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Figure VI-6. Contour plots of modeled salinity (ppt) in Centerville River System. 
 
 
Table VI-4. Comparison of sub-embayment watershed loads used for modeling of 

present, build-out, and no-anthropogenic (“no-load”) loading scenarios of the 
Centerville River System.  These loads do not include direct atmospheric 
deposition (onto the sub-embayment surface) or benthic flux loading terms. 

sub-embayment 
present 

load 
(kg/day) 

build out 
(kg/day) 

build out 
% 

change 

no load 
(kg/day) 

no load 
% 

change 
Centerville River East 55.737 58.907 +5.7%      4.551  -91.8%
Scudder Bay 14.452 15.041 +4.1%      1.025  -92.9%
Centerville River West 9.463 10.011 +5.8%      0.907  -90.4%
East Bay 8.627 9.008 +4.4%      1.458  -83.1%

Surface Water Sources      
Pine Street Stream 3.452 3.742 +8.4%      0.597  -82.7%
Lake Elizabeth Stream 2.274 2.252 -0.0      0.093  -95.9%
Bumps River 16.912 17.863 +5.6%      0.364  -97.8%
Skunknet River 21.260 21.918 +3.1%      1.044  -95.1%
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VI.2.6.1  Build-Out 
 In general, certain sub-embayments would be impacted more than others.  The build-out 
scenario indicates that there would be more than a 6% increase in watershed nitrogen load to 
the western end of Centerville River as a result of potential future development.  Other 
watershed areas would experience similar load increases, for example the loads to East Bay 
would increase 4% from the present day loading levels.  For the no load scenarios, a majority of 
the load entering the watershed is removed; therefore, the load is generally lower than existing 
conditions by over 80% overall and 90% in most areas.     
 
 For the build-out scenario, a breakdown of the total nitrogen load entering the Centerville 
River System sub-embayments is shown in Table VI-5.  The benthic flux for the build-out 
scenarios is assumed to vary proportional to the watershed load, where an increase in 
watershed load will result in an increase in benthic flux (i.e., a positive change in the absolute 
value of the flux), and vise versa.   
 
 Projected benthic fluxes (for both the build-out and no load scenarios) are based upon 
projected PON concentrations and watershed loads, determined as: 

(Projected N flux) = (Present N flux) * [PONprojected]/[PONpresent] 

where the projected PON concentration is calculated by,  

[PONprojected] =  Rload * ∆PON + [PON(present offshore)], 

using the watershed load ratio,  

Rload = (Projected N load) / (Present N load), 

and the present PON concentration above background,  

∆PON = [PON(present flux core)] – [PON(present offshore)]. 

 
Table VI-5. Build-out sub-embayment and surface water loads used for total 

nitrogen modeling of the Centerville River System, with total 
watershed N loads, atmospheric N loads, and benthic flux.   

sub-embayment 
watershed 

load 
(kg/day) 

direct 
atmospheric 
deposition 
(kg/day) 

benthic flux 
net 

(kg/day) 

Centerville River East 58.907 0.449 5.469 
Scudder Bay 15.041 0.685 -2.170 
Centerville River West 10.011 0.718 3.526 
East Bay 9.008 1.126 12.799 

Surface Water Sources    
Pine Street Stream 3.742 - - 
Lake Elizabeth Stream 2.252 - - 
Bumps River 17.863 - - 
Skunknet River 21.918 - - 

 
 Following development of the nitrogen loading estimates for the build-out scenario, the 
water quality model of Centerville River System was run to determine nitrogen concentrations 
within each sub-embayment (Table VI-6).  Total nitrogen concentrations in the receiving waters 
(i.e., Nantucket Sound) remained identical to the existing conditions modeling scenarios.  Total 
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N concentrations increased the most in the upper portion of the system, with the largest change 
at the upper portion of Centerville River (2.8%) and the least change occurred in East Bay 
(0.6%) which exchanges directly with Nantucket Sound.  Color contours of model output for the 
build-out scenario are present in Figure VI-7.  The range of nitrogen concentrations shown are 
the same as for the plot of present conditions in Figure VI-4, which allows direct comparison of 
nitrogen concentrations between loading scenarios. 
 

Table VI-6. Comparison of model average total N concentrations from present 
loading and the build-out scenario, with percent change, for the 
Centerville River System.  Sentinel threshold stations are in bold 
print. 

Sub-Embayment monitoring 
station 

present 
(mg/L) 

build-out 
(mg/L) % change 

Scudder Bay BC-3 0.524 0.536 +2.1% 
Bumps River BC-4 0.451 0.458 +1.6% 
Centerville River BC-5 0.609 0.626 +2.8% 
Centerville River  BC-7 0.526 0.538 +2.2% 
Centerville River BC-8 0.454 0.462 +1.7% 
Centerville River BC-9 0.389 0.394 +1.1% 
East Bay BC-10 0.349 0.351 +0.6% 
Confluence of Bumps River and 
Centerville River BC-T 0.412 0.418 +1.4% 

 

VI.2.6.2  No Anthropogenic Load 
 A breakdown of the total nitrogen load entering each sub-embayment for the no 
anthropogenic load (“no load”) scenario is shown in Table VI-7.  The benthic flux input to each 
embayment was reduced (toward zero) based on the reduction in the watershed load (as 
discussed in §VI.2.6.1).  Compared to the modeled present conditions and build-out scenario, 
atmospheric deposition directly to each sub-embayment becomes a greater percentage of the 
total nitrogen load as the watershed load and related benthic flux decrease.    
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Figure VI-7. Contour plots of modeled total nitrogen concentrations (mg/L) in Centerville River 

System, for projected build-out loading conditions, and bathymetry.  The approximate 
location of the sentinel threshold station for Centerville River System (BC-T) is shown. 

 
Table VI-7. “No anthropogenic loading” (“no load”) sub-embayment and surface 

water loads used for total nitrogen modeling of Centerville River 
System, with total watershed N loads, atmospheric N loads, and 
benthic flux 

sub-embayment watershed load 
(kg/day) 

direct 
atmospheric 
deposition 
(kg/day) 

benthic flux 
net 

(kg/day) 

Centerville River East 4.551 0.449 3.847 
Scudder Bay 1.025 0.685 -1.432 
Centerville River West 0.907 0.718 3.038 
East Bay 1.458 1.126 11.125 

Surface Water Sources    
Pine Street Stream 0.597 - - 
Lake Elizabeth Stream 0.093 - - 
Bumps River 0.364 - - 
Skunknet River 1.044 - - 
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 Following development of the nitrogen loading estimates for the no load scenario, the 
water quality model was run to determine nitrogen concentrations within each sub-embayment.  
Again, total nitrogen concentrations in the receiving waters (i.e., Nantucket Sound) remained 
identical to the existing conditions modeling scenarios.  The relative change in total nitrogen 
concentrations resulting from “no load” was significant as shown in Table VI-8, with reductions 
greater than 40% occurring in Scudder Bay and the upper portions of Centerville River.  Results 
for each system are shown pictorially in Figure VI-8.   
  

Table VI-8. Comparison of model average total N concentrations from present 
loading and the no anthropogenic (“no load”) scenario, with percent 
change, for the Centerville River System.  Loads are based on 
atmospheric deposition and a scaled N benthic flux (scaled from 
present conditions).  Sentinel threshold stations are in bold print. 

Sub-Embayment monitoring 
station 

present 
(mg/L) 

no-load 
(mg/L) % change 

Scudder Bay BC-3 0.524 0.312 -40.5% 
Bumps River BC-4 0.451 0.311 -30.9% 

Centerville River BC-5 0.609 0.328 -46.2% 
Centerville River  BC-7 0.526 0.326 -38.1% 
Centerville River BC-8 0.454 0.320 -29.5% 
Centerville River BC-9 0.389 0.312 -19.8% 

East Bay BC-10 0.349 0.309 -11.6% 
Confluence of Bumps River 

and Centerville River BC-T 0.412 0.314 -23.7% 
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Figure VI-8. Contour plots of modeled total nitrogen concentrations (mg/L) in Centerville River 

System, for no anthropogenic loading conditions, and bathymetry.  The approximate 
location of the sentinel threshold station for Centerville River System (BC-T) is shown. 
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VII.  ASSESSMENT OF EMBAYMENT NUTRIENT RELATED 
ECOLOGICAL HEALTH 

 
 The nutrient related ecological health of an estuary can be gauged by the nutrient, 
chlorophyll, and oxygen levels of its waters and the plant (eelgrass, macroalgae) and animal 
communities (fish, shellfish, infauna) which it supports.  For the Centerville River embayment 
system, the MEP assessment is based upon data from the water quality monitoring database 
and MEP surveys of eelgrass distribution, benthic animal communities and sediment 
characteristics, and dissolved oxygen records conducted during the summer of 2003. These 
data form the basis of an assessment of this system’s present health, and when coupled with a 
full water quality synthesis and projections of future conditions based upon the water quality 
modeling effort, will support complete nitrogen threshold development for these systems 
(Chapter VIII). 

VII.1  OVERVIEW OF BIOLOGICAL HEALTH INDICATORS 
 There are a variety of indicators that can be used in concert with water quality monitoring 
data for evaluating the ecological health of embayment systems.  The best biological indicators 
are those species which are non-mobile and which persist over relatively long periods, if 
environmental conditions remain constant.  The concept is to use species, which integrate 
environmental conditions over seasonal to annual intervals.  The approach is particularly useful 
in environments where high-frequency variations in structuring parameters (e.g. light, nutrients, 
dissolved oxygen, etc.) are common, making adequate field sampling difficult. 
 
