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Figure 3.8: Mean concentration of nitrate versus δ15N of nitrate for all the river and ocean 
water samples. Standard deviation is indicated by the bars; n=3 for all the rivers and the 
ocean bottom, and n=4 for the ocean surface. 
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4. Discussion
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4.1 Source of DIN to Mackworth Island and Maquoit Bay

 The concentration and δ15N value of nitrate in surface water at Mackworth Island 

show no significant difference between that of the Fore River and Presumpscot River, 

however there is a significant difference in the δ15N and concentration of nitrate between 

Mackworth Island and the open ocean samples (Figure 4.1). This indicates that the 

majority of nitrate in the water column at Mackworth Island comes from the rivers, not 

an open ocean source.  In addition to the Presumpscot and Fore Rivers, it is possible that 

inland run-off through groundwater and direct shore run-off also influence the nitrate 

concentration and δ15N values at Mackworth Island. The same trends are apparent for 

Maquoit Bay (Figure 4.1); almost all nitrate in the Bay is derived from the Bunganuc 

River, and other sources of inland run-off. These findings suggest that nearshore estuarine 

regions are significantly influenced by river influxes, in agreement with Schlesinger 

(1997). 

4. 2 Quantifying for Enriched Nitrogen in Eelgrass and Nitrate

Both eelgrass and nitrate are enriched in 15N at Mackworth Island relative to 

Maquoit Bay. The fractionation between eelgrass and nitrate in the surface water is 

consistent between Mackworth Island and Maquoit Bay, at approximately 8‰, where the 

nitrate is depleted in 15N relative to eelgrass (Figure 4.2). Published fractionation values 

for primary producers that rely solely on nitrate as a source of nitrogen show that nitrate 

is enriched in 15N by 5-10‰ relative to the primary producers (summarized in York et 

al., 2007). Thus, other sources of nitrogen (ammonium, nitrite, and dissolved organic 

nitrogen (DON)) are also, not surprisingly, being assimilated by eelgrass. Although water 

column nitrite and DON concentration data do not exist, nitrate and ammonium are 

the most preferred sources of nitrogen to be assimilated by primary producers (York et 

al., 2007). In addition nitrite is very unstable in the presence of oxygen, thus is almost 

immediately converted into nitrate during nitrification (Sharp, 2007). 

Numerous studies have shown that ammonium is preferentially assimilated over 
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Figure 4.1: δ15N of nitrate versus concentration of nitrate for A) Maquoit Bay and its 
inputs, and B) Mackworth Island and its inputs. 
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Figure 4.2: Average δ15N of eelgrass and nitrate at Mackworth Island and Maquoit Bay. 
Bars indicate standard deviation for each point.
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nitrate (Dortch, 1990; L’Helguen et al., 1996). Eelgrass specifically, can assimilate nitrogen 

from the water column through its leaves or from the pore water through its roots. Often 

ammonium concentrations are much higher in the pore water than the surface water 

(Romero et al. 2006), so eelgrass assimilates the large majority of its nitrogen from pore 

water.  

Using a model developed by Zimmerman et al. (1987) and the average pore water 

ammonium concentrations measured at both sites, the proportion of water column 

and pore water ammonium assimilated by eelgrass can be estimated at Maquoit Bay 

and Mackworth Island (Figure 4.3).  According to the model, eelgrass from Mackworth 

Island assimilates ~50% nitrogen from pore water ammonium, ~35% from water column 

ammonium and ~15% from water column nitrate.  Eelgrass at Maquoit Bay assimilates 

~70% of its nitrogen from ammonium in the pore water, ~20% from ammonium in the 

water column, and ~10% from nitrate in the water column.

Assuming eelgrass and nitrate isotope data in the study are correct and the 

Zimmerman et al. (1987) model is legitimate, a two end member mixing model can 

be used to determine the average δ15N of ammonium being assimilated by eelgrass at 

Maquoit Bay and Mackworth Island.

