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ABSTRACT 
 
Aim:  
-To identify anadromous fish (alewives, Alosa pseudoharengus; and blueback herring, Alosa 
aestivalis) in the Gulf River estuary  
-To conduct essential water quality monitoring using CSCR’s state-approved QAPP 
Results:  No anadromous fish were counted at the herring run fish ladder located at Hunters 
Pond at the freshwater upper reaches of the Gulf River.  The site closest to the mouth of the 
river, Shockman’s dock (site ID name), has the most diverse nekton.  Winter flounder 
(Pseudopleuronectes americanus), sea star (Asterias forbesii), and hermit crab (Pagarus 
longicarpus) were documented exclusively at the mouth.  Large populations of Atlantic 
silversides (Menidia menidia) and shrimp (unidentified) were found at all sites.  Mud Snails 
(Illyanassa obsoleta), Green crab (Carcinus maenas), and Mummichogs (Fundulus 
heteroclitus) were found at the mouth and the other saline site, Musquashcut Brook (site ID 
name), but generally not found at Hunters Pond (site ID name), the more freshwater location. 
The four- and nine-spine stickleback fish (Apeltes quadracus) were predominantly found at 
Hunters Pond.  The saline sites show low numbers of enterococci bacteria except following 
high rainfall events.  However, bacteria numbers at Hunters Pond downstream of the herring 
run are consistently above safe levels, exceeding the state limit of 104 cfu/100ml.  Physical 
and chemical water quality data were within expected ranges for this historically studied 
estuarine system.  Conductivity, salinity and pH data are consistent with saline versus 
freshwater regions of the estuary.  The more freshwater site has the lowest chlorophyll-a 
levels. Water quality impairment preventing a healthy herring run was not found.  
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INTRODUCTION 
 
Purpose: The Gulf River estuary, specifically its hydrological connection via Hunters Pond 

and Bound Brook to the Aaron Reservoir (Figure 1), has been designated as one of the 

Commonwealth’s Priority Projects through the Department of Fish and Game’s (DFG) 

Division of Ecological Restoration (DER).  Furthermore, “The South Coastal Watershed 

Action Plan, developed by the Watershed Action Alliance of Southeastern Massachusetts, 

under contract by the MA Executive Office of Environmental Affairs, identified Hunters Pond 

Dam as a significant factor contributing to the impairment of the Bound Brook system and 

recommended investigating the feasibility of removing the dam in order to substantially 

increase the amount of smelt spawning habitat and improve river herring passage in this sub-

watershed (Princeton Hydro Report to the Town of Scituate, September 2013).  Clearly, there 
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exists widespread concern about the Gulf River estuary and its capacity to support herring 

populations in the system.  The Cohasset Center for Student Coastal Research (CSCR), 

therefore, conducted a survey to identify the current population of herring active in the system 

at the Hunters Pond dam and fish ladder.  CSCR also conducted a qualitative survey of 

anadromous fish in the Gulf River and collect water quality data to inform system capacity to 

support herring.  Simultaneously, the town of Scituate contracted with Princeton Hydro to 

conduct its dam removal feasibility study.  Though CSCR’s work coincided with Princeton 

Hydro’s investigation, the two studies were conducted independently.  This report, therefore, 

is written to address only CSCR’s nekton surveys and water quality data in the context of the 

estuary’s capacity to support a herring run, although findings from the Princeton Hydro’s 

report have been cited in this report, especially in the conclusions and recommendations.    

The Gulf River Estuary:  The Gulf River Natural Resource Inventory (Lefebvre et al, 2003) 

provides a detailed description of the Gulf River estuary and watershed. “The Gulf River is an 

estuary between the towns of Cohasset and Scituate in southeastern Massachusetts [and it] 

drains into Cohasset Harbor and subsequently into Massachusetts Bay. Salt marsh constitutes 

the majority of land (62%) in the 

Estuary, followed by tidal flats (26%). 

The remaining 12% of the Estuary’s 

habitat is comprised of swamp, 

meadow, fen, dune, and beach.  The 

Gulf River watershed covers an area of 

approximately 16 sq. miles and 

encompasses portions of the 

municipalities of Cohasset, Scituate, 

Hingham and Norwell.” Fig 1 depicts 

the hydrology of the system and illustrates the western reach of the Gulf River from Hunters 

Pond, through Bound Brook and into source waters, Lily Pond and Aaron River Reservoir.  

The eastern most reach of the Gulf system snakes its way through Musquashcut Brook to 

Musquashcut Pond.  Seventy-one percent of the Gulf River watershed falls within the 

jurisdiction of Cohasset (37%) and Scituate (34%), with Hingham (10%) and Norwell (19%) 

owning the remaining 29% of the watershed’s land (Lefebvre et al, 2003).   

  

Figure 1 
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The critical area of fish passage illustrated above by the red star (Figures 2 and 3) and by the 

curved orange line (Figure 3), marks the approach to the Hunters Pond dam.  This is the 

precise point at which fish cross over the municipal line separating Cohasset from Scituate, 

thereby underscoring the need for political cooperation and collaboration within the 

watershed.  Figure 4 provides the aerial perspective, as well as photos of the spillway and 

stressors (roadways and culverts) marking the system’s passage from the saline waters of the 

Gulf River to the fresh waters or Hunters Pond and Bound Brook. 

 
Figure 4. Existing aerial of the site (Princeton Hydro, Preliminary Design Memo: Hunters Pond Dam 
Removal Feasibility Study and Preliminary Design) 
 

Overview of the Study:  CSCR’s study consisted of three undertakings from early spring until 

late fall 2013 on the Gulf River in Cohasset and Scituate, MA: herring counts at the Hunters 

Pond fish ladder (spring), qualitative sampling of nekton with a hand-held seine net (summer), 

and water quality monitoring (summer) that assessed levels of dissolved oxygen, temperature, 

Figure 2 

Figure 3 

Figure 4 
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salinity, turbidity, conductivity, pH, nitrates, chl-a, and enterococci.  While dozens of 

volunteers participated in the herring count initiative directed by CSCR teachers Jack Buckley 

and Laura Humphreys, the water quality and nekton sampling work was conducted by a group 

of 12 Cohasset High School students trained by CSCR’s lead scientist, Dr. Ann Thomae, and 

CSCR’s lead fisheries biologist, Danielle Watson. All three initiatives of the study adhered to 

procedures established by either the MassBays Volunteer Herring Count protocols or CSCR’s 

approved QAPP.  Sampling sites in the Gulf River estuary are illustrated in Figure 4.  