 As a basis for a nitrogen thresholds determination, MEP focused on major habitat quality 
indicators: (1) bottom water dissolved oxygen and chlorophyll a (Section VII.2), (2) eelgrass 
distribution over time (Section VII.3) and (3) benthic animal communities (Section VII.4).  
Dissolved oxygen depletion is frequently the proximate cause of habitat quality decline in 
coastal embayments (the ultimate cause being nitrogen loading).  However, oxygen conditions 
can change rapidly and frequently show strong tidal and diurnal patterns. Even severe levels of 
oxygen depletion may occur only infrequently, yet have important effects on system health.  To 
capture this variation, the MEP Technical Team deployed dissolved oxygen sensors within the 
upper portion of the Centerville River System, Scudder Bay,  as well as closer to the inlet to the 
Centerville River system in East Bay and at the Town Landing in the mid River reach to record 
the frequency and duration of low oxygen conditions during the critical summer period.  This 
work was conducted in 2003 in association with the Town of Barnstable.   
 
 The MEP habitat analysis uses eelgrass as a sentinel species for indicating nitrogen over-
loading to coastal embayments.  Eelgrass is a fundamentally important species in the ecology of 
shallow coastal systems, providing both habitat structure and sediment stabilization.  Mapping 
of the eelgrass beds within the Centerville River System was conducted for comparison to 
historic records (DEP Eelgrass Mapping Program, C. Costello).  Temporal trends in the 
distribution of eelgrass beds are used by the MEP to assess the stability of the habitat and to 
determine trends potentially related to nutrient related water quality. Eelgrass beds can 
decrease within embayments in response to a variety of causes, but throughout almost all of the 
embayments within southeastern Massachusetts, the primary cause appears to be related to 
increases in embayment nitrogen levels.  Within the Centerville River System, temporal 
changes in eelgrass distribution provides a strong basis for evaluating recent increases 
(nitrogen loading) or decreases (increased flushing-new inlet) in nutrient enrichment.  
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 In areas that do not naturally support eelgrass beds, benthic animal indicators were used 
to assess the level of habitat health from “healthy” (low organic matter loading, high D.O.) to 
“highly stressed” (high organic matter loading-low D.O.).  The basic concept is that certain 
species or species assemblages reflect the quality of their habitat. Benthic animal species from 
sediment samples were identified and the environments ranked based upon the fraction of 
healthy, transitional, and stressed indicator species. The analysis is based upon life-history 
information on the species and a wide variety of field studies within southeastern Massachusetts 
waters, including the Wild Harbor oil spill, benthic population studies in Buzzards Bay (Woods 
Hole Oceanographic Institution) and New Bedford (SMAST), and more recently the Woods Hole 
Oceanographic Institution Nantucket Harbor Study (Howes et al. 1997).  These data are 
coupled with the level of diversity (H’) and evenness (E) of the benthic community and the total 
number of individuals to determine the infaunal habitat quality. 

VII.2  BOTTOM WATER DISSOLVED OXYGEN 
 Dissolved oxygen levels near atmospheric equilibration are important for maintaining 
healthy animal and plant communities.  Short-duration oxygen depletions can significantly affect 
communities even if they are relatively rare on an annual basis.  For example, for the 
Chesapeake Bay it was determined that restoration of nutrient degraded habitat requires that 
instantaneous oxygen levels not drop below 3.8 mg L-1.  Massachusetts State Water Quality 
Classification indicates that SA (high quality) waters maintain oxygen levels above 6 mg L-1.  
The tidal waters of the Centerville River System are currently listed under this Classification as 
SA.  It should be noted that the Classification system represents the water quality that the 
embayment should support, not the existing level of water quality.  It is through the MEP and 
TMDL processes that management actions are developed and implemented to keep or bring the 
existing conditions in line with the Classification. 
 
 Dissolved oxygen levels in temperate embayments vary seasonally, due to changes in 
oxygen solubility, which varies inversely with temperature.  In addition, biological processes that 
consume oxygen from the water column (water column respiration) vary directly with 
temperature, with several fold higher rates in summer than winter (Figure VII-1).  It is not 
surprising that the largest levels of oxygen depletion (departure from atmospheric equilibrium) 
and lowest absolute levels (mg L-1) are found during the summer in southeastern 
Massachusetts embayments when water column respiration rates are greatest.  Since oxygen 
levels can change rapidly, several mg L-1 in a few hours, traditional grab sampling programs 
typically underestimate the frequency and duration of low oxygen conditions within shallow 
embayments (Taylor and Howes, 1994).  To more accurately capture the degree of bottom 
water dissolved oxygen depletion during the critical summer period, autonomously recording 
oxygen sensors were moored 30 cm above the embayment bottom within key regions of the 
Centerville River System (Figure VII-2).  The sensors (YSI 6600) were first calibrated in the 
laboratory and then checked with standard oxygen mixtures at the time of initial instrument 
mooring deployment.  In addition periodic calibration samples were collected at the sensor 
depth and assayed by Winkler titration (potentiometric analysis, Radiometer) during each 
deployment.  Each instrument mooring was serviced and calibration samples collected at least 
biweekly and sometimes weekly during a minimum deployment of 30 days within the interval 
from July through mid-September.  All of the mooring data from the Centerville River 
embayment system was collected during the summer of 2003, specifically within the July to mid 
September period. 
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Figure VII-1. Average watercolumn respiration rates (micro-Molar/day) from water collected throughout 

the Popponesset Bay System  (Schlezinger and Howes, unpublished data).  Rates vary 
~7 fold from winter to summer as a result of variations in temperature and organic matter 
availability. 

  
 Dissolved oxygen moorings were deployed in the Centerville River estuary (Figure VII-2) 
during 2003 to assess summertime fluctuations.  Similar to other embayments in southeastern 
Massachusetts, the Centerville River System evaluated in this assessment showed high 
frequency variation, apparently related to diurnal and sometimes tidal influences. Nitrogen 
enrichment of embayment waters generally manifests itself in the dissolved oxygen record, both 
through oxygen depletion and through the magnitude of the daily excursion. The high degree of 
temporal variation in bottom water dissolved oxygen concentration at each mooring site, 
underscores the need for continuous monitoring within these systems. 
 
 Dissolved oxygen and chlorophyll a records were examined both for temporal trends and 
to determine the percent of the 37-40 day deployment period that these parameters were 
below/above various benchmark concentrations (Tables VII-1, VII-2).  These data indicate both 
the temporal pattern of minimum or maximum levels of these critical nutrient related 
constituents, as well as the intensity of the oxygen depletion events and phytoplankton blooms.  
However, it should be noted that the frequency of oxygen depletion needs to be integrated with 
the actual temporal pattern of oxygen levels, specifically as it relates to daily oxygen excursions. 
 
 The level of oxygen depletion and the magnitude of daily oxygen excursion and 
chlorophyll a levels indicate nitrogen enriched conditions and some habitat quality impairment at 
each of the  mooring sites within the estuary (Figures VII-3 through VII-5).  The oxygen data 
throughout the estuary is consistent with elevated organic matter loads from phytoplankton 
production (chlorophyll a levels) indicative of nitrogen enrichment and eutrophication of 
estuarine systems 
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Figure VII-2. Aerial Photograph of the Centerville River embayment system in the Town of Barnstable showing locations of Dissolved Oxygen 

mooring deployments conducted in the summer of 2003. 
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Table VII-1a. Number of days during deployment of in situ sensors that bottomwater oxygen was below various benchmark levels. 

Total <6 mg/L <5 mg/L <4 mg/L <3 mg/L
Mooring ID. Deployment Duration Duration Duration Duration

Start Date End Date (Days) (Days) (Days) (Days) (Days)
Centerville Town Landing 8/9/2003 9/18/2003 39.9 14.20 6.57 3.02 1.01

Mean 0.24 0.15 0.16 0.10
Min 0.01 0.01 0.01 0.01
Max 1.70 0.84 0.39 0.18
S.D. 0.29 0.18 0.12 0.05

Centerville Scudder Bay 8/9/2003 9/18/2003 40.0 7.56 2.82 0.48 0.10
Mean 0.18 0.11 0.12 0.05
Min 0.01 0.01 0.02 0.02
Max 0.74 0.40 0.32 0.08
S.D. 0.14 0.09 0.14 0.04

Centerville East Bay 8/9/2003 9/15/2003 36.8 20.21 6.67 0.14 0.00
Mean 0.47 0.17 0.03 N/A
Min 0.01 0.01 0.01 0.00
Max 1.92 0.74 0.06 0.00
S.D. 0.50 0.14 0.02 N/A  

 
Table VII-1b. Frequency distribution from Water Quality Monitoring grab sampling of bottom water oxygen.  Number represent the 

number of field dates that oxygen was observed within the noted range (<2 mg L-1, 2-3 mg L-1, etc.). 

<2 2-3 3-4 4-5 5-6 >6 total Min
  Scudder Bay BC-3 0 0 2 7 12 8 29 3.4
  Bumps River Estuary BC-4 0 0 0 3 11 14 28 4.5
  Upper N Centerville River BC-5 0 1 10 9 4 5 29 2.7
  Upper Centerville River BC-7 0 0 0 2 16 12 30 4.8
  Mid Centerville River BC-8 0 0 0 4 8 13 25 4.5
  Lower Centerville River BC-9 0 0 0 0 5 25 30 5.2
  East Bay BC-10 0 0 0 0 6 25 31 5.7
  Centerville Harbor BC-11 0 0 0 0 0 32 32 6.2

Range of Measured Bottomwater DO Levels  (mg L-1)
Location
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Table VII-2. Duration (number of days during deployment period) that chlorophyll a levels exceed various benchmark levels within 
the embayment system.  “Mean” represents the average duration of each event over the benchmark level and “S.D.” 
its standard deviation.  Data collected by the Coastal Systems Program, SMAST.  The mean in the final column is the 
average level over the deployment. 

