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Abstract
We evaluated how landscape patterns might influence land-use-proximity and water-quality relationships in New
Jersey Pinelands streams by relating pH and specific conductance to the percentage of altered land (developed land
and upland agriculture) in a series of cumulative stream buffers (ranging in width from 0-100 m to 0-700 m) and
associated watersheds. Specific conductance and pH were positively correlated. The percentage of altered land in
all seven buffers and associated watersheds provided a proportional measure of watershed disturbance. R-square
values produced by the pH regression models increased upgradient (near stream to basin divide), ranging from
0.69 to 0.77. In contrast, the R-square values for the specific conductance models decreased upgradient, ranging
from 0.81 to 0.71. These contrasting patterns are most likely attributable to subtle variations in the distribution of
the water-quality variables in relation to altered land in each of the cumulative buffers rather than to a proximity
effect. Although we cannot conclude that proximity has a direct effect on water quality, our results strongly
support a conclusion that variations in land use are associated with changes in water quality and that both near and
far land uses provide a relatively good measure of water quality in the Pinelands watersheds that we studied.

Introduction

water quality than more distant land uses. Other
studies have produced mixed results (Hunsaker and
Levine 1995, King et al. 2005, Johnson et al. 1997).
In a previous study of Pinelands stream-water
quality, Zampella et al. (2007) found that including the
proximity of developed and upland-agricultural land
to a monitoring site, using inverse-distance-weighted
land-use values, did not improve the relationship
between land use and water quality beyond that
obtained using watershed-wide land-use data. In
this paper, we evaluated how landscape patterns
might influence land-use-proximity and waterquality relationships in Pinelands streams by relating
pH and specific conductance to the percentage of
altered land (developed land and upland agriculture)
in a succession of cumulative stream buffers and
describing land-use relationships among the buffers.

Urban land and agriculture are associated with
the degradation of stream-water quality throughout
the United States (Johnson et al. 1997, Carpenter
et al. 1998, Herlihy et al. 1998, Rhodes et al.
2001). In the New Jersey Pinelands (Figure 1),
where all watersheds share a similar underlying
geology characterized by the unconsolidated sands
and gravels of the Kirkwood-Cohansey aquifer
(Rhodehamel 1979a, Zapecza 1989, Newell et
al. 2000), water-quality degradation in streams
is related primarily to non-point source pollution
associated with basin-wide developed (urban) and
upland-agricultural land (Morgan and Good 1988,
Zampella 1994, Dow and Zampella 2000, HunchakKariouk and Nicholson 2001, Baker and HunchakKariouk 2006, Zampella et al. 2007, Conway 2007).
Contamination of the Kirkwood-Cohansey aquifer,
which is the dominant source of flow to Pinelands
streams (Rhodehamel 1979b), is linked to both
urban and agricultural land uses (Watt and Johnson
1992, Vowinkel and Tapper 1995, Johnson and Watt
1996, Stackelberg et al. 1997, Szabo et al. 1997,
Bunnell et al. 1999).
The results of several North American studies
have indicated that accounting for the proximity of
land use to streams does not improve the relationship
between land use and water quality beyond that
attributed to the proportion of different land uses in
the entire watershed (Omernik et al. 1981, Osborne
and Wiley 1988, Hunsaker et al. 1992, Sliva and
Williams 2001). In contrast, Tufford et al. (1998),
Basnyat et al. (1999), and Tran et al. (2010) found
that near-stream land uses were better predictors of

