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EXECUTIVE SUMMARY 


The South Terminal CDF project (Figure 1) concerns the development of a multi-

purpose marine terminal, a primary purpose of which will be to provide critical infrastructure to 

serve offshore renewable energy facilities.  The proposed facility will also be capable of 

supporting other industries within New Bedford, and will beneficially re-use sand from either 

navigational dredging or the construction of confined aquatic disposal facilities to the extent 

approved by US EPA. 

An assessment of the potential locations for supporting the contruction and development 

of offshore renewable energy facilities has resulted in the conclusion that South Terminal in New 

Bedford, Massachusetts is the only location that is practicable due to a number of constraints, 

including: horizontal clearance, jack-up barge access, overhead clearance, total wharf and yard 

upland area, berthing space,  site control/availability, and proximity.  Due to the lack of other 

practicable alternatives, and the avoidance and minimization of impacts to resource areas within 

the project area to the maximum extent practicable, the South Terminal CDF is the Least 

Environmentally Damaging Practicable Alternative that will meet the primary Project Purpose.   

The following assessments have been completed (and submitted within separate 

submittals) to quantify the resource area impacts that are anticipated from the development of the 

South Terminal CDF project:  a shellfish survey, an essential fish habitat assessment, a functions 

and values assessment, a neighborhood analysis, an analysis of NOx generation from 

construction activities, a delineation of wetlands onsite, an avian wildlife assessment, an analysis 

of secondary impacts from construction and operation of the facility, an analysis of the presence 

of similar habitats within New Bedford Harbor, and an assessment of potential mitigation 

options. 
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Historically, much of the land that will be incorporated into the proposed Facility is 

former heavy industrial property, the site of an extensive former mill complex.  The Potomska 

Mills, which once stretched from the current intertidal area to beyond the western proposed site 

boundary, was present on the site from the late 1800’s until about 1936 (when it was 

demolished), and encompassed an area of approximately 19 acres, more than half of which was 

within the footprint of the proposed South Terminal CDF Facility. 

The resource areas anticipated to be impacted by completion of this project are as 

follows: 1.43 acres of intertidal area, 4.73 acres of shallow, near-shore sub-tidal area, and 0.18 

acres of salt marsh will be filled by construction of the CDF.  6.65 acres of shallow, near-shore, 

sub-tidal area will be dredged from -1 to -6 MLLW to -20 MLLW.  2.35 acres of shallow, near-

shore, sub-tidal area will be dredged from -1 to -6 MLLW to -30 MLLW.  6.39 acres of deeper 

sub-tidal area will be dredged from -20 to -25 MLLW to -30 MLLW.   The impacts anticipated 

from the South Terminal CDF represent a small portion of the existing larger resource areas 

nearby that provide similar functions and values.   

Impacts to resources have been avoided and minimized to the maximum extent 

practicable.  To mitigate for the unavoidable impacts, the following mitigation is proposed: 

Creation of 13.73 acres of Winter Flounder Spawning Habitat, Creation/Enhancement of 3 acres 

of intertidal area, Enhancement of 7 acres of sub-tidal habitat, Creation/Enhancement of up to 

1.9 acres of a combination of successional marsh areas, Shellfish relaying and seeding, and a 

Tern Survey Plan. 
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1. PROJECT PURPOSE 

a. Project Purpose 

The purpose of the project is to develop a multi-purpose marine terminal, as a component of the 

approved State Enhanced Remedy for New Bedford Harbor, a primary purpose of which will be 

to facilitate the delivery of OR to create the critical port infastracture to facilitate the delivery of 

critical infrastructure to offshore renewable energy facilities.  The project will also beneficially 

re-use sand from navigational dredging or the construction of confined aquatic disposal 

facilities to the extent approved by US EPA. 

The Project Purpose has been defined to meet the primary objective of creating port 

infrastructure with the capacity to support the development, operation and maintenance of 

offshore renewable energy facilities, place the project in the context of the state enhanced 

remedy, and acknowledge the on-going Superfund remediation of the Harbor as context for 

potential future benefits associated with the facility. 
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2.	 WHY SOUTH TERMINAL CDF IS THE LEAST ENVIRONMENTALLY 

DAMAGING PRACTICABLE ALTERNATIVE THAT MEETS THE PROJECT 

PURPOSE 

a. Proposed Project Description 

The proposed South Terminal CDF is a filled structure adjacent to the shoreline, bounded 

by sheet piling, currently planned to be capped by crushed stone. Figure 2 notes the anticipated 

orientation of construction for the facility.  The total estimated size of the facility, including the 

ancillary southern properties, is currently anticipated to be approximately 28.25 acres. 

b. Least Environmentally Damaging Practicable Alternative 

South Terminal in New Bedford has been determined to be the only practicable alternative for 

siting of an offshore renewable energy support facility.  All other alternatives have been 

reviewed within the August 25, 2010 document entitled “State Enhanced Remedy in New 

Bedford, South Terminal” and have been found to not be practicable.   
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3.	 IMPACT ASSESSMENT OF PROPOSED PROJECT 

a.	 Summary of Existing Resource Area Assessment and Anticipated Direct and Secondary 
Impacts 

The project as planned will result in the following Direct Impacts to existing resource 

areas as outlined below: 

•	 Areas of Proposed Filling: 

o	 1.43 acres of intertidal area, 

o	 4.73 acres of shallow, near-shore sub-tidal area; and  

o 0.18 acres of salt marsh will be filled during the construction of the facility.   

These areas currently serve as: 

o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, 

o	 Shellfish habitat,  

o	 Potential foraging habitat for avian wildlife, and 

o	 The intertidal area serves as horseshoe crab habitat. 

•	 Temporary Impacts Associated with Bridge: 10 Pilings temporarily in place to support 

the bridge, totaling approximately 50-125 square feet of alteration (assuming 30-48 inch 

diameter pilings)   

•	 Areas of Dredging (Existing Depth Between -1 and -6 MLLW):  
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o 9.0 acres of near-shore, subtidal area will be dredged to between -20 and -30 

MLLW (6.65 acres to -20 MLLW and 2.35 acres to -30 MLLW). 


These areas currently serve as: 


o	 Essential Fish Habitat for winter flounder, windowpane flounder, scup, and black 

sea bass, 

o	 Shellfish habitat, and  

o	 Potential foraging habitat for avian wildlife. 

•	 Areas of Dredging (Existing Depth between -20 and -25 MLLW):  

o 6.39 acres of subtidal area will be dredged to -30 MLLW.   


These areas currently serve as: 


o	 Essential Fish Habitat for windowpane flounder, scup, and black sea bass, and    

o	 Shellfish habitat. 

•	 Shellfish Impacts: 

o	 As part of this mitigation plan, additional discussions were held with the 

Massachusetts Department of Marine Fisheries (described below and outlined 

within Appendix 4). One result of these discussions was the revision of the 

number of impacted shellfish (which now also includes impacted shellfish within 

other mitigation areas as well as within the proposed terminal footprint). 

Therefore, the estimated number of impacted shellfish has been increased from 

1,019,986 shellfish (listed within previous documents) to 2,356,520, which 

represents the estimated number of shellfish that will be either directly or 

indirectly impacted via construction of the facility and associated dredging. 
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4.	 PROPOSED MITIGATION FOR PROJECT IMPACTS 

a.	 Proposed Compensatory Mitigation For Unavoidable Direct Impacts 

In order to compensate for direct impacts resource areas due to construction of the Proposed 

South Terminal Extension CDF, a number of potential mitigation options have been evaluated. 

The results of this evaluation were that the following mitigation package is proposed: 

•	 Creation of 13.73 acres of Winter Flounder spawning habitat (see Figures 3 and 4), via 

the placement of clean material into a deep area, in order to create a shallow area more 

suitable for Winter Flounder spawning, at a location outside of the New Bedford 

Hurricane Barrier. While the primary purpose of this action is to create Winter Flounder 

spawning habitat, this action will also enhance spawning and foraging areas for scup, 

black sea bass and windowpane flounder, also create shallow areas that will enhance 

foraging viability of the area for avian wildlife, including the Common Tern and the 

Roseate Tern and will also sequester PCBs in sediment. 

•	 Creation/Enhancement of 3 acres of inter-tidal area and enhancement of 7 acres of near-

shore, shallow, sub-tidal areas at OU-3 (see Figures 5 and 6), a contaminated area 

located immediately outside of New Bedford Harbor, to enhance spawning and foraging 

areas for winter flounder, scup, black sea bass and windowpane flounder, and enhance 

foraging area for avian wildlife identified within the resource delineation, including the 

Common Tern and the Roseate Tern, enhancement of shellfish habitat, and enhancement 

of horseshoe crab habitat. 

•	 Creation/Enhancement of up to approximately 1.9 acres of a combination of successional 

marsh areas (mudflat, low marsh, high marsh, and transitional area) to enhance spawning 
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and foraging areas for winter flounder, scup, black sea bass and windowpane flounder, 

and enhance foraging area for avian wildlife, including the Common Tern and the 

Roseate Tern, enhancement of shellfish habitat, and enhancement of horseshoe crab 

habitat (see Figures 7, 8, and 9). 

•	 Completion of a Tern Monitoring program to provide additional information on the 

utilization of New Bedford Harbor by terns.  

•	 Shellfish relaying and seeding to compensate for shellfish lost during filling, capping 

and/or dredging operations. 

i.	 Winter Flounder Spawning Habitat Creation  

Three locations located outside of the New Bedford Hurricane Barrier, adjacent to the Federal 

Channel, were proposed by USEPA as potential pilot Winter Flounder spawning mitigation 

locations, this proposal was based on the assumption that the locations met specific criteria 

associated with depth, PCB concentration in sediment, and strength of current.  The three areas 

were screened for suitability for Winter Flounder spawning habitat creation via collection of 

bathymetric data, PCB concentration in sediment, and current data (for the location of data 

points, and a presentation of data collected in the three screening areas, please see Appendix 1). 

Literature indicates the winter flounder spawn at a water depth of approximately -16.4 feet 

MLLW and shallower, and that currents less than 0.6 knots will prevent Winter Flounder eggs 

from being swept out to sea.  Based upon the results of the screening investigation, it was 

determined that the chosen location had existing bathymetry that is deeper than what is 

conventionally considered Winter Flounder spawning habitat, and had currents below 0.6 knots.   
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Samples of sediment collected from the proposed area Winter Flounder mitigation area were 

collected and analyzed for the presence of PCBs.  The results of the testing indicated PCB 

concentrations in sediment between 1.7 mg/kg and 10.6 mg/kg within the proposed mitigation 

area, indicating PCB impacts high enough such that capping the areas would result an 

environmental benefit by isolating the contaminants from the environment.    

Based upon the results of the suitability analysis, it was determined that an area located 

immediately north of the Butler Flat’s Lighthouse would be suitable for a pilot test, intended to 

create Winter Flounder spawning habitat.    The area targeted for mitigation is at least 

approximately 13.73 acres in area, and is located outside of the New Bedford Hurricane Barrier. 

The area is approximately 1 mile south of the proposed facility in an area with a water depth of 

between approximately -22 feet MLLW to -18 feet MLLW.  The proposed mitigation would 

change the elevation of the targeted area to a depth of approximately -16.4 MLLW or shallower, 

in order to create conditions suitable for Winter Flounder spawning.  A figure showing the 

proposed mitigation area, as well as a conceptual cross-section are included as Figures 3 and 4. 

The mitigation would have a dual purpose.  The work will not only create an area that is within 

the elevation range for preferred Winter Flounder spawning, the work will also cap PCB 

contaminated sediment, and enhance the area as habitat for fish and shellfish.  The mitigation 

will be achieved via placement of clean dredge material within the target area.  The clean 

material will likely be generated from either the construction of the South Terminal Expansion or 
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from the construction of a CAD Cell within the proposed creation area.  The target final 

elevation after fill placement will be a depth of approximately -16.4 feet MLLW or shallower.   

The mitigation is anticipated to also have a beneficial impact upon terns, including the Common 

and Roseate Tern. Common Terns feed mainly on a wide variety of small fish and crustaceans; 

however, their primary prey in most Atlantic coast breeding areas is the American sand lance. 

Similarly, the Roseate Tern feeds almost exclusively on small fish (see Appendix 2). Both the 

Roseate Tern and the Common Tern forage by plunge-diving (diving from heights of between 1-

12 meters and oven submerging to greater than 50 centimeters.  Creating shallower water in the 

area of this mitigation project will make the area more attractive for the type of game fish that 

both the Roseate Tern and Common Tern hunt, as many types of fish seek shallower water to 

escape predators.  Therefore, it is likely that this mitigation project will benefit the tern 

population by creating a more productive foraging area.  

About 70% of the Common and Roseate Tern’s diet consists of Sand Lance (see Appendix 2). 

Sand Lance occur throughout the water column over sandy substrates into which they burrow. 

The sand lance burrows for rest and escape from predators; hence much time may be spent 

within the substrate, isolated from the water column.  Due to this specific defense behavior, the 

sand lance is particularly vulnerable to become contaminated by adjacent contaminated 

sediment, such as the high levels of PCBs within the contaminated sediment of New Bedford 

Harbor. It is likely the Common Tern and Roseate Tern’s preference for American sand lance is 

the source of high levels of PCBs found in chicks found dead at Bird Island in 1970, and 

increased levels of PCBs within existing Roseate and Common Tern colonies.  Capping of PCB 
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contaminated sediment within this area will allow sand lance to burrow without being exposed to 

PCB contaminated sediment.  Therefore, capping of contaminated sediment will benefit the 

Common and Roseate Tern populations by reducing their exposure to a source of contamination 

shown to be detrimental to those species.   

ii. Intertidal Habitat Creation and Near-Shore, Shallow, Sub-tidal Enhancement (at OU-3) 

This proposed alternative would utilize clean sand from the construction of South Terminal or 

from a CAD Cell to cap 7 acres of near-shore, shallow, sub-tidal environment, and create an 

adjacent new 3 acre intertidal area, in order to compensate for permanent loss of intertidal area 

and temporary and permanent impacts to sub-tidal areas via construction of the South Terminal 

CDF. The location of the proposed intertidal creation and sub-tidal enhancement is located 

immediately outside of the New Bedford Hurricane Barrier, east and slightly south of the end of 

Gifford Street. 

The proposed intertidal creation and sub-tidal enhancement areas would be created outside the 

Hurricane Barrier on the New Bedford side of the Bay (see Figure 5 for the location of the 

proposed intertidal creation area).  The location of the intertidal creation was selected because it 

was previously an intertidal area (prior to the construction of the New Bedford Hurricane 

Barrier) that was formerly affected by an anthropogenic structure (the Hurricane Barrier), and 

would significantly benefit from new intertidal habitat.  A cross-sectional diagram of an example 

beach profile for the proposed created intertidal area is included in Figure 6. The profile created 
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will include a large proportion of intertidal sandy (silt/sand/gravel mixture) area, representing 

creation of preferential habitat. 

The proposed mitigation location is not accessible from the shore and is rarely travelled by 

recreational vessels. As a result, the critical area would be relatively isolated from human 

impacts, and would provide a prime location to enhance spawning and foraging areas for winter 

flounder, scup, black sea bass and windowpane flounder, and enhance foraging area for avian 

wildlife identified within the resource delineation, including the Common Tern and the Roseate 

Tern, and create horseshoe crab spawning habitat. 

Both the inter-tidal creation area and the sub-tidal enhancement areas were also chosen due to 

the presence of PCB impacted sediment in the area.  The placement of the clean material will 

also cap PCB contaminated sediment associated with a portion of the New Bedford Harbor 

superfund project called “OU-3”. OU-3 is an area outside of the Hurricane Barrier that contains 

high levels of PCB contamination in surficial sediment.  Portions of OU-3 have been identified 

for remediation under the New Bedford Harbor Superfund project; however, those portions are 

not within the area slated for intertidal creation.  The mitigation project would have the dual 

purpose of creating intertidal area while simultaneously capping and isolating from the 

environment sediments with a high level (but likely lower than 10 mg/kg) of PCB contamination 

within them.   

Through bioaccumulation and uptake, PCBs impact a variety of types of marine life, and also 

have subsequent effects on avian wildlife. The effects of PCBs on Common and Roseate terns 

12 




  

  

 

 

 
 

via their ingestion of sand lance were discussed in the previous section; it is anticipated that the 

isolation of PCB contaminated sediment in the location of the proposed intertidal creation area 

will also benefit both terns and other avian wildlife.  A summary of available literature 

presenting some evidence of the impact of PCBs on the reproductive cycle of Winter Flounder is 

attached as Appendix 3. The literature search consists of one study noting the link between 

PCB contamination and a reduction in Winter Flounder larval length and body weight.  The other 

study notes that reduced larval length and body weight results in significant decreased survival 

potential. The two studies taken together indicate that PCBs in sediment have a significant 

impact on the ability for Winter Flounder to produce viable offspring that ultimately contribute 

to propagation of the species. As a result, it is likely that eliminating direct contact from PCB 

impacted sediment would result in a positive impact to the Winter Flounder population. 

Therefore, isolation of PCB sediments would be beneficial to Winter Flounder.   

It is suspected that PCB impacted sediment affects many species, in addition to Winter Flounder, 

and that capping PCB impacted sediment will create an area that will be relatively more 

productive as a shallow near-shore subtidal environment for spawning and foraging areas for 

many species, including Winter Flounder, Scup, Black Sea Bass and Windowpane Flounder. 

The areas will also therefore be more productive as foraging areas for avian wildlife, including 

the Common Tern and the Roseate Tern. 

iii. Successional Marsh Area Restoration/Enhancement 

In addition to the intertidal area creation, the project proposes restoration/enhancement of a 1.9 

acre Salt Marsh and successionary sequence in the drainage swale situated westerly of the 
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Hurricane Barrier, just to the south of the Gifford Street Boat-ramp parking area. The area 

currently serves as a stormwater runoff channel that runs behind the Hurricane Barrier.  The 

benthic substrate is currently filled with PCB impacted sediment.  The western side of the 

channel is currently a rip-rap slope that has little ecological value.  By removing the PCB 

contaminated sediment and capping the residual impacted sediment, creating drainage channels, 

removing the rip-rap slope, and grading into the upland behind the rip-rap slope, will create and 

enhance approximately 1.9 acres of mudflat, low marsh, high marsh, and transitional salt marsh 

area. This area is owned by the City of New Bedford, which supports the project, as it will not 

only revitalize a degraded wetland area, but will also extend a public walkway along this area, 

which has been planned by the City for some time.    Figure 5 shows the location of the drainage 

ditch, with relation to the footprint of the proposed terminal.   

The project will enhance the hydraulic capacity of the drainage ditch to transport stormwater 

from behind the Hurricane Barrier by removing fill from the western side of the channel. A 

central drainage channel would run through the re-graded benthic substrate, allowing for 

stormwater drainage through the area, unimpeded.  The restored area and the new salt marsh 

habitat will replicate the functions and values of salt marsh that will be lost during construction 

of the South Terminal CDF.   Figure 7 shows the existing resource areas within the drainage 

ditch. Figure 8 shows the current conceptual plan for mitigation within the drainage ditch.  A 

cross-section of the proposed work is attached as Figure 9. 

Currently, the drainage swale in this location is tidally influenced (it is subtidal), however the 

quality of the resource is degraded mudflat/drainage ditch.  The area of the proposed mitigation 
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is currently characterized by the growth of invasive species and has a large amount of trash 

evident. The sediments in the drainage swale are contaminated (with PCBs). 

The goal of the restoration project at this location is to create a functioning marsh area in a 

publically visible area, so as to have both an ecological and educational benefit.  The mitigation 

project at this location would include four primary elements: 

•	 Removal of PCB and metals contaminated sediments; 

•	 Re-grading of the swale profile to allow for the creation of a successionary sequence of 

marsh vegetation; 

•	 Planting of high, low, and transitional marsh species within the regraded swale; and 

•	 Installation of a public access walkway/bike path adjacent to the created marsh area. 

The proposed marsh restoration/creation includes the following characteristics: 

•	 Sampling to determine the extent and depth of PCB and metals contaminated sediments; 

•	 Excavation and removal of those sediments and placement of those sediments in the 

CAD Cell; 

•	 Installation of a layer of clean material across the bottom of swale graded into a 

topographic succession that will include a deeper flow channel meandering through the 

middle of the swale and benched sides that will promote high and low marsh vegetation 

growth as well as transitional vegetation growth. 

•	 Planting of Low Marsh vegetation (such as sp. spartina alternaflora) on the lower created 

benched steps; 
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•	 Planting of High Marsh vegetation (such as sp. spartina patens and sp. distichlis spicata, 

and possibly some sp. spartina alternaflora mixed in to the High Marsh sequence; and 

•	 Planting of Transition Zone vegetation (such as sp. panicum virgatum, sp. iva frutescens, 

and some sp. distichlis spicata and spartina patens, as well as sp. myrica pensylvanica, 

sp. rosa virginiana, and sp. arctostophylos uva-ursi shrubs); 

•	 Installation of an adjacent public access walkway/bike path and bordering ornamental 

fence (such as a split-rail fence) with appropriate signage to inform the public of the 

restoration/creation project conducted as well as pointing out both the types and 

importance of the marsh sequences installed. 

To keep trash from entering the mitigated area, a local stormwater outfall will be retro-fitted with 

a hooded catch basin, or trash screen to catch trash prior to its discharge to the drainage ditch. 

This screen or catch basin will be maintained at the same time as other stormwater management 

structures associated with the proposed terminal.   

iv. Tern Survey Plan 

Although it is not currently anticipated that Common Tern and Roseate Tern habitat will be 

substantially impacted by completion of the South Terminal CDF project, elements of the 

proposed project mitigation related to creation of intertidal and shallow water subtidal habitat, in 

conjunction with the removal of PCB-contaminated sediment, is intended to compensate for the 

impacts to tern foraging habitat that may occur. In addition, a tern survey plan will be 

implemented in Spring/Summer 2011 to determine the extent of the foraging habitat for the 

Terns as well as Tern use of the area.  Based on consultation with the NHESP (Mostello, pers. 
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comm.), the survey will entail weekly surveys from May through mid-July, peak tern nesting 

season, to acquire data on the density and abundance of terns using the area on both an east/west 

and north/south gradient to determine tern abundance and density as a function of proximity to 

shoreline and distance up the estuary. Outside the hurricane barrier, transects would be roughly 

east/west (shoreline to shoreline); inside the hurricane barrier one north/south transect would 

extend from the hurricane barrier as far north as navigability allows.  At the recommendation of 

the NHESP, the surveys will be conducted using methodology consistent with guidance provided 

in the document titled  Towards standardized seabirds at sea census techniques in connection 

with environmental impact assessments for offshore wind farms in the U.K. 

(http://www.offshorewindfarms.co.uk/Assets/1352_bird_survey_phase1_final_04_05_06.pdf), 

and in consultation with the NHESP and the U.S. Fish and Wildlife Service.  

v. Shellfish Mitigation 

As part of this mitigation plan, discussions were held with both the Massachusetts Department of 

Marine Fisheries (MassDMF) and the City of New Bedford shellfish warden with regard to the 

formulation of a suitable mitigation plan concerning impacts to shellfish and shellfish habitat. 