Sampling Sites:   The naming convention for sampling sites used by CSCR was based simply 

on place names within proximity to the precise location of sampling.  Seining and water 

quality monitoring that took place at the first available, “user friendly” location downstream 

of the fish ladder at Hunters Pond was simple named Hunters Pond.  The “Hunters Pond” 

sampling site was accessed via a private driveway across the street from the dam; this 

provided access to the first opening downstream 

of the spillway, and allowed sampling to take 

place where the freshwater from Hunters Pond 

mixes with the tidal waters of the Gulf River.  

Similarly, CSCR’s use of the place name 

“Musquashcut” refers to the very end of the Gulf 

River’s undivided eastern most reach upstream 

before it is bisected by Gannett Road and 

directed through a culvert that leads to 

Musquashcut Pond much further upstream; 

hence, the site name.  “Bleakie’s” and 

“Shockman’s” are likewise place names, but 

refer to homeowners whose property abuts the 

Gulf River at the midpoint (Bleakie) and close to the mouth (Shockman) at Cohasset Harbor.  

These four sites provide easy access by foot for shore-side wading, and present sampling 

opportunities from the more saline waters of the river mouth to the mid-point of the river to 

the upper-most western and eastern points before the system passes through culverts and 

reaches the dam at Hunters Pond.    

 

 

 

Figure 5 
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METHODS     

Herring Count: Volunteers recruited to participate in the herring count initiative were 

identified through a collaborative outreach effort among CSCR, the Gulf Association, 

Cohasset Middle High School, Scituate High School, and town officials in both Cohasset and 

Scituate.  Two training sessions led by Dr. Sara Grady were conducted on March 27, 2013 at 

CSCR.  The training sessions introduced attendees to the two species of fish commonly 

known as river herring- Alewives (Alosa pseudoharengus) and blueback herring (Alosa 

aestivalis). Jack Buckley attended Dr. Grady’s training and subsequently provided on-site 

training for all volunteers unable to training on March 27.  Dr. Grady’ presentation 

communicated to attendees the essence of the protocols established by the Massachusetts 

Division of Marine Fisheries in its Technical Report (TR-25), ”A Guide to Statistical 

Sampling for the Estimation of River Herring Run Size Using Visual Counts.”  All volunteers, 

therefore, received the following training information.   

• Stand at the top of the fish ladder located at the bridge on Mordecai Lincoln Lane in 
Scituate (Figure 7, below). 

• Time yourself for ten minutes. (If you happen to be there at the same time as another 
counter, please wait until they are finished, and then start your count.)  

• Conduct your count for a full 10 minutes.  Counts less than or more than 10 minutes 
are not valid; therefore, use the stop watch provided or use your cell phone stop watch 
to ensure a full and exact 10 minute count.  

• Watch the top of the fish ladder and count fish as they pass over the top “step” into the 
pond.  

• At the end of your ten minutes, roughly estimate the number of fish gathered in the 
stream below the counting location (if they are there) 

• Record the fish below the ladder and any other notes (eels, ladder flow seems wrong, 
herons or seagulls eating fish…) 

• Take the water temperature with the thermometer provided and enter your data in the 
logbook AND on your personal datasheet 

Counts were conducted between April 1 and May 30, 2013, for alewives and bluebacks spawn 

from mid-April to mid-May in Massachusetts.    

Qualitative Nekton Sampling: Prior to engaging in nekton sampling, a hand-held YSI 85 was 

calibrated in the CSCR lab to ensure that the salinity reading was 0 (ppt), and % saturation 

was 100, per CSCR project QAPP.  Lab calibrations were then recorded in the YSI 85 lab 
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notebook stored in the CSCR lab.  On site, the first measurements taken by the team were 

temperature, dissolved oxygen, salinity and conductivity measures using the YSI 85 (Figure 9, 

below).  Extreme care was taken to use the YSI in knee deep water with minimal disturbance 

of the substrate.  It was critically important to record these physical water quality 

characteristics prior to nekton sampling to ensure that the ambient conditions of the water 

were not made more turbid by team participants wading into the water with the seine net.  The 

team then proceeded with their qualitative nekton sampling.  Nekton data was collected in 

accordance with protocols published by the Massachusetts Office of Coastal Zone 

Management and the Massachusetts Division of Marine Fisheries.  Seine nets1 were deployed 

at three sites in the Gulf River during July and August.  A team of 4-6 students and staff 

conducted each nekton sampling event.  Two team members waded into the water at depths 

ranging from knee to chest deep to extend an approximate 8 foot seine net across the river, 

perpendicular  to (bisecting) the observable direction of surface waters.  The extended net was 

held in place for approximately 2 minutes to capture nekton moving with the observable 

direction of the water, i.e., into the net.  Due to uneven and silty substrates at all sites, seine 

deployments of longer time periods proved difficult.  (The substrate at Bleakie’s, for example, 

was so soft it proved too difficult to work the seine net without excessive disruption of the 

ecosystem.)    In order to minimize the danger of participants’ waders filling with water at the 

deep end of the seine net, short sweeps of 2-5 meters were executed.  Closure of the seine net 

was achieved by having the participant in the deep end, circle into the shallow end at the 

termination of the short sweep.  Organisms collected were then quickly moved to 5 gallon 

buckets filled with clean water drawn from the site prior to the seep.  Organisms were then 

divided by species into buckets and processed on site.  Processing consisted of placing each 

individual organism on a wet “fish board” to measure its length (Figure 6, below).  Lengths of 

each organism were recorded until a subset of 40 organisms had been reached for each 

species; if fewer than 40 were collected, each individual organism in the entire population 

collected was measured.  Populations of species were then collectively weighed.   