δ15N Eelgrass= (δ15N Nitrate-En)(fn)+(δ15N Ammonium-Ea)(fa)

fn=fraction of nitrogen derived from nitrate

fa=fraction of nitrogen derived from ammonium

En= fractionation between eelgrass and nitrate= -7‰ (Horrigan et al., 1990)

Ea=  fractionation between eelgrass and ammonium= -5‰ (Montoya et al. 1991)

Maquoit Bay:

5.7‰= (-2.7‰-7‰)(0.10)+(δ15N Ammonium-5‰)(0.90)

δ15N Ammonium= 12.4‰

Mackworth Island:

8.1‰= (0.4‰-7‰)(0.15)+(δ15N Ammonium-5‰)(0.85)

δ15N Ammonium= 15.7‰
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Figure 4.3: The effect of pore water ammonium concentrations on patterns of nitrogen 
uptake by eelgass from pore water ammonium, water column ammonium, and water 
column nitrate. Each component is graphed as a percentage of total nitrogen taken up 
each day in a model developed by Zimmerman et al. (1997).  The red line represents the 
average concentration of ammonium in pore water at Mackworth Island. This shows that 
eelgrass at Mackworth Island accumulates about 15% of its nitrogen from water column 
nitrate, 35% from water column ammonium, and 50% from pore water ammonium. The 
blue line represents Maquoit Bay, where the eelgrass accumulates 10% of its nitrogen from 
water column nitrate, 20% from water column ammonium, and 70% from pore water 
ammonium. 

Pore Water Ammonium

Water Column Nitrate

Water Column Ammonium
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The two-end-member mixing model calculates that the δ15N of ammonium at 

Mackworth Island is about 15.7‰, and the δ15N for ammonium at Maquoit Bay is about 

12.4‰, in agreement with Middelburg and Nieuwenhuize (2001). Both of these values 

were corrected for fractionation during assimilation based on published data from studies 

done at the Chesapeake Bay, which analyzed the fractionation between phytoplankton and 

ammonium/nitrate (Horrigan et al., 1990b; Montoya et al., 1991). It should be noted that 

in this model, ammonium in pore water is not differentiated from ammonium in surface 

water.  It is unlikely that both sources of ammonium will have identical δ15N values or 

be fractionated consistently.  Thus these calculated ammonium δ15N values provide 

only rough estimates of what is truly expected. Inputs from rivers and run-off drive the 

nitrate and ammonium in the water column, while ammonium in pore water is supplied 

by regeneration within the estuary (Romero et al., 2006). Future work should focus on 

isotopic analysis of ammonium in the water column and pore water. 

4.2.1 Possible Causes of 15N Enrichment in Eelgrass and Nitrate

 Nitrogen-15 enrichment in eelgrass and nitrate at one site over another may be 

due to one or a combination of three factors: 1) rates of primary production, where high 

rates of primary production can result in more enriched 15N values if concentration of 

DIN is similar between the sites (Nixon et al. 1986; Fogel and Cifuentes, 1993), 2) the 

degree to which internal cycling of nitrogen occurs, and 3) the amount and sources of 

nitrogen inputs, where high amounts of anthropogenic waste could result in more 15N 

enriched nutrients and primary producers (Schlesinger, 1997). The possibility of each of 

these influences on 15N values at Mackworth Island and Maquoit Bay will be considered 

below.

In 2009, the Casco Bay Estuary Partnership collected data that showed the eelgrass 

bed at Maquoit Bay was significantly more dense than the eelgrass bed at Mackworth 

Island (p=0.022) (Table 4.1), suggesting higher rates of primary productivity in the 

eelgrass beds at Maquoit Bay. Primary production of eelgrass  is controlled by three 
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Location % Cover Average Height (cm)
Maquoit Bay 96.25 79.75

100.00 105.00
100.00 102.50
55.00 65.25

100.00 103.25
81.25 69.50

100.00 110.00
100.00 80.00
96.25 85.75

100.00 107.00
100.00 89.00
100.00 61.25
86.25 73.50
80.00 57.00

Average 92.50 84.91

Mackworth Island 71.25 43.00
13.75 71.00
61.25 88.50
65.00 77.50
78.75 72.75
87.50 86.25
97.50 75.75
45.00 77.00

Average 65.00 73.46
p-value 0.022 0.132

Table 4.1: Percent cover (density) and average height data 
for the eelgrass beds at Mackworth Island and Maquoit Bay 
collected in 2009 by the Casco Bay Estuarine Partnership. 
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main factors: total influx of DIN (from outside sources and recycling within the system), 

temperature, and light transparency of the water column. 