Methods
Study-site Selection
We selected 47 stream-monitoring sites located
throughout the Pinelands (Figure 1) that displayed
a range of watershed conditions characterized
by the percentage of developed land and uplandagricultural land. All of the streams are associated
with the unconfined Kirkwood-Cohansey aquifer
system (Rhodehamel 1979a, 1979b, Zapecza 1989).
Watershed Characteristics
Watersheds were created using stream data
obtained from the New Jersey Department of
Environmental Protection (NJDEP 1996), a digitalelevation model (NJDEP 2002), and Arc Hydro
(Environmental Systems Research Institute Inc.,
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Figure 1. The location of 47 water-quality sampling sites in the New Jersey Pinelands.
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Redlands, CA 2007). The watershed area associated
with the monitoring sites ranged from 4.4 to 397
km2, with a mean (± 1 SD) of 56.2 ± 68.9 km2.
Using ArcView software (Environmental Systems
Research Institute Inc., Redlands, CA, 1999-2006)
and digital land-use/land-cover data (NJDEP
2007), which classifies land uses using a modified
Anderson et al. (1976) system, we determined the
percentage of developed land, upland agriculture,
wetlands (water, palustrine wetlands, and wetland
agriculture), and upland forest in the watersheds
associated with each water-quality monitoring site
and within seven cumulative stream buffers (0-100
m through 0-700 m, which was the maximum buffer
found in several basins) surrounding each stream.
We refer to the Anderson-type land-use classes of
urban land and agriculture as developed land and
upland agriculture, respectively. The term “altered
land” refers to the combined percentage of developed
land and upland agriculture in a watershed.

watershed disturbance, we used Pearson correlation
analysis to evaluate land-use relationships among
the cumulative buffers and associated watersheds.
Arcsine-transformed altered-land-use percentages,
expressed as a proportion (arcsine (√ p)), were used
in the correlation analyses.
Land-use/water-quality relationships. We
used Spearman rank correlation to evaluate the
association between pH and specific conductance.
Simple linear regression was used to relate both
pH and specific conductance to the percentage of
altered land in each of the seven cumulative buffers
and associated watersheds. Arcsine-transformed
altered land-use percentages and log transformed
specific conductance values were used in all
regression analyses. Scatterplots indicated that all
water-quality/land-use relationships were linear.
For each regression, we visually inspected a plot of
residuals versus predicted values to evaluate whether
the assumptions of homoescedasticity (constant
variance among residuals) and independence of
error terms were met. We also inspected normal
probability plots and histograms and used the
Shapiro-Wilks test statistic to determine if the
residuals were normally distributed.
Statistical significance. Because of a lack of
independence among the cumulative buffers, we did
not evaluate the statistical significance of the landuse relationships among the buffers and associated
watersheds. Instead, we used the correlation
coefficients as descriptive statistics and applied an
alpha level of 0.05 as the criterion to determine
which coefficients were meaningful. An alpha
level of 0.05 was also used to assess the statistical
significance of each regression model and the single
Spearman rank correlation. Significance levels for
related regression models were adjusted using the
sequential Bonferroni method (Rice 1989). The
statistical analyses were completed using Statistica
7.1 (StatSoft, Inc., Tulsa, OK).

Water-quality Sampling
Specific conductance and pH are good indicators
of watershed disturbance in the Pinelands (Dow
and Zampella 2000, Conway 2007) and both are
positively correlated with other water-quality
variables such as calcium, magnesium, chloride, and
nitrate-nitrogen (Zampella 1994). Streams draining
forested Pinelands watersheds are usually acidic with
low concentrations of dissolved solids. Both specific
conductance and pH increase as the percentage
of altered land in a watershed increases. Specific
conductance and pH were measured monthly from
June through September in 2005, March through
October in 2006 and 2007, and April through June
in 2008 for a total of 23 sampling dates. Specific
conductance was measured with an Orion model-122
meter and pH was measured using an Orion model250A meter. All sampling runs were completed under
baseflow conditions over a two- to three-day period.
Data Analysis
Landscape patterns. Using mean values for
the 47 basins, we summarized the percentage of
basin area represented by each cumulative buffer and
the percentage of each cumulative buffer composed
of altered land and wetlands. To determine if the
percentage of altered land in each of the cumulative
stream buffers provided similar, relative measures of