Total >5 ug/L >10 ug/L >15 ug/L >20 ug/L >25 ug/L
Mooring Id. Deployment Duration Duration Duration Duration Duration

Start Date End Date (Days) (Days) (Days) (Days) (Days) (Days)
Centerville Town Landing 8/9/2003 9/18/2003 31.7 30.79 22.50 16.00 12.92 11.17
Mean Chl Value = 22.0 ug/L Mean 2.20 0.51 0.33 0.30 0.27

Min 0.04 0.04 0.04 0.04 0.04
Max 14.25 7.96 4.54 3.17 2.58
S.D. 4.28 1.17 0.72 0.61 0.50

Centerville Scudder Bay 8/9/2003 9/18/2003 32.2 32.04 22.67 14.38 9.92 6.88
Mean Chl Value = 18.02 ug/L Mean 8.01 0.45 0.28 0.20 0.17

Min 0.04 0.04 0.04 0.04 0.04
Max 17.71 7.42 3.29 0.63 0.54
S.D. 7.63 1.05 0.46 0.17 0.15

Centerville East Bay 8/9/2003 9/18/2003 39.3 16.71 3.79 1.08 0.00 0.00
Mean Chl Value = 5.10 ug/L Mean 0.19 0.29 0.08 N/A N/A

Min 0.04 0.04 0.04 0.00 0.00
Max 0.71 0.54 0.25 0.00 0.00
S.D. 0.16 0.16 0.06 N/A N/A  
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Figure VII-3. Bottom water record of dissolved oxygen at the Centerville Town Landing station, 
summer 2003. Calibration samples represented as red dots. 
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Figure VII-4. Bottom water record of dissolved oxygen in the Scudder Bay station, summer 2003. 

Calibration samples represented as red dots. 
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Figure VII-5. Bottom water record of dissolved oxygen in the East Bay station, summer 2003. 

Calibration samples represented as red dots. 

 
 There is a clear gradient in the extent of oxygen depletion from the upper to the lower 
portions of the system, as shown in both the mooring and Water Quality Monitoring data (Table 
VII-1).  The lowest oxygen levels were seen in the upper Centerville River salt marsh and in 
Scudder Bay and oxygen levels increased moving seaward to the lower reach of the Centerville 
River and East Bay.  However, the oxygen levels within the Centerville River System had daily 
minima lower than the offshore basin of Centerville Harbor which had a minimum recorded 
bottom water oxygen level of 6.2 mg L-1 over 22 sampling dates.  This latter comparison is 
added support for the contention that the Centerville Estuary is nitrogen enriched over offshore 
waters. 
   
 Overall, oxygen depletion was observed at each of the mooring sites (Table VII-1a), but 
the degree of depletion varied between sites.  East Bay generally maintained oxygen levels 
above 4 mg L-1, but with frequent excursions below 5 mg L-1.  These oxygen conditions 
represent a moderate level of impairment to benthic infaunal communities associated with 
embayments. Oxygen levels in the upper reach of the Centerville River showed even lower 
levels periodically into the 2-3 mg L-1 range, although generally with daily minima above 4 mg L-

1.  The central region of Scudder Bay was clearly nitrogen enriched, but generally maintained 
daily oxygen minima above 4 mg L-1 and typically above 5 mg L-1.  This basin showed its 
enrichment mainly through the large daily excursions with daily maxima typically >11 mg L-1. 
 
 The use of only the duration of oxygen below, for example 4 mg L-1, can underestimate 
the level of habitat impairment in these locations.  The effect of nitrogen enrichment is to cause 
oxygen depletion; however, with increased phytoplankton (or epibenthic algae) production, 
 oxygen levels will rise in daylight to above atmospheric equilibration levels in shallow systems 
(generally ~7-8 mg L-1 at the mooring sites).  This pattern was seen in both of the upper system 
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sites, further supporting the contention that the upper basins are currently nitrogen enriched.   
The upper tidal reaches of each estuary have the largest daily oxygen excursion, with daily 
excursions in excess of 6 mg L-1 common, whereas the in the lower system, East Bay, showed 
more modest excursions of ~3 mg L-1 .  This further supports the assessment of nitrogen 
enrichment.   
 
 The observations by the continuously recording oxygen sensors were supported by the 
more spatially distributed grab sample data collected by the Town of Barnstable Water Quality 
Monitoring Program (Table VII-1b).  These data support general observation that oxygen levels 
throughout the embayment basins of the Centerville River System are generally >4 mg L-1 and 
typically >5 mg L-1, during the summer months.  In contrast the salt marsh influenced sites of 
upper Centerville River and Scudder Bay showed greater depletions, with levels in the 3-4 mg L-

1 range on 34% and 7% of the dates (N=29), respectively. 
 
 The spatial pattern of oxygen depletion within the Estuary was consistent with the 
measured chlorophyll a levels (Table VII-2, Figures VII-6 to VII-8).  The level of oxygen 
depletion was directly related to the amount of chlorophyll a in the watercolumn.  This is 
consistent with nitrogen enrichment resulting in increased phytoplankton biomass and 
subsequent organic matter deposition and decay being the process controlling oxygen level in 
the Centerville River System.  Chlorophyll a levels in East Bay were indicative of a relatively 
healthy to moderately enriched basin.  In East Bay chlorophyll a averaged 5.1 ug L-1 and was 
almost always <10 ug L-1.  The upper reach of the Centerville River and Scudder Bay supported 
higher phytoplankton biomass with average levels ~20 ug L-1 and blooms producing consistent 
levels of 30 ugL-1. 
 
 It is important to evaluate the level of oxygen excursion and depletion relative to the 
functional habitats involved.  In the upper Centerville River the tidal river serves as the central 
salt marsh creek to a rather large and healthy salt marsh which is just upgradient of the upper 
river oxygen mooring.  In addition, there is a smaller separate salt marsh adjacent the mooring 
at this specific location.  Dissolved oxygen levels recorded by this mooring reflect the oxygen 
conditions of the ebbing tidal waters from these wetlands areas.  The low oxygen levels are 
consistent with a salt marsh tidal creek, where the organic matter enriched sediments support 
high levels of oxygen uptake at night and deplete the overlying waters.   While oxygen depletion 
to 3 mg/L would indicate impairment in an embayment like the East Bay basin, it is consistent 
with the organically enriched nature of smaller salt marsh creeks. 
 
 The results of the summer oxygen and chlorophyll a studies are consistent with the 
absence of eelgrass throughout the Centerville River/Harbor System and the spatial distribution 
of infaunal community types and quality of habitat. 
 



   MASSACHUSETTS ESTUARIES PROJECT

130 

Centerville Town Landing

0

10

20

30

40

50

60

70

80

8/7/03 8/12/03 8/17/03 8/22/03 8/27/03 9/1/03 9/6/03 9/11/03 9/16/03 9/21/03

Time

To
ta

l C
hl

or
op

hy
ll 

Pi
gm

en
t (

ug
/L

)

 
Figure VII-6. Bottom water record of Chlorophyll-a in the Centerville Town Landing station, summer 

2003. Calibration samples represented as red dots. 
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Figure VII-7. Bottom water record of Chlorophyll-a in the Scudder Bay station, summer 2003. 

Calibration samples represented as red dots. 
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Figure VII-8. Bottom water record of Chlorophyll-a at the East Bay station, summer 2003. Calibration 

samples represented as red dots. 

VII.3  EELGRASS DISTRIBUTION - TEMPORAL ANALYSIS  
 Eelgrass surveys and analysis of historical data was conducted for the Centerville River 
System by the DEP Eelgrass Mapping Program as part of the MEP Technical Team.  Surveys 
were conducted in 1995 and 2001, as part of this program.  Additional analysis of available  
aerial photos from 1951 was used to reconstruct the eelgrass distribution prior to any substantial 
development of the watershed.  The 1951 data were only anecdotally validated, while the 1995 
and 2001 maps were field validated. The primary use of the data is to indicate (a) if eelgrass 
once or currently colonizes a basin and (b) if large-scale system-wide shifts have occurred or 
are presently underway. Integration of these data sets provides a view of temporal trends in 
eelgrass distribution from 1951 to 1995 to 2001 (Figure VII-9 and VII-10); the period in which 
watershed nitrogen loading significantly increased to its present level.  This temporal information 
can be used to determine the stability of the eelgrass community. 
 
 At present, eelgrass beds are not present within the Centerville River System.  In addition, 
to the DEP mapping, this has been confirmed by the multiple MEP staff conducting the infaunal 
and sediment sampling and the mooring studies and by the Town of Barnstable Shellfish 
Department.  It should be noted that although the eelgrass beds present in Centerville River as 
observed in the 1951 aerial photography are no longer apparent, there does appear to be 
eelgrass remaining just outside the inlet to Centerville River at the discharge point to the Harbor.  
The current lack of eelgrass beds in Centerville River is expected given the high chlorophyll a 
and low dissolved oxygen levels and water column nitrogen concentrations within this system.  
However, it appears that the lower portions of the Centerville Harbor system (principally 
Centerville River) had water quality conditions capable of supporting eelgrass (except in the 
deeper channels and basin depths) in 1951.  It is important to note that very stable eelgrass 
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beds were observed in each survey (1951, 1995, and 2001) outside the tidal inlet to the east 
and west.   
 
 The present absence of eelgrass throughout the Centerville River System is  consistent 
with the observed oxygen depletions in each basin and the chlorophyll levels as well as 
functional basin types.  Eelgrass in the upper reaches is unlikely as these areas are strongly 
influenced by surrounding wetlands that do not typically support eelgrass habitat.  However, 
basins like the Centerville River channel (from the Town Landing to East Bay) and especially 
subembayments like East Bay do generally support eelgrass habitat under low to moderate 
nitrogen loading conditions.  The distribution of eelgrass in 1951 is fully consistent with this 
functional analysis.  It appears that the eelgrass beds which have persisted just outside of the 
tidal inlet extended into East Bay and up the Centerville River to the mouth of Bumps River in 
1951.  This is consistent with the lower nitrogen loading at that time and the resultant higher 
sustained oxygen levels and lower chlorophyll levels (high light penetration) that should have 
existed at that time based upon population data.  Note that nitrogen loads originating in the 
Bumps River sub-watershed and in the Centerville River east of the mouth of Bumps River also 
affect the lower reach of the River and East Bay on the ebbing tide.  As a result, the entire 
watershed of the Centerville River system affects conditions in East Bay. 
 
