
APPENDIX DD

SAV Depth, Area and
Water Quality Data Used 
and Details of Statistical
Analysis Performed



SAV AREA BY DEPTH AND 
WEIGHTED MEAN DEPTH

SAV area by depth data were examined to see if they
were correlated with water quality data. This was done
by generating depth contours at 0.5, 1 and 2 meters
MLLW and overlaying SAV polygons on them.  The
SAV area within four depth ranges was calculated for
each Chesapeake Bay Program segment and year, and
the areas were converted to percentages by dividing
each by the total area in that segment and multiplying
by 100.  The depth ranges, area variables and percent
variables for each are listed in Table D-1.

These areas were also used to calculate a weighted
mean SAV depth for each segment and year
(SAVDEP).  This was done with the usual formula for
weighted mean, multiplying the area in each depth
range by the midpoint of each range, summing them
and dividing their sum by the total area:

SAVDEP = [(AREA05)*0.25 + (AREA1)*0.75 
+ (AREA2)*1.5 + (AREAGT2)*2.5] /
(Total SAV area)

Since the Area > 2 category has no upper bound, 2.5
meters was chosen as the midpoint, assuming that very
little of the mapped SAV was growing in water more
than 3 meters deep MLLW.  This assumption was
based on ground truth observations that SAV is rarely
found below this depth and the limited ability to see
below this depth in aerial photos taken in the normally
turbid Chesapeake.   This mean depth was used in
Spearman rank correlations with water quality param-
eters, along with the four percentages in different
depth categories.

SAV AREA DATA AND GROWTH CATEGORIES

SAV area by Chesapeake Bay Program segment came
from the Chesapeake Bay SAV aerial survey.  The lat-
est table of hectares by segment by year was down-
loaded from the VIMS web page (http://www.
vims.edu/bio).  SAV growth categories were used for
some analyses, which represented average conditions
over all years with SAV area data.  For the York and
Choptank rivers, the same ‘Persistent,’ ‘Fluctuating’
and ‘None’ categories were used that were used before
(Batiuk et al. 1992). These categories were based on
observations of the persistence over time of either nat-
ural or transplanted SAV near the monitoring stations.
For the Chesapeake Bay SAV Aerial Survey data, the
three different categories for SAV area by USGS quad
were applied to SAV area by CBP segment instead of
quad, using 1978-97 SAV hectares by segment by year.
The three categories were expanded to five and were
considered equivalent to the categories used in Batiuk
et al. (1992), as show in Table D-2.

Adding two more categories to the ones defined by
Hagy (unpublished data) helped separate the ‘best’
and ‘worst’ segments from the others.  These were the
‘Always Abundant’ and ‘Always None’ categories
respectively.  The results of this analysis for each
Chesapeake Bay Program segment are shown in 
Table D-3. 

WATER QUALITY DATA USED

Data used for SAV habitat requirements were from
surface samples (Layer = ‘S’) from selected Chesa-
peake Bay Water Quality stations in each segment.

198 SAV TECHNICAL SYNTHESIS II

TABLE D-1. SAV depth ranges and variable names.



When there was more than one station per segment,
stations that were too far from SAV were dropped from
the analysis (Table D-5). Nearshore data collected in
the York and Choptank rivers for the first SAV Techni-
cal Synthesis (Batiuk et al. 1992) were also used. Volun-
teer monitoring data were not used because they were
only available for a few years and segments.

Data were used only from the SAV growing seasons:
April-October for tidal fresh, oligohaline and mesoha-
line regimes and March-May and September-Novem-
ber in polyhaline.  Raw data from all stations used in
each segment were used for the Wilcoxon test.
Monthly means were not calculated since each month
had two samples (where sampling is twice a month)
and this would reduce the sample size.  For consis-
tency, light attenuation (Kd) was calculated from Kd =
1.45/Secchi even if Kd data from light measurements
were available.