Results
Landscape patterns. The mean percentage of
each cumulative buffer represented by altered land
increased and the percentage represented by wetlands
decreased in an upgradient (i.e., near-stream to basin
divide) direction (Figure 2). On average, upland
forest made up nearly all of the remaining basin area
3

in each buffer and other land uses represented less
than one-percent of each buffer. A comparison of
coefficients of variability (Zar 1999) indicated that the
relative variability of altered land was highest in the
0-100-m buffer (64.5) and decreased in an upgradient
direction (61.5 to 57.5). Wetlands were the dominant
land cover in the 0-100-m buffer. On average, nearly
one-half of the basin-wide wetlands were associated
with the 0-100-m stream buffer. More than one-half
of basin area and basin-wide altered land was found
within 300 m and 400 m of the stream, respectively.
Altered land in all seven buffers and associated
watersheds provided a proportional measure
of watershed disturbance. Pearson correlation
coefficients relating the percentage of altered land
among the seven cumulative buffers ranged from
0.95 to > 0.99 (Table 1). Coefficients describing
the relationship between the basin-wide alteredland values and altered land-use values in the seven
cumulative-buffers ranged from 0.93 to > 0.99 and
increased with increasing cumulative-buffer width.
The p-value for all correlations was < 0.001.
Land-use/water-quality relationships. Basinwide altered land ranged from < 1% to 63%.
Specific conductance and pH values ranged from
31.5 to 265.3 µS cm-1 and 4.0 to 6.8, respectively.
Spearman rank correlation revealed a positive
relationship between the two variables (Spearman
r = 0.73, p < 0.001). Based on the Shapiro-Wilk test,
pH values approached normality (p = 0.03). Both
raw (p < 0.001) and log-transformed (p = 0.003)
specific conductance values were skewed to the left
and clearly deviated from normality.

A total of 16 regression models, including
eight pH models and eight specific conductance
models, were produced. All regression models
met the required assumptions of linearity,
homoescedasticity, independence of error terms,
and normality. The initial p-values for all regression
models were < 0.001 and all related models were
significant following the Bonferroni adjustment.
Although very similar, the slopes of the
regression lines for the eight pH-based models
decreased slightly in an upgradient direction (Figure
3). The R-square values produced by the pH
models increased upgradient, ranging from 0.69 to
0.77 (Figure 4). The intercepts displayed a similar
pattern. The patterns displayed by the regression
lines produced by the specific conductance models
were similar to those produced by the pH models
(Figure 3). However, unlike the pH models, the
R-square values for the specific conductance models
decreased upgradient, ranging from a high of 0.81 to
a low of 0.71 (Figure 4).
Discussion
Hydrologic processes suggest that proximate
land uses should have a greater effect on stream7.0
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Figure 2. Mean (± 1 SE) altered land and wetland values as
a percentage of cumulative buffer area and basin-wide values.
On average, forest land made up nearly all of the remaining
basin area in each buffer and basin. Other land uses represented
less than one-percent of each buffer.

Figure 3. Regression lines relating pH (top) and specific
conductance (bottom) to the percentage of altered land in seven
cumulative buffers.
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Table 1. Pearson correlation coefficients relating the percentage of altered land among seven cumulative stream buffers and
associated drainage basins for 47 stream sites. Values shown as > 0.99 are < 1.00. The p-value for all correlations was < 0.001.
Cumulative Buffers (m)
Cumulative
Buffers (m)
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the patterns that we described are most likely
attributable to subtle variations in the distribution
of the water-quality data in relation to altered land
in each of the cumulative buffers. Allan (2004)
suggested that the relationship between land use
and stream conditions is influenced by how closely
near-stream land-use resembles basin-wide land-use
patterns and that the greater influence attributed to
riparian land use in some studies is probably due
to greater variation in land use in these near-stream
areas. In our study, the relative variability of altered
land was highest in the 100-m cumulative buffer,
but the relationship between land-use proximity and
water quality displayed by pH was the opposite of
that for specific conductance even though the two
variables were positively correlated.
The strong correlation in the percentage of altered
land found among the cumulative buffers indicates
that all provide a similar relative measure of land-use
intensity. The regression analyses demonstrated that
both near and far land uses provide a relatively good
measure of water quality in the watersheds that we
studied. This is especially true for pH as indicated
by the similarity of R-square values based on the
different cumulative buffers. Although we cannot
conclude that proximity has a direct effect on water
quality, our results strongly support a conclusion that
variations in land-use intensity are associated with
changes in water quality. For both pH and specific
conductance, altered land accounted for a majority
of the variation in water quality regardless of which
buffer was analyzed. The R-square values for pH and
conductance equate to correlation coefficients ranging
from 0.83 to 0.88 and 0.84 to 0.90, respectively.
Most studies addressing the issue of proximity
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Figure 4. Comparison of R-square values produced by
regression models relating pH and specific conductance and
the percentage of altered land within watersheds and seven
cumulative-stream buffers ranging from 0-100 m to 0-700 m.