Data determined in this study show no significant difference in total nitrate 

concentrations in surface water between Mackworth Island and Maquoit Bay. In addition, 

data collected in 2010 by the Casco Bay Estuary Partnership shows no significant 

difference in total DIN concentrations at sites very close to the sites used in this study 

in June and July of 2010 (Figure 4.4; Figure 4.5). At the time of sampling for this study 

temperature (Table 4.2) was significantly higher at Maquoit Bay relative to Mackworth 

Island (p=0.000). Chlorophyll A concentrations in the water column were not statistically 

different between the two sites, suggesting that temperature had minimal effect on 

primary production. No data on water transparency was collected, although this would 

be very important for a future since light availability is a major control for eelgrass 

production. 

One reason for increased amounts of eelgrass at Maquoit Bay may be due to 

differences in pore water ammonium concentrations, which were significantly higher 

at Maquoit Bay (p=0.044; Table 4.3). The increased concentration of ammonium in the 

pore water is a function of breakdown of organic matter in the soil (ammonification) and 

exchange of ammonium between the pore water and surface water. Since the eelgrass 

bed at Maquoit Bay is currently denser than at Mackworth Island, more organic matter 

is most likely being broken down at Maquoit Bay, which can foster increased rates of 

ammonification in the sediments. Maquoit Bay also has finer sediments in the top 8 cm of 

the sea floor compared to Mackworth Island, which may allow less ammonium to diffuse 

out of the pore water into the water column, where it is more easily diluted by circulating 

water. 

It appears that one reason for higher rates of eelgrass production at Maquoit Bay 

is higher concentrations of ammonium pore water. This may be due to increased cycling 

of nitrogen within the system, lower diffusion rates of ammonium out of the pore water 
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Figure 4.4: Concentration of nitrate, ammonium, and total DIN colleceted by the Casco 
Bay Estuary Partnership in 2010. Figure 4.5 shows that location of each of these sites. 
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East Portland

Outside Maquoit Bay

Fore River

Figure 4.5: The locations of the three sites where DIN concentrations were sampled by the 
Casco Bay Estuary Partnership in 2010. 
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Ammonia Concentration Average Ammonium 
Site using EPA 350.1(uM) Concentration (uM)
Mackworth Pore 1 77.78
Mackworth Pore 2 43.89
Mackworth Pore 3 66.67 62.78

Maquoit Pore 1 722.22
Maquoit Pore 2 472.22
Maquoit Pore 3 388.89 527.78

p=0.044

Table 4.3: Ammonium concentrations (uM) of pore water at Mackworth Island and 
Maquoit Bay. Concentrations were measured by North East Labs, using EPA method 
350.1.

Site Date Temp C Average temp
Maquoit 6-Jul 23.42
Maquoit 6-Jul 28.9
Maquoit 6-Jul 23.09 25.14
Mackworth 13-Jul 19.16
Mackworth 13-Jul 19.08
Mackworth 13-Jul 19.58 19.27

p=0.00
Table 4.2: Differences in temperature between 
Mackworth Island and Maquoit Bay on the days 
when water and eelgrass samples were collected. 
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(due to the fact that the sediments are finer at Maquoit Bay), or a combination of both. 

Increased primary production could yield enriched δ15N values, if DIN concentrations are 

constant, but since Maquoit Bay shows higher total concentrations of DIN (surface and 

pore water combined) than Mackworth Island, the differences in primary productivity 

may not impact the δ15N of eelgrass. However, eelgrass at Maquoit Bay is shown to 

assimilate more ammonium from pore water (increased internal cycling of nutrients) 

than eelgrass at Mackworth Island, which can effect the δ15N value of eelgrass. Little to 

no fractionation occurs during mineralization/ammonification, thus the ammonium 

produced in pore water likely has δ15N values that are relfective of the primary producers 

decomposed in the sediment. These producers, assuming to have assimilated DIN from 

the same system, have δ15N values about 3‰ depleted relative to its nitogen source 

(DIN) due to the -3‰ fractionation that occurs during assimilation (Macko and Ostrom, 

1994). So, it is probable that ammonium in the pore water is depleted in 15N relative 

to ammonium and nitrate in the water column. If this is true, this can cause nitrogen 

depletion of eelgrass at Maquoit Bay relative to Mackworth Island since Maquoit Bay 

eelgrass seems to assimilate more nitrogen from the pore water than Mackworth Island 

eelgrass. 

