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Abstract: U.S. Environmental Protection Agency’s (EPA’s) National Coastal Assessment was envisioned as a research 

effort led by EPA’s Office of Research and Development to evaluate assessment methods for ecosystem condition moni-

toring. The program was conducted through strategic partnerships with the coastal states. These states conducted the sur-

vey in their waters with a common set of indicators. The resources targeted for initial monitoring were estuarine waters. A 

flexible probability survey design was used to incorporate, to the extent possible, existing state monitoring program sites. 

Three criteria were developed to evaluate existing monitoring program sites in the northeastern United States for possible 

incorporation into the national design: (1) the sites were selected to be representative, (2) the variables sampled at the sites 

were similar in distribution with variables from a probability design, and (3) the correlation structure of variables was 

equivalent to that for a probability design. Detailed examples were presented for Long Island Sound water quality sites, 

New Jersey coastal water quality sites, and Casco Bay, ME, sediment sites to illustrate the approach. 

Key Words: Survey data, probability samples, estuaries. 

INTRODUCTION  

 A continuing issue for the design of environmental moni-
toring programs is the possible incorporation of existing 
monitoring program sites into probability survey designs. 
The statistical survey community is not in agreement that it 
is even possible to incorporate nonprobability sites into a 
probability design. Ideally, over the long-term (10 years or 
so) and with the current understanding of sampling designs, 
a national program would consist entirely of probability-
based monitoring designs at all levels [1]. Then the issues 
would be how the different probability designs would be 
combined to produce regional and national estimates and to 
what extent the probability designs would need to be aug-
mented with targeted (nonprobability) sites for needs that 
could not be addressed with a probability design. The exist-
ing monitoring sites would be considered as a transition is-
sue, how to get to the long-term vision. For the short term, 
the major objectives of the probability-based program and 
the existing programs need to be considered. 

 Many existing monitoring programs are based on tar-
geted station designs (sites selected for an important purpose 
at the initiation of the monitoring but not randomly selected); 
these existing programs represent a tremendous investment 
of fiscal resources and contain a wealth of potentially valu- 
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able environmental information. Probability surveys often 
have been used to address significant questions facing envi-
ronmental managers. For example, section 305(b) of the 
Clean Water Act requires the states, tribes, and territories to 
report on the percent of their jurisdictional surface waters 
that are impaired [2]. The quandary facing resource manag-
ers on whether to participate in a probability survey is what 
to do with existing monitoring sites when the new monitor-
ing requirements lead them to a probability-based design. If 
they completely replace the existing sites, they lose the im-
mediate ability to track trends, whereas, if they use existing 
sites, they may not be able to make inferences about the con-
dition of their total resource from these sites. Probability 
surveys have been noted as the dominant design for national 
terrestrial monitoring programs, whereas directed site selec-
tion (nonprobability) is the dominant design for national 
aquatic resource monitoring programs [3]. This implies that 
the dilemma is more of an issue for aquatic resource manag-
ers. 

 Over the past few years, there has been a growing litera-
ture on combining nonprobability and probability sites [4-8]. 
Some insight into characterizing a population by combining 
nonprobability samples with probability samples has been 
provided by Overton et al. [6] and summarized by Cox and 
Piegorsch [5]. A probability sample is designed to character-
ize a clearly defined population of interest, such as an eco-
logical resource, over a clearly defined geographic area. The 
nonprobability sample should be identified with a subset of 
this population. The population then can be partitioned so  
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that the test for representativeness of the nonprobability 
sample is made with this subset. To complete characteriza-
tion of the whole population, the nonprobability sample par-
tition subsequently would be combined with the probability 
sample partition. Overton et al. [4] suggest that similarity is 
a reasonable criterion for the nonprobability sample to be 
treated as representative. Here, we take similarity to mean 
that the two sets of sites have at least one indicator in com-
mon, and that the two distributions for the indicators are in-
distinguishable. The Kolmogorov-Smirnov test [7] can be 
used to determine the latter. As pointed out by Cox and Pie-
gorsch [5], the issue of representativeness can be extremely 
difficult to prove for a nonprobability site, although it may 
be quite easy to disprove. 