water quality than distant land uses. Groundwater
discharging from the Kirkwood-Cohansey aquifer is
the dominant source of flow to Pinelands streams
(Rhodehamel 1979b), with discharge to a point in
a stream originating from sources that are near and
far (Modica et al. 1997, 1998). Modeling studies
have indicated that groundwater travel times from
recharge areas to a stream increase with distance
to the stream (Modica 1996, 1997, Kauffman
et al. 2001). Proximity may also influence the
relationship between land use and contaminants
that are transported by surface runoff. In developed
areas, stormwater runoff may be an important source
of some constituents such as sodium and chloride
(Robinson et al. 1996), which have a significant
effect on specific conductance and nitrate-nitrogen
(Baker and Hunchak-Kariouk 2006).
Although it is tempting to associate the variations
in land-use/water-quality relationships that we
observed to the proximity of altered land to streams,
5

have evaluated the relationship between waterquality and land use in individual buffers (Omernik
et al. 1981, Osborne and Wiley 1988, Hunsaker
et al. 1992, Johnson et al. 1997). In our study we
evaluated cumulative buffers. Whether individual
or cumulative buffers are used, it would be difficult
to separate the relative influence of near and far land
uses on stream water quality. Although comparison of
R-square values may provide an indication of which
water-quality/land-use relationship may provide the
best predictive model, conclusions concerning the
direct effect of land-use proximity should be made
with some caution. Perhaps the best way to address
the effect of proximity is to compare watersheds
with disproportionate land use patterns, an approach
described by Omernik et al. (1981). However,
Omernik et al. (1981) also indicated that such patterns
seldom exist, an observation supported by the land
use patterns found in the watersheds that we studied.

systems in sandy soils. Journal of Environmental
Management 56:209-219.
Carpenter, S. R., N. F. Caraco, D. L. Correll, R. W.
Howarth, A. N. Sharpley, and V. H. Smith. 1998.
Nonpoint pollution of surface waters with phosphorus
and nitrogen. Ecological Applications 8:559-568.
Conway, T. M. 2007. Impervious surface as an
indicator of pH and specific conductance in the
urbanizing coastal zone of New Jersey, USA.
Journal of Environmental Management 85:308316.
Dow, C. L. and R. A. Zampella. 2000. Specific conductance
and pH as indicators of watershed disturbance
in streams of the New Jersey Pinelands, USA.
Environmental Management 26:437-445.
Environmental Systems Research Institute Inc. 2007. Arc
Hydro for ArcGIS 9 Version 1.2 Beta. Environmental
Systems Research Institute, Redlands, CA.
Environmental Systems Research Institute Inc. 19992006. ArcGIS 9.2. Environmental Systems Research
Institute, Redlands, CA.
Herlihy, A. T., J. L. Stoddard, C. B. Johnson. 1998. The
relationship between stream chemistry and watershed
land cover data in the Mid-Atlantic Region, U.S.
Water, Air, and Soil Pollution 105:377-386.
Hunchak-Kariouk, K. and R. S. Nicholson. 2001.
Watershed contributions of nutrients and other nonpoint
source contaminants to the Barnegat Bay-Little Egg
Harbor estuary. Journal of Coastal Research 32:28-81.
Hunsaker, C. T. and D. A. Levine. 1995. Hierarchial
approaches to the study of water quality in rivers.
Bioscience 45:193-203.
Johnson, L. B., C. Richards, G. E. Host, and J. W.
Arthur. 1997. Landscape influences on water
chemistry in midwestern stream ecosystems.
Freshwater Biology 37:193-208.
Johnson, M. L. and M. K. Watt. 1996. Hydrology of the
unconfined aquifer system, Mullica River Basin,
New Jersey, 1991-1992. U. S. Geological Survey
Water-Resources Investigations Report 94-4234.
Kauffman, L. J., A. L. Baehr, M. A. Ayers, and P. E.
Stackelberg. 2001. Effects of land use and travel
time on the distribution of nitrate in the KirkwoodCohansey aquifer system in southern New Jersey. U.
S. Geological Survey Water-Resources Investigations
Report 01-4117.
King, R. S., M. E. Baker, D. F. Whigham, D. E. Weller,
T. E. Jordon, P. F. Kazyak, and M. K. Hurd. 2005.
Spatial considerations for linking watershed land
cover to ecological indicators in streams. Ecological
Applications 15:137-153.
Modica, E. 1996. Simulated effects of alternative
withdrawal strategies on groundwater-flow patterns,
New Jersey Pinelands. U. S. Geological Survey

