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Part I: Final Report Summary 
 
1. Project Title: Mapping and Characterizing Fish Habitat in Rhode Island and Block Island Sounds 
 
2. NOAA Award Number: NA09NMF4720414 
 
3. Project Team: 
 
Jeremy S. Collie, University of Rhode Island 
John W. King, University of Rhode Island 
James Gartland, Virginia Institute of Marine Science 
Michael Marchetti, Owner/Operator F/V Mister G, Captain Robert Fisheries Inc.  
James Ruhle, Captain, F/V Darana R 
David Taylor, Roger Williams University 
 
Main Contact Person: Secondary Contact Person: 
 
Jeremy Collie, Professor of Oceanography John W. King, Professor of Oceanography 
University of Rhode Island University of Rhode Island 
Graduate School of Oceanography Graduate School of Oceanography 
Narragansett, RI 02882 Narragansett, RI 02882 
Phone: (401) 874-6759 Phone: (401) 874-6182 
Fax: (401) 874-6240 Fax: (401) 874-6182 
E-mail: jcollie@mail.uri.edu E-mail: jking@mail.uri.edu 
 
4. Period of Project: 1 June 2010 to 31 August 2012 
 
5. Supporting institutions:  University of Rhode Island 
 Virginia Institute of Marine Science 
 Roger Williams University 

 
6. Total amount of sub-award: $185,413 
 
7. Equipment purchased during project (>$5000): Underwater video camera with pendant 
 
8. Summary of tasks scheduled: 
 
(i) Habitat mapping with GSO’s Teledyne Benthos C3D interferometric sonar (capable of 
simultaneously collecting side-scan and bathymetry data) integrated with a CHIRP III sub-bottom 
system.  
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(ii) Photographic surveys conducted on the F/V Mister G with an underwater video camera.  The 
sampling plan called for six days of video surveys in each year, with a goal of 10 transects per day, for a 
total of 60 transects. 
 
(iii) Otter trawling conducted on the F/V Darana R.  The sampling plan called for two days of trawling 
in Fall 2010 and Fall 2011. 
 
(iv) Beam trawling conducted on the F/V Mister G.  The sampling plan called for four days of beam 
trawling each year, with a target of 10 trawls per day, for a total of 40 stations each year. 
 
9. Summary of tasks accomplished: 
 
(i) Acoustic surveys for habitat mapping were conducted between 2009 and 2012.  We collected high-
resolution side-scan and bathymetry data over a total of 835 km2 within Rhode Island and Block Island 
Sounds (Figure 3). Funding for these mapping efforts came from various sources, including SNECRI. 
 
(ii) The video and photographic surveys were completed in summer 2012.  We spent 8 boat days 
conducting video surveys and collected a total of 106 transects. We spent two boat days conducting 
photographic surveys with a digital still camera and collected a total of 4,651 images from eight 
different locations.   
 
(iii) Two days of otter trawling were conducted on the F/V Darana R in fall 2010 and 2011 as planned.  
A total of 29 stations were trawled during these four days.  These stations are augmented with sampling 
that was conducted in Fall 2009 and Spring 2011 in complementary projects.   
 
(iv) Beam trawling was conducted in Fall 2010 (3 days), Summer 2011 (3 days), and Summer 2012 (4 
days). A total of 52 stations were trawled.  
 
10. Explanation of any problems encountered or differences between the scheduled and accomplished 
tasks: 
 
We experienced initial delays in making the underwater camera system operational.  The delays were 
due to the design and construction of the camera frame and integrating the components to be able to 
record underwater video.  As a result, the video surveys were all conducted in Summer 2012 and image 
processing is just getting underway.  
 
11. Summary of major project results: 
 

• A total of 835 km2 were mapped using high-resolution acoustic surveys. Habitat maps are a 
useful tool for understanding distribution and extent of seafloor habitats, as well as the 
relationship between the demersal fish community and benthic habitat. 

• 114 underwater video and photographic surveys were conducted. These data can be used to 
ground truth acoustic data, assess habitat type, and examine fine-scale variability in seafloor 
features.   

• Analyses suggest that there are seven distinct demersal fish communities in Rhode Island and 
Block Island Sounds, reflecting both the permanent (i.e. bottom type) and transient (i.e. 
bottom temperature) habitat characteristics. Demersal fish communities are significantly 
correlated with bottom temperature, surface temperature, and surface salinity.   
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• Spatial patterns were found in the diets of several fish species, suggesting that fish diet 
depends on the habitat where the fish were caught. 

• Over 1,500 tissue samples from 27 species were analyzed for nitrogen and carbon stable 
isotopes. Nitrogen stable isotope analysis revealed three major trophic groups in the demersal 
fish and invertebrate community in Rhode Island Sound and Block Island Sound: 1) Benthic 
filter feeders, 2) Primary consumers and detritivores, and 3) Secondary consumers and 
predators. Carbon stable isotope analysis suggests that there are two trophic pathways through 
which fish and invertebrates in Rhode Island Sound and Block Island Sound derive energy, a 
benthic pathway rooted in macroalgae, and a pelagic pathway originating from phytoplankton.  

