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Introduction

This report presents results of a statistical analysis of
the salinity ranges of fish and invertebrates that use
estuaries in the Mid-Atlantic Region. The analysis
was conducted jointly by NOAA's Strategic Assess-
ment Branch and the University of Virginia's Depart-
ment of Environmental Sciences. The project was
undertaken to provide additional information to
NOAA's Estuarine Living Marine Resources (ELMR)
project (see inside front cover). This project uses
salinity zones to organize information on the spatial
and temporal distribution of species within estuaries.
The results presented will aid in the interpretation of
the ELMR information under development, and may
provide an improved framework to organize informa-
tion on estuarine species distributions.

Data were compiled and analyzed on the salinity
ranges of 317 species/life stage combinations in the
Mid-Atlantic Region. Results indicate that five over-

·Iapping salinity zones (freshwater to 4 parts per
thousand (ppt) , 2-15 ppt, 11-19 ppt,15-28ppt, and 23
ppt to marine waters) can be used to represent how
fish and invertebrates are distributed within estuar-
ies in this region. Species assemblages were also
identified based on the salinity zones they use in
common. The scheme presented is an attempt to
develop an estuarine salinity classification based on
a multivariate statistical analysis of reported field
distributions of species. The analysis is compared to
the Venice System (Symposium 1959) of estuarine
salinity classification.

Rationale

Estuaries are transitional environments in which
salinity ranges between freshwater and seawater
(Moyle and Cech 1982). The important role that
these environments play in sustaining the health and
abundance of marine fishes, shellfish, and other

animals has long been recognized. Salinity is an
important determinant of the distribution of estuarine
flora and fauna. Consequently, efforts to subdivide
estuaries on the basis of salinity have long been
based on the observation that estuarine species are
not evenly distributed across estuarine salinity gradi-
ents. (SegerstrAle 1959; Remane and Schlieper
1971). Although descriptions of the distributions of
estuarine species have yielded more than a dozen
salinity classification schemes, recurring patterns
across taxa and geographic regions have also been
recognized.

One of the most well-known estuarine classification
schemes is the "Venice System" (Symposium 1959),
which has largely superseded earlier schemes. The
Venice System has gained wide application in de-
scribing the patterns of distribution among estuarine
organisms. Describing and summarizing these pat-
terns is one important and practical function of clas-
sification schemes; another is to help understand the
linkages between ecological processes and species
distributions.

Existing classification schemes have been based
primarily on subjective or qualitative assessments
of how animals use estuaries. For example, the
Venice System of estuarine salinity gradients (Fig-
ure 1) was the result of an informal analysis which
was crafted from the observation, judgement, and
experience of scientists of the day (Symposium
1959).

As nationwide estuarine degradation continues, and
management and mitigation strategies become more
complex, improved and more adaptable schemes
are necessary to organize our_knowledge of estuar-
ies. Development of a statistically-based classifica-
tion scheme as attempted here may provide new
insights into how species utilize estuaries.

Figure 1. Comparison of Venice and Proposed Classification System.
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Study Design Analytical Framework

This study was designed to derive an ecological sa-
linity classification for estuaries based on biological
responses to salinity gradients. In developing the
classificatIon, it was hypothesized that species tend
to have common or similar salinity ranges, and that
the number of common ranges are small. Estuarine
zones can be identified from these ranges to produce
a biogeographic estuarine salinity classification.

The analysis of community structure across environ-
mental gradients has a long history and has resulted
in the evolution of ecological concepts such as
continuum, ecotone, limiting factors, and optimum
conditions. Ecologists use the term ordination for
gradient analysis (Gauch 1982; Legendre and
Legendre 1983). Recently, multivariate ordination
methods have been used to examine community
structure across environmental gradients. These
techniques and tests of statistical significance have
begun to replace more subjective methods, such as
overlaying maps, to reveal subtle or complex pat-
terns of variation.

The multivariate technique, Principal Component
Analysis (PCA), was used in this study to explore
species distributions across estuarine salinity gradi-
ents (Wilkinson 1987). The analysis was applied to
known salinity ranges of organisms from the Mid-
Atlantic Bight with emphasis on the Chesapeake
Bay.

The PCA technique attempts to reduce the dimen-
sionality of a data set into a small number of variables
that explain most of the variation in the original data
set. Thus, the major result of applying this technique
to data on species salinity ranges was identification
of a limited number of overlapping zones and their
associated species. Results were used to propose
an alternative classification of estuarine salinity zones.
These zones were then compared to the Venice
System.

Estuaries link marine to freshwater environments,
and within estuaries salinity ranges from full seawa-
terto freshwater. An analytical framework consisting
of a gradient of 34 salinity increments was con-
structed to compile information on the salinity ranges
of organisms. The first increment in the gradient,
labelled F (Freshwater) in Figure 2, was scored as
present for all organisms which are normally part of
freshwater communities. The last increment, la-
belled M (Marine), was scored as present for all
organisms which are normally part of marine com-
munities. Between these extremes, organisms were
scored as present only in those increments corre-
sponding to their published salinity ranges. These
increments are the integer values of salinity between
o ppt and 30 ppt, plus 0.5 ppt. Fractional salinity
values in the literature were rounded to the nearest
increment. Examples of the salinity increments
scored for two estuarine species, a primarily fresh-
water species, and a primarily marine species are
shown in Figure 2.

Thirty ppt was chosen as the upper boundary of the
estuarine salinity gradient because it corresponds to
the maximum isohaline typically found in Chesap-
eake Bay (Lippson 1973). The 0.5 ppt value was
included because _it is a boundary in the Venice
System. Since an objective of this study was to
compare results with the Venice System, all the
Venice boundaries (0.5 ppt, 5 ppt, 18 ppt, 30 ppt)
were included as increments in this study.

Estuarine species which normally tolerate salinities
over 30 ppt (such as the mummichog, Fundulus
heteroclitus ) were not scored as present in the M
increment since they are not normally part of marine
communities. Estuarine species which tolerate a ppt
were likewise not scored as present in the F incre-
ment since they are not typically part of freshwater
communities. Although the majority of species found
in estuaries are of either freshwater or marine origin,

Figure 2. Examples of salinity ranges of adult fishes.

Salinity, ppt.
14 1516171 Species

Primarily Marine:
Cownoae ray, Rhinopt8fa bonansus

Primarily Freshwater:
Thraadfin shad, Dorosoma petenense
Estuarine:
Ski.elfish, Gobiesox strumosus

Estuarine:
Mummichog, Fundulus heteroclftus
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the F and M increments were retained to permit
investigation of biological linkages between estuar-
ies and freshwater or marine ecosystems.

Note: The method used here to formulate an estuar-
ine classification system does not take into account
the relative abundance or frequency of occurrence of
a species at salinities within its range. Such informa-
tion is available for only a few species. The result of
scoring each species as simply present at each
salinity increment is to assume that each species is
evenly distributed within its salinity range.

Data Sources

The Chesapeake Bay/Mid-Atlantic region was se-
lected for study because of the large amount of
available field data on species salinity ranges. Most
of the data analyzed were extracted from foursources.
Invertebrate ranges came from Gosner (1979), A
Field Guide to the Atlantic Seashore from the Bay of
Fundy to Cape Hatteras (from which only Mid-Atlan-
tic ranges were taken) and Wass (1972), A Checklist
of the Biota of Lower Chesapeake Bay with Inclu-
sions from the Upper Bay and Virginian Sea. The
latter document also contained a chapter on fishes
(Musick 1972) which included data on fishes from the
entire Bay. Development of Fishes of the Mid-
Atlantic Bight (DFMAB 1978) provided salinity ranges
for many larval and Juvenile stages of Chesapeake
Bay fishes, as well as additional species from the ad-
jacent coastal waters. The data are presented and
the data sources compared in Appendix 3.

The data set developed comprises salinity ranges for
242 species of fishes and invertebrates. Some of the
175 fish species are represented in the data set by
multiple life stages: 47 species are represented by
2 life stages, and 14 species by 3 life stages. There
are therefore 250 cases representing fish salinity
ranges: 124 adult ranges, 83 juvenile ranges, and 43
larval salinity ranges. The 67 invertebrate cases
represent adult salinity ranges. The total number of
cases is therefore 317. The term cases is used
throughout this report to refer to the 317 salinity
ranges in the data set; the term species is not used
in this sense because some of the species appear in
the data set more than once as different life stages.

The purpose of combining data for these groups of
organisms was to develop a data set large enough to
produce a robust analysis that was not limited to a
single taxonomic group or life history stage. Al-
though fishes represent 79 percent of the cases, the
invertebrates included are a diverse group and be-
long to 12 phyla. Certainly, additional salinity ranges
exist in the literature as individual records, but the

resulting data set of salinity ranges is the most
comprehensive available for Chesapeake Bay/Mid-
Atlantic organisms. Analysis of subsets of the 317
cases produced results very similar to the patterns
based on the analysis of the full data set, suggesting
that it would take the addition of a large number of
very different salinity ranges to alter the fundamental
results of the analysis.

The term range is used to refer to the published
salinities reported for the 317 cases, and to the
corresponding salinity increments used in this study.
The term zone is used to refer to the five salinity
regions identified in the analysis. The terms limit or
salinity range limit are used to refer to the high and
low salinity increments which enclose the salinity
range of an individual case. The terms end point or
zone end point are used to refer to the high and low
salinity increments which enclose each of the five
salinity zones identified.

Fishes. One hundred twenty four salinity ranges for
adult fishes were taken from Musick (1972). These
data were collected by the staff of Virginia Institute
of Marine Sciences, and are based primarily on
monthly trawl surveys, supplemented by gill net and
seine surveys. The data therefore reflect the salinity
ranges in which fishes are actually collected in
Chesapeake Bay, rather than laboratory determina-
tions of salinity tolerances. The data included in this
analysis were numeric salinity ranges such as
"freshwater to 17 ppt and "4-26 ppt" (Figure 2). Other
species listed in Musick (1972) were excluded from
this analysis because their numeric salinity ranges
were not reported.

The same numerical range criteria were applied 10
include 126 juvenile and larval fishes. These salinity
ranges were primarily obtained from the 6-volume
work, Development of Fishes of the Middle Atlantic
Bight (DFMAB 1978), which is a compilation based
on a large number of primary literature sources. Only
those ranges that appeared to be based on field
observations were included. The geographic scope
of DFMAB includes Chesapeake and Delaware Bays,
plus coastal waters to 100 fathoms, between the
North Carolina-Virginia border and Sandy Hook,
New Jersey. Although broader in geographic scope
than Musick (1972), there is substantial overlap
between the two publications in species coverage. A
few additional salinity ranges were obtained from two
other sources. Ranges for larval alewife, hickory
shad, bay anchovy, and blueback herring were ob-
tained from "Habitat requirements for Chesapeake
Bay living resources (1987). Ranges for larval and
juvenile Atlantic tomcod came from Stewart and
Auster (1987).
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Figure 3. Correlation coefficients (rotated loadings) of salinity increments on Principal Components.
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Invertebrates. Adult salinity ranges for 42 inverte-
brates, representing occurrence in nature, were taken
from Gosner (1979); only mid-Atlantic species were
included. An additional 25 invertebrate salinity ranges
were taken from Wass (1972), which is a compilation
of a large number of primary sources; the criteria for
establishing the salinity ranges reported in Wass is
not always stated explicitly. Only those numerical
records which appeared to be based on field obser-
vations from Gosner and Wass were included. Since
the invertebrate data emphasizes lower Chesap-
eake Bay (Wass 1972) and coastal marine and
estuarine waters (Gosner 1979), freshwater and
upper estuarine invertebrates may be underrepre-
sented.

Results and Interpretation

Application of Principal Components Analysis to the
salinity range data indicated that the underlying
structure of salinity distributions can be represented
by five new variables, or Principal Components.
These new components explain 89 percent of the
variance in the original data set. In this PCA, the
original 34 salinity increments were considered as 34
variables (see Appendix 2) which naturally explained
100 percent of the variance in the data set. Thus,
PCA provided considerable power of summary with
little information loss.