Acknowledgments
We thank Jennifer Ciraolo, Kimberly Spiegel,
Kate Reinholt, and Patrick Burritt for assisting
with water-quality sampling and John Bunnell for
reviewing a draft manuscript. Funding for the study
was provided by the Pinelands Commission and the
National Park Service.
Literature Cited
Allan, J.D. 2004. Landscapes and riverscapes: the

influence of land use on stream ecosystems. Annual
Review of Ecology, Evolution, and Systematics
35:257-284.
Anderson, J. R., E. E. Hardy, J. T. Roach, and R. E.
Witmer. 1976. A land use and land cover classification
system for use with remote sensor data. U. S.
Geological Survey Professional Paper 964.
Baker, R. J. and K. Hunchak-Kariouk. 2006. Relations
of water quality to streamflow, season, and land use
for four tributaries to the Toms River, Ocean County,
New Jersey, 1994-99. U. S. Geological Survey
Scientific Investigations Report 2005-5274.
Basnyat, P., L. D. Teeter, M. Flynn, and B. G. Lockaby.
1999. Relationships between landscape characteristics
and nonpoint source pollution inputs to coastal
estuaries. Environmental Management 23:539-549.
Bunnell, J. F., R. A. Zampella, M. D. Morgan, and D.
M. Gray. 1999. A comparison of nitrogen removal
by subsurface pressure dosing and standard septic

6

Water-Resources Investigations Report 95-4133.
Modica, E., T. E. Reilly, D. W. Pollock. 1997. Patterns
and age distribution of groundwater flow to streams.
Groundwater 35:523-537.
Modica, E., H. T. Buxton, and L. N. Plummer. 1998.
Evaluating the source and residence times of
groundwater seepage to streams, New Jersey
Coastal Plain. Water Resources Research 34:27972810.
Morgan, M. D. and R. E. Good. 1988. Stream chemistry
in the New Jersey Pinelands: the influence of
precipitation and watershed disturbance. Water
Resources Research 24:1091-1100.
NJDEP. 1996. New Jersey geographic information
system CD-ROM, Series 1, Volumes 1-4. New Jersey
Department of Environmental Protection, Office
of Information Resource Management, Bureau of
Geographic Information Systems, Trenton, NJ.
NJDEP. 2002. NJDEP 10-meter digital elevation grid,
watershed management areas 13-20. New Jersey
Department of Environmental Protection, Office
of Information Resource Management, Bureau of
Geographic Information Systems, Trenton, NJ.
NJDEP. 2007. NJDEP land use/land cover update,
watershed management areas 13-20. New Jersey
Department of Environmental Protection, Office
of Information Resource Management, Bureau of
Geographic Information Systems, Trenton, NJ.
Newell, W. L., D. S. Powars, J. P. Owens, S. D. Stanford,
and B. D. Stones. 2000. Surficial geologic map of
central and southern New Jersey. U. S. Geological
Survey, Miscellaneous Geologic Investigations
Series Map I-2540-D.
Omernik, J. M., A. R. Abernathy, and L. M. Male. 1981.
Stream nutrient levels and proximity of agricultural
and forest land to streams: some relationships.
Journal of Soil and Water Conservation 36:227-231.
Osborne, L. L. and M. J. Wiley. 1988. Empirical
relationships between land use/cover and stream
water quality in an agricultural watershed. Journal of
Environmental Management 26:9-27.
Rhodehamel, E. C. 1979a. Geology of the Pine Barrens
of New Jersey. Pages 39-60 in R. T. T Forman
(editor), Pine Barrens: ecosystem and landscape.
Academic Press, New York, NY.
Rhodehamel, E. C. 1979b. Hydrology of the New Jersey
Pine Barrens. Pages 147-167 in R. T. T Forman
(editor), Pine Barrens: ecosystem and landscape.
Academic Press, New York, NY.
Rhodes, A. L., R. M. Newton, and A. Pufall. 2001.
Influences of land use on water quality of a diverse
New England watershed. Environmental Science
and Technology 35:3640-3645.