One result of these discussions was the revision of the number of impacted shellfish to include 

additional data (shellfish sampling conducted by MassDMF and summarized within a report 

entitled Quahog Standing Crop Survey, New Bedford/Fairhaven Inner and Outer Harbors, by 

Mr. David K. Whittaker, dated June 6, 1999) as well as to include the shellfish that will be 

impacted by the OU-3 capping mitigation and the Winter Flounder Spawning Habitat creation 

mitigation measures.  The revised shellfish impact calculations are included as Appendix 4, and 

have been reviewed and agreed to by MassDMF.  Therefore, the estimated number of impacted 
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shellfish has increased from 1,019,986 shellfish (listed within previous documents) to 2,356,520 

shellfish impacted.   

In order to provide compensatory mitigation for impact to shellfish organisms, MassDMF has 

proposed either, or a combination of, the following: 

Relay of Existing Shellfish:  Relay of shellfish from the proposed facility footprint and the 

associated mitigation measures to a location south of the City of New Bedford (but within City 

of New Bedford waters) for depuration.  The shellfish would be relayed under a MassDMF 

permit, and would be transported to a location that would then be suspended from shellfishing 

for a period of time to be determined based on monitoring (but likely between one and three 

years). Shellfish would be harvested utilizing standard shellfish dredging equipment and/or 

bullrakes. The work would be overseen by an independent third party.   

The City of New Bedford has stated that they would like the relayed shellfish to stay within City 

of New Bedford waters. Figure 10 shows the municipal boundaries associated with 

jurisdictional waters for the City of New Bedford, superimposed on sub-catchments of 

shellfishing areas designated by MassDMF.  Based upon preliminary discussions, it is likely that 

the shellfish would be placed within City of New Bedford waters within Area BB14, 

significantly south of the southern tip of New Bedford, and south of any restricted areas.    

Shellfish Seeding: MassDMF has also indicated that it would like to see the purchase and 

planting of 2.5 large seed for every one (1) shellfish impacted by the project.  MassDMF 
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considers large seed to range from approximately 21-25 mm in size.  MassDMF has stated that 

seeded areas will need to be shut down for shellfishing for approximately 3 years, in order to 

allow the seed to grow to a sufficient size for future shellfishing.  If we proceed with this 

approach, it is anticipated that approximately up to 5,891,300 seed will be planted, requiring 

large areas to be closed while the seed grow. Rather than seed at one time (which would result in 

large areas to be shut down for 3 years), it is likely that the seeding will need to be distributed 

over a relatively large time period (at least over 5 years).   

As relaying of shellfish will already result in significant closures of City of New Bedford 

shellfishing areas, the City of New Bedford has requested that the first seeding not begin until at 

least 2012, but possibly 2013. Figures 11 and 12 note the potential areas for seeding in the City 

of New Bedford. Red cross-hatched areas are restricted and would not be seeded.  Tan areas are 

conditionally approved for shellfishing.  Green areas are approved with no restriction.  Seed 

stock would be provided to the New Bedford Shellfish Constable for distribution in accordance 

with the City shellfish program. 

The project proponent will continue its discussions with MassDMF to determine the 

appropriate amount of Relaying of Existing Shellfish and Shellfish seeding would be suitable for 

this project.  

b. General Construction Sequence 

The following section highlights the construction sequence and timing of construction activities: 
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i. Mitigation Construction 

Construction techniques will vary based upon the type of mitigation being constructed.  To 

enhance/create the 3 acre OU-3 intertidal area, as well as to enhance the 7 acre OU-3 sub-tidal 

area, clean material from either the dredge site or from the construction of a CAD Cell would be 

placed hydraulically.  Hydraulic placement of the material would result in a relatively uniform 

thickness of material to be placed.  Particular care will be utilized to ensure that the final grades 

are correct, as small variations in elevation could result in significant variations in the size if the 

inter-tidal area. 

Creation of the 13.75 acre Winter Flounder spawning habitat will likely be achieved by 

placement of clean material from either the dredge area or from a CAD Cell, likely via bottom-

dump scow.  The bottom-dump scow placement would result in variations of the final surface. 

The variations would consist of small rises and falls within the finished surface.  It is anticipated 

that these variations would further reduce bottom currents and to act as sheltered areas for fish to 

hide from predators.   

Creation of the marsh mitigation area will involve re-grading, and may involve the placement of 

erosion control mat (likely of a biodegradable material, such as coir or jute) and the re-graded 

slope may utilize one or more erosion control rolls (also made of coir or jute) to help to  stabilize 

the slope temporarily while vegetation is replanted.  Planting of wetlands plants will foster the 

permanent stabilization of the area.  Invasive species removal will also be completed while re-

planting occurs. 
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The successional salt marsh restoration work would be constructed utilizing standard earthwork 

equipment and techniques.  It is likely that a temporary coffer dam would be constructed 

adjacent to the box culverts in New Bedford Harbor to allow construction work to be completed 

in a relatively dry conditions. Although a specific design for this cofferdam has not yet been 

conceptualized, it is clear that, in order to maintain functionality of the stormwater drainage 

ditch, that a bypass or pump system would need to be in place to allow the ditch to perform its 

hydraulic function during storm events.  It is possible that an additional coffer dam would be 

constructed to the south of the restoration area so stormwater runoff could be captured prior to 

entering the work area. The site would therefore be dewatered and dewatering fluid would be 

treated prior to being discharged to the harbor or the local POTW.   

Heavy construction equipment would remove contaminated sediment.  Clean material will then 

be utilized to cap the residual impacted material (if any).  The contaminated material will be 

either hauled to the South Terminal CDF construction site, where it will be allowed to dewater 

prior to disposal within a CAD Cell, or transported to a scow for disposal within a CAD Cell. 

Sand dredged from either the South Terminal CDF dredge footprint or from construction of a 

CAD Cell will be utilized to cap the remaining sediment within the drainage channel.  The clean 

sediment will either be mechanically dredged and transferred to the ditch for placement, or will 

be hydraulically dredged and placed within the ditch.   

To minimize future input of trash and other debris to the restored area, a retro-fit of the nearest 

stormwater outfall (located on the southern end of the mitigation area) will be installed.  It is 

currently anticipated that a structure will be constructed at the discharge point located directly 
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south of the mitigation area.  The structure will likely be a hooded catch basin or trash screen or 

similar device.  The structure will minimize the input of trash, grit, oil, and other floating debris 

to the wetland. 

Slope stabilization structures, likely bio-degradable structures such as coir rolls, coir logs or coir 

blankets will be utilized to stabilize any slopes.  The existing bike path will be extended along 

the top of the re-graded slope. The completed channel will be planted with high marsh and low 

marsh plants as detailed earlier in the document.    Plantings will likely be completed in either 

the late fall or the early spring in keeping with typical wetland restoration practices.   

ii. Timing 

Implementation of selected mitigation alternatives will take place during the dredging of the 

main channel to the South Terminal Marine Park Expansion.  Each of the three selected 

mitigation alternative rely on a supply of coarse-grained material.  As a result, each option has a 

portion of the construction linked to either the construction of a CAD Cell (if a CAD Cell is 

constructed in conjunction with construction of the South Terminal CDF) or to the dredging of 

clean sediment from the South Terminal CDF dredge footprint.  

Creation of the Winter Flounder spawning area will begin after clean sediment is either 

generated from construction of the South Terminal CDF or from construction of a CAD Cell. 

Dredge material will be loaded into dump scows or split hull barges and positioned at the site. 

Material will be placed in accordance with the plans established for the site.  Material can be 

safely transported to the site and placed 24 hours a day, except in extreme marine conditions.       
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Capping of the inter-tidal and sub-tidal areas at the OU-3 site will begin after clean sediment is 

either generated from construction of the South Terminal CDF or from construction of a CAD 

Cell. Placement of material during January 15th and May 31st will be minimized unless suitable 

precautions to minimize water quality impacts are implemented (such as the use of silt curtains). 

Capping of the OU-3 area may take up to approximately 3 to 4 months.  This time period may 

vary due to the potential inter-relationships of other portions of construction of the South 

Terminal CDF.   

The construction within the drainage swale adjacent to the Hurricane Barrier can begin 

immediately; however, availability of capping material will drive the timing of construction of 

this portion of the work.  This mitigation alternative relies on the reuse of coarse-grained 

material generated during the dredging of the channel to the facility or dredging of a CAD Cell 

(should a CAD Cell be constructed in conjunction with construction of the South Terminal 

CDF). Additionally, the drainage swale mitigation will be planned in order to time the wetlands 

plantings to either the late fall or early spring in order to allow for maximum growth during the 

first full growing season. 

iii. Oversight 

Creation of the Winter Flounder spawning habitat as well as the creation of intertidal and 

enhancement of the sub-tidal areas at the OU-3 location will be observed by field personnel. 

Bathymetric and land surveys will be conducted as necessary both before and after placement of 
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material to confirm that the material has been placed appropriately.  Clean-up areas will be 

designated around the mitigation areas; if material is inadvertently placed outside of the 

designated areas, it will be removed and replaced in the appropriate area.  Vertical tolerances 

will also be set; should material exceed those vertical tolerances, the material exceeding the 

vertical tolerance will be removed and re-positioned.   

For salt marsh restoration work, a wetland scientist shall be on-site to monitor construction of the 

wetland mitigation area(s) to ensure compliance with the mitigation plan and to make 

adjustments when appropriate to meet mitigation goals. 

To reduce the immediate threat and minimize the long-term potential of degradation, the species 

included on the “Invasive and Other Unacceptable Plant Species” list in Table 4 of the US Army 

Corps of Engineers New England District Mitigation Plan Guidance will not be included as 

planting stock in the overall project. Only plant materials native and indigenous to the region 

will be used. 

iv. Monitoring and Maintenance Plan 

A long term monitoring program will be implemented to determine the effectiveness of the 

mitigation.  The following section provides guidance regarding monitoring and maintenance that 

will be conducted to confirm success of planned mitigation efforts: 

Winter Flounder Spawning Habitat and Intertidal and Sub-tidal Areas at OU-3 
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The Winter Flounder spawning habitat and intertidal and sub-tidal OU-3 areas will be surveyed 

annually for the first five years after construction to confirm that material placed within these 

areas has not inadvertently moved to another area, and that excessive erosion is not taking place. 

Yearly bathymetric data will be compared to the post cap placement survey to assess migration 

of capping material away from the designated area.   

In order to judge the effectiveness associated with Winter Flounder Spawning Habitat creation 

area, we have consulted with academic researchers Professor Steve Cadrin and Profesor Kevin 

Stokesbury of the University of Massachusetts Dartmouth’s School for Marine Science and 

Technology (SMAST). The two professors have formulated joint academic team with relevant 

professionals drawn from both SMAST and the Woods Hole Oceanographic Institute (WHOI), 

to create a team with broad-based experience, that will effectively investigate the potential 

impact of the proposed mitigation measure. As needed, individual members of this team will be 

utilized to both collect and analyze relevant data over the period of this study.   

The initial proposal, which currently focuses on the resources available to SMAST, involves 

collecting data prior to mitigation being completed, in order to establish background or 

“baseline” conditions prior to mitigation.  The proposal includes a plan to quickly initiate 

baseline sampling and to develop a conceptual design for long-term monitoring, with the goal of 

evaluating the effectiveness of the mitigation plan for winter flounder spawning habitat.   

The analytical design involves before-after/control-impact sampling and statistical comparisons. 

Egg sampling will be conducted by using an epibenthic sled to test for the presence of winter 
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flounder eggs in both the mitigation site and adjacent control sites.  The sled will be dragged 

behind a marine vessel, and is intended to capture demersal Winter Flounder eggs along the 

bottom of the harbor (if present).  A control site was defined that is adjacent to the habitat 

mitigation site north of Butler Flats, with the same area and similar bathymetry as the habitat 

mitigation site.  An additional control site is located in shallower habitat (more likely to be 

Winter Flounder habitat) across the Federal Channel from the mitigation site.  Baseline sampling 

(before the mitigation plan begins) of the mitigation and control sites is critical for evaluating 

effectiveness of the plan.   

A hybrid bi-weekly/weekly baseline sampling protocol will be utilized (with weekly sampling 

being conducted early in the spawning season, and bi-weekly later in the season).  Both baseline 

sampling and long-term sampling will involve surveys of winter flounder eggs in the mitigation 

and control sites. 

For sampling methodology, SMAST plans to follow the protocols that Scultz et al. (2007) used 

to sample winter flounder eggs in New Haven and Milford Harbors.  The epibenthic sled will be 

towed in a straight line, into the direction of the prevailing current.  The sled will be towed on 

the bottom at a speed of approximately 2 knots, for 4-5 minutes.  Towing the net in a straight line 

will ensure that it maintains solid contact with the bottom throughout the tow. During each tow, 

approximately 800'-1000' of the area will be sampled by the sled.  The tow duration is limited, 

due to the small size of the study area.  SMAST plans to conduct 4 standard tows each in the 

mitigation site and the control sites during each sampling event.  Following each tow, the 
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contents of the net will be rinsed into the collection jar at the end of the net, and preserved in a 

labeled 500mL bottle with 10% formalin for subsequent analysis. 

It is anticipated that long-term monitoring will be similar in scope to the baseline sampling, and 

that statistical analysis of baseline and long-term monitoring data will test for increased presence 

of winter flounder eggs in the mitigation area.  

The relevant personnel associated with the project (some of which may be very actively involved 

in the project and others of which may or may not):  

•	 Professor Kevin Stokesbury, Associate Professor, Chair of the Department of 

Fisheries Oceanography, University of Massachusetts Dartmouth, School for 

Marine Science and Technology. 

•	 Professor Steve Cadrin – Associate Professor, Department of Fisheries 

Oceanography, University of Massachusetts Dartmouth, School for Marine 

Science and Technology. 

•	 Professor John Stegeman – Senior Scientist at the Woods Hole Oceanographic 

Institute; and 

•	 Professor Mark Hahn – Senior Scientist at the Woods Hole Oceanographic 

Institute. 

A copy of the SMAST Baseline Proposal is attached as Appendix 5. 
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Drainage Swale Mitigation Area 

The drainage swale mitigation area will be inspected on a monthly basis during the period from 

April through October for the first 3 years after construction.  Subsequent to the first 3 years, the 

mitigation areas will be inspected in May and September of each year for an additional 2 years.   

Inspections will be completed by a wetland scientist.  The wetland scientist will monitor and 

document the presence and species diversity of plants that have been installed at the site, and will 

monitor for the presence of invasive species.  The wetland scientist will hand pull invasive 

species as necessary and will evaluate other control methods, if necessary. 

The general health of the plants within the marsh area shall be determined during each 

inspection. Invasive species found within the areas will be removed.  The entire area will also be 

inspected for excessive erosion or siltation. 

If plants are found to be dead or stressed, they will be replaced.  If the erosion control blankets 

(which may be used with discretion to stabilize planting areas within the marsh restoration area) 

are found to have been torn or show evidence of tears, eroded material will be replaced and tears 

in the blanket will be sewn shut.  If the coir rolls (which may be utilized to stabilize slopes within 

the salt mash restoration area) or other slope stabilization measures become dislodged, additional 

tie-downs will be added to secure the coir rolls. If excessive erosion or siltation is noted, grades 

within the area will be restored to match the final elevations. The coir rolls or other slope 

stabilization measures will be replaced or repaired if plant growth has not been well established 

before the coir roll has decayed. 
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Monitoring Reports 

The results of the mitigation activities and subsequent inspections will be documented in annual 

reports that will be submitted to USEPA by December 15th of each year following the 

completion of the first growing season subsequent to planting.  
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SITE 

Figure 1: Site Location Map  
South Terminal CDF Proposed Location 
City of New Bedford, New Bedford, Massachusetts 
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New Bedford Harbor
 
Winter Flounder Mitigation Areas
 

Salinity Data
 

Location ID Depth (Feet) Salinity (ppt) 
1 0 30.38 
1 11 30.57 
1 20 30.6 
2 0 30.46 
2 11 30.4 
2 20 30.57 
3 0 30.36 
3 11 30.47 
3 20 30.58 
4 0 30.4 
4 10 30.4 
4 20 30.57 
5 0 30.35 
5 11 30.38 
5 20 30.6 
6 0 30.35 
6 10 30.45 
6 20 30.46 
7 0 30.33 
7 11 30.48 
7 20 30.46 
8 0 30.32 
8 10 30.24 
8 20 30.52 
9 0 30.31 
9 10 30.35 
9 20 30.5 

10 0 30.32 
10 10 30.36 
10 20 30.49 
11 0 30.34 
11 10 30.36 
11 20 30.52 
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New Bedford Harbor
 
Winter Flounder Mitigation Areas
 

Salinity Data
 

Location ID Depth (Feet) Salinity (ppt) 
12 0 28.76 
12 10 28.83 
12 20 28.84 
13 0 28.86 
13 10 28.88 
13 20 28.86 
14 0 28.82 
14 10 28.92 
14 20 28.97 
15 0 28.88 
15 10 28.98 
15 20 28.96 
16 0 28.84 
16 10 28.94 
16 20 28.95 
17 0 28.93 
17 10 29.01 
17 20 28.99 
18 0 28.91 
18 10 29 
18 20 28.97 

Background 0 30.1 
Background 5 30.05 
Background 10 30.07 
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Table 1: 

Analytical Data: Potential Winter Flounder Mitigation Areas 


South Terminal CDF
 
New Bedford, Massachusetts
 

PCB Congeners (μg/kg) 

Sample Name Collection Date C
l2

-B
Z#

5/
#8

C
l3

-B
Z#

18

C
l3

-B
Z#

28
/#

31

C
l4
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44

C
l4

-B
Z#

52

C
l4

-B
Z#

43
/#

49

C
l4
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Z#

66

C
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-B
Z#

10
1/

#8
4

C
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-B
Z#

87

C
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-B
Z#

18
4

C
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5

C
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Z#

11
8

C
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18
3

C
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Z#

16
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#1
28

C
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Z#

13
8/

#1
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C
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Z#

15
3

C
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0/

#1
90

C
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Z#

18
0

C
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Z#

18
2/

#1
87

C
l8

-B
Z#

19
5

C
l9

-B
Z#

20
6

C
l1

0-
B

Z#
20

9 

FLOU-MIT-1 12/7/2010 41 18 140 31 150 100 75 120 42 2.3 U 41 150 6 21 120 92 13 14 13 2.3 U 2.3 U 2.3 U 
FLOU-MIT-2 12/7/2010 49 22 130 37 190 130 100 160 48 1.4 U 58 200 6.5 32 160 120 18 19 19 1.4 U 2 1.4 U 
FLOU-MIT-3 12/7/2010 40 20 120 31 150 110 90 140 49 1.5 U 53 170 7.1 39 150 110 16 18 17 1.5 U 1.5 U 1.5 U 
FLOU-MIT-4 12/7/2010 31 13 74 23 100 68 58 100 37 1.3 U 39 130 4.5 29 130 81 12 14 14 1.3 U 1.3 U 1.3 U 
FLOU-MIT-5 12/7/2010 69 36 180 53 240 150 140 220 91 2.2 U 74 270 10 44 230 160 26 28 24 2.2 U 2.2 U 2.2 U 
FLOU-MIT-6 12/7/2010 120 46 180 70 260 170 160 230 110 1.9 U 83 260 11 61 240 150 26 28 22 2.4 1.9 U 1.9 U 
FLOU-MIT-7 12/7/2010 67 59 84 140 500 220 120 700 380 7.9 U 250 610 34 180 770 380 77 81 49 7.9 U 7.9 U 7.9 U 
FLOU-MIT-8 12/7/2010 120 44 240 64 250 160 160 230 100 1.7 U 96 270 12 70 240 150 25 28 24 2.2 2.3 1.7 U 
FLOU-MIT-9 12/7/2010 100 45 210 85 330 170 160 290 140 1.7 U 100 320 13 87 310 190 31 33 28 2.2 2.5 1.7 U 
FLOU-MIT-10 12/7/2010 24 11 73 17 76 45 47 73 29 0.94 U 31 100 3.5 24 87 57 9 10 9 0.94 U 0.94 U 0.94 U 

Estimate of Total PCBs 
(Summation of 18 NOAA 

Congeners Multiplied by a 
Harbor Specific Correction 

of 2.6) (mg/kg) 

2.7 
3.4 
3.0 
2.2 
4.7 
5.0 

10.6 
5.2 
6.0 
1.7 

Notes:
 
U = Concentration is below the laboratory's method detection limit. One half of the method detection limit is utilized in the summation. 

Total PCB concentation is estimated by summing 18 specific NOAA Congeners and multiplying by a Harbor Specific Correction factor of 2.6. 

This harbor-specific correction is based upon a statistical analysis conducted by USEPA within New Bedford Harbor.
 



 
 
 
 
 
 
 
 
 
 
 

 

 
 
  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Southern Mitigation Study Area (Area-3) 
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Middle Mitigation Study Area (Area-2) 
Deployment #563_B 
Full Record 
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Northern Mitigation Study Area (Area-1) 
Deployment #563_1 
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COMMON TERN (Sterna hirundo) 

State Status: Special Concern 


Federal Status: None 


B. Byrne, MDFW 

The Common Tern is a small seabird that returns in 
the spring from warmer locales to enliven 
Massachusetts beaches with its raucous cries. It is a 
gregarious and charismatic creature, joining its 
neighbors to boldly mob, peck, and defecate on 
intruders to drive them away from their nests, which 
are situated on the ground. Probably numbering in the 
hundreds of thousands in the state before 1870, the 
Common Tern is considerably more scarce today. 
Protection, management, and restoration of nesting 
colonies have allowed populations to gradually 
increase, but the Common Tern remains a Species of 
Special Concern in Massachusetts. 

Description. The Common Tern measures 31-35 cm 
in length and weighs 110-145 g. Breeding adults have 
light gray upperparts, paler gray underparts, a white 
rump, a black cap, orange legs and feet, and a black-
tipped orange bill. The tail is deeply forked and 
mostly white, and does not extend past the tips of the 
folded wings. In non-breeding adults, the forehead, 
lores, and underparts become white, the bill becomes 
mostly or entirely black, legs turn a dark reddish-
black, and a dark bar becomes evident on lesser wing 
coverts. Downy hatchlings are dark-spotted buff 
above and white below with a mostly pink bill and 
legs. Juveniles are variable: they have a pale 
forehead, dark brown crown and ear coverts, buff-
tipped feathers on grayish upperparts resulting in a 
scaly appearance, white underparts, pinkish or 
orangish legs, and a dark bill. The voice has a sharp, 

“irritable” timber, and includes a keeuri advertising 
call and kee-arrrr alarm call. 