Figure 3 displays the relationship between salinity
and the new Principal Components, along with the
percent of the total variance explained by each.
Each Component explained a significant (at the 0.05
level) percent of the total variance, using the N-rule
of Overland and Prisendorfer (1982). The N-rule is
derived from Monte Carlo PCA simulations on ran-
dom number matrices. Each of the five Components
in this study explained more variance than 95 per-
cent of the Monte Carlo runs with random number
matrices of the size used in this study.

The Principal Components identify salinity zones
used in common by many species. Each of the five
Components has a suite of salinity increments with
which it is most highly associated (Le., with which it
has its highest correlation coefficients). Figure 3
displays plots of the correlation coefficients between
each the five Principal Components and the original
34 salinity increments. The regions between the
broad peaks of the curves represent transition areas
between zones. Many species' salinity range limits
fall in these transition areas where the curves cross,
as opposed to the zones under the peaks, where
relatively few salinity range limits fall.

While the Components identify zones used in com-
mon by many species, the Components in them-
selves do not actually define end points for their
associated salinity zones. Three kinds of analyses
were used to establish the zone end points shown in
Figure 3. These analyses used 1) the relationship
between the Principal Components and the original
salinity increments, 2) the salinity range limits forthe
cases most strongly associated with each of the
Components (Appendix 1) , and 3) the frequency
distribution of the salinity range limits for all 317
cases.

Analysis 1. This analysis identified the salinity incre-
ments with which each Component is most strongly
correlated (Figure 3). Correlation coefficients are
equivalent to varimax rotated loadings (see Appen-
dix 2) in this analysis. Component 1 is most highly
correlated (I'> 0.5) with the salinity increments from F
to 4 ppt. Component 2 is most highly correlated (I'>
0.5) with 2 to 14 ppt, Component 3 with 11 to 18 ppt,
Component 4 with 16 to 27 ppt, and Component 5
with 24 ppt to M. These were taken as first approxi-
mations of the end points for the five zones associ-
ated with the Principal Components.

Analysis 2. This analysis supported the approxi-
mate bounds identified above, and involved plotting
the actual·salinity range limits (high and low) for all
317 cases against the factor score for each Compo-
nent (see Appendix 1). The resulting plots showed
that cases with the highest factor scores (Le., those
most strongly associated) for Component 1 hada
peak number of high range limits at 4-5 ppt. Cases
with the highest factor scores for Component 2
showed a peak number of low salinity range limits at
3 ppt, and a peak number of high limits at 13 ppt. By
this analysis, Components 3's approximate end points
were 10-11 and 19 ppt, Components 4's were 15-16
and 27-28, and Component S's were 23-24 and M.
Thus, the cases with the highest factor scores for
each Component are valuable in defining salinity
zone end points. Appendix 3 lists the factor scores
of each case and the percentage of its range en-
closed by each salinity zone.

Analysis 3. This analysis established the bounda-
ries for the five zones by examining the frequency
distributions of all high and low salinity range limits.
It indicated which of the candidate end points identi-
fied by the two previous analyses were the most
representative. This analysis takes advantage ofthe
fundamental finding of the Principal Components
analysis, that salinity range limits are not randomly
distributed, Le., there are more range limits in the
transition areas where the curves cross (Figure 3).
This procedure identified the low end points of 2, 11,
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15, and 23, and high end points of 4, 15,19 and 28.
These end points are considered representative for
their respective zones because more than 97 per-
cent of of all the low range limits in the data set are
within 3 ppt of these, and more that 98 percent of all
high limits are within 3 ppt of the high zone end
points. The resulting classification system, shown in
Figure 3, reflects the convergence of the three analy-
ses.

The Components. In the discussion which follows,
the organisms associated with each zone are char-
acterized, using the cases with the highest factor
scores for each Component as indicators. In Appen-
dix 1, Figures 1a through 5a display the species that
are most important in identifying the zones in the
classification, i. e., the species with the highestfactor
scores for each zone. Appendix 1 Figures 1bthrough
5b display the species for which ach zone is most
important, i. e., the species with the highest percent
of their range enclosed by each of the five zones. It
is important to remember that the analysis recog-
nizes similarities in salinities where organisms occur,
not the salinities to which they are limited.

Component 1 identifies the Freshwater to 4 ppt (F-
4 ppt) Zone 1, which overlaps with Zone 2 (2-15 ppt).
The cases most strongly associated by their factor
scores with Component 1 have their lower salinity
limits in increments as F or 0 ppt, and extend vari-
ously into higher salinities. This is a heterogeneous
group in terms of the breadth of their salinity ranges,
but all occur in very low salinities, and stenohaline
freshwater fishes are uniquely associated with
Component 1. Invertebrates are not strongly asso-
ciated with this Component, with only two cases
among the highest 25 percent of factor scores; this is
in part explained by the underrepresentation of the
salinity ranges of freshwater invertebrates in the
literature sources. The cases having the top 10
percent of factor scores for Component 1 all occur in
the salinity increments 0-4 ppt.

Component2 identifies the 2-15 ppt inner-estuarine
Zone 2, which overlaps with Zone 1 (F- 4 ppt) on the
freshwater side, and Zone 3 (11-19 ppt) on the
seaward side ofthe estuary. The cases most strongly
associated with Component 2 include a) larval and
juvenile fishes plus adults of estuarine resident fishes,
b) euryhaline freshwater fishes with upper limits as
high as 13 ppt, and c) very euryhaline marine inver-
tebrates and fishes which penetrate the estuary to
salinities as low as 2 ppt. The cases having the top
10 percent of factor scores for Component 2 all occur
in the salinity increments 5-10 ppt.

Component3 identifies the 11-19 ppt mid-estuarine
Zone 3, which overlaps with Zone 2 on the freshwater
side, and Zone 4 on the marine side of the estuary.
The cases most strongly associated with Compo-
nent 3 include invertebrates as well as immature and
adult fishes which have broad representation in the
center of the estuarine salinity gradient. This group
includes freshwater forms with salinity ranges as
high as 20 ppt, as well as marine forms with salinity
ranges as low as 9 ppt. The cases having the top 10
percent of factor scores for Component 3 all occur in
increments 11-17 ppt.

Component 4 identifies the 15 to 28 ppt outer
estuarine Zone 4, which overlaps with Zone 3.(11-19
ppt) and Zone 5 (23-M). The cases most strongly
associated with Component 4 are a) estuarine fishes
(adults, juveniles, and larvae) absentfrom increment
M, and b) euryhaline marine invertebrates and fishes
occurring in increment M and extending into the
estuary as far as 15-17 ppt. The cases with the top 10
percent of factor scores for Component 4 all occur in
the salinity increments 19-24 ppt.

Component5 identifies the Marine to 23 ppt (23 ppt-
M) Zone 5, which overlaps with Zone 4 (15-28 ppt).
The cases most strongly associated with Compo-
nent 5 all occur in increment M, and penetrate
variously into the estuary. Stenohaline marine cases
are uniquely associated with Component 5. Thus
Component 5 represents a group of cases comple-
mentary to that of Component 1. There are certain
highly euryhaline cases (notably those with salinity
ranges of 0 ppt to M) which in fact have high factor
scores for both Component 1 and Component 5,
emphasizing again that this analysis groups cases
by the salinities in which they co-occur, not the
salinities to which they are limited. The cases with
the top 10 percent of factor scores for Component 5
all occur in the salinity increments 26 ppt-M.

Unique features of the estuarine classification pre-
sented here are 1) low end points are in some case
different from the high end points of adjacent zones,
and 2) the zones identified by the Principal Compo-
nents overlap, which may better reflect biological
utilization.

SpecleslLffe Stage Analyses. In addition to the
PCA on all 317 cases, 3 separate PCA's were
performed: a) 124 adult fish salinity ranges, b) 126
immature (larvae and juvenile) fish salinity ranges,
and c) 67 invertebrate salinity ranges which together
made up the complete data set. Their purpose was
to determine how these subgroups might depart from
the patterns observed with the complete data set.
There was substantial agreement between the sepa-
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rate analyses and the aggregate analysis, with minor
exceptions. Both the invertebrate and adult fishes
analysis produced a five-Component solution, with
peaks in the. same regions as resulted from the
complete data set.

There were, however, small differences in the vari-
ances associated with the the Components. The
PCA on the immature fishes yielded a 4-Component
solution. The "absent" peak corresponded to the
mid-estuarine peak found in the other analyses. The
four peaks in this analysis were somewhat broader
as well. Nevertheless,the classification scheme in
Figure 3 is based on the complete data set and
incorporates the information derived from all 317
cases because herein lies the greatest generality
and power of summary of the results.

Comparison to the Venice System

The Venice System of estuarine classification has
been widely used to describe the distribution of
estuarine organisms with respect to salinity. One of
its advantages is its simplicity; it is made of non-
overlapping zones with discrete boundaries (Figure
1). However, criteria for establishing boundaries at
0.5, 5, 18, and 30 ppt are not defined beyond the
statement that the subdivisions are based on "bio-
logical observations" (Symposium 1959). This means
that the assumptions and information used to con-
struct the system are not available for subsequent
analysis or interpretation.

In contrast, the classification presented here is based
on analysis of a defined data set, and the methods
used to establish the boundaries are stated. The
data set, the analysis, and the interpretation are
open to re-examination, and can be used to generate
alternate hypotheses about the structure presented.
Additional information can be incorporated, or the
procedure can be applied to different data sets.
These advantages contribute to the utility and flexi-
bility, but also the complexity, of the proposed clas-
sification.

While the classification system presented shares
some similarities to the Venice classification, it yields
a different perspective on the significance of the
boundaries used to separate estuarine zones.
Especially noteworthy is the ability to distinguish
upper from lower boundaries. A major difference
between the classifications is that this analysis did
not identify major estuarine boundaries at 0.5 and 30
ppt (Figure 1), although these salinity range limits
were included for some organisms in the study.

Lower Boundary Differences. In the description of
the salinity limits of freshwater organisms in the
literature, a boundary a 0.5 ppt may be implied,
especially in the absence of field records. This
boundary may represent a barrier to organisms that
never enter estuaries, but this analysis based on
actual field records can neither refute nor support
this boundary as an upper limit for stenohaline fresh-
water organisms. The empirical basis for the bound-
ary at 4 ppt in the proposed classification rests
largely on the salinity ranges of the most stenohaline
freshwater penetrants included inthe analysis. Thus,
4 ppt may be a better representation for the upper
limit of freshwater penetrants than 0.5 ppt. The
boundary at 4 ppt is quite close the Venice boundary
at 5 ppt, but we do not know the basis for the
establishment of that boundary in the Venice Sys-
tem. The two classifications could possibly reflect
the same undertying phenomenon.

Upper Boundary Differences. Likewise, this analy-
sis did not identify a major boundary at 30 ppt,
despite a small potential bias of recording it as the
nominal salinity maximum for some estuarine organ-
isms; this salinity (30 ppt) does not appear to repre-
sent a significant barrier to marine penetrants. This
analysis suggests that the lower boundary for Zone
5 at 23 ppt may have greater significance than 30 ppt,
at least with regard to marine penetrants. Twenty-
three ppt may better reflect the lower salinity limit for
marine species regarded as stenohaline. Most
marine fishes enter estuaries at least occasionally
(Cronin and Mansueti 1971), and indeed, 63 percent
of the marine fishes collected in 270 trawls in a four-
season survey of the Mid-Atlantic region are also
found in Chesapeake Bay (Foell and Musick 1979).
This information suggests that a 30 ppt boundary
may be biologically invisible to marine penetrants.