 The purpose of this paper is to describe the approach 
used to evaluate existing state estuarine monitoring program 
sites to determine if they possibly could be used in a national 
probability design. The approach and examples are from the 
northeastern U.S. implementation of the National Coastal 
Assessment (NCA). 

DATA AND METHODS 

National Coastal Assessment 

 The U.S. Environmental Protection Agency’s (EPA’s) 
NCA was envisioned as a partnership effort organized by 
EPA’s Office of Research and Development (ORD) with 
EPA’s Office of Water and regional offices, natural resource 
agencies in 24 states and one commonwealth, selected aca-
demic institutions, the National Oceanic and Atmospheric 
Administration, and the U.S. Geological Survey to evaluate 
the assessment methods ORD had developed for ecosystem 
condition monitoring for coastal systems [8]. This program 
surveyed the condition of the nation’s coastal resources by 
creating an integrated, comprehensive coastal monitoring 
program to assess coastal ecological condition. The program 
initially was focused on estuarine waters. 

 The strategy for NCA focused on strategic partnerships 
with all 24 U.S. coastal states and Puerto Rico. Using a 
flexible, probability survey design and a common set of sur-
vey indicators (measures), each state conducted the survey in 
their waters, with, in some circumstances, assistance from 
academic institutions and federal agencies, and assessed the 
condition of their coastal resources. These estimates have 
been aggregated to assess condition at the EPA regional, 
biogeographical, and national levels [8]. The primary part-
nerships for the execution of the surveys were the state re-
source agencies and organizations responsible for monitoring 
coastal resources. To effectively partner with the states in 
this national program, it was important that, to the extent 
technically possible, to incorporate existing state monitoring 
sites into the overall national design. In some cases, states 
have a large investment in monitoring data from their sites 
that have been providing an ongoing benchmark for the 
condition of their waters. The possible incorporation of their 
existing sites into a program such as NCA would save fiscal 
resources (states already were visiting the sites and have 
only to add collection of additional information at each site) 
and provides the states with assistance in building their 
monitoring infrastructure (i.e., provides an opportunity to try 
out different designs and indicators). 

Background on Probability Sampling as Applied in NCA 

 Probability sampling is based on a randomized selection 
of sampling sites. A probability sample is selected in an ex-
plicit manner that allows statements to be made for estimates 
of the statistical population from which it was selected [6], 
whereas a targeted, or fixed, site is one for which no prob-
ability basis for selection of that site is apparent. Two key 
characteristics of a probability sample are that (1) the prob-
ability of obtaining any element of the statistical population 
is known (this implies a definition of the statistical popula-
tion of interest), and (2) the inclusion probability of any 
sample of the population is positive, that is, all samples have 
a known probability of being included [9, 10]. The inclusion 
probability of any element is defined as the probability with 
which the element is included in the statistical population. 

 An important feature of probability sampling is the abil-
ity to make inferences about the target population from the 
finite number of sampling sites. The basis for this is the re-
quirement that every sampling element in the sampled popu-
lation has a non-zero probability of being selected [9, 10]. 
The probability sample provides an unbiased estimate (given 
the appropriate estimator), meaning that the expected value 
of the parameter of interest approaches the true value as the 
sample size increases (as variance decreases). Whereas, bias 
will not be eliminated with increasing sample size [11]. 

 The probability sampling design implemented in NCA is 
a stratified random sample. Stratification reduces the vari-
ance component within each stratum because elements 
within the stratum are more similar to one another than they 
are to the population as a whole. Hence, combining the in-
formation from strata into an estimate for the total popula-
tion provides a more precise estimate if indeed the popula-
tion is truly stratified [12]. The target population is the set of 
population elements about which inferences will be made. 
The sampled population is the set of elements directly avail-
able for measurement.  