Similar Species in Massachusetts. The Arctic Tern 
(Sterna paradisaea) is similar in size, but has a 
shorter, blood-red bill, very short red legs, much 
grayer underparts with contrasting white cheeks, a 
longer tail that extends past the tips of the folded 
wings, and a higher-pitched voice (although some 
calls are similar). The Roseate Tern (Sterna 
dougallii) is also similar in size, but has a mostly or 
entirely black bill during the breeding season, much 
paler gray upperparts, white or very pale pink 
underparts, a very long tail (longer than that of the 
Arctic Tern), and a distinctively different voice. The 
Least Tern (Sterna antillarum) is markedly smaller, 
with a yellow-orange bill, a white forehead, and a 
proportionately much shorter tail. 

Figure 1. Distribution of present and historic 
Common Tern nesting colonies in Massachusetts. 

Distribution and Migration. Outside the breeding 
season, the Common Tern is widely distributed 
primarily at temperate latitudes. It breeds in the 
northern hemisphere, principally in the temperate 
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zones of Europe, Asia, and North America, and at 
scattered tropical and sub-tropical locations. In North 
America, it breeds along the Atlantic Coast from 
Labrador to South Carolina, and along lakes and 
rivers as far west as Montana and Alberta. 
Massachusetts birds arrive in April and May to nest 
at coastal locations statewide (Fig. 1). The largest 
populations occur on Cape Cod and in Buzzards Bay 
(see Status, below). Massachusetts birds depart from 
breeding colonies in July and August, and 
concentrate in “staging areas” around Cape Cod to 
feed before beginning their migratory journeys 
southward. Birds breeding on the Atlantic coast 
generally winter on the north and east coasts of South 
America as far south as northern Argentina. 

Breeding and Foraging Habitat. In Massachusetts, 
the Common Tern generally nests on sandy or 
gravelly islands and barrier beaches, but also occurs 
on rocky or cobbly beaches and salt marshes. It 
prefers areas with scattered vegetation, which is used 
for cover by chicks. Along the Atlantic coast in the 
breeding area, it usually feeds within 1 km of shore, 
often in bays, tidal inlets, or between islands; it may 
forage as far as 20 km from the breeding colony. 

Food Habits. The Common Tern feeds mainly on a 
wide variety of small fish; frequently it includes 
crustaceans and insects in its diet. The primary prey 
item in most Atlantic coast breeding colonies is the 
American sand lance. In Massachusetts, silversides, 
cunner, herring, pipefish, and hake are also 
important. Over water, it captures food by plunge-
diving (diving from heights of 1-6 m and submerging 
to ≤ 50 cm), diving-to-surface, and contact-dipping; it 
catches flying insects on the wing. It often forages 
singly or in small groups, but it may congregate in 
feeding flocks of ≥ 1000 birds, especially over 
schools of predatory fish that drive smaller prey to 
the surface. It commonly feeds in association with 
Roseate and Arctic Terns, and sometimes gulls. 

Breeding. 
Phenology. Birds begin arriving in late-April or 

early-May. They select breeding sites and begin 
courting. Egg dates are 4 May – 15 August. 
Incubation lasts about 3 wk, and the nestling period 
about 3-4 wk. Most birds have departed for winter 
quarters by mid-October. 

Colony. The Common Tern is gregarious, nesting 
in colonies of a few to thousands of pairs. It often 
breeds in colonies with Roseate and Arctic Terns, 
Black Skimmers (Rynchops niger) and, rarely, with 
the Least Tern. Pairs vigorously defend their nesting 
territory and sometimes also maintain a linear near-
shore feeding territory. (See also Predation, below).  

Pair bond and parental care. Courtship involves 
both aerial and ground displays, including High 
Flights (in which a pair spirals to 30-100 m above 
ground and then glides down), Low Flights (in which 
a fish-carrying male is chased by a female), Parading 
(circling on ground), and Scraping. Males feed 
females during courtship and early incubation. The 
Common Tern is socially monogamous, but 
sometimes seeks extra-pair copulations. While both 
parents incubate eggs and attend chicks, females do 
more incubating and brooding (especially at night), 
and males generally do more feeding. Birds of similar 
age tend to pair. Mate fidelity is high; data from 
Germany showed that two-thirds of pair bonds were 
retained from year-to-year; the rest were broken by 
death or divorce in approximately equal frequencies. 
Pair-bond durations of up to 14 years have been 
documented.  

Nests. Nests are depressions or “scrapes” in the 
substrate, to which nesting material, usually dead 
vegetation or tide wrack, is added throughout 
incubation. Nest density is highly variable, but 
usually in the range of 0.06-0.5 nests/m2. 

Eggs. Eggs are cream, buff, or medium brown 
(sometimes greenish or olivish) with dark spots or 
streaks. Markings are often evenly distributed on the 
egg, but may be concentrated at the blunt end -- 
especially for the third egg of the clutch, which also 
may be paler than the first two. Eggs measure 
approximately 40 x 30 mm, and are subelliptical in 
shape. Clutch size is usually 2-3 eggs, occasionally 1 
or 4. Incubation is sporadic until the clutch is 
complete. The period between laying and hatching is 
about 23 d for the first egg and about 22 d for the 
second and third eggs. Incubation shifts last 
anywhere from <1 min. to several hours. 

Young. Chicks are semi-precocial. At hatching, 
they are downy and eyes are open. They are able to 
stand and take food within hours after hatching. They 
wander away from the nest to seek cover, but still 
remain in the territory, at 2-3 d. Chicks are 
brooded/attended most of the day and night for the 
first few days of life. Parental attendance drops off 
after that, except for cold, wet, or hot weather. 
Parents carry prey to chicks in their bills. Feeding 
rates vary by location, but are usually on the order of 
1-2 feedings per chick per hour.  Chicks fledge at 22 
to > 29 d, but they remain at first within the colony 
and are still dependent on parents for food. After 
about a week, they venture out with parents to the 
feeding grounds, but are unable to catch fish for 
themselves until 3-4 wk post-fledging. Families leave 
the colony 10-20 d after chicks fledge and remain 
together during the staging period. Little is known of 
family cohesion during migration. 



Predation. 
Predators. In North America, predators of 

Common Tern eggs, young, and adults include a 
wide variety of birds and mammals, snakes, ants, and 
land crabs.  Nocturnal mammals (especially fox, 
mink, and rat; sometimes skunk, raccoon, feral cat, 
weasel, and coyote) are the most important predators 
in mainland or near-shore colonies. Mammalian 
predation often causes birds to abandon the site. A 
local example of this is Plymouth Beach: in 1999, a 
family of foxes hunting on the beach displaced a 
thriving colony of about 5,000 pairs of mostly 
Common Terns. At islands further from the 
mainland, Great Horned Owl and Black-crowned 
Night-Heron are important predators. Herring and 
Great Black-backed Gulls, Short-eared Owl, 
American Crow, Ruddy Turnstone, Great Blue 
Heron, and Peregrine Falcon can also be significant 
predators. 

Responses to predators and intruders. The 
Common Tern prefers to nest on islands lacking 
predatory mammals or reptiles. Eggs and chicks are 
cryptically colored. Hatched eggshells are removed 
from the nest site and feces are dispersed (the white 
of the feces and of the inner shell is obvious). 

Behavioral response to diurnal predators is very 
variable, and depends on predator species and 
behavior, stage in nesting cycle, and degree of 
habituation to threat. Hunting Peregrine Falcons 
cause “panics”, during which terns rapidly flee the 
nesting area and fly over the water; Peregrines may 
delay colony occupation. Many other diurnal 
predators (including crows, Herring and Great Black-
backed Gulls, Northern Harriers, and Bald Eagles) 
are “mobbed” (chased and attacked) by terns. 
Common Terns distinguish between hunting and non-
hunting gulls and falcons, and respond to them 
differently. Common Terns attack human intruders 
by diving at them, pecking exposed body parts, and 
defecating on them. Inexperienced birds may merely 
circle overhead and give alarm calls, whereas more 
experienced birds may launch intense attacks -- to 
which many researchers will attest. Common Terns 
also distinguish between individual humans, and 
familiar humans are attacked more vigorously. 
Attacks intensify as chicks begin to hatch, but 
diminish as chicks mature and become less 
vulnerable. Adults’ alarm calls cause very young 
chicks (≤3 d) to crouch motionless, while older, more 
mobile chicks seek cover. 

There is little information on how the Common 
Tern responds to nocturnal mammalian predators; 
however, nocturnal predation by owls and night-
herons causes terns to abandon the colony at night. 
This has several consequences: prolonged incubation 
periods for eggs; chick deaths due to exposure; 

increased predation on eggs and chicks, particularly 
by night-herons and ants; and sometimes 
inattentiveness to eggs by day, which increases egg 
vulnerability to diurnal predators. 

Life History Parameters. In Massachusetts, most 
Common Terns breed annually starting at 3 yr, some 
at 2 or 4 yr. As birds age, they nest progressively 
earlier in the season. Only one brood per season is 
raised, but birds renest 8-12 d after losing eggs or 
chicks. Productivity is highly variable, and may range 
from zero to > 2.5 chicks fledged per pair, depending 
on food availability, degree of flooding, and 
predation. Productivity increases with age through 
the lifetime of the bird. Survival from fledging to 4 yr 
was estimated at about 10% for Massachusetts birds. 
Annual survival of adults in Massachusetts was 
estimated about 90%. The oldest documented 
Common Terns are two individuals that bred at age 
26 yr. 

Status. The Common Tern is listed as a Species of 
Special Concern in Massachusetts. Populations are 
well below levels reported pre-1870, when hundreds 
of thousands are reported to have bred.  Egging 
probably limited populations throughout the 1700s 
and 1800s. More seriously, hundreds of thousands 
were killed along the Atlantic coast by plume-hunters 
in the 1870s and 1880s, reducing the population to a 
few thousand at fewer than ten known sites by the 
1890s. In Massachusetts, only 5,000 to 10,000 pairs 
survived, almost exclusively at Penikese and 
Muskeget Is. The state’s population grew to 30,000 
pairs by 1920, following protection of the birds in the 
early part of the century. Populations subsequently 
declined through the 1970s, reaching a low of 
perhaps 7,000 pairs, largely as a result of 
displacement of terns from nesting colonies by 
Herring Gulls and, later, by Great Black-backed 
Gulls. Since then, numbers have edged upwards 
(Figure 2). In 2005, 15,447 pairs nested at 34 sites in 
the state. About 90% of these birds were concentrated 
at just three sites: Monomoy National Wildlife 
Refuge (S. Monomoy and Minimoy Is)., Chatham 
(9,747 pairs); Bird I., Marion (1,857 pairs); and Ram 
I., Mattapoisett (2,278 pairs). While populations in 
the state are relatively well-protected during the 
breeding season, trapping of birds for food on the 
wintering grounds may be a source of mortality for 
Common Terns. 

Conservation and Management. Populations in 
Massachusetts continue to be threatened by predators 
and displacement by gulls.  Also, should established 
nesting colonies be disrupted, lack of suitable (i.e., 
predator-free) alternative nesting sites is a serious 
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concern in the state. Most colonies are protected by 
posting of signs, by presence of wardens, and/or by 
exclusion of visitors. Lethal gull control (initially), 
continual gull harassment, and predator control at S. 
Monomoy and Ram Is. have resulted in thriving tern 
colonies at these restored sites (see Status, above). 
Two other tern restoration projects are currently 
underway, both involving clearing gulls from small 
portions of islands. At Penikese I., in Buzzards Bay, 
after a pilot project in 1995, aggressive 
discouragement of gulls (using harassment by trained 
dogs and human site occupation) was initiated in 
1998. The colony increased from 137 pairs of 
Common Terns in 1998 to 756 pairs in 2006. Non-
lethal gull control at Muskeget I., in Nantucket 
Sound, began in 2000; however, the budding tern 
colony is struggling against predators. Tern 
restoration is a long-term commitment that requires 
annual monitoring and management to track progress, 
identify threats, manage vegetation, prevent gulls 
from encroaching on colonies, and remove predators.  
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Figure 2. Common Tern population trends in 
Massachusetts, pre-1870s to 2005 (modified 
from Blodget and Melvin 1996). 
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ROSEATE TERN (Sterna dougallii) 

State Status: Endangered 


Federal Status: Endangered 


B. Byrne, MDFW 

The elegant Roseate Tern, with its long, white tail-
streamers and rapid flight, alights on Massachusetts 
beaches in the spring. It tunnels under vegetation to 
nest within colonies of its more rough-and-tumble 
relative, the Common Tern, from which it derives 
protection from intruders. The Roseate Tern is a 
plunge-diver that feeds mainly on the sand lance, and 
availability of this fish may influence the timing of 
breeding. Depredations of plume hunters in the 19th 

century and displacement from breeding sites by 
gulls and increased predation in the 20th century 
contributed to a decline in numbers and loss of major 
breeding sites in the northeast. In a sense, the Roseate 
Tern is emblematic of the Commonwealth, because 
for the past century, about half the northeastern 
population has nested in Buzzards Bay and outer 
Cape Cod. The Roseate is now considered an 
Endangered Species. The population, which 
increased from the 1980s through 2000, is now in 
decline. Several projects are in progress to restore the 
Roseate to historical breeding locations in 
Massachusetts. 

Description. The Roseate Tern measures 33-41 cm 
in length and weighs 95-130 g. Breeding adults have 
pale gray upperparts, white underparts (flushed with 
pale pink early in the breeding season), a black cap, 
orange legs and feet, and a black bill (which becomes 
more red at the base as the season progresses). The 
tail is mostly white, and is deeply forked with two 

very long outer streamers, which extend well past the 
tips of the folded wings. In non-breeding adults, the 
forehead becomes white and the crown becomes 
white marked with black, merging with a black patch 
that extends from the eyes back to the nape. The 
down of hatchlings is distinctive: it is grizzled 
buff/black or gray/black, and is spiky-looking 
because the down filaments are gathered at the tips. 
Juveniles are buff or gray above, barred with black 
chevrons, and have a mottled forehead and crown, 
black eye-to-nape patch, and black bill and legs. The 
Roseate’s vocal array includes a high-pitched chi-vik 
advertising call, and musical kliu and raspy aaach 
alarm calls, the latter sometimes likened to the sound 
of tearing cloth. 

Similar Species in Massachusetts. The Common 
Tern (Sterna hirundo) is similar in size, but has a 
black-tipped orange bill, darker gray upperparts, pale 
gray underparts, a shorter tail that does not extend 
beyond the folded wingtips, and an “irritable” voice. 
The Arctic Tern (Sterna paradisaea) is also similar in 
size, but has a shorter, blood-red bill, very short red 
legs, gray underparts with contrasting white cheeks, a 
shorter tail (which still extends past the folded 
wingtips), and a very different, high-pitched voice. 
The Least Tern (Sterna antillarum) is markedly 
smaller, with a yellow-orange bill, a white forehead, 
and a short tail. 

Figure 1. Distribution of present and historic 
Roseate Tern nesting colonies in Massachusetts. 
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Distribution and Migration. The Roseate Tern has a 
scattered breeding distribution primarily in the 
tropical and sub-tropical Atlantic, Indian, and Pacific 
Oceans. In North America, it breeds in two discrete 
populations: from Nova Scotia south to New York 
and in the Caribbean. The northeast population, at 
about 40-45° N, is among the most northernmost 
nesting groups of this mostly tropical species. 
Roseates arrive in Massachusetts from late-April to 
mid-May to nest at just a handful of coastal locations 
(Fig. 1). The largest colonies occur in Buzzards Bay 
(see Status, below). Massachusetts birds depart from 
breeding colonies in late-July and August and 
concentrate in “staging areas” around Cape Cod and 
the Islands, before departure for wintering grounds in 
September. Roseates appear to feed offshore and 
return to the staging areas to rest and roost. Most 
have departed staging areas and have begun 
migrating southward by mid- to late-September. The 
Roseate’s wintering range remains poorly known, but 
increasing evidence indicates that Northeastern birds 
winter along the north and east coasts of South 
America southward along the coast of Brazil to 
approximately 18° S. 

Breeding and Foraging Habitat. In Massachusetts, 
the Roseate Tern generally nests on sandy, gravelly, 
or rocky islands and, less commonly, in small 
numbers at the ends of long barrier beaches. 
Compared to the Common Tern, it selects nest sites 
with denser vegetation, such as seaside goldenrod 
and beach pea, which is also used for cover by 
chicks. Large boulders are used for cover at other 
locations in the northeast. It feeds in highly 
specialized situations over shallow sandbars, shoals, 
inlets or schools of predatory fish, which drive 
smaller prey to the surface. The Roseate is known to 
forage up to 30 km from the breeding colony. 

Food Habits. The Roseate Tern feeds almost 
exclusively on small fish; occasionally it includes 
crustaceans in its diet. It is fairly specialized, 
consuming primarily sand lance (about 70% of diet in 
Massachusetts). Other prey species of importance in 
Massachusetts are herrings, bluefish, mackerel, 
silversides, and anchovies. In the northeast, it often 
forages with Common Terns. The Roseate captures 
food mainly by plunge-diving (diving from heights of 
1-12 m and often submerging to ≥ 50 cm), but also 
by surface-dipping and contact-dipping. Some 
individuals specialize in stealing fish from Common 
Terns. 

Breeding. 
Phenology. Roseates usually begin to arrive in 

Massachusetts in late-April or the first week of May. 

Egg dates are 12 May to 18 August, and laying 
usually begins about 8 d later than that of Common 
Terns in the host colony. Incubation lasts about 3 wk, 
and the nestling period about 4 wk. 

Colony. The Roseate Tern is gregarious. In the 
northeast it nests in colonies of a few to about 1,700 
pairs, and the largest colony in Massachusetts 
numbers about 1,100 pairs (see Status, below). In this 
portion of its range, the Roseate invariably nests with 
the Common Tern, forming clusters or sub-colonies 
within larger Common Tern colonies. Pairs defend 
their nest site. (See also Predation below).  

Pair-bond. Courtship involves both aerial and 
ground displays, including spectacular High Flights 
(in which ≥ 2 birds spiral up to 30-300 m above 
ground and then descend in a zig-zag glide), and Low 
Flights (in which a fish-carrying male is chased by up 
to 12 other birds). Males feed females before and 
during the egg-laying period. The Roseate Tern is 
socially monogamous, but extra-pair copulations 
occur. Both parents spend roughly equal amounts of 
time incubating, and incubation shifts last about 26 
min.  Males and females also contribute 
approximately equally to brooding and feeding 
chicks. The average length of pair bonds in 
Connecticut was 2.5 yr. The sex ratio in 
Massachusetts (and probably other northeast 
colonies) is skewed towards females (1.27 females:1 
male). This results in multi-female associations (≥ 2 
females), and often ≥ 3-egg clutches, at nests. 

Nests. Nests (usually beneath vegetation or 
debris, or in special nest boxes) are depressions or 
“scrapes” in the substrate, to which nesting material 
may or may not be added throughout incubation. In 
the northeast, nests are usually 50-250 cm apart, 
depending on the distribution of vegetation and 
rocks. 

Eggs. Eggs are various shades of brown with 
dark spots and streaks. The second egg may be paler 
than the first. Eggs measure approximately 43 x 30 
mm, and are subelliptical in shape. The eggs are 
difficult to distinguish from those of the Common 
Tern, but Roseate eggs are generally longer, more 
conical, less rounded, darker, and more uniformly 
and finely spotted. Clutch size is usually 1-2 eggs; 
older females generally lay 2 eggs (laid about 3 d 
apart), and younger females, 1. Nests with ≥ 3 eggs 
are often attended by more than one female. 
Incubation, which begins after laying of the first egg, 
may be sporadic until the second egg is laid. The 
period between laying and hatching is about 23 d for 
both eggs. 

Young. Chicks are semi-precocial. They are 
downy at hatching. Eyes open after a couple hours, 
and chicks are able to waddle and take food within 
hours after hatching. In 2-chick broods, there is often 



 

a substantial size difference between the young that 
persists throughout the growth period; this is because 
the first chick (A-chick) is usually 3 d older. Chicks 
are brooded/attended most of the day and night for 
the first few days of life. Parental attendance ceases 
after about a week, except for cold, rainy days. 
Parents carry prey to chicks in their bills one fish at a 
time. Feeding rates at sites in Massachusetts and 
Connecticut are about 1 fish/h. At sheltered nests, 
undisturbed chicks may remain at the nest site until 
they are nearly fledged. Where there is more 
disturbance, chicks may move more than 60 m away 
to new hiding spots. In 2-chick broods, the younger 
chick (B-chick) is less likely to survive than the A-
chick. Most losses of B-chicks appear to be due to 
starvation. The peak of fledging is at 27-30 d.  Four 
to 10 d after fledging, young birds accompany 
parents to fishing grounds. They begin to catch fish 
after 3 wk, but remain dependent on parents for food 
at least 6 wk, or until migration in September. This 
notably long period of dependence reflects the highly 
specialized fishing techniques that the young must 
master. At Bird I., MA, family units depart the 
nesting colony 5-15 d post-fledging to congregate at 
staging locations. When two chicks are raised, the 
male leaves first with the older chick and the female 
leaves up to 7 d later with the younger chick. Nothing 
is known of family cohesion during migration. 

Predation. 
Predators. In North America, predators of 

Roseate Tern eggs, young, and adults include birds 
and mammals, snakes, ants, and land crabs. In the 
northeast, the Great Horned Owl is the primary 
predator on adults, and predation on adults by the 
Peregrine Falcon has also been documented. Other 
significant avian predators (on eggs or chicks) 
include: Black-crowned Night-Heron, Herring and 
Great Black-backed Gulls, American Crow, and Red-
winged Blackbird.  

Responses to predators and intruders. The 
Roseate Tern prefers to nest on islands lacking 
mammalian predators. Eggs and chicks are 
cryptically colored and well-concealed under 
vegetation, debris, or rocks. Roseates are less 
aggressive birds than Common Terns, and rely on 
Commons for defense in the nesting colony. Attack 
rate peaks at hatching. Roseates dive at, and 
sometimes strike, various avian predators. Roseates 
circle above humans and dive at them, but do not 
make physical contact or defecate on them. Roseates 
in the Caribbean have been shown to respond more 
vigorously to familiar versus unfamiliar humans. As 
is the case for Common Terns, Roseates desert 
colonies at night when subject to nocturnal predation. 
This prolongs incubation periods for eggs, and 

exposes eggs and chicks to the elements and 
predation.  Roseate nests and chicks, however, are 
better concealed, and thus less vulnerable, than those 
of Common Terns. Roseate adults, in contrast, are 
often disproportionately preyed upon in comparison 
to Common Terns from the same colony. Perhaps for 
this reason Roseates are quicker to abandon a site 
when predators are active. 

Life History Parameters. In Massachusetts, most 
Roseate Terns breed annually starting at 3 yr, some at 
≥ 4 yr. Only one brood per season is raised, but birds 
renest after losing eggs or chicks. Estimating 
productivity is challenging due to inaccessible nest 
sites and chicks’ hiding behavior, but productivity 
usually exceeds 1 chick fledged per pair (range: 0-1.6 
chicks fledged per pair); older birds are more 
productive than younger ones. Survival from fledging 
to first breeding was estimated at about 20% for 
Connecticut birds. Annual survival of adults in the 
northeast was estimated to be about 80%. The oldest 
Roseate Tern documented was 25.6 yr old; it was 
originally banded as a chick in Massachusetts. 