In summary, this analysis indicates that 0.5 is not an
upper limit to freshwater stenohaline forms, and that
30 ppt is not a lower limit to stenohaline marine forms.
It is possible that the Venice boundaries at 0.5 ppt
and 30 ppt are convenient and legitimate hydro-
graphic, rather than biogeographic, boundaries (as,
for example, 30 ppt is the typical maximum salinity
isohaline in Chesapeake Bay, Lippson 1976). An
alternative interpretation is that 0.5 is a lower limit to
very euryhaline marine organisms, and that 30 ppt is
an upper limit to some freshwater and estuarine or-
ganisms; this is supported by the present analysis
which identifies 2 ppt as a lower limit and 28 ppt as
an upper limit; these are close to the Venice bounda-
ries of 0.5 and 30 ppt.
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These results support the use of 25 ppt as a bound-
ary in NOAA's ELMR project (Monaco et al. 1990).
Twenty-three ppt was identified as an important
lower boundary in this survey, and 28 ppt was
identified as an upper limit (Zone 4) for estuarine and
freshwater organisms. Twenty-three and 28 ppt
bracket the upper estuarine zone limit of 25 ppt.

MesohallneIPolyhallne Boundary. This analysis
also identified an upper boundary (Zone 3) at 19 ppt.
Therefore, the boundary at 15 ppt (Zone 2-4) and the
upper boundary at 19 ppt (Zone 3) bracket the
Venice mesohaline-polyhaline boundary at 18 ppt.
The agreement between the two classifications, which
are based on such different methods, on the bound-
ary in the 15-19 ppt range suggests a phenomenon
of generality and importance. An osmoregulatory
hypothesis regarding marine-penetrant fishes may
be one component of the explanation for a significant
estuarine boundary at 15-18 ppt identified in both
classifications.

Inner Estuary Boundaries. The lower boundaries
at 2 (for Zone 2) and 11 (for Zone 3) ppt identified in
this analysis do not correspond to major boundaries
in the Venice System. However, the original Venice
System document (as well as some later citations)
does mention minor breaks within the oligohaline at
3 ppt, and within the mesohaline at 10 ppt, If these
genuinely represent biotic boundaries, they are close
to those identified here.

Limits of Marine Species. The end point at 15 ppt
identified in the present analysis represents the
lower salinity limit of estuarine penetration for many
marine fishes in this study. A direct physiological
basis for a salinity limit at approximately this salinity
may be hypothesized. Many marine teleost fishes
have body fluids which are isosmotic with seawater
of 11- 14 ppt. This means that in full seawater, they
tend to gain salts across their body surfaces, and to
dehydrate as well. The lost water must be replaced
by drinking seawater, which adds to the salt gain,
which must be actively excreted across the gills. The
rates of water loss and salt gain are dependent on the
concentration differences between the body fluids
and seawater. Because the salinity is lower in the
estuary than the open sea, and therefore closer to
the blood osmolality of the fishes, the rates of water
loss across and salt gain are actually smaller in
estuaries than the open sea, so at least the outer
estuary may not represent an osmoregulatory stress
(BUlger, in prep.). Consequently, it comes as no
surprise that most oceanic fishes enter estuaries at
least occasionally (Cronin and Mansueti 1971).

For marine teleost fishes to penetrate estuaries
beyond isosmotic salinities (11-14 ppt), however,
they must be able to reverse the direction of salt
transport, decrease drinking rate, and increase urine
procucnon, since at these salinities they gain rather
than lose water. Stenohaline teleosts cannot do
these things. Consequently, while the outer estuary
may be an osmoregulatory refuge from the high cost
seawater existence, the inner estuary is guarded by
an isosmotic boundary for some fishes.

Concluding Comments

The results of this multivariate analysis of the salinity
ranges of Mid-Atlantic Bight/Chesapeake Bay or-
ganisms support an estuarine classification which
summarizes the salinity distributions of these organ- .
isms in only a few general patterns. Among this
diversity of organisms there is apparently great
commonality in salinity distributions.

The salinity zone boundaries in this classification
showed some similarities to the Venice System.
However, the five zones in this classification overlap
and not exclusive. The overlapping zones in the new
classification probably better represent the way that
species use estuaries. The new classification is
more flexible in that it can be easily.updated as new
infol1!1ation becomes available, and the analytical
basis for its boundaries can be reexamined. As a
result, it can be used to formulate hypotheses re-
garding the ecological significance of the bounda-
ries. For some boundaries, salinity may act as a
proxy variable for habitat characteristics which co-
vary with salinity (e.g., substrate, turbidity, etc.). For
other boundaries, direct effects of salinity upon or-
ganisms may be suggested.

This analytical framework supports ongoing NOAA
efforts to better understand how species utilize estu-
aries. A logical next step would be to apply this
analysis to data sets from other estuaries to deter-
mine the generality of the new classification. In
addition, this classification, now based only on salin-
ity, may be expanded to include information on other
important habitat parameters such as substrate,
temperature or hydrographic features.

Further development ofthis work will provide manag-
ers and scientists an improved framework to inte-
grate and summarize a vast amount of estuarine
information.
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Appendix 1. Salinity ranges of species associated with each salinity zone

The figures in Appendix 1 display the salinity ranges of species associated with each salinity zone.

A) Figures 1a through Sa display the species that are most important in identifying the zones in the estuarine
classification, i. e., the cases with the highest factor scores for each ofthe five Principal Components. These cases
often have salinity range limits that coincide with one or both of the zone end points.

B) Figures 1b through 5b display the species forwhich each zone is most important, i. e., the cases with the highest
percent of their range enclosed by each of the five zones.
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Appendix 1. Figure 1a Species important for defining the Freshwater to 4 ppt salinity zone (Component 1).
These are the cases with high factor scores for Component 1.

Component 1. F - 4 ppt 11 19
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Appendix 1. Figure 1b. Species for which the Freshwater to 4 ppt salinity zcnetcomponent 1) is most important.
These are the cases with a high proportion of their range enclosed by Zone 1.
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Appendix 1. Figure 2a Species important for defining the 2 to 15 ppt salinity zone (Component 2).
These are the cases with the highest factor scores for Component 2.
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Appendix 1. Figure 2b. Species for which the 2 to 15 ppt salinity zone (Component 2) is most important.
These are the cases with a high proportion of their range enclosed by Zone 2.
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Appendix 1, Figure 3a Species important for defining the 11 to 19 ppt salinity zone (Component 3).
These are the cases with the highest factor scores for Component 3.
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cqMpOd, EuryremonlaIfIn.

F1atdaw herml crab, Paguros pollcaris

hyalOid, EctopJeura dumottIerJ

} 1.702

1.673

1.593

1.541

1.480

plnnale bryozoan, AtMlnilla annata

Spectes

1.481

Componem3
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Appendix 1, Figure 3b. Species for which the 11 to 19 ppt salinity zone (Component 3) is most important
These are the cases with a high proportion of their range enclosed by Zone 3.

Component 3, 11 - 19 ppt 28
2

11 19

Percent of
range within

the 11 ·19 ppt
Species salinity zone

s~ blenny. CMMnodIM boBquianus 57 %

Gr.n golly. MIctogob/uB Ih~nus 45 %

{
Northern _gazer. AsIru8copu5 guttatus

Cunner. TIIUtDgoIabrusI/dt;ptKsu6 }43%

Father blenny. HypscblMlnlus llentz; 42%

Rough 1IvefsIde. MlJI7Ibras martinica 41 %

RalnbcM trout. OnaJmynchus mykl&s 41 %

BIacIt.ch.k tonguetllh. Symphurus plaglusa 50%

Northern putt••.• Sp/IotIt'oIdN IMcu/alus 43%
..r:::.

~ I I I I r",""" """"""""'.'.""'."'.'."""""':"""'}}::::':"::::::::"::""::::::::::::::::"::::"'2'~"22.PiiV" ::::,,:::::::::::::':"'"""""""" ::"",,'1 I I I I I I I I I Northern pipeflsh. SygMlhus fuBcus 43%
1!!
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I I I I mifim' ••..•·,·.'.'.',':'.':':":'.'.•',.•'.:.'..'..'.,'.:.:.,,':'.',:z~.,:.~,.: .•.. ,z:,_:......Z""···:L·PP.., •..: .••.t.:::',.•.::.::.'.:.:'::••'.' ......"'.".' ..'.'::"'.'::"}:.'~~:llL!llllJJ{=;:;:: 41 %(!)

>
} 41 %

:J...,
Florida pompano. Trachlnot,. CMOIlnus

Horse-.ye jack. Carwut /aIus 40%

Fulher blenny. Hyp«Jbl«lnius hentz/ 82%

Atlantic bonlo. Sam. un1a 75%

..r:::.
} 75%~

{ Northern putt••.• Sphoetoldes maculalUS
Blackcheek tonguetish. Symphurus plaglusa

(ij .. :...... .. .. : ••~ Fourspne sticldeback. Ape/tH quadricus 45%
nl~ ... -.~-.---

Naked goby. GcbiJoma IJoscI 43%

Striped muRal. MJgllosphaJus 43%

I/)
eca•..

.D.s
~.5

Percent of
range wrthin

the 11 • 19 ppt
salinrty zone

hydroId. EcfrIpIttura dlJfflOft»ri 57%

AaIback rnud crab. Eurypanapeus depressus 53%

43%

}43%{

lacy bfyazoan. EIBctra pliosa
Arrow worm, Sagtta elrJgaM
larvacean. ~ ipeCiH

creeping bryoZoan. BowetbMIda gracilis 41 %

·,·""'·,·,}},.,:\,'12·ppt;;.M:::· •..... pinnate bryozoan. AllIIfIfrlIIa SllTlilta 40%
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Appendix 1, Figure 4a Species important for defining the 15 to 28 ppt salinity zone (Component 4).
These are the cases with the highest factor scores for Component 4.

Component 4,15 - 28 ppt 11 19
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Duaky pipeflsh. SygnathUB fIorldae 1.642

Windowpane. ScopthalmUB aquosus 1.621
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II)
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~
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~ I I I I I I I I I I I I I I I I 1>;·:-:····-· .....•..... -:.:.:-:.: ...:..:.•...:... :: •..-.:.:....:~•... :....... .... "I I SpoIIln Idllllllll. Fundulutllu~. 1.337

Tomare. Haemulon aulOineBlUm 1.219

.t::.
~
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j

Naked golly. Gobisoma bDBci 1.568

Fourspine stJc:kleback.Af»'- quadricus 1.525

SpoIIIn killflsh. Fundulu& lJciae 1.410

II)

fJ•...
.0.s
~.E

Sklilelftsh. ~ strutnDtllJtl

{
Dusky pipellsh. Sygnathutf fIoridall

Seaboard goby. Gabisoma ginsbutgl

1.406

} 1.337

StrIped blenny. ChumodetJ bosquianus 1.173
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Skilletllsh. GabietlDx strumosus 1.416

Winter flounder. P-.xJop/iIurOfl8Ctes alTl8ficanus 1.257

Atlantic mackerel. Scorrber scorrbrus 1.039

Greeti golly. M/aogob/u& thalassinus 0.981

Sheepshead minnow. CyprlnodDn va.rlegatus 0.873

Menhaden. BrevoortIa tyrsnUB 0.862

boring sponge. Clana /oOaIa 1.834

{
bryozoan. VidorBi/a pavida

bryozoan. Cllona truitti } 1.535

Harris mud crab. Rhithrapanopeus harris. 1.190

copepod. Fa"snula gracilis 1.039

tweIv.scafed wonn. LepidonotUB varlabilis 0.981
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Appendix 1. Figure 4b. Species for which the 15 to 28 ppt salinity zone (Component 4) is most important.
These are the cases with a high proportion of their range enclosed by Zone 4.