                                                           
1 The use of fyke nets, originally proposed for deployment for a significant portion of a tidal cycle, was not 
permitted.  Hand held seine nets were substituted and deployments limited to waist deep sweeps.   
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Figure 6: Nekton Processing                                              Figure 7: Hunters Pond fish ladder 

Water Quality Monitoring:  Sampling events were performed six times at four different sites 

to measure biological, physical, and chemical indicators of water quality in the Gulf River.  

“Sampling events” were comprehensive sampling endeavors that required two days of 

combined field and lab work for each event.  Sampling times were planned to occur during 

low tide.   Aseptic technique, including use of sterile sampling vessels, lab gloves, and 

“upstream” sampling, was used to secure a 100ml sample for enterococci bacteria testing in 

the CSCR lab using the IDEXX 24 hr. incubation method.  For chemical (nitrates, pH) and 

biological (chl-a) data, a brown plastic 2-L bottle was used to collect water to be subsampled 

later in the lab.  Whether drawing samples for bacteria analysis or for nitrates, pH, and 

chlorophyll-a, students exercised extreme caution to ensure that sediment was minimally 

disturbed.  This was particularly important as turbidity measurements were included in this 

suite of sub-sample processing.   As pictured below in Figure 8 students drawing samples 

positioned themselves in the water, waited for any disturbed sediment to settle, then drew 

samples upstream relative to their body.  Rinsing protocols when drawing samples with the 2-

L bottle required that the “shore side” sampling assistant (Figure 8) empty the bottle three 

times away from where the sample was being drawn, i.e. on shore or well down stream.   All 

grab samples were kept on ice in a cooler between the sites and the lab.  Duplicate samples 

were taken in the field or split in the lab and analyzed for approximately 10% of the total 

sample count, per QAPP protocols.  These collection and preservation protocols ensured that 

students drew reliable samples.  The portable YSI 85 field meter, calibrated in the lab prior to 

field use, was used to measure water temperature, dissolved oxygen, salinity and conductivity 

whenever grab samples were being drawn.  After collection and recording of YSI parameters, 

students returned to the lab to process samples for enterococci analysis, pH values, nitrates, 

turbidity, and chl-a.  The chl-a sub-samples drawn from the 2-L brown bottle were filtered in 
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the lab on the day of collection and then archived in the freezer for analysis in the fall.  

Archiving these samples ensured that the time and attention required for chl-a analysis could 

be devoted to the process without compromise.  Students returned the following day to 

analyze bacteria samples incubated within the 23-28 hour time period required by the IDEXX 

protocols.   

      
Figure 8: Musquashcut Brook Sampling Site     Figure 9: Musquashcut Brook Sampling Site 
 

RESULTS: Biology Discussion 

Herring Count: Volunteers conducted 398 counts spanning 58 days.  The average number of 

counts per day was 6.86.  Protocols target six counts per day between the hours of 7am and 7 

pm with two counts coming from each four hour time block (7-11am; 11am- 3pm; 3-7 pm) 

within the twelve hour daily counting window.  Table 1 below indicates that protocol targets 

were met, on average, for each time block.  However, the distribution of observations over the 

two month period was not uniform, as seen in Figure 10, below.  Consequently, only 33% of 

the counting days met the precise target of a minimum of 2 counts per each time block within 

the 12 hour day.  Nonetheless, the total number of counts and the averages of more than 2 per 

time period (resulting in more than 6 per day, on average) provide a clear picture of the status 

of herring running from the Gulf River into the Bound Brook system via the Hunters Pond 

fish weir.   

 

Figure 10: Number of daily observations by volunteers at Hunters Pond fish ladder per 10 minute interval 
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HERRING COUNT SUMMARY DATA 

   OVERALL 
 Total # Counts 398 
 Total # Days 58 
 Average # Counts/day 6.86 
 

   BY TIME PERIOD 
 

  

Average # 
counts per 
time period 

Total counts between 7am and 11am 148 2.55 
Total counts between 11am and 3pm 124 2.14 
Total counts between 3pm and 7pm 122 2.10 

   Total # days (minimum two counts each time 
period) 19 

 % days (minimum two counts each time 
period) 32.76% 

  
Table 1:  Summary of Volunteer Counting Data 

The current status of herring running from the Gulf River into the Bound Brook system via 

the Hunters Pond fish weir is a bleak picture.  Not one volunteer out of 398 volunteer 

observations recorded seeing a fish climbing the ladder.  One volunteer did, however, observe 

an unidentified fish swimming in the pond near the ladder; that volunteer feared that a herring 

climbed the ladder unnoticed by the volunteer.  Given the consistent zero counts recorded, 

such an occurrence is highly unlikely.  Another volunteer claimed to have seen alewife 

pooling below the damn, but that observation was never confirmed by any other volunteer at 

any other time throughout the two month counting period.  Considering that “adult alewives 

and blueback herring migrate from ocean waters to spawn in freshwater rivers and streams 

when water temperatures reach 10.5 degrees C and 14 degrees C (50.9 and 57.2 degrees F) 

respectively (US Fish and Wildlife Service), observers certainly could have expected to see 

herring arriving by mid-April, according to recorded temperatures at Hunters Pond (Figure 11, 

below).   
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Figure 11: Recorded water temperature at Hunters Pond 

Based on the sheer number of “zero fish observed” entries in our data records, we can 

confidently conclude that during the months of April and May, 2013, anadromous fish were 

not present at the Hunters Pond fish weir.  

Nekton Sampling: Nekton data were collected at three of the four sites.  Table X (below) 

summarized the results of the nekton surveys by seining.   

