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Effects of Energy—related Transport Activities on Benthic Marine Plants, 
Fin-fish, Shell-fish and Lobsters in the Thames River Estuary

1.0 Introduction

1.1 Objectives

This study was undertaken to assess the distribution and abundance o-f 
marine plant beds in and near New London Harbor, their importance to 
-fin-fish and shell-fish o-f the area, and their potential vulnerability to 
•further development o-f the harbor as a major energy port. The work was 
designed and conducted by personnel o-f the Marine Sciences Institute o-f 
the University o-f Connecticut in 1983.

The waters o-f eastern Long Island Sound are relatively pristine 
compared with the central and western Sound. Since a comprehensive 
ecosystem study o-f this area has never been undertaken, this study 
provides an initial step toward that goal. It establishes an ecological 
data base with special emphasis on benthic plants and associated animal 
communities by:

1. Collating data -from previous studies.
2. Conducting new field studies to identify, quantify, locate and 

evaluate plant communities.
3. Integrating the previous studies and the new field results into 

an ecosystem framework.
4. Applying the composited ecological information to CEIP 

management goals.

The primary frame of reference is the lower harbor of the Thames River 
where most of the part expansion is expected to occur.

1.2 How this study addresses CEIP goals

Dramatic increases in petroleum imports in recent years and 
additional proposals for marine development indicate that the Thames 
River represents an under—utilized port which will be expanding. Energy 
industries and energy-user industries, including the substantial 
government presence in the area, will increase the demand for energy 
products.

Port development presents potential hazards to marine plant 
communities and the finfish, shellfish and lobster populations dependent 
on them for food and habitat. The plants may be lost completely through 
dredging, facilities construction or high physical stress associated 
with frequent vessel traffic. Their function may be lost or impaired by 
increased turbidity of the water or additions of pollutants. Turbidity 
may reduce their production capacity, while pollutants may become 
adsorbed to their fronds or incorporated into their tissues. Any 
significant damage to the habitat or reduction and pollution of the food 
supply may be expected to affect associated animal populations.
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This study -focuses on marine plants as a basic support component o-f 
the Thames River ecosystem. It seeks to provide answers to the 
fallowing questions:

1. Is there any evidence that present levels of energy-related 
transport and transfer activities are impacting benthic plants 
in the Thames River area to the detriment of finfish and 
shellfish?

2. Is there any evidence that expansion of energy-related 
activities in this river will cause impact?

3. What types of management procedures might be implemented to 
minimize any impacts?

1.3 Summary of Major Results

1.3.1 Ecological Characteristics
Benthic macrophyte communities of the New London Harbor area were 

found to be far more widespread and diverse than previous studies have 
indicated. Eelgrass beds were relatively localized, but benthic algae 
were not confined to hardrock areas as conventionally assumed; they 
occupied extensive areas of soft bottom, utilizing cobbles, gravel, 
shell, worm tubes and debris as substrate for attachment.

Most of the plant beds were located in the lower harbor and adjacent 
coastal waters; no- significant growth areas were found north of the 
White Island / Green’s Harbor area.

Many of the algal species had seasonal patterns of abundance.
Compared to highly fluctuating seasonal abundances of phytoplankton, the 
macroalgal communities were relatively stable. Median biomass levels 
for spring and summer respectively were 484 and 540 gdw/m= (grams 
dry weight per square meter), about twice as high as winter and fall 
levels (320 and 339 gdw/m-) .

«

The areas with the greatest seasonal variations in biomass were those 
exposed to fall and winter storms and heavily dominated by kelp because 
the plants were torn loose from larger rocks or simply weighed their 
moorings on smaller rocks and drifted away. Studies conducted only 
during stormy seasons in such areas will grossly underestimate plant 
production, and our results have provided a re-evaluation for one such 
under—assessment involving the proposed Black Ledge containment site.

Drift algae were ubiquitous to the area and appeared to be in a 
healthy, productive state, forcing a re-evaluation of their functional 
status; conventionally, drift algae are assumed to be in a state of 
death and decay, unless they are one of the recognized pelagic species 
such as Sargassu*. A high degree of mobility during the lifetime of 
traditionally attached species appears to be a characteristic of this 
area. Such mobility greatly extends their range of influence within the 
river and adjacent coastal waters.

The presence of macrophytes greatly increased living space per unit 
area compared to bare substrate; the plant beds were found to be 
supporting animal assemblages which were richly varied, extremely
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abundant, and active yeai—round. Some of the most abundant epi-fauna 
were species known to be prime -food items -for important -fin-fish and 
shellfish of the local commercial and recreational fishery. The plant 
beds were also utilized as nursery areas for the young of many large 
species, including local fishery species.

The area supports a healthy ecosystem despite its history of 
industrial and military use as a port. A key to the stability and 
resiliency of the system is believed to lie in the diversity and 
heterogeneity of its structural elements. This stability probably due 
in large measure to the presence of the widespread, abundant and 
heterogeneous macroalgal community. Of the three types of primary 
producers within the system, phytoplankton, eelgrass and macroalgae, the 
macroalgae impart the greatest spatial and temporal stability to their 
associated communities.

1.3.2 Management considerations
The present study found that major subtidal algal beds are spatially 

separated from industrialized zones of the harbor, and that intertidal 
algae were sparse along industrialized shorelines as were biota taken in 
benthic dredge hauls adjacent to those shorelines, all of which indicate 
that present port activities are affecting the harbor ecosystem. There 
were no major benthic plant beds north of the Green’s Harbor area.

Past studies of benthic infauna in the harbor channel indicate that 
the area is physically stressed. Such stress may well be attributed 
directly to vessel traffic, dredging and associated port activites.
Heavy pollution stress was found in vessel berthing and launching areas 
and near municipal and industrial outfalls.

On the other hand, this study detected no evidence for direct impact 
from transiting vessels on major algal beds located immediately adjacent 
to the channel at the mouth of the harbor, and no evidence for impact 
from present port activities on animal communities associated with these 
algal beds.

With careful planning and management, the New London Harbor area can 
probably accommodate expansion of port activities without greatly 
increasing impacts beyond present levels, providing port development is 
confined to inner harbor areas north of the major algal beds. The 
proposed location of the DOT coal facility meets this requirement. It 
is strongly recommended that the proposal to build a dredge spoil 
containment basin on Black Ledge be discarded on both ecological and 
hydrological grounds. Building a barrier at the western entrance to 
Pine Island Bay may be advisable. The barrier was originally sought to 
protect the embayment from storm surges, but it may be even more useful 
in protecting the Poquonnock River shellfish and macrophyte beds from 
harbor pollution.

The following ecological hazards have been identified with respect to 
port development activities:

1. Increased potential for grounding and collision associated with 
increased traffic within a narrow harbor, limited berthing and 
anchorage facilities, frequency of heavy fog, and strategic nature



-he harbor as a military port.
2. Chronic and episodic spills of petroleum and other hazardous cargo 

from grounding or collision in the harbor or harbor approaches, 
transfer activities at the port, or seepage from storage facilities.

3. Dredging, if it is conducted within plant beds or during critical 
spawning or migration periods.

4. Loss of habitat areas to port development if such development is not 
confined to upper harbor areas north of the algal habitats or if 
major vessel anchorage basins are developed within the harbor.
A number of countermeasures could be addressed in the planning stages

of port development which would greatly reduce the potential for
impact.
1. Localized physical damage and turbidity adjacent to port facilities 
could be minimized if port development were focused along shorelines 
which are already impacted and if management plans were devised to 
control traffic levels within the river, enforce safe docking and 
transfer procedures, enforce deployment of protective barriers during 
transfers and provide for rapid detection and response when spills 
occur.

2. Depending on the degree of spillage, the location, and the tidal and 
meteorological conditions, it is highly likely that a moderate to 
heavy spill of oil or other pollutants in the harbor would 
necessitate rapid action to prevent the pollutant from spreading to 
algal beds, from being carried upstream to areas of lowered oxygen 
content or from blocking off the river as a zone of passage. If plant 
beds or drifting plants become contaminated, they may have to be 
removed to landfill areas. The procurement of appropriate equipment 
and landfill.dumping permits in anticipation of these special 
environmental needs would mitigate the pollution hazard by reducing 
the response time to a major spill.

3. Operational procedures could be developed for the protection of 
critical areas such as algal beds, zones of passage, spawning and 
nursery areas and shellfish beds. An accurate hydrologic model is 
needed to predict the movement of pollutants from specific potential 
point sources created by port activities under a variety of 
meteorological conditions specific to New London Harbor. Better 
information should be gathered on the soft-bottom communities of the 
shoal areas of the lower harbor and the ecosystem north of the study 
area included in this report. A program could be devised to continue 
baseline surveillance of water quality and ecological resources of 
the river, including commercial and recreational landings of fish and 
shel1 fish.
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2.0 Collation of Previous Studies

2.1 The Thames River as an Energy Port
The Thames River is an estuary 25.8 km <12 mi) long located in 

Southeastern Connecticut beginning at Norwich, CT, and terminating at 
the juncture o-f Long Island Sound and Fishers Island Sounds 
(Fig.2-1). It receives significant waterbourne traffic at ports 
located all along its length from the New London/Groton area to the 
city of Norwich, at its head (Fig. 2—2). In the lower harDor, Pfizer 
Pharmaceutical, Hess Oil Company, and the Electric Boat Division of 
General Dynamics line the east bank of the river. On the west bank 
are City Coal Company, Naval Underwater Systems Center, New London 
City and Connecticut State Piers, and terminals for three ferry 
lines. North of the 1-95 bridge are the Coast Guard Academy, U.S.
Navy Submarine Base, a Northeast Utilities fossil fuel power station, 
and Dow Chemical Company. Small tankers carry home heating oil and 
other petroleum products to the city of Norwich at the head of the 
river.

Coal, petroleum products and chemicals have been the leading 
commodities of waterborne traffic to the river. Imports of petroleum 
products, including kerosene, gasoline, distilled oil and residual 
oil, totalled 590,960 short tons in 1971 (8), 3,032,978 short tons in 
1976 (5), and 3,386,175 short tons in 1979 (31), for an increase of 
473% in petroleum imports between 1971 and 1979. In addition, 225 
short tons of fuel wood and charcoal were imported in 1979.

New London Harbor has the greatest potential for expanson of 
commercial traffic of all the harbors on the Connecticut shoreline, 
and there are strong incentives to increase its energy-related 
traffic. The Navy has recently dredged the harbor to 42 feet (12.8 m) 
at mean low water which makes it deeper by 7 feet than the two other 
major harbors in the state, New Haven and Bridgeport (31). New London 
is by far the closest port to the ocean, being located less than five 
nautical miles (9.3 km) north of the exit from Long Island Sound at 
The Race.

The New England River Basins Commission has proposed that all 
petroleum receiving and distribution facilities in Connecticut be 
consolidated into three ports, New London, New Haven and Bridgeport, 
and that all tank, storage facilities be located inland from the 
receiving port, thus alleviating any limitations New London might have 
as a port due to non-availability of dockside acreage for storage 
tanks (14).

Waterborne coal traffic on the Sound stood at 3.5 million tons in 
the mid—60’s, but was phased out entirely by 1971 (8). However, the
last energy crisis and the establishment of Project Independence, a 
movement to reduce New England’s reliance on foreign oil, has brought 
about serious interest in re-establishing coal as a fuel base here 
■C14). The present Persian Gulf tensions reinforce the assumption that 
energy crises will be repetitive events for the industrialized world. 
The DOT has recommended that if a coal terminal is to be built in 
Connecticut, it should be sited at Winthrop Point beneath the 1-95 
highway bridge (Fig. 2-2) and that New London should provide coal 
service to the entire state. The projected annual demand is 2,c-60,000
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Figure 2—1 Location o-f the Thames River system in southeastern 
Connecticut.



Figure 2—2 Municipal , state, •federal and industrial facilities 
along the Thames River. Proposed facilities are indicted 
by <) .

CITY OF NORWICH
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tons, primarily -for utility companies (8).
In terms of overall port development, a study commissioned by the 

Connecticut Port Authority (6) has concluded the fallowing:
"On the basis of favorable marine—navigation 
considerations, New London is superior to New Haven or 
Bridgeport by a substantial margin. However, on the 
basis of ultimate deep-draft potential and ultimate 
potential for flexibility to meet future concept 
demands, New London stands alone as the only port 
which could be readily adapted to meet mare stringent 
requirements. Ecological factors become more favorable 
as one moves eastward along the coast. In this 
regard, New London is also in a better position than 
the other ports."

The main growth in port activities has been increasing 
military—related activities and increasing petroleum imports. The 
population in the Southeastern Connecticut region is increasing. In 
1960 it stood at 179,000. By 1970 it had increased•23X to 220,000; by 
1990 it is expected to be 274,000 and by 2020, 333,000 (13). The 
lower harbor already accommodates outfalls from two major sewage 
treatment plants and there are several additional treatment plants 
upstream (Fig. 2—2). Thus the impact from population pressure is 
already being felt and will increase with further port development.

The Connecticut Port Authority Study, in. the same report cited 
above, included the following caution:

"This is not to say that the New London area can 
tolerate development without careful control of any 
potential ecological impact, but only that the 
ecological hazards may be lessened and easier to 
control at this site...."

A Long Island Sound Planning Study (13) cites the urgent need to 
protect the relatively unpolluted recreational areas which lie 
immediately adjacent to the Thames River, such as the Poquonnock and 
Mystic estuaries to the east and Alewife Cove, Jordan Cove and the 
Niantic River to the west (Fig. 2-3). Except for Alewife Cove and 
inner areas of Jordan Cove, these areas are open for shellfish 
harvesting. Many beaches, parks and natural areas are located in and 
near the estuary. Commissions within the communities adjacent to New 
London have programs underway for improving and maintaining these 
estuaries as healthy environments for swimming, fishing and 
shelIfishing.

The Thames River and surrounding waterways are already heavily 
utilized by recreational boaters and fishermen (31). Several marinas 
are presently being expanded. Quahogs were commercially harvested from 
the lower harbor in 1984 for replanting in purging beds elsewhere. 
Commercial oyster beds have long been located in the area of Mamacoke 
Island north of the 1-95 bridge. These oysters are also transported 
to purging beds outside the river before they are marketed. There are 
proposals to the city of New London to rebuild its commercial fishing 
fleet by establishing a fish processing plant in the vicinity of Shaws

9



Figure 2-3 Proximity o-f public recreational areas to the Thames 
River industrial port.
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Cove (7) (Fig. 2-2). There is one proposal by the Town of Groton to 
create a harbor o-f refuge at the mouth o-f Baker Cove by building a 
surge-control barrier at Eastern Point, and another to build a 
containment island at Black Ledge to support many aniticipated 
dredging projects (32). Despite these active
environmentally-dependent programs, there have been no attempts to 
develop a coherent understanding about the needs of Thames River 
ecosystem or to secure its health as a basic resource.

2.2 The Thames River as an Ecosystem

2.2.1 Physical and Chemical Characteristics

The Thames River estuary is formed by the confluence of the Yantic 
and Shetucket Rivers at Norwich. Its drainage basin covers 3526 km2 
(1400 mi2). The river follows a relatively straight north—south 
course and empties into Long Island Sound (LIS) at the western end of 
Fishers Island Sound (Fig. 2-1).

A dredged channel runs the entire length of the river. Its depth 
in the lower harbor is 12.8 m (42 ft). Between the bridges and the 
Submarine Base it is 10 m (33 ft), and north of that it is 7.6 m (25 
ft). The channel hugs the east bank between the river mouth and the 
Submarine Base, with most of the western 2/3 to 3/4 of riverbed lying 
above the 5.5—m (IS ft) contour. North of the Submarine Base, most of 
the area outside the channel lies within the 1.8 m (6 ft) contour. We 
have made a conservative estimate from reported Secci disk readings 
(11) that all areas within the 5.5-m contour receive sufficient light 
for plant growth most of the time.

Annual freshwater discharge to the river is highly variable, 
depending on precipitation and temperature. Estimates for 1970, 1971 
and 1974 averaged 3.9, 3.6 and 4.6 million m3 per day, but 
irregular cycles of wet or dry years affect the discharge by 50% or 
more (36,37). Monthly precipitation in the region is only mildly 
seasonal (3), but the effects of winter storage by freezing and 
summertime loses to transpiration and evaporation in the watershed 
result in strong seasonal cycles in discharge rates. Rates are 
usually highest from March through May and lowest from June through 
September. About 80% of this discharge enters the river from the 
Yantic and Shetucket Rivers at Norwich (27).

The estuary is tidal along its entire length. The mean tidal range 
is 0.79 m (2.6 ft) at New London, increasing to 0.94 m (3.1 ft) at 
Norwich due to a resonant effect of the channel. Spring tides 
increase the range by 0.30 m (1.0 ft) (34). The mean tidal prism is 
13.3 million m3 (470 million ft3), which exceeds the average 
freshwater discharge by about 6:1. Thus the estuary is a tidally 
dominated system.

Despite the high tidal water: freshwater ratio, the river usually 
remains stratified to its mouth. This is probably due to its 
relatively straight, narrow channel, the high relief of its banks 
which protect it from wind mixing, and the fact that 80% of the 
freshwater enters at the head of the estuary, giving it a flume-like 
hydrology. Bottom water is salt all the way to Norwich. This
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stratification results in poor mixing between surface and bottom 
waters.

An important consequence of the river's hydrodynamic regime is that 
flushing times for surface water entering at Norwich are only 0.5 to 2 
days, which is short for a system of this size. The lower flushing 
time corresponds to periods of high discharge and vice versa. Bottom 
water, on the other hand, requires 19 days or more to flush completely 
(27). These flushing times are important determinants of the fate and 
effects of pollutants entering the system.

Sediments over mast of the river bottom are fine sand and silt 
washed down from inland (33). Course gravel and rock deposits occupy 
a narrow margin along the riverbank. In some areas there are deposits 
up to 27.4 m (90 ft) of highly organic, very soft silt. Sediments in 
the channel are reportedly dark grey and black clayey—silts with 
organic contents of 0.15 - 5.04% and water contents of 46 — 65%
(2,38). There is little sediment data for the bulk of the harbor 
area, which lies outside the channel, except for the western shoals 
area north of the 1-95 bridge, where the sediments are reported to 
vary from highly organic clayey—silt to coarse sand (29). In the 
vicinity of Black Ledge, off the mouth of the harbor (Fig. 2-2), deep 
sediments in and near the ship channel consist of fine clayey-silts 
similar to those in the river (2,28, 38). As the bottom shoals toward 
the ledge, the sediments grade to finer sands, then coarse sand and 
gravel, and finally to ledge with cobble at depths of 2-3 m (5-10 ft).

In the upper half of the river, the high organic content in the 
sediments, high temperatures, long flushing times and poor mixing 
between surface and bottom layers combine to produce oxygen depletions 
in the bottom waters during summer months. At such times these waters 
contain only 0—3 ppm dissolved oxygen. The oxygen demand is so great 
that neither photosynthesis nor tidal flushing can alleviate the 
condition, which is so stressful that the area becomes devoid of 
demersal fishes (29).

These anoxic conditions alone represent a serious biological 
impact. They become even more serious, however, because low oxygen 
commonly produces synergLstic effects with other stressful factors, ie 
if-oxygen levels are low, an organism’s tolerance for other factors is 
often greatly lowered. A factor which frequently combines 
synergistically with low oxygen is temperature. Although the harbor 
area itself is better flushed, and its oxygen content reportedly 
rarely drops below 80% saturation, pollutants entering from the harbor 
may be carried upstream by tidal action and thus become increasingly 
harmful to biota as the oxygen levels decline.

Nutrient levels in the river are high compared with those in Long 
Island Sound (9,21,24), and reflect anthropogenic loadings from 
several sewage treatment plants and Pfizer Pharmaceutical Co. (Fig 
2—2). These loadings are particularly important in sustaining 
phytoplankton and benthic algal growth in summer when nutrients in 
Long Island Sound waters are low.
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2.2.2 Biological Characteristics
Phytoplankton communities in the Thames River have not been studied 

directly, but some estimates o-f their production levels may be 
in-ferred -from surveys o-f chlorophyll concentrations (9,21).
Chlorophyll is a highly variable parameter, but some general seasonal 
patterns applicable to LIS and temperate systems in general have been 
discussed by Riley (23). Concentrations are highest in western LIS 
and lowest in eastern LIS (Table 2-1), and this gradient is attributed 
to a concomitant gradient in nutrient levels. Chlorophyll variations 
in the temperate zone characteristical 1 y occur as a series o-f short 
duration, highly volatile seasonal oscillations which correspond to 
peaks and crashes in the phytoplankton populations conventionally 
attributed to a combination o-f three factors: solar illumination, 
nutrient availability and zooplankton grazing. For a conventional 
cycle, the highest peaks occur in late winter or early spring in 
response to increasing solar illumination. This peak is followed by a 
s^arp crash as nutrients become exhausted and zooplankton grazing 
intensifies. If nutrients are sufficiently replenished through 
recycling, a second smaller peak may occur in late summer or early 
fall.

This seasonal pattern is often assumed to be ubiquitous in marine 
systems of the temperate zone, but the timing and the intensity of the 
blooms are highly unpredictable from year to year. Moreover, the 
pattern may be completely disrupted by local processes. Riley’s data 
for eastern LIS do not show the strong classical patterns which 
develop in the central and western Sound, and neither do the data from 
several consecutive years at stations near Millstone Point, only a few 
kilometers west of the Thames River (22,40).

Data for the River are too few to detect seasonal peaks with any 
confidence, but all of the available summer measurements are 
consistently and significantly higher than measurements at any other 
time of the year (9,22). Moreover, chlorophyll concentrations in the 
lower river are consistently higher than in eastern LIS.
Concentrations in the highly stratified surface waters of the upper 
river may be twice those in lower river (Table 2-2). Concentrations 
in the upper river exceed even the highest levels reported by Riley 
for the western Sound. Thus Thames River phytoplankton production 
patterns deviate substantially from classical seasonal patterns.
River production appears to be driven by high summer temperatures 
coupled with sustained nutrient levels from anthropogenic sources and 
lowered flushing rates associated with seasonally low freshwater 
runoff, rather than by the natural factors cited by Riley.

The temporal variations in chlorophyll over a partial tidal cycle 
are contained in Table 2—3. These data have been presented because 
they show a pattern which provides a convenient demonstration of a 
phenomenon called tidal recycling, which is relevant for any dissolved 
or particulate constituent in the water column, including pollutants. 
Recycling occurs because tidal water typically moves upstream and 
downstream as a series of cohesive water masses. These masses tend to 
retain their individual characteristics because they do not mix 
readily with adjacent water masses over the time scales of a tidal 
cycle. In this particular example, a portion of the ebbing water mass 
which contains high levels of chlorophyll moves upstream again on the 
flood tide with little or no dilution, resulting in a phase lag

13



Table 2—1. Ranges far chlorophyll in Long Island Sound. Millstone 
Point, New London Ledge, and Thames River from various 
studies. Units are mg/m3. River stations are keyed to 
Fig. 2-4.

SAMPLING LOCATION SCHEDULE RANGE SOURCE

LONG ISLAND 
EASTERN

SOUND 
MAR 54 - NOV 55 0.5-3.5

RILEY (23)

CENTRAL MAR 54 - NOV 55 1.5-22
WESTERN MAR 54 - NOV 55 4-24

MILLSTONE POINT
OUTFALL 1977
OUTFALL 1978
OFFSHORE 1975

JAN-DEC
JAN-OCT
MAR-JUN-OCT

0.5-12.8
0.2-8.5
1.4-4.4

NUSCO 
NUSCO 
NUSCO 

(18)
(19)
(15)

THAMES RIVER
STA A NL LEDGE
STA A .NL LEDGE
STA B—0
STA B-X
STA B (MOUTH)
STA M (UPSTREAM)

JUL 74
FEB, JUL 75
JUL 74-MAY 76
JUL 74, AUG 75
AUG TIDAL CYCLE
AUG TIDAL CYCLE

3. 6
1-6
1-38
7-175
21-175
11-95

RATHEON (21)
FENG (9)
FENG (9)
RATHEON (21)
RATHEON (21)
RATHEON (21)
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Figure 2-4 Station loctions -for chlorophyll measurements reported 
in Tables 2-1 and 2-2.
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Table 2-2. Seasonal and spatial csiparisons of chlorphyll in the Thant River fro* previous studies. Stations are 
keyed to Figure 2-4. Sources oi data are Ratheon (21), Feng (9). Units are eg/eJ.

RftTHEGN RATHEON FENS FENS
STATION 7/11-12/74 AUGUST 6-7, 1973 JULY 1975 FEB 1973
Sta Loction MEAN SURFACE BOTTOM SURFACE BOTTOM SURFACE BOTTOM
A NEAR N.L. LESSE LIT 3.6 4 6 1 1
S RIVER MOUTH 63.2 44.2c PFIZER 12 7 1 1
D OPPOSITE HESS OIL 10.7 63 45.2
E 29 7.3 1 2
r OPP. NUSC/BELON 5STP
S

0
33.1 38.7

H UNDER 1-93 BRIDGE 6.7
I 39 7 l 2.3
J 33.1 74.9 49 7.3 1 1
L SMITH CV/OP? CC STAN
M OPP. MONTVILLE PS
N

16
34.1 52.4

62.3
60,5
83.2

0 33 8 1 3
P BUOY 26/BELCH HOSP.
3 *

9.B
133.B 23.3 .

R BUOY 40 8.9
S 108.1 11.6
T RTE 12/MOUTH SHET.R,
U

7.1
116.4 18.1

V 8TH ST BR, OFF RT 12 12.3
i 174.6 23.3
l SHERMAN ST BR/YAN R. 0
0ISCHAR5EB ON RIVER

DESCRIPTION
1 NORWICH ST?
2 NORWICH HOSP. STP
3 DON CHEMICAL
4 MONTVILLE POWER STA
5 SROTON STF
a NEN LONDON STP
7 PFIZER CHEMICAL
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Table 2—3. Temporal variability of chlorophyll <mg/m3) in the River
mouth (Sta F) and upstream (Sta M) over a portion of tide. 
Keyed to Figure 2-4. Data are from Ratheon (19) August, 
1975.

STATION 1 STATION 5
TIDE TIME SURFACE BOTTOM TIME SURFACE BOTTOM
FLOOD
EBB

0715
1100

62.4
74.8

54. 1
41.6

0830
1100

47.8
20.8

11.3
47.8

EBB 1200 37.4 20.8 1200 68.6 74.8
EBB 1300 60.8 47.8 1300 74.8 74.8
EBB
EBB

1400
1500

79. 1
83.2

62.4
54. 1

1430
1530

74.8
79.0

83.2
62.4

EBB 1600 87.3 62.4 1600 89.4 68.6
FLOOD 1700 81.1 60.3 1715 89.4 87.3
FLOOD 1800 81.1 45.7 1800 87.3 94.8
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between the change in chlorophyll concentration values and the change 
in tidal direction. Similarly, a pollutant spilled in the harbor may 
maintain its concentration longer than a generalized mixing equation 
would predict, and may repeatedly bathe areas both upstream and 
downstream from its point of entry. The phenomenon is generally 
stronger in upstream areas because of the restrictions imposed by the 
river banks and the more pronounced vertical stratification of the 
water column, but it can be detected to a lesser degree in data from a 
station at the mouth of the river, which are also included in the 
table.

There is relatively little information about benthic plant 
communities in the Thames River. A small study of attached seaweeds 
at the mouth of the harbor was conducted in August 1976 (23) .
Thirteen genera were reported, distributed in two broad zones.
Cbondrus crispas dominated the shallower zone, which extended from 
MLW to 1.4 m at mean densities of 556 grams dry weight (gdw)/ma 
(Standard deviation(SD) = 222). Phyllophora sp dominated the deeper 
zone, from 1.4 m to 3.0 m at densities of 478 gdw/m- (SD=138). A 
study of attached seaweeds was conducted at Black Ledge in October and 
November, 1931, to evaluate the area for construction of the proposed 
dredge spoil containment island cited in Section 2.1 (28). Fifty-two 
species were reported, with a biomass range of 4.3 -152 gdw/m=. A 
third study, conducted in 1973 between the 1-95 bridge and the 
Submarine Base (Fig. 2—2), reported 6 species in negligible quantities 
(<1 gdw/=), except in one highly localized area nearshore where 
there were abundant patches of green alga, Ulva lactuca, and 
eelgrass, Zostera marina (29). A fourth study, conducted in the 
lower Harbor area, was not primarily concerned with benthic algae, but 
reported 10 species as an incidental adjunct to reporting on the 
animals of the area (10).

In all, 62 species were reported (Table 2-4), but the general 
impressions left by all but the August 1976 (22) study was that 
benthic plants were relatively unimportant in the area either because 
their densities were very low (28) or because they were confined to 
hardrock substrate which comprised a relatively small proportion of 
subtidal bottom area (10,29).

Several studies of benthic invertebrates are available 
(10,22,28,29). Appendix Table Al-A through Al-D contains a 
composited inventory of the species reported. The number of tax a (76 
Polychaetes, 52 Crustaceans, 43 Molluscs and 28 in 9 other phyla) is 
impressive but somewhat unmanageable. The table is useful for 
qualitatively comparing the species found in different habitats and 
for identifying those species which are most ubiquitous in the area.