Target Population 

 The monitoring program needs to have clearly stated 
objectives for which data are to be collected and analyzed. 
For the initial implementation of NCA, the objectives were 
to 

(1) assess the health or condition of U.S. estuarine waters 
and track changes in that condition through time, and 

(2) assess the health or condition of individual states’ es-
tuarine waters and track changes in that condition 
through time. 

 From these objectives, the target population was clearly 
the estuarine waters of the individual states and the entire 
United States. 

 A data quality objective (DQO) is a statement identifying 
the anticipated use of environmental data leading to a deci-
sion or action to be taken and defining the level of uncer-
tainty one is willing to accept in the data supporting the deci-
sion or action, expressed in quantitative, statistical terms 
[13]. The target DQO for the NCA program was to charac-
terize the condition of estuaries or other coastal entities as a 
proportion of areal extent by parameter or by index for re-
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gional and national estimates within +10% for any year and 
within +10% for any state every two years [14]. 

 In the development of the sampling frames (the material 
used to describe the population units {e.g., maps of estuarine 
boundaries}) for the Environmental Monitoring and Assess-
ment Program (EMAP)-Estuaries program in the early 
1990s, the estuarine boundaries for the East Coast were de-
veloped using U.S. Geological Survey 1:100K digital line 
graphs and the above definition for estuarine waters. Be-
cause there were some judgments employed in setting the 
upper and outer boundaries, the early discussions with the 
states in the planning for NCA included the locations of 
these boundaries. The boundaries were appropriately ad-
justed to coincide with the boundaries in use by the state 
resource agencies. For example, some of the upper bounda-
ries in Maine were adjusted to coincide with the upstream 
extent of salt (salinity approximately 1 o/oo), and some outer 
boundaries were adjusted according to their management 
needs. The adjustments of upper boundaries represent an 
insignificant change of the statistical population. The outer 
boundary changes represent exchange of area with the 
coastal waters component target population. 

Strata or Sampling Classes 

 Stratification, or division of the target population into 
strata, makes use of prior information on the characteristics 
of the target population to divide it into strata [12]. Samples 
are allocated to each stratum, which is the primary focus for 
study with the desired level of certainty (i.e., samples are 
allocated to obtain the desired uncertainty in the estimates). 
Results for the entire population are obtained by appropriate 
combination of strata results. 

 The sampling strata for NCA were the coastal bio-
geographic provinces [15] used in the EMAP-Estuaries pro-
gram [16]. There are 13 provinces for the entire United 
States. Where partnerships have been developed with the 
states, state-level strata are used. Within each state, sampling 
classes are used to allocate the available sample sites. The 
target number of sites for each stratum is 70 per year for re-
gional and national estimates and 70 to 80 over 2 years of 
sampling for state-level estimates. These numbers were cho-
sen based on experience with the EMAP-Estuaries program 
[17] to meet target data quality objectives. 

 Sampling classes within state strata are determined by 
areas of concern identified by the state resource managers. 
We met with the state resource managers to determine the 
sampling classes that would be most useful for their man-
agement needs. The available samples (70 to 80 per state 
over 2 years) then were allocated proportionally across the 
sampling classes at the discretion of the state managers. For 
example, the sampling classes in Long Island Sound were (1) 
the open waters of the sound, where water quality is of major 
concern, and (2) the harbors and embayments around the 
edges of the sound, where toxic contamination in the sedi-
ments is of concern. Approximately 40 samples were allo-
cated to the open water and 40 samples to the harbors and 
embayments (20 each in New York and Connecticut). 

Spatial Distribution of Samples 

 A common occurrence in random sampling over a spatial 
area is the clumping of samples. Spatially distributing the 

samples is desirable in environmental monitoring to provide 
for a more appropriate characterization of the target popula-
tion. In many cases, it provides more accurate estimates of 
statistical quantities, such as mean and variance [12]. One 
way to achieve an adequate spatial distribution is to use a 
grid overlay [18, 19]. A random sample then is selected for 
each grid cell; the size of the grid cell, or the number of 
them, is determined by the number of samples to be allo-
cated. 