Component 4.15 - 28 ppt
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eul.- ray, My#Iobelill ftwnInvfIItI/
Blgeye lead, &liar aumenopthalmus

1
Orange fllellah, AlutMus st:IK»pfi.
Conger •• ~ Conger OCfMnicus
Code golly, GobIoeoma robusIum
Clown golly, Micmgobius gulosus
Striped _robin, Prionows fWOians
Red drum. SciMnops OCtIIIIIlus
TlWtog. TBUIDgIIonltls
Allmltlc cutlaClah, Trlchlurus Iepturus

{

Allmltlc herring, Clupea /larflflgus
Striped mullet. Mugl t»phaius
Scup, Sf_tomus chrysops

Striped blenny, ChumodsIJbosqu/snus

}88%}~.
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;;:::-"5
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}80%

79%

Dusky pipeflah, Sygnsthu. fIorldae 100%
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I

{Striped bunflah, Chlomyr:tJlrus schospfl }
Allmltlc thread herring, Oplsthontlmll oginum 82 %
Great barracuda, SphyraMIII bsrracuda

AtIm1tlcbonito, SMris BIUdB 100%

Striped kllHiBh, FutdJius mII;'/1s 82%

-til I I 1 I I 1 I 1 I I I 1 1 I I I 1»>16PPt~M< ......... 1.. 11 Atlmltlc mackerel, Scomber scorrbrus 81 %
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boring sponge, Clons /obaIa
balTiloo worm, Asychls &Iongsts
parchnalt worm. Chastoptsrus variopedalus
tweM.-scaIed worm, L~n«us sub/evis
Hard clam, /tAsn;JBnarls meroensria
Red beard sponge, MIcrociona proIHIKB.
sea grape, MoIrPIa menha,.,..
Say mud crab, NBopanopeus say/
Tru",* worm. Pectlnsr/a gould/
entoproc::t,PtKIt:eI'ne cttmUe
clam _rm, Plaryn./ll durrwlfl
und builder worm, Ssbelarls IlUIgarIs
Allantlc oyster drill, Utoee/plnx cine",.

CXIpIIpOd.Fs"."u/II grad/Is

93%

III

~~
~
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~

82%

81%

tw.Iv.scaIed worm, L~n«us vsr/abI/1s 80 %
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Appendix 1, Figure Sa Species important for defining the 23 ppt to marine salinity zone (Component 5).
These are the cases with the highest factor scores for Component 5.

Component 5,23 ppt- Marine 11 19
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Smooth dogfish. Mustelitl canitl
Spiny butterfly ray. Gymnura altavela
Smooth butterfly ray. Gyrmuramicrura
Sheepshead. Arr:hotllJlgu. ptObalocephaJus
Gray trtggerflsh. Bal•••• capriscus

Adantk: thread herring. Opisthonema ogIinum

{

SandIw aIIaIk. ~lf:hamin •• miberti
Atlantic angeillhatk, Squatlna dumerill
South.,., IIIngray. Oayati6 amerlcana
Stat «um. Steilifer /anceoiatus
Longhorn ICUlpin.~ __ us

:00000::::::(0 "'o2fPPgM·.1 Blu. runner. Caranx ay_

{

Bluefish. PomalDmus saltatrlx

}tpjjt;MI =~.~;:n.;,::-
WIll. mullet. Mugil curema

s:
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ComponentS
lactor score}~

1.284
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1.046

} 0.972
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Scrawled cowfillh. Lactophrys quadricornis

liiW;';iii,mij@i88!m~ =::.'!::n~:~anus

Orange fllelillh. AlutenJ6 ttehoepf/

LAalherjaek.at, OIigop/ItM saurus
Sliver jenny. EuciflMlOmull gula
Sliver perch. Baitditlla ehrysoura
SpeC.Leio6tomus xanthurus
Atlan1lc croaker. Micropogonias undulatus
Black «um. Pogon/as CIOmis
Red «um. Sciaenopll ocelatus
Striped mullet, MJgil csphaJus
WM. mll1eI. MJgi/ curema
Summer flounder. Paralichthys dentatus
Tarpon, MBga/opII aJlanticus
Gray snapper. Lutjanus grisaus
Bluefish. Pomalomus salta/fix
Ccbia, Rachyc»ntron canadum

{

Chec:lc8red puffer. SphoMoides t8l5llJdineus
005' t- M! Irish polT1)atlO.O/apl1HU1loIistothostomus

• pp. Spoiled _trout. CynOBCionnebu/osus
Fringed flounder. Etropus aossotus

Banded drum. Lartmus fascia/us

SpoCtedseatrout. Cynoscion nebu/osus

Satgassum pipellsh. Sygnathus pelagicus

Summer flounder. ParaJlchthys den/atus

f King mackerel. ScombBromorus caval/a
~lIl1ljll.lcunner. Tautogo/abrus adspersus~~~~=+~~==~~~~=+C;~~f=+=;==F=+C;~~f=~::::~~.:::l~~~~~5h.~saunwr \.Atlantic herring. Clupea hafflngus
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Blue crab. CaJlinectM sapidull

Atlantic rock crab. Cancer irroratus 1.261

} 1.476
f copepod. EucaJanUilpilNtusr···· ~~ ~ Il copepod. Csntropaglls furr:atus

. .:.":" ". . ..~.":~.:.

1.279

f copepod. ParacalanUil indlcus } 1046
l copepod. Paracalanull quBIIimodo .

{

bryozoan. 8ugula tutrita }
tweIv~sealed worm. LspidonolUS.squamatus 0.762
Amertean IOOlller. HomartJII amerlCanus
Channeled whelk. 8usycon canaliculatum
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Appendix 1, Figure 5b. Species for which the 23 ppt to marine salinity zone (Component 5) is most important.
These are the cases with a high proportion of their range enclosed by Zone 5.

Component 5, 23 ppt - Marine 11 19
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Round herring, EI7U_,.,.. 100%

{

Sandber ahaIk. c.n:h.m/nutl m/bMti }
Atlantic angellhark, Sqwtlna dumtHt//
Southern atlngray. o.yIIIIs a_rlcana 100 %
Star drum, s.m.r IanI»oIatu/l
Longhorn 8CUlpln.~_

AIIMtIc!h1Nd herring. 0pIath0,..",. ogIinum 100 %

{

Smooth dogfish. ~ canis }
Spiny butterfly ray, Gymnufll altavela
Smooth butterfly ray. Gymnura mlcru,a 100 %
Sheepshead. A~ probalOC6pha/us
Gray triggerflsh. BlIIistIIB capriscus

Blue runner. C8flIIIJt ~ 82 %

White millet. Mugi/ ctmIII'I8 100%

Cobia. Rachyr:enl1Otl canadum 100%

s:
{King mackerel. ScombMornofIJS Clllfa/Ia

} 100%~ Cunner. TautogolBbrus ad/lpfltsus
iii
~ Spotted Malrout. CynoecJonnebu/osus 100"".
!IS...J

Sargasaum pipefish. Sygna/hus pelagiaJs 100%

Striped kllI.ish. Fundulus majalis 73%
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copapod. CaJanus IIntna1'Chlcvs

IIII~-P-! {::::=:~=..
} :.!.I.l.t.i.~..~..•..!.!.i:' .••.i.i.B.~.B.!.B:!.B.822.!.!.I.!.•.!;:!.:!.i.I:!.t:!.~.B:I:! AIIMt~ rock crab. canoe, Inoflltu/l

copapod. Hem/cycIopB adt/llK1fflS

copepod. T-. styIHIKII 100%

100%

}100%

90%

89%

{
~.PanK3.nuB~
copepod. Paraca.nUB ~ } 82%
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Appendix 2. Glossary

Case: One of the 317 salinity ranges used as the
data in this study. Some fish species are present as
juveniles or larvae as well as adults, and therefore
are represented by more than one case.

End point The high and low salinity values that
enclose each of the five Zones defined in this study.

Factor analysis. A group of statistical methods that
extract a few factors from a large correlation matrix.
The most frequently used of these methods is Prin-
cipal Components Analysis (PCA) (Legendre and
Legendre 1983), in which the variance of a large and
complex data set is represented by a few new
Principal Components.

Factor scores: The coordinates of the original cases
projected on to the several Principal Component
axes. A high factor score indicates a strong associa-
tion between a case and one of the Components.

Ordination: The analysis of variation across gradi-
ents. Ecologists use multivariate ordination proce-
dures in the analysis of community structure across
environmental gradients. Ordination is widely re-
garded as a valuable exploratory tool for hypothesis
generation (Gauch 1982). However, with the devel-
opment of tests of statistical significance, hypothesis
testing is now feasible. Mu Itivariate ordination tech-
niques generally are within a class of statistical
methods called Factor Analysis.

Principal Component One of the new variables
resulting from a multivariate Principal Components
Analysis, representing an axis through the data
matrix. Also called a Factor or Eigenvector.

Principal Components Analysis (PCA): A multivari-
ate statistical technique in which a set of many
intercorrelated variables is transformed into a set of
a few independent variables, or Principal Compo-
nents. PCA creates a new coordinate system in
which the axes are mutually orthogonal linear com-
binations of the original variables. The Principal
Components clarify the underlying patterns of co-
variation within the original set of variables, and they
retain most of the variance of the original data. In this
stUdy, the 34 salinity increments were considered to
be 34 intercorrelated variables. For each of these
variables, each case was scored as 0 or 1. Thus, the
analysis was performed on a 34 x 317 incidence
(presence/absence) matrix.

Range: The salinity values reported for a given
species/life stage, based on actual field data.

Rotated Loading. The correlation coefficient be-
tween one of the original variables and one of the
derived Principal Components. For example, the 1
ppt salinity increment has a high correlation coeffi-
cient with Component 1, F - 4 ppt (Figure 3).

Salinity increment One of the 34 original variables
used in this analysis, each representing a particular
salinity: Freshwater, 0 ppt, 0.5 ppt, 1 through 30 ppt,
and Marine.

Salinity range limit: The high and low salinity incre-
ments that enclose the salinity range of a case.

Varimax Rotation: A rigid orthogonal rotation of the
Principal Component axes, such that the variance
explained is optimized for all Principal Components
retained in the analysis. Varimax rotations are
applied because they improve the resolution of tran-
sitions between one zone and the next.

Zone: One of the five estuarine regions identified in
this analysis, and associated with one of the five
Principal Components.
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Appendix 3. Table of salinity ranges and factor scores.

For each of the 317 cases, Appendix 3 lists the data source, salinity range, factor score for each ofthe five Principal
Components, and percent of salinity range enclosed by each of the five salinity zones.

Comparison of the data sources
In addition to providing the larval and juvenile fish salinity ranges used in this study, DFMAB (1978) also listed

numeric salinity ranges for 88 of the 124 adult salinity ranges from Musick (1972) which were used in this study.
This provided the opportunity to compare the adult fish salinity ranges against another source. The data from the
two sources were compared overthe range of salinities used in this study. This comparison resulted in an average
difference in salinity range of 4.4 ppt for these 88 pairs. In 30 of the 88 species, the ranges were identical over
the salinities used in this analysis; 19 of these resulted from the use of the same primary sources by Musick and
DFMAB. In 51 of the 58 cases where the sources differed, the range reported in DFMAB was broader than that
in Musick. Although only Mid-Atlantic species are included in DFMAB, the salinity range records for some of these
species came from as far away as the Gulf of Mexico and the Black Sea, whereas Musick limited information to
that obtained in Chesapeake Bay. Therefore, the broader ranges in DFMAB may reflect geographic variation on
a larger scale. The adult salinity ranges in DFMAB were used only as a check, and were not included in the
analysis.

Only six invertebrate species had numerical salinity ranges in both Wass (1972) and Gosner (1979). There was
good agreement between the sources on these six; their reported salinity ranges differed by an average of 2.8
ppt. For these six, the ranges in Wass were used in the analysis.