• By excluding pelagic species and benthic invertebrates, and standardizing catches by the area 
swept, comparable catches were obtained with the beam and otter trawls. 

• Data from 29 otter trawl and 52 beam trawls revealed spatial patterns in total fish abundance, 
total fish biomass, fish community diversity, and average fish length. These patterns can be 
related to depth, habitat type, and region (i.e. RIS and BIS).  
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2. Abstract  
 
To assess the functional importance of fish habitat, we classified and mapped fisheries habitats, based on 
benthic habitat characteristics and site-specific fisheries data.  The project domain was defined by the RI 
Ocean Special Area Management Plan, which includes Rhode Island Sound (RIS) and Block Island 
Sound (BIS).  Otter trawling was conducted to measure habitat-specific fish abundance, size 
composition, diet composition, and nitrogen-isotope ratios.  Beam trawling was conducted to assess fish 
abundance in areas of hard bottom. Trawl station selection was based on maps of bathymetry, sediment 
composition, backscatter, and fishing locations.  Photo/video surveys were conducted over a broad range 
of habitat types, and were used to ground-truth acoustic maps. Data from otter trawls suggest that there 
are seven distinct fish assemblages found in Rhode Island’s coastal waters.  The distribution of these 
assemblages can be explained by a subset of benthic habitat and oceanographic features, which include 
surface and bottom temperature, surface salinity, bottom type, depth and rugosity.   Spatial patterns in 
diet composition indicate habitat-specific feeding of demersal fish species.  Feeding on benthic prey is 
therefore an important link between demersal fish assemblages and their habitats.  Beam trawling 
provides a useful complement to otter trawling because it can be conducted in areas of hard bottom. In 
addition to contributing a basic understanding of fisheries ecosystem dynamics, the relationships 
between species assemblages and habitat variables could be used to predict range shifts and community 
changes that may result from climate change.  These results will also provide a baseline for measuring 
the cumulative effects of offshore development projects, and a basis for protecting important benthic 
habitats. 
 
3. Introduction 
 
This project addresses the general challenge of developing an ecosystem approach to the management of 
Rhode Island’s coastal waters, including Rhode Island Sound and Block Island Sound.  These bodies of 
water are transitional between estuaries (e.g. Narragansett Bay and Long Island Sound) and the outer 
continental shelf (Figure 1).  As such, they provide important linkages between near-shore and offshore 
processes, including nutrient fluxes, larval transport, and the migration of the adult stages of resource 
species, such as lobsters and winter flounder.  These sounds are also transitional between state and 
federal waters and their respective management bodies.  Studies to support the management of these 
coastal waters have become a priority since 2000 because of new activities that have been proposed for 
this region.  In addition to the traditional fisheries and existing dredge-disposal sites, there is interest in 
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developing artificial reefs, aquaculture sites, and offshore wind turbines.  These multiple uses require 
integrated spatial management planning that is informed by site-specific and up-to-date scientific data. 
 
Integrated spatial management planning requires activities to be sited in appropriate habitats that will 
minimize, to the extent possible, the cumulative impacts on resident species and the ecological and 
economic services derived from this near-shore region.  A general understanding of the ecology of this 
area exists, but there is a lack of site-specific data to guide spatial management planning.  The RI Ocean 
Special Area Management Plan (SAMP) was formulated with limited comprehensive, site-specific data.  
Compounding the challenge, this spatial planning process is being conducted against a background of 
changing coastal climate.  As a result, historical baseline data may no longer represent current 
conditions.  We conducted comprehensive sampling of the coastal waters to include all representative 
habitats, not just ones proposed for renewable energy development.  In particular, we sought to 
understand the basis of fish-habitat relationships, the functional role of different habitat types, and the 
importance of benthic-pelagic coupling in supporting fish production. 
 

 
Figure 1. Map of study area. 

 
 
4. Statement of the problem investigated 
 
Our project sought to develop a better understanding of the fishery ecosystem dynamics of RI’s coastal 
waters, including Rhode Island Sound and Block Island Sound.  A better understanding is required of 
the spatial distribution of benthic habitats and their linkages to fish distribution and production.  
Understanding fish distribution is especially important for overfished species (e.g. winter flounder, 
yellowtail flounder) that are found in this area.  Rebuilding programs for these species could include 
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large area closures if other management tools are unsuccessful.  As coastal waters warm, the 
distributions of many demersal species are shifting along the coast to the northeast (Nye et al. 2009).  
Shifting distributions may hinder efforts to rebuild particular geographically defined stocks.  In addition 
to the spatial distributions, there is a need to understand the linkage between primary production and fish 
production and the effects of climate change on food-web dynamics.  Our project supplemented existing 
data with new, directed field studies that are scientifically sound and spatially explicit. 
 