Although river data show no significant difference in δ15N of nitrate between 

the Presumpscot and Fore Rivers and the Bunganuc River, enrichment of the water 

could be caused by wastewater treatment plants very close to Mackworth Island (Figure 

4.6). This group of sewer overflows and wastewater outfalls includes  the overflows 

and outfalls of Falmouth Wastewater Treatment Facility and Portland Water District, 

two treatment plants that are considered major outflows by the Maine Department of 

Environmental Protection (2010). These two facilities could possibly be the primary cause 

of DIN enrichment in the surface water at Mackworth Island (Heaton, 1986). In order 

to determine if this is true, the average discharge, concentration, and δ15N of DIN would 

have to be collected from each facility’s outfalls.
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Figure 4.6: A map of sewer overflow outfalls (red) and wastwater treatment plant facility 
outfalls (blue) in the Mackworth Island area. 
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 With these findings, it is probable that increased δ15N values in eelgrass found 

at Mackworth Island are caused by both increased δ15N of source DIN and a decreased 

proportion of ammonium assimilated from pore water relative to Maquoit Bay. 

4.3 Temporal Variability of Eelgrass Isotope Data

 Data from Loopesko (2010) show δ15N values in eelgrass about 3‰ lower at both 

Maquoit Bay and Mackworth Island compared to samples presented in this study (Figure 

4.7). These results suggest that some systematic shift in nitrogen isotope cycling has 

occurred in Casco Bay over the last year.  However, a comparison of data collected nearly 

10 years ago by Neckles (2001) in  Maquoit Bay show δ15N values of eelgrass that are very 

similar to those at Maquoit Bay in this study. More continuous sampling (annual and 

monthly) is needed to determine the significance and implications of the shifts in 15N data 

through the last decade. 
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Figure 4.7: A comparison of δ15N of eelgrass sampled at Mackworth Island and Maquoit 
Bay in difference studies over the past 10 years. In 2001 Hilary Neckles (blue diamond) 
sampled eelgrass is Maquoit Bay, in 2009 William Loopesko (red square) sampled eelgrass 
from both Maquoit Bay and Mackworth Island, and in 2010 eelgrass was sampled for this 
study (green triangle). 



70

5. Conclusions
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Enriched 15N values were found in eelgrass in the more heavily populated system 

at Mackworth Island. While δ15N in eelgrass would appear useful for identifying sites that 

are influenced by anthropogenic nutrients, it is not definitive. The δ15N of eelgrass reflects 

a combination of nitrogen sources and isotopic fractionations that occur during plant 

synthesis, all of which vary from site to site. To identify sites in Casco Bay that may be 

affected by the input of anthropogenic nutrients, it is recommended to focus on the nitrate 

and ammonium δ15N and concentration of source water and pore water, and secondarily 

eelgrass δ15N values. Source waters (rivers, groundwater, etc.) must be sampled for DIN 

instead of estuarine water because the concentration and δ15N is unaffected by primary 

production, which largely occurs in the estuary. Both source water and wastewater 

treatment plant inputs must be accounted for when sampling for ammonium and nitrate 

coming into the areas. It is also essential to analyze pore water ammonium in order to 

account for nitrogen that is recycled with the system.

Once all waters are analyzed, eelgrass and other primary producers should be 

tested for nitrogen isotopes to determine if enrichment of inputs is affecting the nitrogen 

isotope ratios of primary producers. If so, then it can be proven that an area is being 

affected by anthropogenic deposition of nitrogen via wastewater and organic fertilizer 

input.