However, with respect to a composite analysis, the information 
provided by such independent studies, i.e. the suite of species 
captured and their importance ratings in terms of numbers or biomass 
per unit effort, depend heavily on the method of collection and the 
spatial and temporal scales of the sampling program. Recognizing the 
inherent difficulties in comparing or combining studies, we have 
extracted from the inventory a series of assemblages based on the 
dominant species found within each of a number of catagories such as 
location, substrate type and sampling methodology (Table 2—5).
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Table 2-4, Benthic plant species (Rets 11, 22, 28, 29). Area 1 = north o-f 1-95 bridge, II = bridge to river mouth,III = Black Ledge area. Common=+ound in this study.
Species Area I Area I Area I Common

Green Algae (Chlorophyta) 
Bryopsis plumosa 
Chaetomorpha linum 
Chaetomorpha me 1 agoniurn 
Cl adophora albida 
Cl adophora sericea 
Codium fragile 
Enteromorpha clathrata 
Enteromorpha flexuosa 
Enteromorpha intestinal is 
Enteromorpha prolifera 
Protoderma marinum 
Rhizoclonium tortuosum 
Ulothrix flacca 
Diva lactuca

X
XXX

X
X

Brown Algae (Phaeophyta) 
Besmarestia aculeata 
Besmerestia sp 
Ectocarpus fasciculatus 
Ectocarpus siliculosus 
Fucus vesiculosus 
Fucus spp
Biffordia granulosa 
Gif fordia mitchelliae 
Biffordia sandriana 
Laminaria saccharin a 
Sphacelaria cirrosa

X

XX

X

Red Algae (Rhodophyta) 
ftgardhiel1 a tenera 
Rudouinella daviesii 
ftudouinel1 a secundata 
Phnfeltia plicata 
fintithamnion americanum 
Pntithamnion cruciatum 
Bangia atropurpurea 
Bonnemaisonia hamifera 
Cal 1ithamnion baileyi 
Cal 1ithamnion byssoides 
Cal 1ithamnion corymbosum 
Cal 1ithamnion roseum 
Ceramium rubrum 
Champia parvula 
Chondria tenuissima 
Chondrus crispus 
Coral 1ina officinalis 
Cystoclonium purpureum 
Baysa baillouviana 
Bosya pedicel lata 
Goniotrichum alsidii 
Gracil1 aria foliifera 
Gracillaria verrucosa 
Brinnelia americana 
Lomentaria baileyana 
Lomentaria orchadensis 
Hemal ion helminthoides 
Pal maria palmata 
Phyl1ophora pseudoceranoides 
Phyllophora truncata 
Polysiphonia denuda 
Polysiphonia harveyi 
Polysiphonia nigrescens 
Polysiphonia urceolata 
Polysiphonia sp 
Polyides sp 
Porphyra leucosticta 
Porphyra umbilical is

XXXXXX

XXX
XXXX

XX

XXXXXXX

X

Vascular plants (Spermatophyta) 
Zostera marina X X X

Total: 7 14 53 35
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Tablt 2-S. Riprismtativt bmthie eoaiunitin of thi lowir Thun Rivtr and Harbor Mouth, ulth riipict to atthodology and ariai 
of saapling. Ana I*abovt Subaarint Bait to 1-93 Bridgt, Arta 11*1-93 Brtdga to Harbor Mouth, Aria III* Harbor 
Mouth to Black Ltdgt and Min London Lidgt. Major taxonoaic catagorits art ldentifitd u follom A*aaphipod, 
Anuntiont, S*bivalvt, D*dtcapod, E*tchinodtrt, S*gastropod.

Ana Subatrati Stapling Mtthodology and Location Doainant taxa

I Softbottoa Beach saint, ntarshort Pihnoottis pigio (3), Cnngoo siptnspioosi (3), Cillintctts
sipidas (l).

Srab saapltr, Ntstirn shoals Sunns tetanus (II), llpintssi obsoltt) (S), Seoloplos robustas(P)
Dtremrit ttremrii (3), Arciaoiria goidii, Rya armaria (3).

Btnthic drtdgt, ttittrn shoals Seoloplos nbustos, Cnngon siptnspmost (3), Psttrus forbtsi(i)
Itremaria unmrit (I), Sibtllirit yiJgtris(P).

Srab saaoltr, channel Aaremarii ttremrii (!), foldit iiiatula (!), Potnilh
Potnilh rnilorus(P), Ptetimrii qoldii(P), hiphthft euei(P).

Bmthic drtdgt, ehanntl Dstirits lorbtsi (t), Crangon siptnspioosi (3), Potnilh
mifonis(P), dtremrit ttremrii (3)

II Softbottoi Srab saipltr, upptr harbor ehanntl Strtblospio bmdieti(P), Ntphthfs piett, diphtbps itcist(P),
Itllioi wills (3), loldit Iiiatula (8).

Srab saapltr, polluted ehanntl t 
tisttn shoils

Stnblospio bmdieti(P), Slijoehittrs, Ciplttlh eipititi(P), 
Polidort ligni(P), htphthys ineisiiP)

Srab saapltr, harbor south ehanntl Atptlisa yidorut (A), htphthys ioeisi(P), htphthys pieti(P)

II Rocky outcrop Divir quadrat, MLR to 3 t Lacuna vincta (8), Unid. eoptpod, Jitri »trim (l),
Itssi tileiti (A), Conpbin acute a (A)

IV Rock ltdgt Diver quadrat, 1.3 a to 3 a 1) hitnlh lunati (S), hytihs 
s\unUs(P),

Wilis (3), Ltpidoootis 

1) Anachis ivin (S), Hiruthot 
mill (An).

iibrieiti(P), httridiit 

Sand/gravtl Divtr quadrat, 3 a to i a 1) Lxogont sp(P), Polyeims txitiis(P), Ctpittlh cipititi(P), 
OUgochattis, Polygordiis sp(P), hptoehtlii sivijoi (A).

2) llncioh irrontt (A), Aiptlisa vidorat (P), Spiophms
botbyx(P).

Sllt/elay Bmthic grab, 4 * to 9 a 1) Prieldti sp(P), htdionstis ubistti(P), Htphthys ineisi(P), 
Rueula proxiu (3).

1) Do ptlisa ibditi (A), Carophin btntlli (A), Anait idts 
neihti(P)
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Among the larger benthic invertebrates, the river supports hard 
clams, Mercenaria mercenaria, soft clams, Mya arenaria, lobsters, 
Homarus amaricanus, blue crabs, Callinactes sapidus, and whelks, 
Basycon canal icul ata», all of which are valuable in the local 
commercial and recreational fishery (Table 2-6). There are also 
starfish, fistarias forbasif which are serious predators of 
commercial shellfish. These species are present throughout the study 
area* They appear in Table 2—5 only in Area I bacause their capture 
requires larger sampling gear (i.e. seines and benthic dredges) than 
was used in the other studies.

Two highly abundant species are the grass shrimp, Palaeaonates 
pug20, and the sand shrimp, Cr-angon sapieas pinosa, which are major 
food items for many fishes, including winter flounder and others of 
importance to the commercial and recreational fishery (Table 2-7). 
These shrimp are ubiquitous to the study area but they are epibenthic 
and highly motile and therefore not readily captured by benthic grab 
samplers.

Infaunal assemblages have been more extensively sampled in the 
study area. In the area between the 1—95 bridge and the mouth of the 
harbor, however, sampling has been confined to areas in and near the 
ship channel. These assemblages were dominated by polychaete worms and 
amphipods which are also important food items of finfish.
Polychaetes, molluscs and crustaceans made up the majority of the 
softbottom assemblages. Polychaetes and bivalve molluscs tended to 
dominate in the upstream end of the system and in stressed areas. 
Gastropod molluscs and crustaceans became more abundant in the 
downstream and coastal portions. Hardrock communities have a large 
proportion of crustaceans and’gastropod molluscs, which are more 
specialized for an epibenthic life-style, although errant polychaetes 
are also abundant. Anemon es, blue mussels, soft clams, starfish and 
sea urchins are more abundant in the coastal portion of the study area 
than in the river. The complimentary nature of hardrock and 
softbottom communities and the shift in species between the river and 
the Sound can be seen in the comparative listings in Appendix Table A1 
and Table 2-5.

The surveys, particularly in the harbor area, were not exhaustive, 
but the high diversity of fauna and the presence of such species as 
sand shrimp, lobsters, isopods and amphipods indicates that the area 
is relatively healthy and that the benthos is not chronically 
oxygen-depleted. Several localized areas were cited as strssed by 
pollution based on their impoverished faunal assemblages. These were 
the docking area at the Submarine Base, an old marine railway and 
channel area at Thames Shipyard, shoals along the east bank of the 
river north of Electric Boat, the channel leading to NUSC, and a 
portion of the main channel off Pfizer (Fig. 2-4). The entire study 
area is closed to shel1fishing, but quahogs and oysters found just 
north of the map area covered in Fig.2-4 are harvested and taken to 
purging grounds by commercial fishermen.

Several finfish studies have been conducted in the area (29,37). 
Fifty species have been compiled from these studies (Table 2-8), which 
also included the dredged materials disposal area a short distance 
south of our defined study area. Many of the species listed are 
important in the recreational and commercial fishery of the region 
(Table 2-6). The rich diversity of marine fishes in Area I shows that
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la 2-6. Species listed in Connecticut commercial ■fishery records -for 
eastern Long Island Sounc.

Listed name Other common name Scientific Name

41ewives
Anglerfish
Blackback flounder
Bluebaek herring
Bluefish

Herring
Soosefisn
Winter flounder
Herring

Plosa pseudaharevgus
Lopbius aaertcanus
Pseudopleuronactes enericanus
Plosa aestivalis
Poaatoaus sal tatrix

Butterfish
Cod Atlantic cod

Pepnlus tnancanthus
Badus aorrhua

Dab
Sals
Fluke
Haddock
Hake, rad
Hake, white
Herring, sea
Mackerel

Hogchoker
American eel
Summer flounder,sole

Atlantic mackerel

lmnactas tsaculatus
Anguilla rostrate
Paralictbys dantaous
Palanoqraxxus aagla1inus
Urophyas ebuss
Uropbycis tenuis
Clupaa barangus
Scoabar sconbrus

Menhaden
Ocean perch
Ocean oout

Bunker
Redfish

Bravoortia tyrannus
Sebestes sannus
Pacrosoarcas aaencanus

Pollock Pollacbus virens
Scup
Sea Bass
Sea Robins
Sea trout
Shad
Sharks, dogfish

Porgy
Black sea bass

Weakfish
American shad
Spiny
Smooth

Stenotoeus ebrysopi
Centropristis striata
Pmonotus spp
Cynoscion regal is
filota sapidirsi?a
Squalus acantbial
Pus talus cams

Sharks, unclassified
Skates
Striped bass
Swellfish
Swordfish
Tautog
Tilefish

Raja sp.
Striped bass
Puffer

Blackfish
Cusk

Paja spp
Porone saxatilis
Spboaroidas aaculatus
XJphi as glad:us
lautoga onitis
Brosaa brosaa

Tuna Blackfin tuna Ibunnus atlanticus
White perch
Whiting
Vellowtail flounder

Silver hake
Porona aaaricana
Ptrluccius bilineans
Luanda ferrugmea

Squid
Crab
Crab

Blue crao
Rock crao

Loligo
CallInactas sapidus
Cancer borealis

Lobsters American lobster Hosarus astericanus
Hard clams
Conchs
Oysters (spring)
Oysters (fall)
Sea scallops
Bay seal 1jps

Quahog
Whel k

Percenaria aercenaria
Busycon spp.
Crassostraa virgimca
Crassostraa virgimca
Placapectart Bagel 1 emeus
Aaquipactan irradians



Table 2-7 Items identified from -fishgut analysis (26,36)

Group Tax on Common name
Annelida

Polychaetes Papharete acutif rons 
Papharete sp
Pxiothel 1 a sp
Glycera aaericana Blood worm
61ycera sp Blood worm
Hypaniola grayi
Lepidonotus squaaatus Scale worm
Nepthys sp
Nereis sp Sand worm
Pectenaria goaldii
Pherusa affinis

Mollusca
Bivalves Ensis directus Razor clam

Hal in i a lateralis
Husculus niger
Hytilus edulis Blue mussel

Snai1s Nassarius sp Mud snai1
Cephalopods Loligo sp Squid

Arthropods
Crustaceans Papelisca vadorua Amphipod

Caprella sp Amphipod
Corophiua sp Amphipod
Gaaaarus sp Amphipod
Leptocheirus pinguis Amphipod
Phot is sp Amphipod
Phoxocephalus sp Amphipod
Unciola irrorata Amphipod
Neoaysis aaericana Mysid shrimp
Cancer sp Rock crab
Caridean shriap Sand or grass shrimp
Crab larvae
Crangon septeaspinosus Sand shrimp
Pagurus sp Hermit crab

Pori -f era Sponge, unid.
Cnidaria Hydrozoans, unid.
Nemertea Nemertean, unid.
Chordata

Fish Gasterosteus sp Stickleback
Hen idia sp Si1versides
Peprilus triacanthus Butter-f i sh
Pseudo pieuronectes aaericanus Winter -flounder (you

Unid. -fish eggs



Table 2-8. Fin-fish species reported -from the study area composited from several 
reports. Area I ■ north of 1-95 bridge, Area II ■ bridge to mouth, 
Disposal area is several km south of study area in LIS. Data collated from 
References 26, 35, 36. * ■ unpub.

Scientific name Common name AREA I AREA 11
Disposal

(Uosa aestivalis
fllosa pseudoharengus
/Uosa sapidissiaa
fllosa spp.
ftaaodytes aaericanus
Pnchoa aitchilli
Pnguilla rostrata
Upeltes quadracus
hrevoortia tyrannus
Cynoscion regal is
Cypnnodon variegatus
Fund ulus heteroclitus

Biueback herring
Alewife
American shad
Herring
American sand lance
Bay anchovy
American eel
Fourspine stickleback
Atlantic menhaden
Weakfish (sea trout)
Sheepshead minnow
Common killifish

X
X
X
X

X
X
X
X

X
X

X

X
X

X

Fundulus aajahs
Sasterosieus aculetus
Hobiosoaa bosci
Heaitripterus aaericanus
Leiostoaus xanthurus
Lepoais gibbosus
Lophosetta aaculata
Hacrosoarces aaericanus
Harone aaericana
Harone salatilis
Merl uccius bil means

Striped killifish
Threaspine stickleback
Naked gobi
Sea raven
Spot
Pumpkin seed
Sand dab
Ocean pout
White perch
Striped bass
Silver hake

X
X
X

X
X
X

X
x’
X

X

X

X

Hierogadus toacod
Hinidia beryllma
Hinidia aenidia

Atlantic tomcod
Tidewatar silversioe
Atlantic silverside

X
X
X X

Horacanthus hespidus
Hugil cephalus
Hustelus cams
Hyxocephal us aenaeus
Hyxocephalus octodeceaspinosus
Opsanus tau
Osaerus aordax

Planehead fiiefish
Striped mullet
Smooth dogfish
Grubby
Longhorn sculpm
Oyster toadfish
Rainbow smelt

X
X
X
X
X
X

X

X

X

X
X
X

X
Paralicthys dentatus
Paralichthys oblongus
Pepsrilus triancanthus
Phalis gunnel 1 us
Poaatoaus saltatrix

Summer flounder,fluke
Fourspot flounder
Butterfish
Rock Gunnel
Bluefish

X
X
X
X

X

X

X
X
X
X

Pnonotus carol mus Northern searobin X
Prionotus evolans
Pseudopleuronectes aaericanus
Paja erinacea
Sooaber scoabrus*

Striped searobin
Winter flounder
Little skate
Atlantic mackerall

X
X

X
X

X

X
X
X

Scophthalaus aquosus
Stenotoaus chrysops
Syngnathus fuse us
Tautoga onitis
Tauiogolabrus adspersus
Tnnectes aaculatus
Urophycis chuss

Windowpane flounder
Scup
Northern pipefish
Tautog
Cunner
Hogchoker
Red hake

X
X
X
X
X
X

X
X
X
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the harbor area consititutes an important zone o-f passage -for many o-f 
these species.

Table 2-9 lists species collected by beach seine within the 1-m 
contour north o-f the 1—95 bridge (29). The assemblages consisted of 
small-sized fishes, many of which are important in the diets of larger 
commercial and recreational species, and several of which were the 
juveniles of those larger species. Shallow waters are known to 
provide important feeding and refuge areas for small fishes, in part 
because these areas trap and concentrate organic particles which are 
eaten directly by the fishes or serve as food for their prey. This 
trapping effect, however, also causes shallow areas to concentrate 
pollutants, which is an important consideration for impact avoidance 
and mitigation efforts. In this shoreline study, the area beneath the 
I-95 bridge was depauperate compared to the areas to the north, 
suggesting that substantial impact may already have occurred there.

The finfish of the area utilize the river in a number of ways.
Some, such as menhaden, bluefish, striped bass and mackerel, are 
long-range coastal migrants which enter the Sound and utilize the 
river area for feeding before moving on along the coast. Their 
arrivals are heralded by both commercial and recreational fishermen. 
Less noticed are the young of many of these species, which may stay 
longer in the shallow areas of the river. Some, such as the winter 
flounder, whiting, porgy, weakfish and tautog, form indigenous LIS 
populations which move inshore during certain seasons to feed or to 
spawn. Their young then utilize the estuary as a nursery ground.
Young flounder, which utilize the Thames and many other Connecticut 
estuaries for spawning, is the most economically important indigenous 
fish population in LIS. Other species, such as herring and alewife, 
utilize the river as a zone of passage to their spawning grounds in 
freshwater.

In a narrow river such as the Thames, it is important that port 
development downstream does not introduce chronic or episodic 
pollutants or create other conditions which would inhibit finfish from 
entering the river or affect them as they pass upstream or trap them 
in upstream areas.



Table 2-9 Shoreline fin-fish found within the 1-meter 
contour (26) .

Scientific name Common name

Anchoa aitchilli
Anguilla rostrata
Apeltes quadracus
Cyprinodon variegatus
Fundulus heteroclitus

Bay anchovy 
American eel 
Stickleback 
Sheepshead minnow 
Common killifish 

Fund ulus aajalis
Gasterosteus aculetus

Striped killifisn 
Stickleback 

Leiostoaus xanthurus
Lepoais tfibbosus
Marone aaericana
Microgadus toacod
Minidia beryllina
Min idia aenidia

Spot
Pumpkin seed 
White perch 
Atlantic tomcod 
Si1versides 
Si 1versides 

Mugil cephalus
Opsanus tau
Poaatoaus saltatrix

Striped mullet 
Oyster toadfish 
Bluefish 

Pseudo pieuronectes aaericanus
Syngnathus fuscus
Tautoga on it is

Winter flounder 
Northern pipefish 
Tautog
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3.0. New Field Studies

3.1 Introduction
The field effort was designed to supplement the existing base of 

environmental information with specific information on the identity, 
location and abundance of benthic plant communities in the vicinity of 
New London harbor. Primary focus was placed on the subtidal hardrock 
algae (seaweeds) and their associated animal communities, which are 
the least well-studied habitat in the region.

Given the scarcity of substantive information about this community, 
it was necessary to consider the following possibilities:

1. That substantial benthic macrophyte production may occur on any 
available substrate such as shells, cobbles, pi 1 ings,&other 
plants, and thus occur in areas other than outcropping ledges 
and large boulders.

2. That algae torn loose from rocky areas may continue to function 
as a productive component of the system and not immediately 
become part of the detrital pool.

3. That drifting algae in either the productive or detrital state 
may move in and out of the harbor area, thus becoming a 
siginficant factor in the whole question of pollution and its 
containment.

The study area was chosen to include the immediate zones of 
potential impact from an energy port established in the New 
London-Groton area. As defined in Figure 3-1, the area encompasses 
8.15 km3 between Bailey Point and New London Ledge, which 
corresponds approximately with the outer end of the dredged channel.

3.2 Methods

3.2.1 Preparation of Base Maps
Mylar base maps for the study area were prepared on a scale of 

1:24000 by tracing the 1980 editions of USGS Orthophoto Quadrangle 
maps. Base maps on a scale of 1:12000 were prepared by tracing 
photogrammetrical1y reproduced 2X enlargements of the orthophotos 
obtained especially for this study by CT Dept of Natural Resources 
(DNR).

A L0RAN grid, which extended L0RAN lines into the river area for 
navigational purposes, was prepared by making L0RAN readings at 31 
station points inside the river beyond the normal L0RAN chart coverage 
and outside the river at known points covered by L0RAN charts (Fig. 
3-2). The chart was used to locate the dredge and video transects.



Figure 3-1 Boundaries o-f the study area in the Lower Thanes River. 
The area encompasses 8.15 sq km.
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Figure 3-2 LCRAN grid extended into the lower river area -from
empirical measurements. The chart scale is 12000:1.

(Submitted as a large figure)
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3.2.2 Aerial Photographs.
Two sets of aerial photos were obtained (Table 3—1) utilising the 

services o-f Coastal Aero-Surveys Inc o-f Groton CT. The -first survey 
utilized a combination o-f high-quality, -ful 1 -spectrum, 70 mm 
coloi—negative and color—positive -films in side-by-side Hasselblad 
cameras shooting simultaneously -from an elevation o-f 3,000—ft (305 m) 
-for a scale o-f 1:1500, Selected areas were then photographed -from 
1,000 -ft -for a scale o-f 1:500. The best time of day for maximum 
penetration with minimum glare is 0900-1000 and 1500—1600 hrs. It 
took eight weeks before low water and minimum wind riffle coincided 
with the proper timing for the survey. Sixty—four frames of each film 
type were exposed. Coverage included both sides of the river and 
adjacent areas of the LIS/FIS shoreline.

The color negative film produced the best results, but water 
penetration was not significantly better than the Coastal Area 
Management (CAM) aerials which used infra-red (IR> film. The color 
positive results were overexposed through contractor error. The size 
of the negative (70 mm) was much inferior to the 260-mm negative of 
the CAM aerials.

The second aerial flight was conducted with an experimental camera 
provided by Aero-Marine Surveys. It utilized 240-mm ful1-spectrum 
color film which had better resolution and afforded a more convenient 
size for analysis. Water penetration was better than either the 
Hasselblad photos or the CAM IR photos. These latter photos were 
projected to scale onto the 1:1600 mylar base maps using a zoom 
transfer scope. The image of the plant beds was traced by hand and a 
qualitative estimate was made for V. of bottom coved by the plants.

3.2.3 Shoreline Surveys.
Two visual surveys of intertidal and shallow subtidal plant 

communities were made by boat along the shoreline throughout the study 
area (Table 3-1). The plant species making up the obvious components 
of the community were identified visually and mapped. Species which 
could not be identified readily were returned to the lab for 
microscopic identification.

3.2.4 Underwater video surveys.
A series of recordings were taped using an underwater video camera 

system mounted on a custom-made submersible sled fitted with two 300-W 
projection lamps (Fig. 3-3). Output was cabled to an onboard monitor 
and a VHS 1/2-in tape casette recorder. The field of view and 
distortion of the projected image due to camera angle were calibrated 
underwater using a lm X 3m PVC frame gridded to 10cm X 10 cm with 
twine. The screen image covered a trapezoidal area of about 0.3 
m3. The field of view'forward along the bottom was 75 cm deep.
It was 35 cm wide directly in front of the camera (bottom of TV 
screen) and 50 cm wide at maximum field depth (top of screen). Depth 
readings from a fathometer and observations from the onboard video 
monitor were vocally recorded onto the tape during the operation. 
Transects were chosen to coincide with dredging transects and to 
compare sheltered versus exposed and deep versus shallow portions of
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TABLE 3-1 Field sampling dates. Stations are plotted in Figures 3 
through 3—5.

TYF'E OF SAMPLING SEASON DATE

DIVER QUADRAT COLLECTIONS WINTER JAN 4. 13, 18
SPRING MAY 16, 17, 24, 26; JUN
SUMMER JULY 19. 20 , 28; AUG 2,
FALL DEC 13, 14, 15

BENTHIC DREDGING WINTER JAN 11, 12; FEB 4
SPRING MAY 25

VIDEO SURVEYS WINTER JAN 3, 4
SPRING MAY 24, 26,
SUMMER JULY 13, 14

SHORLINE SURVEYS SPRING MAR 30
SUMMER JUN 30s JUL i

AERIAL SURVEYS SPRING JUN 29
SUMMER SEPT 10

INTERTIDAL/SUBTI DAL SUMMER AUG 17, 23
HOBS COVE RECONNAISSANCE SUMMER AUG 11
BLACK LEDGE RECONNAISSANCE SUMMER JUL 20, 2S
LORAN EXTENSION SUMMER JUN 21: JUL 11
DIOPATRA COMMUNITY WINTER JAN 13



Figure 3-3 Video camera mounted on benthic sled. The camera 
mounted in the central housing connects to an onboard 
monitor and VCR recorder on the towing vessel. Two 
photo -f 1 oodl amps provide lighting -for the camera.
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the study area, but it was not always passible to -fulfill this plan. 
The video sled could not be used over irregular rocky substrate, and 
boulders on the bottom caused damage to the lights and alignment o-f 
the camera on several occasions. Neither could it be used 
successfully in very soft sediments because it sank into the mud and 
stirred up sediment which blocked the view. It was most useful over 
relatively flat areas of the bottom with fine sand to small cobbles 
where it could deliniate transitions between habitats over relatively 
long distances. The locations of the successful transects are shown 
in Figs. 3-4 to 3-6.

3.2.5 Benthic dredging.
Benthic dredging was carried out in winter and late spring (Table 

3—1), using an oyster dredge with a rectangular opening 74 cm <29 in) 
wide X 22 cm (S.7 in) high fitted with a 4.5 cm stretch mesh bag. 
Attempts were made to standardize the transects by maintaining a 
constant rpm and dredging over a standard time period. It was 
difficult to judge how comparable the transects were, however. In some 
hauls the dredge was filled to overflowing with kelp which might have 
been fished from the entire transect or might have filled the net from 
a single large deposit and prevented further collection. Where the 
bottom was too soft, the dredge filled with mud, posing similar 
concerns for its effectiveness over the length of the transect.

The locations of the dredge hauls were intended to provide 
qualitative information on the general distribution of the algal drift 
community over softbottom substrate. During summer, dredging in areas 
J and K were suspended because the bottom was too soft. Dredging at 
Greens Harbor was suspended after initial trials because t-oo many boat 
moorings had been placed in the area.

3.2.6 Quadrat Sampling
A quadrat is an explicitly defined area. For quantitative sampling 

purposes, it is usually defined by a framework placed over the 
substrate. In this study an open square metal frame measuring 0.5 m 
an a side was placed over the rock substrate and all algae within the 
frame were collected.

Fifty-seven quadrats were collected covering four seasons (Table 
3-2). Divers collected seaweed and animals from within a 0.25 m= 
frame using an air—lift sampler fitted with a 0.5 mm mesh Nitex 
trapping bag. The method was estimated to miss only IV. to 27. of the 
material under normal conditions. Under the worst conditions 
encountered (a winter station on an exposed shore) it may have missed 
as much as 10V. of the material.

Placement of the quadrat was not random. Divers first sought an 
area typical of the dominant community at the station. They then chose 
a second community, if there was one, otherwise they selected a second 
quadrat from the same assemblage. If they observed a third obviously 
different assemblage, they collected an extra sample. This approach, 
which is obviously biased, was based on background information (22) 
which indicated that subtidal algal communities existed as broad zones 
and that usually two or at most three zones inhabited the relatively



Figure 3—4 Location a-f video transects and benthic dredge transects 
during the winter survey. Video transects are 
identi-fied with a V. Letters are standardized station 
areas.

t
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Figure 3-5 Location o-f video transects and benthic dredge transects 
during the spring survey. Video transects are 
identified with a V. Letters are standardized station 
areas.

A
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Figure 3-6 Location a-f video transects during the summer survey. 
Letters are standardized station areas.



Table 3—2. Distribution o-f quadrat samples by station and by season.
Station letters correspond to locations on Figure 3-6.

STATION WINTER SPRING SUMMER FALL

BLACK LEDGE (A) - 6 n 3

AVERY POINT <B> 3 3 2

BLACK ROCK OUTSIDE <C> - n n

BLACK ROCK INSIDE (D) - 2 2

HOBS ISLAND (E) - O

QUINNIPEAG ROCKS OUTSIDE (F) 3 2 2

QUINNIPEAG ROCKS INSIDE (G) - - 2

LONG ROCK (H) - 2 2

TOTAL: 5 19 16 i *7 x /



narrow band o-F subtidal hardrock along the shore.
The stations were chosen close to the traffic lanes (Fig. 3-7) and 

represented a variety o-F exposure conditions (Table 3-3). A long 
-Fetch in the SW quadrant indicated more exposure in summer when winds 
and waves were generally moderate; a long -Fetch in the SE quadrant 
indicated more exposure in winter when winds and waves tended to be 
highest.

A set of intertidal/subtidal transects were sampled by quadrat 
method at Quinnipeag Rocks and Black Rock to compare algal assemblages 
on exposed and sheltered sides o-F these islands.

3.2.7 Special studies

A diver reconnaissance survey was made in the Hobs Island Cove area 
to correlate the benthic vegetative cover determined from the aerial 
photographs with species types and distributions. A 50-m transect 
line marked at 1—m intervals was used to locate the underwater 
observations.

A diver reconnaissance survey was made over Black Ledge to 
determine the extent o-F the various habitats making up the Black Ledge 
area and to try to determine why the results o-F our dredging and 
quadrat surveys there differed so markedly from the results of a 
previous study (28).

A diver reconnaissance survey was made over a benthic tubeworm 
(.Dzopatra caprea) community to document the species of algae 
utilizing the worm tubes as a substrate in a conventional soft-bottom 
community.

3.2.8 Laboratory processing of plants and animals
Plant materials collected by airlift or by benthic dredge were 

separated by species. Animals were separated from the plants and 
preserved in a 6:3:1 water:alcohol:formalin preservative containing 
Rose Bengal stain. They were later identified and enumerated. The 
plants were identified in fresh condition, using the keys in Table 
3-4. The plants were then dried to constant weight at 60 C. Samples 
which were too mixed to be separated (ie hopelessly entangled by 
epiphytic secies), or too large to be resonably dried (ie massive 
kelps), the plants were subsampled by wet weight and a wet:dry weight 
ratio subsequently applied. For the kelps, blades, stipes and 
holdfasts were of such different densities that the three portions 
were subsampled and recalculated separately.

Data were computerized using an Apple II computer and spreadsheet 
program. Classification analysis was performed using an IBM computer 
with SAS statistical package (38).
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Figure 3-7 Location o-f diver quadrat: stations during all seasons. 
Letters are standardized station areas.
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Table 3-3. Estimated fetch distances for Quadrat stations by conoass direction (to nearest 10 ai.

STATION
A. BLACK LEDGE

NORTH
360/0
1450

NE
45

1310

DIRECTION 
EAST

90
14100

(DE5REE3 
SE
135

5390

ARE REFE
SOUTH

ISO
29660

RENCED TO 
SN

225
26170

TRUE NORTH!
WEST
270

2240

NN
315
1760

8. AVERY POINT 50 130 540 250 30530 22680 2260 90
C. BLACK ROCK OUTSIDE 0 0 450 6400 30820 22530 450 0
D. BLACK ROCK INSIDE 290 390 430 0 0 0 1290 1630
E. HOBS ISLANO 360 0 0 0 22970 22610 830 1500

QUINNIPEAG ROCKS OUTSIDE 0 0 1600 7270 21030 230 30 80
5. QUINNIPEAG ROCKS INSIDE 390 0 0 0 21080 220 50 110
H. LONG ROCK 50 2260 6400 6980 20430 23190 90 90
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Table 3-4. Keys and re-ferences -for laboratory identifications.

Abbot, I.A. and G.H. Hollenberg. 1976. Marine algae of
California. Stanford University Press, Stanford, CA, 827p.

Bigelow, H.B. and W.G. Schroeder. 1953. Fishes of the Gulf of 
Maine. Fishery Bull 74. US Fish and Wildlife Service Vol 
53. US Govt Printing Office. Washington, DC, 577p.

Gosner, K.L. 1971. Guide to the identification of marine and 
estuarine invertebrates. Wi1ey—Interscience, NY, 693p.

Project Oceanology. No date. Keys to the identification of the
plants and animals of Long Island Sound. Vol 1. Macrofauna. 
Avery Point, Groton, CT, (unpub).

