for the Cape Fear shiner exists at that site, but suitable depth and velocity may be limited.  These findings, combined with water quality analyses, will help determine important factors limiting the density and distribution of the Cape Fear shiner. 
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