 The presence of eelgrass beds just outside of the tidal inlet in each of the DEP 
assessments supports the presence of eelgrass beds within East Bay at earlier and lower 
nitrogen levels.  The beds just outside of the inlet and much of East Bay have the same water 
depth and same tidal range, so the major environmental differences between the sites are 
related to nitrogen enrichment.  It appears from the eelgrass and water quality information that 
eelgrass beds within East Bay and the lower Centerville River should be the target for 
restoration and that this habitat should be recovered with appropriate nitrogen management. 
 
 Other factors which influence eelgrass bed loss in embayments can also be at play in the 
Centerville River System, though the recent loss seems completely in-line with nitrogen 
enrichment.  Nevertheless, a brief listing of non-nitrogen related factors is useful.  Eelgrass bed 
loss does not seem to be directly related to mooring density, as loss in East Bay was from both 
mooring and non-mooring areas and the lower Centerville River is not a boat mooring area.  
Similarly, pier construction and boating pressure may be adding additional stress in nutrient 
enriched areas, but do not seem to be the overarching factor.  It is not possible at this time to 
determine the potential effect of shellfishing on eelgrass bed distribution, although it should be 
noted that the System has been an important shellfish area.  At present the Centerville River 
System (Centerville River Segment MA96-04_2004; Bumps River Segment MA96-02_2004) are 
listed on the MassDEP 2004 Integrated List of waters impaired by pathogens), which typically 
reduces shellfishing pressure on an embayment.  
 
 However, the lack of eelgrass within the main tidal channel into East Bay is certainly 
associated with the periodic maintenance dredging for navigation.  Dredging was recently 
performed, however, this represents a small region within the much larger area that has lost 
eelgrass and some dredging will likely always be required to maintain the tidal flushing of this 
system at its highest level to maintain healthy habitat quality, even after nitrogen management 
strategies have been implemented. Under present conditions, a reduction in tidal flushing will 
result in magnifying the eutrophic conditions of the entire system.   
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Figure VII-9. Eelgrass bed distribution within the Centerville Harbor System. The 1951 coverage is 

depicted by the green thatched outline inside of which  circumscribes the eelgrass beds. 
The green (1995) and yellow (2001)  areas were mapped by DEP. All data was provided 
by the DEP Eelgrass Mapping Program. 
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Figure VII-10. Eelgrass bed distribution within the Centerville Harbor System in addition to field 

verification points. The 1995 and 2001 coverage is depicted by the green and yellow 
thatched outlines inside of which  circumscribes the eelgrass beds. The green (1995) and 
yellow (2001) areas were mapped by DEP. All data was provided by the DEP Eelgrass 
Mapping Program. 
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 It is not possible to determine a general idea of short- and long-term rates of change in 
eelgrass coverage from the mapping data, since there is only limited temporal data with no 
eelgrass found in the recent surveys.  However, it is possible to utilize the 1951 coverage data 
as an indication that a minimum eelgrass bed area that might be recovered, on the order of 52 
acres, if nitrogen management alternatives were implemented (Table VII-3).  Note that 
restoration of this habitat will necessarily result in restoration of other resources throughout the 
Centerville River/Harbor System and in the region of Scudder Bay and the Town Landing 
located low in the system, but distant from the inlet and influence of strong tidal flushing.  Since 
East Bay is influenced by waters ebbing from both branches of the entire up-gradient basins, its 
nitrogen management will de facto result in a lowering of nitrogen enrichment throughout the 
Centerville River System and therefore an improvement of infaunal habitats in  Scudder Bay 
and the upper Centerville River, which have traditionally only supported infaunal habitat, will 
support eelgrass after restoration, given its distance from the inlet and limited circulation,  

 
 The relative pattern of these data is consistent with the results of the oxygen and 
chlorophyll a patterns described in the previous section and the  benthic infauna analysis, 
below.  
 
Table VII-3. Changes in eelgrass coverage in the Centerville River portion of the Centerville 

Harbor system within the Town of Barnstable over the past half century (C. 
Costello). 

EMBAYMENT 1951 1995 2001 % Difference
(acres) (acres) (acres) (1951 to 2001)

Centerville River 52.18 0.00 0.00 100%

There is presently no eelgrass in the Centerville River portion of the Centerville Harbor system.
 

VII.4  BENTHIC INFAUNA ANALYSIS 
 Quantitative sediment sampling was conducted at 21 locations throughout the Centerville 
River System (Figure VII-11).  In some cases multiple assays were conducted.  In all areas and 
particularly those that do not support eelgrass beds, benthic animal indicators can be used to 
assess the level of habitat health from healthy (low organic matter loading, high D.O.) to highly 
stressed (high organic matter loading-low D.O.).  The basic concept is that certain species or 
species assemblages reflect the quality of the habitat in which they live. Benthic animal species 
from sediment samples are identified and ranked as to their association with nutrient related 
stresses, such as organic matter loading, anoxia, and dissolved sulfide.  The analysis is based 
upon life-history information and animal-sediment relationships (Rhoads and Germano 1986). 
Assemblages are classified as representative of healthy conditions, transitional, or stressed 
conditions.  Both the distribution of species and the overall population density are taken into 
account, as well as the general diversity and evenness of the community.  It should be noted 
that, given the loss of eelgrass beds, portions of the Centerville River System are clearly 
impaired by nutrient overloading.  However, to the extent that it can still support healthy infaunal 
communities, the benthic infauna analysis is important for determining the level of impairment 
(moderately impaired significantly impaired severely degraded).  This assessment is also 
important for the establishment of site-specific nitrogen thresholds (Chapter VIII).  
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 Analysis of the evenness and diversity of the benthic animal communities was also used 
to support the density data and the natural history information.  The evenness statistic can 
range from 0-1 (one being most even), while the diversity index does not have a theoretical 
upper limit. The highest quality habitat areas, as shown by the oxygen and chlorophyll records , 
have the highest diversity (generally >3) and evenness (~0.7).  The converse is also true, with 
poorest habitat quality found where diversity is <1 and evenness is <0.5.  However, the number 
of species and individuals must also be taken into account as a high diversity can be achieved 
in a population decimated by organic loading.  Also, as stated above, the specific species must 
also be examined as a large number of stress indicator species (e.g. Capitellids) or intermediate 
quality species (Amplesca) would be indicative of a significantly or moderately impaired 
environment, respectively, even if the number of individuals and species is relatively high. 
 
 The Infauna Study indicated that most of the infaunal habitat within the Centerville River 
System is either presently either healthy or only moderately impaired, when evaluated based 
upon the function type of the basins (i.e. embayment versus salt marsh creek/pond) Table VII-
4). 
 
 The Bumps River estuarine reach and the lower Centerville River currently support 
healthy infaunal animal habitat for a coastal embayment/tidal river on Cape Cod.  These areas 
support large numbers of individuals (generally >500) and species (up to 32/sample), with very 
high Diversity (H' 3.2-4.3) and Eveness (>0.75).  The basin of East Bay, which is depositional 
and receives the ebb tidal waters from the entire estuarine system, is presently showing 
moderate impairment.  This moderate impairment is seen primarily in the dominance of 
amphipod mats throughout the central basin (Amplesca).  While the community is supportive of 
generally high numbers of individuals, the number of species, diversity and Eveness are 
reduced.  Amphipod mats represent a valuable and productive resource, but are indicative of a 
habitat transitioning from healthy to stressful conditions, particularly as relates to organic matter 
loading from nitrogen enrichment. The upper Centerville River and the associated mid reach of 
the Centerville River are dominated by salt marsh conditions.  Under these conditions the 
number of individuals and species is high and the Diversity and Eveness approximates healthy 
conditions even for an embayment.  The species present are typical of salt marsh creeks, which 
generally have organic matter tolerant species (e.g. Streblospio) and crustaceans and mollusks.  
The upper reaches of the Centerville River appear to be currently supporting healthy infaunal 
habitat.   Similarly, Scudder Bay exhibits infauna habitat quality indicative of organic matter 
enrichment.  However, this basin supports salt marsh areas around its margins and a shallow 
central basin.  It appears that this basin is functioning at least partially as a salt marsh pond and 
was evaluated as such by the MEP Technical Team.  Therefore, this basin appears to be 
presently moderately impaired, based upon its moderate-low number of species and moderate-
low (100) numbers of individuals.  The nutrient enriched conditions within this basin appear to 
be beyond the accommodation of the infaunal community and nitrogen management will be 
needed to restore this benthic resource. 
 
 The MEP Surveys did detect a small localized area of degraded infaunal habitat within the 
Centerville River System, a small lagoon altered for boats directly inland of the western stretch 
of Craigville Beach.  This small basin contains a shallow sill across its entrance to the River and 
a "deep" basin (Figure V-6).  The basin configuration and sill create a localized depositional 
area with localized bottom water hypoxia.  The result is a significantly degraded yet small 
altered basin, which requires a local rather than system-wide solution (restoring proper basin 
configuration and flow).  In advance of completion of the MEP analysis, the information 
regarding the specifics of this sill and associated impacts to the associated deep basin were 
communicated to the Town of Barnstable by the MEP Technical Team.  In a proactive fashion, 
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the Town of Barnstable subsequently invoked the necessary process to dredge the area of 
concern in order to restore a proper basin configuration and restore effective exchange of tidal 
waters.  Dredging of the sill was completed in the winter of 2005 going into 2006 (December – 
January timeframe). 
 
 The infaunal study indicated an overall system supporting generally healthy to moderately 
impaired infaunal habitat relative to the ecosystem types represented.  The Centerville River 
System is a complex estuary composed of 4 functional types of component basins: an 
embayment (East Bay, a salt marsh pond/embayment (Scudder Bay), a tidal salt marsh (upper 
Centerville River) and a tidal river (mid-lower Centerville River).  Each of these 4 functional 
components has different natural sensitivities to nitrogen enrichment and organic matter 
loading.  Evaluation of infaunal habitat quality must consider the natural structure of each 
system and the types of infaunal communities that they support. 
 