Status.  The northeastern population of the Roseate 
Tern is listed as Endangered federally and in 
Massachusetts principally because of its range 
contraction and secondarily because of its declining 
numbers. Prior to 1870, its status was somewhat 
obscure, but the Roseate was considered to be an 
abundant breeder within Common Tern colonies on 
Nantucket and Muskeget Is., MA.  Prior to the 20th 

century, egging was a problem in northeast colonies, 
but it was persecution of terns for the plume industry 
that greatly reduced numbers in the northeast to 
perhaps 2,000 pairs, mostly at Muskeget and 
Penikese Is., MA, by the 1880s.  Following 
protection, numbers rose to the 8,500 pair level in 
1930. From the 1930s through the 1970s, Roseates 
were displaced from nesting colonies by Herring and 
Great Black-backed Gulls, and had declined to 2,500 
pairs by 1979. Following two decades of fairly steady 
increase, the Northeast  U.S. population peaked at 
4,310 pairs in 2000. Since then, however, the 
population has declined rapidly to 3,320 pairs 
(Roseate Tern Recovery Team, unpubl. 2006 data). 
The cause of this has not been identified, but data 
suggest that it may be related to mortality on the 
wintering grounds. Approximately 85% of the 
population is dangerously concentrated at just 3 
colonies: Great Gull Island, NY (1,227 pairs); Bird I., 
Marion, MA (1,111); and Ram I., Mattapoisett, MA 
(463). The only other nesting colonies in 
Massachusetts in 2006 were at Penikese I. (48 pairs) 
and Monomoy National Wildlife Refuge (NWR) (S. 
Monomoy and Minimoy Is)., Chatham (26 pairs). 
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Desertion of ≥ 30 major breeding sites over the past 
80 years in most cases has been related to occupation 
of sites by gulls, and secondarily, to predation in the 
colonies (which may have intensified as terns were 
displaced by gulls to sites closer to the mainland). 
While populations in the state receive protection 
during the breeding season, the species is unprotected 
by South American governmental entities and while 
in international waters. Prior to the 1980s, 
persecution by humans (trapping for food) on the 
wintering grounds may have affected Roseates 
nesting in the northeast. Major wintering areas for 
this population have not been identified; this, along 
with investigation of current threats on the wintering 
grounds, is badly needed. 

6,000 

5,000 

state. Restoring Common Terns to nesting sites is a 
necessary first step in restoring Roseates because of 
the Roseate’s close association with the Common 
Tern at breeding colonies. Roseates were successfully 
restored to Ram I. after a gull control program in 
1990-1991. A similar program at Monomoy NWR, 
begun in 1996, encouraged the expansion of a huge 
colony of Common Terns (9,747 pairs in 2005), but 
only a handful of Roseates nest there. Two other tern 
restoration projects -- at Penikese I., in Buzzards Bay, 
and at Muskeget I., in Nantucket Sound -- are 
currently underway, both involving aggressive 
discouragement of gulls from small portions of the 
islands; Roseates returned to Penikese in 2003, but 
numbers have fluctuated widely since then. Tern 
restoration is a long-term commitment that requires 
annual monitoring and management to track progress, 
identify threats, manage vegetation, prevent gulls 
from encroaching on colonies, and remove predators. 

4,000 
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Figure 2. Roseate Tern population trends in 
Massachusetts, 1880s to 2006 (modified from 
Blodget and Melvin 1996). 

Conservation and Management. Colonies are 
protected by posting of signs, by presence of 
wardens, and/or by exclusion of visitors. Wooden 
nest boxes and boards, partially buried tires, and 
other structures enhance the number of potential nest 
sites. Vegetation control is sometimes necessary 
when plant growth is dense enough to actually 
impede adults’ ability to access nesting sites. The 
gradual loss of breeding sites in the Northeast, 
coupled with the Roseate’s reluctance to colonize 
new sites, is a serious obstacle to recovery of the 
northeast population. The current overwhelming 
concentration of Roseates in Massachusetts in just 
two colonies in Buzzards Bay (Bird and Ram Is.), 
despite suitable conditions elsewhere, does not bode 
well for the population should one of these sites 
become unsuitable. Because of the regional 
importance of Massachusetts for Roseate recovery, 
several restoration projects have been initiated in the 
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CONVERSION TABLE 

r~etric to U.S. Customary 

~lul tiply To Obtainfu:. 
mill imeters (mm) 0.03937 inches 
centimeters (em) 0.3937 inches 
meters (m) 3.281 feet 
kilometers (km) 0.6214 mil es 

2 
square meters (m) 2 10.76 square feet 
squa re ki 1ometers (km ) 0.3861 square mil es 
hectares (ha) 2.471 acres 

liters (1) 0.2642 gall ons 
cubic meters (m 3 

) 35.31 cubic feet 
cubi c meters 0.0008110 acre-feet 

mil1igrams (mg) 0.00003527 ounces 
grams (g) 0.03527 ounces 
kilograms (k9) 2.205 pounds 
metric tons (t) 2205.0 pound s 
metric tons 1.102 short tons 
kilocalories (kcal) 3.968 British thennal units 

Celsius degrees 1.8(OC) + 32 Fahrenheit degrees 

U.S. Customary to Metric 

inches 25.40 millimeters 
inches 2.54 cent imeters 
feet (ft) 0.3048 meters 
fathoms 1.829 meters 
mil es (mi) 1.609 kil ometers 
nautical miles (nmi) 1.852 kil Olleters 

square feet (ft2) 0.0929 square meters 
acres 2 0.4047 hectares 
square mil es (mi ) 2.590 square kilometers 

gallons ( gal) 3.785 1i ters 
cubic feet (ft 3) 0.02831 cubic meters 
acre-feet 12.33.0 cubic meters 

ounces (oz) 28.35 grams 
pounds (1 b) 0.4536 kil og rams 
short tons (ton) 0.9072 metric tons 
British thennal units (Btu) 0.2520 kil ocal ories 

Fahrenheit degrees 0.5556(OF - 32) Cel s ius degrees 
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Figure 1. 

SAND 

NOMENCLATURE/TAXONOMY/RANGE 

Scientific name•••••••••••••• Ammodytes 
spp. 

Preferred common name •••••••••••Sand 
lance (Figure 1) 

Other common names......... Sand eel. 
sand 1aunce. 1ant. 1ance. equi 11 e. 
northern sand lance (A. dubius). 
American sand lance (A. iimericanus) 

Class••••••••••••••••••• ~ Osteichthyes 
Order•••••.....•..•.•••••• Perciformes 
Family•••••••••••••••••••• Ammodytidae 

Geograph i c range: From northern 
Labrador and Hudson Bay south to 
Cape Hatteras (Bigelow and Schroeder 
1953; Richards et ale 1963; Liem and 
Scott 1966) and from upper estuaries 
(Norcross et ale 1961) to the e~ge 
of the Continental Shelf (Richards 
and Kendall 1973)(Figure 2). This 
genus is most abundant. however. 
along the inner half of the 
Continental Shelf and is most 
commonly associated with sandy 
substrates (Bi ge low and Schroeder 
1953; Grosslein and Azarovitz 1982). 

MORPHOLOGY/IDENTIFICATION AIDS 

Meristic values of sand lance 
vary greatly with latitude as well as 
with distance from shore at the same 
latitude (Backus 1957; Richards et ale 
1963; Winters 1970; Scott 1972; 
Pellegrini 1976). Richards et ale 
(1963) demonstrated various types of 

Sand lance. 

LANCE 

spatial changes in the genus Ammodytes 
from the northwest Atlantic and 
distinguished groups with high, 
intermediate. and low meristic 
counts. The intermediate group was 
split, and fish with high to inter
med i ate cou nts were named A. dubi us 
and those with low to intermediate 
counts were named ~. hexapterus 
(= ~. americanus). The range of 
meristic characteristics and overlap 
between speci es of thi s genus over a 
wi de geographi c area were s i gni fi cant 
(Table 1). As a result of this 
variation, sand lance in the North 
Atlantic area off the coast of the 
U. S. (Ammodytes spp.) wi 11 be covered 
as a combined group in this profile. 

The body of the sand lance is 
small. elongate. and slender. Body 
depth is uniform from the opercular 
region to the beginning of the anal 
fin. Body depth then begins to taper 
towards the caudal peduncle. The tail 
is forked. The anal fin originates 
under the 29th or 30th dorsal fin 
ray. The lateral line is straight. 
The mouth is terminal with lower jaw 
projecting forward and no teeth (Liem 
and Scott 1966). Fin ray counts vary 
as in Table 1. 

Color of individual fish is vari
a b 1 e. The dorsa 1 surface can be 
olive. brown, or bluish green. Lower 
sides are silver with a dull white 
ventral region. Some individuals have 
a steel-blue iridescent longitudinal 
stripe. 
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Figure 2. Distribution of sand lances along the North Atlantic coast. 
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Table l. Meristic values of Northwest Atlantic species of Ammodytes (adapted from Pellegrini 1979). 

Vertebrae Dorsal fin ra~s Anal fin ra~s 
No. in 

Species sample Range Mean Range Mean Range Mean 

Ammodytes hexapterus (Richards et al. 
East coast of North America 

1963) 1020 61-73 51-62 23-33 

A. hexapterus (Scott 1972)
Newburyport, Massachusetts 

73 64-71 68.1 55-61 57.6 27-32 29.4 

~. americanus (Backus 1957)
Labrador 

12 62-69 67.2 56-60 58.5 28-31 29.6 

A. americanus adults (Pellegrini 1976) 700 63-73 67.9 52-62 57.4 26-32 29.4 
w 

~. americanus juveniles (Pellegrini 1976) 610 64-73 68.0 53-62 57.8 27-33 29.7 

A. dubius (Richards et al. 1963) 
East coast of North America 

65-78 56-68 27-35 

A. dubius (Leim and Scott 1966) 
East coast of Canada 

71-75 62-68 30-35 

A. hexahterus (Winters 1970)
Offs ore Newfoundland 

70-78 60-69 30-37 

A. hexapterus (Winters 1970) 
Inshore Newfoundland 

63-72 52-60 25-33 



Sand 1ance eggs, 1arvae, and 
post1arvae were described by Norcross 
et a1. (1961), Williams et a1. (1964), 
Richards (1965), and Smigielski et al. 
(1984), and can be distinguished from 
those of other species on the basis of 
morphology. 

REASON FOR INCLUSION IN SERIES 

Sand 1ance are wi despread along 
the northeast coast of the U.S. 
(Sherman et a 1. 1981; Morse 1982). 
They are abundant and are an important 
prey species for many predatory fishes 
important to commercial and 
recreational fisheries and are also 
important prey for marine mammals. 
Sand 1ance occur in estuari ne, open 
coastal, and offshore habitats. 
Contiguous overlapping populations 
provide linkages between these habitat 
types and coastal regions. 

LIFE HISTORY 

Spawning 

Sand lance mature during their 
first or second year (Westin et 
a1. 1979), and males reach maturity 
severa1 months before females (Scott 
1968). Spawning occurs principally 
from November to March (Bigelow and 
Schroeder 1953; Norcross et al. 1961). 
Larval fish survey data indicate that 
spawning occurs principally inshore 
although evidence exists of some 
offshore spawning activity (Richards 
and Kendall 1973; Sherman et a1. 1981; 
Sherman et a1. 1984). Sand 1ance 1 ay 
demersal eggs that are deposited on or 
in sand substrates or on gravel 
surfaces (Ehrenbaum 1904: Williams et 
aLl 964 ) • San d 1 a n c e 1 a r v a e a re 
distributed over a wide area of the 
shelf in winter (Sherman et a1. 1984). 

Fecundity and Eggs 

Westin et al. (1979) showed that 
sand lance in the Merrimack River 
exhibited size specific fecundity. 

The model which describes this 
relationship is: f = 0.328 1 3.857 
where f is fecundity (number of eggs) 
and 1 is fork length (cm). Estimates 
of weight loss during spawning of 
females range from 30% to 45% (Scott 
1972: Westin et a1. 1979; Smigielski 
et a1. 1984) • 

Sand lance eggs range in diameter 
from 0.67 to 1.03 mm and have a single 
bright yellow oil globule (Williams et 
a1. 1964; Smigielski et a1. 1984). 
Eggs hatch from November to May when 
water temperatures drop below 9 0C 
(Wheatland 1956; Norcross et al. 1961; 
Richards and Kendall 1973). 
Incubation times of eggs spawned in 
the laboratory ranged from 30 days at 
10 0C to 82 days at 2 0C (Smigielski 
et a1. 1984). 

Larvae 

Larvae are approximately 3 to 4 
mm in 1ength at hatchi ng. After a 
planktoniC stage of 2 to 3 months 
(Grosslein and Azarovitz 1982), during 
which they grow to about 35 mm (Scott 
1973a), they become semidemersal. 
Larvae reared in captivity at 7 0C 
exhibited schooling behavior at a size 
of 35 to 40 mm 90 days after hatching, 
and fi rst burrowed into the sand at 
133 days after attaining a size of 35 
to 40 mm (Smigielski et al. 1984). 

Larvae are most abundant off the 
mouths of major estua ri es but are 
common out to the edge of the 
Continental Shelf (Norcross et al. 
1961; Richards and Kendall 1973). 
Major concentrations of larvae have 
cons i stently occurred in the Georges 
Bank and the Nantucket Shoals to Long 
Is 1and. New York. regi ons since 1976 
(Sherman et a1. 1981; Morse 1982). 
Norcross et a1. (1961) found that 
larvae increased in size in samples 
taken along nearshore to offshore 
transects, suggesting that the larvae 
may be able to undertake directed 
migrations away from the shore. 
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Richards (1976) reported the 
occurrence of heterotypi c schools of 
sand lance and herring (C1upea 
harengus harengus) post1arvae. The 
ubiquity of this behavior is unknown. 
Heterotypic schooling has been 
reported in several diverse species 
groups (Nursa11 and Pinsent 1969; 
Ogden and Er1 ich 1977; Frank and 
Leggett 1983; Auster 1984). This 
behavior is believed to be an adaptive 
response to predation: increased 
school size reduces the probability of 
predation on any individual. 

Sand lance larvae feed diurnally. 
Their diet consists of phytoplankton, 
invertebrate eggs, and copepod 
nauplii. As the fish increases in 
size, phytoplankton such as 
peridinians decrease in importance and 
cope pod naup1ii increase. When larvae 
become about 21 mm long, their diet 
consists mostly of adult copepods 
(Covi 11 1959). 

Juveniles and Adults 

Juveni 1 e and adult sand lance 
have genera 11 y been found in schools 
duri ng the day. Meyer et a1. (1979) 
observed schoo 1 sizes rangi ng from 
about 100 to tens of thousands of 
fish. We have observed schools of 
about 20 to 100 individuals along the 
coast. This observation is consistent 
with those reported for Hyperop10s 
lanceo1atus and A. tobianus off Europe 
by Kuhlmann and Karst (1967), who 
observed schools i zes of 30 to 300. 
I n genera1, schoo1 size seems to be 
smaller in shoa1er water, increasing 
as water depth increases. However, 
schools may occur at any depth in the 
water column (Meyer et al. 1979). 

The shape of sand 1ance schoo 1 s 
is generally compressed vertically and 
lengthwise. In shallow water, schools 
tend to be more compressed vertically 
and longer than in deeper water 
(Kuhlmann and Karst 1967; Meyer et al. 
1979) . 

Sand 1ance are generally found 
over sandy substrates. Sand is used 
as a refuge. Individual fish have 
been observed to burrow into the sand 
and remain either partly buried (with 
either anterior or posterior body 
parts exposed) or totally buried after 
emerging headfirst and then backing up 
(Meyer et a1. 1979). European sand 
1ance speci es are reported to school 
di urna 11 y and seek refuge in sand 
substrates at night. Schools reform 
at dawn (Kuhlmann and Karst 1967). 

Copepods are the major prey of 
juvenile and adult sand lance (Reay 
1970; Scott 1973b; Meyer et 
al. 1979). The inclusion of less 
important prey items such as 
crustacean larvae (Scott 1973b) and 
chaetognaths (Meyer et al. 1979) in 
the sand lance diet probably reflects 
the utilization of locally abundant 
prey. 

GROWTH CHARACTERISTICS 

Reay (1970) reported that 1- to 
3-year-01d fish dominate sand lance 
populations but individuals can live 
to 9 years of age and grow to a total 
length of 37 cm (Scott 1968). 
Compari son of 1ength-at-age data 
suggests that growth rate increases 
from the New York Bight to the Nova 
Scotia banks (Gross1ein and Azarovitz 
1982) • 

Pellegrini (1976) found that sand 
lance from the Merrimack River, 
Massachusetts, had a weight-length 
relationship described by the model: 

log W (g) = -2.718 + 3.098 log L (mm) 

This model agrees with weight-length 
relationships found by Scott (1972) 
for sand 1ance on the Newfoundland 
Grand Banks and Emerald Bank. 

Growth is fastest duri ng the 
first year of life and slows with 
increasing age. The Von Berta1anffy 
growth model for sand lance from the 
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Merrimack River, generated from the south to north (Gross1ein and 
Ford-Walford relationship, is Azarovitz 1982). 

(1_e-0.2508(t+0.5970)).1t = 24.08 

This model includes both males and 
females because their growth rates did 
not differ significantly (Pellegrini 
1976). 

FISHERY 

The use of sand 1ance in the 
U.S., limited to occasional use in the 
baitfish industry, has not been 
extensive. Annual landings between 
1965 and 1973 ranged from 0 to 75 
metric tons (Grosslein and Azarovitz 
1982). Historically, Bigelow and 
Schroeder (1953) reported that more 
than 30 metric tons (67,800 pounds) 
were landed in 1919 and over 9 metric 
tons (20,000 pounds) in 1946, from 
traps in Massachusetts. National 
Mari ne F i sheri es Serv i ce survey data 
indicate that the sand lance 
population in the northwest Atlantic 
increased greatly after 1974 
(Grosslein et al. 1980; Sherman et al. 
1981). No plans now exist for the 
management of sand lance in 
U.S. waters of the northwest Atlantic. 

ECOLOGICAL ROLE 

Sand lance are a major link 
between zoop 1 ankton product ion and 
fishes of commericial importance. 
They have been found in the stomachs 
of a wide variety of species, 
including Atlantic cod, Gadus morhua; 
haddock, Mel anogrammus aegl efi nus; 
silver hake, Merluccius bilinearis; 
white hake, Urophycis tenuis; 
yellowtail flounder, Limanda 
ferruginea; and longhorn sculpin, 
Myoxocephalus octodecemspinosus (Scott 
1968, 1973b; Bowman et al. 1976; 
Bowman and Langton 1978). They are 
also important prey of whales and 
porpoises (Bigelow and Schroeder 1953; 
Overholtz and Nicolas 1979; Hain et 
a1. 1982). The importance of sand 
lance as prey of cod increases from 

Although no specific data exist 
on diseases of sand lance in the North 
Atlantic, other studies in the 
literature suggest that certain trends 
have been discerned in po11ution
related diseases. Sand lance in 
coastal waters of northeastern United 
States are associated with surficial 
sed iments through thei r burrowi ng 
behavior. In fishes other than sand 
lance, fin necrosis has been 
associ ated with high coliform counts 
in coasta 1 wa ters (Mahoney et 
al. 1973) and with high concentrations 
of heavy metals in sediments (Carmody 
et al. 1973). The frequency of skin 
tumors in geograph i ca 11 y separated 
populations of flatfishes has been 
corre 1ated wi th envi ronmenta 1 rather 
than with genetic factors (Stich et 
al. 1976). The relationships 
discerned in these studies may apply 
to sand lance populations as well. 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Sand lance occur along the North 
Ameri can coast from 350N to 690N. 
Temperatures within this latitudinal 
range vary widely. During the time of 
egg development, bottom water tempera
tures can be near 0 0C (Richards et 
al. 1963; Richards and Kendall 1973). 
Scott (1968) reported that sand lance 
were taken from the Nova Scotia banks 
at temperatures ranging from -2 to 11 
oC, but they were most abundant 
between 3 and 6 0C. No records of an 
upper temperature 1imit have been 
pub 1 i shed. Reay (1970) reported that 
~. tobianus along the south coast of 
England is active at temperatures as 
high as 18 0C. 

Salinity 

Tolerance of fluctuations in 
salinity apparently decreases with 
increasing age. Sand lance larvae 
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have been found in waters with 
salinities less than 1.8 ppt although 
only a small percentage were taken in 
samples at salinities less than 30 ppt 
(Norcross et a1. 1961). Richards et 
a1. (1963) reported that sand lance 
juveniles and adults occur in 
salinities ranging from 26 to 36 ppt. 

Habitat 

Sand 1 ance occur throughout the 
water column over sandy substrates 
into which they burrow (Bigelow and 
Schroeder 1953; Reay 1970; Meyer et 
a1. 1979). The sand lance burrows for 
rest and escape from predators; hence 
much time may be spent within the 
substrate, i so 1ated from the water 
column. Relatively high bottom 
current vel ocit i es must therefore be 
present to maintain aeration of the 
interstitial water. The interaction 
of current velocity with substrate 
type in keeping interstitial water 
oxygenated is more critical in 

defining proper habitat than is the 
range of substrate particle sizes 
(Reay 1970). 

Other Environmental Factors 

European studies have reported on 
the light-mediated die1 cycle of 
activity in other sand lance species. 
Oi rect underwater observations by 
Kuhlmann and Karst (1967) showed that 
sand lance (H. lanceolatus and 
A. tobianus) are diurnal schoo1ers, 
resting in the sand in groups at 
night. At dawn, schools re-form and 
begin feeding. In laboratory studies 
of ~. marinus, swimming activity was 
high at light levels of 1000 and 100 
lux but was greatly reduced at levels 
below 10 lux (Winslade 1974). In the 
same study, it was found that the 
threshold light intensity for swimming 
activity in the field was 
approximately 100 lux, and that buried 
sand 1ance may be ab 1 e to detect 
light, via the pineal gland, to 
respond to changes in light intensity. 
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A summary of available literature has found the following information.  It consists of at 
least one study noting the link between PCB contamination and a reduction in Winter 
Flounder larval length and body weight and another study noting that reduced larval 
length and body weight results in significant decreased survival potential.   

Summaries of key points are noted below, and the original papers are attached: 

1.) The Effect of Inherited Contamination on Egg and Larval Winter Flounder 
pseudopleuronectes americanus 

Dianne E. Black, Phelps, Donald K. and Lapan, Richard L., Environmental Research 
Laboratory, EPA, South Ferry Road, Narragansett RI – accepted for publication, 
11/15/87 in Marine Environmental Research. 

“Eggs from the New Bedford Harbor flounder contained significantly higher levels of 
PCB (39.6 ug/g dry weight), and larvae which which hatched from these eggs, under 
clean laboratory conditions, were significantly smaller in length (2.96 mm) and weight 
(0.018 mg) than those from Fox Island fish (1.08 ug PcB/g dry wt., 3.22 mm, 0.022 mg).  
Linear regression indicated a significant inverse relationship between PCB content of the 
eggs and length or weight at hatch.” 