 For the northeastern U.S. implementation of NCA, the 
random point in the grid was restricted to the estuarine re-
source (sampled population) within the grid cell. This im-
plementation of the design associates with each sample a 
variable weighting factor (hence, variable inclusion probabil-
ity) proportional to the fraction of the grid cell that is estua-
rine resource (i.e., water). These weighting factors are used 
when estimates are made for mean and variance of meas-
urement values (indicators). 

Possible Incorporation of Existing Monitoring Program 

Sites into NCA Design 

 Before we evaluate sites for incorporation into the prob-
ability design, data collected from existing monitoring pro-
gram sites must meet the quality assurance protocols speci-
fied by the program. This is to ensure that the statistical in-
ferences made from these data are not compromised. Once 
this has been done, the evaluation of the site selection can 
proceed. 

 If existing monitoring program sites were selected using 
a probability design, then they can be incorporated directly 
into the NCA design. For example, some state fish trawl 
programs use a stratified random design for site selection, 
with stratification usually based on depth and habitat. Cox 
and Piegorsch [5] discuss procedures for combining the 
samples collected from different probability designs. How-
ever, a comparison needs to be made between the target 
population of the stratified random design and the target 
population for NCA. If the existing program does not include 
all of the NCA target population, then it would need to be 
supplemented with additional sample sites over the remain-
der of the target population. 

 For existing monitoring program sites that were not se-
lected using a probability design, the process to determine if 
sites could be incorporated into the NCA design was based 
on the two concepts identified in Overton et al. [4]: 

(1) the sites can be identified with a subset of the popula-
tion, and 

(2) the sites are similar to a probability sample of the same 
subset of the population. 

 These concepts were converted into criteria that were 
used to evaluate if the existing monitoring sites could be 
considered for incorporation into the NCA design. The three 
criteria, applied in a sequential fashion, were as follows. 

(1) The sites must have been selected initially to be 
representative of the area from which they were 
selected. For example, sites that do not satisfy this 
criterion would include those targeted for an outfall 
discharge location, the end of a dock, or a bridge 
overpass (for convenience in acquiring samples). 
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(2) The variables sampled at the existing monitoring sites 
are similar in distribution with variables from a prob-
ability design for the same subset of the statistical 
population. For example, cumulative distribution func-
tions (CDFs) of bottom dissolved oxygen concentration 
can be compared. A CDF displays the estimated portion 
of the population above and below any specified value 
of the variable. This criterion requires that data from a 
probability design be available for the subset of inter-
est. 

 These two criteria were required to be met before the 
existing sites are determined to be acceptable for incorpora-
tion into the design. Because of the limited availability of 
existing probability data for multiple variables, a third crite-
rion was considered as confirmatory but was not required. 

(3) The correlation structure of variables from the existing 
monitoring sites is equivalent to that from a probability 
design for the same subset of the statistical population. 

 This criterion requires that information on multiple vari-
ables from the probability design be available for the subset 
of interest. It is tested only if first and second criteria are 
met. 

 The first two criteria determine whether there is any po-
tential bias in using the existing sites and looks at how indi-
vidual variables are distributed. The third criterion deter-
mines how the variables change with one another. So, we 
can never prove that existing sites are truly representative 
because our logic tests are set up to disprove the null hy-
pothesis. The best we can achieve is that the existing site 
data look as if they were drawn from a probability sample. 

RESULTS 

 Some state monitoring sites that were considered suitable 
for incorporation into the northeastern U.S. implementation 
of NCA are presented in Table 1. An example of each is dis-
cussed. 