5. Goals and Objectives 
 
The primary objective of this project was to obtain up-to-date and site-specific data on benthic habitats 
and the fish communities they support in Rhode Island’s coastal waters that will contribute to sound 
management decisions.  To do this, we classified and mapped fisheries habitats based on benthic habitat 
characteristics and site-specific fisheries data.  A second objective was to assess the functional 
importance of fish habitat to rebuilding fisheries stocks important to Southern New England.  The 
project domain was defined by the RI Ocean Special Area Management Plan (SAMP), which includes 
Rhode Island Sound (RIS) and Block Island Sound (BIS).  Station selection was based on existing maps 
of bathymetry, sediment composition, backscatter, and fishing locations.   
 
6. Methodology 

 
Acoustic mapping was conducted to supplement previously mapped areas in the SAMP.  An 
interferometric sonar system was used to simultaneously collect high-resolution side-scan sonar and 
swath bathymetry data with 2 and 10 meter resolution, respectively.  Raw data were continuously 
recorded with Ocean Imaging Consultants – Geophysical Data Acquisition System (OIC-GeoDas) 
software and monitored in real time with a top-side monitor.  A Hemisphere GPS was used to correct for 
vessel heading, pitch and roll.  All survey lines were logged using Hypack navigation software.  The 
data were processed using OIC CleanSweep software. The resulting habitat maps were used to guide 
bottom trawling and to obtain site-specific benthic habitat information.   
 
Video and photographic surveys of benthic habitats were conducted on the F/V Mister G, in summer 
2012.  The video system is comprises a Microvideo AM301 underwater video camera, mounted on a 
stainless steel video sled with two Pro-V8 LED lights for video illumination. Two lasers, fixed 20.3cm 
apart, provide scale for habitat features and enable measurement of epifaunal species.  Video surveys 
were conducted at all the otter-trawl and beam-trawl stations.  Additional station locations were chosen 
to include the complete range of bottom types.  Each transect lasted 5 minutes with the camera 
collecting continuous video footage. The target camera altitude was one meter, giving a field of view of 
approximately 1 m2. The objective was to obtain at least 20 clear and useable still images for 
quantitative analysis from each transect.  To supplement the video surveys, high-resolution still photos 
were taken with an underwater 10X zoom digital camera, mounted on a float. The float hovered 1 meter 
off the bottom and drifted with the current.  Still photographs were taken at 12 of the 106 stations.   
 
Bottom trawling was conducted as part of the Northeast Area Monitoring and Assessment Program 
(NEAMAP) survey in Fall 2010 and Fall 2011.  Stations were chosen (1) in areas where habitat mapping 
had been conducted, (2) to include representative ranges of depths and habitat types in the study area, 
and (3) in areas targeted for offshore renewable energy development.  Trawling was conducted on the 
F/V Darana R, with the standard NEAMAP protocol of 20-minutes tows at a speed of 2.9-3.3 knots.  
The biological data included numbers, weights, length-frequency, and sex composition.  For a set of key 
species, we also collected stomach contents for diet analysis and tissue samples for stable-isotope 
analysis (Table 1).   
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Table 1. List of abundant species with management and/or food-web importance.  Stomachs and tissue samples 
were collected from the species with asterisks.  Tissue samples only were collected from the species with plus 
signs. 
 

Common name Scientific name Demersal/Pelagic 
Alewife* 
American lobster+ 
American shad* 
Atlantic cod* 
Atlantic herring* 
Atlantic mackerel+ 
Black sea bass* 
Blueback herring* 
Bluefish* 
Butterfish* 
Haddock* 
Little skate* 
Long finned squid+ 
Monkfish* 
Scup* 
Sea scallop+ 
Silver hake* 
Smooth dogfish* 
Spiny dogfish* 
Striped bass* 
Summer flounder* 
Tautog* 
Weakfish* 
Winter flounder* 
Winter skate* 
Yellowtail flounder* 

Alosa pseudoharengus 
Homarus americanus  
Alosa sapidissima 
Gadus morhua 
Clupea harengus 
Scomber scombrus 
Centropristis striata 
Alosa aestivalis 
Pomatomus saltatrix 
Peprilus triacanthus 
Melanogrammus aeglefinus 
Leucoraja erinacea 
Loligo peali 
Lophius americanus 
Stenotomus chrysops 
Placopecten magellanicus 
Merluccius bilinearis 
Mustelus canis 
Squalus acanthias 
Morone saxatilis 
Paralichthys dentatus 
Tautoga onitus 
Cynoscion regalis 
Pseudopleuronectes americanus 
Leucoraja ocellata 
Pleuronectes ferruginea 

