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Abstract: Water-supply development has been linked to changes in streamflow patterns, which can affect stream biodiversity. Relations of hydrologic, water-quality, and landscape parameters to stream fish and macroinvertebrate-assemblages were evaluated at 43 Pinelands stream reaches as part of a multiagency cooperative effort. Nearly 3 years of daily flow data prior to and encapsulating the sampling period were developed using records from nearby indexed continuous streamflow gages. Macroinvertebrate samples were collected during low- and high-flow periods in 2004 and 2005. Corresponding data on water chemistry, physical conditions, and landscape configuration were collected. More than 170 flow parameters accounting for duration, frequency, magnitude, timing, and rate of change of flow events were calculated. Patterns in fish and macroinvertebrate-assemblage structure among sites were examined using nonmetric multidimensional scaling (NMS) and general linear modeling (GLM) techniques. The primary NMS axis and indices of assemblage condition were significantly related to changes in flow regime (e.g., high- and low-flow duration, flashiness), instream habitat, and landscape alteration. GLM results are being used to identify hydrologic parameters associated with ecosystem disturbance, develop predictive flow-ecology response relations, assess withdrawal effects on assemblage structure, and provide water managers with a strong scientific basis for establishing targeted limits on hydrologic changes for maintaining aquatic health.
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The Kirkwood-Cohansey Project is a multiagency study that includes the Pinelands Commission, U. S. Geological Survey, U.S. Fish and Wildlife Service, Rutgers University, and the New Jersey Department of Environmental Protection.

Project Location – USA, Atlantic Coastal, New Jersey. The environmental setting for the Kirkwood-Cohansey Project includes several Pinelands watersheds that represent a range of hydrologic, geological, land-cover, and ecological conditions. The Pump Branch/Albertson Brook, Morses Mill Stream, Bass River, Rancocas Creek, Mullica River, Cedar Creek, and Batsto River systems are the primary study areas for stream-assemblage investigations. These drainages include a range of stream orders, water-quality conditions, and land-use characteristics. Intermittent-pond vegetation, anuran larval-development, forested wetlands, and swamp pink (Helonias bullata) studies are also being conducted within the study areas. Relations at the local and landscape scale are being developed.

Study Area (km2): Study Area is the Pinelands National Reserve (PNR) created by Congress under the National Parks and Recreation Act of 1978. The PNR is the first National Reserve in the nation. The PNR encompasses approximately 4,452 km2 covering portions of seven counties and all or parts of 56 municipalities.

Aim/Purpose: Assess the probable ecological effects of induced stream-flow and groundwater-level changes on aquatic and wetland communities and evaluate the hydrologic effects of groundwater diversions from the Kirkwood-Cohansey aquifer on stream flows and wetland water levels as per New Jersey Public Law 2001, Chapter 16.
Objectives: Evaluate flow-ecology linkages by developing ecological response models relating fish and invertebrate-assemblage response to changes in streamflow processes. Assess the effects of water-level changes on wetland communities and develop broad landscape models that use projected changes in water levels to predict the effect on wetland communities including endangered species (e.g., Swamp Pink). 

Specific Activities and Methods: Stream assemblage sampling, flow monitoring, water-quality & field parameters, habitat and stream vegetation, GIS Data –Land use/cover. Water level mapping, establish and maintain a continuous streamflow-gaging station at a downstream end of each study area, quantify and balance the major water-budget components (precipitation, ET, surface runoff, withdrawals, groundwater discharge to streams, changes in storage, and recharge), pump tests to characterize wetland/aquifer interactions under unstressed conditions by evaluating head gradients, use build-out and water-demand assessments and hypothetical demands to prepare hydrologic model input-data sets to simulate the effect of various pumping scenarios on each study area, develop ecological response models (e.g., GLM), wetland forest indicator species models, and spatially distributed models at a landscape scale relating wetland-forest community types and indicator species to changes in water level (e.g., machine learning models such as CART and RandomForest). Open access database development.

Data Used – Fish and invertebrate assemblage data at 43 sites sampled at during high and low-flow periods. Indices of fish and invertebrate assemblage condition, hydrologic, water use, GIS land use/cover, habitat, vegetation cover, and water-quality data.
Data Generated – Hydrographs for all sampling sites, 171 hydrologic metrics, stream and wetland community data matrices and indices, ancillary environmental data, water budget data, aquifer stress test data, water demand and build-out data.   
Results/Outcomes: Fish, invertebrate, and wetland assemblage response models relating changes in assemblage structure to changes in stream hydrology and water-levels, respectively. Water-level maps and build out projections. Spatially distributed CART and Random Forest models of mapped environmental characteristics that analyze the effect of various scenarios of natural and induced changes in the duration and frequency of saturation and flooding on the spatial distribution of wetland-forest community types and indicator species (i.e., shifts in community types associated with changes in water-table patterns). Regression models linking changes in water availability to alterations in intermittent-pond vegetation, anuran larval-development, forested wetlands, and swamp pink (Helonias bullata) populations.
Products – A series of reports and papers covering all aspects of the project (fish, invertebrate, anuran, and wetland assemblages, hydrology, endangereed species, water balance, build out, physiological stress, hydrologic framwork, etc.), an open access database, GIS models relating landscape-scale changes in species, biological communities, and ecosystem processes to changes in hydrologic regimes.  The ultimate goal is to also produce a single final product that is a compendium of all reports.
Management and Policy Application – Results of this project will be used to determine how the current and future water-supply needs within the Pinelands area may be met while protecting the Kirkwood-Cohansey aquifer system and avoiding any adverse ecological impact on the Pinelands Natural Reserve.

Monitoring: Hydrologic baseline and groundwater level monitoring. 
Funding: 5,500,000 USD
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