Long Island Sound Water Quality 

 The Long Island Sound Study (LISS) water quality moni-
toring program, conducted through the Connecticut Depart-
ment of Environmental Protection’s Long Island Sound Am-
bient Water Quality Monitoring Program [20], supports the 
monitoring plan of the Comprehensive Conservation and 

Monitoring Plan for the Sound [21]. The monitoring pro-
gram included 18 year-round sites and 30 summer-only sites. 
Variables measured included nutrients (year-round sites 
only), chlorophyll a, total suspended solids, temperature, 
salinity, and dissolved oxygen. The year-round sites were 
selected to be representative of the open water areas along 
the axis of the sound (14 stations to capture the east-west 
gradient in water quality parameters) and of the lateral vari-
ability in the open water areas (4 stations along two cross-
sections, one in the western basin and one in the central ba-
sin). These stations were monitored to collect data in support 
of the water quality modeling activities in the sound. The 
summer-only sites were added in 1994 and were selected to 
determine the areal and temporal extent of low dissolved 
oxygen conditions in the Sound [20]. Based on this informa-
tion, both the year-round and summer-only sites were 
deemed to satisfy the first criterion for inclusion. 

 To evaluate the second criterion, CDFs of depth were 
compared with data collected for LIS by the EMAP-
Virginian Province project during 1990 to 1993 with a prob-
ability sampling design [22, 23, 17]. The weighting factors 
for the LISS sites were assigned by generating Thiessen 
polygons [24] for the existing sites and using the area of the 
polygons as the weight. Only depths could be compared di-
rectly because the probability data and the combined LISS 
site data were not available for overlapping years. However, 
we did look at CDFs for salinity, temperature, and dissolved 
oxygen. 

 The year-round sites deviated from the EMAP- Virginian 
Province distribution for depths by an approximate +5-m 
offset (Fig. 1). These sites were selected to be representative 
of the deeper water portions of the sound and under-
represent the shallower areas of the open-water portion of the 
sound. Combining the summer-only sites with the year-
round sites gives a distribution similar to the probability 
sites. This agreement was interpreted to fulfill the second 
criterion for inclusion. 

 The third criterion was evaluated by comparing correla-
tion matrices (Spearman’s rank correlation) for four vari-
ables ({1} bottom temperature, {2} salinity, {3} dissolved 
oxygen, and {4} depth) from the EMAP-Virginian Province 
sampling during 1990 to 1993 with the LISS data from 1994 
to 1996. Equality of correlation matrices was tested using the 
procedure in Morrison [25]. The matrices for the LISS corre-

Table 1. Summary of Existing Monitoring Sites Evaluated and Considered Acceptable for Incorporation into Northeastern U.S. 

Implementation of the NCA Design 

State Monitoring 

Program Sites 
Reference 

Probability 

Samples 
 

Representative 

Sites 
Data for CDF 

Variance 

Structure 

Casco Bay sediment sites TAMU 1992 [28] No Yes Depth NA1 

Long Island Sound water 

quality sites 

U.S. EPA 1994 [21], 

State of CT 2000 [20] 

No Yes Depth Yes2 

New Jersey DEP ambient 

monitoring sites 

NJDEP 1996 [27], 

Korndeifer 1998 [26] 

No Yes Temperature, 

salinity, dissolved oxygen 

Yes3 

1NA = Not available. 
2Long Island Sound Study data from 1994, 1995, and 1996 compared with EMAP-Virginian Province Long Island Sound 1990-1993. 
3New Jersey Department of Environmental Protection data from 1990 and 1993 compared with EMAP-Virginian Province New Jersey Coastal 1990-1993. 
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lations from the individual years 1994, 1995, and 1996 all 
were significantly different from each other and, with the 
exception of 1994, were different from the EMAP-Virginian 
Province correlation matrix (evaluated at a 0.05 significance 
level). However, the LISS pooled correlation matrix was not 
significantly different from the EMAP-Virginian Province 
1990 to 93 correlation matrix (Table 2). The results of evalu-
ating the three criteria indicate that the combined set of LISS 
sites could be incorporated into the design and treated as 
probability sites representative of the open water portion of 
Long Island Sound by using Thiessen polygons to generate 
appropriate weighting factors. 