Perhaps a better focus of research, in terms of identifying nutrient hot spots 

in Casco Bay, would be to expand on the water/nutrient sampling program currently 

underway by Friends of Casco Bay and Mike Doan. The influence of both inorganic 

fertilizer runoff and atmospheric nitrogen from fossil fuels (especially in larger 

watersheds) on near shore systems is expected to grow with time, and is best detected 

by measuring the concentrations in key locations. Ammonium created from the Haber 

process is very common today, and the large majority of large farms use inorganic 

fertilizers (Canfield et al., 2010). Both synthetic fertilizers and nitrogen precipitated out 

of the atmoshere (from fossil fuels) are not isotopically distinguishable from natural soils, 
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thus would be difficult to document using δ15N approaches presented in this study. Coastal 

areas with high influxes of terrestrial water sources containing high concentrations of DIN 

are often not noticed until overgrowth and potential eutrophication has already begun 

to occur. Although concentrations of DIN in the Casco Bay are currently not thought to 

be a big threat to near shore systems, if the population of Maine continues to grow and 

more land becomes farmland, the influx of nitrogen from inorganic fertilizers, in addition 

to organic fertilizers and wastewater must be accounted for in order to prevent nitrogen 

pollution that can lead to eutrophication.
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Mackworth Island: Eelgrass, POM, and Sediment
Sample ID Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar) Site

7736 Eelgrass 2.17 1.62 2.72 8.1 37.68 69.76 -10.6 25.66 1
7737 Eelgrass 2.32 1.58 2.81 8.0 37.18 73.34 -10.6 26.07 1
7738 Eelgrass 2.40 1.58 2.92 8.0 37.95 77.54 -10.6 26.59 1
7739 Eelgrass 2.84 1.62 3.54 8.3 37.78 91.30 -9.8 25.81 2
7740 Eelgrass 2.93 1.93 4.36 8.2 40.14 100.34 -9.2 22.99 3

7741  POM 0.00 1.26 6.1 0.00 10.67 -16.0 8.50 1
7742  POM 0.00 1.44 4.2 0.00 12.40 -16.0 8.62 2
7743  POM 0.00 1.30 1.2 0.00 11.16 -16.1 8.61 3

7744 Sediment 8.41 0.08 0.47 14.4 0.96 6.84 -12.9 14.42 1
7745 Sediment 8.55 0.08 0.53 7.0 1.64 11.88 -14.0 22.41 2
7746 Sediment 7.68 0.08 0.49 6.5 1.01 6.56 -11.8 13.51 3

Mackworth Island: Water DIN
Sample ID Type N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar) Site

7747 NO3 7.62 -0.7 0.00 0.87 -28.6 0.11 1
7748 NO3 3.88 2.7 0.00 0.76 -27.2 0.19 1
7749 NO3 3.19 -1.9 0.00 1.04 -28.2 0.33 2
7750 NO3 2.74 1.4 0.00 1.24 -27.9 0.45 2
7751 NO3 3.20 0.9 0.00 0.90 -28.6 0.28 3
7752 NO3 2.83 0.2 0.00 1.06 -28.3 0.38 3

7753 NH4 1.41 -5.1 0.00 0.82 -27.3 0.58 1
7754 NH4 0.93 -5.9 0.00 1.07 -25.7 1.15 2
7755 NH4 1.12 -1.5 0.00 0.74 -27.1 0.66 2
7756 NH4 0.55 -7.9 0.00 0.91 -26.3 1.67 3
7757 NH4 1.04 -7.5 0.00 0.97 -26.1 0.93 3

Appendix 1
Mackworth Island Isotope Data

Yellow columns indicate that nitrogen recovered is less than limit of detection for the EA-
C-IRMS (0.8uM). For this reason isotope data is inaccurate. 
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Maquoit Bay: Eelgrass, POM, and Sediment
Sample ID Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar) Site
Eelgrass

7758 Eelgrass 2.59 2.85 5.69 5.1 42.15 93.02 -12.2 16.34 1
7759 Eelgrass 2.56 3.36 6.64 5.2 46.66 101.77 -14.3 15.34 2
7760 Eelgrass 3.03 1.76 4.12 6.8 40.23 103.96 -10.7 25.26 3