Pelagic 
Demersal 
Pelagic 
Demersal 
Pelagic 
Pelagic 
Demersal 
Pelagic 
Pelagic 
Pelagic 
Demersal 
Demersal 
Pelagic 
Demersal 
Demersal 
Demersal 
Demersal 
Demersal 
Demersal 
Demersal 
Demersal 
Demersal 
 

Pelagic 
Demersal 
Demersal 
Demersal 

 
 
Beam-trawling was conducted on the F/V Mister G in order to sample hard-bottom habitats that are too 
rough for otter trawling.   The beam trawl had a 10-foot beam, two tickler chains and cod-end mesh 
equivalent to that of the NEAMAP otter trawl (Figure 2).  Stations were selected mainly on hard bottom 
and also at ten of the otter-trawl stations to provide direct comparisons.  The biological data included 
numbers, weights, and length-frequencies.  Stomach contents and tissue samples were not collected 
because of limited scientific personnel on board the F/V Mister G. 
 
Environmental data were collected at each trawl site with a YSI sensor that recorded water column 
profiles of temperature (°C), salinity (ppt), and dissolved oxygen (%, mg/L).  Wind speed and direction 
were also recorded on the F/V Darana R. 
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Figure 2. Beam trawl gear aboard the Mister G. Photo credit: Anna Malek 
 
 
7. Analysis techniques 
 
The acoustic side-scan and bathymetry data were processed using OIC CleanSweep software.  The final 
products were water depth maps and classification maps of seafloor bottom types based on acoustic 
characteristics.  The bottom classification maps were ground-truthed with grab samples and underwater 
images from the same areas.   
 
A random sub-sample of 5 fish (per size-class per target species per station) was selected for diet 
analysis following the protocol of Bowman et al. (2000).  The stomachs of selected fish were extracted 
immediately after capture and preserved in “normalin” (a non-toxic preservative).  In the laboratory, the 
contents of preserved stomachs were extracted and the total weight (mg wet wt) measured with 
analytical balances.  All recovered prey items were identified to the lowest practical taxon with the aid 
of stereomicroscopes, and their contribution to overall diet measured as frequency of occurrence and 
percent of total stomach content weight. 
 
Stable isotope analysis 
 
To complement the stomach-content data, nitrogen (15N/14N) stable isotope analysis was used to 
quantify the trophic level of important predator and prey species and to further define the time-
integrated feeding history of each consumer (Piraino and Taylor, 2009).  Carbon (13C/12C) stable isotope 
signatures were also used as indicators of the initial carbon source to the marine food web, and thus 
allowing for the differentiation between pelagic and benthic trophic pathways.  From the same sub-
sample of fish selected for diet analysis a ~2.5 g wet wt of muscle tissue was excised from the dorsal 
region above the operculum.  For squid we took a portion of the mantle and for scallops the adductor 
muscle.  In the laboratory, the tissue samples were freeze-dried for 48 hours and homogenized with a 
mortar and pestle.  Nitrogen and carbon stable isotope measurements of a sub-sample of fish tissue (~1 
mg dry wt) were performed at the Boston University Stable Isotope Laboratory (Boston, MA) with an 
automated continuous-flow isotope ratio mass spectrometer (IRMS; Preston and Owens, 1983). 



Collie, Gartland, King, Marchetti, Ruhle, and Taylor Page 9 of 26 

 
Figure 3. Map of acoustically surveyed areas within Rhode Island Sound and Block Island Sound. Note: Acoustic 
mapping was funded by a variety of sources, including SNECRI.  Map credit: Monique LaFrance. 
 
Ratios of 15N/14N and 13C/12C are described using standard delta notation (δ), expressed as the relative 
per mil (‰) difference between the samples and international standards (atmospheric nitrogen and 
Vienna Pee Dee Belemnite, respectively), and calculated using the following equation: 
  
(1)  δX = (Rsample/Rstandard – 1) × 1000 
 
where X = 15N or 13C, and R = 15N/14N or 13C/12C. The precision of the continuous-flow IRMS method, 
as determined by the analysis of internal reference material (peptone and glycine), was 0.4‰ and 0.3‰ 
for nitrogen and carbon, respectively. 
 
Nitrogen isotope signatures were used to calculate trophic levels for each consumer species according to 
the following equation (modified from Piraino and Taylor, 2009): 
 

(2) 
4.3

)(
2 level Trophic

1515
scallopconsumer NN δδ −

+=   

 
where, “2” is the assumed trophic level of the Atlantic sea scallop, Placopecten magellanicus , a 
phytoplanktivore, δ15Nconsumer and δ15Nscallop are the respective nitrogen isotope signatures of a consumer 
of interest and the scallop, and “3.4” is the constant nitrogen isotope enrichment (‰) per trophic level 
(Post, 2002).   
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Figure 4. Side-scan sonar image of trawl station S7. Yellow dot represents proposed trawl location. Yellow arrow 
represents the actual tow track.  
 