Rehder, H.A. 1981. The Audobon Society field guide to North 
American seashells. Alfred A. Knopf Inc, NY, 894p.

Skchneider, C.W.,'M.M. Suyemoto and C. Yarish. 1979. An annotated 
checklist of Connecticut seaweeds. CT Geol. Nat. Hist. 
Survey Bull 108. Hartford, CT, 20p.

Smith, R.I. (ed). 1964. Keys to marine invertebrates of the Woods 
Hole region. Contrib. 11. Systems Ecology Program. MBL,
Woods Hole, MA. 208p.

Taylor, W.R. 1957. Marine algae of the northeastern coast of
North America. Univ. Mich. Press, Ann Arbor, Mich. 509p.

Wood, R.D. and J. Lutes. 1967. Guide to the phytoplankton of
Narragansett Bay, Rhode Island. Univ. Rhode Island Printing. 
Kingston, RI, 65p.

Wood, R.D. and M. Vi11ahard-Bohnsack. 1974. Marine algae of Rhode
Island. Rhodora 76:399-421.
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3.3 Results and Discussion
3.3.1 Plant and Animal Taxa

The study identified 63 seaweed taxa and one vascular plant (Table 
3—5). Red algae (Rhodophyta) were by far the most abundant plant 
division with 40 species. Green algae (Chlorophyta) and brown algae 
(Phaeophyta) followed with ten taxa each. The one species of vascular 
plant was eelgrass, Zostera Marina. All except the two species of 
Hembranoptera have been reported in checklists for Long Island Sound 
(26). Thirty—three of these species were reported in background 
studies (Section 2.2.2).

One hundred three animal taxa were identified, several of which 
were grouped at relatively high taxonomic levels (Table 3-6). For 
crustaceans, groups such as amphipods and isopods probably combined 
many species and significantly lowered the estimated species richness 
(number of species) in the habitat. For polychaetes, groups such as 
Maldanidae and Qnuphidae (families) probably contained only one or two 
species and thus did not seriously alter species richness. The 
grouping of species into highei—order taxa in this study and the 
previous studies precludes a realistic comparison of common organisms, 
but this study contained at least twenty—two taxa which could be 
legitimately distinguished from those of previous studies (Appendix 
Table Al, A-D).

3.3.2 Distribution of Macrophyte Habitats
3.3.2.1 Physical characteristics of the study area

The study area covers 8.15 km2 between Bailey Point on the 
north to the New London Ledge-Black Ledge area on the south (Fig.
3-1). It includes 46 km of shoreline, including islands. About 60% 
percent of the area lies above the 5.5-m (18 ft) isobath, which was 
discussed in Section 2.2 as a conservative estimate of the maximum 
depth of adequate light penetration for plant growth most of the 
time. Most of the shoaler areas lie on the west side of the river, 
where the shoreline is indented with coves and bights. The dredged 
channel lies close to the east bank of the river, which is relatively 
steep and straight. Subtidal ledges and boulder (foul) areas as 
indicated on NOAA (formerly CGS) charts occupy a relatively small 
proportion of the area.
3.3.2.2 Aerial Photographs

The relative proportions of shoreline as charted from the aerial 
photos were 17% beach, 46% natural rock and 37% rip-rap (including 
bulkheads and wharves) based on linear measurement (Fig. 3-8). Most 
of the industrialized areas of the harbor were bordered by rip—rap, 
bulkheads and wharves.

The distribution and density of subtidal plant beds could be 
discerned to about the 1.8-m (6—ft) isobath at the mouth of the river, 
but visibility decreased rapidly with distance into the harbor (Fig. 
3-9). Thus the lack of detection of plants in the inner harbor by this 
method does not necessarily mean there are no plants there.

42



Table 3-5. Plane taxa identified from the present study.
t * species previously reported in background studies

BACILLARIOPHYCEAE RHODOPHYCEAE
aRmpbipleura sp 
Licomorpba sp

aRbnfeltia plicata 
afintithamnion americanum 
aRntitbamnion cruciatum 

CHLOROPHYCEAE
Rntitbamnion pylaisaei 
aBangia atropurpura 
aBonnemaisonia bamifera 

aBryopsis pi times a 
aCbaatomorpba linum 
*C1adophora albida 
Cladophora glomarata 
*C1adophora saricaa 
♦Codiu* fragile 
aEnteromorpba sp 
aRhizoclonium tortuosua 

*Cal1itbaanion bail ayi 
*Cal1itbamnion byssoides 
aCal1itbamnion rosaum 
Callitbamnion tetragonum 
aCaramium rubrum 
aCbaapia parvala 
aCbondrus crispus 
aCorallina officinalis 

aUlothrix sp 
Ulva lactuca

aCystocloniurn purpuraum 
*Dasya bai 1 ouviana 
Brad lari a tikvabiae 
a&rinnellia americana 

CHRYSOPHYCEAE 
Uaucheria sp

PHAEOPHYCEAE
Rscopbyl urn nodosum 
aDesaerastia aculeata 
Basmarestia viridis 
aEctocarpus silicalosus 
Fucus distichus 
*Fucus vesicalosus 
Fucus spiralis 
Laminaria digitata 
aLaminaria saccharina 
Scytosyphon loaentaria

TRACHEOPHYTA 

aLomentaria bail ay ana 
Membranoptera alata 
Membranoptera denticulata 
Naoagardbiel1 a baileyi 
aPalmeria pal mat a 
Pbycodrys rubens 
*Pbyl1ophora pseudocaranoides 
aPbyl1opbora truncate 
aPolyides rotundas 
*Polysipbonia danudata 
Polysipbonia elongate 
aPolysipbonia barvayi 
Polysipbonia lanosa 
Polysipbonia nigra 
aPolysipbonia nigrescens 
Polysipbonia novaa-angliae 
Polysipbonia subtilissima 
aPolysipbonia urceolata 
aPorpbyra 1eucostica 
Rbodomala confarvoides 

aZostera marina aSparmothamnion rapens
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'abli 3-4 Master list of am«al spec:as ccllectsd frca the Nsm London Harbor area.
TAXON SPECIE: PHYLUM SPECIE:
NOLLUSCA 

flQLLUSCA

ANNELIDS

■ 3IVALVIA 

GASTROPODA

hadara transversa Anoiii sutitx 
Praepeettn irradians 
Pstarie auditi 
lireenana tercenaria 
hiinu lateralis 
Hytilas tdalis 
halm tmisulati 
Pltar terrhaana 
hltifi If tint Bivalve 1 Unid Sivalv* 2 Unid
huet tested mans haebis st 
bittiat alternatat 
susycon canal iealatai 
Centhiopsis greeni
Crtpidali convexa
Crepidali fornicata
Crtpidali plana
Cpitamai sp 
llpanassa absolataLacuna se
Littarina littorea
Llttarina obtasata
Lanatia sp 
iitrella sp 
hssarias trivittatas Nudibrmch Unid
Cnehidoris sp
llrasalpinx ctnerea
hpharete sp 
hphitrita errata
Cirra.talas grandis 
liopatra caprea 
badecaetria coralhEarn'di st
Lapidonoias sgaataias 
Laibrinirtis sp
Lycastapsis pontlea 
hphthps sp
Utrtls acaiinata 
hreis pelagica
Utrtts 'sp
Cdontosyllis falgananas- 01 lqoctnaeta unid
Pista paltataPolydora ligmPgtami11 a so
Cpirarbis spHildanidaa or Owemdiidae Qnuohidae unidPhyllodocidai unidSabellidae unidTarsOel1idaa unidPolycnasta unid

ARTHROPODS

ECHINODEP.flS

CHORDATES

CNI DARIA

PORIFERA

BRYQ20A

PLATYHELHINTHES

Cancer irraretas 
Caranas turns 
Caprtlia st 
Cranaen septetspinasa 
Criehsentlla filliiertis 
iurypanope depresses Sinara; aciiBHaf 
Idotea baltica 
Idotea ptiestbaru 
Llbinia dabia 
libinii turginati 
deooanape cmni sayi 
Cvalipes sp 
Pagans longiurpas 
haras polliearis 
Palaetonetes si 
Pelia tatiu 
Pinnotheres tacalatas 
Pithrapanapeas narnsii Acarina unid Amphipod unid Barnacle unid Isoood unid
irbicii panctalata 
Psitnas farbtsi 
Dxiognathas spamtas 
denneia sangamaltnta 
Pertain paleherrm
Dtcidia sp
haxattphalas mm 
Phalis gunnellas 
Pseadeplearaneetts utricanus 
Smnathus fascas 
Taatoga onitis
Ciipanularii sp 
biaduiene Iiucdlint 
Sertalaria paiili Anemone unid
dalielona laasanafli licrccion! prali ftrp Unid 1 Unid 5
Cnsu sp Sryozoan unid
FIatwora unid



Figure 3-8 Distribution o-f shoreline types within the study area. 
Rip-rap includes both whar-fage and bulkheading.
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Figure 3—9 Distribution and density o-f benthic plant growth as 
discerned -from aerial photographs.

(Submitted as a large figure)
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On rocky substrate, the heaviest plant cover was along exposed 
shorelines. On soft substrate, cover was heaviest in protected bays 
such as behind Pine Island (near Sta B) and behind Hobs Island (near 
Sta E) . Along exposed beaches, there was typically a strip o-f sand 
between the beach and any offshore plant beds, which presumably 
corresponded to the swath o-f high wave energies.

With respect to subtidal plant distributions, we considered the 
in-formation obtainable -from aerial photos to be limited even under the 
best conditions, but their geomorphological in-formation was use-ful. 
They showed, -for instance, that -for the Poquonnock River system, which 
lies immediately adjacent to the harbor on the east, there is a net 
inward transport o-f sediment. This situation indicates that drifting 
benthic algae from the Thames River would also be carried into the 
Poquonnock River system.

3.3.2.3 Shoreline surveys and intertidal transect studies.

The shoreline observations confirmed the distribution of beaches, 
natural rocks and rip rap and bulkhead zones charted from the aerial 
photographs. Most riprap and bulkheaded margins were steep, narrow and 
bordered by deep water, thus providing only a narrow zone for attached 
plant growth. Natural rock margins were highly variable. At one • 
extreme there was a neai—vertical cliff bordering the channel on the 
western flank of Hobs Island (Sta E). At the other extreme there were 
broad subtidal ledges strewn with boulders such as the southern 
exposures of Pine Island and Black Rock (Sta C) and skirting the 
promontories to the east and west of the harbor mouth. These 
rockstrewn ledges along with extended areas of boulders and ledges 
interspersed with sand substrate, generally corresponded to the 
nearshore zones designated as "foul" on NOAA (CGS) charts (Fig. 3-1). 
In contrast to smooth ledges, rip-rap and bulkheads, these 
boulder—strewn areas provided highly irregular, 3-dimensional habitats 
which greatly increased both the diversity of conditions and the 
surface area available far algal growth. Thus their importance as a 
habitat within the system is substantially underestimated from a 
simple planimetric measurement of the relative amount of area they 
occupy.

Most of the shallow subtidal zones consisted of cobble, gravel or 
coarse sand with boulders, rather than the fine sands and soft muds 
reported for the deeper area (Section 2.2). The water was extremely 
turbid along the rip—rap and bulkheads of the wharf areas and 
industrialized zones of both sides of the river.

Nineteen seaweed taxa were identified in the intertidal and shallow 
subtidal zones, 10 in early spring, IS in summer, and 7 overlapping 
both seasons (Table 3-7). Along the beaches, the algae were mostly 
confined to subtidal cobbles and boulders. On natural rock 
shorelines, and rip-rap and bulkheads (including wharf pilings), they 
occupied intertidal and subtidal areas and were distributed in 
classical patterns of vertical zonation. Intertidal zones were 
narrower and more well-defined than subtidal zones. The algal 
assemblages occupying each particular zone are controlled by degree of 
tidal exposure, by wave energy regimes, and by light penetration as 
determined by depth and turbidity, producing a general pattern in 
which the gentler the slope of the substrate and the clearer the
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Table 3-7. Species identified in intertidal surveys. Coded 
to Figures 3-10 and 3-11.

Species Code
March 
Survey 

June—July 
Survey

Pscophyl um nodosum
Bangia atropurpura
Chaetomorpha linua
Champi a parvula
Chondrus crispus
Ectocarpus siliciosus
Enteroaorpha sp
F ucus vesical os us
Laminaria saccharine
Heoagardhiel1 a baileyi
Polysiphonia sp
Porphyra 1eucosiicta
Bey to siphon 1omentaria
Spermoihaanion repens
Ulva lactuca
Uaucheria sp
Zoster a marina

An
Ba
Cl
Cp
Cc
Es

Esp
Fv
Ls
Mb

Psp
PI
SI
Sr
U1

Vsp
2m

X 
X

xxx
X
X

Totals 10 14
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water, the wider the zone will be and the more abundant the algal 
assemblages will be per linear unit o-f shoreline. Thus in the study 
area algae were most abundant along natural rock shorelines o-f the 
lower harbor and least abundant along the rip-rap and bulkheads of the 
industrialized shorelines with their murky waters.

The species distributions -for the surveys (Figs. 3-10, 3-11) 
exhibited qualitative changes associated with the gradient into the 
estuary and with season. Facas vesicalosis was the most ubiquitous 
species. It inhabited the mid-tidal zone throughout area in both 
winter and summer. Facas is a perennial brown alga well-adapted to 
tidal exposure in low to moderate wave regimes. It is also tolerant 
o-f a broad range o-f salinity and temperature.

At the mouth o-f the river, the Facas zone graded into Chondras 
crispas at low intertidal or upper subtidal depths. Deeper in the 
subtidal, Chondras became mingled with Laminaria saccharine, which 
took over as zone dominant i-f the rack substrate continued into deeper 
water. Chondras, a tough red alga, and Laminaria , a brown kelp 
with strong hold—fasts, are well adapted to the hardrock substrates 
and high wave energies o-f exposed coastlines. Laminaria can inhabit 
fairly deep waters because its strap-lik.e tha-lli can extend upward 
into better lighted zones. The thalli of Chondras are relatively 
short. Both Chondras and Laminaria are boreal and sub-boreal in 
distribution, with Long Island Sound lying near the southern limits of 
their geographic range. Neither was found north of Trumbull Point 
(NUSC, Fig.2-2) in summer, probably because river temperatures 
exceeded their tolerance levels. Moreover, there were few deepwater 
hardrock substrates within the river, so that where Laminaria did 
occur, its blades were short and narrow and its biomass was 
correspondingly diminished.

In more protected areas, Ascophyl1 am nodosum occupied the lower 
intertidal area below the Facas zone. Ascophyl1 am is a brown alga 
which, like Facas, is tolerant of tidal exposure and a relatively 
broad range of salinity and temperature, but less tolerant of wave 
exposure.

Several green algae, Ulva lactaca, Enteromorpha sp and 
Cladophora linam, and a chrysophyte, Uaucheria sp, proliferated 
throughout the study area in both late spring and summer and probably 
reflected nutrient loadings from the two sewage outfalls in the 
harbor. These ubiquitous taxa can also grow unattached over soft 
substrates and are found in shallow areas with low current regimes.
If nutrients are plentiful, they become very dense.

Two distinctly seasonal species were found, Porphyra 1eucosticta 
(winter) and Neoagardhiel 1 a baileyi (summer). They were only 
present at stations outside the river.

The remaining species were primarily epiphytes, mostly red algae. 
Their biomass was generally negligible relative to the dominants and 
their occurrences were less predictable.

The shoreline surveys indicated that the distribution of algae in 
intertidal and shallow subtidal areas was qualitatively typical of 
northeastern rocky coastlines, exhibiting a common zonation pattern of 
Enteromorpha-Facas-Chondras-Laminaria with minor variations of that
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Figure 3—10 Distribution o-f intertidal and shallow subtidal algae as 
determined -from the shoreline survey conducted on 30 
March 1983.
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Figure 3-11 Distribution o-f intertidal and shallow subtidal algae as 
determined -from the shoreline survey conducted on 30 
June and 1 July 19B3.
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pattern in response to wave exposure, depth and nutrient regimes.
These patterns were most recognizable along shorelines with extensive 
rocky substrate. Along industrialized shorelines, the pattern was 
aberrant. The community usually occupied a very narrow zone due to 
the murky water. It was either very sparse and grew as small mucoid 
balls or, i-F abundant, was dominated by pollution-tolerant species 
such as UlvSf Cl ado phora, Entero»orpha and Vaucheria. In either 
case, the mucoid balls or fronds tended to be laden with silt.

Except for the industrialized shorelines, the zonation patterns and 
their variations were similar to those found at exposed and sheltered 
stations in the Millstone Point area (15,16,17,18,19). In the latter 
studies, which have been conducted continuously for more than ten 
years over all seasons, the dominant species and their distributions 
remained relatively stable from year to year. We would expect, 
therefore, that the patterns in the Thames River are similarly 
stable.

3.3.2.4 Video Transects
Qualitative descriptions of the substrate type and softbottom plant 

distributions along the video transects are given in Table 3-8. The 
transects revealed that subtidal bottoms are a spatial mosaic of 
substrate types, which we have identified as soft silt, mud, mud 
consolidated with amphipod tubes, fine sand, sand, sand with gravel, 
sand with cobble, shifting sand over cobble, cobble, cobble with sand, 
ledge, and shifting sand over ledge. They are distributed in complex, 
relatively small-scale (tens of meters) patterns which appear to 
reflect interacts between depth, exposure and current regimes (Fig. 
3-12).

The plants were classified as rooted (eelgrass), attached algae, 
drift algae, trapped drift algae, and lentic algae. "Lentic" is a 
term used to describe quiescent pools in streams, and it appropriately 
describes communities of lightly attached or unattached algae which 
develop in shallow, protected areas where there is negligible current 
flow.

Eelgrass beds were relatively localized in distribution, which 
would be expected from their growth form in which individual turgeons 
(leaf groupings) arise from a network of rhizomes (horizontal roots) 
lying beneath the substrate. The densest beds were located in 
protected areas where there was good current flow. They were all 
subtidal, extending from just beyond extreme low water (LLW) to depths 
which varied from location to location. Off Shennecossett Beach (Sta 
D) and Bluff Point (Sta L), the beds were found to nearly 5 meters, 
and blades were correspondingly very long. Within the river, maximum 
depths were about 2 m, and blades were shorter. The beds terminated 
relatively abruptly, preceded by a short transition zone of rapidly 
thinning blade densities.

In contrast, the macroalgal distributions beyond the hardrock areas 
were extensive. Attached and presumably growing algae were found from 
the intertidal zone to depths of 10.2 m, utilizing cobble, gravel, 
wharves, shell, worm tubes, eelgrass and debris for substrate. 
Considering the size of algae attached to pebbles and kelp blades 
attached to relatively small boulders, there must be considerable
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Tibi* 3-8. Results of Vidio Transects. ( ) rtfw to transicti in Figurii 3-3, 3-4 and 3-3. 
Station A

July transact (Al). 
dipthi 28-30 ft
substratii 10ft lilt, flit, fiitunlm ixcipt patchis of aiphipod tubii 
fiorai non* inn r
faunai noni citn

July triniict (A2). 
diethi 3 ft - 10 ft 
substratii■i  shifting sand, iwtu. exposed bedrock ind largi bouldtri in ibout tqual proportion*
fiorai fornt of large blips (Lnittrit riccAiriai) ibout 3 • long riling 1-2 i off bottoa thin trilling in dirietion of 

pr mi ling___iling currint. Undirstory priurtly filiiintoui rid* and Cboadrts crispu,
faunas non* notid.

Aviry Point 
Hay transect (Sv) 
dapthi 1? ft -> 8 ft 
substratii land -> undy tilt
^^^‘ttichad algai (Lniotrii /iccAiriii. Ptlnrii sailiti, Cbndru crispu, filiiintoui ridi and browm at 

9 ^ out.ida bayat 2 plant*/ sq i, riiativily noflogsniously diitributid. In Say channel, patchy iilgran bids on 
landy/iilt. Nitriln Bay, dinit iilgran with occaiional Lniatrit film, Lowir dimity patch*! of iilgran with thick 
dipoiit* of hiavily ipiphitiiid drift Lniotrii. Appears to bi a tripping aria, 

faunai noni notid.

C. Black Pock
Hay tranuct (Cv). 
dipthi 21 ft 
luoitratu illty land
florn attachid Lniotrii siccbirioi frond* > 3 • long I 4-B/*q i, Cboodns crispts, filaientou* rid algai. 
faunai non* inn *

D. Shinniconitt Biach 
January transact (Dv) 
dapthi 9 ft -> 16 ft
substrata! cobbla/sand -> pibblit -> sand ->hard rock
floral heavy iilgrai* (6 *hgpti/.25 iq *) -> sparse iilgrasi (1-2 shoot*/.25 sq ■) with drifting aacrophyti* (Ulvi, 

hrpbpn, hhsipbmt, ibooins) -> no iilgrasi at pibbli-sand transition -> Lniotrii siccbirioi and Cboodrts 
cristtt attachid to hardrock. 

faunai hirait crabs (Ptgarts ip), starfish (Psttriis sp).

Hay tranuct (Dv 1,2) 
dapthi b ft -> 13 ft
•ubstratii sand/cobbli (6-10 ft) -> cobbla/sand (10-13 ft)
fiorai udiui density lostin with Ufri hcttci and Lninirii siccbirioi (6-10 ft) Uhi hcttci, Lniotrii 

siccbirioi with filaimtoui rids and browns (>10 ft) distribution patchy, 
faunai noni mn

July transact (Dl) 
dipthi 11 ft -> 16 ft 
substratii sand
floru dann itlgraii (6 shoots/.25 sq s) with drift Lniotrii siccbirioi and Illvi hcttci. SOI- 100S covsragi.

Transition at 14 ft whin iilgrasi mds and Liilnarn and 1Ihi covtr about 201 of bottoa. Zom of attachid algai, no 
iilgrasi. Lninirii bladts mud 2 a and llhi thalli about .23 sq i, with bcttoi covsragi about 901. No othir
algai.

faunai noni notid.

E. Hobs Island
Hay tranuct (Ev) 
depth! 23 ft
subitratii sandy iidiunt. saooth bottoa
floru Drifting patchsi of Lninirii siccbirioi and Cboodrts crispts, filauntous typis. 
faunai noni uan

F. Sulnniptag Rocks 
Hay transect (Fv) 
dipthi 13 ft -> 21 
lubstratii fim sand
fiorai drift coaaunity (Lniotrii siccbirioi, llht hcttci, filaimtoui rids and browns), 
faunai swarss of zooplankton throughout tranuct, dansitiis to 40/.25 sq a.

H. Long Rock
January transict (Sta H -> Sta D)
depth: 30 ft -> 42 ft
substrate! soft silt, flat, 1 crab burrow
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H. Lang Rock (cent)
flarti drift algaa, Litinirit, bgirdhiilli, Clmdns 
faunai 3 Cnctr cribs

January transacts (Hv) 
dipthi 23 ft -> 30 ft
substntif sand -> sand/eobbli with wore tubs* (CJyieneiia)
flam thin lostin inshort -> attached ind drifting si git off short Uninirlt, Choadru, Him) 
ftunti bivslvas (fitir iarhuai, Hiruatrii iirciairii, Crissastrn Virginia), crusticuns iCtteir sp, Rigarax tp, 

ir aspen siptnspimsi, aysids), starfish, fish (blsnnia, sand d«b, aai). Host af fiun* issociitid with off short algal 
eoaaunity.

Hay transact (Hv)
dapthi 16 ft -> 20 ft
substritai sand -> sand-graval-rack
floral drift algaa anchors -> drift and attachad alsat offshort liiaaria stcchirioi, Choains crispis, Coiiit fragile, 

Miadamii piluti), 0 -> 1001 covar. 
faunii ncna saan

I. Brian'i Harbor 
January transact (Iv) 
depth: 8-12 ft
suostritai soft silt bound by aaphipod tubas ovar about 30X
florai drift algaa in danit windrows (iaeisarii xicedirioa, IUrn iicttci),
faunai aaphipods, Cancer sp.

X. Above 1-9S Sridga.
January transact (XI). 
dapthi 6-14 ft.
substritai fine sand and aud with abundant daa shall (Kyi armaria) 
florai none 
faunai none

January transact (K2) 
dapthi 22-10 ft
substritai light brown silty aud with patches of shall 
florai none observed
faunai two snail fish, one itarfish (Axteriex forbtsil, light ytllow spongas.

L. Bluff Point-Bushy Point 
July calibration area (LI) 
dapthi 13 ft 
substritai stnd/cobbls
florai attached algaa ioodru crispts, Lniairh sicchtriai and flliaantoui rids on bouldirs > 10 ca. About 23X covir.

Ltiinirit fronds ftout 30 ca, Cboadrts and flliaantoui rids 3-30 cs. 
fauna; none noted

July transact (L2)
dapthi 8 ft -> 13 ft (starting about 13 a off surf zona) 
substritai shifting sand prasuaably overlying cobble
florai algaa attachad below layer of shifting sand fillyi lictuci, Lnlmrit sicchiriai, tufted and filiientous rids and 

browns). Coverage us to 90X onshore. Offshore, distributions bacasa patchiir and individual fronds larger. Coviragi 
decreased to about SOX.

faunai nuaarous large crabs (Callioectex xepidax and Libiaii sp) and seal! fish in anas with thick alga) cover.

July transact (L3) 
dipthi 8-14 ft
substrata) eobbla onshore -> fine sand offshore (transition at about ? ft)
florai Attachad algaa in cobble area (Hhi lictuci fronds 0,3 a diaa) with Lniairii sicchiriai, rid and brown

filismtous typis and datrital ill grass. About SOX coviragi. Offshore sand area had less denied attachad eoaaunity with 
aori drift llgae. Coviragi about SOX.

July transact (L3) 
dapthi 6 -> 13 ft
substrata: sand -> cobble/sand at 230 a offshore (10-13 ft deep)
florai inshore dense eel grass, leaves > 1 e and 1001 cover, transition area thinner eelgrass with algae (Lniairii 

sicchiriai, Chondras crispus, filiientous reds and browns), about 20X cover, offshore algae attached to cobbles 
(Lniairii sicchiriai with blades to 3 a, Choadras Crispin, rid and brown filismtous types. 50X-80X cover, 

faunai dense populations of grazing snails on eelgrass.

July transect (L6) 
dapthi 32-34 ft
substrate) silt consolidated uniforely with aaphipod tubes.
florai sparse duips of attached filiientous rid algae and sparse chips of drift algae (Lniairii stcchirim, tllyi 

lictaci),
faunai aaphipod swans, large crabs (Cancer sp, Libiaii sp), squid.
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Figure 3-3 Video camera mounted on benthic sled. The camera
mounted in the central housing connects to an onboard 
monitor and VCR recorder on the towing vessel. Two 
photo -floodlamps provide lighting tor the camera.

54



rafting or "weighing" of these anchor systems during the growing 
season. These same species also occurred as unattached clumps trapped 
within the eelgrass beds, rock crevices and other quiescent zones, and 
as drifting clumps over level bottoms, and most of these plants 
appeared to be in a healthy and growing state. Thus any assignment of 
unattached algae to a living or detrital state was far from clearcut.

Thus the most revealing results of the video transects was the 
mosaic nature of the distribution of substrate in the area and the 
resulting mosaic of macrophyte habitats. In particular, they showed 
that algal growth zones are far more extensive than conventionally 
recognized, and that the algae are relatively mobile even during their 
growth periods. This mobility may partially account for the presence 
of attached algal communities at depths up to 34 feet. In Figure 
3-13, the results of the video transects and aerial photographs have 
been combined to identify and chart these macrophyte habitats.

3.3.3 Characterization of macrophyte communities

3.3.3.1 Transect sampling of intertidal algae and animals
Two quantitative intertidal transect studies were conducted at 

Quinnipeag Rocks and Black Rock. They confirmed the generalizations 
drawn from the shoreline surveys. At Quinnipeag Rocks, the outside 
transect was exposed to the east and hence to the severest storms, and 
Fucus spp were not found there (Table 3-9). Fucus was found on 
the inside transect. At Black Rock, where the exposed side faces 
southwest (a longer fetch but 'milder weather), Fucus'spp were found 
on both sides of the rock. We do not know whether various species of 
Fucus (i.e. F. vesiculosus vs F. spiral is vs F. distichus) 
have any significance with respect to exposure.

In all four transects, the lower intertidal/upper subtidal zone 
supported heavy growths of the green algae cited above as indicative 
of nutrient loading. Both rocks were heavily utilized by seabirds, 
mostly cormorants and seagulls. The rocks were well spattered with 
guano and water in*the tidepools was bright green with algal growth, 
indicating that any eutrophication responsible for local green algal 
zones must be considered at least partially natural.

The red alga,Chondrus crispus, either dominated the zone below 
the green algae, or shared the green algal zone, in all four 
transects. Qn the channel side of Quinnipeag Rocks, Chondrus also 
dominated the mid—intertidal zone, invading space occupied by Fucus 
in the other transects, probably as a result of the high-energy 
regime there. Laminaria occupied the zone below Chondrus, except 
on the sheltered side of Quinnipeag Rocks, where the ledge dipped 
beneath sandy substrate at a fairly shallow depth.

Total biomass for the intertidal transects ranged from 313 
gdw/m= to 5426 gdw/m= with a median of 983 gdw/m- (Table 
3-9). Biomass tended to be higher on the easterly transects. The 
sample size was too small to detect other biomass trends such as 
possible correlations with dominant species type, vertical position, 
or exposure.
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Figure 3-13 Plant habitats as determined -from results of the aerial 
survey and video transects.

(Submitted as a large figure)
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Twenty animal taxa were identified from the intertidal transects 
(Table 3-10). Gastropods and crustacean groups dominated the 
assemblage with seven taxa each. The blue mussel, Mytilus edulus, 
reached enormous densities. Most individuals were < 2 mm long and 
represented the new year class which had recently settled from the 
plankton. They formed a thick, continuous matrix of shell, byssus and 
attached seaweed and detritus which harbored high densities of early 
stage juveniles of several species of rock crab iCancer irroratus), 
mud crab <Neopanope sp), and pea crab (Pinnotheres sp) .

3.3.3.2 Quadrat sampling of subtidal algae and animals.
(A complete data base for the quadrat samples is provided in Appendix 
Tables A2,A-F; A3,A-F)

Forty—nine species of algae were identified from the quadrat 
samples (Table 3—11). The number of species did not vary greatly from 
season to season except for the winter survey when only 5 quadrats 
were sampled representing two stations. We infer from these results 
that the number of species for the area as a whole does not change 
radically in the course of a year, but that seasonal changes within 
the assemblages do occur, corresponding to the growth patterns of 
individual species. Only 8 species were found in every season.