7761 POM 0.00 2.95 5.5 0.00 15.52 -20.3 5.26 1
7762 POM 0.00 2.69 5.6 0.00 14.05 -20.4 5.22 2
7763 POM 0.00 1.63 4.8 0.00 8.96 -18.3 5.48 3

7764 Sediment 8.03 0.17 1.01 4.2 1.82 12.37 -8.5 12.26 1
7765 Sediment 8.35 0.15 0.91 4.8 1.51 10.67 -10.4 11.67 2
7766 Sediment 7.54 0.03 0.19 -0.7 0.32 2.05 -11.0 10.63 3

Maquoit Bay: Water DIN
Sample ID Type N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar) Site

7767 NO3 7.14 -3.6 0.00 1.06 -28.1 0.15 1
7768 NO3 4.05 -2.4 0.00 0.95 -26.7 0.23 1
7769 NO3 2.91 -2.2 0.00 1.67 -23.4 0.57 2
7770 NO3 23.03 -3.0 0.00 1.11 -27.8 0.05 2
7771 NO3 21.63 -2.8 0.00 0.86 -27.6 0.04 3
7772 NO3 3.91 -2.3 0.00 1.15 -27.7 0.30 3

7773 NH4 1.47 -8.1 0.00 1.03 -27.3 0.70 1
7774 NH4 1.49 -3.7 0.00 0.93 -26.0 0.62 1
7775 NH4 0.27 -22.1 0.00 0.89 -26.9 3.32 2
7776 NH4 0.25 -15.5 0.00 0.93 -26.9 3.70 2
7777 NH4 0.64 -7.3 0.00 0.89 -26.8 1.40 3
7778 NH4 0.64 -1.0 0.00 0.97 -27.0 1.52 3

7779 NH4 Pore 59.36 -37.7 0.00 0.73 -26.4 0.05 2
7780 NH4 Pore 7.45 -35.3 0.00 1.03 -26.4 0.55 3

Appendix 2
Maquoit Bay Isotope Data

Yellow columns indicate that nitrogen recovered is less than limit of detection for the EA-
C-IRMS (0.8uM). For this reason isotope data is inaccurate. 
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Bunganuc River
Sample ID Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar)

7781 POM 0.00 1.63 4.9 0.00 12.62 -24.4 7.74

7782 NO3 0.00 7.47 -2.1 0.00 1.09 -27.9 0.15
7783 NO3 0.00 7.12 -6.4 0.00 0.94 -29.1 0.13
7784 NO3 0.00 13.28 -7.6 0.00 0.75 -28.5 0.06

7785 NH4 0.00 0.98 -27.2
7786 NH4 0.00 0.97 -26.9
7787 NH4 0.00 1.16 1.4 0.00 0.97 -25.3 0.83

Presumpscot River
Sample ID Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar)

7788 POM 0.00 1.47 6.4 0.00 6.76 -19.6 4.59
 

7789 NO3 0.00 4.42 1.4 0.00 1.00 -27.1 0.23
7790 NO3 0.00 7.64 -5.9 0.00 0.73 -28.5 0.10
7791 NO3 0.00 9.25 -0.2 0.00 0.95 -26.8 0.10

7792 NH4 0.00 0.91 -26.7
7793 NH4 0.00 0.96 -26.9
7794 NH4 0.00 0.96 -27.8

Fore River
Sample ID Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar)

7795  POM 0.00 2.08 2.2 0.00 8.44 -15.8 4.05

7796 NO3 0.00 4.29 -1.8 0.00 1.16 -28.8 0.27
7797 NO3 0.00 3.94 -1.7 0.00 0.87 -28.2 0.22
7798 NO3 0.00 4.67 -3.5 0.00 0.88 -28.1 0.19

Average 4.30 -2.3 0.23
std. dev. 0.37 1.0 0.04

7799 NH4 0.00 0.70 -17.9 0.00 0.94 -26.5 1.34
7800 NH4 0.00 4.53 -19.3 0.00 1.06 -26.1 0.23
7801 NH4 0.00 0.70 -16.4 0.00 0.89 -27.0 1.27