 These results of the MEP benthic analysis are integrated into the assessment of habitat 
quality throughout the Centerville River System relative to nitrogen levels and thresholds 
presented in Chapter VIII. 
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Figure VII-11. Aerial photograph of the Centerville River embayment system showing location of benthic infaunal sampling stations (green 

symbol). 
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Table VII-4. Benthic infaunal community data for the Centerville River Estuarine System.  Estimates of the number of species 
adjusted to the number of individuals and community diversity (H’) and Evenness (E) to allow comparison between 
locations (sample surface area, 0.0625 m2).  Station ID.'s with a "D" represent a second grab sample from the same 
general location. 

 
 

Total Total Species Weiner
Sub-Embayment Sta I.D. Actual Actual Calculated Diversity Evenness

Species Individuals @ 75 Indiv. (H') (E)
Centerville River-East Bay/Bumps River-Scudder Bay System
Scudder Bay Sta. 18 6 104 6 2.51 0.97

Sta.18D 4 72 N/A 1.66 0.83
Sta. 20 5 144 5 1.68 0.72
Sta. 21 3 88 3 1.24 0.78

Bumps River                    Main River Sta. 15 30 682 18 3.79 0.77
Main River Sta. 16 32 727 21 4.28 0.86

Confluence with Scudder B. Sta. 17 14 720 13 3.17 0.83
Upper Centerville River Marsh Sta. 9 17 815 11 2.70 0.66

Sta. 9D 14 641 12 3.19 0.84
Sta. 11 17 1643 12 2.33 0.57
Sta. 11D 12 412 9 2.14 0.60

East River lagoon* Sta. 12 10 39 N/A 2.80 0.84
Sta. 12D 8 33 N/A 2.41 0.80

Mid Centerville River Sta. 13 8 184 8 2.66 0.89
Sta. 14 11 256 11 2.58 0.75
Sta. 14D 17 174 14 2.99 0.73

Lower Centerville River Sta. 28 32 457 22 4.30 0.86
Sta. 29 31 708 18 3.70 0.75
Sta. 29D 20 325 15 3.44 0.80

East Bay Sta. 22 9 144 9 2.91 0.92
Sta. 23 6 264 6 1.34 0.52
Sta. 24 5 944 4 1.27 0.55
Sta. 25 4 256 4 1.55 0.77
Sta. 25D 5 112 5 2.13 0.92

  *  Dredged lagoon deep basin and sill at entrance, structurally depositional with organic rich sediments and depleted 
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VIII.  CRITICAL NUTRIENT THRESHOLD DETERMINATION AND 
DEVELOPMENT OF WATER QUALITY TARGETS 

VIII.1.  ASSESSMENT OF NITROGEN RELATED HABITAT QUALITY 
 Determination of site-specific nitrogen thresholds for an embayment requires integration of 
key habitat parameters (infauna and eelgrass), sediment characteristics, and nutrient related 
water quality information (particularly dissolved oxygen and chlorophyll) a).  Additional 
information on temporal changes within each sub-embayment and its associated watershed 
nitrogen load further strengthen the analysis.  These data were collected to support threshold 
development for the Centerville River System by MEP Team and were discussed in Chapter VII. 
Nitrogen threshold development builds on this data and links habitat quality to summer water 
column nitrogen levels from the baseline Town of Barnstable Water Quality Monitoring Program, 
conducted with assistance from Three Bays Preservation and technical support from the 
Coastal Systems Program at SMAST.   
 
 The Centerville River System is a complex estuary composed of 4 functional types of 
component basins: an embayment (East Bay), a salt marsh pond/embayment (Scudder Bay), a 
tidal salt marsh (upper Centerville River) and a tidal river (mid-lower Centerville River).  Each of 
these 4 functional components has different natural sensitivities to nitrogen enrichment and 
organic matter loading.  Evaluation of eelgrass and infaunal habitat quality must consider the 
natural structure of each system and the ability to support eelgrass beds and the types of 
infaunal communities that they support.  At present, the Centerville River System is showing 
variations in nitrogen enrichment and habitat quality among its various component basins.  In 
general the system is showing healthy to moderately impaired benthic habitat.  However, the 
lower basins  (e.g. lower Centerville River, East Bay) are clearly significantly impaired based on 
eelgrass criteria, as historical eelgrass beds have been lost and eelgrass is no longer present 
within the System. 
 
Eelgrass: The present lack of eelgrass throughout the Centerville River System is consistent 
with the observed oxygen depletions in each basin and the chlorophyll levels and functional 
basin types comprising this estuary.  The upper estuarine reaches, which are strongly 
influenced by surrounding wetlands, do not typically support eelgrass habitat, due to their 
naturally nutrient enriched shallow waters and salt marsh function.  However, basins like the 
Centerville River channel (from the Town Landing to East Bay), and especially the sub-
embayment of East Bay, typically do support eelgrass habitat under low to moderate nitrogen 
loading conditions.  The distribution of eelgrass in 1951 is fully consistent with this functional 
analysis and the conclusion that the lower region of this Estuary (e.g. downstream of Bumps 
River mouth) is currently over its nitrogen threshold level that supports healthy eelgrass habitat.   
 
 Analysis of the eelgrass beds which have persisted just outside of the tidal inlet and 
extended in 1951 into East Bay and up the Centerville River to the mouth of Bumps River, 
supports the contention that the recent loss of eelgrass is the result of nitrogen enrichment, as 
the well flushed outer beds have been extremely stable over the past half century.  These beds 
are at similar water depths and have the same tidal excursion as the historical bed areas within 
the lower estuary.  Therefore, the major environmental differences between the sites  appear to 
be directly related to nitrogen enrichment.  The recent loss of beds from within the Centerville 
River System is also consistent with the lower nitrogen loading and the resultant higher 
sustained oxygen levels and lower chlorophyll levels (high light penetration) that should have 
existed at that time, based upon population data. 
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 It appears from the eelgrass and water quality information that eelgrass beds within East 
Bay and the lower Centerville River should be the target for restoration and that this habitat 
should be recovered with appropriate nitrogen management.  From the historical analysis, it 
appears that on the order of 52 acres of eelgrass habitat could be recovered, if nitrogen 
management alternatives were implemented.  Note that restoration of this habitat will 
necessarily result in restoration of other resources throughout the Centerville River/Harbor 
System and in the region of Scudder Bay and the Town Landing located low in the system, but 
distant from the inlet and influence of strong tidal flushing.  Since East Bay is influenced by 
waters ebbing from both branches of the entire up-gradient basins, its nitrogen management will 
de facto result in a lowering of nitrogen levels throughout the Centerville River System and 
therefore an improvement of infaunal habitats in  Scudder Bay and the upper Centerville River, 
which have traditionally only supported infaunal habitat.  Based upon the above analysis, 
eelgrass habitat should be the primary nitrogen management goal for the lower Centerville River 
System and infaunal habitat quality the management target for the upper reaches.  These goals 
are the focus of the MEP management alternatives analysis presented in Chapter IX. 
 
Water Quality:  Overall, the oxygen levels within the major sub-basins to the Centerville River 
System are indicative of relatively healthy or only moderately impaired conditions, since the 
upper reaches are defined as infaunal habitats (e.g. historically have not supported eelgrass) 
and when their physical structure and natural biogeochemical cycling is considered.  Similar to 
other embayments in southeastern Massachusetts, the upper Centerville River, Scudder Bay 
and East Bay basins of the Centerville River System evaluated in this assessment showed high 
frequency variation, apparently related to diurnal and sometimes tidal influences. Nitrogen 
enrichment of embayment waters generally manifests itself in the dissolved oxygen record, both 
through oxygen depletion and through the magnitude of the daily excursion. The high degree of 
temporal variation in bottom water dissolved oxygen concentration at each mooring site, 
underscores the need for continuous monitoring within these systems. 
 
 Overall, oxygen depletion was observed at each of the mooring sites (Table VII-1a), but 
the degree of depletion varied between sites.  East Bay generally maintained oxygen levels 
above 4 mg L-1, but with frequent excursions below 5 mg L-1.  These oxygen conditions 
represent a moderate level of impairment to benthic infaunal communities associated with 
embayments. Oxygen levels in the upper reach of the Centerville River showed even lower 
levels periodically into the 2-3 mg L-1 range, although generally with daily minima above 4 mg L-

1.  The central region of Scudder Bay was clearly nitrogen enriched, but generally maintained 
daily oxygen minima above 4 mg L-1 and typically above 5 mg L-1.  This basin showed its 
enrichment mainly through the large daily excursions with daily maxima typically >11 mg L-1. 
 
 The observations obtained by the continuously recording oxygen sensors were supported 
by the more spatially distributed grab sample data collected by the Town of Barnstable Water 
Quality Monitoring Program (Table VII-1b).  These data support general observation that oxygen 
levels throughout the embayment basins of the Centerville River System are generally >4 mg L-1 
and typically >5 mg L-1, during the summer months.  In contrast the salt marsh influenced sites 
of upper Centerville River and Scudder Bay showed greater depletions, with levels in the 3-4 mg 
L-1 range on 34% and 7% of the dates, respectively. 
 
 The spatial pattern of oxygen depletion within the Estuary was consistent with the 
measured chlorophyll a levels (Table VII-2, Figures VII-6 –VII-8).  The level of oxygen depletion 
was directly related to the amount of chlorophyll a in the watercolumn.  This is consistent with 
nitrogen enrichment resulting in increased phytoplankton biomass and subsequent organic 
matter deposition and decay being the process controlling oxygen level in the Centerville River 
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System.  Chlorophyll a levels in East Bay were indicative of a relatively healthy to moderately 
enriched basin.  In East Bay chlorophyll a averaged on 5.1 ug L-1 and was almost always <10 
ug L-1.  The upper reach of the Centerville River and Scudder Bay supported higher 
phytoplankton biomass with average levels ~20 ug L-1 and blooms producing consistent levels 
of 30 ugL-1. 
 
 Tidally averaged total nitrogen (TN) levels showed a similar pattern, consistent with the 
extent of oxygen depletion at each site and the chlorophyll a levels.  Tidally averaged TN 
(Chapter VI) showed moderate enrichment in uppermost Bumps River (i.e. Scudder Bay, 0.53 
mg N L-1) and the salt marshes of upper Centerville River (0.63 mg N L-1) and decline to levels 
<0.4 mg N L-1 in the lower Centerville River/East Bay portion of the system. 
 