Atlantic Silversides: Atlantic silversides was the species of fish found to be in the greatest 

abundance in the Gulf River Estuary.  Five hundred twenty-one (521) were counted at the 

Shockman site over the six sampling events.   A total of 290 g of Atlantic silverside fish were 

measured at this site, closest to the mouth of the harbor.  However, a total of 2,561 g of 

Atlantic silverside fish were measured at the Musquashcut site, with a count of 3,732 

individuals captured and released over the same six sampling events.  The count and mass of 

this species was lowest at Hunters Pond.  A total of 207 g of Atlantic silverside fish were 

measured and 242 individuals were captured and released at this site.  During the months of 

July and August Atlantic silversides are predominantly found in the Musquashcut Brook 

system of the Gulf River Estuary.   

Mummichogs: Mummichogs predominated at Musquashcut, too.  A total of 512 g of 

mummichug fish were measured at Musquashcut while a total of 465 mummichogs were 

captured and released during the six sampling events.  Only 54 g of mummichug fish were 

measured and 63 individuals counted via seining at the Shockman site.  Mummichog presence 
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at the Hunters Pond site was minimal; only 2 individuals weighing a total of 0.5 grams were 

captured by the seine.  

Stickleback: Sticklebacks predominated at Hunters Pond.  A total of 43 individuals with a 

total mass of 85 g were measured at Hunters Pond over the six sampling events.  Eleven 

individual stickleback fish were seined at the Mushquashcut site with a total mass of 5 g.  

Only 1 stickleback was recorded at the Shockman site with a mass of 0.5 g.   

Green Crab: A total of 483 g of green crab were collected at Shockman’s over the six 

sampling events.  A total of 209 g of green crab were collected at Musquashcut. A total of 12 

g of green crab were measured at Hunters Pond and this relatively small mass was collected 

on only one sampling date.   

Shrimp: A total of 49 g of shrimp were measured at Shockman’s over the six sampling events.  

A total of 26 g of shrimp were measured at Musquashcut.  And a total of 10 g of shrimp were 

measured at Hunters Pond.   

 
Seining Sites 

 
Shockman Musquashcut Hunters Pond 

Species Observed Individuals Recorded 

Atlantic silverside (Menidia menidia) 521 3732 242 

Mummichog (Fundulus heteroclitus) 63 465 2 

Green crab (Carcinus maenas) 56 18 1 

"Shrimp" 43 31 21 

Mud Snails (Illyanassa obsoleta) 42 3 
 

Hermit crab (Pagarus longicarpus) 15 
  

Sea star (Asterias forbesii) 6 
  Winter flounder (Pseudopleuronectes 

americanus) 1 
  

Fourspine stickleback (Apeltes quadracus) 1 11 43 

Spider crab (Libinia emarginata) 1 
  

"Jellyfish" 
 

1 
 

Total 749 4261 309 

Species Richness 10 7 5 
Table 2: Individual counts per species collected by seining 
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Nekton sampling reveals that species diversity is greatest nearest to the mouth of the harbor 

(Shockman site) relative to species diversity in the upper reaches of the Gulf River.  In fact, 

species diversity is twice as rich at the Shockman site, relatively speaking, than it is at Hunters 

Pond.  While Atlantic silversides, mummichugs, sticklebacks and shrimp were found at all 

three sites, CSCR’s nekton sampling reveals a decrease of species diversity as one moves 

from the areas with the greatest tidal flushing to the areas closest to tidally restricted flows.   

Enterococci Bacteria Sampling: For the six sampling events during July and August 2013, 

enterococci bacteria values ranged from <10 to 41 cfu/100 mL at the Shockman site, closest to 

the harbor, with one elevated value of 459 cfu/100 mL on July 24, 2013.  That elevated count 

coincided with 0.75” of rain over a 48 hour period on July 23 and July 24 (recorded by the 

Cohasset Water Department).  Enterococci bacteria values ranged from 20 to 52 cfu/100 mL 

at the mid-point of the river (the Bleakie site) with two elevated values of 305 and 359 

cfu/100 mL on July 25 and July 30, respectively.  The July 25 count was evidence of the 

continued impact of storm water run-off into the system.  The July 30 event at the Bleakie site 

is attributable to storm water run-off as well; 0.95” of rain was recorded for July 30.  At the 

Musquashicut site, enterococci bacteria values ranged from <10 to 52 cfu/100 mL.  One 

elevated value of 399 cfu/100 mL was found on July 24, 2013. Again, this is attributed to 

storm water run-off resulting from the precipitation recorded on July 23 and July 24.  

Enterococci bacteria counts at Hunters Pond were also impacted by precipitation, but the 

values ranged from 97 to 554 cfu/100 mL.  Bacteria levels at Hunters Pond were consistently 

above the safe swimming standard of 104 cfu/100 mL.  The geometric mean of bacteria levels 

at Hunters Pond exceeded state standards, while the geometric mean of bacteria levels at the 

other three sites did not exceed state standards (see Table 3). 

 
Enterococci values (cfu/100ml)  

 Date Shockman Bleakie Musquashicut Hunters Pond 
 15-Jul 9 20 31 98 
 24-Jul 459 305 399 327 
 29-Jul 20 359 9 554 
 12-Aug 31 52 20 98 
 14-Aug 41 52 41 97 
 19-Aug 20 20 52 292 
 

 
35.79 70.08 41.00 191.47 Geomean 

Table 3: Enterococci Bacteria values and Geometric mean 
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Figure 12: Enterococci counts by site 

Chlorophyll-a Sampling: Chlorophyll-a is a measurement that represents the presence of 

photosynthetic material in the ecosystem (algal mass) and provides an indication of 

eutrophication.  Eutrophication is the greatest concern in the Gulf River for it characterizes an 

impaired system unable to support a diversity of life.  Eutrophication is “caused by excess 

nutrients and is expressed by symptoms such as increased chlorophyll a and macroalgae, and 

decreased dissolved oxygen” (Figure 13; Bricker, et al., 2007).     