The major difference between the fish and invertebrate data sets is that the fishes are representative of the entire
salinity spectrum (Musick 1972, DFMAB 1978), while the invertebrate data emphasizes Lower Chesapeake Bay
(Wass 1972) and coastal marine and estuarine waters (Gosner 1979). Therefore, freshwater and upper estuarine

-invertebrates may be underrepresented in the compiled data set.
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Appendix 3. Table of salinity ranges, factor scores, and percent of range enclosed by each salinity zone.

Salinity Component factor scores: Percent of range endosed by each zone:
Case' Common name Latin name range. ppt 1 2 3 4 5 F·4 2-15 11-19 15-28 23-M

Invertebrates from Wass (1972):
1 bryozoan V"~pavitM 3 - Z7 1.535 1.557 ~.578 -1.384 -1.781 8 52 36 52 20

2 boring sponge Cliona 0tIIBIlI 14 - M 0.782 -1.232 0.551 ~.031 0.152 0 11 33 78 50
3 boring sponge C/iona 1obItt. 14 - Z7 1.834 -1.213 ~.018 ~.824 -2.212 0 14 43 93 36

4 boring sponge Cliana truitti 3 - Z7 1.535 1.557 ~.578 -1.384 -1.781 8 52 36 52 20

5 boring sponge Cliona_1ifictI 14 - M 0.782 -1.232 0.551 ~.031 0.152 0 11 33 78 50

6 lacy bryozoan EI«:tta autItUIenI. 6 - M 0.075 0.983 . 0.744 -1.241 0.658 0 38 35 54 35
7 copepod C..". finmwr:hicua 28 - M -2.153 ~.682 ~.042 ~.954 0.6115 0 0 0 25 100

8 copepod EfICIIIwIw piIMra 24 - M -1.460 ~.~1 ~.810 ~.527 1.478 0 0 0 63 100

9 copepod ~~ 14 - M 0.782 -1.232 0.551 ~.031 0.152 0 11 33 78 50

10 copepod ~~ 21 - M ~;221 ~.384 -1.551 ~.441 1.048 0 0 0 73 82
11 copepod I'atat:Mnu8 ~ 21 - M ~.221 ~.384 -1.561 ~.441 1.048 0 0 0 73 82
12 copepod ~minut,. 8 - M ~.063 0.195 1.337 ~.922 0.723 0 33 38 58 38
13 copepod TMIlQ IongicorrVa 19 - M 0.590 ~.474 -1.661 ~.427 0.495 0 0 8 n 69
14 copepod TMIlQ8ty1i1_ 29 - M -1.9114 ~.685 ~.101 -1.145 0.148 0 0 0 0 100
15 copepod EurytMnoIa alfin;' F - 20 ~.393 0.297 1.583 1.052 -1.534 30 61 39 26 0
18 copepod CIItlt1D~ futaIt,. 24 - M -1.460 ~.~1 ~.810 ~.527 1.478 0 0 0 63 100
17 copepod c.nttrJpag. ~ 8 - M ~.063 0.195 1.337 ~.922 0.723 0 33 38 58 38
18 copepod CIItIUtIIIa c::ana:»tU F - 11 ~.918 1.048 -1.418 0.753 ~.930 50 71 7 0 0
19 copepod EutMpina tDJtifrrJM HI - M 0.590 ~.474 -1.661 ~.427 0.495 0 0 8 n 69
20 copepod H.",icydope ~ 22 30 ~.298 ~.358 -1.570 ~.S20 0.660 0 0 0 78 89
21 copepod F___ gntCi/i8

18 - M 1.039 -1.018 ~.553 ~.136 0.053 0 0 25 81 56
22 bamIIcIe LDJIDItry__ ".,.,,,. 5 - M 0.204 1.278 0.428 -1.283 0.589 0 41 33 52 33
23 mud crab NIIDpIIIJOf» ,.- ..y; 8 - M 0.075 0.983 0.744 -1.241 0.656 0 38 35 54 35
24 Atlantlc mud crab PIIItOI»W t.rlItItiI 8 - M 0.075 0.983 0.744 -1.241 0.658 0 38 35 54 35
25 Ham. mud crab R~hwritIii o • 24 1.190 0.707 0.358 0.804 ·1.848 23 54 35 38 8

Adult fish from Musick (1972):
26 L••• brook IM1prwy LMnp«ra a.pypIMII F - 2 ·1.097 -1.604 0.054 1.382 -1.090 100 20 0 0 0
27 Sandbar shark ~miIt»tti Z7 • M -2.143 ~.818 ~.134 ~.821 1.074 0 0 0 40 100
28 Smooth dogfiah MI.8IMt.- c:.W 25 • M ·1.n5 ~.-~.548 ~.814 1.458 0 0 0 57 100
29 Spiny dogfillh Squ.U~ 2O·M 0.217 ~.391 ·1.8711 ~.~ 0.782 0 0 0 75 75
30 AlIMtic angel shark SquatNdtmd 27 • M -2.143 ~.818 ~.134 ~.821 1.074 0 0 9 40· 100.
31 Southemating~ O~-nc.n. 27 • M -2.143 ~.818 ~.134 ~.821 1.074· 0 0 0 40 100
32 BlunllIOM stingray O...,....y; 18 - M 0.882 ~.814 ·1.480 ~.368 0.270 0 0 14 79 64
33 Spiny butterfly ~ Gym,... ••••• 25 - M ·1.n5 ~.498 ~.548 ~.814 1.458 0 0 0 57 100
34 &moth butterfly ray Gym,... mit:ttJnI 25 • M ·1.n5 ~.498 ~.548 ~.814 1.458 0 0 0 57 100
35 Bullnose ray MyfioIMti8 ~ 15 • M 0.980 -1.166 0.007 ~.036 0.048 0 6 29 82 53
38 Cownoae ray RlinopIIMI ~ 13 - M 0.541 -1.198 1.037 ~.072 0295 0 18 37 74 47
37 ~gar ~- F - 23 0.838 0.384 0.653 1.138 -1.984 Z7 54 35 35 4
38 Conger ••• Congw 0CNrIicw 18 - M 1.0311 -1.018 ~.553 ~.138 0.053 0 0 25 81 56
39 Atlantlc herring C/upH IwrIngw 17 - M 0.981 ~.818 -1.032 ~.257 0.135 0 0 20 80 60
40 Gizzaltl shad 0- ettp«iiwun o - 29 1.157 0.874 0.038 1.4113 0.087 19 45 29 45 23
41 Thllladlin shacI Dotoeotna~ F - 17 -1.478 0.548 1.503 0.978 ~.758 35 70 35 15 0
42 RoundherTing EItutNua ,.,.. 28 - M -2.153 ~.682 ~.042 ~.954 0.695 0 0 0 25 100
43 AIIantic thlNd herring ()pieIItonMM oglinum 26-M -1.972 ~.563 ~.3311 ~.715 1.284 0 0 0 50 100
44 Striped anchovy ~MpNtua 5 - M 0.204 1.278 0.428 -1.283 0.5811 0 41 33 52 33
45 Bay anchovy ~miIchiIi 1 30 0.873 1.3n ~.183 0.Z78 0.391 13 47 30 47 27
48 AM1bow trout s.Imo gIIitrNri F - 19 ~.631 0.324 1.722 1.063 -1.250 32 64 41 23 0
47 Eaatem mudminnow Umbta py",,_ F - 4 ~.818 -1.343 ~.385 1.894 -1.0n 100 43 0 0 0
48 Redfin pic:kellli ElIDx~ F - 9 ~.818 0.518 -1.830 1.088 -1.143 58 67 0 0 0
49 Chain pic:kellli ElIDxnigM F - 22 0.472 0.351 1.118 1.045 -1.933 26 56 38 32 0
50 Goldfish C__ iwlJll8lue F - 17 -1.476 0.548 1.503 0.978 ~.758 35 70 35 15 0
51 Carp Cypmu. ctJrpio F - 18 -1.204 0.408 1.703 1.038 ~.983 33 67 38 19 0
52 Eaatem sivsty minnow Hybognathua trlgiua F - 14 -1.595 1.119 0.038 0.647 ~.538 41 76 24 0 0
53 Golden shi,., Nat.",igonw~ F - 5 ~.689 -1.030 ~.701 1.652 -1.144 68 50 0 0 0
54 Satinlin shiner NottupitI •••• _ F - 2 -1.097 -1.604 0.054 1.382 -1.090 100 20 0 0 0
55 Brilte shi,., Nottupitl biIrtttwItua F - 12 -1.156 1.131 ~.994 0.682 ~.783 47 73 13 0 0
58 SpotaiI shier Nato,,;. Iruc*aIiuIJ F - 11 ~.918 1.048 -1.418 0.753 ~.930 50 71 7 0 0
57 Qui.back c:atpIIUCiI.er Citrpioc»a cyprinua F - 11 ~.918 1.048 -1.418 0.753 ~.930 50 71 7 0 0
58 Norlhem redho_ MoxOIJIO,"" fMCtO."idolurn F • 5 ~.669 -1.030 ~.701 1.652 -1.144 68 50 0 0 0
511 Northern hogauc:Icer HypftNum nigrit:tIM F - 1 -1.137 -1.5811 0.104 0.904 -1.248 100 0 0 0 0
80 White caIf ••h Ic:UIIurua t2ua F - 15 -1.663 0.1149 0.595 0.747 ~.541 311 78 28 6 0
81 ,Blu. Clllfillh Ic:UIIurua fUllClllua F - 1 -1.137 -1.5811 0.104 0.904 -1.248 100 0 0 0 0
82 Brown bul".ad Ic:UIIurua ~ F - 8 ~.581 0.135 -1.498 1.314 -1.193 64 64 0 0 0
83 Channel Clllfish Ic:UIIurua pcMJtDtue F - 15 -1.653 0.11411 0.5115 0.747 ~.541 311 78 26 6 0
64 Insholll lizardfltlh $yrIodw ft»l_ 12 - M 0.302 -1.115 1.481 ~.142 0.441 0 20 40 70 45
65 Oytder toadfltlh OpAnualaJ 1 - 30 0.873 1.3n ~.183 0.Z76 0.391 13 47 30 47 27
66 Skillelfillh Gobieeox elrurnOlJua 4 - 26 1.408 1.422 ~.308 -1.819 -2.188 4 52 39 52 17
67 Gooaefish LophiutJ amtIrit;a,.. 14 - M 0.782 -1.232 0.551 ~.031 0.152 0 11 33 78 50
68 Red hake Umphyc:» ell,.. 7 M ~.OO7 0.583 1.053 -1.093 0.697 0 38 38 58 36
811 Spoiled hake Umphyda ' •• 2 - M 0.523 1.522 ~.061 ~.293 0.780 10 47 30 47 30
70 Silverhake Merlucciutl biiflflarle 12 - M O.:lO2 -1.115 1.481 ~.142 0.441 0 20 40 70 45
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Appendix 3, continued. Table of salinity ranges, factor scores, and percent of range enclosed by each salinity zone.