Sixteen species qualified as community dominants based on the 
criterion that they comprised 20*/. or more of the total biomass for the 
quadrat (Table 3—12). Ten species occurred as primary dominants 
(highest V. of total biomass for the quadrat) in at least one sample, 
but three species occurred as primary dominant in the majority of 
samples. These were Chondrus crispus (15 quads), Laainaria 
sacchrina (15 quads) and Phyllophora pseudoceranoides (12 quads).
At least one of these three species occurred as primary dominant at 
every station in some season and in every season at some stations.
Two of these, Chondrus and Phyllophora, comprised the dominants 
of the two zones in the Read (19) study cited earlier.

Based on this characterization by dominants, the subtidal algal 
communities were strikingly heterogeneous within stations! within 
seasons and/or between seasons. Avery Point (Sta B) offers an example 
of within-station heterogeneity both within seasons and between 
seasons. Black Rock Outside (Sta C) offers an example of 
within—season homogeneity and between-season heterogeneity. The 
detection of heterogeneity was a goal of the sampling procedure, in 
which divers consciously selected a second community, if one were 
present, for their second quadrat and even added a third quadrat if a 
third community was evident. The homogeneity at Black Rock implied 
that there was no obvious second assemblage in the dive area within 
the depth range sampled.

We have defined this recurrence of assemblages from station to 
station and season to season as "repetitive heterogeneity”. When the 
quadrats were lumped by station this characteristic was masked, 
resulting in similarity indices which were much higher than those 
between individual quadrats.

Cluster analysis was performed to further characterize the algal 
communities using whole assemblages rather than just by dominant
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• Mil 3-9. Intirtidil aacrophytii. L.M#r»lomr intertidal• Middli»»lddla intirtldil, Upp»r«uppar mtirtidil, 
8ubtidi«uppir lubtidal tom. Valut* art gPw/a3,

9U1NNIPEA6 ROCKS INTERTIDAL BLACK ROCX INTERTIDAL

OUTSIDE TRANSECT INSIDE TRANSECT INSIDE TRANSECT OUTSIDE TRANSECT

SPECIES LONER MIDDLE UPPER LONER UPPER SUBTIOE LONER MIDDLE LONER MIDDLE

Phaftltii pliati
Ctriti at nbrti
Chittmrphi llnui
Chains crisp is
tatirmrphi sp
has Hstichis
hat minims
Fuat spinlis
Indhrii tiknhiu
Polfsiphtoii Uaditi
hljsiphooit hirrtpi
Ptlpsiphoaii trad its
lllvi lictia
lostiri urisi (d»t)

1700
1

2702 211 12 10
1023 S06 l

11
33

573 873

278

2
113 344 101 4

4

454
333

3

4

3
0.3

14
6

20 7 42 10
127 3 213 2

1077 1237
188 119

430
0.4

11

24 39 1
1 1

TOTAL)
NUMBER OF SPECIESi

MAXIMUM VALUE)

3426
3

2702

1408
4

806

344
1

344 0

704
7

573

920
4

873 0

1047
9

454

1449
S

1077

1337
3

1237 0

314
3

213

443
4

430
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Tibli 3-10. Aniaali fro* intertidal zones at Buinntaiag Rack* end Slick Rock. Outside* 
tipaatd traniiet, InitdiMhaltarid transect, 3ubtide*upper mbtidal traniiet, 
Ismk, Middle and Upper* intertidal poiitlon relative to Ion eater. NA *not 
oractical to anuiarata.

8UINNIPA6 ROCKS INTERTIDAL BLACK ROCK INTERTIDAL

OUTSIDE INSIDE IN8IDE OUTSIDE

SPECIES LONER MIDDLE UPPER LONER UPPER SUBTIDE LONER MIDDLE LONER MIDDLE

CNI DARIA
Hiliclm homoffi 0 0 0 NA 0 0 0 0 0 0
Aniunti unid 0 0 0 0 0 40 0 0 0 0

HQLLU8CA - BIVALVES
trppactm Irnaiins 0 0 0 0 0 0 4 0 0 0
IftilM aBilit 126472 343664 0 1776 880 394 0 1408 67492 269

H0LLU3CA - 6ASTR0P0D8
CrtpiBaii fornicate 0 0 0 0 0 0 4 0 0 0
11 tins n otsolati 0 0 0 4 0 0 0 0 0 0
Licmi sp 3112 0 0 380 34 400 16 32 732 4
Littarin littoral 0 1836 0 200 780 200 636 216 184 936
Lltterln abtositi 0 0 0 12 20 0 a 176 0 0
litralh jp 0 0 0 0 0 160 0 0 0 0
Brasilpiot cinarti 0 0 0 116 3 320 20 0 0 0

ANNELIDA - P0LYCHAETE3
LaplBmtss spuutas 134 0 0 0 0 400 0 0 0 0
Saballldaa unid 0 0 0 0 0 30 0 0 0 0

ARTHROPODA - CRUSTACEANS
0 0 0 20 40 0 0 0 134 NABarnidi ipp

Aaphipad ipp 0 4472 0 0 0 360 0 36 184 8
Isopod ipp 732 0 0 0 0 120 16 4 0 0
Ciactr irrontv 0 0 0 12 0 0 0 0 0 0

0 19648 0 0 0 280 4 24 0 4Btopioapt sifi
Pifaras lan^icirpas 0 0 0 44 0 0 0 0 0 0
flanotbiras tic all tut 348 0 0 4 0 0 0 0 0 0

NUMBER OF TAKAi 3 4 0 11 6 11 9 7 3 6
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Table 3-11. Algal bioaasi as l ai til algae collected by stason for quadrate and dredge Rank signifies rankid relative 
tbundtnei by apiciis. Abbreviations uy bi interpretad froe Table 3-3.

RANK 4INTER 8UA0RAT SPRING BBUADRAT SUMMER QUADRAT FALL QUADRAT 4INTER DREDSE SPRING DREDSE
1 P TURNCA 30.43 L.SACCHA 37.49 C CRISPU 41.52 C CRISPU 37.24 L 3ACCAR e3.70 L SACCH 33.18
2 N 3AILE 22.9b N SAILS 8.44 L SACCHA 34.34 P PSEUDO 32.84 U LACTUC 3.88 N BAILS 7.14
J L 3ACCAR If. 43 C CR1SPU 8.24 C LINUX 3.37 C FRA6IL 12.24 P PALMAT 1.97 U LACTU 3.24
4
S

P 
6 

PSEUDO
TIXVAH

13.37
3.98

P 
U 

TRUNCA
LACTUC

4.00
3.44

U LACTUC
C PARVUL

3.134.49
L 
U 

SACCHA
LACTUC

3.49
3.78

C 
8 
CRISPU
TIKVAH

1.43
1.28

L 
P 

DIGIT
PSEUD

1.13.79
i P ROTUND 3.13 C OFFICI 3.74 P TRUNCA 3.47 C OFFICI .99 Z NARINA 1.14 D VIRID .72
7 P RUBENS .90 P PSEUDO 3.30 P PSEUDO .80 C PARVUL .83 A NODOSU .84 P LANDS .30
8 C PARVUL .73 L DISITA 2.71 CLADOPHO .48 P ROTUND .70 N 8AILEY .34 C CRISP .43
f U LACTUC .42 0 VIRI01 i.lb P PAUIAT .32 P TRUNCA .30 P TRUNCA .37 P PALNA .39

19 C BYS801 .3b A PLICAT .47 C FRA6IL .41 P NOVAE- .49 P RUBEN3 .17 P TRUNC CO

11 F VE3ICU .33 C RUBRUM .34 C OFFICI .41 A PLICAT .31 P HARVEY .09 0 ACULE .34
12 AHPHIPLE .19 P ROTUND .43 P DENUDA .35 F VISICU .14 X ALATA .08 P N1SRE .12
13 H DENTIC .9b 0 ACULEA .40 P URCEOL .27 P URCEOL .14 F VESICU .03 P NIGRA .25
14
IS

3 
I 

HAHIFE
MARINA

.93

.01
C 
B 

BYSSQI
HANIFE

.15

.12
P ROTUND
A PLICAT

.24

.21
l 
C 

NARINA
LINUX

.14

.12
C 
C 

BAILEY
RUBRUM

.04

.03
C 
I 

RUBRU
NARIN

.18

.17
lb P NIGRE3 <.01 P PALMAT .12 ANTITHAH .20 C R03EUM .08 E SILICU .03 E SILIC .13
17
18

C FRA5IL
C LINUN

<.01
<.91

P RUBENS
P NI5RES

.12

.03
P NI5RES
F DISTIC

.18

.09
S REPENS
P RU3ENS

.03

.03
C LINUNA PLICAT .02

.01
n dent;F DISTI .13

.09
1? VAUCHERI .04 8 HANIFE .08 C RU1RUN .04 ANTITHAN .01 S TIKVA .10
20 F DISTIC .04 S TIXVAH .04 P NIGRE3 .04 G ANERIC .01 P-ROTUN .09
21
22

2 MARINA
P NIGRA

.02

.02
E SILICU
P SUBTIL

.03

.03
P LANOSA
P ELONGA

.03

.03
3 HANIFE
C FRASIL

.001

.001
A NQOGS
P RUBEN

.07

.07 *
23 S TIKVAH .02 VAUCHERI .03 CALLITHA .02 D SAILLO .001 0 HAMIF .04
24 E SILICU .02 Z NARINA ■03 P PALMAT .01 LOMENTAR .001 ULOTHRI .03
23 C. ROSEU .01 3 PLUNCS .03 A AMERIC <.01 P ROTUND .001 ANTITHA .01
2b C PURPUR .01 P ELONGA .03 0 3AILL0 <.01 R CONFER .001 A PLICA .01
27 P LANOSA .01 A PHYAIS .02 A CRUCIA <.01 C OFFIC .01
28 P URCEOL .01 3 REPREN .02 E SILICU <.01 ? HARVE .01
29 ULOTHRIX <.01 A CRUCIA ■ 01 LICMORPH <.01 P URGES .01
30 CODIUN F <.0l C GLONER .01 3 REFENS <.01 VAUCHER .01
31 CLADOPHO <.01 C RUBRUM .01 VAUCHERI <.01 « C FRAGI <.01
vX CHAETOMO <.01 C ALBIDA .01 G ANEr.IC <•01 P ELONG <,0l
33 C. TETRA <.01 D.ACULEA .0134 ANTI7HAN <.01 C SEE ICE <.0133 R TORTUO <,01
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Tablo 3*12. Algal aiiaablagai cfiaractarizid by dominant louiit 0 201 oi total bioiaii) 
for thi laiplt. Ordir corrupondi to btoian gtvan in Tibia 3*14.

STATION MINTER SPRIN6 SUMMER FALL

AVERY PP(63)LS(31) CC (60) CO (21) CP(iO) CF(90)
POINT NB(36)LS(27)PT(22) N8(53)PP<37) PT(46)CP(26)CS(21) PP(60)CC(26)
(8) PT(62)NB(18)PR(16) NB(S4)PP(20)

9UINNIPEA6 PT(46)NB(38) CO(Sl) CC(43) CC(83)
ROW OUTISDE ST(40)LS(36)PT(24) CO(38)NB(29)PP(21) LS(37)CC(29)UL(28) CC187)
(F) CC(73)

3UINNIPEA5 CC(50)CL(3i) CC(67)
ROW INSIDE UL(83) PP(33)NB(27)CC(22)
(S)

IONS ROCK UL(59)CC(27) CC(SS) CF (38) AP (22)
(H) CC(67)AP(22) LS(63) CC (47) AP (40)

SLACK LEDSE PT (66) DA (22) LS(S7) PP(41)LS(37)
(A) LS(92) LS(92) PP(72)LS(27)

LS(46)LD(30) PP < 74)
LS(99) •13(73)
LS(79)

SLACK ROCK 13(92) CCI79) PP(92)
OUTSIDE LSI90) CC(89) PP(96)
Id

SLACK ROCK NB(S3) CC(90) PP(39)UL(24)
INSIDE NB (63) PT (19) CC(26)LS(21)PT(21) CC(iS)PPUi)
(D)

HOBS ISLAND PP(82) LS (83) PP(90)
IE) LS(S3) LS (99) PP(63)CC(28)

LS(69)PP(23)

’ KEY
PRIMARY DOMINANTS SECONDARY DOMINANTS

CODE SPECIES CODE SPECIES

CC Chotdns crispn AP bhnhltii pliati
CF Cod in fripli CL Chntoiorphi lion
CO Conlltni o/ftdmlii CS Clidophon siriai
CP Chnpii pirvth DA Vtturttdi iCilnti
ST iricilhrii iiivihin LD Lnimrii diptiti
LS Lnimrii ticchirloi PR Pipcodry; rabtof
NB Htoiprdhitlh biiltri
PP PAyllop/iori psndoctrmidts
PT fhillopbon tmati
111 111vi ltdaca
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species. The smallest number o-f identifiably separate assemblages 
(Groups) in this analysis was -four (Fig. 3—14, Table 3-13). In order 
o-f decreasing intragroup coherence they are:

III the most homogeneous group, comprised o-f 12 quadrats dominated 
by Chondrus crispas. This assemblage was highly ubiquitous 
with respect to station and season. The only season not 
represented was winter, probably because the sampling size was 
smal1.

I the next most uni-form group, again consisted o-f 12 quadrats. 
All except one were dominated by Phyl 1 ophora 
pseudoceranoides. This group is highly seasonal (10 -fall 
quads) and is localized on the east side o-f the river, which 
is more protected during the -fall.

IV consisting o-f 16 quadrats, primarily composed o-f Laminaria 
saccharine assemblages. It was dominated by 14 spring and 
summer quadrats which were -found mostly at the deeper, more 
exposed stations A, C, and E.

II a highly heterogeneous assortment o-f 19 quadrats. It is 
probably more realisitc to consider this group in terms o-f 
-four subgroups:
IIB the strongest subgroup, a 4-quadrat assemblage dominated 

by Phyllophora truncate.
11D a 2-quadrat fall assemblage dominated by Codium 

fragile.

IIA a heterogeneous group of spring Neoagardhiel1 a 
assemblages.

IIC an even more heterogeneous grouping o-f mixed spring and 
summer assemblages.

One clue to the heterogeneity within Group II may be that it 
contained over hal-f o-f the quadrats from the relatively protected 
shallow-water stations, B, D, and G. In general, habitats which are 
less physically stressed tend to be more diverse.

The patterns suggest that the distributions are controlled by 
recurrence of gradients such as degree of wave exposure and/or 
seasonality. Laminaria, for instance tends to dominate at exposed 
stations of the outer harbor, but only in spring and summer. It was 
not present on Black Ledge during an earlier fall study (23), and it 
disappeared between summer and fall in this study. In the shoreline 
survey, we noted that Laminaria was observed within the river in the 
late spring survey, but not in summer. Thus although Laminaria is a 
perennial species in the area as a whole, its occurence at a 
particular station may be highly seasonal.

The results of clustering supported the concepts of spatial and 
temporal hetergeneity inferred from the analysis of dominants. They 
demonstrated that: 1) the river supports a year—round attached
macroalgal community; 2) on a broad scale, the algae occur as about
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Figure 3—14. Dendrogram depicting station groupings -for the quadrat 
samples as determined by cluster analysis. Roman 
numerals signi-fy groups and arabic numbers signi-fy 
stations as keyed in Table 3-13.

QUAOIATS
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“tbit 3-13. Quadrat algal ammolagn idintifiad by cluster tnaiyilt. Quads (Quadrat) identifications art keyed as 
follows N*»int»r, V*ssr:ng (virnil), S*su»n*r, F«fall for firit letter. 3 signifies quadrat, Thire 
1 attar n station, final digit is raolicate number, i.e. i»QOi* Winter Quadrat, Station 0, Reolicate l.

QUAD DOMINANT SPECIES (X TOTAL BIOMASS) QUAD DOMINANT SPECIES (X TOTAL BIOMASS'
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seven relatively common, identifiable assemblages; 3) their pattern of 
occurrence may be described as “repetitively heterogeneous11 throughout 
the harbor area and throughout the year, and 4) while some of these 
assemblages are ubiquitous, others respond to season and degree of 
exposure, although it must be recognized that these two physical 
factors cannot be entirely separated in the study area.

Biomass for individual quadrats ranged from 19 gdw/m3 to 3014 
gdw/m3 (Table 3-14). Spring and summer biomass was roughly double 
that of fall and winter. The patterns reflected those of their 
dominant species. Laminaria reached the greatest density of any 
species (max=2708 gdw/m3), followed by Chondrus (1616 
gdw/m3), Ulva (773 gdw/m3) and Cadium (685 gdw/m3). The 
other dominants reached densities of 100-500 gdw/m3. While 
Laminaria was present year—round, its biomass dropped sharply in 
winter and its distribution changed. Thus the Black Ledge quadrats, 
dominated by Laminaria, yielded the greatest spring-summer biomass 
and also the lowest fall-winter biomass. Stations B, C, F and G, which 
were dominated by Chondrus, Codium or Phyllophora, tended to have 
more evenly distributed seasonal patterns. Stations B, F and G 
reached their maximum biomass in the fall.

□ur summer measurements (171—1842 gdw/m3) were consistent with 
the range measured by Read (22). Her highest biomass for an 
individual species was 1354 gdw/m3 (Chondrus) and 620 gdw/m3 
{Phyl1ophora>. We measured a maximum of 1616 gdw/m3 for 
Chondrus and 376 gdw/m2 for Phyllophora. Our data do not 
compare well with the earlier study at Black Ledge (28). The range of 
biomass in the earlier study was 4.3—152 gdw/m3. Our fall biomass 
on Black Ledge proper was 410-522 gdw/m3. On boulders there.
Laminaria which had been found in spring and summer had been torn 
loose, and the biomass was only 31 gdw/m3. Our spring-summer 
measurements were 50-1830 gdw/m3 (median = 498). These results 
strongly contradict the conclusions of the early- study that the 
biomass of the seaweed community of Black Ledge was relatively 
insignificant.

Seventy—four animal taxa were identified from the quadrat samples 
(Appendix Tables A4,A-D). Colonial and encrusting organisms were 
recorded as present but not quantified. It was not always feasible to 
enumerate very tiny animals such as the gastropods fsnachi s , Mitral la 
and Lacuna, new sets of the blue mussel (Mytilus) and amphipods.
Under these circumstances, they were designated by *** or NA.

The number of taxa did not vary significantly from season to 
season, despite the large differences in the number of quadrats 
sampled (Table 3-15). The dominant groups were crustaceans, 
gastropods and polychaetes. The magnitude of community dominance by 
crustaceans was considerably masked because most of the amphipods, 
which constituted a large and diverse assemblage, were lumped as a 
single taxon. Although some of the polychaetes were also lumped, they 
were less numerous and less diverse than the amphipods, so that 
lumping did not appreciably affect their assemblage characteristics.

Crustaceans were represented by several groups, amphipods, which 
were the most ubiquitous and most numerous catagory, followed by
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Table 3-14 Biomass -for individual quadrats in gdw/m=. Values correspond to 
assemblages in Table 3-12.

STATION WINTER SPRING SUMMER FALL RANGE

BLACK LEDGE (A) 281 211 410 31-1830
30 1830 322
484 31
999
1215
311

AVERY POINT (B) 299 148 560 760 76-760
332 199 329 76
206 392

BLACK ROCK 2811 1043 73 73-3014
OUTSIDE (C) 3014 1322 143

BLACK ROCK 766 1460 279 279-1460
INSIDE (D) 542 671 773

HOBS ISLAND 208 323 123 123-1344
(E) 1279 1344 276

442

QU-INNIPEAG ROCKS 434 562 428 920 218-920-
OUTSIDE 228 218 463 484

(F) 468

QUINNIPEAG ROCKS 341 437 176-437
INSIDE 176 413

<G>

LONG ROCK (H) 1316
396

1842
333

19
32

19-1843

MEAN BY SEASON 319.8 776.2 817.2 339
:OEFFICIENT OF VARIATION 28% 103% 70% 114%

MEDIAN 299 484 340 276
RANGE 206-434 50-3014 176-1842 19-920
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Table 3-15. Number of animal taxa in major phyletic groups.

QUADRATS DREDGES

TAXQN WINTER SPRING SUMMER FALL WINTER SPRING

PORIFERA
CNIDARIA 1

2
2

1
1

1 5
1

•J

0
PLATVHELMINTHES
BRYOZOA

0
1

1
1

0
1

0
1

0 0
o

MQLLUSCA-BIVALVIA 4 2 J 5 4
MOLLUSCA-GASTROPODA ? 9 12 10 10 7
ANNELIDA-PQLYCHAETA 9 9 5 4 12 5
ARTHRCPODA-CRUSTACEA 7 o 10 11 12 9
ARTHRQPODA-QTHER 1 0 0 0 0 0
ECHINODERMATA 4 o 5 r 2
CHORDATA 1 1 4 0

TQTAl, SPECIES o/ 41 36 40 53 30



isopods, juveniles o-f several large crabs, small pea and mud crabs, 
and hermit crabs. The juvenile crab group, which was especially 
prominant in the seaweed in winter, included 3 species of spider 
crabs, Libinia dubia, L. emarginata and Pelia matica, and the 
green crab, Carcinus maenus.

Gastropods were characterized by a group o-f very small (several mm) 
grazing snails (Anachis, Biitium, Ceriopsis, Epitonium, Lacuna, 
Mitrella), larger grazers (Littorinids, Hassarius, Crepidula, 
nudibranchs), and the predators Busycon and Urosalpinx.

Polychaetes consisted mainly o-f the scale worm, Lepidonotus, a 
group o-f terebellids and the cal carious tube-builder, Spirorbis.

Members o-f other groups which reached significant densities were 
the blue mussel {Hytilus edulis), starfish (Asterias and 
Henricia), and brittle stars (.Axiotbella).

Table 3-16 contains species richness by quadrat and by season in a 
format comparable with the algal data in Tables 3-12 and 3-14. Based 
on median scares, animal communities were richer in fall and winter 
than in spring and summer. There appeared to be no relationship 
between number of animal species and biomass of the algae. Based on 
the algal assemblages developed by cluster analysis, the richest 
animal communities were associated with algal communities I and II, 
Phyl1ophora sp, and the sparsest communities were associated with 
Neoagardhiella,Laminaria (Table 3-17). Our subjective impression 
was that the morphology of Phyllopbora sp, which consisted
of a dense cluster of small flat leaves provided a more diverse and 
protective substrate than either the flat, slick fronds of Laminaria 
which were adapted to current flow or the wirey filiments of 
Neoagardhiel1 a.

The patterns suggest that the distributions of animals are affected by 
the physical morphology of the plants and are thereby secondarily 
influenced by the physical recurrence of gradients such as degree of 
wave exposure and seasonality.

3.3.3.3 Dredge sampling of algae and animals
(A complete data base for the dredge samples is provided in Appendix 
Tables AS,A-D).

Thirty-nine plant species were identified in the dredge hauls. 
Twenty-six species were collected in winter and 32 in summer (Table 
3—11). Twenty species were common to both seasons. Only 2 species 
were found in the dredge hauls which were not found in either the 
intertidal or the subtidal quadrat samples. These were Callithamnion 
baileyi and Lomentaria baileyana. They were found only in the 
winter dredges and neither constituted more than 0.047. of dredged 
winter biomass. Twenty-two species found in the quadrat samples were 
not found in dredge samples, but only one, Champia parvula, was a 
dominant species. Nineteen of the "missing" species were red or green 
algae, which have a faster decomposition rate than brown algae. Most 
were also components of summer and fall quadrats. Dredging during 
winter and late spring may have missed minor components of the summer
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Table 3-lb. Species richness o-f animal communities by quadrat. Values are numbers a-f
species, and correspond to algal data in Tables 3-12 and 3-14.

STATION WINTER SPRING SUMMER FALL STATION RANGE MEDIAN

SLACK LEDGE (A) 4
X

8

14
12

17
15
17

2-17 8

4
4
7

AVERY POINT <B) 19
20

6
9

13
11

2
12

2-20 3

18 12

SLACK ROCK 17 13 21 12-21 13
OUTSIDE (C) 12 12 19

SLACK ROCK 10 11 a 20 10
INSIDE <D) 8 13 20

HOES ISLAND ’ 7 10 19 7-19 9
<E) 6

9
6 16

QUINNIPEAG ROCKS
OUTSIDE

17
6

10
8

12
11

26
14

6-26 11

(F) 10

QUINNIPEAG ROCKS
INSIDE

13
9

a
12

8-13 10.5

(G)

LONG ROCK <H> 12
10

17
11

20
16

2-20 14

SEASONAL MEDIAN
RANGE

IS
6-20

10
2-17

12
6-17

16
2-26 2-26

11
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and -fall -flora, especially those with rapid decompositions times. 
Laminaria saccharina constituted over 807. o-f the dredged biomass, 
re-flecting its slow rate o-f decomposition as well as its abundance in 
the area.

Cluster analysis identified four dredge assemblages (Fig. 3-15, 
Table 3-18). In order of decreasing intragroup coherence they were:
II the most homogeneous group consisting of 11 hauls strongly 

dominated by Laminaria saccharina (>92.7. of total 
biomass). It includes stations C, 1-2 and E from the 
channel and near—channel areas of the lower harbor, and 
station A at Black Ledge.

I the largest group, consisting of 15 hauls moderately
dominated by Laminaria saccharina <64%-87X). All stations 
except K (above the 1-95 bridge) and C (outside Black Rock) 
were represented.

III & IV a small, highly heterogeneous group of hauls with at most
about 50X Laminaria saccharina. The transects were all in 
non-channel areas on the west side of the river and spread 
from station H, located outside the harbor mouth, to station 
K, located above the 1-95 bridge.

None of the dredge groups could be considered seasonal.
Qualitatively, the dredge hauls appeared to be a relatively 
homogeneous mixture of the attached algal communities. While there 
was a trend for Laminaria saccharina to become less dominant in the 
upstream direct, it was found at all stations in fair abundance. The 
presence of L. saccharina, Neoagardhialia baileyi and Palmeria 
palmata at the inner stations indicates a considerable degree of 
drift transport into the harbor from growing areas near the mouth.

Comparison of algal biomass and species richness for individual 
dredge hauls is given in Table 3-19. Despite the inherent problems 
with obtaining quantitative hauls, there are trends in the data which 
are strong enough to be considered realistic. Biomass diminished along 
a gradient from the mouth to Station K above the bridge. Biomass also 
diminished in an offshore direction except in the Black Ledge area.
The largest hauls were obtained in or near the river channel.

The species assemblages found in the dredge hauls for winter and 
spring were compared with the species collected from quadrats during 
those seasons to determine to what degree the drift community could be 
considered a homogenate of the attached communities. Despite the 
differences in numbers of dredge hauls, areas dredged, numbers of 
quadrats and areas sampled between winter and spring, there was a 
general uniformity in characteristics when the samples were composited 
(Table 3—11). For instance, number of taxa increased from winter to 
spring in both dredges and quadrats, and total number of taxa were 39 
and 38 respectively, with 8 taxa found only in dredges and 8 found 
only in quadrats. Based on percent composition, similarity indices 
between seasons were low and fairly similar, i.e. the data were 
relatively uninformative.
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Appendix Tables A6—A and A<S—B present the data base -for animals 
collected in the benthic dredge samples. The sampling regimes 
differed between seasons. Twenty-two hauls were collected from 6 
stations in winter, while 12 hauls were collected from 8 stations in 
summer, the changes being dictated by field conditions. As for the 
quadrat samples, it was not feasible to enumerate encrusting species 
and very small organisms. Moreover, the mesh size of the dredge bag 
was much larger than the airlift bag, so that small animals were
retained in the dredge only when they were trapped there by the seaweed.

Sixty-four taxa were identified, 53 in the winter dredges and 30 in 
the spring dredges. Nineteen taxa were common to both seasons. As in 
the quadrat samples, crustaceans dominated the assemblages (Table 
3—15), and their true dominance was underestimated because amphipods 
and isopods were lumped as a single group. More large crabs (Cancer 
irroratus, Carcinus »aenas, Libinia spp) were collected in the winter 
dredges, presumably because the cold water slowed them down and made 
them more catchable. The dredged animals appeared to be a mixture of 
those collected in the quadrats and species normally associated with 
softbottom habitats. Polychaetes and bivalves were more numerous in 
the dredges, which is reasonable for samples from softbottom 
habitats.

Species richness per dredge haul ranged from 2 to 19 in winter, 
with a median of 9 species. In spring, the range was 1 to 21 species, 
with a median of only 5. There was no consistency between seasons for 
those stations which were sampled during both surveys. There also 
appeared to be no consistent relationship between animal species 
richness and algal biomass.

The most ubiquitous species in winter were the scale worm, 
Lepidonotus squaaatus and the rock crab, Cancer irroratus, which 
were found at all dredge stations. Lepidonotus and the small 
gastropod, Anachis sp, were the most ubiquitous species in the 
spring samples, occupying 80'/. and 70V. of the stations respectively.

70



Table 3-17. Relationship between animal species richness and algal 
group as determined by cluster analysis (Table 3—13).

ALGAL
GROUP

ANIMALS 
RANGE

(NO. SPECIES) 
MEDIAN RANK

ALGAE
DOMINANT SPECIES

I
11—A
II-B
II-C
II-D

III
IV

7
6
19
9
2
7
2

— 20
- 12
- 22
- 15
- 19
- 26
— 17

16.5
S.5

21
12
10.5
11.5
7

2
6
1
3
5
4
7

Phyllophora pseudoceranoides
Heoagardhiel1 a, mixed
Phyl lophora truncate
Mixed
Codium fragile
Chondrus crispus
Laminaria saccharine

TOTAL 2 — 26 11
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Figure 3-15 Dendrogram depicting the groupings -for the 
samples as determined by cluster analysis, 
numerals signify groups and arabic numbers 
stations as keyed in Table 3—18.

dredge
Roman
signify
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X£te-2A) 11(27-33)



Tibia 3-18 . Dredge algal assemblagss identified by cluster analysis. 
Numbers in <> ara % o-f total dry weight for sample. ID’s 
coded as follows: W=Winter, V=Spring (vernal), D=Dredge. 
Third digit is station and fourth is replicate number. 
Example: WDAl*Winter, Dredge, Station A, Replicate 1.