TESTING ATTAINMENT OF 
HABITAT REQUIREMENTS

The attainment of SAV habitat requirements was
tested by segment or station and year with the
Wilcoxon one-sample test, using the difference
between each observation and the habitat requirement
for that salinity regime as the data for the test.  A cus-
tom SAS program to perform the test was written for

this application (see Appendix C).  When done by seg-
ment, data from all the stations used in that segment
were used for the test without any averaging, so the
sample size was larger if there were more stations.
The results were classified in three categories using a
two-tailed significance level (P) of 0.05:

Met: median was significantly below the
requirement 

Borderline: median did not differ significantly
from requirement

Not met: median was significantly above the
requirement

This test was more sensitive to the consistency of the
differences (positive or negative) than to their magni-
tude.  

Tidal range data were used to adjust the restoration
depth (Z).  This number is critical to both PLW and
PLL calculations since it determines the path length
for light passing through the water, and thus how much
the light is attenuated passing through the water.  For
any two sites, the one with greater tidal range will on
average have more water above the 1 meter depth con-
tour which is referenced to MLLW, the bottom eleva-
tion for the tidal range used (semi-diurnal or greater
tropic range).
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TABLE D-2. Five categories used for characterizing SAV growth status by segment based on 1978-1997
aerial survey data.
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TABLE D-3. New CBP segments classified according to SAV growth category (GROWTH) using 1978-
1997 SAV area data: MAX = maximum, MED = median, MIN = minimum (hectares).



The tidal range data used was obtained from the
“benchmark” data on the NOAA home page:
http://www.opsd.nos.noaa.gov/bench.html

The station listings for Maryland and Virginia on this
web page include the number we want, MHHW eleva-
tion, which is the same as the semi-diurnal range or
greater tropic range (MHHW-MLLW) since MLLW is
zero in the NOAA benchmark data.  However, there
do not appear to be any benchmark MHHW data for
the following rivers or areas:

Upper Western Shore Maryland-Bush,
Gunpowder, Middle, Back rivers

Lower Western Shore Maryland-Rhode, 
West rivers and Patuxent above Solomons,
Potomac-from Colonial Beach upriver to DC

Eastern Shore-Wicomico, Pocomoke rivers
(Maryland)

VA Western shore-Rappahannock and 
York rivers above their mouths

The published commercial tide tables have data for at
least one site in or near all of these rivers.  However
the tide table (Reed’s) lists the “spring range,” not the
semi-diurnal range.  The spring range in this table dif-
fers from the semi-diurnal range at the benchmark sta-
tions as follows:

1. Spring range > semi-diurnal range, south of a
line running diagonally across the Bay, from

Fishing Bay (Eastern Shore) SW to Smith Point
(just South of Potomac). Differences about 0.2-
0.3 feet.

2. Semi-diurnal range > spring range, north of this
line, differences about 0.1-0.5 feet (larger differ-
ences farther north). 

To fill in the spatial gaps in benchmark data, we
adjusted spring ranges to estimate semi-diurnal
ranges.  Since the relationship varies spatially, but has
a strong positive correlation (R-square for linear
regression was 78 percent), we adjusted the spring
range to approximate the semi-diurnal range as
follows: Estimated semi-diurnal range at site without
benchmark data equal spring range at that site *
(semi-diurnal range at nearest benchmark site/spring
range at benchmark site).

For example, for the Gunpowder River, closest bench-
mark is Tolchester (Eastern shore mainstem), esti-
mated semi-diurnal range = 1.4 ft * (1.74/1.4) = 1.74
ft.,  since spring range is the same at both sites; for
West River, using South River benchmark, estimated
semi-diurnal range = 1.0 * (1.48/1.1) = 1.35 ft. We
used this method to estimate semi-diurnal range from
spring range for one point near the middle of any seg-
ments that lacked benchmark data.  If no spring range
data were available (e.g. the Bush River) the closest
point with spring range data was used.  The resulting
semi-diurnal tidal ranges in feet and half tidal range in
meters are listed in Table D-4.
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TABLE D-4. Semi-diurnal tidal range for 77 CBP segments, calculated from NOAA data. 
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TABLE D-5. Mainstem Chesapeake Bay Water Quality Monitoring Program stations used in analysis of the
SAV habitat requirements.