Case # Common name
Salinity Component factor soores: Percent of range enclosed by each zone:

Latin name range, ppt. 1 2 3 4 5 F-4 2-15 11-19 15-28 23-M

Adult fish from Musick (1972), oontinued:
71 Striped aJSk••• 1 RiNoIa trIIIIf1ina1a 14 - M 0.782 -1.232 0.551 .0.031 0.152 0 11 33 78 50
72 Ha/lbeak Hyporllamphua unilaaciatus 12 M 0.302 -1.115 1.481 .0.142 0.441 0 20 40 70 45
73 St.epaheC minnow Cyprinodon van.gan. 0 30 0.873 0.873 0.182 1.854 0.8ge lD 44 28 44 25
74 e.nded kill~iah FunduIw diIIpIJanus F - 20 .0.393 0.2D7 1.5D3 1.052 -1.534 30 81 39 26 0
75 Mummic:hog Fundulutl h«tHOCI.ue o - 30 0.873 0.873 0.182 1.854 0.8ge 1D 44 28 44 25
78 Spolfin killifISh Fundulutl /uciae o • 28 1.410 0.874 .0.089 1.338 .0.538 20 47 30 47 20
n Striped kill.ish Fundu/UB trIIIjI* o - 30 0.873 0.873 0.182 1.854 0.8ge 1D 44 28 44 25
78 Rainwater kill~iah Lucania p8tW 0 30 0.873 0.873 0.182 1.854 o.esa 1D 44 28 44 25
7D Mosquitofish GambUBilllIffiI* F - 18 -1.204 0.408 1.703 1.038 .0.1183 33 67 38 19 0
80 Rough ailWlraide t.fernbras matlWIica 3 - 24 1.157 1.3D3 .0.072 -1.705 -2.524 D 59 41 45 9
81 Tidewater ailYenside Menidia berytJina o • 30 0.873 0.873 0.182 1.854 o.ssa lD 44 28 44 25
82 Allantic ailWlnside Menidia m.nidia o - 30 0.873 0.873 0.182 1.854 0.898 19 44 28 44 25
83 Fourtlpine stickleback Ap./t- quacncus 3 • 26 1.525 1.511 .0.486 -1.497 -2.140 8 54 38 50 17
84 Unedseahorse HippocampuJ flrfIdUB 15 M o.sao -1.186 0.007 .0.038 0.048 0 6 29 82 53
85 Dusky pipefish SygnaIhue floridae 15 30 1.337 -1.184 .0.229 .0.119 .0.533 0 6 31 88 50
86 Northern pipefiah Sygnathue flllQlll 0 30 0.873 0.873 0.182 1.854 o.esa 19 44 28 44 25
87 Black_baa CentropriaIMIItriaIa 12 M 0.302 -1.115 1.481 .0.142 0.441 0 20 40 70 45
88 Rier Centrarchue mllt:tDpIMUB F - 7 .0.551 .0.282 -12D4 1.533 -1212 70 60 0 0 0
89 Blueapolted aunfish E~ gIoritMus F 13 -1.3116 1.186 .o.5OQ 0.642 .0.840 44 75 19 0 0
90 Bluegill t.pom;. maaochirutI F - 18 -1204 0.408 1.703 1.038 .o.D83 33 87 38 19 0
91 Pu-npkinMed t.pomitI gibbolws F • 18 -1.204 0.408 1.703 1.038 .o.D83 33 87 38 19 0
D2 SmaHmouth bass Miao".". doIomieui F - 7 .0.551 .0262 -12D4 1.533 -1212 70 60 0 0 0
93 !.Mgemouth baa Miaopl«w ..moitIeB F - 13 -1.3116 1.186 .o.SOD 0.642 .0.840 44 75 19 0 0
D4 WMecrappie PomoxitllllllHllariB F • 2 -1.097 -1.804 0.054 1.382 -1.090 100 20 0 0 0
95 Black crappie Pomoxitl nigromac:uIIttue F - 1 -1.137 -1.58D 0.104 0.1104 -1248 100 0 0 0 0
DB Swamp darter EIIMoatoma fueHorrrt. F • 1 -1.137 -l.58D 0.104 O.llO4 -1248 100 0 0 0 0
D7 Teuellaled darter ElheoaIDma olnwJtedi F • 13 -1.3116 1.186 .o.SOD 0.642 .0.840 44 75 19 0 0
DB Yeflow perdl Pen:a fIave«»ns F • 13 ·1.3116 1.186 .o.5OQ 0.642 .0.840 44 75 19 0 0
911 Bluefilh PrHMIornUB AIlatrix 1 - M 0.516 1.354 0.053 0.360 0.D72 13 4S 29 45 29
100 Sharkaucker

·EcIwnM ___
D M .0.053 .0202 1.541 .0.703 0.705 0 30 39 61 39

101 Blue Nnner Caranx flllQlll 21 - M .0221 .0.384 -1.551 .0.441 1.046 0 0 0 73 82
102 Crevalle jad( Caranx mppo. 1 • M 0.518 1.354 0.053 0.360 O.D72 13 45 29 45 29
103 Bigeye IC*I S.1ar cromenophtha/mUB 15 - M 0.D8C -1.186 0.007 .0.036 0.048 0 6 29 82 53
104 Lookdown s.1entI __ 1 M 0.518 1.354 0.053 0.360 0.972 13 4S 29 45 29
105 Rough IC*I Trachurt.w Iathami 14 • M 0.782 ·1232 0.551 .0.031 0.152 0 11 33 78 50
106 Piglish OrthopritJtia cmy.opM" 14 M 0.782 -1232 0.551 .0.031 0.152 0 11 33 78 50
107 Scup SIAmoIDmuech/yllOpe 17 M 0.981 .0.816 -1.032 .:0257 0.135 0 0 20 80 60
108 Pinlish Lagodon rhomboidtJ& 15 M csao -1.186 0.007 .0.036 0.048 0 6 29 62 53
109 St.epaheC ~ ptDbIdooeptllliua 25 M -1.n5 .o.4ge .0.548 .0.814 1.458 0 0 0 57 100
110 Spotted sealrout Cynoecion rwbuJoBus 5 M 0204 1276 0.428 -1283 0.589 0 41 33 52 33

111 e.ndeddrum LMim •• ta.dtrtUB 15 • M 0.D8C -1.186 0.007 .0.038 0.048 0 6 29 82 53
112 Southern kngfish Mentit:irrIIUB IIIftfIficanUB 14 • M 0.782 -1232 0.551 .0.031 0.152 0 11 33 78 50

113 Northern kingfish Mentici"".. _alilis 4 M 0.384 1.447 0.18D -1.094 0.556 4 43 32 50 32
114 ReddNm Sciaenope oceIata 16 M 1.03D -1.016 .0.553 .0.136 0.053 0 0 25 81 56
115 StardNm Ste/Iifer 1anoIIOIat•• 27 M -2.143 .0.816 .0.134 .0.821 1.074 0 0 0 40 100

116 Allantic apadefish Chaetodipterw faber 12 M 0.302 ·1.115 1.481 .0.142 0.441 0 20 40 70 45

117 Tautog TauJDgaonilis 16 M 1.039 -1.016 .0.553 .0.136 0.053 0 0 25 81 56

118 Striped mulet MugiI~ 17 - M O.gel .0.816 -1.032 .0257 0.135 0 0 20 80 60

119 WMemullet Mugil aJrtHrJa 1 - M 0.516 1.354 0.053 0.360 0.972 13 45 29 4S 29

120 Northem lllatgazer AsttotlCOpUBglAUllulJ 11 - M 0.110 .0.924 1.702 .0265 0.568 0 24 43 67 43

121 Feather blenny Hypeoblenniua hertzi 12 30 0.659 ·1.093 1225 .0225 .0.140 0 21 42 74 42
122 Striped blenny CheemodN boequiatwJs 12 25 1.173 -1204 1.191 .0.974 -2.511 0 29 57 79 21

123 Nakedgoby Gobisoma bosci 0 27 1.588 0.871 .0.149 1.145 -1.085 21 48 31 45 17

124 SeaboaId goby GobitIoma ginllburgi 15 30 1.337 -1.184 .0229 .0.119 .0.533 0 6 31 88 50

125 Codegoby Gobisoma robuatum 16 - M 1.039 -1.016 .0.553 .0.136 0.053 0 0 25 81 56
126 Clowngoby AIiaogobiUB gw.u. 16 - M 1.039 -1.016 .0.553 .0.136 0.053 0 0 25 81 56

127 G_ngoby AIiaogobiUB ~ 11 • 30 0.486 .0.902 1.466 .o.34D .0.013 0 25 45 70 40

128 Allantic aIIlassf ish Ttit::IIiutw Iep/lJrua 18 - M 1.039 ·1.016 .0.553 .0.136 0.053 0 0 25 81 56

129 AIIantic bonito SaItIa IUIIfIa 10 M 0.002 .0.583 1.873 -o.cn 0.655 0 27 41 84 41

130 King mackerel Sc:ombetDmorUB oavalla 14 M 0.782 ·1232 0.551 .0.031 0.152 0 11 33 78 50

131 Harwstfish PepriIua ".u 4 M 0.384 1.447 0.18D ·1.094 0.556 4 43 32 50 32
132 Bltterfish PepriIus tTiIIc:IInhUB 5 M 0204 1278 0.428 -1283 0.589 0 41 33 52 33
133 Northern searobin PrionoIUB CIllO"''' 5 • M 0204 1278 0.428 -1283 0.589 0 41 33 52 33
134 Striped_bin PrionoIUB • ..now. 18 • M 1.03D -1.018 .0.553 .0.136 0.053 0 0 25 81 56
135 Longhom eculpin ~-pn... 27 M -2.143 .0.818 .0.134 .0.821 1.074 0 0 0 40 100
136 Fringed flounder EtropuJ aoe.tOlue 18 M 0.862 .0.614 -1.460 .0.368 0270 0 0 14 79 64

137 Smatlmouth flounder EtropuJ mit::Iostomus 7 • M .0.007 0.563 1.053 -1.093 0.897 0 36 36 56 36

138 Summer flounder Paralichlhys dentalus 6 M 0.075 0.963 0.744 ·1241 0.656 0 38 35 54 35

1311 Wimer flounder PseudopleuronectJls _ricanus 5 30 0.560 12119 0.192 -1.366 0.008 0 42 35 54 31
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Appendix 3, continued. Table of salinity ranges, factor scores, and percent of range enclosed by each salinity zone.

Salinity Component factor scores: Percent of range enclosed by each zone:
Case # Common name Latin name range, ppt. 1 2 3 4 5 F-4 2·15 11·19 15·28 23·M

Adult fish from Musick (1972), continued:

140 Hogchoker TrintK:IN tnIICIIIIItua o • 30 0.873 0.873 0.182 1.654 0.698 19 404 28 404 25
141 Black.c:hMk tongueflSh Syrnp/Iutw p/afJu. 7 - M .:0.007 0.583 1.053 .1.0G3 0.8117 0 38 38 56 38
142 Orange filefiah ~-.x-pt; 18 • M 1.0311 ·1.018 .0.553 .0.138 0.053 0 0 25 81 56
143 Gray lriggeriiah 8 ••• ,.. CIIpfitIct.w 25 - M ·1.775 .0.498 .0.548 .0.814 1.458 0 0 0 57 100
1404 P1anehNd filefiah S~. hillpidutl 111 M 0.5110 .0.474 -1.881 .0.427 0.4115 0 0 8 77 69
145 Nolthem puffer Sp/DMoir:IM rnac:rMtue 9 • M .0.053 .0.202 1.541 .0.703 0.705 0 30 39 61 39
148 Striped bunfiah ChiIomyr:t- .x-pt; 2 - M 0.523 1.522 .0.081 .0.293 0.780 10 47 30 47 30
147 Rot9ttailsling~ o.y•• cent_ 20 • M 0.217 .0.3111 -1.879 .0.452 0.782 0 0 0 75 75
148 Cunrer TauIDgO/IIbfw ....".,.. 11 • M 0.110 .0.924 1.702 .0.285 0.568 0 24 43 67 43
149 Windowpane 5c:DpIt/IBItnw ~ 13 • M 0.541 ·1.198 1.037 oO.on 0.295 0 18 37 74 47