New Jersey Coastal Water Quality 

 The New Jersey Department of Environmental Protection 
(NJDEP) has implemented a water quality monitoring pro-
gram in coastal estuaries since 1989 to provide basic meas-
ures of the ecological health of New Jersey’s coastal waters 
[26]. Approximately 200 sites were monitored four times per 
year. The sites were chosen initially to be representative of 
(1) a major body of water, (2) fresh water inputs into an es-
tuary, (3) water being exported from an estuary to the ocean, 
or (4) water quality in the vicinity of an ocean outfall [27]. 
The first three reasons were deemed adequate to satisfy the 
first criterion for selection. 

 The distributions of salinity, temperature, and dissolved 
oxygen, were compared to the EMAP-Virginian Province 
data for coastal New Jersey, similar to what was done for 
Long Island Sound (Fig. 2). The NJDEP data were available 
from August 1990 and 1993. The sites all were weighted 
equally for construction of the CDFs because of the large 
number of samples (146 in 1990 and 112 in 1993). Given the 
uncertainty associated with the distribution for the small 
number of sites from the EMAP-Virginian Province, the 

NJDEP distributions were deemed indistinguishable from the 
probability sites and, hence, satisfied the second criterion for 
inclusion. 

 To evaluate the third criterion, the correlation matrices 
(Spearman’s rank correlation) for the three variables were 
compared. Equality of matrices was tested with Morrison’s 
procedure [25]. The correlation matrices for the NJDEP data 
were different for 1990 and 1993 (evaluated at the 0.05 sig-
nificance level). The NJDEP individual-year and the pooled 
correlation matrices were not significantly different from the 
EMAP-Virginian Province coastal New Jersey data for 1990 
to 1993 (Table 3). Based on the results of the three criteria 
evaluations, the NJDEP sites were considered acceptable for 
incorporation into the NCA design. 

Casco Bay Sediments 

 The Casco Bay National Estuary Program collected 
surficial sediments at 65 sites in 1991 for a comprehensive 
inventory of sediment contaminants in the bay [28]. The bay 
was divided into five regions based on geology. Using his-
torical information, sites were selected to provide good areal 
coverage, sample surface sediments of different ages, and 
representative coverage of benthic communities. This was 
taken to be sufficient to satisfy the first criterion. 

 Because no probability data were available from Casco 
Bay for which to make comparisons, a different procedure 
was used to develop probability-based depths. The system-
atic grid for NCA was used to select random sample sites in 
Casco Bay. Using depth charts, depths were “sampled” at 
each site. This distribution of depths was compared with the 
depths at existing Casco Bay sediment sites randomly se-
lected within each of the grid cells. Results indicated similar-
ity of distributions (Fig. 3). Because of the sampling design, 
the third criterion could not be evaluated. Based on this in-

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Cumulative distribution functions for depth from Long Island Sound Study (LISS) and EMAP-Virginian Province (EMAP-VP) 
Long Island Sound sites. 
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formation, the sediment sites were accepted as appropriate to 
incorporate into the NCA design. 

SUMMARY 

 To effectively partner with the states in the implementa-
tion of NCA, it was important to use an overall design with 
the flexibility to incorporate, to the extent possible, existing 
state monitoring program sites. However, a requirement for 

the NCA design was that sites be probability-based, a re-
quirement that was necessary to meet the objectives of the 
program. Incorporation of state monitoring sites that were 
probability-based (e.g., stratified random samples) was 
straightforward. Using the concepts introduced by Overton et 
al. [4] for combining nonprobability samples with probabil-
ity samples, criteria were developed for evaluating existing 
nonprobability sites for possible incorporation into the NCA 
design. 