“In the absence of predators and under the good water quality and nutritional conditions 
provided in the laboratory, these larvae were able to compensate for the initial retarded 
growth; however, the fate of larvae in New Bedford Harbor, where contaminant exposure 
would continue throughout development is unknown.” 

“For larval fish, the consequence or smaller size at hatch may be severe, since the best 
survival strategy is rapid growth (Ware 1975; Marr 1956; Cushing 1974).  Small larvae 
are inefficient predators and at the same time more vulnerable to predation due to reduced 
visual and swimming ability.  The high metabolic cost of inefficient prey capture reduces 
the energy available for growth and due to rudimentary digestive tract, they have 
inefficient digestion as well. In addition, small larvae have less yolk reserves to sustain 
them during critical transition to exogenous feeding when prey capture behavior must be 
learned (Lawrence 1977; Baxter and Hemple 1963).” 

2.) Winter Flounder pseudopleuronectes americanus reproductive success. I. 
Among-location variability in size and survival of larvae reared in the laboratory 

L.J. Buckley, A.S. Smigielski, T.A. Halavik, E.M. Calderone, B.R. Burns, G.C. 
Laurence, National Marine Fisheries Center, Narragansett Laboratory, Narragansett, 
Rhode Island 02882-1199 

“Generally, larger eggs produce larger larvae (Miller et al. 1988).  Blaxter (1969) stated 
that ‘larger larvae may be expected to be stronger, better swimmers, less susceptible to 



 

 

   

 
 

 
 
 
 
 
 

damage, and less liable to predation.’  It is also expected that larger larvae are better able 
to capture and assimilate food.” 

“While positive correlations have been reported between larval size and numerous 
attributes potentially contributing to increased survival, including days to irreversible 
starvation, swimming speed, and mouth gape (Knutsen & Tilseth 1985, Miller et al. 
1988), the relation between larval size at first feeding and survival is not well 
documented, particularly within species.  Our data from the 1987 spawning season are 
among the few published reports showing a direct correlation between larval size and 
survival for the first month of life.”     

“Winter Flounder collected at selected locations (Long Island Sound, Narragansett 
Bay…a direct correlation was observed between size of yolk-sac larvae and survival for 
the first month of life…fish from Narragansett Bay produced the smallest larvae with the 
lowest survival rate – 1 in 1400. Environmental factors known to affect larval size and 
mortality are water temp. during gametogenesis and embryonic development (Baxter and 
Hempel 1963, Bagenal 1071, southward and Demir 1974…), dissolved oxygen levels and 
exposure to environmental contaminants, including PCBs, pesticides and heavy metals 
(Rosenthal and Alderdice 1976, Black et al. 1988).” 

“These data suggest that when differences in size among newly hatched larvae are sufficiently 
large, survival potential can be affected.” 
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Abstract 

The exposure of adult winter flounder, Pseudopleuronectes americanus, 

to contaminated estuarine environments and a possible impact of this 

exposure on their progeny was investigated. Polluted study areas included 

Gaspee Point in upper Narragansett Bay, RI, New Bedford Harbor in Buzzards 

Bay, MA, noted for its PCB contamination, and Apponagansett Bay, MA a 

less contaminated site near New Bedford. Fox Island, a relatively clean 

area in lower Narragansett Bay, served as a reference area. Although 

adult winter flounder disperse offshore during the summer, a tag and 

recapture study verified their yearly residence and exposure to contaminants 

at Gaspee Point during the spawning season. A similar migratory pattern 

was assumed for Buzzards Bay fish. Growth, survival and contaminant 

residues were measured in the progeny of fish collected from the study areas. 

Eggs from New Bedford Harbor flounder contained significantly higher 

levels of PCB (39.6 ug!g dry weight), and larvae which hatched from these 

eggs, under clean laboratory conditions, were significantly smaller in 

length (2.96 mm) and weight (0.018 mg) than those from Fox Island fish 

(1.08 ug PCB/g dry wt., 3.22 mm, 0.022 mg). Linear regression analysis 

indicated a significant inverse relationship between PCB content of the 

eggs and length or weight at hatch. The adverse ecological consequence 

of small size at hatch is discussed. 

Key words: Pseudopleuronectes aaericanus, PCB, metals, hydrocarbons, 

reproduction, growth, larvae, New Bedford, fish tagging 
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Introduction 

Exposure to pollutants can affect individual fish directly or it 

may adversely impact succeeding ~enerations through bioaccumulation in 

ovarian eggs. This is particularly true for organic pollutants which 

have an affinity for lipids, a major component of fish eggs. These eggs 

may exhibit reduced fertilization or increased embryo and larval mortality, 

reduced growth and abnormal development may result: all may decrease the 

chances for survival of the population (Rosenthal and Alderdice 1976; 

Sprague 1971). Our research examines the eXDosure of adult winter flounder 

to polluted natural environments prior to spawning, and a possible impact 

of this eXDosure upon their progeny. 

Methods and Materials 

Study Areas (Fig. 1): Narragansett Bay, Rhode Island is characterized 

by a gradient of anthropogenic contamination. To the north the upper 

bay receives wastes from the industrialized city of Providence including 

effluents from sewage treatment plants, jewelry and plating industries, 

chemical manufacturing, and pollution from harbor activities. Scientific 

investigations have confirmed elevated levels of heavy metals (Phelps 

and Galloway 1980), petroleum hydrocarbons (Farrington and ~linn 1973; 

Van Vleet and Quinn 1977 and 1978), and polychlorinated biphenyls (PCB's) 

along with other chlorinated organic compounds (Lake et al. 1981; Lake 

unpublished) and polycyclic aromatic hydrocarbons (Lake et a1. 1979). 

Gaspee Point lies near the mouth of the Providence River and was selected 

as a study site because it typifies the polluted upper bay. The area is 
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permanently closed to shellfishing and commercial trawling for finfish. 

but it supports a population of winter flounder. Pseudopleuronectes 

americanus. and is sufficiently free of debris to allow sampling with a 

small otter trawl. 

To the south. Narragansett Bay boasts high water quality (Phelps 

and Galloway 1980) and productive commercial fisheries. Selected as a 

"clean" study area. Fox Island lies in the lower bay and waters adjacent 

to it support a population of winter flounder. 

New Bedford Harbor. located in Buzzards Bay. lies east of Narragansett 

Bay along the southern coast of Massachusetts and was selected as a study 

area heavily impacted by man's industrial activities. New Bedford is 

noted for its severe PCB pollution problem and the extent of contamination 

is sufficient to place it on the U.S. Environmental Protection Agency's 

Superfund list of hazardous sites. PCBs were discharged into New Bedford 

Harbor via the Acushnet River. as well as into Buzzards Bay. through the 

New Bedford wastewater treatment plant at Clarks Point from 1947 to 1978 

(Weaver 1984). PCB contamination from the harbor spread to other areas 

of the bay and led to closures in 1979 of shellfish. including lobster, 

and f inf ish ing grounds in Buzzards Bay. The harbor is also a source of 

heavy metal contamination resulting from an 80 year history of industrial 

discharges. Copper. chromium and zinc are the major pollutants. but 

silver. cadmium and lead are also present at elevated levels (Stoffers et 

ale 1977). 

Sediment samples outstde of New Bedford harbor in other areas of 

Buzzards Bay have high levels of PCB's and metals indicating the gradual 

spread of contaminants (Stoffers et ale 1977; Weaver 1984). The mouth 
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of Apponaganset Bay was chosen as an impacted area of lesser contamination 

within Buzzards Bay. 

Tag and Recapture Study: A tag and recapture study was conducted to 

ascertain the migratory habits of winter flounder. This study was confined 

to Narragansett Bay, at Fox Island and Gaspee Point, because we relied 

upon commercial and sport fisherman for tag returns, and the Buzzards Bay 

study areas are closed to fishing. ApprOXimately 500 fish were captured 

by otter trawl, tagged and released at each station during March and April. 

The total length and sex of each fish were recorded. Peterson disk tags 

were used and a reward was offered for their return. The study was 

advertised by poster in local bait shops and commercial fishing operations. 

When a tag was returned, information on date, place, method of recapture 

and total length was requested. 

Egg and Larval Rearing: In March of 1979, mature winter flounder 

were collected by otter trawl at Gaspee Point and Fox Island in Narragansett 

Bay, and in March 1981 similar collections were made at Fox Island and the 

two Buzzards Bay stations, New Bedford Harbor and Apponagansett Bay. Fish 

were transported in large polyethylene garbage cans filled with seawater 

from the collection site, then held at the laboratory in flowing unfilt

ered Narragansett Bay water at ambient temperature (5-10°C) until they 

spawned. 

To induce spawning, injections of carp pituitary were administered 

following the procedure of Smigielski (1975) and all fish spawned within 

one week in 1979 and 17 days in 1981. When ready to spawn, total length 

of the female was measured and her eggs were stripped into a Nitex 1 

1 Mention of trade names or commercial products does not constitute 

endorsement or recommendation for use by the U.S. Environmental Protection 

Agency. 
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screen (500 microns) basket, fertilized with a mixture of sperm from 

three Fox Island males and coated with diatomaceous earth to prevent 

clumping following the procedure of Smigielski and Arnold (1972). The 

eggs were rinsed thoroughly and the basket placed in a black polyethylene 

rearing tank (14 x 30 x 15 cm) containing six liters of filtered, UV 

treated sea water with 25 ppm penicillin and 25 ppm streptomycin added 

to retarrl hacterial growth. An air stone provided water circulation 

around the eggs. Each rearing tank contained eggs from only one female 

and was considered to be a replicate. Thus, in 1979, there were eleven 

Gaspee Point and four fox Island replicates. ~imilarly, in 1981, there 

were ten New Bedford Harbor, three Apponagansett Bay and nine Fox Island 

replicates. 

After hatch, which occurred within 11 days, two hundred larvae 

from each replicate were transferred by pipette to clean black polyethylene 

rearing tanks containing six liters of sea water treated as previously 

Aescribed. Again, each rearing tank contained larvae from only one female. 

The larval rearing methods were similar to Klein-MacPhee et al. (1980). 

with the exception that in lQAl, a diet of laboratory cultured rotifers 

(Brachionus plicatilis) was used, instead of a rotifer and wild plankton 

mixture, until the larvae were large enou~h to ingest Artemia naupl!!. 

Throughout both year's experiments a temperature of 8 + l°e was maintaine~ 

by floating the rearing tanks in a chilled water bath. Salinity of the 

rearing water ranged from 28-32 ppt and the light regime was 12 hr. light! 

12 hr. dark. 

Biological Measurements: A suite of biological variables were 

measured during egg incubation and larval rearing. Percent fertilization, 

indicated by appearance of the perivitelline space, was measured within 
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30 minutes after spawning. Percent survival of the embryos was measured 

one day prior to hatch. At hatch, the total length of 20 individuals from 

each group was measured. After eight weeks, survival and percent metamorphosis 

were recorded. The total length and dry weight of each survivor was determined 

as follows: After length was measured, the larva was rinsed three times with 

ammonium formate solution to remove the salt water, placed on a tared 

aluminum pan, dried at 90°C for 24 hours, cooled in a desicator, and weighed 

on a Perkin-Elmer microbalance. In the 1981 experiments, dry weight of 

newly-hatched larvae was determined from five groups of five individuals 

using the method described above. 

Chemical Analyses: Prior to fertilization, egg samples from individual 

females were collected for chemical residue analyses. Samples for metals 

analysis were frozen in polyethylene bags. Samples for organic analysis 

were frozen in aluminum foil covered glass jars that had been combusted at 

450°C for six hours to remove organic contaminants. 

For determination of petroleum hydrocarbons in 1979, samples were 

thawed, then extracted as outlined in Dimock et a1. (1980). The first 

fraction (F1) obtained from this column contained the aliphatic material; 

the second fraction (F2) contained aromatic compounds. Naturally occurring 

olefinic compounds may be present in both fractions. Each fraction was 

volume reduced and analyzed on a 20 m SE-54 glass capillary column with a 

Hewlett-Packard 5840A gas chromatograph and flame ionization detection. 

Eggs from the 1981 exper~ents were analyzed for PCBs using routine 

procedures described in Lake et ale (1985). The samples were extracted 

with a polytron and organic solvents, separated by column chromatography 

with silicic acid and analyzed by electron capture detection glass 

cap il1ary column chromatography. PCB's were analysed and qUiSlIJ.: if ied as 
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Aroc10r 1254. 

Trace metal analyses were performed on both 1979 & 1981 f ish egg 

samples. Routine sample preparation included oven drying and concentrated 

nitric acid digestion and yielded 50 ml samples in 5% nitric acid solutions. 

Copper, iron, zinc, nickel, chromium, cadmium and lead concentrations 

were determined by flame atomization atomic absorption (AA) with a Perkin

Elmer (model 603) atomic absorption spectrophotometer. The AA instrument 

was equipped with 02 arc background correction and was calibrated before, 

during and after each set of samples for a given element. The instrument 

setup procedures for the flame AA determinations were in accordance with 

procedures descr ibed in "Methods for Chemical Analys is of Water and 

Wastes," (U.S. EPA 1979) and are also found in the manufacturer's reference 

manuals. 

Statistical Methods: Other research has shown that both the size 

of the adult female and the use of pituitary hormone injections to induce 

spawning can affect the biological responses and chemical residues that 

were measured in our study. For example, positive correlations between 

PCB's, as well as other organochlorines, and body weight have been found 

in lake trout and gurnards (Bache et al. 1972; Ernst et al. 1976). For 

both striped bass and herring, positive correlations have been found 

between adult size and egg size, wh ich in turn may increase larval sur

vival (Rogers and Westin 1981; Blaxter and Hemple 1963). The literature 

cit ing effects of p itu itary hormone inj ect ions on progeny v iab 11 tty is 

conflicting. Some investigators report production of inferior gametes 

after induced spawning, while others report good fertilization, viable 

hatch, and normal larvae (Clemens and Sneed 1962; Smigielski 1975). 

Because of this evidence, and since the adult size and the number of hor·· 
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mone injections administered varied in our study, any relationship that 

existed between these adult variables and the embryo-larval variables 

should be considered. Therefore, an analysis of covariance, using adult 

length and number of hormone injections as covariates, was performed on 

the biological and chemical variables to determine if any significant 

(a - 0.05) differences existed among the sampling stations. Where one 

or both covariates had a significant relation with the dependent vari

able, adjusted means were calculated and differences among the adjusted 

means were tested using a Least Square Means pairwise comparison test. 

The arcsin IP transformation was applied to percentage variables to 

stabilize the variances; 1981 PCB data was log transformed. Due to 

small changes in experimetal method, each year was considered a separate 

data set and no between year comparisons were made. The relationship 

between PCB concentration (untransformed) in the eggs and subsequent 

larval length and weight at hatch was examined using linear regression 

analysis. 

Results 

Tag and Recapture Study: Of the 997 fish tagged, 196 tags (20%) 

were returned. Table 1 and Figures 2,3, and 4 present the tag and 

recapture data. The yearly migration pattern for winter flounder tagged 

at each study area during March and April 1980 was determined from fish 

recaptured in 1980, 1981 and 1982. By summer (June - September) most 

fish had moved off the spawning grounds, with Gaspee Point fish concentrating 

in the lower bay and Fox Island fish moving offshore, although individuals 

from both populations were recaptured in areas offshore of Cape Cod, 
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Nantucket and Martha's Vinyard. In the fall and winter (October 

February) the fish migrated back into Narragansett Bay and began to be 

recaptured near the spawning areas again. In the spring (March - May) the 

majority of fish were recaptured on the spawning grounds where they were 

originally tagged and released, although some dispersion of both population 

occurred near Prudence Island, between Conanicut Island and Aquidneck 

Island, and at the mouth of the bay. It is probable that flounder return 

to the spawning areas earlier than March; however, tag returns during the 

winter were few, due to declining fishing effort during cold weather. 

This is especially true at Gaspee Point, since commercial trawling is 

prohibited in the upper bay and recaptures from that area were solely by 

sport fishe-rman. 

The migratory pattern revealed by recaptured fish shows that during 

the spring spawning season, Gaspee Point and Fox Island support distinct 

groups of winter flounder which return to their respective spawning 

grounds in subsequent years. It is during this season when body reserves 

are low due to harsh winter conditions and stress of spawning that the 

Gaspee Point group would be exposed to upper bay contamination. During 

the remainder of the year, these fish mix with the Fox Island group and 

reside in the relatively clean lower bay and offshore areas. There is no 

evidence that Fox Island fish move into the Providence River. 

Egg and Larval Rearing: In 1981, significant covariate relations 

were found between adult length and percent fertilization, larval survival, 

length at hatch, weight at hatch, final weight, copper concentration in 

the eggs, and PCB concentration in the eggs. The number of hormone 

injections administered prior to spawning was related to embryo survival 
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and iron concentration. No covariate relations were found for percent 

metamorphosis, final length, and zinc concentration. In 1979, a significant 

covariate relation was found between adult length and larval survival, 

copper, zinc and iron concentrations. 

Tables 2 and 3 present mean values, adjusted for significant covari

ation, and station comparisons of each biological response and chemical 

residue. In 1979, significant differences between stations were found 

in total hydrocarbon and F1 fraction hydrocarbon residues in the eggs; 

however, no inter-station differences were observed in the biological 

variables. Due to this lack of response, adult fish were collected in 1981 

from two stations, New Bedford Harbor and Apponagansett Bay, in Buzzards 

Bay, Massachusetts, which is known to be more contaminated than Narragansett 

Bay. At the same time, another collection was made at Fox Island for compar

ison. Significant inter-station differences were observed in the PCB residues 

of these eggs, with New Bedford Harbor (39.6 ug/g dry wt.) being the most 

contaminated and significantly different from Fox Island (1.08 ug/g), 

the least contaminated. Apponagansett Bay eggs (15.7 ug/g) were intermediate 

in PCB content, but not significantly different from New Bedford Harbor eggs. 

No differences between stations were found for metal residues. Two biological 

variables, length and weight at hatch, revealed station differences which 

varied inversely with the amount of PCB found in the eggs. Newly-hatched 

larvae from New Bedford Harbor females were 0.2 am (6%) smaller in length 

and 0.004 mg (18%) saaller in weight than larvae from Fox Island. 

Larvae from Apponagansett Bay females were intermediate in size and not 

significantly different froa either Fox Island or New Bedford Harbor progeny. 

Linear regreSSion analysis of data fro. all sites indicated a significant 
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inverse relationship between PCB content of the eggs and length or weight 

at hatch (Figure 5 and Table 4). Inter-station differences which did not 

correspond to contaminant residue levels were found for percent fertiliza

tion and will be discussed below. Nickel, chromium, cadmium, and lead 

were measured in the eggs, but for both years, residues were below the 

detection level of the methodology. Approximate detection limits were 

2.5, 2.5, 0.8 and 1.7 ug/g, respectively. 
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Table 1. Data on winter flounder tagged at two stations in Narragansett 

Bay, R.I. 

Gaspee Pt 	 Fox Is 

No. 	 Tagged 498 499 

Male 113 ( 23%) 205 (41%) 

Female 383 (77%) 292 (59%) 

Unknown 2 «1 %) 2 ( <1%) 

No. 	 Recaptured 85 (17%) III (22%) 

Male 17 (20%) 52 (47%) 

Female 68 (80%) 59 (53%) 

Recapture Method 

Otter trawl 59 (70%) 101 (91%) 

Rod and reel 19 (22%) 3 ( 1%) 

Spear fishing 0 ( 0%) 1 ( 1%) 

Unknown 7 ( 8%) 6 ( 5% ) 

Length at tagging 

Mean(range) 26.5 (18.8-44.6) cm 28.7 (19.0-45.9) cm 

Length of recaptures 

Mean( range) 29.0 (19.8-44.7) em 30.3 (18.4-44.0) em 
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Table 2: Adjusted mean values with standard errors and significant station 

~ifferences for winter flounder embryo-larval biological responses, based 

on results of Analysis of covariance (AOr.ou ). 

lQ7C! 19B1 

Biological Stationa N Mean AOCOVb Station N Mean AOCOV 

~esponse (Standard (Standard 

Error) -'::rror) 

Pe rcent 
Fertilization 

FI 
GP 

3 
11 

87.3 
95.2 

(2.9) 
(2.F.) 

a 
a 

PI 
AS 
NS 

9 
3 

10 

99.0 
80.2 
9B.5 

(1.1 ) 
06.0) 
(I. 3) 

a 
b 
a 

Percent 
F.mbryo Survival 

FI 
GP 

4 
11 

85.0 
82.4 

(4.8) 
(6.6) 

a 
a 

PI 
A8 
NB 

9 
3 

10 

R4.1 
72.7 
88.B 

(4.3) 
(17.0) 
(9.4) 

a 
a 
a 

Percent 
Larval Survival 

Fl 
GP 

4 
11 

10.2 (2.9) 
8.1 (1.6) 

a 
a 

PI 
AB 
NB 

9 
3 

10 

16.5 
1B.3 
17.6 

(2.6) 
(4.9) 
(5.R) 

a 
a 
a 

'Percent 
Metamorphosis 

FI 
GP 

4 
10 

43.3 
32.7 

(R. 5) 
(7.0) 

a 
a 

Fl 
AS 
NB 

9 
3 
9 

1~.8 0.7) 
41.1) ( J .5) 
21.3 (4.5) 

a 
a 
a 

Length 
(mm) 

at Hatch PI 
GP 

4 
11 

3.11 
3.17 

(0.13) 
(n.12) 

a 
a 

FI 
AB 
NB 

9 
) 

10 

3.22 
3.08 
7..96 

(1).05) 
(0.11) 
(0.05) 

a 
ab 
b 

Weight 
(mg) 

at Hatch (not measured) PI 
AB 
NB 

9 
3 

10 

0.022 (0.001) 
0.020 (0.002) 
O.OIB (O.O('q) 

a 
ab 
b 

Pinal Length 
(mill) 

FI 
GP 

4 
10 

8.38 (0.31) 
7.92 (O.IS) 

a 
a 

Fl 
AB 
NB 

9 
3 
9 

~ .03 
8.57 
8.10 

(n.14) 
(0.03) 
(0.10) 

a 
a 
a 

(continued) 
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Table 2. (continued) 

Final Weight Fl 4 0.728 (0.147) a FI 9 0.573 (0.037) a 
(mg) GP 8 0.562 (0.165) a AB 3 0.749 (0.079) a 

NB 9 0.536 (0.037) a 

a Station code: Fox Island - Fl, Gaspee Point - GP, Apponagansett Bay - AB, 
New Bedford Harbor - NB. 

b Values with different letters are significantly different (a - .05). No 

between year comparisons were made. 
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Table 3. Adjusted mean values with standard errors and significant 

differences for chemical residues in freshly-spawned winter flounder 

eggs, based on results of the analysis of covariance. 