 
Statistical analyses 
 
For univariate response variables (e.g. total abundance, total biomass) we used Analysis of Variance 
models to test for the effects of predictor variables, such as depth and region (RIS/BIS). For multivariate 
response variables (e.g. species composition in trawls) associations with habitat type were tested with 
the PRIMER routines LINKTREE and BIOENV (Clarke and Warwick, 2001).  Specific questions we 
addressed include: Is fish abundance higher in more complex habitats?  Are there persistent fish 
assemblages that are associated with habitat type?   
 
 
8. Results (preliminary and expected) 
 
A total of 835 km2 were acoustically mapped as a part of a number of projects, including the SNECRI 
and the RI Ocean SAMP (Figure 3). These maps underwent bottom type classification to better 
understand their distribution and extent, and to determine locations of otter trawls and beam trawls in 
target habitats. An example of this process is depicted in Figure 4, which shows the side-scan sonar map 
of a proposed trawl site and the final otter trawl trackline.  
 
Benthic habitat parameters will be derived from the side-scan and bathymetry data at two and ten-meter 
resolution, respectively.  Side-scan measures acoustic backscatter intensity, from which the bottom type 
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is inferred (higher backscatter corresponds with harder substrate).  The side-scan parameters to be used 
are minimum, maximum, and mean intensity.  Bathymetric parameters include depth (minimum, 
maximum, mean) and slope (low areas are often depositional areas with soft substrates).  The 
bathymetry data will also be used to calculate rugosity, which is a measure of the roughness of the 
bottom and benthic habitat complexity.  We have not yet finished extracting the habitat parameters from 
the acoustic data; these data are therefore not included in our preliminary analyses. 
 
 

 
Figure 5. Bottom photos of unique habitat types and their associated epifauna  

 
 
A total of 106 video transects and eight photographic transects were conducted throughout Rhode Island 
Sound and Block Island Sound (Figure 5). Images were collected from all major habitat types, 
including: mud, sand, pebble, cobble, and boulder. A variety of fish and invertebrate species were also 
observed. Bottom photos will be analyzed with a point-count program written in Matlab (Lengyel et al., 
2009).  Data extracted from each photo include the major and minor sediment types, the percent cover of 
colonial epifauna, and the frequencies of free-living animals.  Faunal data were normalized per m2 for 
comparison with the trawl data.  The sediment data were used to further ground-truth the acoustic 
mapping. 
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Figure 6. Ordination of the abundances of fish and invertebrate species sampled with demersal bottom trawls 
within Block Island and Rhode Island Sound. This non-metric multidimensional scaling plot (MDS) depicts the 
pattern in demersal fish and invertebrate species composition, with similar species compositions close together. 
Each point represents one site. Symbols represent species assemblage groups. 
 
 

 
 

Figure 7. Distribution of fish and invertebrate species assemblages sampled with demersal bottom trawls within 
Block Island and Rhode Island Sound. Each symbol represents a unique species assemblage. 

Species Assemblage Group 
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We conducted 14 otter-trawl tows in Fall 2010 and 15 in Fall 2011.  Combined with otter-trawling 
conducted in Fall 2009 and Spring 2011, a total of 44 otter-trawl tows were made in the three years.  
Cluster analysis of the species abundance data from each tow revealed seven distinct species assemblage 
groups in RIS and BIS (Figure 6).  The tows cluster primarily by location and in some cases by year, 
reflecting both the permanent (i.e. bottom type) and transient (i.e. bottom temperature) habitat 
characteristics. When plotted on the map, the clusters indicate geographic grouping of species 
assemblages (Figure 7).  For example, there are assemblages associated with soft sediments in deeper 
water, soft sediments in shallow waters, and the northwest and southeast sides of Block Island.  More 
specifically, we found higher densities of silver hake, searobins, scup and spiny dogfish inshore and 
around Block Island and higher densities of butterfish, Loligo squid and scallops offshore.  Many sites 
sampled in different years fell into the same cluster, which indicates that the species composition at 
these sites is stable from year to year. 
 
We also conducted a cluster analysis of the otter-trawl stations based on their environmental data 
(temperature, salinity, dissolved oxygen, wind speed).  Four distinct sets of oceanographic conditions 
were identified, based primarily on bottom temperature. The environmental groups cluster mainly by 
location, reflecting the unique oceanographic conditions east of Block Island, west of Block Island and 
offshore.  The species assemblage groups are significantly correlated with bottom temperature, surface 
temperature, and surface salinity (BIOENV: R=0.599, p=0.001).  The groupings based on environmental 
data also correspond with some of the species assemblages (Figure 8).   
 
 

 
 
Figure 8. Non-metric multidimensional scaling plot (MDS) depicting the pattern in demersal fish and invertebrate 
species composition, with similar species compositions close together. Each point represents one site. Green 
circles represent groups of sites with similar species compositions. Symbols represent sites with similar 
oceanographic conditions.  
 