Invertebrates from Gosner (1979):
150 entoproc:t Pedit»IIina OMIUII 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 8 29 82 53
151 bIyzoan ~,..,..", 13 • M 0.541 -1.198 1.037 oO.on 0.295 0 18 37 74 47
152 Q'Hping bIyozoan 80wwbankia graci/iII 10 • M 0.002 .0.583 1.673 .0.477 0.655 0 27 41 64 41
153 Red bead sponge Miauc:iona ptOIiI_ 15 • M 0.980 ·1.188 0.007 .0.038 0.048 0 6 29 82 53
154 pinnate bryozoan A.vetri/Iia annat. 12 • M 0.302 ·1.115 1.481 .0.142 0.4041 0 20 40 70 45
155 bryozoan CritIia .wrr.. 18 • M 0.882 .0.814 ·1.480 .0.388 0.270 0 0 14 79 64
158 lacy bryozoan EI«:n pi/oA 11 • M 0.110 00~4 1.702 .0.265 0.568 0 24 43 67 43
157 bryozoan 8f91111111rD 2O·M 0.217 .0.391 -1.879 .0.452 0.782 0 0 0 75 75
158 r.cj bryozaon St:hizrJpot.u.a unit:Drni8 18 - M 0.882 .0.814 -1.480 .0.388 0.270 0 0 14 79 64
159 Anew worm Sagi/t1I Ng/In8 11· M 0.110 .0.924 1.702 .0.265 0.568 0 24 43 67 43
180 phoronid worm PhotonitIlIITiIiIIIda 18 • M 0.882 .0.814 ·1.480 .0.388 0.270 0 0 14 79 64
181 AIlantic oyUr drill UfOtIIIIpinxt:iMMa 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 8 29 82 53
182 American oyater er-n.~ 5 • 30 0.580 1..2911 0.192 -1.388 0.008 0 42 35 54 31
183 Carolina rmnhcIam ~ C8RIIftIIn8 F • 15 ·1.853 0.949 0.595 0.747 .0.541 39 78 28 6 0
164 Han:l clam ~ ",.",.".,. 15 • M 0.980 ·1.188 0.007 .0.038 0.048 0 8 29 82 53
165 Amethyet gemciarn GMnma· g«nmII 5 • M 0.204 1.278 0.428 -1.283 0.589 0 41 33 52 33
188 Baltic macoma MIIcoma baltica 5 • M 0.204 1.278 0.428 ·1.283 0.5811 0 41 33 52 33
187 SoftsheII clam ~-- 5 • M 0.204 1.278 0.428 -1.283 0.589 0 41 33 52 33
188 _'-«:aied worm Upidonot,.~ 2O·M 0.217 .0.391 ·1.879 .0.452 0.782 0 0 0 75 75
169 _'-«:aied worm Upidonotu. .utH.1Ii8 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 6 29 82 53
170 tww'-«:aied worm Upidonot,. variabil. 17 • M 0.981 .0.818 ·1.032 .0.257 0.135 0 0 20 80 60
171 foft~worm ~ itnbrit:aIa 18 - M 0.882 .0.814 ·1.480 .0.388 0.270 0 0 14 79 64

·In fift~worm HIInnotht» • .."ua/a 18 • M 0.862 .0.814 ·1.480 .0.368 0.270 0 0 14 79 64
173 clam worm P/stynMN tMwiIiI 15 - M 0.980 -1.188 0.007 .0.038 0.048 0 6 29 82 53
174 blmbooworm .48)cI* HmgIta 15 • M 0.980 -1.188 0.007 .0.036 0.048 0 6 29 82 53
175 PlRhment worm ChafioptMu. variop«Jatua 15 M 0.980 ·1.188 0.007 .0.038 0.048 0 6 29 82 53
178 ~ilderworm SM»IIatia ~ 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 6 29 82 53
177 Trumpel worm Pk:tinatia gouIdii 15 M 0.980 ·1.188 0.007 .0.038 0.048 0 6 29 82 53
178 Americanlobet ••. HotrJatu.~ 20 - M 0.217 .0.391 ·1.879 .0.452 0.762 0 0 0 75 75
1711 longwriet hermit CIlIb PIIf1IIIW /ongicIIIpue 18 - M 0.882 .0.814 ·1.480 .0.388 0.270 0 0 14 79 64
180 F1atdaw hermit CIlIb PB!PW poIIit:an. II M .0.053 .0.202 1.541 .0.703 0.705 0 30 39 61 39
181 Atlantic rock CIlIb c-inonItuI 22·M .0.655 .0.379 ·1.334 .0.437 1.281 0 0 0 70 90
182 GrNnClllb c-:nc._ 8 • M 0.075 0.983 0.7404 -1.241 0.858 0 38 35 54 35
183 Blue crail ~qpidua o • M 0.517 0.851 ·0.418 1.737 1.279 18 42 27 42 27
164 mud crab ~..y; 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 8 29 82 53
185 Ratback mud CIlIb E~~ •• 4 • 20 .0.518 1.1811 1.111 -2.199 ·2.158 8 71 53 35 0
188 hydroid EcID,....~ 5 • 18 -1.488 1.1011 1.480 -2.403 ·1.574 0 79 57 29 0
187 Channeled whelk 8U11)'01HtC2Ja1it:rJIatum 20 M 0.217 .0.391 ·1.879 .0.452 0.782 0 0 0 75 75
188 acomworm Saocog"'" kowa-kii 19 M 0.590 .0.474 -1.881 .0.427 0.495 0 0 8 77 69
1811 Golden at. tunicale 8ottyllu. KIIIoNMi 18 - M 0.882 .0.814 -1.480 .0.388 0.270 0 0 14 79 64
190 -grape Molguia ",.",.."... 15 • M 0.980 -1.188 0.007 .0.038 0.048 0 8 29 82 53
191 Iarv_ 0i1rDpleura.,.a- II - M 0.110 .0.924 1.702 .0.285 0.568 0 24 43 67 43

Juvenile fish from DFMAB (1978):
192 Winter flounder "-udop/eflon«:lN atntHicanUII 4 • 30 o.nl 1.470 .0.087 ·1.177 .0.024 4 404 33 52 30
193 Hogchoker TrintK:IN tnat:UIIItw 0-9 .0.587 0.792 ·1.883 0.887 ·1.045 55 73 0 0 0
1~ IIlack.c:hMk longuefish SymphutW p/afJ"- 5 • 22 0.189 1.052 0.893 -2.398 -2.524 0 81 50 44 0
195 Saavied cowfish L.actop/Jty8 quadricom;' 25 • M ·1.775 .0.498 .0.548 .0.614 1.458 0 0 0 57 100
198 Trunkfish /..at:fopIIty. trir1Or* 21 • M .0.221 .0.384 -1.551 .0.4041 1.048 0 0 0 73 82
197 NoIthem pune, Sp/DMoir:IM mat:u/IIt,. 11 M 0.110 .0.924 1.702 .0.265 0.568 0 24 43 67 43
198 Chec:Mr.cj pUler ~~ 0.5 • M 0.513 1.107 0.234 1.057 1.142 18 404 28 44 28
199 Striped burnISh ChikHnyct_ .x-pt; 15 - M 0.980 -1.188 0.007 .0.038 0.048 0 6 29 82 53
200 Oyater toadfiah o,.-/au 13 - :!g 1.182 ·1.175 0.855 .0.318 .0.918 0 18 41 82 41
201 Atlan1ictomcod MicrogaciJIJ tomcod 2 10 .0.888 1.805 -2.3n -1.574 ·1.476 33 100 0 0 0
202 Horse-eye jadl Caranxlaw. 12 M 0.302 -1.115 1.481 .0.142 0.4041 0 20 40 70 45
203 Atlantic bumper ChlolOtICOmbtuschrysunm 9 M .0.053 .0.202 1.541 .0.703 0.705 0 30 39 61 39
204 Leall.~adcet OligopliIH lIallUll 0 M 0.517 0.851 0.418 1.737 1.279 18 42 27 42 27
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Appendix 3, continued. Table of salinity ranges, factor scores, and percent of range enclosed by each salinity zone.

Salinity Component factor scores: Percent of range enclosed by each zone:
Case # Common name Latin name range, ppt. 1 2 3 4 5 F-4 2-15 11-19 15-28 23-M