1979 1981 


Chemical a Stationb N Mean AOCOVc Station N Mean AOCOVc 

Residue (Standard (Standard 

(ug/g dry wt.) Error) Error) 

PCB (not measured) FI 
AB 
NB 

9 
3 
8 

1.08 (0.24) 
15.7 (7.5) 
39.6 (8.6) 

a 
b 
b 

Total 
Hydrocarbons 

FI 
GP 

4 
11 

3.63 
9.77 

(1.02) 
(1.04) 

a 
b 

(not measured) 

Fl (Aliphatic) 
Hydrocarbons 

FI 
GP 

4 
11 

2.50 (0.82) 
7.95 (0.90) 

a 
b 

(not measured) 

F2 (Aromatic) 
Hydrocarbons 

FI 
GP 

4 
11 

1.13 (0.22) 
1.83 (0.24) 

a 
a 

(not measured) 

Copper GP 
FI 

4 
11 

2.56 (0.29) 
2.43 (0.17) 

a 
a 

FI 
AB 
NB 

9 
3 

10 

2.20 (0.37) 
3.48 (0.78) 
3.20 (0.36) 

a 
a 
a 

Zinc FI 
GP 

4 
11 

67.4 
62.4 

(5.2) 
(3.1) 

a 
a 

FI 
AB 
NB 

9 
3 

10 

60.6 (2.6) 
59.2 (0.9) 
64.7 (2.5) 

a 
a 
a 

Iron FI 
GP 

4 
11 

14.2 
12.9 

(1. 5) 
(0.9) 

a 
a 

FI 
AB 
NB 

9 
3 

10 

16.9 ( 1.0) 
17.0 (3.0) 
17.6 (1.0) 

a 
a 
a 

a Wet weight/dry weight ratio is 5.79. 

b Station code: Fox Island - FI; Gaspee Point - GP; Apponagansett Bay 
AB; New Bedford Harbor - NB. 

c Values with different letters are significantly different (a - 0.05). 
No between year comparisons were made. 
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Table 4. Results of linear regression analysis of PCB content of eggs 

and larval size. 

Weight at hatch Length at hatch 

PCB content P 0.0089 0.0232 
of eggs r -0.57 -0.50 
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DISCUSSION 


Migratory habits 

Fish are mobile and often migratory organisms; therefore, when making 

inferences about exposure of wild fish, one MUst be confident that the 

sample population is indeed exposed to the contaminated environment under 

study. Fish movement may be restricted by physical barriers such as a 

fresh water lake or confinement to cages, or as with winter flounder, 

behavioral characteristics may limit movement. Sai1a (1961) showed by 

tag and recapture studies that winter flounder from Green Hill Pond, 

Rhode Island are dispersed in cooler offshore waters during the summer 

(June to November) but reassemble to spawn in Green Hill Pond during the 

winter (November to June). The present study confirmed this homing 

behavior for flounder in Narragansett Bay, verifying that exposure to 

contamination at Gaspee Point occurs at least during March through May 

and possibly earlier. It is assumed that similar migration occurs at the 

Buzzards Bay study areas. 

The idea that contaminant bioaccumu1ation in adult fish would adversely 

affect their progeny is not new, and a review of this research, including 

effects of PCB's, DDT and heavy metals, is given by Westernhagen et ale 

(1981). In our study, the PCB content of eggs from the Buzzards Bay 

stations was significantly higher than that of Fox Island eggs and corre

sponding station differences were observed in larval size at hatch; 

that is, eggs from New Bedford Harbor with high PCB residues produced 

newly-hatched larvae that were smaller in length and weight than Fox 

Island larvae. Upon further examination of this inverse relation, signif

icant linear correlations were found between PCB content and larval size 
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parameters. Whether a cause and effect relationship exists is unknown, 

since it is very possible that other contaminants covarying with PCBs 

could produce the response. As these larvae grew to metamorphosis, in 

clean water free of predators and fed a diet known to support larval 

development, the station differences disappeared. Such recovery may be 

due to biotransformation and detoxification of contaminants via mixed

function oxidase (MFO) enzyme systems known to exist in embryos of some 

teleost species (Binder and Stegeman 1980). 

To the authors' knowledge only one other study has examined the 

relationship between PCB content of eggs and larval growth. Westin et al. 

(1983) obtained eggs with different PCB residues from Hudson River striped 

bass (Morone saxatilis) and fed the hatched larvae diets differing in PCB 

content. After comparing the various treatments, they concluded that 

inherited and dietary PCB concentrations do not affect larval growth and 

survival 20 days after yolk sac absorption. If comparisons of larval 

size were made only at metamorphosis, which occurs several weeks after 

yolk sac absorption in winter flounder, our data would support a similar 

conclusion about inherited PCB residue. Westin et al. (1983) did not 

measure size at hatch, but they did observe retarded initial growth, at 

10 days after yolk sac absorption, which they attributed to an experimental 

design that delayed feeding until yolk sac absorption was complete. Our 

data suggest that the influence of inherited PCB residue might also have 

contributed to the retarded growth. 

For a larval fish, the consequence of smaller size at hatch may be 

severe, since the best survival strategy is rapid growth (Ware 1975; 

Marr 1956; Cushing 1974). Small larvae are inefficient predators and at 
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the same time more vulnerable to predation due to reduced visual and 

swimming ability. The high metabolic cost of inefficient prey capture 

reduces the energy available for growth, and due to a rudimentary digestive 

tract, they have inefficient digestion as well. In addition, small 

larvae have less yolk reserves to sustain them during the critical tran

sition to exogenous feeding when prey capture behavior must be learned 

(Lawrence 1977; Blaxter and Hemple 1963). Recently Logan (1985) developed 

a size dependent mortality model for young fish which accurately predicted 

the numerical decline of the 1975 cohort of Hudson River striped bass. 

According to his model, the greatest decrease in population size is 

caused by reductions in growth rate, length at hatch, and number of 

larvae at hatch, in the order of the magnitude of their effect. Recruit

ment is linearly related to the parental stock or number of eggs or 

larvae and exponentially related to growth or size. Logan states that 

"environmental factors affecting survival rate through size could more 

strongly influence year class strength than initial number, which affects 

the subsequent population size directly but has little or no influence 

on survival rate." His model may be applicable to other estuarine and 

marine species such as winter flounder, although this has not been demon

strated. 

In the present st~y, no significant differences were found in 

embryo survival, larval survival or percent .etaaorphosis, and although 

Apponagansett Bay eggs had a significantly lower percent fertilization 

than the other groups, it was the result of exceptionally low fertilization 

(51%) of eggs from one female, and whether the sample is representative 

of the entire Apponagansett Bay population is unknown. The lack of effects 
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on survival and fertilization Is similar to Hansen et ale (1975) who found 

that water column exposure of adult sheepshead minnows (Cyprinodon variegatus) 

to PCB (Aroclor 1016) resulted in accumulation of up to 77 ug/g (wet 

weight) in the eggs with no apparent effect on fertilization success, 

embryo survival, or fry survival to two weeks post hatch. In contrast, 

most other research has indicated detrimental influence of PCB's on these 

biological variables. For example, sheepshead minnow eggs with Aroclor 

1254 levels greater than 7 uglg exhibited decreased embryo survival to 

hatch and decreased fry survival one week post hatch (Hansen et al. 1973). 

In a study similar in design to ours, Westernhagen et al. (1981) observed 

consistently reduced viable hatch of progeny from Baltic flounder 

(Platlchthys flesus) whose ovarian PCB content exceeded 120 nglg (wet 

weight). Hogan and Brauhn (1975) found 75% mortality in hatchery-reared 

rainbow trout containing 2800 nglg (wet weight) PCB compared to the 

previous years' 10-28% mortality in trout eggs with PCB content ranging 

from 310-1300 ng/g. Bengtsson (1980) found significantly reduced and 

delayed spawning activity of adult minnows (Phoxinus phoxinus) fed PCB 

contaminated diets, as well as reduced and premature hatching of their 

progeny. 

The only route of exposure examined in this study was inherited 

contaaination from adult exposure to a polluted natural environment during 

oocyte ..turation. The resulting progeny were reared under clean labora

tory conditions and the observed response in the 80st contaminated group, 

New Bedford Harbor, was smaller size at hatch. Eight weeks later, at 

metamorphosis, compensatory growth had eliminated the significant differ

ences between New Bedford Harbor and Fox Island fish. In the absence of 
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predators and under the good water quality and nutritional conditions 

provided in the laboratory, these larvae were able to compensate for the 

initial retarded growth; however, the fate of larvae in New Bedford 

Harbor where contaminant exposure would continue throughout development 

is unknown. 
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Figure legends 

Figure 1. 	 Study areas in Narragansett Bay, RI, and Buzzards Bay, MA, 

where mature adult winter flounder were collected. 

Figure 2. 	 March - May recapture locations of winter flounder tagged and 

released at Gaspee Point and Fox Island in Narragansett Bay, 

RI. Each symbol represents one return unless indicated by an 

inscribed number. 

Figure 3. 	 June - September winter flounder recapture locations. 

Figure 4. 	 October - February winter flounder recapture locations. 

Figure 5. 	 Relationship between PCB concentration in winter flounder 

eggs and the larval length and weight at hatch. 
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ABSTRA CT: Winter flounder PseudopieUfOnecte americanu5 collected at se lected locations in Long 
Island Sound (LIS), New York, and arragansett Bay (NB), Rhode Isla nd, USA, were spawned in the 
laboratory and the larvae reared for a month after hatching. In 1987 the average size of yolk-sac larvae 
varied wid ely among locatio ns. Moreover, a direct corre la tion was observed be tween size of yolk-sac 
larvae and survival for the first month of life. Fish from B produced the sma llest la rvae with the lowest 
survival rate. The Madison site lD LIS produ ced the largest yo lk-sac larvae wi th the hIghest survival 
rate Size and biochemical compositIOn (~lg larva I) of yolk-sac larvae were correlated. Dry weight and 
RNA content were the best predictors of surviva l pote ntial among the var iab les considered (protein, 
DNA , lipid content. and RNA/D A ratio) . In 1988 litti f' difference was observe d in viable hatch or 
weight of yolk-sac larvae among locations. While no significant difference in larval survival was 
observed between NB and LIS fish, survival was higher in the Madison group th an the Morris Cove 
group from LIS . These data suggest that when differences in size among newly hatched larvae are 
sufficiently large, survival potential can be affected . 

INTRODUCTION 

Tempera te marine fishes typically produce large 
numbers (thousands to millions) of small eggs (micro
grams to milligrams dry weight). Survival through the 
embryonic and larval periods is low, frequently on the 
order of a few percent or less. Small changes in mortal
ity ra tes during the early life stages can result in large 
and unpredictable changes in fish population abun
dance (Cushing 1975, Hunter 1981. Houde 1987), 

Two potential contributors to differences in survival 
potential of individual eggs and larvae are size and 
biochemical composition. The embryos of most ovipar
ous fishes are dependent upon material deposited in 
the developing oocyte to supply substrates for energy 
production and growth during the period from ovula
tion to initiation of feeding, Since a spawning fish has a 
finite amount of energy and metabolites to devote to 
reproduction, a balance must be achieved between size 
(mass) of an individual egg and the total number of 

'9 Inter-Research/Printe d in e rman y 

eggs produced (Tanasichuk & Ware 1987). While it is 
generally believed that larger larvae have a survival 
advantage over smaller larvae, direct experimental evi
dence supporting this assumption is limited (von West
ernhagen 1988). 

The winter flounder Pseudopleuronectes ame,icanus 
is an important resource species found off the northeast 
coast of North America. The population consists of 
numerous local stocks that spawn demersal. adhesive 
eggs in the different estuaries. bays and offshore banks 
along the coast (Perlmutter 1947, Saila 1961), Spawn
ing extends from late winter through early spring. After 
spawning, adults may move offshore to deeper, cooler 
water but return to the spawning estuary in the fall 
with a high degree of consistency. 

This study was undertaken to examine the variability 
in size, composition, and survival potential of winter 
flounder Pseudopleumnectes ameTicanus larvae from 
different spawning sites. and the relations among these 
variables. Collection locations were selected to include 

0171-8630/91/0074/0117/$ 03.00 
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a wide range of urbanization and anthropogenic con
tamination (Nelson et al. 1991). We determined the size 
(standard length and dry weight) and chemical com
position of winter flounder larvae just prior to feeding 
initiation and related these data to their survival for the 
first month of life under standard rearing conditions. In 
a companion study (Buckley et al. 1991) we exammed 
the factors affecting egg size and fecundity of winter 
flounder spawning at a smgle location over the spawn
ing season. This work is part of a larger study on the 
effects of environmental and parental factors on the 
size, biochemical composition, and survival potential of 
winter flounder eggs and larvae. 

METHODS 

Adult winter flounder Pseudopieuronectes amen
canus from Long Island Sound (LIS), New York. USA, 
were collected with an otter trawl in February 1987 and 
again in February 1988, and transported live to the 
NMFS Milford Laboratory, Milford, Connecticut (Nel
son et al. 1991). Collection sites were Hempstead, New 
York; Shoreham, New York; Morris Cove, Connecticut; 
and Madison, Connecticut (Fig. 1). Fish were held for 

CONN 

50 100 150 200 
KILOMETERS 

Fig. 1. Collection si tes in Long Island Sound and Narragansett 

Bay, USA . (1) Hempstead, (2) Shoreham, (3) Morris Cove, (4) 

Madison, (5) lower West Passage Narragansett Bay, (6) upper 


Narragansett Bay 


up to 4 wk in running seawater at ambient temperature 
(1.0 to 4.7 0c) until ripe. Fish were spawned between 23 
February and 20 March 1987 (ambient temperature 1.7 
to 4.7 0c) and between 9 February and 12 March 1988 
(ambient temperature 1.7 to 4.4 °C). Eggs were 
str.ipped, fertilized, and coated with diatomaceous 
earth according to techniques developed by Smigielski 
& Arnold (1972). Fertilized eggs were transferred to 
Nitex' mesh baskets and incubated in flowing sea
water at ambient temperature until transported to the 

. 	Re ference to trade names does not imply endorsement by 
the United States Government 

NMFs Narragansett Laboratory usually within 2 d of 
spawning. Upon arrival at the Narragansett Labora
tory, embryos were acclimated to either 7°C (1987) or 
5°C (1988) at the rate of 1°C per 6 h . 

Adult Pseudopieuronectes american us, caught in the 
lower West Passage of Narragansett Bay (NBJ. Rhode 
Island, on 9 March 1987, spawned between 10 and 20 
March 1987. Fish caught at this site on 11 March 1988 
spawned between 12 and 17 March. In 1988 several 
collections of adult winter flounder were made in upper 
NB between January and March (Buckley et al. 1991). 
Only upper NB fish spawning between 13 February 
and 18 March were used for comparison with other 
locations, since these dates encompassed the spawning 
dates for the other areas . Fish were transported to the 
Narragansett Laboratory and held in flowing seawater 
at ambient temperature « 8.0°C). Most fish spawned 
within 4 wk of capture . Eggs were stripped and han
dled as described for LIS fish except that embryos were 
incubated in a constant-temperature room at 7 °C in 
1987 and 5°C in 1988. During the 1988 spawning 
season fertilization and hatch rates were determined as 
described in Buckley et al. (1991). 

Within 3 d after hatching, duplicate groups of 100 
larvae each were transferred to 36 1 glass tanks covered 
on 4 s.ides with black plastic and set in a constant
temperature room maintained at 7 °C. Tanks contained 
filtered seawater to which 1 1 of a dense culture of the 
unicellular alga Tetraseimis sp. had been added. Tanks 
were gently aerated and salinities maintained between 
28 and 30.5 %0. When the larvae were first judged 
capable of feeding, generally on Day 3, any dead 
larvae were replaced. 

In 1987 larvae were fed cultured rotifers (Brachionus 
plicatiiis) and wild plankton at concentrations of 500 
rotifers and 500 wild plankters I-I. Rotifers were mass 
cultured on the alga Tetraseimis sp. Zooplankters were 
collected in the Narragansett Bay area using 55 and 
110 !-lm mesh plankton nets. Only the portion passing 
through a 210 ~lm mesh was used. This fraction con
sisted of copepod nauplii, copepodites, and adults in 
addition to rotifers. Plankton densities were adjusted 
6 d wk -1 back up to 500 rotifers and 500 wild plankters 
I-I Counts of prey items were made on duplicate 50 ml 
samples concentrated with a 55 !-lm Nitex screen prior 
to counting. 

In 1988 larvae were fed cultured rotifers (Brachionus 
pJicatilis) at the rate of 2000 rotifers I -I d- I After estab
lishing the density of a rotifer culture, a volume corre
sponding to 72 000 rotifers was concentrated on a sieve 
and added to each tank 6 d w k -l No wild plankton 
was added and prey counts were not made on the tanks 
holding the larvae in 1988 

The feeding regime was changed from the earlier 
protocol in an attempt to raise overall survival rates and 
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Table 1 Pseudopieumnecles american us. Dry weight and biochemical composition of yolk-sac winter [lounder larvae produced 
by adults collected in Narragansett Bay and Long Island Sound, USA, during the 1987 spawning season. Values are means ± 1 
SD . In each row , values with a letter in common are not significantly diHerent (ANOVA, Tukey test, p s; 0.05, SAS Institute Inc . 

1985) . See Fig 1 for site locations 

Site 

Ma dison Hempstead Shoreham Morris Cove Narrangansett Bay 

n 6 9 
Weight (JIg) 31.9±2.7a 29.4 ::: 3.2 a , b 
R ' A (~lg larva - I) 1.46 ± 015a 1.37 ± 0.19a, b 
DNA (fIg larva - I) 0.44 ± 0.04 a 0.42 ± 0.04 a , b 
Protein (fIg larva - I) 17 .9 ± 2.4 a 18.4 ± 2.6 a 
Lipid (fIg larva - I) 4.29 ± 0.63 a 4.56 ± 0.51 a 
RNA/DNA 3.35±0.17a 3.26±0.19a 

to facilitate work with larvae from the large number of 
fish spawned during the 1988 season. In 1987 the wild 
plankton was observed feeding on the rotifers and 
there was some concern that survival of the youngest 
larvae may have been limited by the availability of 
sufficiently small prey items. Larval survival rates , 
however, were very similar between years. Because of 
the changes in the feeding regime and differences in 
the spawning schedule, no direct comparisons of 
growth and survival rates were made between years. 

After 28 d the tanks were drained and the survivors 
counted, measured, and weighed . Any physical abnor
malities were noted at this time. 

Initial samples for determination of standard length, 
dry weight and chemical analysis were taken 3 dafter 
hatching from stock tanks from which the experimental 
larvae were removed. Standard lengths were measured 
on live unpreserved specimens with a filar micrometer 
in a dissecting microscope. Larvae were rinsed in dis
tilled water, pipetted onto a plastic petri dish, freeze 
dried and weighed to the nearest 0.1 ~lg on a Cahn 
automatic electrobalance . During the 1987 spawning 
season, 3 groups of 50 yolk-sac larvae each were 
homogenized in 2.0 ml of ice -cold distilled water 
using an STD Tissumizer mechanical high-frequency 
homogenizer. Subsamples of 1.4, 0.075 and 0.4 ml of 
homogenate were used for analysis of nucleic acids, 
protein and lipid content, respectively. Nucleic acids 
and protein were determined as described in Buckley 
(1979). Total lipid content was determined using the 
sulphophosphovanillin method (Barnes & Blackstone 
1973). Chemical analysis was not performed on larvae 
from the 1988 spawning season. 

Data analysis was done using SAS System software 
for personal computers (SAS Institute Inc. 1985) . 
Square root transformation was applied to percent sur
vival values [(survival +0.5) 'I, I and arcsine transforma
tion applied to fertilization and viable hatch rates [arc
sine(%!100) 'hI prior to analysis of variance and regres
sion analysis (Steel & Torrie 1960) 

5 7 6 
24.8 _ 4.5 b, c 26 .7 ± 4.1 a, b 20.2±3.5c 
1.27 ± 0.15a , b 1.35 ± 0.19a, b 1.11 ± 0.13b 
0.40 ± 0.04 a, b 0.42 .:: 0.05 a, b 0.36 ± 0.02 b 
14 .2 ± 2.9 a 16.6 ± 3.0a 14.0 ± 2.0 a 
3.95 ± 0.53 a, b 4.60 ± 077 a, b 3.95 ± 0.53 b 
3.20 ± 0.11 a 3.20 ± 023 a 3.05 ± 0.28 a 

RESULTS 

1987 spawning season 

Eggs were obtained from 7 females from lower NB 
(Site 5) and 29 females from 4 locations (Sites 1 to 4) 
in LIS (Fig. 1) . Fertilization and hatch rates of eggs 
stripped from LIS fish were variable, ranging from 78 to 
93 % and from 45 to 84 %, respecti vely (Nelson et al. 
1991) . Similar data are not available for Narragansett 
Bay fish in 1987. Significant differences (ANOVA, 
p :$ 0.05) were observed in the size and chemical com
position of newly hatched winter flounder larvae pro
duced by fish collected at the different locations (Table 
1) . Lower NB fish produced the smallest yolk-sac lar
vae, while fish collected at the Madison site in LIS 
produced the largest. 

Survival of PseudopleuIonectes americanus from all 
locations for the first month was low (mean 3 %, range 
o to 18 %) compared to other species of temperate 
marine fish reared in the laboratory (Buckley et al. 
1987) . Of the 5 locations studied, survival was lowest 
for fish from NB, where only 1 larva in 1400 survived for 
the 28 d duration of the experiment (Table 2). Among 

Table 2. Pseudopieumnectes american us. Survival of winter 
flounder for the first month of life during the 1987 spawning 
season. Values indicate number of females spawned (nJ, mean 
larval survival, and mean rank (Wilcoxon score, SAS Institute 
Inc. 1985) for a given site Mean ranks with a letter in common 
are not significantly different (p S; 0.05, Kruskal-Wallis test , 

SAS Institute Inc. 1985). See Fig . 1 for site locations 

Site n Survival Mean rank 

(%) 

Madison 6 6.00 25.4 a, b 
Hempstead 9 4 .83 26.9a 
Morris Cove 9 2.28 145 b, c 
Shoreham 5 1.50 152a,b,c 
Narragansett 7 0.07 9.2 c 
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LIS fish, those from Madison produced the highest 
percentage of surviving larvae (6.0 %), while fish from 
Shoreham produced the lowest (1.5 % ). Analysis of 
variance of rank scores indica ted significant differ
ences (p:s 0.05) in survival between NB fish and cer
tain of the LIS groups and between the Hempstead and 
Morris Cove sites in Long Island Sound (Table 2). Daily 
counts and removal of dead larvae, while not strictly 
quantitative, suggested that most of the mortality 
occurred during the second and third weeks. This cor
responds to the time of completion of yolk absorption 
and initiation of feeding at 7°C (Buckley 1982). The 
percentages of surviving larvae that were bent or 
otherwise malformed were: Hempstead 27 % , 
Shoreh am 20 %, Madison 8 %, and Morris Cove 2 % , 
Surviving larvae from Madison (6.85 mm standard 
leng th) were the largest afte r 1 mo of feeding (Table 3). 