 

OCG Group 

Species 
Assemblage 
Group 
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The diet composition of each of the predator species was unique and spatially variable.  The diet 
composition of scup, winter flounder and little skates consisted primarily of amphipods, polychaetes 
(worms) and decapods, while the diet composition of summer flounder, spiny dogfish and winter skates 
consisted primarily of squid and bony fishes. Spatial patterns were found in the diets of several fish 
species.  For example, winter flounder diets contained a high percentage of amphipods in the Block 
Island Sound, whereas polychaetes dominated the diet in eastern Rhode Island Sound (Figure 9).  
 

 
Figure 9. Site-specific winter flounder (Pseudopleuronectes americanus) diet composition in Rhode Island Sound 
and Block Island Sound.  Each pie chart represents the diet composition of winter flounder at one study site, with 
proportions derived from prey abundance measurements. 
 
 
Across species, broad-scale geographic patterns in fish diet were also observed. For example, squid were 
consistently present in the diet of all of its main predators (spiny dogfish, winter skate and summer 
flounder) in Rhode Island Sound, whereas in Block Island Sound squid were only present in the diet of 
spiny dogfish. Another distinction between RIS and BIS was apparent in benthivorous species (scup, 
winter flounder, summer flounder, little skate), with algae consistently constituting a significant part of 
diet in Block Island Sound. Finally, there was a consistent prevalence of gammarid and caprellid 
amphipods in fish diet at sites surrounding Block Island, which suggests that this area may be an 
important foraging ground for winter flounder and scup.  
 
Nitrogen stable isotope analysis revealed three major trophic groups in the demersal fish and 
invertebrate community. Trophic level two consists of sea scallops and other phytoplanktivores, such as 
mussels and clams. Trophic level three consists of zooplanktivores, primary consumers and scavengers, 
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including: herring, butterfish, squid, skates, dogfish, winter flounder, and scup. Trophic level four 
consists of secondary consumers and predators, such as black sea bass, monkfish, bluefish, and striped 
bass (Figure 10). Trophic arrangement was consistent between years and seasons.   

 
Figure 10.  Carbon (δN15) and nitrogen (δC13) isotopic compositions of of fish and invertebrate species sampled 
during otter trawl surveys. δN15 values reflect trophic position, with a 3.2‰ increase corresponding to one trophic 
level. More negative δC13 values denote phytoplankton as the primary basal resource, while less negative δC13 

values denote macroalgae or other benthic producers (bacteria) as the primary basal resource.  
 
Carbon stable isotope analysis suggests that there are two trophic pathways through which fish and 
invertebrates in Rhode Island Sound and Block Island Sound derive energy, a benthic pathway and a 
pelagic pathway. Macroalgae provide the foundation of the benthic trophic pathway, where as 
phytoplankton provide the foundation of the pelagic trophic pathway. This difference in basal resource 
is reflected in fish and invertebrate δC13, such that more negative δC13 values indicate a reliance on the 
pelagic pathway, and less negative δC13 values indicate a reliance on the benthic pathway.  Thus, our 
analyses suggest that little skate, American lobster, smooth dogfish, monkfish, and striped bass rely 
primarily on benthic resources, where as spiny dogfish, blueback herring, Atlantic mackerel, Atlantic 
herring, and butterfish rely on pelagic resources (Figure 10). Species with intermediate δC13, such as 
silver hake, weakfish, haddock, and alewife, most likely exploit both trophic pathways. Species-specific 
utilization of benthic and pelagic trophic pathways was consistent from year to year.  



Collie, Gartland, King, Marchetti, Ruhle, and Taylor Page 16 of 26 

 

 
 
 

Figure 11. Ordination of the abundances of fish and invertebrate species sampled with beam trawls within Block 
Island and Rhode Island Sound. This non-metric multidimensional scaling plot (MDS) depicts the pattern in 
demersal fish and invertebrate species composition, with similar species compositions close together. Each point 
represents one site. Symbols represent species assemblage groups. 
 
 

 
 

Figure 12. Distribution of fish and invertebrate species assemblages sampled with beam trawls within Block 
Island and Rhode Island Sound. Each symbol represents a unique species assemblage. 
 

Species Assemblage Group 
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A total of 51 beam trawl stations were sampled in Fall 2010, Summer 2011, and Summer 2012.  Cluster 
analysis of the species abundance data from each tow revealed six distinct species assemblage groups in 
Rhode Island Sound and Block Island Sound (Figure 11).  When examined spatially, the clusters 
indicate geographic grouping of species assemblages (Figure 12).  For example, species assemblages 
characterized by sand dollars, margined sea stars and scallops are associated with flat, sandy seafloor 
found offshore, while species assemblages characterized by crabs, hakes and sponges are associated 
with shallow, irregular seafloor found north of Block Island. Overall, we found higher densities of 
skates, hakes, and crabs inshore and around Block Island and higher densities of scallops, yellowtail 
flounder, sea stars, and sand dollars offshore.  Site T, located at the mouth of Narragansett Bay, and site 
F4, located just east of Montauk, supported particularly unique benthic communities. Most species 
caught at site F4 were unique to that tow, such as white sea cucumbers, short-browed mud shrimp, 
mantis shrimp, and clearnose skate.  
 