Appendix 3

River Isotope Data

Yellow columns indicate that nitrogen recovered is less than limit of detection for the EA-
C-IRMS (0.8uM). For this reason isotope data is inaccurate. 
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Ocean Inputs
Sample ID Location Type (mg) % N N (uM) d15N (3pts) %C C (uM) d13C C/N (Molar)

7802 Bates Surface A NO3 0.00 1.29 -18.3 0.00 0.61 -24.8 0.47
7803 Bates Surface B NO3 0.00 2.65 -7.3 0.00 0.56 -25.9 0.21
7804 r1-r15 Surface A NO3 0.00 1.32 -5.8 0.00 0.47 -27.8 0.35
7805 r1-r15 surface B NO3 0.00 1.33 -11.6 0.00 0.57 -26.2 0.43

7806 r1-r15 Bottom A NO3 0.00 1.50 -5.5 0.00 0.41 -26.3 0.27
7807 r1-r15 Bottom B NO3 0.00 1.35 -17.1 0.00
7808 Bates Bottom A NO3 0.00 0.75 -14.9 0.00 0.42 -24.5 0.56
7809 Bates Bottom B NO3 0.00 2.12 -7.9 0.00 0.55 -25.0 0.26

7810 r1-r15 Bottom B NH4 0.00 0.18 5.6 0.00 0.43 -28.3 2.38
7811 Bates Surface B NH4 0.00 0.21 1.7 0.00 0.46 -23.9 2.25
7812 Bates Bottom B NH4 0.00 0.41 9.0 0.00
7813 r1-r15 Surface B NH4 0.00 0.22 5.7 0.00 0.41 -26.0 1.86
7814 Bates Bottom A NH4 0.00 0.18 9.8 0.00
7815 r1-r15 Bottom A NH4 0.00 0.39 9.4 0.00
7816 r1-r15 Surface A NH4 0.00 0.15 3.2 0.00 0.40 -25.8 2.68

Appendix 4
Open Ocean Isotope Data

Yellow columns indicate that nitrogen recovered is less than limit of detection for the EA-
C-IRMS (0.8uM). For this reason isotope data is inaccurate. 



82

Site Sample Date Replicate Chlorophyll A (ug/L) Average Chlorophyll A (ug/L)
Maquoit Bay 1 6-Jul A 2.82

B 1.78
C 2.21 2.27

Maquoit Bay 2 6-Jul A 4.56
B 7.00
C 5.54 5.70

Maquoit Bay 3 6-Jul A 3.49
B 3.39
C 4.60 3.83

Site Average 3.93
Site std. dev. 1.72

Mackworth Island 1 6-Jul A 2.82
B 1.68
C 1.73 2.07

Mackworth Island 2 6-Jul A 2.60
B 3.01
C 3.33 2.98

Mackworth Island 3 6-Jul A 1.60
B 1.94
C 1.78 1.78

Site Average 2.28
Site std. dev. 0.63
Site Sample Date Replicate Chlorophyll A (ug/L) Average Chlorophyll A (ug/L)
Bunganuc River 19-Jul A 3.83

B 2.80
C 1.92 2.85

std. dev. 0.95

Presumpscot River 19-Jul A 0.90
B 0.68
C 0.73 0.77

std. dev. 0.12

Fore River 19-Jul A 1.16
B 1.05 1.10

std. dev. 0.08

R1-R15 (Ocean) 2-Jul A 2.45
B 2.67
C 0.83 1.98

std. dev. 1.00

Bates (Ocean) 2-Jul N/A

Appendix 5
 Chlorophyll Data
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Mackworth Island 
site weight of sample (grams) weight of sand weight of silt/clay % Clay/Silt (<0.06mm) % Sand

1.00 39.13 6.05 33.08 84.54 15.46
2.00 30.63 9.60 21.03 68.66 31.34
3.00 30.11 10.66 19.45 64.60 35.40

Maquoit Bay
site weight of sample (grams) weight of sand weight of silt/clay % Clay/Silt (<0.06mm) % Sand

1.00 31.41 0.04 31.37 99.87 0.13
2.00 32.74 0.16 32.58 99.51 0.49
3.00 33.13 0.03 33.10 99.91 0.09

Appendix 6
 Grain Size Data