Group ID Dominant Species <% of total biomass)

I VDA1 
VDB1 
VDJ1 
WDI3 
WDI1 
VDDi 
VDD2 
VDHi 
VDF1 
WDA4 
WDD2 
WDE1 
WDE2 
VDX1 
WDD1 

L.saccharinai64) L. di gi tatai 16)
L,saccharinai67)
L.saccharinai67) U.1actucai11>
L,saccharinai72) Q.nodosumiIS)
L.saccharin a(54) U.1actucai15) 5.tikvahiaai13>
L,saccharinai73) J.1actucai17)
L. saccharina<79) U.1actucai19)
L.saccharinai76) P.lanosaill)
L.saccharinai$1)
L.saccharina(87)
L.saccharinai$4)
L.saccharinai$0)
L.saccharina(79 >
L.saccharina<$4) Z.»arinail4)
L.saccharina(76)

11 VDA2
VDA5 
WDA2 
VDC1 
VD12 
WDA3 
VDA3 
VDE1 WDA1 
VDA4 
WDI5

L. saccharinai 94)
L.saccharina(95)
L.saccharinai95)
L.saccharinai97)
L.saccharinai97)
L.saccharinai97)
L.saccharinai99)
L.SPCCHPRIHPi99)
L.saccharinai99.9) 
L.saccharinai94)
L.saccharinai92)

III VDH2 
WDI2 

P.truncatai52) D.aculeatai29) 
P.palaatai4$) N.bail ayii17)

% WDK4 Leaves(100)

* WDK2 1. aarinai57) F.vesicalosusi24)

IV VDH3 
WDI4 
WDJ2 
WDK1 

N.baileyii4$) L.saccharinai39)
U.lactucai49) L.saccharinai39) 5.tikvahiaei26) 
L . saccharinai 44) Lf. 1 actuc ai 27 )
L .saccharinai 52 )Leavesi/. 1 actuc ai 19 )

* WDK3 Leaves(88)

* singletons with low biomass and high terrestrial detritus.
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Tabla 3-19. Algal bioaaai and nuatir of ipaciaa for alga* and anluli ptr dridgt haul. Bioiaii 
(Bloa) viluai ari gda/a1, Station codn ari ai in Tabla 3-18.

PINTER DREDGES SPRING DREDGES

Xian Radian Naan Radian

Haul
Algaa
Bloa

Algaa
* ipp 1 

Ania
ipp

Alga
Bloa

1 ipacita
Algaa Ania Haul

Alga
Bloa 1 

Alga
ipp 1 

Ania
ipp

Alga
Bloa

1 ipaciat
Algaa Ania

P0A1 411 4 11 VDA1 353 15 4
MDA2 2S3 10 2 VDA2 34 4 0
M0A3 785 b 13 VDA3 440 3 0
NDM 33 7 5 384 b.5 8 VDA4 520 9 1

VDA5 75 7 0 349 7 0
HDD1 253 7 13
N0D2 18b 7 19 220 7 lb VD81 4b3 17 11 4b3 17 11

P0E1 271 12 9 VDC1 922 9 5 922 9 5
HDE2 2S4 10 15 278 11 12

VDD1 277 10 0
Mil 4b 7 b VDD2 3b5 11 9 321 10.5 4.5
MI2 9 7 8
MI3 119 S 13 VDE1 834 8 4 334 8 4
MI4 109 b 14
MIS 49 S 7 28 7 3 VDF1 348 15 b 348 15 b

MDJ1 35 8 7
•

VDH1 221 11 3
MJ2 14 5 5 VDH2 1 b 2
MJ3 0 0 3 lb 5 5 V0H3 695 14 ' 5 30b 11 2

MK1 5 3 15 VDI1 19 3 1
MK2 .2 3 9 VDI2 733 12 21 37b 7.5 11
HDK3 .7 3 7
MX4 0 0 12 2 3 10.5

TOTAL 2b33 Total 6330
Ni 20 20 20 b Ni lb lb lb 3

Rum 14b b 10 154 Riant 397 10 5 490
Raxi 785 12 19 384 Raxi 922 17 21 922
Rim 0 0 3 2 Him 1 3 1 30b
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4.0 Integration o-f Studies and Development of an Ecosystem Framework

4.1 Ecological characteristics of the Thames River macrophyte 
community

The Thames River currently supports a wel1-developed and relatively 
healthy ecosystem despite its moderately heavy use as an industrial 
and military port. A major characteristic of this system is the 
diverse nature of its spatial and temporal structure. This diversity 
undoubtedly plays a major role in the persistence of ths system and 
its robust quality. At its base lie three categories of producers, 
phytoplankton, eelgrass and macroalgae, which display markedly 
different functional characteristics within the system.

Phytoplankton are a highly nutritional food source because their 
protoplasm contains carbon:nitrogen:phosphorus ratios similar to those 
of animal tissue, but phytoplankton production in the river is highly 
variable. Some of the variability is predictable, but much of it is 
not. The small size and waterbourne nature of phytoplankton make them 
a primary food source for filter—feeding consumers such as zooplankton 
and bivalve molluscs (oysters, clams, scallops mussels, etc). In 
systems such as the open ocean where there is no alternate food base, 
large harbivores (i.e. filter—feeding fishes) must migrate out of the 
area when the phytoplankton population crashes. Small filter—feeders 
(i.e. herbivorous zooplankton) experience substantial population 
crashes in response to the instabilities of the phytoplankton. The 
New London Harbor area supports substantial populations of 
filter—feeding zooplankton and bivalves which utilize phytoplankton, 
but they are species which also utilize small-sized detrital particles 
to supplement their diets. These detrital particles must be supplied 
from a source other than phytoplankton. Dead phytoplankton decay 
within days, or at most a few weeks, so that even heavy blooms cannot 
provide a basis for year—round support. Detrital phytoplankton from 
the dense seasonal blooms in the upper river apparently sink to the 
bottom where they are rapidly consumed by bacteria. These 
phytoplankton are thus believed to be a major cause of the deleterious 
summertime anoxia in the bottom water of the upper river, which would 
exclude benthic filter—feeders from taking advantage of the areas of 
highest phytoplankton production. Thus there are serious limitations 
to the usefulness of phytoplankton alone as a food base to the 
system.

Eelgrass production in the area is also substantial, but it is 
highly localized. Eelgrass is a rooted vascular plant which requires 
scft substrate of sand or mud, some protection from heavy wave-stress, 
and sufficient light. It grows from shallow subtidal areas beyond the 
wave-surge zone to depths of about 6 meters in clear water. It does 
not tolerate high turbidity over extended periods. Like 
phytoplankton, its production is seasonal, but its season is longer, 
and unlike phytoplankton living eelgrass is not heavily grazed by 
consumers in the system. It maintains a high standing biomass until 
fall when it dehisces (loses its leaves naturally by abscission). As a 
result, most of its annual production enters the system as a single 
seasonal pulse. After dehiscence (or after being torn loose by 
storms), eelgrass leaves enter the food chain as detritus which can 
then be transported throughout the system. These leaves are not as 
nutritional a food source as phytoplankton. Their nitrogen content is
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low compared to that of animal tissues and their structural material 
is cellulose which most animals cannot digest. Moreover, the most 
valuable nutrients leach away as dissolved materials soon a-fter 
dehiscence. A period o-f aging is required during which bacterial 
colonization o-f the detrital -fragments breaks down their tough 
cellulose components and raises their nitrogen levels thus restoring 
their nutritional value to animal consumers. The aging process -for 
various fractions of the leaves takes from months to years and thus, 
unlike phytoplankton, detrital eelgrass provides a long-term food 
supply for consumers. Most of the benthic invertebrates reported in 
the background literature and the research section of this study 
utilize detritus as a major dietary component. Most of the fish 
reported for this region utilize detritus directly or feed on the 
invertebrates which utilize detritus. If small-sized, aged particles 
of eelgrass are swept into the water column, they may be utilized by 
fi1 ter-feeders.

During its growth period, eelgrass serves as a substrate for 
attachment of epiphytic plants and animals and for a host of grazers 
such as the amphipods, isopods and snails reported in this research{45) 
It also provides protective cover to crabs and shrimp, which were also 
documented in this report. In summary, eelgrass might be considered a 
more stable and predictable component of the system than 
phytoplankton, but it is less nutritious as a food source and requires 
a period of aging on the bottom. Although it serves in an additional 
capacity as substrate and cover, these functions must be substantially 
reduced during the winter dieback.

The macroalgal communities in the River system maintain a 
relatively stable biomass except in exposed areas. Also they persist 
throughout the year. Individual species may be seasonal, but 
replacement by other species stabilizes the biomass of the community 
as a whole. This contrasts to the exposed areas dominated by kelp 
{Laminaria), where most of the biomass is torn loose in fall and 
winter storms resulting in great masses of drift algae.

Macroalgae are more widespread than eelgrass because their habitat 
extends from the upper intertidal zone to depths exceeding 6m (18 ft) 
and they utilize both hard and soft substrates. They are functionally 
similar to the eelgrass in providing attachment surfaces for epiphytes 
and grazers and protective cover for invertebrates and fish. Unlike 
the eelgrass, their role is not diminished in winter by diebacks 
except in exposed areas. The algae are more readily grazed in their 
living state than the eelgrass because their cell walls are more 
easily digested. Moreover they also have a higher nitrogen content 
than eelgrass which makes them a more nutritional food source. The 
macroalgae maintain high levels of biomass, and even during their 
normal growth cycle they slough off small particles of biomass or 
release spores into the water column. These materials are in a size 
range which can be utilized by filter feeders. Thus, like 
phytoplankton, macroalgae provide continuous contributions to the 
trophic pool. In addition, like eelgrass, they add large pulses of 
material to the detrital pool, where their decomposition times vary 
from days for many red algae to weeks for the green algae to months 
for the brown algae. Based on sloughed biomass alone, it is estimated 
that total production for macroalgae is between 3 and 5 times their 
maximum standing crop biomass (12).
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From these considerations it can be seen that the macroalgal 
community contributes substantially to the mosaic nature o-f the Thames 
River ecosystem by providing a diversity of plants with a range of 
functional attributes which cover those of both phytoplankton and 
eelgrass. This scope of functional characteristics alone imply that 
the macroalgae play a key role in the stability of the Thames River 
ecosystem. Some tentative estimates of the importance of macroalgae 
are given below.
1. The system supports at least 7 identifiable assemblages of subtidal 

macroalgae and a typical, zoned assemblage of intertidal 
macroalgae. Biomass within the subtidal plant beds ranged from 
19-1842 gdw/m=. The median density was 443 gdw/m3.
Intertidal biomass ranged from 314-5426 gdw/m2, with a median 
density of 984 gdw/ms. Based on the lower value for the 
production;biomass ratio discussed above, the range of production 
represented by these standing crops would be 942 - 16278 
gdw/m=-yr (median = 2952 gdw/m=-yr> for intertidal beds and 
57 - 5526 gdw/m= (median = 1329 gdw/m3) for subtidal beds.

2. There are about 19 km of shoreline classified as natural rock, 
within the study area and 5 km classified as rip-rap (including 
wharves and piers). Allowing an average intertidal width for 
natural rock of 1.54 m (calculated from a 45° slope and a 
spring tidal range of 1.09 m) and 1.09 m for rip-rap (assuming a 
vertical surface), estimates for intertidal area are 29,260 m= 
and 5,450 m= respectively. One estimate for totaJ. intertidal 
biomass for the rocky shoreline, based on the median of the 
measured intertidal biomass (984 gdw/m=), would be 25,840 kg.
This estimate may be high due to the natural fertilization by birds 
of the measured transects. Based on the lowest biomass measurement 
for these transects (314 gdw/m3), total intertidal biomass for 
the study area would be 8,246 kg. Biomass was not measured on 
rip-rap. Since the area of the habitat was estimated at less than 
197. that of the hardrock, and since the quality of the intertidal 
community was so poor, biomass is probably less than 1500 kg. 
Moreover, the algae along the industrialized shorelines may be a 
liability to the ecosystem due to their exposure to pollution.

3. There are no good estimates of area for subtidal rocky ledges. As 
discussed in Sections 3.3.2.3, a simple planimetric estimate of 
hardrock bottom would underestimate its extent because of the 
three-dimensional nature of these boulder—strewn subtidal areas.
A qualitative guess, based on .the information we used to construct 
Figures 3-1 and 3-12, is that 57 of the study area (410,000 m31) 
is subtidal ledge. Based on the median value in (1) above, this 
area would produce 544,S90 kg algae per year.

4. Many areas of macroalgal growth (on cobbles throughout the area, 
trapped in eelgrass beds and in sheltered areas) were not addressed 
quantitatively in this study. The distributions were far mare 
extensive than we had expected. Moreover, some of these algae were 
attached and some were drifting, and as discussed in Section
3.3.2.4 and 3.3.3.3, the status of drift algae is largely enigmatic 
in this system. Presuming that soft substrates cover the remaining 
957 of the study area (see (3)), an average of 70 gdw/m= algal 
biomass would match the total production of the rocky areas.
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In addition to their trophic role, algal beds have been shown to 
provide living space -for a variety of associated marine animals which 
also remain active throughout the year. These animal assemblages 
include the young stages o-f many large crabs, some o-f which are 
commercially important. There are also dense populations o-f amphipods 
and isopods which are prime food items for commercially important 
fish. The three-dimensional configuration of the algal beds as 
contrasted to bare substrate allows development of a rich species 
assemblage of associated epifauna which reach enormous densities per 
square meter of bottom area as shown in Table A4a-d (subtidal) and 
3-10 (intertidal).

This study has shown that the plant beds reach their greatest 
densities in the lower harbor and adjacent coastal zone (Fig.4-1). 
North of the White Island / Green’s Harbor area of the river the algae 
become sparser and more localized. While the densest macroalgal beds 
were those developed on hardrock aprons adjacent to natural rocky 
shores or on subtidal ledges, this study has demonstrated that their 
growth is not confined to such areas as conventionally assumed. We 
have charted substantial beds of Laminaria, Chondrus, U1va and other 
typically productive species over sand or mud bottoms, utilizing 
cobble, gravel, shell and worm tubes as substrate for attachment. We 
have documented the mobility of algae as a normal part of their life 
cycle by documenting their extensive distribution as drifting benthic 
masses containing species that are well outside their usual growth 
areas. The condition of much of this drift algae suggests that it is 
healthy and growing. This is in contrast to the conventional 
assumption that drifting algae which is not a recognized pelagic 
species such as Sargassum is in a state of death
and decay.

4.2 Characteristics of Impact.
Over the past 100 years or so, the Thames River has been 

increasingly exploited for commerce, industry, defense and 
recreation. These activities have produced identifiable impacts on 
the system. Sewage outfalls have probably had the most extensive 
impact on the river because they have affected its functional 
properties. By providing high levels of nutrient supplements in 
summer, they have altered the seasonal patterns of phytoplankton and 
increased its production. The added production has increased organic 
loadings to the sediments which has probably contributed heavily to 
summer anoxia in the upper half of the river, greatly altering the 
structure of the heterotrophic community there. These effects have 
been more pronounced in the more restricted upper half of the river. 
Physical development of state, municipal, industrial, and military 
structures, pollution associated with their operation, and dredging to 
maintain access routes have been far more obvious activities, but 
their impacts have consisted primarily of localized losses or 
degradations rather than widespread changes in the functional 
characteristics of the system. In the New London Harbor area, where 
industrialization has been most intense, the ecosystem has become 
spatially partitioned, especially with respect to its benthic plant 
habitats. The industrialized waterfronts are relatively barren, but 
the remainder of the system remains relatively healthy and 
productive. This robust quality reflects a resiliency to temporary 
impact. The diversity and heterogeneity which characterize this
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Figure 4-1 Distribution o-f benthic habitats in the Thames River 
area with respect to the dredged channel and port 
facilities. Proposed facilities are signified by ().
(Submitted as a large figure)
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system impart such resiliency because they provide local
alternative production areas during impact and local resources for 
recolonization during recovery.
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5.0 Application to CEIP Management Goals.

New London Harbor represents a space—1imi ted resource, and any port 
development will increase certain day-to-day stresses simply through 
increased usage. The extent to which harbor areas should be -further 
allocated to industrial port development versus recreational usage is 
a sociological decision -for the communities involved. With respect to 
the ecosystem, the extent o-f our present knowledge indicates that the 
harbor area can support increased usage by either industrial or 
recreational interests without major impact, but that several basic 
-functional attributes o-f the system should be recognized and 
protected.

Hydrologically, the harbor area is -fairly well -flushed by tides, 
although we have pointed out some phenomena such as summertime anoxia 
and tidal recycling upstream -from the harbor which suggest that the 
case for flushing of the river as a whole is somewhat oversimplified. 
There is a need for more hydrological information on the river system 
before a realistic assessment can be made for the effects of harbor 
activities on upstream areas.

Large portions of the harbor lie away from industrialized 
shorelines and they do not appear to be heavily stressed, despite the 
port development which has already taken place. Likewise, there is no 
evidence that present levels of commercial ship traffic in the channel 
are adversely impacting plants growing adjacent to the channel at the 
harbor entrance. Within the river, port-related activities have 
severely impacted benthic communities and intertidal algae around 
dredged berthing areas, wharf areas and loading facilities. The water 
column in these areas is highly turbid, which is probably a joint 
impact of port activities and the two municipal sewage outfalls 
located in the same area.

Major algal beds are now separated from the industrialized zones; 
there are no major growing areas north of Green’s Harbor. The natural 
bathymetry of the lower river is asymmetric, dividing the area into a 
channel and commercial traffic zone on the east and a recreational 
boating and swimming zone north and south of the main port area on the 
west. Outside the river, recreational areas lie to the east and west, 
but the commercial traffic lanes run directly offshore to the south. 
Thus a reasonable compatibility now exists between recreational areas 
and industrialized areas of the river.

Macrophyte growth is relatively compatible with recreational usage, 
but there would be a number of ecological hazards associated with 
further port development. The channel in New London Harbor is narrow, 
and increasing the commercial traffic in the relatively restricted 
harbor will increase the hazard for collision, grounding and episodic 
spills of petroleum and other hazardous cargo. Heavy fog is a frequent 
occurrence and confounds the situation. There will also be increased 
potential for chronic spillage during transfer activities or seepage 
from waterfront storage facilities. Pollutants spilled in the narrow 
confines of the harbor could quickly spread and block the river as a 
zone of passage for spawning or migrating species. Petroleum is known
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to adsorb readily to eel grass and algae and other pollutants may be 
taken into their tissues. I-f the contaminated plants are not removed, 
they become a source of continuing pollution. The propensity of these 
plants to detach and drift about or -for plants -from neighboring 
systems to drift into the harbor increases the hazard of spreading 
adsorbed and absorbed pollutants to adjacent systems. Fine sediments 
also become contaminated and provide a source for continued pollution. 
Animals may be affected directly or through consumption of a polluted 
food supply. A classic documentation of the effects of oil in a 
temperate environment may be found in the studies conducted in 
Buzzards Bay after the spill of the barge Florida in 19£9 (1,4,25). A 
recent general review is provided by Olsen et ai. (20).

Another potential hazard associated with port development is 
dredging, especially if it is conducted within plant beds or during 
critical spawning and migration periods of animals important to the 
commercial fishery. However, there have been no significant ecological 
impacts which can be directly attributed to the extensive dredging 
which has already been conducted in the river.

These hazards reduce to three categories which could be addressed 
in the planning stages of port development and thus greatly reduce the 
potential for impact. The categories are (1) physical damage, (2) 
contamination by pollutants, and (3) turbi di ty (43, 44)

Localized physical damage and turbidity adjacent to port facilities 
could be minimized if port development were focused along shorelines 
which are already impacted and if management plans were devised to 
control traffic levels within the river, enforce safe docking and 
transfer procedures, enforce deployment of protective barriers during 
transfers and provide for rapid detection and response when spills 
occur.

Depending on the degree of spillage, the location, and the tidal 
and meteorological conditions, it is highly likely that a moderate to 
heavy spill of oil or other pollutants in the harbor would necessitate 
rapid action to prevent the pollutant from spreading to algal beds, 
from being carried upstream to areas of lowered oxygen content or from 
blacking off the river as a zone of passage. If plant beds or drifting 
plants become contaminated, they may have to be removed to landfill 
areas. The procurement of appropriate equipment and landfill dumping 
permits in anticipation of these special environmental needs would 
mitigate the pollution hazard by reducing the response time to a major 
spill.

This study has identified critical areas for protection with 
respect to algal beds, zones of passage, spawning and nursery areas 
and shellfish beds. There is a real need, however, for the 
development of an accurate predictive model for hydrologic transport 
of pollutants from specific potential point sources created by port 
activities under a variety of meteorological conditions specific to 
New London Harbor. There is also a need for better information on the 
soft-bottom communities of the shoal areas of the lower harbor and for 
information about ecosystem north of Bailey Point.
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6.0 Epilogue

This study has attempted to examine some basic attributes o-f the 
Thames River ecosystem by combining the results o-f past studies with a 
brie-f (one year) -field study o-f attached algal communities. The 
findings have been illuminating, and have raised several new questions 
about the system. The extensiveness of macroalgal habitats other than 
on rocky substrates and the significant degree of mobility of algae as 
living plants has not been pursued scientifically in Long Island Sound 
or, to our knowledge, anywhere else.

The quantitative aspects of the results are based on small sample 
sizes and are therefore tentative estimates. They should net be 
interpreted as a comprehensive and final measure of the system. The 
qualitative importance of diversity and habitat heterogeneity, 
however, is real and its value to the resiliency of the Thames River 
system cannot be overstated. These attributes enable the system to 
maintain itself and repair damage. Since self—maintenance and 
self—repair are far more effective and far less costly than 
rehabilitation projects, it would be prudent to periodically monitor 
the system to ensure that we do not exceed its resilient capacity.
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‘idli Al-A. Annihdi rioartid irzt tfti lawir Thaais Rivir, Ana I « north of I-?S ariagi, Aria II > aridgs to 
idutti, Aria III * Black liagi and Nim London Liagt aria, Data cooooittia fro# riAa u, 21, 25. 25,

Aria I Araa II Ana III

5R0UP SPECIES joftbottos Softaotton Sottbottso anvil Harddattsa

’OlYCHAETA Hqltophttos nioqioos <
ftplant* tr:ti:t X
Saphantidai unid. X t x
fipfir.tiis qoontn X.
ftphitritt johnstoni X
fiphitrm sp. X
Xotitidis toast < X 
kmi tats si X
iricidn so X X
fstbtlhats ocaliti 1 1
fotoinos sp, X
Ctpitilli apititi X X X 
iirritolos so <
Clftmlli torqottt X X X X
'assort lonqoiirrtti X
hcpttrt coprtt x
His on aria X
Dorvilludai unio. X X X
Irilontrtir Ionqt 
irilooirns ttgot 
iphtsiillt tiooti 
Eoctiooe sp. 
laltlit liridis 
totiit stojomit X X
Eunicia unid.
£*ojan* sp 

X 
X 

X X
X

Uyiirt tttnctni X X
Utrtiihot nbriatt X X X
lohinoi trispioosi X
Ltpidomos sqomtos X X
Ltpiioootos sobhvis X
Lotbrminis lotrtilh x X
iotbriniriis so. X X
ftlimpsis ilooqtu X X X
Urpbfst stnyoinn X X
Hidioustos nbisttt X X
Itlinnt crisitit <
fipbtnis cttot 
hohthys moist X X
Hsphihft pacts X X
finis tnntciodontt t

\

finis peltqict X X
ftrtis sooomit (
finis linos X X X
f mol it vtoosiolt 
final tiijripts X X X 

(
X

•'cant.)

fotonstos so 
Ooophis qotdncospis 
Ordintidas unid. X

,(



'able Al-A. Annelids rsported froa the lower Thaaes River. Area I = north at 1-93 oridge, Area II * bridge to 
iconti south, Area III * Black Ledge and New London Leoge area. Data coeposited fro* rs+s 11, 22, 25. 29.

Area I Area 11 Area III

3RQUP SPECIES Sertbattsa Softbatto* SoPtbatta# Sravel Hardbottoa
’alyshaeta 
leont.) 

Parians fulqtns
Paraonis gracilis
Paraams sp
Parapmasillis lanqicirrata
Ptctinaria goaidii 
Pharasa if funs

X

l

X

X

.< 

X 
X 

X
X X 
X X

X
Phalaa »mat a X X X
Phvllodoadae unis. X X
sifta oaiiaia X
PaUcirns exims X X X
Pal liar a iigm 
Palyiara saciahs
Palyiara sp
Palygariias sp
Patuilla ntgltcta
Potiiilla rtnifarais 

it

1

X
X J

V
A

X 
X
X

Prianaspio cirrifara 
Pyqospm ilegans
kbellaria vaIgaris 
SabtUa iicraphthaiaa 
kalibraqn inflatiu 
ScoItltpis sgaaaata 
kalaplas actitus
kalaplos rabusus 
Belli worms (Folynoidaa, Sigaliamdae) 
Sigatbra tentaalata 
Sipuncula umd 
apbaerosylhs sp 
Spiacbaetapteras aculatas 
Soiomsae umd. 

X
X

X
X

X
l

<„
X
X 

X 
X
X

X 
X 

X
X 

X

X
X

X

X

X

kiapbams baibyx 
Spirarbis barulis 
Stmlais boa 

l
X X

X
kbemlais iiiicoia X X
itnblaspia bmiitti 
Bylhnae/Eusylhnae umd.
'’creselUdas so. 1

X X 
X X 

X
X

haryx acutes I X X X

Oligochaeta Qhgocnaate umd X XXX



Table Al-B. Molluscs resorted froe the lower Thanes River. Area I * north of 1-95 bridge, Area II » dridge to 
nouth, Area III * Slack Ledge and New London Ledge araa. Data collated fron refs 11, 22, 23, 29.

Area I Area II Area III

GROUP SPECIES Hard Soft Hard Soft Sravel Hare

Molluscs Dstirti andate x
Bivalves Bivalvta umd. x x

Cinstodiru pinnulaui
Crusostrn virjinica
Crenelle glandule
Cminjia tel I ins ties
Cyclocardiai So ruin
Intis dinctus

1

1

X

X

X

X
X

X
X

Ltonsil «valine X X X
hcon Sil tbin X X X
hr:mint aercenarie X X X X
hdiolus todiolus X
hi inis littrilu
httlus hulls
h> irtmrii

'
X

X
X
X

X
X

.locale Ul shin sconce
BacaJe proxiu
Hueuh tenuis

X
X

X
X

X
X

X
X

Pandare joaldiene X

gastropods Acieee testudiniiis
Petricaie pholtdiforns
Piter torrhutous

X
X
X

Soleive velai X
Tellies agilif
Teredo moths X

X X X X

Teredo jp
Tftrecie canredi

X
X

To!die liutuh X X X
Acieocina cenelicalete X X
Alvenie /p
Anacni; evere

X
X

X
X

htobis trmsliritt X
Jaeciniaa sp
Sustoon cenelicoletai X

X X
X

Saeycon sp
Cirunthiapsis greeni
Cinquli tsuiius
Pandora sp
Col us OSiii

X

X

X
X

X
X

X.
Crissinelli lunuliti X
Crepsdale convex)
Cripidult I'ornicete
Crop Huh pi im
Crip:dull sp
Cflichni orvre

X
X

X 
X 

X
X
X

X
X

X
X

X
A

;cent.)

ipitoniai hutphri'/si
Cupltun caudate
Sastraooa umd

X
X

<

A:



ibli Al-S. Aslluict rapertad frsa til* Is war fhi«as Rivar. A rai I » north of £-95 bridgi, Am I! = dridgi ts 
(cant.) noutn, Araa II! * Slick Lsegi and Nix London Lsage irei. Diti ccnoositad froi rets 11, 22, 23, 23.

Arsi I Am II Aral III

5SQUP SPECIES Saftbsttaa Softbotts* Hirsbattoi Saftbsttaa Snval Hirasstta*
Siitrapedi 
(cent.)

llyioissi ibsohtas
Licutii Hindi
Littenm littorn

X X
X

X X

X
X X

Littsrini obtusiti X
Laiatd bins i X X
Lunitli tnsirnu X X X
1 drilli insuihf X
iitril!i laiiti X X X X
H its iritis trivittitis X X X
Nittaiaia unis X

ibosioin inlbiti X
Sbestom jibbssi t
Mostoia smnuig
Sdsftsm strati

X
X

X

tnabi (Cinjtih) icalius (
Phil ini lai X
Simons Phnorbis X
Turbcnilli sp X X X
'Jmiliinx cmm X X X



Table Al-C. Crustaceans reported froa the lower Thanes River. Area I * north at 1-95 bridge, Area I! = bridge te 
■south, Area III = Slack Ledge and New London Leoge area. Data composited from Rets: 11, 22, 2B, 29.

Area I Area II Area III

Croup Species Softbottoa Sottbottoa Hardbattoa Sottoottoa Sravel Hardbattoa

QSTRACQDA Cylindrolebens time
ifthtnis rintyirdtasit
ustraccda umd.
Ur si ell 3 sp

X X
V

X X
X X

COPEPODA Umd 7 spp X

CIRRIPEDIA Silinus cremtus
Silinus bihnoiies
Silinus belinus

X
X
X X X

CUHACEA CupyUspis rubicund!
Himst/lis polite
ludorelli pusilli
Oxiurostylis siithi

X
X

X X
X X

TANAIDACEA Leptochelii sivignyi
lions civalioii

X
X

X

ISQPQDA idotei irilobi
irichsootlli filifortis
trichsonelli sp
Haiti biltia
Idotei phasphoru
Isopod sp.
Jan ttrioi
Ptihnthuri tenuis

X

X

X
,(

X

X

X
X

X

X

X

X

AHPHIPQDA

(cont.)

bipelisa ibditi
Uptlisci vidorm
bipelisa vtrrilli
bipelisa sp
hiphithoe Ion guana
Hiphithoe rubrioiti
Sybils serrate
Ulliopius heviusculus
Caorellidae umd.
Corophiui icuiui
Coropniut banell:
Cyndusi coipti
Sexuine tnei
ilistopus ievis
iriththanius rubricornis
Senirus ocanicus
Hirpinii sp
dyile nilssoni
Ischyrocerus inguipes
Jissi filati
Lnbos eebsteri

X

X 

X

X
X
X

X
X
X

X
X
X
X

X

X X
X

X
X

X

X

X X
X

X X

X

X X

X
X

X

X

X
X

X
X

X
X



Table Al-C. Crustaceans reocrted troa the lower Thames River. Area I s north or 1-95 Bridge, Area II * Bridge to 
icont.) south, Area III - Black Ledge and New London Ledge area. Oata coapoaited from Refs: 11, 22, 23, 29.

Area 1 Area 11 Area ![II
group Species Softhottos Softhottos HardBottos SoftBottcs Sravel Harehettot
Aephipoda

!cont.)
Leptocheins pingais
Lysianapsis alba
Hicrodeiitapus anoiaias .
hieroieetapas gryllatalpa 
Pieropropotas raneyi
Paraphoxus spinous
Photis sp
Phoxoc e oh alas hoi belli
Pleasyttes glaber
Pantogeneia inertss 
iimothot tinata
Iriehophoxas apistons 
Iriehophoxas sp
llneieia trronti
llneieia serrate

X
X
X

X

X
X
X

X X
X X

X
X X

X
X X

X
X X

4
!\

X X

IVSIDACsA Peiamysis fortosa ' 
heotysis jtericana
Jnid so

X
( X

X
X

DECAPCDA Callineetes sapiens 
linear borealis
Cancer irroraias
Iran goo saptnspinosas
hotans atamans
Libioia labia
Libima sp
Utapanapt sayi
Pagans longicapts
Pagans pallicaris
Pagans sp
Palaetooeies pagia
Pinnothere: taeolata:
Pithrapanopaas harrissi

1! X
X X
X X X X
X

X X
X

X X X X
X

X
X
X

X
X

X
X

X

PYCNCGONIDA khaha spinosa
iallipallene brevirasiris
Phoxiehiliiiat ieioratnt 
Pvcnogamda unid.