 
 

Figure 13. Map showing the proportional catch size of each otter trawl and beam trawl. Larger circles represent 
bigger catches and smaller circles represent smaller catches. Green circles represent beam trawls. Yellow circles 
represent otter trawls. All catch data are standardized by area swept and excludes pelagic species and benthic 
invertebrates. 
 
The beam trawl stations provide good spatial coverage of areas that cannot be sampled with an otter 
trawl.  However, the beam trawl and otter trawl catches are not directly comparable because of differing 
catchability.  The NEAMAP otter trawl, with its high headrope (5m) had higher catches of pelagic 
species, such as butterfish and squid.  Conversely, the beam trawl caught relatively more benthic 
invertebrates such as scallops, and sea stars.  We found that by excluding pelagic species and benthic 
invertebrates, and standardizing catches by the area swept, that comparable catches of the remaining 
demersal fish species were obtained with the beam and otter trawls (Figure 13).   
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Otter trawls and beam trawls revealed unique spatial patterns in demersal fish and invertebrate 
abundance. Otter trawl catches were largest around Block Island and north of Cox’s ledge, and had no 
apparent trend with depth, whereas beam trawl catch size increased with depth, with largest catches 
south of Block Island and offshore (Figure 13).  
 
Fish community diversity, as assessed by beam trawls and otter trawls, was greatest north of Cox’s ledge 
and along the eastern shore of Block Island (Figure 14). Such spatial patterns in fish community 
diversity may reflect proximity to hard bottom habitat.  

 
 

 
 

Figure 14. Map showing the proportional species richness (i.e. diversity) of each otter trawl and beam trawl. 
Larger circles represent more diverse catches and smaller circles represent less diverse catches. Green circles 
represent beam trawls. Yellow circles represent otter trawls.  
 
Aggregate length frequencies were constructed for each beam trawl and otter trawl station and were 
reflective of the catch composition, with peaks indicative of abundant species (data not shown). Overall, 
otter trawl catches had larger average fish lengths than beam trawl catches (Figure 15). Average fish 
length is similar in Rhode Island Sound and Block Island Sounds, but is spatially variable at a finer 
scale. Spatial trends in average fish length may reflect the presence of ultra-abundant species, such as 
spiny dogfish, squid, scallops, and butterfish (Figure 16). 
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Figure 15. Average length of fish community as sampled by two gear types: otter trawls and beam trawls. 

 

 
 
Figure 16. Map showing the average fish length from each otter trawl and beam trawl. Larger circles represent 
catches composed of larger individual and smaller circles catches composed of smaller individuals. Green circles 
represent beam trawls. Yellow circles represent otter trawls.  
 
 
There is no clear relationship between water depth and total fish abundance or biomass. Beam trawls 
suggest a trend of increasing biomass with water depth, where as otter trawls suggest a non-linear trend, 
with high biomass at shallow and deep locations, and low biomass at intermediate depths (Figure 17). 
These trends were reversed for total fish abundance: beam trawls show an increased abundance at 
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shallow and deep locations, and decreased abundance at intermediate depths, whereas otter trawls show 
a linear increase in total fish abundance with depth. Multivariate analysis of beam trawl and otter trawl 
species abundance revealed unique fish communities at shallow (<90 ft) sites and deep sites (<120 ft) 
(ANOSIM: R=0.579, p=0.001). The demersal fish assemblage found at intermediate depths (90-120 ft), 
however, is not unique.  
 
 
 
a) Beam Trawl     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Otter Trawl 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17. Aggregate biomass (kg) and abundance (# individuals) by depth strata as measured by: a) beam trawls, 
and b) otter trawls. Depth strata are defined as follows: Stratum 3 = <90 ft; Stratum 4 = 90-120 ft; Stratum 5= 
>120 ft.  
 
Regional (Rhode Island Sound v. Block Island Sound) patterns in abundance and biomass are evident 
from both beam trawls and bottom trawls (Figure 18). Total fish biomass was greater in Block Island 
Sound, while total fish abundance was greater in Rhode Island Sound. Thus, BIS appears to support a 
fish community of less abundant, larger individuals, where as RIS supports a fish community dominated 
by smaller, more abundant individuals.  
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Figure 18. Regional trends in biomass (kg)  and abundance (# individuals) and biomass as measured by beam 
trawls. RIS = Rhode Island Sound; BIS = Block Island Sound. Data from otter trawls reveal the same pattern.   
 