 It is important to evaluate the level of oxygen excursion and depletion relative to the 
functional habitats involved.  In the upper Centerville River the tidal river serves as the central 
salt marsh creek to a rather large and healthy salt marsh.  Dissolved oxygen levels (and 
infaunal habitat quality) is consistent with a salt marsh tidal creek, where the organic matter 
enriched sediments support high levels of oxygen uptake at night and deplete the overlying 
waters.   While oxygen depletion to 3 mg/L would indicate impairment in an embayment like the 
East Bay basin, it is consistent with the organically enriched nature of smaller salt marsh creeks. 
 
 The results of the summer oxygen and chlorophyll a studies are consistent with the 
absence of eelgrass (Section VII-3) throughout the Centerville River/Harbor System and the 
spatial distribution of infaunal community types and quality of habitat (Section VII-4). 
 
Infaunal Communities:    The infaunal study indicated an overall system supporting 
generally healthy to only moderately impaired infaunal habitat relative to the ecosystem types 
represented (i.e. embayment versus salt marsh creek/pond). 
  
 The Bumps River estuarine reach and the lower Centerville River currently support 
healthy infaunal animal habitat for a coastal embayment/tidal river on Cape Cod.  These areas 
support large numbers of individuals (generally >500) and species (up to 32/sample), with very 
high diversity (H' 3.2-4.3) and Eveness (>0.75).  The basin of East Bay, which is depositional 
and receives the ebb tidal waters from the entire Estuarine System, is presently showing 
moderate impairment.  This moderate impairment is seen primarily in the dominance of 
amphipod mats throughout the central basin (Amplesca).  While the community is supportive of 
generally high numbers of individuals the number of species, diversity and Eveness are 
reduced.  Amphipod mats represent a valuable and productive resource, but transitional 
between healthy and stressful conditions, particularly as relates to organic matter loading from 
nitrogen enrichment. The upper Centerville River and the associated mid reach of the 
Centerville River are dominated by salt marsh conditions.  Under these conditions the number of 
individuals and species is high and the diversity and Eveness approximates healthy conditions 
even for an embayment.  The species present are typical of salt marsh creeks, which generally 
have organic matter tolerant species (e.g. Streblospio) and crustaceans and mollusks.  The 
upper reaches of the Centerville River appear to be currently supporting healthy infaunal 
habitat.   Similarly, Scudder Bay exhibits infauna habitat quality indicative of organic matter 
enrichment.  However, this basin supports salt marsh areas around its margins and a shallow 
central basin.  It appears that this basin is functioning at least partially as a salt marsh pond and 
was evaluated as such by the MEP Technical Team.  Therefore, this basin appears to be 
presently moderately impaired, based upon its moderate-low number of species and moderate-
low (100) numbers of individuals.  The nutrient enriched conditions within this basin appear to 
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be beyond the accommodation of the infaunal community and nitrogen management will be 
needed to restore this benthic resource. 
 
 The MEP Surveys did detect a small localized area of degraded infaunal habitat within the 
Centerville River System, a small lagoon altered for boats directly inland of the western stretch 
of Craigville Beach.  This small basin contains a shallow sill across its entrance to the River and 
a "deep" basin (Figure V-6).  The basin configuration and sill create a localized depositional 
area with localized bottom water hypoxia.  The result is a significantly degraded small altered 
basin, which will require a local solution (restoring proper basin configuration and flow) in 
addition to the system-wide effort which is the focus of the present analysis. 
 
 The overall results indicate a system generally supportive of diverse healthy communities 
appropriate to each of the 4 component functional basin types as shown in Table VIII-1.  The 
infaunal habitat quality within each of the basins of the Centerville River System is fully 
consistent with the oxygen and chlorophyll measurements, temporal trend in eelgrass (i.e. loss 
from lower estuary) and relatively tidally averaged total nitrogen concentration for each basin.  
The healthy infauna habitats within the Bumps River, Lower Centerville River at TN levels <0.46 
are also consistent with other systems.  Similarly, the moderately impaired infaunal habitat in 
East Bay reflects the basins' depositional nature and depth, indicating a sensitivity of this basin 
to the negative effects of nitrogen enrichment.  The healthy habitat within the upper Centerville 
marshes at 0.63 mg N L-1, also reflects the tolerance of salt marsh communities to nitrogen 
enrichment (e.g. Cockle Cove Salt Marsh, Chatham). 
 
VIII.2.  THRESHOLD NITROGEN CONCENTRATIONS 
 
 The approach for determining nitrogen loading rates, which will maintain acceptable 
habitat quality throughout and embayment system, is to first identify a sentinel location within 
the embayment and second to determine the nitrogen concentration within the water column 
which will restore that location to the desired habitat quality.  The sentinel location is selected 
such that the restoration of that one site will necessarily bring the other regions of the system to 
acceptable habitat quality levels.  Once the sentinel site and its target nitrogen level are 
determined, the Linked Watershed-Embayment Model is used to sequentially adjust nitrogen 
loads until the targeted nitrogen concentration is achieved. 
  
 Determination of the critical nitrogen threshold for maintaining high quality habitat within 
Centerville River Estuarine System is based primarily upon the nutrient and oxygen levels, 
temporal trends in eelgrass distribution and current benthic community indicators.  Given the 
database available for this threshold analysis, it is possible to develop a site-specific threshold 
which is a refinement upon general threshold analysis frequently employed. 
 
 The Centerville River System is presently supportive of infaunal habitat throughout its 4 
component basins.  However, there is a moderate level of infaunal habitat impairment within 
Scudder Bay and the mid region of the Centerville River, requiring nitrogen management for 
restoration. The primary habitat issue within the Centerville River System relates to the loss of 
eelgrass from the lower estuary, specifically from the Centerville River west of the entrance to 
Bumps River and in East Bay.  This loss of eelgrass classifies these areas as "significantly 
impaired", although they presently support healthy to moderately healthy infaunal communities.  
Further impairment to both the infaunal habitat in Scudder Bay and the eelgrass habitat in the 
lower estuary are supported by the variety of other indicators which support the conclusion that 
these impairments are the result of nitrogen enrichment, primarily from watershed nitrogen 
loading. 
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  Table VIII-1. Summary of Nutrient Related Habitat Health within the Centerville River Estuary 

on Nantucket Sound within the Town of  Barnstable, MA., based upon 
assessment data presented in Chapter VII.  The upper estuarine reach of the 
Centerville River is presently  a tidal salt marsh.  The Centerville River mid reach 
(from the bridge at Craigville Beach to the mouth Bumps River) and lower reach 
(Bumps River mouth to East Bay) and East Bay are sub-embayments, while the 
Bumps River and Scudder Bay support significant salt marsh areas. 

Centerville River Embayment System  

Centerville River Reach 

 
 
 

Health Indicator 

Upper    Mid   Lower  
East Bay Bumps 

River 
Scudder 

Bay 

 Dissolved Oxygen H1 MI3 H/MI4 MI2 MI3 MI12 

 Chlorophyll  MI6 --13 H5 H5 --13 MI6 
 Macroalgae --8 --8 --7 --7 --7 --8 
 Eelgrass --10 --10 SI9 SI9 --10 --10 
 Infaunal Animals H17 H/ MI16 H11 MI14 H11 MI15 

  Overall: H H/MI H10-SI8 MI14-SI8 H MI 
   
  1 – salt marsh tidal creek, periodic oxygen depletions to 3-4 mg/L. 
  2 – oxygen depletions frequently to 4-5 mg/L., levels generally >5 mg/L. 
  3 – Monitoring Program grab sample data, periodically 4.5-5 mg DO/L generally >5 mg DO/L. 
  4 -- Monitoring Program grab sample data, >5 mg DO/L, but may follow East Bay time-series. 
  5 – modest chlorophyll a levels generally 4-8 ug/L , average 5 ug/L. 
  6 – elevated chlorophyll levels, mean 18-20 ug/L. 
  7 – very sparse or absence of drift algae, no surficial microphyte mat 
  8--  no drift algae, but benthic algae forming a surficial mat, microphytes 
  9-- MassDEP (C. Costello) indicates that eelgrass  lost from this system between 1951-2000. 
10 – no evidence this basin is supportive of eelgrass. 
11 -- infauna: high numbers of individuals and species, high diversity and Eveness. 
12 -- basin supports fringing salt marsh areas. 
13 -- insufficient data 
14 -- Infauna: moderate numbers of individuals, moderate-low species, dense amphipod mat. 
15 -- Infauna: moderate numbers of individuals, moderate-low species, organic enrichment  
         indicator species typical of salt marsh ponds. 
16 -- moderate numbers of individuals and species, high diversity and Eveness, with  
         polychaetes, mollusks and crustaceans, estuarine reach is transitional between 
         saltmarsh creek and tidal river.. 
17 -- high numbers of individuals and moderate numbers of species.  High diversity and  
          eveness.  Indicators of organic matter enrichment typical of salt marsh sediments. 
 
  H = healthy habitat conditions;  MI = Moderate Impairment;  SI = Significant Impairment;   
  SD = Severe Degradation;   -- = not applicable to this estuarine reach 
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 The present lack of eelgrass throughout the Centerville River System is consistent with 
the observed oxygen depletions in each basin and the chlorophyll levels and functional basin 
types comprising this estuary. The basins like the Centerville River channel (from the Town 
Landing to East Bay), and especially sub-embayment of East Bay typically, do support eelgrass 
habitat in other embayments with low to moderate nitrogen levels.  These basins supported 
eelgrass in the 1951 analysis.  The earlier presence of beds from within the lower reaches of the 
Centerville River System is consistent with the lower nitrogen loading and the resultant higher 
sustained oxygen levels and lower chlorophyll levels (high light penetration) that should have 
existed at that time, based upon population data. 
 