X
4A

X
X X



Table Al-D. Invertebrates reported froa the lower Thaaes River (except oolyenaetee. annelids, aoliusca 
ana crusteciens reported elsewhere. Area 1 < north of 1-95 Bridge, Area I! 3 Bridge to 
south, Area III 3 Black Ledge and hew London Ledge area. Data collated froa refs:11, 22, 28,

Area 1 Area II Aria III

Srouo species softbottaa softbottos Softbottaa Gravel Hardbottoa

FQRIFERA Ciiona delate 
Cl iont spp 
Hilielobi spp

I 
X

X
X

HYDR01QA Cnpmlirn sp 
itydrtctinii sp 
hbtltnt sp 
Hydroids unid

X
X

X

ANTHC2GA Pstnnpt sp 
Uriinthos si 
iimisu sp 
Hiliplmllt Juciae 
Htiridittt stnilt x

X
x

x

AEhERTEA CiribnbaUt sp
lubdiHS ptlhiihs 
Assertean unis

i
x

X X X

ECTOFRQCTA Aicvsnidiui sp 
Crypiosuli sp 
Estoproct unid 
ilatri sp 
Bryozoan unid

X
X

X
X

X

X

3RACHICF0DA Phoromda unid X

ECH1NQIDEA Aroiczi sp 
jtmjyioeenirotax drabtohitnsis 

*
X

X

ASTEROIDEA bsiirus 
4 tar nil 
Htariut 

tortus: 
xinguinoiente
sp ' 

I X

1
X
X

jPHUJRQIDEA btpbalis /guinea X x



Tiblt A2-A, Winter quadrats. Algal bioaass (g dry wt/n2}.
SoldiIS MQBi MQB2 '4083 4QF1 40F2 TOTAL
Ahn4*ltis plieata
At phi sit ur i sp.
Antitnmiov isericinos
Antithmion orociitos
Anti th»n ion tlyhisaei
Antithisnion sp.
Smtsiisonii hisifen
Srvopsis plosose
Ciiliihimon byssoibes
Cillithitoion roseos
C ill i than ion tetngon at
Cillithnnion sp.
Cirisios robros
Chietosorphi linos
Chi son pirvoli
Chonbros orisons
Chboehon ilbibi
Chboehon glouriti
Chboehon serial
Chbophon sp.
Cobios fright
Conllm tffieimlis
Costoelonios purportos
Oisyi biillooviini
CtsttresUt Holtiii
Cesuristii viribis
ictoaroos stlioolosos
tctocirpos sp.
inttrosorphi sp
he os bistichas
Focos vtsicelosos
Focos spinhs
incihris tihihiie
Sr ion elh istricim
Lisimrii bigititi
Listmrii sicchirim
Liotsorphi sp.
besbrinepitn ihti
besbnnopttn bentioahti
htoigirbhiilh biiltyi
Pilstrii pilsiti
Fhyoobrss robins
fhyllopnon pstoboeertnoibe
Phyllophori tronati
Polyibes rotonbos
hlysiphonii benobi
hlysi'phonii elongiti
Polysiphonii iano/i
Folysiphonu nign
Folysiphanii mgresans
Folysiphonii novii-ingliie
Polysiphonn sobtilissisi
Polysiphonii oraohta
Ahisoclonios tortoosos
Cpersnoihasnion repens
Ulothrix sp.
lilvi hctociiliooherii sp.
listen sirm

00000000000000
♦ Mlii0000000000000000000092.96000.72013.8183.80000000000000000

91.320000.3606.24000002.1600000.0400 .0000000001.040094.12000127.160016.9278.7614.44000000000009.600

0 0.04 00 00 00 00 0.12 00 02.32 00 00 00 00 0.04 06.2 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 3.080 00 00 00 30.240 00 00 037.32 174.1390 00 00 0127.12 211.3432.28 32.320 00 00 00 0.04 00 00 00 00 00 00 00 00 00 0

0000000000000000000000000000000090.960092.090.920000033.7400000000000000.08

01.360000.48097360000.0411.3600000.0400000000003.089200299.40.920339.36013.3203.72471.4879.230000.040000009.60.08
Total: 299.48 332.36 203.48 433.93 227.3 1339.2
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Tibli A2-B. Soring quadrat!. Algal biasaes (dry /■*), Stations as in Figure 3-7.
PriFu letters V9 * Vernal (soring) Quadrat. Nuibers identify reolicates.

Soecies VSA1 VQA2 V9A3 V9A4 VQA5 VQA6 VflBt VQB2 VQ33 VSC1 VQC2
4/infeltii olioati
Piphioliuri sp. 
dHithinion nenoinoi
Pntithiioion orooiitoi
Pntithnnion plyhisiei
intithunion sp.
Psoophyllui nodosoi
Sonnenisonii hniftri
Sr sops is ploiosi 
Cillithnnion 6yssoides
Cillithnnion rosea
Cillithnnion tetnqonoi
Cillithmion sp,
Cirni oi rubra
Chietoiorphi Una
Chnpii pirvoh
Chondros or is pus
Clidophon ilbidi
Clidophon qloienti
Clidophon siricii
Clidophon sp.
Codiot friqile
Coni 1 in offioinilis
C s stool on i a porpuntii
Cisyi biillooviani
Desierestii looleata
Jesierestii viridis
Cotoomos siliotlostis
iotootrpos sp.
interoiorpha sp
foods distiohos
focos spirtlis
fooos vesioolosos
Srioilaria iikvihiae
orinnelii nericini
Liiimrii digititi
Laiinirii sioohirim
Licoiorohi sp. 
deibrmptin ilati
deibnnopttn devtiouliti
heoigirdhiilh biileyi
Pilterii pilnti
Phyoodrss robins
Phyllophori pseodooennoides
Phsllophon tronoita
Pol fid is rotondos
Polysiphonii denude
Polysiphonii elongate
Polysiphonii hirveyi
Polysiphonii linosi
Polysiphonii nign
Polysiphonii nignscens
Polysiphonii novai-ingliie
Polysiphonii sobtillssiu
Polysiphonii oroeolati
Phizoolonioi tortoosoi
iperinothnnion ripens 
dlothrix sp.
Illvt hoiooa
diooherii sp.
listen nrina

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.36

.84
0.00

61.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.23
0.00
0.00
0.00
0.00
0.00

16.20
0.00

185.96
1.24
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 1.76
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .96
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 6.36
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 13.63
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 146.84

46.16 224.20 
0.00 0.00
0.00 0.00
0.00 0.00
0.00 41.32
0.00 0.00
0.00 .16
0.00 24.28
0.00 21.40
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
3.76 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.24
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.40
0.00 0.00
0.00 0.00

1.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.24
0.00
0.00

.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00

.94
0.00
0.00

991.76
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.30
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

49.52 0.00
0.00 0.00
0.00 0.00
0.00 4.43
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 14.56
0.00 0.00
0.00 3.24
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

231.88 62.60
888.24 404.44

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.20 1.60
0.00 0.00
0.00 5.56
0.00 2.30
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

45.16 11.68
0.00 0.00
0.00 0.00

11.80 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

14.38 1.32
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.20 0.00
0.00 0.00

83.60 16.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

31.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.30 105.72 
0.00 0.00
0.00 1.32
0.00 74.32
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00. 0.00

.96 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
0.00- 0.00
0.00 0.00
0.00 6.66
0.00 .24
0.00 0.00
2.40 0.00
0.00 0.00

22.00 0.00
0.00 6.66
0.00 6.00
0.00 0.00
0.00 0.00
0.00 0.60
0,00 0.00

76.00 17,16
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 7.52
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
o.oo:2587.72 
0.00 0.00
0.00 0.00
0.00 o.oo

213.36 1.92
0.00 10.40
0.00 .96

78.36 0.00
0.00 145.08
0.00 36.48
0.00 6.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0,00
0.00 0.00
0.00 .64
0.00 2.52
0.00 0.00
0.00 0.00

.64
6.00
0.00
o.oo
6.66
0,00
6.66
6.00
0.00
0.00
6.66
6.00
0.00
0.00
0.00
0.00

14.76
0.00
0.00
0.00

.72
0.00
0.66
0.00
0.00
0.00
0.00
0.00
0.00

■ 0.00
0.00
0.00
0,00
1.83
0.66
0.00

2707.52
0.00
0.00
0.00
0.00
6.80
o.oo

30.00
243.40

3.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Totjl! 290.92 49.92 483.60 999.20 1215.00 510.96 140.24 193.68 392. 12 2310.64 3013.72



Tabil A2-B. Spring quadrat*. Algal bioian (dry »t/i2), Stations as in Figure 3-7. 
(cant.)

Spies** mi VQD2 VQE1 VQE2 VQE3 VQF1 VQF2 VQF3 VQH1 VQH2 TOTAL
bhnftltii plltiti
Hi phi pi ion sp,
Hn ti than ion iiiriana
Hntithnnion eraditui
tntiihmion plyhisui
Hntithnnion tp,
Hscophylla nodosa
ioonmisooii hniftrt
Iryopsis plaost
Cilli than ion byssoidis
Cillithmion moot 
Cillithnoioo titngona
Cillithmion sp.
Cents a nora
Chietaonhi lina
Chapii pimli
Chondns orisons
Chdophori tlbidi
Clidoohon glaenti
Chdo'phon stricu
Clidopbon sp.
Codia ingili
Conilim offidnilis
Cystoclonia ptrptrta
Cisyi blilloaiini
Ctsienstii iciltiii
Cisienstii eiridis
[ctoeirpos silioilosns
lotoams sp,
iottroiorphi sp
has distieha
hots spirilis
hoot vitialms
Indlirti tiPvihin
Srinnilii neriani
Lninirn digititi
Lnintrii siechirini
liootorpht sp.
Pnbnnoptin iliti
Hnbrinoptin denticohti 
hmgirdniilli baity i
Pilurii piluti
Phyoodryt robins
Phyllopnon psndocinooidts
Phrllophori tronati
Polyidis rotondos
Polysiphooii dtndi
PoIfsipbonii ilongiii
Polysiphooii hirviyi
Polysiphonil hnosi
Polysiphooii nigri
Polysipbonii oigrtscios
Polysiphooii novii-ingliit
Polysiphooii sobtilissin
Polysipbonii orceohti 
Hhizoclooia tortoosa
Spirtnothnnion reoens
illothrix sp.
tlhi hctuci
iIneherii sp.
lostm tirini

0.00 1.48 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0,00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0,00 0.00 0.00
0.00 0.00 0.00 0,00 0,00 0,00
0.00 0.00 0.00 0.00 0,00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0,00

0.00 0.00 .38 ':8 aS:SS 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 3.32 0.00 3.48
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

74.04 13.34 0.00 5,36 .52 60.64
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00 0.00 0.00
0.00 .20 0.00 0.00 0.00 0.00
0.00 .80 0.00 0.00 0.00 455.68
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4,34 0.00
0.00 0.00 0,00 160.20 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
6.36 ,76 0.00 0.00 0.00 0.00
0,00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0,00 0.00 0,00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

51.32 52.23 12.04 1086.92 266.23 0.00
0,00 0.00 0,00 0.00 0,00 0,00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

409.76 370.48 4.00 1.96 32.60 1.64
0.00 .12 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 1.12 0.00

27.52 0.00 170.12 11.40 103.52 0.00
197.24 102.40 21.84 .34 31.63 8.00

0.00 0.00 0.00 0.00 0.00 11.64
0.00 0.00 0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 .52 .32 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0,00 0,00 0.00 0.00
0.00 .12 0.00 5.72 0.00 20.68
0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

4.76 0.00
0.00 0.00
0,00 0,00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0,00
0.00 0.00
0.00 0.00

,96 0.00
ut 0.00

0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
5.16 342,68
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

83,48 31.20
0.00 0.00
0.00 .0.00
0.00 0.00
0,00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.16
0.00 0.00
0.00 0.00
0.00 0,00

63.56 70.03
0.00 0.00
0,00 0.00

45.16 0.00
0.00 14.36

12.60 .84
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0,00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 7.52
1.33 0.00
0.00 0.00

0.00 86.72
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 1,24
0.00 0,00
0.00 0.00

MS1:8
0.00 0.00

19.08 15.34
0.00 0.00
0.00 0.00

351,30 265.20
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.00

.52 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0,00 0.00
0.00 0.00
0.00 0.00
0,00 0.00

67.16 0,00
0.00 0,00
0.00 0.00
0.00 0.00

94.00 0.00
,28 0.00

0.00 0.00
0.00 0,00
0.00 2.68
0.00 .0.00
0.00 0,00
0.00 0.00
0.00 0.00
1.83 0.00
0.00 0.00

.36 5.72
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

772.60 18.52
4.92 0.00
2.96 0.00

109.04
0.00
0.00
0.00
0.00

.24
0.00

19.84
0.00

23.92
2.03

.44
0.00

91.48
.20

0.00
1343,28

0.00
0.00
0.00

.72

.72
610.04

.34
0.00

65.88
183.44

0.00
3.24
0,00
7.12
0.00
0.00
2.72
0.00

441.32
9402.43

0,00
0.00
0.00

1411.20
19.40
19.76

570.24
977.63

70.80
0.00
0.00
0.00
1.38
3.76
7.83
0.00
0.00
1.24
0.00
0.00

.c4
889.72

6.30
2.96

Totalt 766,24 342.43 208.52 1276.92 442.20 561.76 217.56 467.84 1315.56 395.92 16298.00

A10



Ttbli A2-C. Suiitr quadrats. Total bioiin (gdit/i 3).

SPECIES SQA1 S8A2 SS31 SQB2 SSC1 SQC2 SQ01 SQD2 SQE1 SQE2 SQF1 SSF2
Phnftltia plicate
Aiphi altari sp.
Pntithainion attricanet
Pntithainion creciitei
Pntithainion plflaistii
Pntithainion sp.
Pscophfllet nodoset
Sonntiaisotii haiiftri
Srropsis pleiosi
Cillithanion bfssoidis
Calliihasnion roseiit
Callithainion tatraqonei
Callithainion sp,
Ctriilei rebrei
Chaitoiorpha limit
Chupii parvela
Chondres crispes
Clidophora albidi
Clidophora qlourati
Clidophora strict!
Clide plan sp.
Codiei friqilt
Coralline officinalis
Cfstocloniei perpertei
Hisft biilloeviina
itsitrtstii iceltite
Btsatrtstie viridis
Cctocirpes siliceloses
Cctocirpes sp.
Cnttroiorpha sp
feces distiches
feces spiralis
Feces vtsiceloses
Sraciliria tihihiu
Srinntlii atrium
Litinirii diqitata
Luinaria saccharina
Licotorphi sp,
Ptibranoottri iliti 
htoaqirdhiilla bailtfi
Pilttrii paliata
Phfcodrvs rebins
Phfllophora pstedoctranoidts
Phvllophora irenuta
Polfid'ts rotendes
Polfsiphonia dineda
Polfsiphonia ilonqata
Polfsiphonia harvtfi
Polfsiphonia lanosa
Polfsiphonia niqra
Polfsiphonia niqrtsctns
Polfsiphonia novai-anqliat
Polfsiphonia sebbilissiaa
Polfsiphonia eruolata
Bhiiocloniet torteoset
Sptrmothunion rtpms
dlothrix sp.
diva lacteca
daechtria sp.
lostira larma

0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0,00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0,00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 .72
2.76 3.72 333.32
6.52 1.04 31.12
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 19.16
0.00 0,00 10,44
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 6.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

120.04 1639.89 39.44
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

.32 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 17.23 107.72 
0.00 0.00 6.56

40.40 1.24 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 .40
0.00 0,00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0,00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

40,23 110.44 4.80
0.00 0.00 1.24
0.00 0.00 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

.80
0.00
0.00
0.00
0,00
0.00
0.00
2.20

86.80
13.32
0.00
0.00
0.00

67.72
2.92
0.00
0.00
0.00

.64
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

;132.32
2.44
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.09 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 25.92
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0,00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 .08

24.13 102.34 155.44 24.03
56.73 0.00 0.00 103.76

730.34 1194.53 1304.76 173.32
0.00 0.00 0.00 0.00
0.00 0.00 0,00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

26.20 0.00 0.00 0.00
20.71 19.19 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 ' 0.00 0.00 0.00
0.00 ■ 0.00 0.00 0.00
1.36 3.48 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

96.32 0.00 0.00 140.00 
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 .12
0.00 0.00 0.00 0.00

37.44 0.00 0.00 63.60
0.00 0.00 0.00 139.40
0.00 0.00 0.00 0.00
3.12 0.00 0.00 0.00
3.93 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
1.17 0.00 0.00 0.00
0.00 18.44 0.00 0.00
0.00 0.00 0.00 0.00
1.93 0.00 0.00 0.00
0.00 0.00 0.00 0.00

20.00 0.00 0.00 .24
5.07 0.00 0.00 0.00
0.00 0.00 0.00 0.00

0.00 0.00 7.16 5.04
0.00 0.00 0.00 0.00
0.00 0.00 0.00 1,16
0.00 0.00 0.00 0.00
0.00 0.00 2.i6 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 4.36 o.oo
0.00 0.00 2.16 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 .63
0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.72

17.76 3.96 182.15 135.63
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0,00 0.00
2.24 0.00 5.28 5.36
0.00 0.00 9.32 2.34
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

■435.34 1329.08 66.68 169.32
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 .72 .96
0.00 0.00 0.00 0.00
0.00 1.24 0.00 0.00
0.00 0.00 32.40 1.04
0.00 0.00 13.16 11.40

.08 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 14.72 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

67.40 10.16 67.60 127.73
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

Totali 210.72 1829.31 519.92 329.14 1043.33 1321.3! 1460.20 670.72 322.82 1344.44 427.37 463.32

All



Tabli A2-C. Suaaer quadrats. Total bisaass (gda/i1), -

SPECIES SCSI 5SS2 SQH1 SGH2 TOTAL
Phofiltit Hiatt
Si phi plan sp.
Pntithmion turictntt
Pntithnnion cncittai
Dntithnnion plfltistti
Pntithmion sp.
Pscophfllut nodostt
Sonnntisonit httiftrt
Jriopsis pi most
Cillithnnion bfssoidts
Cillithnnion rosin
Cillithnnion tetnqoota
Cillithnnion sp.
Cirnitt rtbrtt
Chntoiorpht limit
Chnpit ptrvth
Chondrts trisets
Chdophon ilhidt
Chdophon plountt
Chdophon stricti
Cltdophon sp.
Coditt fnpih
Corillini ofdtintlis
Cfstoclonin ptrptrttt
titsft biillotvitm
Cisunstit ictltitt
iistinstit viridis
ictoarpts silittlosts
Letoarpts sp.
initrotorpht sp
ftas distichts
has spirtlis
ftas ttsialosts
Srnihrit tifaihue
Srinnilii niriant
Lnintrii diqitttt
Liliant stcchtrint
Licotorphi sp.
Pnbnnoetin tltit
Neotgtrdhiilh btilefi
Ptherii ptluti
Phptodris robins
Phfllopnon psttdoctnnoides
Phrllophon tnnati
Polfidts rottndts
Pol i siphon it dtudt
Polfsiphonii ilomjiti
Polfsiphonit hirvtfi
Polfsiphonit ltnost
Polpsiphonit sigra
Polfsiphonii nijrtsetns
Polfsiphonii novii-tnplin
Polfsiphonit stbtilissiit
Polfsiphonii traohti
Phisoclooits toritosti
Cpennothmion nptns
lllothrix sp.
llht ltdta
dttthtrit sp.
losten nrint

0.00 0.00 0.00 1.40
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00
0.00 0.00 0.00 0.00
0.00 0.00 .68 4.38
0.00 0.00 0.00 .64
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

120.96 5.16 193,25 34.23
0,00 0.00 6.00 0.00

170.56 9.60 1616.44 0.00
0.00 .32 0.00 .40
0.00 0.00 .80 0,00
0.00 0.00 0.00 .48
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 .92 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00
0.00 11.92 0.00 0.00
0.00 • 0.00 0.00 0.00
0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 337.07
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0,00
0.00 0.00 0.00 0,00
0.00 0.00 2.24 62.40
0.00 0,00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 16.16 7.04
0.00 0.00 0.00 0,00
0.00 0.00 0.00 5.68

13.24 2.20 0.00 0.00
0.00 0.00 0.00 .12
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00

31.04 146.79 2.56 27.72
0.00 0.00 0.00 0.00
0.00 0.00 2.92 1.16

26.69
0.00
1.16
0.00
2.16

25.92
0.00

10.72
3.97
0.00
0,00
0.00
0.00

,76
712.51
599,86

5591.46
.72
.30
.48

36.33
52.64
52.06
0.00
0.00

.64
0.00
6.92
0.00
0.00

11.92
0.00
0.00
7.04
0.00
0.00

4423.57
0.00
0.00
0.00

66,96
0.00

102.23
470.16
33.56
45.04

3.93
0.00
0.00
0.00

23.60
0.00
6.85

53.60
.12

1.95
0.00

657.00
6.31
4.08

Total! 340.80 175.99 1341.97 533.22 13075.33
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Tibll A2-D, Fill quidrati. Algal blom (gdn/12). Stations as in Figure 3-7.

Species FSA1 F3A2 F3A3 FSB1 FSB2 FQC1 FQC2 F3D1 F2D2
Phnftltii pliati
Ptphitlean sp.
Potimmon ntricinai
Pniithimco cracaatai
Pntithmion plfiiisui
Dntithmion sp,
Pscophillat nodosat
lonntuisonii hm ftn
Irrupt is pi amt 
Cillithonion bissoidts 
Cillithnnion roseat
Cillithimon ittrigonai
Ctllithmion sp.
Cirniai rabrai
Chuioiorpm hut
Chnpii ptriali
Chondras cristas
Chdophon ilbidi
Chdophon glountt
Chdophon sir ten
Chdophon sp.
Codiut fngih
Contiim officimtis
Cpstocloniai parpanat
JiSfi biilloaviim
desurtstn icilati
dtsunstii riridis
tctoarpes silicalosas
Cctoarpas sp.
Lnttrotorphi sp
faces distiches
has nsicalosas
Faces spiniis
Sncihrii tiknhiit
Srimlii luricioi
Lniniru digititi
Lninirh sicchintu
Licotorphi sp,
Pnbrmptiri ihti
Inbrmpttn dmticahti 
Xtotgirdniillt biihii
Pihirii piluti
Phicodrrs rabtns
PhfUtpkon pssadoarinoidts
Phrllophon trancitt
Polpidts ratandas
Polisiphooii dtnadi
Polisiphonii tlongiti
Polysiphonii birvtfi
Polpsiphonii hnost
Poipsipbotiii oign
Polisiphonii nignsetns
Polisiphonii novii-ingliit
Polisiphonii sabtilissiu
Polisiphonii araohti
Phisocloniat tortaosai
Sperinothnnion ripens
dlothrix sp. 
din lictaci
Viacherii sp.
losttn urini

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 .44

60.3s 0.00
0.00 0,00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

153.16 140.23
0.00 0.00
0.00 0.00
0.00 0.00
0.00 1.72
0.00 .64

.66 1.96
163,60 376.43
27.23 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.44 0.00
0.00 0.00
0.00 0.00

0.00
0.00

.20

.16
0.00
0.00
0.00
0.00
0.00
0.00

.28
0.00
0.00
1.36
0.00

.32
1.43
0.00
0.00
0.00
0.00
0.00 
0.00
0.00

.20
0.00
0.00

.16
0.00
0.00
0.00
0.00
0.00
0.00

.04
0.00
0.00

.12
0.00
0.00
0.00
0.00
0,00

22,63
1.30
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.08
0.00
0.00

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.83
0.00
0.00
0.00
0.00

683.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.04

.12
0.00

14.40
0.00

.30
0.00

.28
0.00
1.52
0.00
0.00

28.36
0.00
0.00
0,00
0.00
0.00

14.44
0.00
0.00

0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.16
0.00

.64
1.64

19.44
0.00
0.00
0.00
0.00

.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.96
0.00
0.00

43.38
0.00
1.63
0.00
0.00
0.00
0.00
0.00

.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.04

.12 0.00
0.00 0.00
0.00 0,00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.08 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.24 .32
0.00 .03
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
1.16 1.03
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

.60 2.24
0.00 0.00
0.00 0.00

67.48 136.36 
0.00 0.00
3.60 .32
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
1.24

16.72 
0.00
0.00
0.00
0.00
2.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00

23.04
0.00
0.00

163.80 
0.00

.12
0.00

.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

66.43
0.00

.63

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
2.44
0.00
0.00
0.00

.63
4.04

371.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

31.28
0.00
0.00

334.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.21
0.00
0.00
0.00
4.80
0.00
0.00

Total! 410.52 321.52 31.08 739.60 73.92 73.36 142,64 279.24 772.93
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Toll A2-D. Fill algal biseass (gdw/eJ). Stations as in Figure 3-7. 
(cant)

Species FSE1 FGE2 FQF1 FQF2 FQS1 FQS2 F0HI FSH2 TOTAL

Muftitii pliciti .72 0.00 0.00 0.00 0.00 0,00 4.20 12.72 17.76
Ptpbiplton sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pntithnnion mricana* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .20
Antattainion end tin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .16
Pntithmin plfhisiti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aotittainios sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pseopbflhi nods si 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Soonttiisonii bniftn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
iriopsis plttosi 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00
Cillitbmion bfssoids 0.00 0.00 0.00 0.00 0.00 ■ 0.00 0,00 0.00 0.00
Cillithitnieo rostat 0.00 0.00 0.00 1.68 0.00 0.00 0.00 0.00 4.48
Cillitbmion tetragonal 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
fail attain)e# sp. 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 1.16
Cintiet rabrat 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04 2.40
Chittoiorpbi lint 0.00 0.00 0.00 5.40 0.00 .16 0.00 0.00 6,88
Cbnpii ptmli .24 1.56 3.40 4.16 29.40 1.40 .08 0.00 48.88
fboniras crispas 4.48 77.74 766.04 419.64 294.03 91.96 .16 14.96 2149.20
Cldopbori lib id 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cldopbon glounti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
adoption strict/ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
adoption sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
Codiui frigid 0.00 0.00 0.00 0.00 10.52 0.00 7.20 1.00 706.60
Conllini officinalis 0.00 0.00 48.12 6.44 0.00 0.00 .12 0.00 54.92
tyrtocioniai purpurut 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
UiSfi biilloafimi 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.00 .20
itsurtstai acaieata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Itsttnsiii virids 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ictoarpus siliodosos 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .16
idoarpos sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Inttrotorpbi sp 0.00 0.00 0.00 ■ 0.00 0,00 0,00 0.00 0.00 0.00
funs dstichus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
fats vtsiailosis 0.00 0.00 0.00 0.00 9.52 0.00 0.00 0.00 9.52
fans spin! is 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sncihrii tihibiit 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
Srinnelii itericioi 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 .04
Litimrii digitate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Litimrii nectarine 0.00 19.04 0.00 0.00 0.00 4,20 0.00 0.00 316,48
Licotorpbi sp, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .12
Pnbnnoptm ilita 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pnbnnoptm denticaJata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00
KiotgirdiiUi biilifi .12 2,16 7.28 2.08 17.80 112.40 0.00 0.00 210.72
Pilttrii piluti 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 .76
Pbpcoins rabtns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.64
Pbfllophon psttidcinnoids 111.48 174.56 83.00 24.80 5.00 :144.16 .04 0.00 1895.44
Pbtllophon truncate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 29.08
Pol fids rotunds 3.76 0.00 11.00 19.36 0.00 0.00 0.00 0.00 40.64
Polfsipbonii dndi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pslfsipbonii ilongiti 0.00 0.00 0.00 0.00 0.00 0.00 .40 0.00 1.43
Polfsipbonii birvifi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii linosa 0.00 0.00 0.00 0.00 0.00 0.00 .04 0.00 1.56
Polfsipbonii nigri 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii nignsnns 0.00 0.00 0.00 0.00 1.76 0.00 0.00 0.00 2.04
Polfsipbonii noeai-angiiae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23e !6
Polfsipbonii sabtilis'siu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii oroeoliti 0.00 0.00 0.00 0.00 3.28 0.00 0.00 .36 7.85
Rbizoclonius tortaosai 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Spermothiinion rtptns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ulotbrix sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Uhi hdaci .80 0.00 1.36 0,00 44.44 58.64 3.68 .34 213.00
Vaacberii sp. 0.00 0.00 0.00 0.00 0.00 .08 0.00 0.00 .08
lostm nrini 1.72 0.00 0.00 0.00 1.24 .32 3.04 .80 7.84

TOTAL! 123.32 275.76 920.20 483.54 437.24 413.44 18.96 31.76 5771.05
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Tibi* A3-A. Wintir quidnti. Algal bioitss it otrcsnt of total for 
individual quadrats, stations as in Fig. 3-7.

Sptciss WSB1 MQB2 H8B3 WQF1 WGF2
Phofeltii pliciti 
Diphiihun sp. 
tlotithmion nericmui 
Potithnoioo cruciita 
Dotithnnion pi flu sit: 
Potithnnion sp.
Pscophflla nodosa 
Imtnisonii hitifen 
Breopsis pi mon 
Cillithnoion bfssoidts 
Cillithnoion rosea 
Cillithnoion tetngooui 
Cillithiioioi) sp.
Cernia rubra 
Chutoiorphi linn 
Chnpii pirvuli 
Chondrus crispus 
Chdophori ilbidi 
Chdophori gloienti 
Chdophori serial 
Chdophori sp.
Codiui fngilt 
Corillioi oificioilis 
Cfstocloniui purpurea 
Bisfi biillouviini 
lesurestii iculeiti 
Besterestii viridis 
Iciocirpus silitulosus 
fctocirpus sp. 
fnteroiorphi sp 
focus distichus 
focus vesiculosa 
focus spin! is 
incihrii tikvihiie 
Briooelii nericim 
Lninirii digititi 
Lnioirii sicchirim 
Licoiorphi sp.
Heibrioopteri ihti 
Beibrinopten deoticuhti 
heoigirdniilh biihfi 
Piherii pilnti 
Phfcodrfs rubeos 
Phfllopnon pseudoarmides 
Phulophon trunati 
Polfides rotuodus 
Polfsiphooii denude 
Polfsiphooii elongiti 
Polfsiphooii hireefi 
Polfsiphooii hnosi 
Polfsiphooii aign 
Polfsiphooii nigrescens 
Polfsiphooii oovn-iogliie 
Polfsiphooii subiilissiii 
Polfsiphooii urceohti 
Bhizoclooiut tortuosn
Spennoihnnion repens 
lllothrix sp. 
llhi hctuci 
diucherii sp. 
losten urim

1.07 

31.04

.24
4.61

63.04

.43 

.10 
1.77 

.61 

.01

.30

26.71

36.09

4.80
22.33
4.10

2.72

.02

.06
1.13

.02
3.01

13.24

61.80
13.69

.02

1.12

6.66

38.38

46.67
7.17

39.93

36.03
.40

23.60

.04
Total Marin* Plants! 100.00 97.27 99.98 100.00 99.96
Ifsvgs (detrital):
Total plant aaterial:

0.00
100.00

2.73
100.00

.02
100.00

0.00
100.00

.04
100.00
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Tibli A3-B. Spring quadrats. Algal Sisuss as percant at tstal bicnass for the quadrat. Stations as :n 
Ficure 3-7.