 
9. Discussion 
 
A number of distinct fish assemblages are found in Rhode Island coastal waters.  The distribution of 
these assemblages can be explained by a subset of benthic habitat and oceanographic features, which 
include surface and bottom temperature, surface salinity, bottom type, depth and rugosity.  Spatial 
patterns in diet composition indicate habitat-specific feeding of demersal fish species.  Feeding on 
benthic prey is therefore an important link between demersal fish assemblages and their habitats.  Beam 
trawling provides a useful complement to otter trawling because it can be conducted in areas of hard 
bottom.  
 
The final results of this project (maps and geo-referenced data) will provide guidance for marine spatial 
planning in Rhode Island’s coastal waters.  In addition to contributing a basic understanding of fisheries 
ecosystem dynamics, the relationships between species assemblages and habitat variables could be used 
to predict range shifts and community changes that may result from climate change.  These results will 
also provide a baseline for measuring the cumulative effects of offshore development projects, and a 
basis for protecting important benthic habitats. 
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10. Summary of conclusions  

• Acoustic mapping is a useful tool for understanding the relationship between the demersal 
fish community and benthic habitat. 

• Underwater video and photographic surveys can be used to ground truth acoustic data, assess 
habitat type, and examine fine-scale variability in seafloor features.   

• Otter trawls indicate that there are seven distinct demersal fish communities in Rhode Island 
and Block Island Sounds, reflecting both the permanent (i.e. bottom type) and transient (i.e. 
bottom temperature) habitat characteristics. 

• Otter trawl species assemblage groups are significantly correlated with bottom temperature, 
surface temperature, and surface salinity.   

• Otter trawls suggest that there are higher densities of silver hake, searobins, scup and spiny 
dogfish inshore and around Block Island, and higher densities of butterfish, Loligo squid and 
scallops offshore.  

• The diet composition of scup, winter flounder and little skates consisted primarily of 
amphipods, polychaetes and decapods, while the diet composition of summer flounder, spiny 
dogfish and winter skates consisted primarily of squid and bony fishes.  

• Spatial patterns were found in the diets of several fish species, suggesting that fish diet 
depends on the habitat where the fish were caught. 

• Nitrogen stable isotope analysis is a useful tool for teasing apart trophic interactions in a 
complex ecosystem. 

• There are three major trophic groups in the demersal fish and invertebrate community in 
Rhode Island Sound and Block Island Sound: 1) Benthic filter feeders, 2) Primary consumers 
and detritivores, and 3) Secondary consumers and predators.  

• Carbon stable isotope analysis suggests that there are two trophic pathways through which 
fish and invertebrates in Rhode Island Sound and Block Island Sound derive energy, a benthic 
pathway rooted in macroalgae, and a pelagic pathway originating from phytoplankton. 

• Beam trawls indicate that there are six distinct species assemblage groups in Rhode Island 
Sound and Block Island Sound. 

• Beam trawls suggest that there are higher densities of skates, hakes, and crabs inshore and 
around Block Island and higher densities of scallops, yellowtail flounder, sea stars and sand 
dollars offshore.   

• By excluding pelagic species and benthic invertebrates, and standardizing catches by the area 
swept, comparable catches of the remaining demersal fish species were obtained with the 
beam and otter trawls 

• Total abundance of the demersal fish community is higher in Rhode Island Sound than Block 
Island Sound, where as total biomass of the demersal fish community is higher in Block 
Island Sound than Rhode Island Sound. 

• Block Island Sound supports a fish community with less abundant, larger individuals, whereas 
Rhode Island Sound supports a fish community with more abundant, smaller individuals.  
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• Spatial patterns in the diversity of the demersal fish community coincide with major benthic 
habitat features, particularly proximity to hard bottom habitat.   

• Average fish length is similar in Rhode Island Sound and Block Island Sound, but is spatially 
variable at a finer (site-by-site) scale.  

• The demersal fish community of BIS and RIS is shaped by a variety of physical 
environmental variables, not all of which have been accounted for in this study.  
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12. Appendices: Supplementary Figures 

 
Appendix I: Map of all beam trawls (F/V Mister G) and otter trawls (F/V Darana R) conducted from 2009-2012. 
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Appendix II. Map of all video survey sites conducted in the summer of 2012 aboard the F/V Mister G.  

 
Appendix III. Map showing total fish and invertebrate biomass of each beam trawl and otter trawl. Bubble size is 
proportional to the total biomass of the catch (i.e. larger bubble = larger biomass). 



Collie, Gartland, King, Marchetti, Ruhle, and Taylor Page 26 of 26 

 
Appendix IV. Map showing demersal fish community evenness for each beam trawl and otter trawl. Larger 
bubbles represent sites that have an even species distribution, and smaller bubbles represent sites that are 
dominated by a small number of species.  
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