Table 2. (a) Correlation Matrices (Spearman’s Rank Correlation) for Bottom Temperature, Salinity, Dissolved Oxygen, and 

Depth Data for the Long Island Sound Study (LISS) Water Quality Monitoring Program (1994, 1995, and 1996) and 

EMAP-Virginian Province Long Island Sound (EMAP-VP; 1990-1993). (b) Results of test for Equality of Correlation Ma-

trices Using the Procedure in Morrison (1976) (p = 0.05) 

(a) 

 Temperature Salinity Dissolved Oxygen 

LISS - 1994 (N = 38) 

Temperature 1.00 0.42 0.48 

Salinity 0.42 1.00 0.68 

Dissolved oxygen 0.48 0.68 1.00 

LISS - 1995 (N = 41) 

Temperature 1.00 -0.71 0.06 

Salinity -0.71 1.00 0.44 

Dissolved oxygen 0.06 0.44 1.00 

LISS - 1996 (N = 46) 

Temperature 1.00 0.31 0.65 

Salinity 0.31 1.00 0.80 

Dissolved oxygen 0.65 0.80 1.00 

LISS - Pooled 

Temperature 1.00 0.01 0.41 

Salinity 0.01 1.00 0.64 

Dissolved oxygen 0.41 0.64 1.00 

EMAP-VP 1990-1993 (N = 37) 

Temperature 1.00 0.04 0.16 

Salinity 0.04 1.00 0.78 

Dissolved oxygen 0.16 0.78 1.00 

 

(b) 

 LISS - 1994 LISS - 1995 LISS - 1996 LISS - pooled 

LISS - 1995 Different    

LISS - 1996 Different Different   

EMAP-VP 1990-1993 Not different Different Different Not different 
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Fig. (2). Cumulative distribution functions for data from New Jersey Department of Environmental Protecton (NJDEP) and EMAP-Virginian 

Province (EMAP-VP) New Jersey coastal sites. (a) Salinity. (b) Temperature. (c) Dissolved oxygen. 
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Table 3. (a) Correlation Matrices (Spearman Rack Correlation) for Temperature, Salinity, Dissolved Oxygen, and Depth Data for 

the New Jersey Department of Environmental Protection (NJDEP) Ambient Monitoring Program (1990 and 1993) and the 

EMAP-Virginian Province (EMAP-VP) Coastal New Jersey Systems (1990-1993). (b) Results of test for Equality of Corre-

lation Matrices Using the Procedure in Morrison (1976) (p = 0.05) 

(a) 

 Temperature Salinity Dissolved Oxygen 

NJDEP - 1990 (N = 146) 

Temperature 1.00 0.53 0.10 

Salinity 0.53 1.00 0.32 

Dissolved oxygen 0.10 0.32 1.00 

NJDEP - 1993 (N = 112) 

Temperature 1.00 0.56 0.46 

Salinity 0.56 1.00 0.25 

Dissolved oxygen 0.46 0.25 1.00 

NJDEP - Pooled 

Temperature 1.00 0.54 0.26 

Salinity 0.54 1.00 0.29 

Dissolved oxygen 0.26 0.29 1.00 

EMAP-VP 1990-1993 (N = 14) 

Temperature 1.00 0.27 0.15 

Salinity 0.27 1.00 0.28 

Dissolved oxygen 0.15 0.28 1.00 

 

(b) 

 NJDEP - 1990 NJDEP - 1993 NJDEP - Pooled 

NJDEP - 1993 Different   

EMAP-VP 1990-1993 Not different Not different Not different 

 

 

 The states of Massachusetts, Rhode Island, and Con-
necticut conduct fish trawl surveys using stratified random 
samples. These program sites were incorporated directly into 
the NCA design. Existing targeted monitoring program sites 
from Maine, Long Island Sound, New York, New Jersey, 
and the Delaware estuary were evaluated against the criteria 
for possible incorporation. Each location required a slightly 
different procedure for determining the distribution for com-
parison with probability data. These existing state program 
sites satisfied the first two criteria, and some satisfied the 
third (optional) criterion. The sites were considered accept-
able for incorporation into the NCA design. We obviously 
had to have a form of probability data for comparison pur-
poses. One definite limitation to the evaluation of the criteria 
is that the comparison of distributions for the second crite-
rion often was limited to depth data. 
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Fig. (3). Cumulative distribution functions for depth from Casco Bay sediment survey and simulated probability sites. 
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