Species VQA1 VQA2 VQA3 VQA4 VQA5 mt1 VQ81 VGB2 VQB3 VQC1 vac:
Abntiltii plicitt
Atphipltun sp,
Antimnion inrianun

0.00
0.00
0.00

0.00
0.00
0.00

.Zb
0.00
0.00

.19
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

7.93
0.00
0.00

0.00
0,00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

.02
0.00
0.00

Dot i than ion cruciatut 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Anti than ion plfhisiti
Anti than ion sp.
Ascopbfilun nodosa
lonnmisonii hniftri
iriopsis plotosi 
tillithmion bfssoides

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

.20

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00

10.04 .33M w
0.00
0.00
0.00

.31
0,00
5.31

0.00 0.00
.01 0.00

0.00 0.00
0.00 0.00a u

Cilli than ion rosiut 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CilJitbmioo ittngonut
Cillitbmioo sp.
Cirnim rubrui
Chittmrpbi lint
Cbnpii pirvoli
Cbondns crispos
Shdophori ilbid
Chdophcri glounti
adoption siricti
adoption sp.
Cod at tngili
Conllim officioilis
Cistodooim purports
Hisfi biilloovim
Hisnrtstii iculnti
Jtsuristii riridis
ictocirpus siliculosus
Ictocirpus sp.
intiroiorpbt sp
Focus disticbos
Focus micaltsos .
Focus spin! is
Sncilirii titvibiie

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.13

.30
0.00

21.73
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
1.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

.02
0.00
0.00

.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.08

0.00
0.00
4.08
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0,00
0.00
0.00

.83
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
2.85
0.00

.33
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

.13
0.00

59.77
0.00
0.00
0.00
0.00
0.00

20.91
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
8.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

•0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

19.39
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

.31
0.00
0.00
0.00
0.00
0.00

.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

.49
0.00
0.00

.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.03
Srinntlii mricina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Litimrii digititi 0.00 0.00 30.33 0.00 19.08 12.25 0.00 0.00 0.00 0.00 0.00
Lnimrii sicchirini 5.44 92.47 43.33 99.23 73.11 79.15 0.00 0.00 0.00 92.07 89.84
Licotorpbi sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Atsbnnopttri iliti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Anbnnopttri dinticuhta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NiOifimiilli biiltfi 0.00 0.00 8.54 0.00 0.00 0.00 .54 53.21 54,41 .07 0.00
Pilurii pilnti 0.00 0.00 0.00 0.00 .02 .31 0.00 0.00 0.00 .37 .23
Pbfcodrts robins 5.77 0.00 .03 0.00 0.00 0.00 0.00 .33 0.00 .03 0.00
Pbpllopbon pseudoctnnoidis 0.00 0.00 5.02 0.00 0,00 1.09 0.00 37.41 19.98 0.00 1.00
Pbillopbort irunciti iA.20 0.00 4.43 0.00 0.00 .55 0.00 0.00 0.00 5.13 3.03
Pol fids rotunds .44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.30 .27
Polfsiphonii dtnuda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii ilongati 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii birstfi 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii linost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii nign 0.00 7.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii nigrescins 0.00 0.00 0.00 0.00 0.00 0.00 .35 0.00 0.00 0.00 0.00
Polfsipbonii nofii-ingliii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii subtilissin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polfsipbonii urciolati 0.00 0.00 .23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ahizocloniui tortuosus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00
Spennothnnion rtpsns 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lllothrix sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .02 0.00
Illvi liduci 0.00 0.00 .29 .38 3.72 2.29 0.00 0.00 0.00 .09 0.00
dtucbtrit sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
lostin terina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total: 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

continued-)

Ala



Tibi* A3-B. Spring auadrats. Algal Piom ai pircsnt of total bioian for th» quadrat. Stations as 
(cont) in Figurs 3-4.

Spacias VODt V902 VQE1 VQE2 VQE3 VQF1 VQF2 VQF3 VQH1 VQH2
Hhtfeltii pliat)
Aiphioleori sp.
Antitbmioo ntricinoi
Anti than ion cncittm
Antitbmisn pifliiuti
Antithmion sp,
Atcophflhf nodosoi
Sonniiiitonii bniftn
3rtops is ploiest 
Cillithmion btsstidts 
Cilhthimon rostot
Cillithnnion tttngonoi
Cillitbmion ip,
Ctrni oi robm
Cbutoiorphi linoi
Chap it pirvoli
Cbondros crispos
Cltdepbori ilbidi
Chdspbori jlonnti
Clidopbon strict!
Clidopbon sp,
Codiot frigilt
Conllioi officinilis
CfStocloniat purports
ffan iiiliotvwii
Visurtstii icoleiti
Centrist ii eiridis
ictocirpos silicolosos
Ictocirpos sp. 
httroiorpbi sp
focus disticbos
focus vtsicolosos
foots spirtlis
Sncilirii tiltvibiit
Srinntlii utriam
Lninirii digiiiti
Lninirii siccbirini
Licotorphi sp,
Anbnnopten iliti
Pnbnnoottn denticoliti 
Heoigirdhiilh biilr/i
ftlstrii piluti
Pbfcodres robins
Pbfllopbori pstodoctrtnoidts
PbtUopbon tronati
Pohides rotondos
Pilfsipbonii dtnodi
Pol fsipbonii tlongiti
PiliSipboni) htrvtpi
Pilysipbonii imosi
Polfsiphonii nign
Pilfsiphonit mqrtscm
Pol tsiphonii oovii-itiqliii
Pilfsiphonii sobtilissiu
Poltsiphonii oruoliti
Pbisoclonioi tortoosoi
Sptnnothmion repens
tliotbrix sp, 
illvi hctoci
diochtrii si.
listen urini

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
»
0.00
0.00
0.00
0.00
0.00?.6i
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.S3

0.00
0.00
0.00
0.00
0.00
4.70
0.00
0.00
0.00

33.48
0.00
0.003.3?

23.74
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.27
0.00
0,00
0.00
0.00
0.00
0.00
0.00

■ 0.00 
»
0.00
0.00
0.00
0.00
0.00
2.33
0.00
0.00
0.00
0.00

.04

.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00-

.14
0.00
0.00
0.00
0.00
0.00
9.44
0.00
0.00
0.00

48.29
.02

0.00
0.00

18.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.02
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
i:8
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.77
0.00
0.00
0.00
1.92
0.00
0.00

81.53
10.47
0.00
0.00
0.00
0.00
0.00
0.00

.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
*:$■
0.00
0.00

.24
0.00
0.00

.42
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12.35
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

33.12
0.00
0.00
0.00

.13
0.00
0.00

.39

.07
0.00
0.00
0.00
0.00
0.00
0.00

.03
0.00
0.00
0.00
0.00
0.00
0.00

.43
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
•:!!
0.00

.10
0.00
0.00
0.00

.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

40.22
0.00
0.00
0.00
7.37
0.00

.23
23.41
7.14
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
8:38
0.00
0.00

.42
0.00
0.00

10.79
0.00
0.00
0.00
0.00
0.00

81.12
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.29
0.00
0.00
0.00
1.42
2.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.48
0.00
0.00

2.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
olio
0.00
0.00
0.00
0.00
0.00
2.37
0.00
0.00
0.00
0.00
0.00

33.37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

29.21
0.00
0.00

20.74
0.00
3.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.34
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.66
6.00
0.00a
0.00
0.00
0.00
0.00
0.00

73.23
0.00
0.00
0.00
0.00
0.00
4.47
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.23
0.00
0.00
0.00

14.98
0.00
0.00
0.00
3.07
.18

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.41
0.00
0.00

0.00
0.00
0.00
0.00
6.66
0.00
0.00
0.66
6.00
8:88
0.00
0.00
1.43
0.00
0.00

24.74
0.00
0.00
0.00
0.00

.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.11
0.00
0.00
0.00
7.15

.02
0.00
0.00
0.00
0,00
0.00
0.00
0.00

.14
0.00

.03
0.00
0.00
0.00
0.00
0.00
0.00

38.73
.37
.22

21.90
0.00
0.00
0.00
0.00o.oO
0.66

.31
0.00j:S8
0.00
0.00
4,00
0.00
0.00

44.93
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00o.oo
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

■ 43
0.00
0.00
0.00
0.00
0.00
0.00
1.4*
0.00
0.00
0.00
0.00
0.00
0.00
4.43
0.00
0.00

Totali 100.00 100,00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00



Tibii A3-C, SuMtr quadrats. Algal biosasi if percent of total bioeais for th* quadnt. 
Stations as in Figure 3*7.

Spines
Aknfeltia plicata
Aaphiplenra sp.
Anti than ion aerie ana*
Antitheioioo cnciata*
Antithetnion plyleisiei
Antithemioo ip,
Ascsphylla nodosa
hnntuisonii haiferi
!3!«lyl8*8«.n„
Callithanion rosea
Cell I titan ion tetrigona
Cell I than ion so,
Ceraia rsbra
thatuorphi lina
Chupia pemh
Chondrns orisons
Clidophori ilbidi
Chdophora glouriii
Chdophora serial
Clidophore sp,
Codia Fragile
Corillim pfficiaeiix
Cystoclonia purpurea
tisfi biilloaviioi
iesteresiii ecoleiti
Hesierestie vtridis
ictocirpa silicnlosos
ictocirpa sp,
interoiorpha sp
Ftca distichns
Fuats vesiculosa
Fnca spiral is
Sracilaria tikvahiae
Srinnelia atericana
Latinaria digitate
Latinaria saccharine
Licotorpha sp,
Hesbrinoptera alata
Peibranoptera denticnlata
Heoigardnitlla baileyi
Palteria paltaia
Phycodrys ntbens
Phyllopbora psendoceranoides
Phyllo'phora truncate
Pol yides rotunda
Polysiphonia denude
Polysiphonia elongate
Polysiphonia harveyi
Polysiphonia lanosa
Polysiphonia nigra
Polysiphonia ntgrescens
Polysiphonia novai-angliae
Polysiphonia subtilissiu
Polysiphonia arceolata
Phiioclonia tortnosa 
Soennothanion rtpsns
lllothris sp.
IIIvi Inina
'Uttcheria sp.
lostere urine

S3A1
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00

0.00
0.00
0.00
0.00
0,00
1.31
3.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

56.97
0.00
0.00
0.00
0.00

.25
0.00
0.00
0.00
0.00

19.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

19.12
0.00
0.00

SGA2
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.20

.06
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00

.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

92.35
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.94
0.00

.07
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.05
0.00
0.00

SS81
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00It
0.00
0.00
0.00
0.00

.13
60.42
5.56
0.00
0.00
0.00
3.42
1.36
0.00
0.00

. 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
7.04
0.00
0,00
0.00
0.00
0.00
0.00
0.00

19.24
1.17
0.00
0.00
0,00
0.00
0.00

.07
0.00
0.00
0.00
0.00
0.00
0.00

.36

.22
0.00

S3B2
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.24
foo
0,00
0,00
0,00
0.00

.67
26.37
4.05
0.00
0.00
0,00

20.57
.39

0.00
0.00
0.00

.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

46.28
.74

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

SQC1
1.25
0.00
O'. 00
0.00
0.00
0.00
0.00
0.00
olJo
0,00
0.00
0,00
0.00
2.31
5.14

70.02
0.00
0.00
0.00
0.00
2.51
1.93
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.15
0.00
0.00
9,25
0.00
0.00
0.00
0.00
0.00
0.00
3.59
0.00
0.00

.30

.33
0.00
0.00
0.00
0.00
0.00

.11
0.00
0.00

.19
0.00
1.92
.49

0.00

SQC2
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00It
0.00
0.00
0.00
0.00
7.64
0.00

89.14
0.00
0.00
0,00
0.00
0.00
1.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.41
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.33
0.00
0.00
0.00
0.00
0.00
0.00

SSD1
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o'00
0.00
0.00
0.00
0.00

10.65
0,00

89.35
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

S902
0.00
0.00
0.00
0,00
0,00
3.86
0.00
0.00
0,00
0.00
0.00
0.00
0.00

.01
3.59

15.47
25,37
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00

20.87
0.00
0.00
0.00
0.00

.02
0.00
9.43

20.78
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00

.04
0.00
0.00

Totil Hirine Plants! 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99

Leaves (detrital):
Total Plant Material!

0.00
100.00

0.00
100.00

0.00

100.00

0.00
100.00

0.00
100.00

0.00

100.00

0.00

100.00

.01
100.00



Table A3-C. Suaeer quadrats. Algal biomass as percent of total biomass Tor the quadrat. 
Icont.) Stations as in Figure 3-7.

species

Phnfiltii pliciti A»phiphen sp,
Antithnnion mricmet 
Antithmion creciitet 
Antithmion plyhisiti 
fatitbmion sp,
Ascophyllet no do set 
Sonnmisonii half in 
Inopsis pletosi 
Cillithmioo byssoidis 
Cillithiinion rosiot 
Cillithmion tetragonal 
CiUithmioo sp.
Cintiei rebret 
Chiitoiorpht lint 
Chitpii pirveh 
Chondrts crispes 
Chdophon ilbidi 
Chdophon gioierata 
Chdophon sirim 
Chdophon sp,
Codi m Ingilt 
Corillin officinilis 
Cystoclooiet per pert a 
Cisyi blilloetiini 
Htsnnstii acaInti 
Cisunstii eiridis 
Cctocirpes siliceloses 
Cctocirpes sp.
Cntiroiorphi so 
focus distiches 
foe os vesic closes 
feces spinlis 
Sncihrii tihihin 
irimlii aitriem 
Lninrii digititi 
Lnimrii sicchirini 
Licotorphi sp. 
hnbnnopteri iliti 
Anbrinoptm dmticehti 
Htoigirdhiilh biihyi 
fihirii pihiti 
Phfcodrrs robins 
Phyllophon psiodoctrmoidis 
Phillophon trenciti 
Polyidts rotendes 
Polysiphooii dtnedi 
Polysiphooii ilongiti 
Polysiphooii hirviyi 
Polysiphooii linosi 
Polysiphooii nign 
Polfsiphonit nigriscms 
Pohsiphonii mii-mgliit 
Polysiphooii sebtilissiu 
Polysiphooii eraohti 
Phisoclooiet torteoset 
Sptrmtbmioo riptns 
lllothrix sp. 
llhi licteci 
diochtrii sp. 
lostira urim

SQE1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.40
0.00
0.00
0.00
0.00

.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

S3.27
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

12.S?
0.00
0.00

S8E2

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.2?

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

98.86
0.00
0.00
0.00
0.00
0.00
0.00

.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.76
0.00
0.00

SQF1

1.67
0.00
0.00
0.00

.30
0.00
0.00
1.02
.30

0.00
0.00
0.00
0.00
0.00
0.00
0.00

42.57
0.00
0,00
0.00
0.00
1.23
2. IS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.38
0.00
0.00
0.00
0.00
.17

0.00
0.00

12.23
3.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.44
0.00
0.00
0.00

13.80
0.00
0.00

SQF2

1.09
0.00

.25
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.13
0.00

.37
29.27
0.00
0.00
0.00
0.00
1.20

.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.J30
0.00
0.00

36.39
0.00
0.00
0.00
0.00

.21
0.00
0.00

.22
2.46
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

27.38
0.00
0.00

SQG1

0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

33.49
0.00

30.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.33
0.00
0.00
0.00
9.11
0.00
0.00

5QS2

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.93
0.00
3.43

.18
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.77
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.23
0.00
0.00
0.00

83.41
0.00
0.00

SQH1

0.00
0.00
0.00
0.00
0.00
0.00
0.00

.04
0.00
0.00
0.00
0.00
0.00
0.00

10.49
.33

37.76
0.00

.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.12

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.83
0.00
0.00
0.00
0.00
0.00
0.00

.14
0.00

.16

SQH2

.26
0.00
0.00
0.00
0.00
0.00
0.00
.92
.12

0.00
0.00
0.00
0.00
0.00

13.60
0.00
0.00

.08
0.00

.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

63.21
0.00
0.00
0.00
0.00

11.70
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.32
0.00
1.07
0,00

,02
0.00
0.00
3.20
0.00
.22

Total Marine Plants: 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
leaves (detrital): 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Plant Material: 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00



Table A3-D. Fill quadrats. Algal bioaass ai percent of total bioaass for the quadrat. Stations as tn Figure 3-7.
Species FQAi FSA2 F9A3 FQB1 FQB2 FSC1 FQC2 FQD1 FQD2
Phnftltit plicate 
Piphiplenn sp. 
fintithmion luritmt 

,16 0.00
Pntithmion cracaatai 
Dntithmion plpliisni 
Pntithunion sp.
Ptcopbpllai nodosa 
Sonnmisonii hit i fen 
Sr tops is plttosi 
Cillithmion bpssoidts 
Cillithmion rosea .90 .11 .32
Cillithmion tetngona 
Cillithmion sp,
Centia rabrm 
Chutotorphi linns 
Chnpii pimh 
Chondrts orisons 14.70 .08 

4.38
1.034.76

0.00
1.43

1.53
.842.1623.61 .33 0.00.36.06 .443.99

.09.5248.02
Clidophon ilbidi 
Clidophon glosenti 
Clidophon sericei 
Clidophon sp,
Codiat fragile 
Corillim officimlis 

90.22 .26 1.58 .76 .85
Cpstocloniat parptrta 
Cispt biillouoim 
Sesurestii aculeate .64 •
Sesierestii oiridis . 
Cctocirpos silicdostis 
Ictoarpas sp,
Interotorphi sp 
Facts distichts 

.51

Facts vtsicalosts 
Facts spinlis Sncilirii tlhihtu 
Srinnelii aiericana 
Luinirii digitate 
Lnimrlt sicchirim 
Licoterphi sp.
Petbnnopten alata 
hetbnnopten dtnticahta 
HtaqirdhiiUi biiltri 
Pilttrit pilnti 
Phpcodrps rtbtns 
Phellopnon psetdocennoides 
Phpllophon truncate 
Polpides rotundas 
Polpsiphonii denada 
Polpsiphonii elongate 
Polpsiphonii hirvepi 
Polpsiphonii linosi 
Polpsiphonii nigra 
Polpsiphonii nigrescent 
Polpsiphonii navai-angliae 
Polpsiphonii sabtilissiu 
Polpsiphonii nrceoliii 
Phisoclonint tortaosa 
ipinnothitnion repens 
dlothrix sp. 
din lactuca 

37.31

.1741.076.65

.11

26.90

.33.12.3872.19

.13

.39

73.625.79

6.69

.40.02
1.90
.11
.04
.20

3.76

.03
1.90

6.33
60.43
2.21

.37

.82
91.98
4.91

.11
0,00

1.57
95.74

.22

1.29

0.00

8.97
59.33

.04

.29

23.31

4.05
45.34

.31

.62
ditchtrii sp. 
losten larina .03 .24

Total: 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
continued-)



Tabli A3-D. rill quadrats. Algal bioaasi it pircint of total bicain for tht quacrat. (cont) Stations as in Figure 3-7.

Spseiss FQE1 F9E2 F9F1 FSF2 FBS1 FQ62 FQH1 F9H2
Phnfeltia plicata 
Ptphipleura sp. 
bntithaanion atericanu 
bntithaanion cruciatua 
bn tith union pi y his at i 
Anti than ion sp, 
bscophyllua nodosa 
lonnniisooii huiftra 
Iryopsis pluaosa 
Ctllithaanion byssoidts 
Call: than ion rosea 
Cellitheanion tttragonua 
Cillithunion sp.
Ctruia rubrua 
Chaetoaorpha Una 
Chupii parvuh 
Chondns cristas 
Chdophora ilbida 
Cladophora gloaerata 
Chdophora sericea 
Chdophora sp,
Codiu fragile 
Coralline officinalis 
Cystocloniua purpurea 
lasya baillouoiana 
Cesaerestia icoleata 
Cesaerestia oiridis 
Ictocarpus siliculosos 
ictocarpus sp, 
interoaorpha sp 
Focus distiches 
Focus vtsiculosus 
Focus stirtlis 
Cracih'ria tihahiae • Srinnelia utricana 
Luinaria digitata 
Luinaria saccharin! 
iicoiorpha sp, 
heabranoptera elate heabranoptera denticulate 
heoagardhialla baileyi 
Faheria pahata 
Phycodr/s robtns 
Phyllophora pseudocaranoides 
Phyllophora truncata 
Polyides rotundas 
Polysiphonia danoda 
Polysiphonia elongata 
Polysiphonia harveyi 
Polysiphonia lanosa 
Polysiphonia nigra 
Polysiphonia nigrescens 
Polysiphonia novai-angliae 
Polysiphonia subtilissiia 
Polysiphonia urcsolata 
Pbhocloniua tortuosu 
Soeranothaanion repens 
U'lothrix sp. 
tlloa hctuca 
daucheria sp. 
lostera tarina

.39 

0.00.193.63

.10

90.40
3.05

0.00

0.00
.65

1.39

.3729.20

6.90

.79

63.30

.23

.3793.23

3.23

.79

9.02
1.20

4

.13

.33

1.12.9696.79

1.33

.430.00
3.13
4.00
0.00

0.00

6.7767.26

2.41

2.19

4.07

1.14

.40

.73

14.74
.29

.04.3422.24

1.02

27.19

34.37

0.00

.03
14.13.02.09

22.13 

0.00.42.34

37.97.63

.21

2.11
.21

19.41
16.03

«

40.03

3.270.000.0047.10

3.13

1.13
.13

2.64
2.32

Total: 100.00 100.00- 100.00 100.00 100.00 100.00 100.00 100.00

A21



Tibi* A4-A, Aniaals, xlntsr quadrats. Valuta art individuals /gdwla2, NA=nat appropiate to count. Ill* too nuatrous to count.

Phylua Sptcits 4381 MQB2 4083 4GF1 4QF2 TOTAL FREQ MAX I

SP0N6E5 Unk 1-Aiorohoui
Unk 2-Y«11on

NA
0

0
NA

0
0

0
0

0
0

NA
NA

l
1

NA
NA

CN1DARIANS Annoni Unid 0 0 16 0 0 16 l 16

IRYOZOA Dryqjoin Unid NA 0 0 0 0 NA 1 NA

"ttRi Hftiltif tdalis
Sol/tyi tillit S 4

0
4
0

0
56

0
0

8
36

2
1

4
56

MOLLUSCS-
GASTROPODS

Anichis ip
Sittiat iltermtat
Crtpidah conma
Crtpldait forviati
Ltcam sp
Uttorini littorn
Lmtii it
lltrtllt it
liranitwit cit)tru

m
4
0
4

IK
8
0

m
0

668
0
0
0

200
4
0

123
36

276
0
0
0

148
0
4

164
12

96
0

4763
0

940
0
0

2583
0

16
0
0
0

16
0
0

16
0

1036
4

4763
4

1304
12
i

2896
48

5
1
1
1
32
1
3n*i

668
4

4768
4

940
3
4

2533
36

P0LYCHAETE3 fophtrtit ip
Dtphirtritt jchntcni
lodtuctni ccnlli
Lipidcnotai iqamtas •
Spirorbii ip
Unk 1-fltldantdai or Q#tnida*
Unk 2- Onuoihdai
Unk 3-Ttribtllidat
Unk 4- Polychatt*

0
0
0

56
0
0
08

28

4
4
4

32
0
0
0
0
3

0
0
0

12
ttt

0
0
0
0

0
0
0

304
0

!o
4
0

168

0
0
0
0
0
0
0
0
0

4
4
4

424
0

56
48

204

i
i
i
4
1
1ll
3

4
4
4

304
0

5i
48

168

ARTHROPODS Arachnids (saa liti) 0 0 0 120 0 120 1 120

ARTHROPODS-
CRUSTACEA

Unk 1-Aaohipod
Citrtlli sp
Unk 2-lsoood
Libwii dibit
lltopmpt tifi
ivtliptt sp
Piaarat lwqicirpas
Prbitii pamialiti

160
20
20120
120

504
160
36
24000

5612
120
36121200

42680
560
12000112

4

000
4
4000

4844
28

700
216

3212
124

4

42
3
5
4121

4263
16

360
120

24
12

112
4

ECHINODERHS Usttriii farbtii
Itnricit tingainclenta
Dxiaqmthas spamtas

800
08

20

0
4
3

080
0
40

3
24
28

1
42

3820
HEMICHORDATES Atcidian unid 24 180 43 216 0 468 4 216

OTHER Egg aass unid 1
Eggs unid 2

40 0
lit

0 00 0 00 40 11 40
Totals
Nuabtr at SoKits:

NA
19

NA
20

944 14388
18 17

60
6

Maxiaua Nuaber Individuals; NA NA 276 4763 16

A22



Tibl» A4-9. AfliMls in spring quadrats. Values art indiiduals/e2. NA=not approputa or too nuaerous to count. Station* as in riguri 3-7.

Phylui
PORIFERA

Species 
Siliclm laasanaffi Unkl-aasrpdous 

VQA1
09

VGA2 
9 
0 

VGA3 
0 
0 

VQA4 
0 
0 

VGA! 
0 
0 

VGA4
0
0

VQS1 
0 
o 

V8B2 
0 
i 

VQ33 
0 
i 

VGC1 
0 
o 

VQC2
0
o

CINOARIA Urtahrli putih Unk l-Annoni 0o 0 0 0 4 0 4 0 0 00 0 
0 

0 
0 

0 
0 

0 
0 

0
0

PLATYHELiUNTHES Unk l-Flitaari 0
3RYQ20A Unk l-3ryotoan I
ROLLUSCA- Unaiii sinltxBIVALVES 4/farta sndata

Iriiias taalis 
kcalitu tanmicati

0 0 0 
0 

0 4 0 
0 

0092
0

0 0 0 0 
0 0 0 0 

0 0 0 0 
0 0 0 0

0 0 0 0 

0 0 0 0 

12 0 0 4 

20000
ROLLUSCA- Dcun tesiat/imUs5AS7R0PQD3 Anacni; si

Crtpifalt convtu 
Cmifali lamcitp 
Crtpituli plana Lacuna ;j
littoriai littaru 
Sitrtllt sp 

- Urasilpiax cmtru

0 4 0 
0 
0 
0 0 0 
0 

0 0 0 
0 
0 
0 0 0 
0 

0 20 0 
0 
0 
0 0 28 
0 

0 82 0 
0 
0 
0 0 0 
0 

0720
0
0
000
0

0 32 0 
0 0 0 B 
0 0 

0 74 0 
0 4 0 0 
0 0 

0 IS8 0 
0 0 4 0 
0 4 

12 12 14 
0 0 ttt 0 
0 34 

0 204 4 
0 0 til 3 
0 0 

0SO0
0000
0O

P0LYCHAETA fif ratal at sp 
itaict sp 
Ltpidena'tas squmtas 
Laibrinertis sp 
Ptrtis sp 
Spirarbis sp 
Itrtbtlli sp Unk l-Phyllodocidaa Unk 2 Palychaati 

0 0 14 0 0 0 0 0 4

0 0 0 
0 0 
0 0 
0 
0 

0 0 14 
0 12 
0 4 
0 
0 

0 0 23 
0 0 
0 0 
0 
0 

0 0 14 
0 0 
0 0 
0 
0 

3 4 40 
0 3 
0 4 
0 
0

0 0 28 0 0 
0 4 0 
0 

0 0 32 0 0 
0 12 0 
0 

0 0 12 0 0 
0 0 0 
0 

0 4 140 0 4 
0 4 3 
0 

012132412
040
0

ARTHR0PG0A- Aaahipods sagCRUSTACEANS Sunns actiniasIsspsds spp 
Ptlinostits sp 
Libinu babii 
Utaptnapt say;
Pagum mutes 
Pajama lanaicirpus Pajama palliuns 
Pmathtrts iscaiata/

0 0 4 
0 0 
0 0 
0 0 0 

0 0 0 
0 8 
0 0 
0 0 0 

40 0 12 
0 0 
0 0 
0 0 0

0 0 4 
0 
0 0 0 0 0 0 

0 4 0 
12 
0 0 0 0 0 0 

0 0 0 
0 
0 0 0 0 0 0 

40 0 14 
0 

12 0 0 0 0 0

NA 0 44 0 34 0 0 0 0 0 

74 0 12 0 0 4 0 0 4 0 

44 0 34 4 3 20 0 0 0 0 

230123024140000
SCHINODERMATA Psttrlit farbtsi 0 

Stnricii sinpinalinti 0 00 0 0 0 0 0 0 0 0 0 0 4-0 0 0 0 0
Total! 28 Naxtauai 14 12 3 223 92 33 32 112 72 124 32 130 74 NA NA 138 344 74 204 430132



'aSls A4-i. Animals in wring quadrats. Valuas an intflviduals/s2, NA=not auarsgiats ar too nssrous ts count, 
cant,) Stations as in Figurs 3-7,

7001 VQD2 VQE1 V3E2 V8E3 VQF1 V3F2 V8F3 V0H1 VQH2 FRS3.TOTAL USX

SQRIFERA Hilidom loasuioffi 0 0 0 0 0 0 HA 0 0 0 1 NA NA
Jnkl amorgliaus 1 1 0 0 0 0 0 0 0 0 4 0 0

Sirtalirii 3dtih 0 0 0 0 0 0 0 4 0 0 1 4 4■2IN0ARIA
0 0 0 0 0 2 3 4Link 1 Ammons 0 0 0 0 0

Unk i Flatwor* 5 0 0 0 0 a 0 0 0 0 1 3 33LATYHELi11NTHES
link l-Bryetoan 0 0 0 0 0 0 0 0 0 0 3 0 03RY0ZQA

0 0 0 0 0 0 0 0 0 0 2 32 2010LLUSCA- Anmia tiioltx
0 0 0 0 0 0 0 0 0 0 l 4 A3IVALVES A/tart# asdata
0 0 0 0 4 0 0 0 tit ill 4 ?6 92stilus kalis 4 0 0 L 3 4dacdaisi tinmicata 0 0 0 0 0 0 0

[210LLUSCA- kim tiftabimlis 0 0 0 0 0 0 0 0 0 0 1 12
156 223 lit 0 s4 133 103 lit 24 0 13 1523 2233A3TRQPQD3 kii'nis ss

0 0 0 0 0 0 0 0 0 3 - 23 -aIrtakali csnma
0 12 0 0 0 0 0 0 16 0 2 23 la'rmiiili formuti

CmtduJa flint 0 0 0 4 0 0 0 0 0 0 L 3 •
ill 0 111 3 ut 0 0 til lit lit 10 12 3Lacuna so

3S 0 0 0 0 4 43 0 20 20 7 1*6 3 3.ittama littoni
iitrilh si 0 0 0 0 0 0 0 0 0 0 l 23 -3

Is 20 12 0 0 To 12 Is n 3 ;0 2-2 72Jrasilainx nittru
’OLYCHAETA 0 0 0 0 0 0 0 0 0 0 1 3 3Cirntalas sb 0 0 3 20 12iaem sb 3 0 0 0 0 0 0 0

20 3 4.lakenabas sqamtas 172 72 20 12 33 43 Is 20 930 172
4U»enntrtis S3 0 0 0 0 0 0 0 0 0 0 1 4

krtis sb 0 0 0 0 3 23 0 0 0 0 3 Ti 23
1 4 4lairarbu sb 0 0 4 0 0 0 0 0 0 0

4 0 0 43 4 40 0 0 4Unbilla ss 11 96 43
•Jnk l Phvlladscidas 0 0 0 0 0 0 0 0 0 0 1 3 3

a 0 0 0 0 0 0 4 4 4 is ' 4link 2 Paiycttasti 0
16 0 0 0 3 193 76 33 40 43 13 720 19s4RTHRQF0DA- Amamgsds sog

CRUSTACEANS inuras aciiiuiis 0 0 0 3 0 0 0 0 3 0 2 20 3
Isossai sag 32 0 4 0 104 230 120 40 40 76 Is 1012 230
klinorutis sb V 0 0 0 0 0 0 0 0 0 2 16 12

0 4Liblnu -labu 12 4 4 0 0 0 3 0 10 120 iO
0 0 4 0 0 4its sine it nu 0 3 0 0 6 56 20

0 0 4 0 0 0 0 0 1 4 4kjaras irsattas 0 0
4 0 0 0 0 1 4 4Pajama Isnsisirsdi 0 0 0 0 0 4•0 0 0 0 0 0 4ki’iras Bolhciru 0 0 0 2 3

4 0 0 0 0 4 0 0 *. 3 4tinnathirii ncalitas 0 0
bsiinis forbisi 0 0 0 0 0 0 0 0 0 0 l 4 4ECHINOSERNATA
knritu sinjainciinti 0 0 0 0 0 0 0 0 0 0 1 3 3

'Still 523 344 56 40 234 340 NA 134 240 172
lax i mun 172 223 20 12 104 230 NA 33 76



““ ,4'c’ S'siHt!'" k;:;; st'Ww! ..... . * pmici
»HYLUH
CINOARIA

SPECIES

Uli:loni loosinoffi 
'Jnk l-Anuoni

I
1!