 

Figure 13: Eutrophication factors- decreasing oxygen and increasing chl-a 

Figure 13 displays increasing eutrophication, moving left to right, as the system 

characteristics change from optimal levels of chlorophyll-a and dissolved oxygen to depleted 
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oxygen levels due to increased algal blooms that ultimately “choke” the system.   “Once water 

column nutrients have been depleted by phytoplankton and macroalgae and these blooms die, 

the bacteria decomposing the algae then consume oxygen, making it less available to 

surrounding aerobic aquatic life. Consequently, fish and invertebrate kills may occur due to 

hypoxia and anoxia, conditions of low to no dissolved oxygen (Bricker, et al., 2007).   

Although some spikes in chlorophyll-a measurements do appear to be present at the Bleakie 

and Musqushicut sites, there are no corresponding concerns with low dissolved oxygen 

values.  Average values per site are displayed below, Table 4.  According to the 

Massachusetts Water Resources Authority (MWRA), 20 µg/L is the eutrophication threshold 

cited in the NOAA’s 1997 Estuarine Eutrophication survey.  With the exception of one spike 

recorded at the Bleakie site the levels are below this threshold for eutrophication.   

Average Values 

 
 Chl-a (ug/L) DO (mg/l) 

Shockman 5.4 6.09 
Bleakie 12.4 7.52 
Musquashicut 9 5.76 
Hunters Pond 3.2 7.55 
Table 4: Average chl-a values per site 

 

Figure 13: Average chlorophyll-a measurements by site 

Examining chl-a in the context of average dissolved oxygen values recorded throughout the 

summer reveals that the waters of the Gulf River are not likely impaired by nutrient loading, 

and that the dissolved oxygen climate is suitable for anadromous fish and a host of other 

important species such as striped bass (Morone saxatilis). 
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For the six sampling events during July and August 2013, chlorophyll a ranged from 2.9 to 9.8 

µg/L at the Shockman site.  Chlorophyll-a ranged from 6.65 to 25.7 µg/L at the Bleakie site 

and from 5.1 to 16.2 µg/L at Musquashcut. Chlorophyll-a ranged from 1.4 to 6.9 µg/L at 

Hunters Pond.  Hunters Pond reveals the lowest chlorophyll-a values compared to the other 

three sites (Table 5, below.)  The high values recorded at the Bleakie and Musquashicut sites 

may signal nutrient loading seeping into the river leading to blooms that threaten impairment. 

Laboratory Data Gulf River Summer 2013 

    Site  Date  Chlorophyll a (ug/L) Chl a Blank (ug/L) 
Bleakie  15-Jul 25.70 0.02 
Bleakie  25-Jul 8.73 0.04 
Bleakie  30-Jul 7.54 0 
Bleakie  12-Aug 14.83 0.24 
Bleakie  14-Aug 10.99 0 
Bleakie  20-Aug 6.65 0.15 

 
MEAN 12.41 

 Hunters Pond 16-Jul 1.46 0.02 
Hunters Pond 30-Jul 2.38 0.08 
Hunters Pond 12-Aug 1.51 sample lost 
Hunters Pond 14-Aug 1.43 0.03 
Hunters Pond 19-Aug 6.86 0 
Hunters Pond  25-Jul 5.70 0.04 

 
MEAN 3.22 

 Musquashicut 16-Jul 16.20 0.04 
Musquashicut 24-Jul 8.18 -0.02 
Musquashicut 29-Jul 10.08 0.02 
Musquashicut 12-Aug 9.08 0.11 
Musquashicut 14-Aug 5.41 0.03 
Musquashicut 20-Aug 5.10 0 

 
MEAN 9.01 

 Shockman 19-Aug 4.43 0.07 
Shockman 15-Jul 4.57 0 
Shockman 24-Jul 3.56 0 
Shockman 29-Jul 9.75 0.02 
Shockman 12-Aug 7.41 0.16 
Shockman 14-Aug 2.91 0.02 

 
MEAN 5.44 

  
Table 5: Chlorophyll-a measurements, Summer 2013 
 

Physical Chemical Discussion 

Dissolved Oxygen Sampling: Low dissolved oxygen levels are considered one symptom of 

eutrophication in estuaries (Bricker et al., 2007).  Nutrient over-enrichment, particularly 

nitrogen (N), contributes to over-production of algae in estuaries. Excess algae die, sink to the 
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bottom and decompose, a process that consumes a lot of oxygen (Narraganset Bay, Watershed 

Counts).  For the six sampling events during July and August 2013, dissolved oxygen (DO) 

levels ranged from 4 to 9 mg/L at Shockman’s. DO levels ranged from 4 to 8 mg/L at the 

Bleakie site, with one outlier value collected on July 15.  The water sampled on that date was 

supersaturated, warm fresh water.   Only .38” of rain had fallen from July 8-July 13, and 

enterococci counts did not pick up any run-off signal on July 15, so there is no other 

corroborating evidence that this was anything but a statistical anomaly.  DO levels ranged 

from 4 to 7 mg/L at Musquashcut. DO levels ranged from 6 to 10 mg/L at Hunters Pond.  

Shockman’s, Bleakie’s and Musquashcut share similar low end DO levels with the high end 

of their ranges increasing as the sites get closer to open marine water.  Hunters Pond reveals 

the highest DO levels compared with the other three sites.  This is attributable to greater 

mixing characteristic of the site.  Samples were drawn proximate to where the flowing waters 

from the dam’s spillway are slowed by topography and the tidal reach of the river.  In spite of 

the slow movement of the water at the point of sampling, upstream mixing is still evident in 

the data.  Examining the average values and the discrete measurements throughout the 

summer, excluding the July 15 anomaly at the Bleakie site, the dissolved oxygen values 

throughout the Gulf River are healthy, will support anadromous fish, and do not indicate 

eutrophication as discussed above. 

 
Figure 15: Dissolved oxygen measurements by site 
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Figure 16: Average dissolved oxygen measurements by site 
 

pH Sampling: For the six sampling events during July and August 2013, acidity or pH values 

ranged from 6.45 to 8.1 at all sites.  Given that Statewide Water Quality Standards call for pH 

values between the range of 6.5 and 8.3 pH units, it can be stated that pH values measured by 

CSCR meet these standards, in spite of the fact that measurements taken at Hunters Pond 

dropped slightly below the lower limit of 6.5 pH units on two dates- July 16 (6.45 pH units) 

and July 30 (6.49 pH units).   At the Shockman site, values ranged from 7.3 to 7.9 pH units. 