Juvenile fish from DFMAB (1978), continued:
205 lookdown s./tJne_r 8 M -0.063 0.1115 1.337 -0.1122 0.723 0 33 38 58 38
206 Florida pompano Trachinctue am/inue 10 M 0.002 -0.583 1.673 -OAn 0.655 0 27 41 64 41
207 Parmn Trachinctue IlIIIcIitus 1 - M 0.516 1.354 0.053 0.380 0.1172 13 45 29 45 29
208 Roughac:ad Trachurua /alhami 211 M -1.9114 -0.665 -0.101 -1.145 0.1.a 0 0 0 0 100
209 Irish pompano DiapItHUB o~omue 0.5 M 0.513 1.107 0.234 1.057 1.142 16 44 28 44 28
210 Spollin mojarra EucinoslDmue lJIf1fHXeus 4 29 1.005 1.470 -0.213 -1.338 -0.655 4 46 35 54 27
211 Silver jenny Eucinosl!omue guIa 0 M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
212 Tomtate HaMnulon IUOIinNtum 18 • 30 1.2111 -0.5112 -1.6116 -0.451 -0.311 0 0 15 65 62
213 Vellowchub KyphMue incitJor 28-M -2.153 -0.662 -0.042 -0.1154 0.6115 0 0 0 25 100
214 Sargeant major Abut»fdulllllXaDIis 2II·M -1.9114 -0.665 -0.101 -1.145 0.1.a 0 0 0 0 100
215 Allartic bonno Slltdas.da 5 • 10 -1.007 1.5511 -1.662 -2.564 -1.647 0 100 0 0 0
216 Spanish mackerel Soomberomorus ma::uIalus 13 • M 0.541 -1.1118 1.037 -0.072 0.295 0 16 37 74 47
217 WMeperch Marone americana F • 7 -0.551 -0.282 -1.294 1.533 -1.212 70 60 0 0 0
218 Striped bass Marone lIIIXatilis F 18 -1.204 0.408 1.703 1.038 -0.983 33 67 38 19 a
219 Blueback herring AIosa _tivaJis F 28 1.380 0.5118 0.144 1.756 -0.636 23 45 29 45 19
220 Menhaden BteVOOl1iatyranus a 15 -1.924 1.224 0.362 0.327 -0.443 35 82 29 6 0
221 Allartic thread herring Opi8thonema oglinlm 15 • M 0.1180 -1.186 0.007 -0.036 0.Q.a 0 6 211 82 53
222 Silver perch &lirdieI1a ch~ura o - M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
223 Spotted sealrolA Cyno/rcion nebuaue 0.5 • M 0.513 1.107 0.234 1.057 1.142 16 44 28 44 28
224 Banded drum LMimue faeciBtus 27 M -2.143 -0.616 -0.134 -0.821 1.074 0 0 0 40 100
225 Spot l..eitMtomue xanthurus o • M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
226 Allartic croaker Micropogoniae undullllutl 0 M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
227 Black drum Pogo";' cromie 0 M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
228 Northam Kingfosh Mttntic;inhue _1It_ 6 • M 0.075 0.1183 0.744 -1.241 0.656 0 38 35 54 35
229 Gtwat barracuda Sphyraena bIIrracuda 15 M 0.1180 -1.186 0.007 -0.036 0.Q.a 0 6 29 82 53
230 Red drum &;;.nope 0t»IIata o • M 0.517 0.851 0.418 1.737 1.2711 18 42 27 42 27
231 Striped mullet Mugil 0/JfJIwiuB o • M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
232 WMemullet NugiI curema o • M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
233 Rough lIilversides Memaa. mwtinica 0 28 1.410 0.874 -0.089 1.336 -0.538 20 47 30 47 20
234 Tldewlller llilverside AIItrIDa t»ryfIina 0 15 -1.624 1.224 0.362 .0.327 -0.443 35 82 29 6 0
235 Atlantic silverside Menda IIHInidIa 1 .- 14 -1.566 1.8118 -0.563 -1.151 -0.745 211 113 29 0 0
236 Baywhilf Cithatichthys spilopterus 2 M 0.523 1.522 -0.061 -0.293 0.760 10 47 30 47 30
237 Summer flounder P.aJichthys dentMJs 0 M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
238 Windowpane Soophtha/mue lIqIHMus 15 29 1.621 -1.163 -0.375 -0.280 -1.163 0 7 33 93 47
239 Fringed flounder Etropue aosaotue 0.5 M 0.513 1.107 0.234 1.057 1.142 16 44 28 44 28
240 Orange filefish AlIA"".lIChoepii 23 M -1.086 -0.417 -1.073 -0.434 1.445 0 0 0 67 100
241 Bandtali puller Spht»roidH apenglllri 10 M 0.002 -0.583 1.673 -O.4n 0.655 0 27 41 64 41
242 Shortnosed sturgeon Al:iPfltl/Ulf a.viroIIlrum F 20 -0.3113 0.297 1.593 1.052 -1.534 30 61 39 26 0
243 ladyIish Elope aaun.tS 17 M 0.1181 -0.816 -1.032 -0.257 0.135 0 0 20 80 60
244 Tarpon MegIItopelltllrltica 0 M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
245 Inshore lizaldfiah $yrlocU lofiIHW 10 M 0.002 -0.583 1.673 -OAn 0.655 0 27 41 64 41
246 Goldfish CamItssiuB auratuB F 17 -1.476 0.5.a 1.503 0.978 -0.758 35 70 35 15 0
247 White catfish /ctlJJurus ca/w F • 11 -0.1116 1.Q.a -1.418 0.753 -0.1130 50 71 7 a a
248 Channel catfish IctlIIIIUB plllCtBlus F 11 -0.916 1.Q.a -1.418 0.753 -0.1130 50 71 7 a a
249 Sheepshead minnow Cyprinodon Ifatiegatus o • 30 0.873 0.873 0.182 1.654 0.6118 19 44 28 44 25
250 Marsh killnish FundIAua OtHJIIr-.tue o • 4 -0.788 -1.067 -0.618 1.474 -0.979 100 50 a a a
251 Spollin killnish Fundulus /uciae 15 30 1.337 -1.164 -0.229 -0.119 -0.533 0 6 31 88 50
252 Striped kinnish FundlAue majBIis 20 30 0.574 -0.368 -1.1115 -0.536 0.181 0 0 a 82 73
253 Spotted hake UrophycitJ tegiuII 5 M 0.204 1.276 0.428 -1.283 0.5811 0 41 33 52 33
254 Fourspine IItickleback ApeIt_ qUllldnlcus 3 • 30 0.840 1.560 -0.247 -0.855 0.021 7 46 32 50 29
255 Dusky pipefish Sygnathulllloridatl 19 27 1.642 -0.455 -2.228 -1.020 -1.869 0 0 11 100 56
256 Northem pipefish SyglVlthulllutlcus 2 22 0.508 1.297 0.403 -1.406 -2.353 14 67 43 38 0
257 Rock sea bass CentropristfIB philadephica 7 M -0.007 0.583 1.053 -1.093 0.697 0 36 36 56 36
258 Jewlish EpinBphe/UB itBjBTa 25 M -1.n5 -0.498 -O.5.a -0.614 1.458 a 0 0 57 100
259 Red grouper EpinepI»/ue motio 21 • M -0.221 -0.364 -1.551 -0.441 1.046 0 0 a 73 82
260 W_ grouper Ep;n.pMIue ~ 2II·M -1.9114 -0.665 -0.101 -1.145 0.1.a a 0 0 0 100
261 Tripletail l.DboIM~ 1 - M 0.516 1.354 0.053 0.380 0.1172 13 45 29 45 29
262 Mutton llnapper LLtjatlMlIIIIIIitJ 5 - M 0.204 1.276 0.428 -1.283 0.589 0 41 33 52 33
263 Red snapper LlAjatIM cam".chanuB 25-M -1.n5 -0.4118 -O.5.a -0.614 1.458 0 0 0 57 100
264 Cubera llnapper LlAjInJa cyanoplMue 4 M 0.364 1.447 0.1611 -1.0G4 0.556 4 43 32 50 32
265 Gray snapper LlAjatIM gn.- 0 M 0.517 0.651 0.418 1.737 1.2711 18 42 27 42 27
266 Pumpkinseed t.pomis gibbosus F 7 -0.551 -0.282 -1.2114 1.533 -1.212 70 60 0 0 a
267 Warmoutn t.pomis guloeuB F 17 -1.478 0.5.a 1.503 0.978 -0.758 35 70 35 15 a
268 I..argemolAh balls Miaoplilrus saImoides F 17 -1.476 0.5.a 1.503 0.978 -0.758 35 70 35 IS a
269 Whneaappie PomoxitJ annUariB F 1 -1.137 -1.589 0.104 0.904 -1.246 100 0 a 0 a
270 Black crappie PomoxitJ nigroma:;ulalus F 13 -1.398 1.166 -0.509 0.642 -0.640 44 75 t9 0 a
271 Te ••• llated darter EtheoBlDma olmslBd F 0.5 -1.130 -1.421 -0.010 0.251 -1.460 100 0 0 0 a
272 Vellow perch Perea I/aV8BCMIII F 10 -0.724 0.656 -1.659 0.876 -1.056 54 69 0 0 a
273 Bluefish Pomlltomu. fillllltrix 0 M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
274 Cobia Rachycentron canadum 0 M 0.517 0.651 0.418 1.737 1.279 18 42 27 42 27
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Appendix 3, continued. Table of salinity ranges, factor scores, and percent of range enclosed by each salinity zone.

Salinity Component factor scores: Percent of range enclosed by each zone:
Case # Common name Latin name range, ppt. 1 2 3 4 5 F-4 2-15 11-19 15-28 23-M

Larval fish from DFMAB (1978):
275 Winter flounder PNudopleuton«t •• BmMicanIJ8 4 • 28 1257 1.470 ~.3311 -1.4115 -1.260 4 48 36 56 24
276 B~k tongueflSh Symp/HJfu8 plagiuN 11 • 22 0.0115 -1.1411 2.168 -1.378 -2.545 0 42 75 67 0
277 SkilletfiBh Gotn.Gx stnm081J8 4 • 27 1.416 1.487 ~.398 -1.668 -1.807 4 50 38 54 21
278 Northern puffer Sp/Io;IroitMe maaJJa/ua 11 - 22 0.0115 -1.1411 2.168 -1.378 -2.545 0 42 75 67 0
279 Atlantic tomc:od Mictogadua tomood 2 • 10 ~.668 1.805 -2.372 -1.574 -1.476 33 100 0 0 0
280 Alewife AlO8a~ F • 5 ~.6811 -1.030 ~.701 1.852 ·1.144 88 50 0 0 0
281 Hick.ory shad AIoM trIIItiicJtn. F • 5 ~.6811 -1.030 ~.701 1.852 -1.144 88 50 0 0 0
282 Bayanc:ho~ AndIoII milchili o • 7 ~.521 0.014 -1.527 1.113 -1.113 ff1 67 0 0 0
283 AIIantic bonito s.a...a. 17 - 20 0.100 -1.0114 ~.0811 -1.363 -2.5711 0 0 75 100 0
284 AIIantic mackerel SootnbM~ 16 • M 1.0311 -1.016 ~.553 ~.136 0.053 0 0 25 81 56
285 King mackerel SootnI»tDmotu8 cavaIIa 27 • M -2.143 ~.616 ~.134 ~.821 1.074 0 0 0 40 100
288 White pen:h Motone amMit:Mta . F • 8 ~.561 0.135 -1.498 1.314 -1.1113 64 64 0 0 0
287 Striped •• Motone tIIIXatIitI F • 10 ~.724 0.856 -1.6511 0.878 -1.056 54 69 0 0 0
288 Blueback herring AIoMaeetiv_ F - 5 ~.6811 -1.030 ~.701 1.852 -1.144 88 50 0 0 0
289 American shat AIoM~ F • 7 ~.551 ~.262 -1.294 1.533 -1.212 70 60 0 0 0
290 M.nhaden Bre'lOOf/ia /ytIWIUI 18 • M 0.882 ~.614 -1.460 ~.368 0.270 0 0 14 79 64
291 SiIYer perdl 8aitr»11a~ 2 • M 0.523 1.522 ~.081 ~.2113 0.760 10 47 30 47 30
2112 Spotted MlllruuI Cyn08Oon~ 24 • M -1.460 ~.461 ~.810 ~.527 1.478 0 0 0 63 100
2113 Weakfish Cyn08don regM 12 - M 0.302 -1.115 1.481 ~.142 0.441 0 20 40 70 45
294 AIIantic aoaker Mit:topogDniaa unduIatue o - 21 0.070 0.568 1.143 0.827 -1.651 26 61 39 30 0
295 Cunner Tlallogo/IIbnJ8 Dpet8UII 27 • M -2.143 ~.616 ~.134 ~.821 1.074 0 0 0 40 100
298 Sand lance Ammodyt ••• p. 2 • M 0.523 1.522 ~.061 ~.2113 0.760 10 47 30 47 30
297 Striped mullet Mugil t»pha/IJ8 11 • M 0.110 ~.1124 1.702 ~.265 0.568 0 24 43 67 43
298 White mulet Mugilctnma M - M -1.458 ~.665 ~.373 ·1.484 -1.087 0 0 0 0 100
299 Tldewlller ailvefside Menidia betylinll o • 15 -1.824 1.224 0.382 0.327 ~.443 35 82 29 8 0
300 Summer flounder ~dtntat1J8 o - M 0.517 0.651 0.418 1.737 1279 18 42 27 42 27
301 Nakedgoby GobiIIoma boed o - 111 ~.802 0.600 1.4811 0.843 -1.152 29 87 43 24 0
302 Gte.lgoby Irfit:togobiIJ8 ~ 17 - M 0.981 ~.818 -1.032 ~257 0.135 0 0 20 80 60
303 l.a:IyflSh Elope ••••• 1 - M 0.518 1.354 0.053 0.360 0.972 13 45 29 45 29
304 AIIantic herring C/c,f)H '-ngIJ8 1 • M 0.518 1.3504 0.053 0.360 0.972 13 45 29 45 29
305 Channel calfish Ic:I1IIutw punc:I6itIJ8 F • 7 ~.551 ~.262 ·1294 1.533 -1.212 70 80 0 0 0
308 Conger •••

CangtH ____ •
3 • M 0.483 1.537 ~.011 ~.nl 0.602 7 45 31 48 31

307 Speckeled _rm •• I Myroph_ punctalla o • 4 ~.768 ·1.087 ~.618 1.474 ~.979 100 50 0 0 0
308 Ballyhoo H«nratnpllw tltatJiIitJM. 2 • M 0.523 1.522 ~.081 ~.2113 0.780 10 47 30 47 30
3011 HaIIbeak HyporlIatnphuI ~ o • 12 -1.128 1.407 ·1227 0262 ~.685 43 79 14 0 0
310 Sheepahead minnow Cypmodon van.g.tw o - 30 0.873 0.873 0.182 1.654 0.698 19 44 28 44 25
311 ~mmichog FIItduIw~ 2 • 3 ~.1143 ~.567 ~.839 ~.748 -1.464 100 100 0 0 0
312 Striped killifISh FIItduIw~ 20-30 0.574 ~.368 ·1.915 ~.536 0.181 0 0 0 82 73
313 Fourapine cicklebacl< ApMtee~ 3 • 22 0.458 1.312 0.454 -1.884 -2.511 10 65 45 40 0
314 Northem pipeflah SY'f1III/IIIw t_ 2 • 22 0.508 1.2117 0.403 -1.406 -2.353 14 87 43 38 0
315 Sargauum pipeflah SY'f1III/IIIw pMgit:w 23-M -1.068 ~.417 -1.073 ~.434 1.445 0 0 0 67 100
318 Cobia Raa."r»ntton CM8IUn 28 • M -2.153 ~.682 ~.042 ~.954 0.695 0 0 0 25 100
317 Feather b1enny Hw-obIetItIiW MnIzJ 11 • 21 ~.337 -1.187 2.427 -1.375 -2.382 0 45 82 64 0
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