Table 3. Pseudopleuronectes amencanU5. Mean length of 
survivors from the 1987 spawning season. Values indicate 
number of larvae measured (n) and mean standard length =1 
SD. "vlean lengths with a letter in common are not significantly 
different (ANOVA, Tukey test , p S 0. 05 , SAS Institute Inc. 
1985). Bent or deformed larvae were not included m the 

analysis. See Fig 1 for site lo cations 

Site n Standard length 


(mm) 


Madison 66 

Hempstead 63 

Shoreham 12 

Morris Cove 40 


significantly larger than larvae 

6.85 ± 0.94 a 
6.14 ± 0.90a, b 
6.06 ± 0. 75 b 

598 ± 1.48 b 


from Shoreham and 
Morris Cove (ANOVA. p:S 0.05). No evidence of com
pensatory growth was observd, as the rank order of 
larval size among spawning locations remained rela
ti vely unchanged between hatching and 1 mo of life. 

A plot of the mean survival of larva e from a given site 
against the mean weight of yolk-sac larvae from the 

same site showed a strong positive relation between 
these 2 variables (Fig . 2). When data from all locations 
were combined, significant co rrelations were observed 
among percentage survival (S % J, dry weigh t, and 
chemical content of larvae shortly after hatching (Table 
4). Dry weight of yolk-sac larvae was more highly 
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Fig. 2. Pseudopleuronectes american us. Relation between 
mean dry weight of yolk-sac larvae and survival for th e 
1987 spawning season. Points are means for collection sites. 
(1) Hempstec d, (2) Shoreham, (3) Morris Cove . (4) Madison, 

(5) lower \,Vest Passage l':arragansett Bay 

correlated with survival than was any single class of 
biomolecules. The relation between S% and dry weight 
(~tg) of yolk-sac larvae from individual females was 
described by the equation: 

(S% + 05)'" = (0.116 x weight) - 1.566, n = 3 1, r = 0.62 

Addition of the content of any single class of biomolecu
les to the regression model as a second independent 
variable removed very little of the unexplained variation 
in survival. 

1988 spawning season 

Embryos from a total of 23 fish caught at 2 locations 
in LIS (Madison and Morris Cove) were transported 

Table 4 . Pseudopleuronectes americanus. Correla tions among survival for fir st 4 wk of hfe , d ry wei ght , and biochemica l content 
l.ug larva -I) of winter flounder within 3 d of hatcrung . Values are correlation coetficients (r l tor the 1~87 spd wmng se ason. n - 3u. 

See Fig. 1 for site locations 

Survival Weight RNA D0JA Protein 

Surv ival 
We ight 0.56"' , 
RNA 0.43 " 0.74'" " 
D A 037 ' 0.73' , , 0.91 ' , , 
Protein 040" 0.72'" " 0.86 "' , 0.77" " 
Lipid 0.34 0.74 " , 0.83 "' , 0.75' , " 0. 85 '" , 
RNA/D , "A 0.32 046' , 0.70" , 0.35 O G4 '" , 0.60" , 

, p":005, " P ": 0.01, ""' P ":0.001 
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Table 5. Pseudopieuronectes american us. Size of yolk-sac larvae and viability of winter flounder spawned by fish from 

Narragansett Bay (NB) and Long Island Sound (LIS), USA, in 1988. Values are means ± 1 SD. In each column, values with a le tter 


in common are not statistically different (ANOVA. p:s; 0.05) 

Location No . of Female Spawning Initial larval Fertility Viable Survival! 
females length date weight hatch 

(mm) (Julian day) (g) (% ) (%) (%) 

Upper NB2 
Lower NB 
Madison, LIS 
Morris Cove, LIS 

16 
9 
9 

14 

319 ± 40 
336 ± 41 
288 ± 48 
315 ± 42 

51 ± 3 
74 ± 1 
68 ± 3 
51 ± 3 

29.7 ± 3.4 a 
25.6 ± 4.4 a 
27 .0 ± 4.8 a 
29.5 ± 4.5 a 

92.5 ± 10.6 a, b 
93 .1±I1.8a 
832 ± 8 .2 b, c 
794±130c 

71.7 ± 21.1 a 
84.0 ± 7.0 a 
75.8±I1.9a 
68.8 ± 17.2a 

2.6 ± 2.8a , b 
2. 9 ± 2.2a, b 
4.8 ± 4.3a 
1.4 ± 2.2b 

! Analysis of variance of rank scores 
2 Only females spawning between Julian Day 44 and 78 were used in this analysis 

from the Milford Laboratory to the Narragansett 
Laboratory within several days of spawning. Embryos 
were obtained from 9 females from lower NB. To 
minimize any effect of spawning time on the results, a 
subset (n = 16) of the fish spawned from upper NB was 
used for purposes of comparison with fish from lower 
NB and LIS. Only fish spawned between Julian Day 44 

and 78 were selected, corresponding to the range of 
spawning dates for the other locations. 

No significant difference (p 2: 0.05) among sites was 
observed in viable hatch rates or the weight of yolk-sac 
larvae (Table 5). Fertilization rate was highest in fish 
from NB. While no significant difference (p 2: 0.05) in 
larval survival was observed between NB and LIS fish, 
survival was significantly higher in the Madison group 
than the Morris Cove group from LIS (Table 5). No 
significant correlation was observed between size 
(standard length or dry weight) of yolk-sac larvae and 
survival for the first month of life. 

DISCUSSION 

The daily mortality rate for winter flounder Pseudo
pleuronectes americanus larvae in our study averaged 
13 % d- 1 for the first month after hatching. Black et al. 
(1988) reported a value of 4 % d -1 for winter flounder 
larvae reared for a peliod of 2 mo under similar condi
tions. Laurence (1977) found that prey density had a 
strong influence on survival of winter flounder to 
metamorphosis in the laboratory. He reported daily 
mortality rates of 9 and 7 % d -1 at prey densities of 500 
and 1000 plankters ml- 1

, feeding levels similar to those 
maintained in our study. The higher mortality rate 
observed in the present study may have been due in 
part to the shorter rearing period that was chosen to 
encompass the period of high mortality shortly after 
yolk absorption. Estimates of natural mortality of 
winter flounder larvae in a small Connecticut estuary 
were high for the first month of life (20 % d - 1), decreas

ing to 9% d- 1 during the second month (Pearcy 1962). 
These estimates of natural mortality included mortality 
due to starvation and predation, but were corrected for 
transport of larvae out of the estuary. 

For the 1987 spawning season our data show clear 
differences in size and survival of winter flounder lar
vae produced by adults collected in different locations 
in LIS and NB and a correlation between size of yolk
sac larvae and survival for the first month of life. The 
range in size of yolk-sac larvae produced during the 
1988 spawning season was smaller, and no significant 
correlation was observed between larval size and survi
val for the first month of life. While lower NB produced 
the smallest larvae in both years, the differences in size 
among groups were not significant in 1988. Some lower 
NB fish produced extremely small winter flounder lar
vae in 1987 compared to other years and locations. 
Black et al. (1988) found differences in size of newly 
hatched winter flounder between locations in Nar
ragansett Bay and Buzzard Bay, but no significant 
difference between locations in survival for the first 
2 mo of larval life. The differences in size of yolk-sac 
larvae from different locations observed in our study in 
1987 were conSiderably greater than those reported by 
Black et al. (1988) and may explain the difference in 
results. 

Correlations between egg size and larval size have 
been observed in several fishes, including trout (Gray 
1928), herring (Blaxter & Hempel 1963) and winter 
flounder Pseudopleuronectes americanus (Buckley et 
al. 1991). Generally, larger eggs produce larger larvae 
(Miller et al. 1988). Blaxler (1969) stated that 'larger 
larvae may be expected to be stronger, better swim
mers, less susceptible to damage, and less liable to 
predation'. It is also expected that larger larvae are 
better able to capture and assimilate food. Blaxter & 
Hempel (1966) found that larger Atlantic herring larvae 
survived longer without food than those hatched from 
smaller eggs, Seasonal and regional differences in egg 
size have been reported for many species (Blaxter & 
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Hempel 1963, Cushing 1967, Bagenal1971. Southward 
& Demir 1974, Ware 1975, Tanasichuk & Ware 1987) . 
While positive correlations have been reported 
between larval size and numerous attributes poten
tially contributing to increased survival. including days 
to irreversible starvation, swimming speed, and mouth 
gape (Knutsen & Tilseth 1985, Miller et aL 1988), the 
relation between larval size at first feeding and survival 
is not well documented, particularly within species. 
Our data from the 1987 spawning season are among 
the few published reports showing a direct correlation 
between larval size and survival for the first month of 
life. Rosenberg & Haugen (1982) found evidence of 
size-selective mortality of larval turbot Scophthalmus 
maximus during the first month of life in predator-free 
enclosures. Their estimates of the mean size of sur
vivors were higher than those for the overall population 
duri.ng the first week of life. 

Several factors have been proposed as possible 
causes of intraspecific differences in egg or larval size. 
Many of these same factors can also contribute to 
differential larval mortality. Biological factors that 
affect larval size and mortality include genetic variabil
ity between and within stocks, and size, age or nutri
tional condition of the spawning female (Brown 1957, 
Hoar 1957) . Environmental factors known to affect lar
val size and mortality are water temp erature during 
gametogenesis and embryonic development (Blaxter & 

Hempel 1963, Bagenal 1971, Southward & Demir 1974, 
Ware 1975, Tanasichuk & Ware 1987, Buckley et al. 
1990), dissolved oxygen levels , and exposure to 
environmental contaminants, including PCBs, pesti
cides, and heavy metals (Rosenthal & Alderdice 1976, 
Black et al. 1988). 

The difference in mean dry weight of yolk-sac larvae, 
observed in 1987, between the largest and smallest 
groups (Madison in LIS and lower NB) was large, 
exceeding 50 % . Since Pseudopleuronectes ameri
canus populations consist of discrete spawning stocks 
(Perlmutter 1947, Saila 1961), genetic factors may have 
contributed to the observed variability in size and sur
vival between locations. The much smaller differences 
between locations observed m 1988, however, suggest 
that genetic factors may not be dominant. Winter floun
der fed reduced rations in the labora tory showed a 
reduction in fecundity but not egg size compa.red to 
well-fed fish (Tyler & Dunn 1976). suggesting that 
maternal nutrition is not a dominant fact or in determin
ing egg and larval size in winter flounder. Female age 
has been shown to affect egg size in winter flounder 
(Topp 1968 ), age 3 females producing smaller eggs 
than age 4 or 5 females . Our work with winter flounder 
spa\\'ning in Narragansett Bay (Buckley et aL 1991) 
suggested that female size can play a significant role in 
determining egg and larval size. In the present study 

no large difference in female size was apparent 
between locations . In 1987 lower Narragansett Bay fish 
were the last group collected and spawned, and they 
produced the smallest larvae. Among spring spawning 
fish there is a tendency for egg size to decrease with 
increasing water temperature. The observed 50 % 

difference in size of yolk-sac larvae between locations 
is considerably greater than the differences observed 
among winter flounder larvae produced in the labora
tory over a wide range of water temperatures by adults 
collected at a single location (Buckley et al. 1990) . This 
suggests that while water temperature may have been 
a contributing factor , it was not the dominant factor 
affecting larval size in the present study. Our data on 
winter flounder spawning in Narragansett Bay indi
cated that spawning time can playa significant role in 
egg and larval size (Buckley et aL 1991). 

Of our 6 collection sites, the Morris Cove, Hemp
stead, and upper Narragansett Bay sites are impacted 
by a variety of contaminants, including trace metals 
and organics (Greig et at. 1977, Pruell & Quinn 1985). 
The Madison, Shoreham and lower Narragansett Bay 
sites are considerably less impacted by contaminants 
(Greig et aL 1977, Pruell & Quinn 1985, Black et al. 
1988, Nelson et aL 1991). The observed trends in size 
and survival of winter flounder with location were not 
entirely consistent with those expected on the basis of 
contaminant loadings. However, among sites in Long 
Island Sound, Madison stood out in 1987 as producing 
the largest larvae at YOlk-sac stage and af ter 1 mo of 
feeding, and as having the highest survival rate and a 
low percentage of abnormal survivors. In both 1987 and 
1988 survival was higher in larvae from Madison than 
from Morris Cove. This is consistent with observations 
of embryonic development suggesting that reproduc
tion of winter flounder at the Morris Cove site has been 
compromised by high contaminant levels (Nelson et al. 
in press). Black et al. (1988) reported an 18 % differ
ence in weight of yolk-sac winter flounder larvae pro
duced by adults taken from lower Narragansett Bay 
and New Bedford Harbor, Massachusetts. Larvae from 
New Bedford Harbor fish were smaller and their eggs 
contamed significantly hlgher levels of PCBs. A signifi
cant inverse relation was observed between larval size 
and PCB content. 

No single class of biomolecules appared elevated in 
groups of larvae with high dry weight or high survivaL 
Contents of all classes of biomolecules measured were 
highly correlated with each other and with larval dry 
weight (Table 4) . In 1987 dry weight of yolk-sac larvae 
was more highly correlated with survival than was any 
single class of biomolecules. The RNA/D. A ratio has 
been used as an index of growth and condition in fish 
(Buckley 1984, Bulow 1987) . No significant correlation 
was observed between the RNA/ DNA ratio of yolk-sac 
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winter flounder larvae and survival for the first month 
of life (Table 4). This was apparently due to the high 
correlation between RNA and DNA content, and the 
unique situation of larvae prior to feeding initiation, 
when they rely on endogenous energy reserves of 
maternal origin. The RNA content or simply the dry 
weight of yolk-sac larvae appear to be useful indicators 
of the survival potential of winter flounder through the 
critical first month of life. 

In 1987 survival of Pseudopleuronectes americanus 
for the first month of the larval period was highly 
correlated with both size and chemical composition of 
larvae shortly after hatching. The correlation between 
size and survival of winter flounder larvae may have 
been, in part, due to a wider size spectrum of prey 
items available to larger larvae in our experimental 
systems. Larger larvae, because of their wider mouth 
gape, effectively experience a higher level of available 
food. This factor may be important for both laboratory
reared and wild larvae. It is possible that the lower 
viability of small larvae may be offset by increased 
fecundity (Buckley et al. 1991). 

While both biological and environmental factors may 
have contributed to the observed differences in size 
and survival among larvae produced by Long Island 
Sound and Narragansett Bay winter flounder , we could 
not identify a single dominant factor. Our data on 
winter flounder spawning in Long Island Sound and 
Narragansett Bay (Buckley et al. 1991) suggest that 
female size and spawning time can have important 
effects on egg and larval size, fecundity, and spawning 
survival potential. 
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SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT
 

Filled Footprint (Inter‐Tidal Only) 

Data Drawn from Inter‐Tidal Portion of Apex Companies, LLC Shellfish Survey ** 

SQFT/AREA 
62290.8 

ACRES 
/SUBAREA 

1.43 

Average Count per Square Meter** 

SEED 

1.33 
Average Count per Square Foot 0.124 
Shellfish Density by Size/Acre 5,396 
Area of Impact ‐ Acres 1.43 
TOTAL number of Shellfish by Size 7,716 

Total Shellfish Effected: 20,577 

Filled Footprint (Sub‐Tidal Only) 

Data Drawn From Sub‐Tidal Portion of Apex Companies, LLC Shellfish Survey ** 
ACRES 

SQFT/AREA /SUBAREA 
206039 4.73 

Average Count per Square Meter** 
Average Count per Square Foot 
Shellfish Density by Size/Acre 
Area of Impact ‐ Acres 
TOTAL number of Shellfish by Size 

SEED 

4.00 
0.372 

16,188 
4.73 

76,568 

LITTLENECK CHERRY CHOWDER 

3.33 2.00 4.33 
0.309 0 0.402 

13,476 0 17,523 
4.73 4.73 4.73 

63,743 0 82,885 

Total Shellfish Effected: 223,197 

Dredge Area 

Data Drawn From Standing Crop Survey* 
SQFT/ ACRES 

SUBAREA* SUBAREA* /SUBAREA* 
I7A 1,579,050 36.25 

AVE/SQFT* 
TOTAL/SUBAREA* 
Shellfish Density by Size/Acre 
Area of Impact ‐ Acres 
TOTAL number of Shellfish by Size 

SEED 

0.27 
426,344 
11,761 
15.39 

181,005 

LITTLENECK CHERRY CHOWDER 

0.65 0.90 0.80 
1,026,383 1,421,145 1,263,240 

28,314 39,204 34,848 
15.39 15.39 15.39 

435,752 603,350 536,311 

Total Shellfish Effected: 1,756,418 

Winter Flounder Capping Area 

Data Drawn from Standing Crop Survey* 
SQFT/ ACRES 

SUBAREA* SUBAREA* /SUBAREA* 
16 4,660,920 107 SEED 

AVE/SQFT* 0.019 
TOTAL/SUBAREA* 88,557 
Shellfish Density by Size/Acre 828 
Area of Impact ‐ Acres 13.73 
TOTAL number of Shellfish by Size 11,363 

LITTLENECK CHERRY CHOWDER 

1.33 0.00 0.89 
0.124 0 0.083 
5,396 0 3,597 
1.43 1.43 1.43 

7,716 0 5,144 

LITTLENECK CHERRY CHOWDER 

0.037 0.076 0.171 
172,454 354,230 797,017 

1,612 3,311 7,449 
13.73 13.73 13.73 

22,129 45,454 102,271 

Total Shellfish Effected: 181,218 
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SHELLFISH IMPACT ESTIMATE: SOUTH TERMINAL EXTENSION PROJECT
 

OU‐3 Capping Area 

Standing Crop Survey Subarea Population Estimate* 
SQFT/ ACRES/ 

SUBAREA* SUBAREA* SUBAREA* 
4 1,742,400 40 

AVE/SQFT* 
TOTAL/SUBAREA* 
Shellfish Density by Size/Acre 
Area of Impact ‐ Acres 
TOTAL number of Shellfish by Size 

SEED 

0.1 
174,240 

4,356 
10 

43,560 

NECK CHERRY CHOWDER 

0.041 0.092 0.169 
71,438 160,301 294,466 
1,786 4,008 7,362 

10 10 10 
17,860 40,075 73,616 

Total Shellfish Effected: 175,111 

Estimate of Total Shellfish Impact: 

Filled Footprint (Intertidal Only): 20,577 
Filled Footprint (Subtidal Only): 223,197 

Dredge Area: 1,756,418 
Winter Flounder Capping Area: 175,111 

OU‐3 Capping Area: 181,218 
Estimate of Total Shellfish Impact: 2,356,520 

*Number of Quahogs estimated in Whittaker, 1999 "Quahog Standing Crop Survey", Massachusetts Department of Marine Fisheries. See
 
pages C‐4 and C‐16 for detailed distribution information in these subareas.
 
**Number of Quahogs estimated via shellfish survey completed on April 29, 2010 by Apex Companies, LLC, contained within the report
 
entitled "State Enhanced Remedy in New Bedford, South Terminal", dated August 25, 2010.
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Table 1: Recovered Shellfish and Invertebrate Data 

Sample Location Organism Size (inches) Number 

Quahog 2 1/2 2 
Quahog 2 1/4 2 

A1 
Quahog 
Quahog 

2 
2 3/4 

1 
3 

Quahog 3 3/4 1 
Common Oyster 2 1/2 1 

A2 
Quohog 
Quohog 
Quohog 

2 7/8 
1 1/2 
3/4 

1 
1 
1 

A3 
Quohog 2 1/2 1 

A4 
Hermit Crabs 

Shrimp 1 - 1 1/4 
7-10 
7-10 

Quohog 3 2 
Quohog 2 1/2 1 

A5 Quohog 3 1/2 1 
Quohog 3 3/4 1 
Quohog 3 5/8 1 

Long Clawed Hermit Crab in Perwinkle Shell 1 1/2 1 

Common Oyster 2 1 
Common Oyster 2 1/4 1 
Common Oyster 3 1 
Common Oyster 4 1 
Common Oyster 2 7/8 1 
Common Oyster 2 3/4 1 

Quohog 2 1/4 1 

B1 
Quohog 2 5/8 1 
Quohog 1 7/8 1 
Quohog 3 1/2 1 
Quohog 2 3/8 1 
Quohog 2 1/2 1 
Quohog 1 2 
Quohog 1 1/2 2 
Quohog 1 1/4 1 
Quohog 1 3/8 1 

1 of 4 



Table 1: Recovered Shellfish and Invertebrate Data 

Sample Location Organism Size (inches) Number 

B2 Common Oyster 
Quohog 

3 1/8 
2 3/8 

1 
1 

B3 
Common Oyster 
Common Oyster 

Smooth Periwinkle 

2 3/4 
3 
3/8 

1 
1 
2 

B4 Quohog 
Quohog 

3 1/2 
3 1/8 

1 
1 

B5 
Quohog 
Quohog 
Quohog 

2 1/2 
3 
3 1/2 

2 
1 
1 

C1 

Smooth Periwinkle 
Common Oyster 
Common Oyster 
Common Oyster 
Common Oyster 

Quohog 

3/8 
2 1/2 
2 1/8 
1 7/8 
2 1/4 
2 7/8 

2 
1 
1 
1 
1 
1 

C2 
Milky Ribbon Worm 
Smooth Periwinkle 
Common Oyster 

10 
1/4 - 3/8 

2 1/2 

1 
36 
1 

D1 
Quohog 

Smooth Periwinkle 
3 

1/4 - 3/8 
1 
3 

D2 
Ribbed Mussel 
Ribbed Mussel 

Smooth Periwinkle 

1 7/8 
2 

1/4 - 3/8 

1 
1 
17 

D3 No Findings 
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Table 1: Recovered Shellfish and Invertebrate Data 

Sample Location Organism Size (inches) Number 

D4 No Findings 

D5 Quahog 1 7/8 1 

E1 No Findings 

E2 No Findings 

F2 No Findings 

F3 No Findings 

F4 No Findings 

F5 

Smooth Periwinkle 
Quahog 
Quahog 
Quahog 
Quahog 

5/8 
3 
2 3/8 
2 5/8 
3 1/8 

1 
2 
1 
1 
1 

G3 Dog Winkle/Young Waved Whelk 
Dog Winkle/Young Waved Whelk 

7/8 
7/8 

1 
1 

H3 
Soft-Shelled Clam 
Soft-Shelled Clam 
Smooth Periwinkle 

1 
2 1/4 
3/8 

1 
1 
1 

H4 

Dog Winkle/Young Waved Whelk 
Dog Winkle/Young Waved Whelk 

Quahog 
Unknown Polychaete 

7/8 
1 
2 
3 

7 
1 
1 
1 

H5 

Quahog 
Quahog 
Quahog 
Quahog 
Quahog 

1 1/8 
1 1/2 
1 3/4 
2 
2 1/2 

1 
1 
2 
1 
1 
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Table 1: Recovered Shellfish and Invertebrate Data 