Acidity or pH values ranged from 7.2 to 8.1 pH units at the Bleakie site and from 7.5 to 7.6 

pH units at the Musquashcut site.  At Hunters Pond, values ranged from 6.5 to 6.9 pH units.  

Hunters Pond has pH levels about one pH unit lower, or ten times higher hydrogen ion 

concentration, than the other three sites.  Musquashcut revealed the least deviation in pH.   

 
Figure 17: pH measurements by site 
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Turbidity Sampling:  Turbidity refers to an optical property of liquids that measures the 

scattering and/or absorption of light due to material suspended in solution (Turbidity and 

Sedimentation, National Estuarine Research Reserve).  Turbid waters are associated with poor 

water quality.   “Higher turbidity increases water temperatures because suspended particles 

absorb more heat. This, in turn, reduces the concentration of dissolved oxygen (DO) because 

warm water holds less DO than cold. Higher turbidity also reduces the amount of light 

penetrating the water, which reduces photosynthesis and the production of DO. Suspended 

materials can clog fish gills, reducing resistance to disease in fish, lowering growth rates, and 

affecting egg and larval development. As the particles settle, they can blanket the stream 

bottom, especially in slower waters, and smother fish eggs and benthic macro-invertebrates” 

(Turbidity, EPA). Increased influxes of sediment into estuaries have an impact on water 

quality and estuarine resource.  Several estuarine fishes such as Atlantic silversides are highly 

sensitive to elevated turbidity.  Other fish species such as mummichog are more tolerant of 

suspended sediments (Turbidity and Sedimentation, National Estuarine Research Reserve).  

Some of these statements are evident in the data. 

 
Figure 18: Average Turbidity values by site 
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4.0 Nephelometric Turbidity Units (NTU) at the Shockman site.  This is the site that was 

richest in species diversity as documented by the seining data and this site’s turbidity mean 
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may explain the temperature anomaly recorded at the site on July 15, but the site is not 

associated with low dissolved oxygen values.  This turbidity data, however, does support the 

concern that the site may warrant further investigation to examine the relationship between 

turbidity, chlorophyll-a, dissolved oxygen, temperature, and nekton.  Given that mean 

turbidity values do not exceed 10 NTUs at any site, turbidity does not appear to be a limiting 

factor in the support of anadromous fish in the Gulf River estuary. 

 

Nitrate Sampling:  Over the course of the study, nitrates were never observed above the 

instrument detection limit (1 mg/L) except on August 12, 2013.  On this date 1-2 mg/L nitrate 

was detected at both Hunters Pond and Musquashcut.  Since there was no appreciable rain, 

this result is not likely rain dependent.  However, the detection of nitrates at this site raises 

concern about threats to system impairment especially considered in light of the relatively 

high chlorophyll-a values measured at those sites.   

 

Salinity and Conductivity Sampling:  For the six sampling events during July and August 

2013, conductivity levels ranged from 37 to 46 mS/cm at the Shockman site. Conductivity 

levels ranged from 34 to 46 mS/cm at the Bleakie site and from 21 to 45 mS/cm at the 

Musquashcut site.  Meanwhile, conductivity levels ranged from 0.17 to 46 mS/cm at Hunters 

Pond.  The Shockman site data evidenced the most consistent conductivity levels recorded 

and Bleakie’s tracks that trend well.  The Musquashcut site reveals a more brackish water site 

with decreased low end values while the Hunters Pond site reveals the lowest conductivity 

levels, plus the widest fluctuations in conductivity compared with the other three sites.   

Salinity levels ranged from 23 to 30 parts per thousand (ppt) at the Shockman site; from 16 to 

30 ppt at the Bleakie site; and from 23 to 29 ppt at the Musquashcut site.  However, the 

Hunters Pond site revealed a strong fresh water signal emanating from the Bound Brook, Lily 

Pond, and Aaron Reservoir sub-watersheds.  Salinity levels ranged from an almost 0.1 to 2.3 

ppt at Hunters Pond with one elevated value of 29 ppt on August 19, 2013.  Sampling on that 

date was closer to mid-tide conditions than low tide, and that high value is evidence of the 

strong saline signal still evident in the Gulf River tributary that branches off into the direction 

of Hunters Pond.  With a 10.7’ morning high tide flooding the harbor at 10:13AM, the 

Hunters Pond segment of the Gulf River most likely flooded at approximately 11:00AM.  

Sampling on that day took place at 2:30PM, providing only a 3.5 hr. window for the tide to 

move out and the fresh water signal to assert itself again.  Salinity data on this day reveals that 
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a strong tidal signal was still present at the sampling site.  The Shockman site has the highest 

salinity levels, which makes sense based on its location at the mouth of the river closest to the 

harbor.  The Bleakie and Musquashcut sites are more brackish water sites with decreased low 

end values.  With a strong tidal signal detected at Hunters Pond, and typical salinity values for 

a Massachusetts Bay estuary at low tide recorded throughout the Gulf River, salinity values 

reveal a healthy estuary for anadromous fish. 

 

Figure 19: Salinity values by site 
 

CONCLUSIONS and RECOMMENDATIONS     

As reported in the 2003 Gulf River Natural Resources Inventory, and so established in 

numerous scientific papers as to be common knowledge, “estuaries receive all the runoff from 

the surrounding watershed thereby making them particularly sensitive to man-made 

influences. For example, pollution and physical alteration of a river can change nutrient loads, 

salinity and sedimentation rates and may disturb the balance of conditions on which a 

productive estuarine community relies (Lefebvre et al, 2003).  The Hunters Pond Dam 

Removal Feasibility Study (Princeton Hydro report, September 30, 2013) documents this 

possibility as a reality that has been building over the years.  Princeton Hydro’s finding, 

reported to CSCR staff and students by Dr. Sara Grady at a public presentation (January, 

2014) about the Gulf River, states that sedimentation rates have indeed disturbed the balance 
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of conditions in this ecosystem.   “The Hunters Pond impoundment has changed a lot over 

time. Mainly, that’s due to the accumulation of sediment that the Brook would normally flush 

out to the bay. This is a natural process that dams disrupt. When a dam slows the flow of a 

river, the larger particles drop out first, and the finer particles get carried closer to the dam. 