 The eelgrass and water quality information supports the conclusion that eelgrass beds 
within East Bay and the lower Centerville River should be the target for restoration of the 
Centerville River Estuary and that restoration requires appropriate nitrogen management.  From 
the historical analysis, it appears that on the order of 52 acres of eelgrass habitat could be 
recovered, if nitrogen management alternatives are implemented.  Therefore the sentinel station 
(BC-T) for the Centerville River System was placed just seaward of the mouth of the Bumps 
River within the Centerville River and upgradient from the Town of Barnstable Water Quality 
Monitoring Station BC-9.  The station was located at within the uppermost extent of the known 
previous eelgrass coverage in this System. 
 
 The target nitrogen concentration (tidally averaged TN) for restoration of eelgrass at the 
sentinel location within the lower reach of the Centerville River (region seaward of the mouth of 
the Bumps River) was determined to be 0.37 mg TN L-1.   This nitrogen level is based upon the 
absence of eelgrass in the Lower Centerville River at a tidally averaged TN of 0.395 mg N l-1 
and comparison to a stable eelgrass system in a similarly configured basin, the lower Oyster 
River (Chatham) at 0.37 mg N L-1.  Note that this level is only slightly lower than that determined 
by the MEP Technical Team for nearby Popponesset Bay (0.38 mg N L-1).  This difference 
relates to the much shallower water in Popponesset Bay then in the Centerville River.  Water 
depth is important as the same phytoplankton concentration that results in shading of eelgrass 
in deep water, will allow sufficient light to support eelgrass in shallow water.  The need for a 
lower threshold in deeper versus shallower water was seen in the MEP eelgrass habitat 
assessment for Bournes Pond, Falmouth. 
 
 The threshold nitrogen level at the sentinel station within the Centerville River System is 
within the range found for other complex systems such as 0.38 mg N L-1 for Stage Harbor, 0.38 
N/L-1 for Bournes Pond and nearby Popponesset Bay and 0.35 mg N L-1 for West Falmouth 
Harbor and Phinneys Harbor.  The sentinel station under present loading conditions supports a 
tidally corrected average concentration of 0.395 mg TN L-1, so watershed nitrogen management 
will be required for restoration of the estuarine habitats within this system. 
 
 Note that achieving the nitrogen threshold at the sentinel station will necessarily result in 
restoration of other resources throughout the Centerville River/Harbor System distant from the 
inlet and the influence of strong tidal flushing.  Since East Bay is influenced by waters ebbing 
from both branches of the entire up-gradient basins, its nitrogen management will de facto 
require a lowering of nitrogen levels throughout the Centerville River System and therefore an 
improvement of infaunal habitats in  Scudder Bay and the middle reach of the Centerville River, 
which have traditionally only supported infaunal habitat.  Based upon the above analysis, 
eelgrass habitat should be the primary nitrogen management goal for the lower Centerville River 
System and infaunal habitat quality the management target for the upper reaches.  These goals 
are the focus of the MEP management threshold loading analysis (Section VIII.3) and 
alternatives analysis presented (Chapter IX). 
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 Although the nitrogen management target is restoration of eelgrass habitat (and 
associated water clarity, shellfish and fisheries resources), benthic infaunal habitat quality must 
also be supported as a secondary condition.  At present, in the regions with impaired infaunal 
habitat, the tidally averaged total nitrogen (TN) level under existing conditions is 0.526 mg N L-1 
in Scudder Bay and between 0.543-0.465 mg N L-1 in the middle reach of the Centerville River 
(bridge to Bumps River).  The observed moderate impairment at these sites is consistent with 
observations by the MEP Technical Team in other enclosed basins along Nantucket Sound (e.g. 
Perch Pond, Bournes Pond, Popponesset Bay) where levels <0.5 mg N L-1 were found to be 
supportive of healthy infaunal habitat and in deeper enclosed basins in Buzzards Bay (e.g. Eel 
Pond in Bourne) where healthy infaunal habitat had a slightly lower threshold level, 0.45 mg N L-

1, due to those being a "deep" depositional basin.  The higher TN levels observed in the upper 
Centerville River salt marshes are within the nitrogen threshold to support the observed healthy 
infaunal habitat in this estuarine reach.  To ensure that meeting the nitrogen threshold at the 
sentinel station (BC-T, just seaward of the mouth of the Bumps River within the Centerville 
River, upgradient from BC-9) results in restoration of the moderately impaired infaunal habitats 
in Scudder Bay and the middle reach of the Centerville River, nitrogen criteria for secondary 
infaunal "check" stations were developed by the MEP Technical Team.  Based upon the 
Centerville River system showing moderate impairment at tidally averaged TN levels of 0.526 
mg N L-1 in Scudder Bay (BC-3) and 0.543 at the inland end of the middle reach of the 
Centerville River (BC-7) and the results from nearby embayments to Nantucket Sound (noted 
above), it was concluded that an upper limit of 0.50 mg N L-1 tidally averaged TN would support 
healthy infaunal habitat in these inner regions. 
 
 It must be stressed that the nitrogen threshold for the Centerville River Estuarine System 
is at the sentinel location.  The secondary criteria (infaunal habitat) should be met when the 
threshold is met at the sentinel station used for setting the nitrogen threshold and serve as a 
“check”.  The nitrogen loads associated with the threshold concentration at the sentinel location 
and secondary infaunal check stations are discussed in Section VIII.3, below. 

VIII.3.  DEVELOPMENT OF TARGET NITROGEN LOADS 
 The nitrogen thresholds developed in the previous section were used to determine the 
amount of total nitrogen mass loading reduction required for restoration of eelgrass and infaunal 
habitats in the Centerville River estuary system.  Tidally averaged total nitrogen thresholds 
derived in Section VIII.1 were used to adjust the calibrated constituent transport model 
developed in Section VI.  Watershed nitrogen loads were sequentially lowered, using reductions 
in septic effluent discharges only, until the nitrogen levels reached the threshold level at the 
sentinel stations chosen for Centerville River and at the secondary stations in Scudder Bay and 
Centerville River East.  It is important to note that load reductions can be produced by reduction 
of any or all sources or by increasing the natural attenuation of nitrogen within the freshwater 
systems to the embayment.  The load reductions presented below represent only one of a suite 
of potential reduction approaches that need to be evaluated by the community.  The 
presentation is to establish the general degree and spatial pattern of reduction that will be 
required for restoration of this nitrogen impaired embayment. 
  
 As shown in Table VIII-2, the nitrogen load reductions within the system necessary to 
achieve the threshold nitrogen concentrations required 80% removal of septic load (associated 
with direct groundwater discharge to the embayment) for the Centerville River East watershed.  
The distribution of tidally-averaged nitrogen concentrations associated with the above 
thresholds analysis is shown in Figure VIII-1. 
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Figure VIII-1. Contour plot of modeled average total nitrogen concentrations (mg/L) in the Centerville 

River estuary system, for threshold conditions (0.37 mg/L at water quality monitoring 
station BC-T, and 0.4-0.5 at water quality monitoring stations BC-3 and BC-7).  The 
approximate location of the sentinel threshold station for Centerville River (BC-T) is 
shown. 

 
 
 
 
 
 
 
 



 MASSACHUSETTS ESTUARIES PROJECT 

   148  

Table VIII-2. Comparison of sub-embayment watershed septic loads 
(attenuated) used for modeling of present and threshold 
loading scenarios of the Centerville River estuary system.  
These loads do not include direct atmospheric deposition 
(onto the sub-embayment surface), benthic flux, runoff, or 
fertilizer loading terms. 

sub-embayment 
present 

septic load 
(kg/day) 

threshold  
septic load 

(kg/day) 

threshold 
septic load % 

change 
Centerville River East 45.929 9.184 -80.0% 
Scudder Bay 11.619 11.619 +0.0% 
Centerville River West 7.704 7.704 +0.0% 
East Bay 6.301 6.301 +0.0% 

Surface Water Sources    
Pine Street Stream 2.512 2.512 +0.0% 
Lake Elizabeth Stream 1.836 1.836 +0.0% 
Bumps River 14.321 14.321 +0.0% 
Skunknett River 17.337 17.337 +0.0% 

 
 Tables VIII-3 and VIII-4 provide additional loading information associated with the 
thresholds analysis.  Table VIII-3 shows the change to the total watershed loads, based upon 
the removal of septic loads depicted in Table VIII-2.  Removal of 80% of the septic load from the 
Centerville River East watershed results in a 66% reduction in total nitrogen load.  Table VIII-4 
shows the breakdown of threshold sub-embayment and surface water loads used for total 
nitrogen modeling.  In Table VIII-4, loading rates are shown in kilograms per day, since benthic 
loading varies throughout the year and the values shown represent ‘worst-case’ summertime 
conditions.  The benthic flux for this modeling effort is reduced from existing conditions based 
on the load reduction and the observed particulate organic nitrogen (PON) concentrations within 
each sub-embayment relative to background concentrations in Nantucket Sound.   
 

Table VIII-3. Comparison of sub-embayment total attenuated watershed 
loads (including septic, runoff, and fertilizer) used for 
modeling of present and threshold loading scenarios of the 
Centerville River estuary system.  These loads do not include 
direct atmospheric deposition (onto the sub-embayment 
surface) or benthic flux loading terms. 

sub-embayment 
present  

load 
(kg/day) 

threshold 
load (kg/day) threshold % 

change 

Centerville River East 55.737 18.992 -65.9% 
Scudder Bay 14.452 14.452 +0.0% 
Centerville River West 9.463 9.463 +0.0% 
East Bay 8.627 8.627 +0.0% 

Surface Water Sources    
Pine Street Stream 3.452 3.452 +0.0% 
Lake Elizabeth Stream 2.274 2.274 +0.0% 
Bumps River 16.912 16.912 +0.0% 
Skunknett River 21.260 21.260 +0.0% 
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Table VIII-4. Threshold sub-embayment loads and attenuated surface water 
loads used for total nitrogen modeling of the Centerville River 
estuary system, with total watershed N loads, atmospheric N loads, 
and benthic flux 

sub-embayment watershed load 
(kg/day) 

direct 
atmospheric 
deposition 
(kg/day) 

benthic flux 
net 

(kg/day) 

Centerville River East 18.992 0.449 4.284 
Scudder Bay 14.452 0.685 -2.125 
Centerville River West 9.463 0.718 3.497 
East Bay 8.627 1.126 12.694 

Surface Water Sources    
Pine Street Stream 3.452 - - 
Lake Elizabeth Stream 2.274 - - 
Bumps River 16.912 - - 
Skunknett River 21.260 - - 

 
 Comparison of model results between existing loading conditions and the selected loading 
scenario to achieve the target TN concentrations at the sentinel station is shown in Table VIII-5.  
To achieve the threshold nitrogen concentrations at the sentinel station, a reduction in TN 
concentration of approximately 10% is required at station BC-T. The meet secondary threshold 
requirement for stations BC-3 and BC-7, a reduction in TN concentration of approximately 8% 
and 21% were required, respectively.   
 