Sample Location Organism Size (inches) Number 

I3 No Findings 

I4 Soft-Shelled Clam 
Soft-Shelled Clam 

2 
3 

1 
1 

J4 No Findings 

J5 No Findings 

K5 No Findings 

L5 No Findings 

M5 

Quahog 
Quahog 
Quahog 
Quahog 

Unknown Polychaete 

1 1/8 
7/8 

1 1/4 
2 1/4 
4 1/4 

1 
1 
1 
1 
1 

N5 No Findings 

O5 No Findings 

4 of 4 



Table 2: Quahog Data 

Sample Location Organism Size (inches) Number Class Size 

A1 

Quahog 
Quahog 
Quahog 
Quahog 
Quahog 

2 1/2 
2 1/4 
2 
2 3/4 
3 3/4 

2 
2 
1 
3 
1 

Cherrystone 
Littleneck 
Littleneck 
Chowder 
Chowder 

A2 
Quohog 
Quohog 
Quohog 

2 7/8 
1 1/2 

3/4 

1 
1 
1 

Chowder 
Seed 
Seed 

A3 Quohog 2 1/2 1 Cherrystone 

A4 No Quahogs Found Within Sample 

A5 

Quohog 
Quohog 
Quohog 
Quohog 
Quohog 

3 
2 1/2 
3 1/2 
3 3/4 
3 5/8 

2 
1 
1 
1 
1 

Chowder 
Cherrystone 

Chowder 
Chowder 
Chowder 

B1 

Quohog 
Quohog 
Quohog 
Quohog 
Quohog 
Quohog 
Quohog 
Quohog 
Quohog 
Quohog 

2 1/4 
2 5/8 
1 7/8 
3 1/2 
2 3/8 
2 1/2 
1 
1 1/2 
1 1/4 
1 3/8 

1 
1 
1 
1 
1 
1 
2 
2 
1 
1 

Littleneck 
Cherrystone 

Seed 
Chowder 

Cherrystone 
Cherrystone 

Seed 
Seed 
Seed 
Seed 

B2 Quohog 2 3/8 1 Cherrystone 

B3 No Quahogs Found Within Sample 
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Table 2: Quahog Data 

Sample Location Organism Size (inches) Number Class Size 

B4 Quohog 
Quohog 

3 1/2 
3 1/8 

1 
1 

Chowder 
Chowder 

B5 
Quohog 
Quohog 
Quohog 

2 1/2 
3 
3 1/2 

2 
1 
1 

Cherrystone 
Chowder 
Chowder 

C1 Quohog 2 7/8 1 Chowder 

C2 No Quahogs Found Within Sample 

D1 Quohog 3 1 Chowder 

D2 No Quahogs Found Within Sample 

D3 No Findings 

D4 No Findings 

D5 Quahog 1 7/8 1 Seed 

E1 No Findings 

E2 No Findings 

F2 No Findings 

F3 No Findings 

F4 No Findings 

2 of 3 



Table 2: Quahog Data 

Sample Location Organism Size (inches) Number Class Size 

F5 

Quahog 
Quahog 
Quahog 
Quahog 

3 
2 3/8 
2 5/8 
3 1/8 

2 
1 
1 
1 

Chowder 
Cherrystone 
Cherrystone 

Chowder 

G3 No Quahogs Found Within Sample 7/8 1 Seed 

H3 No Quahogs Found Within Sample 

H4 Quahog 2 1 Littleneck 

H5 

Quahog 
Quahog 
Quahog 
Quahog 
Quahog 

1 1/8 
1 1/2 
1 3/4 
2 
2 1/2 

1 
1 
2 
1 
1 

Seed 
Seed 
Seed 

Littleneck 
Cherrystone 

I3 No Findings 

I4 No Quahogs Found Within Sample 2 1 Littleneck 

J4 No Findings 

J5 No Findings 

K5 No Findings 

L5 No Findings 

M5 

Quahog 
Quahog 
Quahog 
Quahog 

1 1/8 
7/8 

1 1/4 
2 1/4 

1 
1 
1 
1 

Seed 
Seed 
Seed 

Littleneck 

N5 No Findings 

O5 No Findings 

3 of 3 



Table 3a: Intertidal Relative Abundance Survey Calculations 

Intertidal Shellfish Survey Statistics 
Total Intertidal Survey Area7: 5,140 m2 

Intertidal Survey Area With No Quahogs5: 3,141 m2 

Percentage of Intertidal Survey Area With No Quahogs: 61% 
Intertidal Survey Area With Quahogs5: 1,999 m2 

Percentage of Intertidal Survey Area With Quahogs: 39% 

Average Shellfish Count Per Square Meter in Intertidal Survey Area1,7 

Sample Location 
Number Per Quadrat1 

Quahogs Oysters Soft-Shelled 
Clam"Seed" "Littlenecks" "Cherrystones" "Chowder" 

B2 0 1 0 0 1 0 
C1 0 0 0 1 4 0 
C2 0 0 0 0 1 0 
D1 0 0 0 1 0 0 
D2 0 0 0 0 0 0 
H3 0 0 0 0 0 2 
H4 0 1 0 0 0 0 
I4 0 0 0 0 0 2 
M5 3 1 0 0 0 0 

Average Count per Intertidal Survey Quadrat1: 0.33 0.33 0 0.22 0.67 0.44 
Average Count per Intertidal Survey Square Meter: 1.33 1.33 0 0.89 2.67 1.78 

Notes:
 
1). Average Shellfish Count Per Square Meter in Intertidal Survey Area = Frequency of Shellfish In Intertidal Areas When Shellfish Present 

X Percentage of Impacted Area with Shellfish.
 
2). Percentage of Intertidal Survey Area with Shellfish assumed to be the same as the percentage of Intertidal Impacted Area 

with Shellfish. 

3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
 
4). Estimated count in Intertidal Impacted Area = Intertidal Average Count per Square Meter in Survey Area X Estimated Intertidal Impacted Area. 

5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
 
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 

New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 

Fisheries, June 6, 1999. 

7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010
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Table 3b: Subtidal Relative Abundance Survey Calculations 

Subtidal Shellfish Survey Statistics 
Total Subtidal Survey Area7: 12,100 m2 

Subtidal Survey Area With No Quahogs5: 3,361 m2 

Percentage of Subtidal Survey Area With No Quahogs: 28% 
Subtidal Survey Area With Quahogs5: 8,739 m2 

Percentage of Subtidal Survey Area With Quahogs: 72% 

Average Shellfish Count Per Square Meter in Subtidal Survey Area1,7 

Sample Location 
Number Per Quadrat1 

Quahogs Oysters Soft-Shelled Clam"Seed" "Littlenecks" "Cherrystones" "Chowder" 
A1 1 2 1 1 1 0 
A2 2 0 0 1 0 0 
A3 0 1 0 0 0 0 
A5 0 1 0 4 0 0 
B1 5 2 2 1 6 0 
B2 0 1 0 0 1 0 
B3 0 0 0 0 2 0 
B4 0 0 0 2 0 0 
B5 0 0 1 2 0 0 
D5 1 0 0 0 0 0 
F5 0 1 1 2 0 0 
H5 3 2 1 0 0 0 

Average Count per Subtidal Survey Quadrat1: 1.00 0.83 0.50 1.08 0.83 0.00 
Average Count per Subtidal Survey Square Meter: 4.00 3.33 2 4.33 3.33 0.00 

Notes:
 
1). Average Shellfish Count Per Square Meter in Subtidal Survey Area = Frequency of Shellfish In Subtidal Areas When Shellfish Present 

X Percentage of Impacted Area with Shellfish.
 
2). Percentage of Subtidal Survey Area with Shellfish assumed to be the same as the percentage of Subtidal Impacted Area 

with Shellfish. 

3). Survey Area with (or without) Shellfish estimated based on recovery during shellfish survey.
 
4). Estimated count in Subtidal Impacted Area = Subtidal Average Count per Square Meter in Survey Area X Estimated Subtidal Impacted Area. 

5). Impacted Area = Shellfish habitat to be impacted during New Bedford South Terminal CDF Project
 
6). Quahog Classifications from Table 1: Class Size Lengths, page 4, Quahog Standing Crop Survey, 

New Bedford/Fairhaven Inner and Outer Harbors, David K. Whittaker, Massachusetts Division of Marine 

Fisheries, June 6, 1999. 

7). Survey Area = Area in which a manual shellfish survey was conducted on 5/2/2010 and 5/3/2010
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total standing crop. The chenystone size 
clltegory followed closely with 25_98% 
These two size categories constitute 
approximately 67<>10 of the standing crop. 
Littleneck comprise 17.9% and seed 
15.31% of the standing crop. 

Observati()tls indicate that the 
greatest percentages of "chowders" were 
found in sampling unit areas 1·2 (Fig. 2) 
just south of Marsh Island and sampling 
unit area I-SA (Fig. 3) just northwest of the 
hunicane barrier opening. Significant 
percentages of greater than thirty for 
"cherrystones" were found in sampling unit 
IITeas 1-3, along the Fairhaven shoreline just 
north oithe Fairhaven Bridge, I-5 on the 
New Bedford shoreline fronting the fishing 
fleet piers, 1-6 on the Fairhaven shoreline 

FlGUlIEl 

fronting their fishing piers, and r-7A 
and I-7B in Palmer's Cove. 
Littlcnecks in percentages greater 
than twenty were found in sampling 
unit areas 1-3, 1-5, 1-7A andI-7B. 
Seed in abundances greater than ten 
percent were found in six ofthe ten 
sampling unit areas with sampling 
unit area 1-4, on the Fairhaven 
shoreline just south of the Fairhaven 
Bridge, exhibiting the greatest at 
18.93%. 

The range of average adjusted 

E::::::~~;;~E~::~~!!!!J quahog densities by size class for the
inner harbor are: seed, o.o8/ff to 
2.28fit2; Jittlenecks, O.16/ff to 
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QUAHOG STANDING CROP ASSESSMENT 

NEW BEDFORD INNER HARBOR 


Subarea 1-7A 

Sub ·Sta II IilqFtI Acma/ Seed! Nedli Cberryl ChO'Wderl 
Area Subarea Subarea SqFt SqFt S"Ft SqFt 

17A I 1,579,050 36.25 0.15 0.36 0.41 ).49 
Il 0.00 0.08 0.13 om 
13 0.00 0.03 0.04 0.02 
14 0.12 0.32 0.73 0.68 
IA 0.00 2..11 1.41 1.41 
lB 0.00 0.00 0.70 0.00 
Ie 0.00 0.00 0.70 2.11 
1D 0.00 0.70 0.70 0.70 
IE 0.00 0.00 0.00 0.00 
IF 0.00 0.70 0.70 0.00 
lG 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.83 0.41 
3 0.1 I 0.61 0.64 0.17 
5 0.05 0.42 0.47 01S 
X 2.8l 2.82 0.00 0.00 
y 0.00 0.00 1..41 3.52 
Z 1.41 2.82 6.34 2.82 

Av;J.qt'!, 0.17 0.6:5 MO O.8G 

TotallSubar..., 426,344 1,026,313 1,421,145 1,1/i3,240 

T<>tal BusheblSub......, 2.,444 !!,921 lO,!!2.? 

Total Bu.hell/Acre: 67.41 163.3~ 290.4 

Otber Species Noted: Many oysten. Some CrepidullL Many soft shelled clams 
aloog western shen of subarea. Mucih ulva. 

BottomType in Subar.., Black mud with 'ltr<>ng odor proximal to lrunicane 
bAlTier. Sandy mild along western shoreliru.. Sandy mud with odor at station 
12. finn sand with mud and l!IlIaII cobble around station 3. 

B·16 




Chowder percentages noted in the survey range from a high of97.69"/0 in a 
sampling unit area in the northeast portion of the harbor to a low of 34.19% in 
sampling unit area 26 in the southwe~t comer of the area, Additionally, it appears 
that none of the four sampling unit areas in the southwest part of the harbor. i.e., 
sampling unit areas 16, 21, 22 and 26 on the west side of the shipping channel 
support a large population of chowders, 
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New BedfOl:d Outer Harbor 

A total of 86 stations within 30 
sampling unit areas were sampled in 
the outer hllIbor (Fig, 4). The general 
area is described as that area south of 
the hurricane barrier and north of a line 
drawn from Clark Point in New 
Bedford to Wilbur Point in Fairhaven 
and is comprised of apprOximately 
3750 acres. 

As with the inner harbor survey 
results. quahogs were found in awide 
range of densitY distributions 
throughout the outer .harbor. However, 
the percentage of chowders was 
significantly higher. This may be an 
artifact oftwo major impacts on the 
quahog population; contaminated 
relays and a newly opened connnercial 
fishery. Both of these fisheries have 
targeted the littleneck class size which 
may have resulted in II larger standing 
crop of cherxystones and chowders. 
For example. during the last two years, 
commercial landings from the New 
Bedford portion ofthe outer harbor 
were a total of 11,901 bushels (DMF 
1997/1998 shellfish landing data). Of 
these, 71.5% were littlenecks and 
28.5% were chenystones and 
chowders. 
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Summary 

In coordination with Apex Companies LLC, SMAST developed a plan to quickly initiate 
baseline sampling and to develop a conceptual design for long-term monitoring, with the 
goal of evaluating the effectiveness of the mitigation plan for winter flounder spawning 
habitat associated with the New Bedford South Terminal extension.  The analytical 
design involves before-after/control-impact sampling and statistical comparisons.  A 
control site was defined that is adjacent to the habitat mitigation site north of Butler Flats, 
with the same area and similar bathymetry as the habitat mitigation site.  Baseline 
sampling (before the mitigation plan begins) of the mitigation and control sites is critical 
for evaluating effectiveness of the plan.  It is imperative that baseline sampling begin as 
soon as possible to provide adequate observations during the winter flounder spawning 
season. Baseline sampling will involve either bi-weekly or weekly surveys of winter 
flounder eggs in the mitigation and control sites.  A hybrid program is also possible 
(although exact costs for such a program are dependent upon the details of its 
implementation). Long-term monitoring will involve bi-weekly or weekly (or a hybrid of 
the two) surveys of winter flounder eggs during the spawning season. Statistical analysis 
of baseline and long-term monitoring data will test for increased presence of winter 
flounder eggs in the mitigation area.  
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Background 

Winter flounder, Pseudopleuronectes americanus, is a commercially and recreationally 
important flatfish species that is distributed along the east coast of North America from 
North Carolina northward to Newfoundland (Bigelow and Schroeder, 1953; McCracken, 
1963). Winter flounder commonly spawn in shallow estuarine and nearshore habitats 
(Collette and Klein-MacPhee, 2002) to which they display spawning site fidelity (Saila, 
1961; Phelan, 1992). Winter flounder form relatively isolated local populations along the 
coast of the United States (Perlmutter, 1947). These local populations are vulnerable to 
localized depletion due to human alterations of estuarine and near shore habitat, such as 
dredging and filling (Howell et al., 1999).  

Following a mandate in the 1996 U.S. Sustainable Fisheries Act, Fishery Management 
Councils were required to identify Essential Fish Habitat (EFH) beginning in 1998.  EFH 
was defined as “those waters and substrate necessary to fish for spawning, breeding, 
feeding or growth to maturity”. Essential Fish Habitat designations for winter flounder 
were defined by Pereira et al. (1999).  Waters less than five meters are considered to be 
essential spawning habitats for winter flounder in nearshore areas.  Environmental impact 
studies are often required when human activities such as coastal development and 
dredging are proposed in areas that have been designated as EFH for winter flounder. 

Proposed Methods 

The analytical design involves Before-After/Control-Impact (BACI) sampling and 
statistical comparison.  The BACI design consists of an impact area (i.e., the mitigation 
area) and two unaltered control areas. The BACI design assumes that the control and 
impact areas have similar habitat characteristics, and that these characteristics will change 
over time in the same fashion, except for any effect caused by mitigation plan.  

The habitat mitigation site is located in Buzzards Bay, adjacent to the Fort Phoenix 
Channel, and north of Butler Flats (Figure 1).  Two control sites were defined that are 
adjacent to the habitat mitigation site (Figure 2). The control sites area the same size as 
the mitigation site (13.73 acres), and the bathymetry is consistent between the mitigation 
and control sites.  Control site 1 is located to the north of the mitigation site on the same 
side of the channel, and control site 2 is adjacent to the mitigation site on the eastern side 
of the channel. 
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WINTER FLOUNDER 
HABITAT CREATION 
AREA (13.73 ACRES) 

Figure 1. New Bedford outer harbor and location of mitigation site (inset, outlined in pink). 

Figure 2. Location of the mitigation site and the two control sites north of Butler Flats. 
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Baseline sampling will involve weekly or bi-weekly surveys of winter flounder eggs in 
the mitigation and control sites.   

Egg Surveys 

Winter flounder spawn adhesive and demersal eggs, which limits dispersion during the 
egg stage (Klein-MacPhee, 1978).  Therefore, egg collections can be used to infer the 
spawning locations used by winter flounder.  Epibenthic sleds have been used 
successfully in prior studies to sample winter flounder eggs in the field (Crawford and 
Carey, 1985; Hughes, 1999; Schultz et al., 2007).  We propose to conduct egg sampling 
using an epibenthic sled to test for the presence of winter flounder eggs in both the 
mitigation site and the control sites (e.g., Figure 3; Schultz et al. 2007).  An epibenthic 
sled will be purchased for long-term monitoring.  The Northeast Fisheries Science Center 
has tentatively agreed to let SMAT use their sled for baseline sampling.     

Figure 3. Epibenthic sled to be used for egg surveys (from Schultz et al. 2007). 

The time required for winter flounder eggs to hatch is strongly dependent upon water 
temperature (Pereira et al., 1999).  Bigelow and Schroeder (1953) reported that winter 
flounder eggs required 12-15 days to hatch at water temperatures ranging from 2.8-3.3oC. 
South of Cape Cod, winter flounder have been observed to spawn between January and 
May, and peak spawning typically occurs in February and March (Pearcy, 1962; Buckley 
et al., 1991; Collette and Klein-MacPhee, 2002).  Therefore, we propose to conduct 
epibenthic sled sampling for winter flounder eggs at least bi-weekly between mid-
February and May, with subsequent analysis and reporting, followed by annual long-term 
monitoring. Given the unknown density of eggs in the area, an adaptive sampling 
approach will be adopted to sample more frequently and provide an adequate number of 
samples.  Conducting this sampling frequently throughout the spawning season will 
ensure that major spawning events will be sampled adequately.  
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For sampling methodology, SMAST plans to follow the protocols that Scultz et al. (2007) 
used to sample winter flounder eggs in New Haven and Milford Harbors.  The epibenthic 
sled will be towed in a straight line, into the direction of the prevailing current.  The sled 
will be towed on the bottom at a speed of approximately 2 knots, for 4-5 minutes.  
Towing the net in a straight line will ensure that it maintains solid contact with the 
bottom throughout the tow.  During each tow, approximately 800'-1000' of the area will 
be sampled by the sled.  The tow duration is limited, due to the small size of the study 
area. SMAST plans to conduct 4 standard tows each in the mitigation site and the control 
sites during each sampling event.  Following each tow, the contents of the net will be 
rinsed into the collection jar at the end of the net, and preserved in a labeled 500mL bottle 
with 10% formalin for subsequent analysis. 

Baseline egg sampling will be conducted either weekly or bi-weekly between February 
and May, before shallowing of the study site commences in the summer of 2011.  
Baseline egg surveys will be used to assess whether these areas are currently used as 
spawning sites by winter flounder.  Density (eggs/m2) will be used to determine if the 
creation of Essential Fish Habitat in the mitigation site will lead to an increase in 
spawning activity in future years.  Long-term monitoring of eggs will continue in 
subsequent years to assess the efficacy of the spawning habitat that was created for winter 
flounder. The monitoring program will generate a time-series of density estimates.  
Trends in egg density can be assessed to determine if the habitat created during this 
project has enhanced the spawning activity of winter flounder.   

•	 HØ- There is no difference in the density of winter flounder eggs at the mitigation site 
before and after mitigation. 

•	 HA- Density of winter flounder eggs at the mitigation site increased after mitigation. 

The spawning stock biomass of winter flounder can vary substantially from year to year 
(NEFSC, 2008). As a result, the number of eggs produced annually by winter flounder 
can be highly variable.  Therefore, an increase in winter flounder eggs at the mitigation 
site may be indicative of a higher spawning stock biomass, rather than a relative increase 
of spawning activity in the area. By measuring long-term egg production at both the 
mitigation site and the control sites, we can determine whether the spawning habitat 
created during this project enhanced winter flounder spawning activity.  Oceanographic 
data will also be monitored during egg surveys to help interpret inter-annual variation in 
spawning seasons and egg densities.  If the density of eggs at the mitigation site is 
consistently greater than the control sites, it would indicate that the creation of this 
spawning habitat was effective. 

•	 HØ- There is no difference in winter flounder egg density at the mitigation site and the 
control sites. 

•	 HA- Density of winter flounder eggs is greater at the mitigation site than at the control 
sites. 
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Statistical Analyses 

Density of winter flounder eggs will be tested for normality and homogeneity of 
variance; as most of the data sets fail these tests, an appropriate statistical transformation 
will be applied before further analysis (Green 1979, Zar 1996).  Ideally, the BACI design 
uses a two-way analysis of variance (two-way ANOVA) where the interaction between 
site and time is used to statistically detect an impact. However, the two-way ANOVA is 
only reliable if densities and concentrations in the control and impact areas are equal. 
This may not be the case, and the statistics involved to deal with inequality are complex 
and controversial (Black & Miller 1991, 1994; Rangeley 1994). Several researchers have 
suggested using visual inspection to indicate environmental impacts, while others 
recommend one-way ANOVAs (Green 1979, Stewart-Oaten et al. 1986, Underwood 
1994). If the densities and contaminant concentrations in the among areas are similar but 
not equal, observed densities will be examined to see if there were shifts that suggested 
impacts from mitigation, and one-way ANOVAs will be used to test the significance of 
shifts in mean density or concentration between surveys for each area (Stokesbury & 
Harris 2006). 
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DeCelles, G., and Cadrin, S.X. 2010. Movement patterns of winter flounder in the  

southern Gulf of Maine: observations with the use of passive acoustic telemetry. 
Fishery Bulletin 108: 408-419. 

DeCelles, G., Cadrin, S.X., and Cowles, G. 2010. The fate of winter flounder larvae  
spawned in coastal waters of the Gulf of Maine. ICES CM 2010/A:01. 

DeCelles, G., and Cadrin, S.X. 2009. Winter flounder movements in the southern Gulf of  
Maine. ICES CM 2009/B:16. 

DeCelles, G., and Cadrin, S.X. 2007. An interdisciplinary assessment of winter 
flounder stock structure. ICES CM 2007/L:18. 

11 



	STATE ENHANCED REMEDY IN NEW BEDFORD, SOUTH TERMINAL - CONCEPTUAL MITIGATION PLAN 
	TABLE OF CONTENTS
	1.PROJECT PURPOSE
	2.WHY SOUTH TERMINAL CDF IS THE LEAST ENVIRONMENTALLY DAMAGING PRACTICABLE ALTERNATIVE THAT MEETS THE PROJECT PURPOSE
	3.IMPACT ASSESSMENT OF PROPOSED PROJECT
	4.PROPOSED MITIGATION FOR PROJECT IMPACTS

	barcodetext: SDMS DocID 518614
	barcode: *518614*
	RETURN TO SER AR INDEX: 