Over time, the sediment vegetates” as evidenced below in Figure 20, below, excerpted from 

the Princeton Hydro report to the Town of Scituate. 

 
Figure 20: Pre and post growing season aerial of impoundment recorded by Princeton Hydro 
 

In light of these conditions, Princeton Hydro recommends “full demolition and removal of the 

dam’s concrete spillway, concrete apron, and fishway.”  Their report also states that 

“anticipated post-removal conditions will successfully pass species of concern” and that it “is 

not anticipated that any small falls or bedrock cascades will be uncovered post dam removal 

that could potentially hinder fish passage (Princeton Hydro, p. 28).  Furthermore, Princeton 

Hydro asserts that dam removal should bring the system back to a state that “resembles pre-

disturbance conditions.  The return of free-flow and sediment transport will restore sediment 

transport and sediment sorting and re-expose coarser stream substrate which will create new 

habitat for benthic macro-invertebrates such as insects, gastropods, bivalves, crustaceans, and 

oligocheates. Increased flow velocities, narrowing of the wetted width to a shaded stream 

corridor, reduced direct insolation, and the corresponding moderated water temperatures and 

increased dissolved oxygen concentrations will provide uplift to aquatic biota” (Princeton 
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Hydro report, p. 30).  It becomes critically important, therefore, to begin to monitor stream 

substrate and associate benthic macro-invertebrates in order to document anticipated 

change over time.  It is clear that the CSCR report provides evidence, in spite of concerns 

identified and raised herein, that the water quality in the Gulf River is suitable “to pass species 

of concern,” as so stated by Princeton Hydro in its report to the Town of Scituate.  However, it 

is also clear that the CSCR data suggests that further study of the Bleakie site- the middle 

segment of the Gulf River- be undertaken to better understand system dynamics with 

respect to chlorophyll-a, temperature, turbidity, nitrates, and dissolved oxygen.  For 

example, it appears to be a common practice to evaluate turbidity in terms of an increase over 

time relative to baseline levels using absolute increase (not greater than 10 NTU above 

baseline, or background) or relative increase (10 percent above baseline).  Continued 

monitoring will allow stakeholders to better 

interpret turbidity data as a signal of impairment.  

Prior work by CSCR has documented the presence 

of Phaeocystis pouchetii (left), an algae 

hypothesized (by CSCR student researchers) to 

feed on concentrated nitrates at the source of the 

Gulf River. As  the algae flows toward Cohasset 

Harbor with the tide, they die; the nutrients dilute 

into the water and form a gel at the bottom of the river. As the water passes through the rapids 

beneath the Border Street Bridge, the gel becomes aerated, forming the sea foam that we see 

in the harbor.  What role does Phaeocystis pouchetii play in the Gulf system with respect to 

turbidity, chlorophyll-a, and eutrophication concerns?  It is recommended that CSCR further 

investigate the presence of Phaeocystis pouchetii and its contribution to the chlorophyll-a 

signal.  Finally, it is incumbent upon surrounding municipalities to coordinate efforts to 

preserve and protect the Gulf River Estuary.  The immediate 

system is marked by stressors (roadways, culverts, and 

commercial and residential development) as depicted in 

Figure 22.  A combination of Management, Monitoring, and 

Research is required to improve or even prevent eutrophic 

conditions (Bricker et al., 2007). Toward this end, it is 

recommended that the Cohasset Center for Student Coastal 

Research (CSCR) and the Gulf Association (the river’s 

Figure 21 

Figure 22 
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watershed protection group) create a sub-committee to act as a liaison principally with the 

elected and appointed officials from the towns of Cohasset and Scituate.  It is further 

recommended that this sub-committee report regularly to MassBays South Shore Coordinator, 

Dr. Sara Grady to ensure that communication is maintained, as highlighted in Figure 23, 

below. 

 
Figure 23: Bricker, et al., 2010, “Effects of Nutrient Enrichment in the Nation’s Estuaries: A Decade of 
Change.”  
 
In closing, it is clear that anadromous fish were never observed at the Hunters Pond fish weir.   

But, it cannot be concluded that river herring are not in the system.  A volunteer reported 

seeing eggs in the area near to our Hunters Pond sampling site and remains convinced that 

that they are there.  When one reads on line that  Alewives sometimes spawn in water depths 

of only 15 cm and that they need only be above the head of tide in slow-flowing segments of 

rivers and streams (Bigelow and Schroeder 1953, Scott and Scott 1988), it makes one wonder 

if it could be true that some are already there in spite of the dam that impedes the restoration 

of a healthy run.   
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DATA TABLES 
Table 1: Laboratory Data  

Site  Date  Enterococci pH Nitrate* 
Chlorophyll a 
(ug/L) 

Chl a Blank 
(ug/L) 

Turbidity 
(NTU) 