Rice, W. R. 1989. Analyzing tables of statistical tests.
Evolution 43: 223-225.
Robinson, K. W., T. R. Lazaro, C. Pak. 1996. Associations
between water-quality trends in New Jersey streams
and drainage-basin characteristics, 1975-86. U. S.
Geological Survey Water-Resources Investigations
Report 96-4119.
Sliva, L. and D. D. Williams. 2001. Buffer zone versus
whole catchment approaches to studying land use impact
on river water quality. Water Research 35:3462-3472.
Stackelberg, P. E., J. A. Hopple, and L. J. Kauffman.
1997. Occurrence of nitrate, pesticides, and volatile
organic compounds in the Kirkwood-Cohansey
aquifer system, southern New Jersey. U. S.
Geological Survey Water-Resource Investigation
Report 97-4241.
Szabo, Z., D. E. Rice, C. L. MacLeod, and T. H. Barringer.
1997. Relation of distribution of radium, nitrate,
and pesticides to agricultural land use and depth,
Kirkwood-Cohansey Aquifer System, New Jersey
Coastal Plain, 1990-1991. U. S. Geological Survey
Water-Resources Investigations Report 96-4165A.
Tran, C. P., R. W. Bode, A. J. Smith, and G. S. Kleppel.
2010. Land-use proximity as a basis for assessing
stream water quality in New York State (USA).
Ecological Indicators 10:727-733.
Tufford, D. L., H. N. McKellar Jr., and J. R. Hussey. 1998.
In-stream nonpoint source nutrient prediction with
land-use proximity and seasonality. Journal of
Environmental Quality 27:100-110.
Vowinkel, E. F. and R. J. Tapper. 1995. Indicators of the
source and distribution of nitrate in water from
shallow domestic wells in agricultural areas of the
New Jersey Coastal Plain. U. S. Geological Survey
Water-Resources Investigations Report 93-4178.
Watt, M. K. and M. L. Johnson. 1992. Water resources of
the unconfined aquifer system of the Great Egg
Harbor River Basin, New Jersey, 1989-90. U. S.
Geological Survey Water Resources Investigations
Report 91-4126.
Zampella, R. A. 1994. Characterization of surface water
quality along a watershed disturbance gradient.
Water Resources Bulletin 30:605-611.
Zampella, R. A., N. A. Procopio, R. G. Lathrop, and C. L.
Dow. 2007. Relationship of land-use/land-cover
patterns and surface-water quality in the Mullica
River Basin. Journal of the American Water
Resources Association 43:594-604.
Zapecza, O. S. 1989. Hydrogeologic framework of the
New Jersey Coastal Plain. U. S. Geological Survey
Professional Paper 1404-B.
Zar, J. H. 1999. Biostastical analysis. 4th Edition. Prentice
Hall, Upper Saddle River, NJ.

7