3QA2 SEBi 

36

3Q82 3BC1 30C2 3ED1 3QD2 3QE1 3QE2 

3RY0ZQA Unk Hrvozoin I
10LLUSCA

BIVALVES
Afloiij sitolex
HpUlas ebalis 174 146 7916 18383 134 a 14738 13433 

10LLUSCA
GASTROPODS

kuti testaPimlis
Anterns sp
Crtiihli context 
'.repiialt (arniatt 
Crepidah pi int 
ipi tani m sp 
■.taint sp
liitdfini littorei 
ktreila st
Usstntis trieittitas 
'Jni l HaPibrinch 
:Jrasilcinx cmini

63

26

60
l

4 

3

24

3 

67 

7332 
3

149

63

3470
27

146

33

30
73

130

144 
! 

112

20 

136 

26

63

200
1 

34
!QUCHAETA Leptdanatas sgatnbas 

hereis si 
rerebelit ss
Unk 1* SiSslhdH
Jnk 2-Poiycttaata

10
4
6

10 137 3
*L

24
1

9*

136 3

4RTHROPODA
CRUSTACEANS

Sarnaclii 100
Aaoftioadf spp
Iscdddi lop 
Pilmcnetes si 
•Urdus aims 
iarpptntpe deprtssas 
iibinii dibit 
heopanape stpi
Pagans iangicarpus 
Pinnotheres ucaiitas

22 37
12 33

13

34
12

ECHINQOERflATA Pxiagnithas spuiutus 
Penricii singamaientt 3

CH0R0ATA Unk * Aicidimi
Phalis ganneilas

■•REB
‘0TAI

MAXIMUM

14
211
174

12
293
146

52

l f kJ
13!
90

■ *11 13 u
57 17996 24146
24 9816 13335

M
422
134

3?

13 10 9
502 13127 13741

425



*aali A4-C. Annals frsa su«*«r auadrats. Valun ari nuuosrs a9 mflviduals/ j=nat sractical :csnt.) ar too nuasrsus to ceunt
*HYLUH SPECIES SQFl 3SF2 2031 SQ32 SOHt 3QH2 FREQ. TOTAL nAX.
DtNDARIA Uliclom laasmffiJnk I-Ananona I

2
049 076

SRVQZOA Jnk 1-Brvojoan J 1 i 0 0
10LLUSCABIVALVES Pnom siishx

Httiliis eitilis 2408 3091 23913 12716 l I12 1.1E3 239I3
1QLLUSCASASTRQFODS kata iestniimlis

kiChlS SB
Crtoiduli csDvtxi
Crtpiitli fqrniati 
'.repiinh mm
ipitonim SBtic an a sb
Littorim littora
Pitrelh sp
Uss trios trielttitos
Uni 1 hiibrmh
Urostlomx antra

79

34
2

!8

10

2

2 

1

s
43

26

3223

3

F

92*87280l
77

l

999
•3

km

lll5

I5 99
t

16

t460l
3il24276194ss3lt!!6

173♦64m
!

92837826011130
30L'f CHASTA

4R7HR0PQDACRUSTACEANS

Lepibonotns squat is
Urns so
Urebelli so'Jnk l-SifisLlidasJnk 2-Falveftaitf
3arnacl*s sodAnahipaSs is?iSBBBPS IBB
?iiunmis so
Circius aims
iariptoopt itprtssos
Jitnii in on
UBOHIOpt SiU
Ptqoros lonqiuroos
Pinnotheres ucnlatus

10l

i
i

i

4 
!
2

l 
l

1 

1tk

44

3

4I7

23 31 16 l! 3 Is1? L 10 274 3:s*4 5
• *

• *249 104 "l 0833;9S l 270l I
• 36 l

• 3 31 5 >4 332 2ii I

1579
69!
"
«4349i9aI31
41!
3

sCHINODERMATA ixiognsihns sqoiutos
ienncii tnquiooieota

LV 2
4 323 15 233

CHORDATA Jnk - Ascidians
Pholis qmtllos

•REDr0TAL1AJIHUN

Lm

1225334
11 2? 10 

1325142408

19 3 126t r ?
a 17 ll 0 1221210 34aS3 13342 0 1925091 23913 127I6 0 16

521



3019 A4-D. Animals from fall auaflrats. Values are individuals/*-, j*Not reasanaole ta enumerate.

!HYLUH SPECIES PQA1 F3A2 F3A3 f3Bl FQ82 FOCI F0C2 F3DI F502 FOE! F3E2 F3F1

:OR!FERA Valid ana 
Amsrgnsus 

ioosmoffi
type uni a

0
0

0
0

0
0

3
0

0
3

0
0

3
i

0
3

i
0

0
3

3
3

0
l

2NIDARIA Aytranpia 
liidumt 

Unn (colon)
itticahni

20
0

3
0

0
32

0
0

32
0

0
3

24
3

3
0

3
0

3
3

0
3

1
102

3RY0Z0A Srvczsa unid IP t 0 1 0 S 3 3 0 3 3 NA

1QILUSCA
3IVALVIA

Anadara tnnsvsrsi
Altaiu sitolox
Stilus Ktiilis

0
0
0

0
0
0

0
0

20
0
0
0

3
0
0

0
4

20

4
0
4

0
3
0

3
0

a!
0
3
3

a
4
3

a
17

137

5QU1JC3A
5ASTRQP0DA 

Anadiif so
Cirithioosis prmi
•.rtoiduli torniati
Utoihli plana
lICC/ii so
attonm littcra
iitrtili so
iotoicun tistuiimlis
Jnchidorts so
Jrosdoinx cintrti

*4
0
0
0

IP
0

024
0
0
0

183
0
4
0
4
0

IPO
0
0
4

323
0
0
3

23
0

143
0
0

104

0
3
0
0
0
0
0
0
0
0

a4
3
0
0

.3
3

72
0
0
3

24
3
0

12
43
43

la3
3
4

76

223
0
0
3

’a
4

29a
3
0
3

3
3
4
3
3

4 it

3
3
3
4

2193 9p
3 4

32 12
73 3

374 23
31 S3

374 4lp
3 3
0 3

"ta 16

39a
3
3
0

12
34

360
4
3

20

1063
17
24

0

3
»!0

3
3

2714

S0LYCHAE7A hopiori cuorn
.soaonotiis spumous
Uithys sp
Urns so
kootosiliis fulpumnus
ioiroroos so
’treoelidae unid
Polvcnaets unid

0
20
-4

0
0
0
0
0

0
12

0
0
0
t
0
0

0
3P

0
0
0
0
0
3

0
3
3
0
3
3
0
3

0
4
0
0
0
0
3
0

12
3
4
0
3
0
0

12

3
23

3
0
0
3
3
0

0
4
3
3
0
0
3
3

3 31 7a!
3 3
0 0
3 3
3 0

a! la
0 0

3
43

0
3
3
0

23
0

a3
24
3

!l
a
a

17
17

4RTHR0PQ0A
DECAPODS

Amohiaads unid
Cionlli so
irithsomlU iilliforti
Idotto 0)1 tici
Uota ohosphoru
■Uranus utms
Libinn Pubii
Lit!nii mrpiniti
Uootnopo stfi
Upurus ionpiar pus
Pella a (idea
ihitnrooioopsus htrrisi

* 
12
0

32
0
0
0

. 0
12
IP
12

4
0

0
0
0
4
0
0
0
0

23
aO
40

0

34
IP
3
0

32
0
0
3
3
0
0
0

0
0
0
0
3
0
3
0
0
3
0
0

20
0

a3
4
0
0
3
it
3
3
0
0

12
0

12
0

IP
4

23
0
3
0
0
0

24
0

100
0

IP
0
3

7p
4
0

23
0

0
0

12
3
0
0
0
0
4
3
0
3

147
a3
aS

3
3
3
0

4*
147

3
0
0

. 22
•)

16
0
4
0
0

a4
23
22

0
3

' 

UP
3
0
a

24
3
a

a4
34

3
3a

492
0

204
17
35
a
a

17
509

a
51

3
ECHINQDERftATA Arsacia ounctditi

Dsitrus torbosi
Unricn smmoionti
Untnor) oulchtrrm
Uiopmtnus spumous

4
0
4
0
3

0
4
0
0
0

0
4
3
0

144

0
0
0
0
3

0
3
0
0
3

3
0
3
4
0

3
0
0
3
4

3
3
0
0
3

3
a!

3
3

IP

3
0
4
3
3

a
a

2S
3
a

a
3
a
0

51

CHORDATA Ascidia unid 3 IP 0 4p3 16 23 16 3 31 12 172 51

Altai if }unntll'is
.Vuider at Saecies:
"atal Individuals:
lax i sum inar/id/sai

0

17
:7a
324

0
1*• w• ?**! 

-V*.

133

0
17

141a
543

3

463
463

0
12

35a
/ L

0

*12
IPS

0
!*

5la
29P

0
3

76
32

la
20

4a'a
2193

3
1?

:5a
4!a

3
la

1;!2
373

a
%
VA
si A



“iti la A4-0. Anisais fro# fall auadrsts. Values ara individual s/a-', NA- not rsascnabls or 
(cent) too nuaaroua to count.

aHYLUM SPECIES F8SI F062 FQHl F3H2 FREQ TOTAL ha*

JNIDARIA iiilielani 
Anoroftcui 

laosmoffi
unid

0
HA

0
NA

0
0

0
0

1
4

NA
NA

NA
NA

tftmfii 
llisuitot 

dauaa (colon)
Imaiisi

0
0

0
0

0
0

0
0

a
3

NA
216

NA
102

3RYQZ0A 3ryozsa unid 0 0 0 0 */ NA NA

MLLU8CA
3IVALVIA

Aaaderi tmfvtrsi
Dnatii sitsitx
iytihs it'd a

0
0
0

0
0

S2

0
0

1020

0
0

1148

1
4
3

4
33

2474

4
17

1143

NQtUlCSA
5ASTR0PQDA

SQLYCHA£TA

Pmcnis sb
Centhispsis prttni
insiduU fmiuit
ir nit till Jian.
.acafij ss
Liitorm littansa
iiinlli ss
lataiciaaa asudimiis
Inchidons ss
ilrasilptnx Sintra
Siciitri :upra
.SBldOnBtUS SpUilitUS
leBibvs ss
Isms sb
ddantossilis ful pun in us
ififtrbts ss
Vtdshdas unid
Polycnaat* unid

ISO
0
0
0

23
0

73
0
0?f/ w
0
0
0
0
0
0
0
0

lb
0
0
0
0
0
0
0
0 

24

0
C4

0
0
0
0
3
0

•

lb
0

20
Th

a
44

0
0
A

0
So

0
0
4
0
0
4

114
0

12
04
0

12
0
0
3

0
103

0
0
0
0
0
4

14
2
/
4

14

13
1
1

13
*

14
i
t
1
l
4

3533
21

134
"3

1301
343

4134
4
4

2733

30
4^2

a
31

4
NA

143
37

2198
17
;o
*•}

712
as

=30
4
4

2714

:3
108

i
31

4
NA
MW
17

APTHR0P00A
3ECAF00S

Aaohioods unid
Cisnlls sb
irtehsoselli filltforus
Idas#i btltici
'.data phtsphorn
CifdDtss uems
Libinii dub is
iibinii mrpniii
dtopmpt ssn
turns lanpmrpus 
hi it latica
khithrapiooptus hirrissi

377
0

•M
0
0
0
0
0
0
0
0
0

12
0

ii
3
0
0
0
3

la
0
0
0

104
14
a 4

4
lb

3
0
4

34
0
0

20

134
20
20

4
4
0
0
0

34
0
0
3

14
3

14
7
3

i
u
14

it
4

1308
123
720

32
197

12
23

-54
1032

124
123

23

377
o!

204
41
00

3
23
To

50?
aO
31
20

ECHIMOERHATA tbicii auoctuliti
Psttrits forbtsi
fauna a stnauinolmti
hatntn pdshtrriu
Pxioqmthus spumtus

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

l
4
I
L
4

4
73
33
12

231

4
3 5
41

3
144

CHORDATA Aacidia unid
Pholis punntllus

-a■a
0

3 4
0

0
0

32
0

141 1111
14

443
lo

RSEfl
‘QTAL
1AUMUH

3
:;3
577

f 7
204

a4
• j

laco
1020

14
1740
1143



"idli A5-A. SAmtsr dradgas. Algal Oicaass (g dry »t./dr«dga). Stations as in Fig. 3-4.

Soacias ti DAI m2 m: 40A4 4001 4002 4DE1 40E2

Maftltii oiicata
Mithunm so. .37
jfcophfllui ncdasu 
3omuisonii hiiiftn .01
'.iliithmion liiltn
Cirniii liaciitrii 

.92 ,12

'.hutoiorihi Until .47 .13
ihondrts if isms 3.31 1.33 2.61 9.32 26.31
'.mini Irtgih
Cenllini officinalis 
hsii liillmim
Jtsurtsoia mInti 
Itsiensiia viridis 
iltocarois ss. .3d
runs disiiihus
1 litis sisicilosis .34
inciltrii iihahias I U w 1.03
irinnilia auniana ■ ^ i U
.aiinaria digitata 
.aiinaria saccharins
Loimaria dailevana

409.95 244.17 7*3.33 72.47 192.40 133.29 217.34 •&5<1/

Inhranootara alata .70 1.32
ieoagardhiaila oailan
Paheria oahata

2.90
20.33

2.3d 4.24
3.13

3.32 .40
14.13

2.23
1.31

Phacadros motns .23 .92 .26 .12 1.91
PhUlophon psndoceranoidis
Phsllophora inncaia
Palvdts roimdis

.97

.09

M ca cu

1.26
3.62 13.41 9.06 4.03

a.32
3.31

Polysiphonia alongata 
Polysiphonia harvc/i
PalfSiphinia lanosa 
Pohsiphonia nigra
Polssiphonia nigresuns 
Polasipbania irnolata 
Phodaula lonfervoidis

2.39

.06
Jlothrix so.
Jha lactiia .06 <a. 2d 7.00 3.32 14.32 20.06
'lauhtria so. 
lasiera >arim .13 23.27 d.o2 .a5

'stall
'luaosr or 3oscissi

411,07
i

237.33 
10 

734.93
a

33.13
7

233. 31
*/

133.33
m
1

270.37
12

233.64
10

1aan ov station! 334.26 219.39 277.2d

42"



‘ibis A3-A. (continued). Algal dio«as3 (g dry at./dredge). Stations as in Fig. 3-4.

309dm 4011 MDI2 <4013 MDI4 4013 UOJl 40J2 4DK1 40K2 MDK3

thnfiltii iiiuti .15
Untithnnion so. 
tscophfllai nodosal 
teniumsons huilsri 

21.84 1.39 1.25

telUthnnion balm 
.'araiini beachtrie .32 .05
teeetoioroiti Until 
'hondras cnsoas .5? 2.54 .«5
ted i at fnfilt 
tenllim officimlis 
Jem biillotvim .04
hsierestie aculeate 
tesitrtstii viridis 
icUuroas ip.
*‘ucas distiches 
‘■seas nsicaiosas .38 .43 .03
irecilerii tihehiu 3.00 .42 23.53 .39
irionilie nencene .10
.aunaria JijiiiU
.ninane sicchtrim 25.34 35. oO 33.43 44.5? 24.17 7.4? 3.s2
:.oitn:irii biileum .04
Uibrinootin elite
ieoeperdhielle biileyi
telierie oiinti
tescodrjs rabens-
teellophore psiadocirinoidis
tetllophore innate
tel sides rotund as 

.77
3.90

2.32

1.55
4.2?

.24

. a 1

.97

7,34

.25
1.22

1.13

i.55
.39

,31

.40

,Jolisiphonii aidngata 
telwpmii herein 
tehsiphonie ienose 
telssiphonio nigra 
telssishonii nijrescens 
tehsiphonii iroioliti 
ihodtieli coniereoides .03
dlothrix so.
iIhi lectace 3.38 1.15 2.40 43.70 . o3 2.99 4.53 1.2? .02 .03
teacheru so. 
testers arms . 42 • 72 do ■ a*• i* .27

*atal: 46.30 3.92 119.21 109.7? 43.25 *4.32 14.06 2.07 • 1? .*0
7 3a 3 3 5 1 ‘ J

38.20 24.44 1.99

430



'ibis A5-B. Soring drsdga Algal biomass (g dry wt./drsaga). Stations as m Fig. >5.

Soicias VDA1 m2 V0A3 VDA4 V0A5 VDBl ODCl V001 0002
fhnfeltia olicata
Inti than ion sp,
dscophyllti modosti
Soonemsma haufara
lallithamon bailaii

.07 .13
i.37

.07 1.10 .16
Caraiiaa batcher:a
lhaetonrpha lint)
Ihondrts erupts
'obit) fraqila
torallma officinalis
lasva btillotviana

.31
.91

.45

1.14

.96 20.16
.1?
,al

.44

lesierastia actiaaia
lesierestia airidis
ictocarots sp.
facts Pistichts
facts aesictlosts

3.08
.13 .42

3.02

3*67
2.91

.34

I.35

Indiana tikvahiae
irmaiia aiericana • .12 .75 *11
.annaria diqitata
•.aunaria saccharine
’.oiencana bailevana

57.87
226.91 78.82 434.44 139.06 71.36 314.85 964,04 203.10 287,46

heibranopiera alata
iaoaqardhtalla bailed
faliena paiiata
fhveodrys rtbans
fhvllophora psetdoceranotdes
fhyilophora trtneata
‘eludes rottndts

44.37

.50
15.23
1.61

3.84 5.61 .47
.30

.44
•«*. •J'J

.57

25.s3
10.36

2.23
3.73

3.46
6.74

Ti 73
4.29

1.91
.76 

.41 
1.34

.06

.06

folysiohonia alonqata
folysiphonia harveyi
3olysiphon la lanosa
‘olysiphonia niqra
3olysiphonia niqrescins .
folysiphonia trcaolaia
fhodeaela confervotdas

.07

.13

.3?

.06
.94 2.29

* wi

2.31
1.00 15.11

3.53

Jlothrix so.
Jlva lad tea
litcnena so.
iostera ainoa

.24 25.24
.17

1.92
14.23 47.30 
3.14 .33 

a3.36
.07
.51

’otali
Nuader ot Spaeiasi

352.97
15

33.93
4

440.17T•i
520.21

3
75.22 463.02 992.20 276.75 

7 317 10 
364.52

11

294.50 163.02 992.20 320.s3



’»Sle 43-3 (continues). Algal Sianiss ig ary »t./ aresgs). 3titi ons is :n Figure 3-3

VDE1 VOFl VOHl V0H2 0GH3 von 0012
ihnfiltii oliciti .35
IntitUmon so.
Afcaphflltit nodosa
hnntnisonii hni/tri 
Ullithmiao bairn

.08 .13 .77

Ctr<*iai iauehtrii 2.40 a.39 .13
Jhittoiorobi lint 
'.hondras crisoas 1.60 1.02 .06 1.14 3.09
iodiui fngilt
Ian Him officimlis

.03

Jifyi 'millaiviiM
Usurtsm iCilnU 1.17 4.49 .22 2.01 *fct 1 W
Usurtstu nridis 
ietourpas so.
■"a:is distichas 

1.05
2.56

‘atas usitalasas
Incilirii iikmhiu .2? 4.31
irinntlii atrium
Lnintrii iijititi
uiimru sitemrim 323.33

14.77
233.00 167.33 269.29 1S.o7 710.30

.01 tnttrit biilvnm
itibnnoptsri iliti 
itmgirdhiilli biileyi
1ilitru oil uti

* So
.31

29.94 16.77
3.02

.10 331.63
.04

fbytodrys.nbm
Phyllophort pstadoctnnoidis
3hyllopbon tranuti
‘olnidis rotundas 

1.04 1.23
.36

4.33
.33 .36

.23
20.97
10.73
1,25

1.02
2.46
4.31

hlmphonu tlonfJti 
’blysiphanii htnr/i
‘almohonu Unosi 1.33

.72

.03 23.94
‘olisiphanu nijn 
tilisipimu mjrtsuns
3thsi;nanu nruoliti .10

.09
13.09

ihidntli tanftnaidis
iUathrii so.
Jim Itctau 3.94 tl.72 .12 r: rjvOl W4 .22 • «.. i L
diuchtrii so. .14
lasttn urim .33 .04 .05 77i t • 2.53

"flail: 334.05 347.33 221.19 1.08 694.:2 13.37 “77 7"

’lusaer at 3ssa:is: 3 13 11 3 14 ■> 12
Station Totilfi 334.03 347.33 303.83 373.92

432



"adls AA-A, Aniaala traa mntsr dridqs haul9. Values ars nuiDir at indlduili/'hiul. NA*not oracticil ts count,
shyluu 5asc!as ar Taxon 4DAI 4DA2 '4DA3 4DA4 ADj 1 4DD2 WDEl W0E2 4011 4012 4013 4DI4 '4010
s0RIF£RA heroeiont iroliftn 

Jnid 1 : i : na NA
Jntd 2

2N1DARIA Uipmlirii sp NA
3RYOZOA '.rim it NA NA

Sryazoan unid NA
NQLLUSCA Utirtt inditt3IVALVIA Hircemrii nrcenrii

hlioii litnlis 
mil is tdiiis 1 194 l
3tiir idrrbim

1QLLUSCA ktm sistidimlis
SA3TR0P00A kichis tt 44 IS

ItSKtn uniUaiitiU 
'.rtfUnit carnal 
'.midiit firmciti 12
Umutt unliti *8 .!<«»< St • • 1312 4iltrtlli a NA j0 34
Usstriis trivittitus 
Jrtsiltinx iintrn

ANNELIDA kohitriti jirntm 1
Jiapairi cum 
uudonotis /quanta/ 13 5 9
.mrmris st
.KiSUtSIS futici
iirtis irmuoianti 
dtrtis itliqia 
Unit it 
Htti Sihiti 
3olidon iiqni 
Urrtbillidu mid 
hlfchnti unid 
Ui)oinm i an id

ARTHROPODS Cancan if
CRUSTACEA Zinina tarns

Zrin-)oi> mtai/piaa/a ?libinii dibit
liOblOOfi Sift 10 1 14
3i1irts ionjiarm 
3ijiru foliciris IS
)ijirts si 
Anplupada unid 0 0 0 0 0 0 0 0 0 0 0 0
Isooads unid

ECNINOOERNA irbicn nniiliti
kitriis lorbiti 
dtnricii /mquinoianta

CHORDATA Asadian unid
itjniihts funs 
i'lntifniUs unis 
‘mdotlnronncis mrums

use. 4hilk iqqs
:?3 tVP« !r :qq type II 15

iasa unid NA NA NA
a4 9 14 ij 3NO. SPECIES: 12 14 3 l! 19 15 3

199 NA NA ■L«? **"OTAl: NA NA 13 142 NA NA NA 4 4NA 3lAilNUH: NA 194 NA 44 NA NA NA NA 34 5
NINIMUN: NA 0 NA 0 0 NA NA NA NA 0 NA 0 0



'able Ai*A. Annals fro® xinter dredge hauls. Values are nuaber of individuals car naul. NA*not 
cant) practical to count.

5hylua species or Taxon 4DJ1 4DJ2 HDJ3 '40K1 ADK2 KDK3 HQK4 FREQ TOTAL HAX N!N

®0RIFcRA Hierociom praliftri NA 3 2 NA NA 0
Jntd l 0 0 3 NA MA 0
Jnid 2 I 1 1 0

3NIDARIA Ciwnltrii ss NA NA 0
3RYQ22A ffixi* xp 3 NA NA 0 iryoioan unsd NA 2 NA NA 0
NOLLUSCA Axtarte asditi 2 2 03IVALVIA Itranirii itrc/mru 4 11 3 l 3 27 11 0

iulinii htinhs 1 1110 
Milts iitlis v 204 19b 0
‘itir iorrhuini 1 1 l l 0

NOLLUSCA Aceeea (istadial is 2 3 2 0
3A3TF0FQDA Anec/ux xs 3 53 41 o

las tan umi icalitat 1 3 4 2 0
Crtpidali cesvexi 1 17 17 0
Irtoidtt! i forniaii 2 4 7 35 12 0
Hums si tbsolttt 2 2 10
.it1Mi SI * g t 2^ 0
iitrtlli sc 11 2 10 NA NA 0
itsstrias trivittitus 113 2 10
Jnsiloinx antra 2 3 2 0

ANNELIDA Hahitritt jihnsitni 2 3 2 0
Jissatri ctipra 3 4 2 0
.aiJanoas spmtus 12 74 15 0
atbrtntris ss 19 9 0
’.Kistccsis mtici 1 1 0
itrtis irtmciodcnti 2 4 2 0
itrtis ctitgia 2 2 10
itrtis ss 3 7 4 0
Rixta sihati 13 3 0
hUdtn iigni 2 2 0
’trrtbtllidtt no id 3 3 10
4shchiiti uni 4 14 9 0
Hijochttbt an id 12 2 0

4RTHR0P0DA Cancer xp 3 2 2 a 4 12 30 9 0
CRUSTACEA Ctrcius turns 2 2 10

Crenjoi? stptnspinasi 2 7 3 0
Libinit itibii 5 10 2 0
Nespanopa xavi 3 2 9 43 14 0

m^ijiirax iongicarpax 12 2 0
Rigans polmns i 2 i 1 7 22 13 0
5ajurtix xp 14 4 0
Amafupods unid 0 0 0 0 0 0 10 NA NA 0
Iscoods unid 1 1 3 7 2 0

ECNINQDERHA Jrbtcia sunctalaca 2 3 2 0
Axteriax firbtsi 12 23 7 0
iscncit snaguinaltnii 1110

CHORDATA Ascidian un;d 1 1 0 
C/jnatHax fastas 1 1 0 
iuntimiai itnas 1 1 0 
JxeudsoI#arsneccex mriunas 1 1 0

1I5C. Walk eggs 1 1 l I 0 
Sag type I 1 7 3 0 
igg type II 1 13 12 0 
Egg aass unid i NA NA 0

* V • t JNO. SPECIES: 3 3 12 10
• ••0TAL: NA 3 i NA i?

TNAlIflUN: NA m NA 17 ll 4IlNlNUNl NA 0 0 NA 0 0 0
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r*fili A6-B. An lull fro* ipring dr*do» hauli.Valun art total nuabir of Individual* p*r haul. NA»not practical tocount. Station* a* in Figuri 3-5.
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1
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6
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Urcnirii itnmrh
If till/ lUlis
Slvalvt link 1
Sivalvt link 2 l

13 1 1 2 
4 
1
1 

4
16

1

CrtpiUh fonieiti 
in pi ini t pi iti
Li cut sp
Littoriti littorn 
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l
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l
4
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i

3 Itt

2
i

3

l

1 
3 
1 
3 
2 
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!
5
1

iu
6
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ANNELIDA
POLYCHAETA

Lipiimtus tinnitus 
Unit sp
fotnilli rnifonis 
Polychaata unid 
Tiribfllidai unid

1 1 4
I

13
l
l
l

2 
1 
1 
1 

2
1
1
1

ARTHROPODA
CRUSTACEA

Cntipot siptnspimi 
Libitii dabit
Uopmpt si fi
Pajara/ ioncicirpcs 
Uiitns polliciris 
>iiumitts sp 
Umtbms nalitts 
Aaphlpodi unid
Iiopod* unid

l

2
1 

18

2

1

I

1

l

l

2 

1 
1 

2
3

lmi
l
4
2

1 
5 
4 
2 
2 
2 
2 

1
3
3

21
2
4
2

ECHINOOERNATA

NO. OF SPECIES!

Utiriil torbiti
Ittricii nuptiaolnti

30 4 t__ n___ 3___ 9___ 4__  6 2 2 " ! I 21

2 
1 

2 
1

TOTAL INDIVIDUALS! 4 13 33 7 NA 7TT 2 FI 2 43
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