 The basis for the watershed nitrogen removal strategy utilized to achieve the embayment 
thresholds may have merit, since this example nitrogen remediation effort is focused on 
watersheds where groundwater is flowing directly into the estuary.  For nutrient loads entering 
the systems through surface flow, natural attenuation in freshwater bodies (i.e., streams and 
ponds) can significantly reduce the load that finally reaches the estuary.  Presently, this 
attenuation is occurring due to natural ecosystem processes and the extent of attenuation being 
determined by the mass of nitrogen which discharges to these systems.  The nitrogen reaching 
these systems is currently “unplanned”, resulting primarily from the widely distributed non-point 
nitrogen sources (e.g. septic systems, lawns, etc.).  Future nitrogen management should take 
advantage of natural nitrogen attenuation, where possible, to ensure the most cost-effective 
nitrogen reduction strategies.  However, “planned” use of natural systems has to be done 
carefully and with the full analysis to ensure that degradation of these systems will not occur.  
One clear finding of the MEP has been the need for analysis of the potential associated with 
restored wetlands or ecologically engineered ponds/wetlands to enhance nitrogen attenuation.  
Attenuation by ponds in agricultural systems has also been found to work in some cranberry 
bog systems, as well.  Cranberry bogs, other freshwater wetland resources, and freshwater 
ponds provide opportunities for enhancing natural attenuation of their nitrogen loads.   
Restoration or enhancement of wetlands and ponds associated with the lower ends of rivers 
and/or streams discharging to estuaries are seen as providing a dual service of lowering 
infrastructure costs associated with wastewater management and increasing aquatic resources 
associated within the watershed and upper estuarine reaches. 
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Table VIII-5. Comparison of model average total N concentrations from present 
loading and the modeled threshold scenario, with percent change, for 
the Centerville River estuary system.  Sentinel threshold stations are in 
bold print. 

Sub-Embayment monitoring 
station 

present 
(mg/L) 

threshold 
(mg/L) % change 

Scudder Bay BC-3 0.524 0.480 -8.4% 

Bumps River BC-4 0.451 0.415 -7.9% 

Centerville River BC-5 0.609 0.449 -26.3% 

Centerville River  BC-7 0.526 0.417 -20.8% 

Centerville River BC-8 0.454 0.386 -15.0% 

Centerville River BC-9 0.389 0.358 -8.0% 

East Bay BC-10 0.349 0.333 -4.6% 

Confluence of Bumps River- 
Centerville River BC-T 0.412 0.372 -9.8% 

 
 Although the above modeling results provide one manner of achieving the selected 
threshold level for the sentinel site within the estuarine system, the specific example does not 
represent the only method for achieving this goal.  However, the thresholds analysis provides 
general guidelines needed for the nitrogen management of this embayment.   
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IX.  ALTERNATIVES TO IMPROVE WATER QUALITY 

IX.1  PRESENT LOADING WITH SEWERING PORTIONS OF CENTERVILLE RIVER EAST 
WATERSHED AND INCREASING THE NATURAL NITROGEN ATTENUATION ALONG 
SKUNKNET RIVER 
 The Centerville River East watershed contributes the largest amount of Nitrogen to the 
Centerville River System relative to the other watersheds. Therefore sewering within watershed 
will have the greatest impact upon the Nitrogen levels entering the system. However the 
possibility exists to combine sewering with measures to naturally increase Nitrogen attenuation 
along surface water tributaries within the system. For this alternative the natural Nitrogen 
attenuation along Skunknet River will be increased by 20-percent to evaluate the magnitude of 
impact it will have upon reducing the amount of sewering required. To demonstrate this, an 
alternative was developed to assess impact of removing 75-percent of the septic load from the 
Centerville River East watershed, which is a 5-percent reduction compared to the threshold 
analysis in Chapter VIII, along with increasing the natural Nitrogen attenuation along Skunknet 
River by 20-percent. The present loading conditions will be used for the rest of the system.  
Table IX-1 and Table IX-2 illustrate the overall change to septic and watershed loads resulting 
from this alternative. Septic removal from Centerville River East watershed results in significant 
reductions in the watershed loads in the sub-embayment.  Based on the assumptions 
developed for this alternative, Table IX-3 presents the various components of nitrogen loading 
for the Centerville River system. 
 

Table IX-1. Comparison of sub-embayment watershed septic loads 
(attenuated) used for modeling present loading conditions 
with a 75-percent of the septic load removed from the 
Centerville River East watersheds and 20% increase to 
natural Nitrogen attenuation along Skunknet River.  These 
loads do not include direct atmospheric deposition (onto the 
sub-embayment surface), benthic flux, runoff, or fertilizer 
loading terms. 

sub-embayment 
present 

septic load 
(kg/day) 

scenario 
septic load 

(kg/day) 

threshold 
septic load % 

change 
Centerville River East 45.929 11.479 -75.0% 
Scudder Bay 11.619 11.619 +0.0% 
Centerville River West 7.704 7.704 +0.0% 
East Bay 6.301 6.301 +0.0% 

Surface Water Sources    
Pine Street Stream 2.512 2.512 +0.0% 
Lake Elizabeth Stream 1.836 1.836 +0.0% 
Bumps River 14.321 14.321 +0.0% 
Skunknet River 17.337 11.762 -32.2% 
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Table IX-2. Comparison of sub-embayment total attenuated watershed 
loads (including septic, runoff, and fertilizer) used for modeling of 
present conditions in Centerville River with present loading 
conditions with a 75-percent of the septic load removed from the 
Centerville River East watersheds and 20% increase to natural 
Nitrogen attenuation along Skunknet River.  These loads do not 
include direct atmospheric deposition (onto the sub-embayment 
surface) or benthic flux loading terms. 

sub-embayment 
present  

load 
(kg/day) 

scenario 
load (kg/day) threshold % 

change 

Centerville River East 55.737 21.288 -61.8% 
Scudder Bay 14.452 14.452 +0.0% 
Centerville River West 9.463 9.463 +0.0% 
East Bay 8.627 8.627 +0.0% 

Surface Water Sources    
Pine Street Stream 3.452 3.452 +0.0% 
Lake Elizabeth Stream 2.274 2.274 +0.0% 
Bumps River 16.912 16.912 +0.0% 
Skunknet River 21.260 15.685 -26.2% 

 
Table IX -3. Sub-embayment loads used for total nitrogen modeling of the 

Centerville River system for present loading scenario with present 
loading conditions with a 75-percent of the septic load removed 
from the Centerville River East watersheds and 20% increase to 
natural Nitrogen attenuation along Skunknet River, with total 
watershed N loads, atmospheric N loads, and benthic flux. 

sub-embayment watershed load 
(kg/day) 

direct 
atmospheric 
deposition 
(kg/day) 

benthic flux 
net 

(kg/day) 

Centerville River East 21.288 0.449 4.353 
Scudder Bay 14.452 0.685 -2.125 
Centerville River West 9.463 0.718 3.497 
East Bay 8.627 1.126 12.694 

Surface Water Sources    
Pine Street Stream 3.452 - - 
Lake Elizabeth Stream 2.274 - - 
Bumps River 16.912 - - 
Skunknet River 15.685 - - 

 
 Total nitrogen modeling results for existing conditions with the reduced septic loads for 
Centerville River East watershed and increase in natural attenuation to Skunknet River indicate 
that the Centerville River would meet the nitrogen threshold target at Station BC-T (Table IX-4 
and Figure IX-1), along with meeting the secondary goals at Stations BC-3 and BC-7.  It results 
in reductions in nitrogen concentration in all of the sub-embayments.  Nitrogen concentration 
reductions range from approximately 4% in East Bay to 25% in upper reaches of Centerville 
River.  Overall, this scenario indicates that to reduce the overall nitrogen load effectively, 
removing septic loads from the Centerville River East watershed is necessary, but that 
measures to increase natural attenuation are an important component to controlling the 
percentage of septic removal that will be necessary in the upper watershed.   
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Table IX-4. Comparison of model average total N concentrations from present 

loading scenarios (with and without the reduction of septic loads 
Centerville River East watershed and 20% increase to natural 
Nitrogen attenuation along Skunknet River), with percent change, 
for the Centerville River system.  The threshold station is shown in 
bold print. 

Sub-Embayment monitoring 
station 

present 
(mg/L) 

scenario 
(mg/L) % change 

Scudder Bay BC-3 0.524 0.478 -8.8% 
Bumps River BC-4 0.451 0.412 -8.5% 
Centerville River BC-5 0.609 0.457 -25.0% 
Centerville River  BC-7 0.526 0.422 -19.9% 
Centerville River BC-8 0.454 0.389 -14.4% 
Centerville River BC-9 0.389 0.359 -7.9% 
East Bay BC-10 0.349 0.333 -4.4% 
Confluence of Bumps River and 
Centerville River BC-T 0.412 0.373 -9.6% 

 
 

 
Figure IX-1. Contour plot of modeled total nitrogen concentrations (mg/L) in the Phinney’s Harbor 

system, for present loading conditions with a 75-percent of the septic load removed from 
the Centerville River East watersheds and 20% increase to natural Nitrogen attenuation 
along Skunknet River. 
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