Duplicate*
* 

Shockman’s  15-Jul <10 cfu/100mL 7.91 0 4.57 0 3.5 NA 

Bleakie’s  15-Jul 20 cfu/100mL 7.71 0 25.7 0.02 4.2 NA 

Musquashcut 16-Jul 31 cfu/100mL 7.47 0 16.2 0.04 5.4 
Ent. 20 
cfu/mL 

Hunters Pond 16-Jul 98 cfu/100mL 6.45 0 1.46 0.02 5 NA 

Shockman’s  24-Jul 459 cfu/100mL 7.26 0 3.56 0 3.2 NA 

Musquashcut 24-Jul 399 cfu/100mL 7.47 0 8.18 -0.02 5.2 NA 

Hunters Pond  25-Jul 327 cfu/100mL 6.54 0 5.7 0.04 4.8 pH: 6.55 

Bleakie’s  25-Jul 305 cfu/100mL 7.26 0 8.73 0.04 3.6 NA 

Shockman’s  29-Jul 20 cfu/100mL 7.37 0 9.75 0.02 3.5 Nitrate: 0 

Musquashcut 29-Jul <10 cfu/100mL 7.53 0 10.08 0.02 2.7 NA 

Hunters Pond 30-Jul 554 cfu/100mL 6.49 0 2.38 0.08 4.7 
Chl: 2.51 

ug/L 

Bleakie’s  30-Jul 359 cfu/100mL 7.44 0 7.54 0 5.8 NA 

Shockman’s  12-Aug 31 cfu/100mL 7.43 0 7.41 0.16 4 NA 

Musquashcut 12-Aug 20 cfu/100mL 7.62 1 mg/L 9.08 0.11 5.7 tur. 5.7 

Hunters Pond 12-Aug 98 cfu/100mL 6.94 2mg/L 1.51 sample lost 3.8 NA 

Bleakie’s  12-Aug 52 cfu/100mL 7.62 0 14.83 0.24 12.3 NA 

Bleakie’s  14-Aug 52 cfu/100mL 8.06 0 10.99 0 12.9 NA 

Shockman’s  14-Aug 41 cfu/100mL 7.62 0 2.91 0.02 4.2 NA 

Musquashcut 14-Aug 41 cfu/100mL 7.58 0 5.41 0.03 5.3 NA 

Hunters Pond 14-Aug 97 cfu/100mL 6.84 0 1.43 0.03 4.2 
pH: 6.85/ 
Nitrate: 0 

Shockman’s 19-Aug 20 cfu/100mL 7.9 0 4.43 0.07 2.2 NA 

Hunters Pond 19-Aug 292 cfu/100mL 6.88 0 6.86 0 5.2 NA 

Bleakie’s  20-Aug 20 cfu/100mL 7.2 0 6.65 0.15 2.8 NA 

Musquashcut 20-Aug 52 cfu/100mL 7.63 0 5.1 0 2.5 NA 

* All zeroes are below minimum detection limit 
** NA not applicable, duplicate samples analyzed for approximately 10% of total samples 
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Table 2: YSI Data 
 

Site Date YSI # Temp. (°C) Salinity (ppt) D.O. (mg/L) 
D.O. 
(%Sat) Conductivity (mS) Depth (m) Tidal Stage 

Shockman’s 15-Jul 3 24.6 25.9 5.84 82 40.13 0.25 outgoing 

Bleakie’s 15-Jul 3 31.3 0.2 14.63 160.3 9.96 (uS) 0.1 Incoming 

Musquashcut 7/16/13 1 26.9 25.6 4.1 67.3 41.63 0.1 outgoing 

Hunters Pond 7/16/13 1 25.6 0.1 6.72 81.8 213.2 0.1 incoming* 

Shockman’s 7/24/13 3 20.9 28.7 4.16 55.3 40.75 0.1 incoming 

Musquashcut 7/24/13 3 23.7 28.2 5.74 79.4 42.48 0.1 outgoing 

Hunter  7/25/13 5 22 2.3 5.79 67.5 4 0.1 outgoing 

Bleakie’s 7/25/13 5 20.5 28 4.54 58.5 43.34 0.1 incoming 

Shockman’s 7/29/13 6 22.8 25.9 5.55 75.1 38.59 0.1 outgoing 

Musquashcut 7/29/13 6 24.4 25.7 5.7 78.6 40.16 0.1 outgoing 

Hunters Pond 7/30/13 6 22.4 1.7 6.62 77.5 37.25 0.1 outgoing 

Bleakie’s 7/30/13 6 24.5 21.1 5.3 73.5 34.09 0.1 incoming 

Shockman’s 8/12/13 5 21.1 23.4 6 78.3 37.32 0.1 outgoing 

Musquashcut 8/12/13 5 22.9 22.7 5.87 75.4 34.5 2.25 outgoing 

Hunters Pond 8/12/13 5 21.8 0.1 8.3 93.9 173.8 0.1 outgoing 

Shockman’s 8/14/13 2 19.3 26.9 6.42 84.1 41.87 0.1 outgoing 

Musquashcut 8/14/13 2 21.3 25.7 6.77 88.3 21.3 0.1 outgoing 

Hunters Pond 8/14/13 2 21.3 0.1 7.61 86 201.4 (uS) 0.1 incoming* 

Shockman’s 8/19/13 1 19.4 30 8.56 109.9 46.11 0.1 outgoing 

Hunters Pond 8/19/13 1 21.7 29.4 10.28 123.9 45.8 0.1  

Bleakie’s 8/20/13 1 21.3 29.9 7.65 106.5 46.01 0.5 outgoing 

Musquashcut 8/20/13 1 23.3 29.3 6.37 68 45.19 0.1 outgoing 

Bleakie’s 8/20/13 1 23.3 29.3 6.37 66 45.19 0.1 outgoing 
* Hunters Pond is outgoing 
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Table 3: QA/QC Samples  
 

Date  Site  Parameter  First value  Duplicate (Dup)  Precision (RPD) Dup Type 

16-Jul Musquashcut Enterococci 31 cfu/100 mL  20 cfu/100 mL 21.50% Field 

25-Jul Hunters Pond  pH 6.54 6.55 0.00% Lab 

29-Jul Shockman’s  Nitrate < min. detection < min. detection N/A Lab 

30-Jul Hunters Pond 
Chlorophyll 
a 

2.38 ug/L 2.51 ug/L 
5.31% 

Field 

12-Aug Musquashcut Turbidity  5.7 NTU 5.7 NTU 0.00% Lab 

14-Aug Hunters Pond pH 6.84 6.85 0.00% Lab 

14-Aug Hunters Pond Nitrate  < min. detection < min. detection N/A Lab 

 
 


	Figure 23: Bricker, et al., 2010, “Effects of Nutrient Enrichment in the Nation’s Estuaries: A Decade of Change.”

