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NOTICE

This report was prepared by the New York Sea
Grant Institute of the State University of
New York, and Cornell University in the
course of performing work contracted for and
sponsored by the New York State Energy Re-
search and Development Authority, the Gas
Research Institute, and the New York Gas
Group (hereafter the "Sponsors"). The opin-
jons expressed in this report do not neces-
sarily reflect those of the Sponsors or the
State of New York and reference to any spe-
cific product, service, process or method
does not necessarily constitute an implied or
expressed recommendation or endorsement of
same. Further, the Sponsors and the State of
New York make no warranties or representa-
tions, expressed or implied, as to the fit-
ness for particular purpose, merchantability
of any product, apparatus or service or the
usefulness, completeness or accuracy of any
processes, methods or other information
described, disclosed or referred to in this
report. The Sponsors and the State of New
York make no representation that the use of
any product, apparatus, process, method or
other information will not infringe privately
owned rights and will assume no liability for
damages resulting from use af or other re-
liance upon any information contained in this
report.
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ABSTRACT

Nine species of indigenous New York seaweeds were surveyed for potential
as feedstock for methanogenesis. Laminaria and Gracilaria are primary candi-
dates on the basis of growth studies and gas yield data provided by General
Electric. Agardhiella, Codium, and Fucus merit further study. A two species
(warm and cool water) cropping system appéérs feasible in terms of year-round
sustained yield. Initial data suggest nitrogen is not limiting in New York
coastal waters.

Preliminary data from raft culture experiments suggest that some species'’
yields may.be higher in the field than in the laboratory. Important technical
gains were made.in affixing attached-growth-mode species to substrates.

Sites for use in larger scale experimental structures around Long Islan&
were evaluated for their environmental ané use-conflict parameters. Several
sites in Smithtown Bay have the requisite features. The New York Bight was
evaluated for potential sites for ocean farms. Environmental and use-conflict
features for this area were identified on overlay maps.

Five novel biomass farm designs were engineered and tested by computer
models for survivability. Several of the evaluated designs have been or wili
be constructed. Novel mooring, anchoring and wave-dampening devices were also

considered in this phase of work.
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SPONSOR'S COMMENTS

The New York State Species and Site Studies 1981 Annual Report makes a major
contribution to the GRI/ERDA/NYGas effort in the development of methane supplies
from marine bicmass. This program has been designed to provide for the gradual pro-
gram from greenhouse to field experiments. The ultimate objective of the program
has been to determine the performance parameters of the seaweed multicrop production
system in New York. Once subsystems such as farming and planting techniques are
developed, the data can be used in a preliminary economic and systems analysis study
to generate both potential gas costs of a New York marine biomass system and deter-
mine which options would best serve the needs of the gas industry and the ratepayer.
Upon favorable -evaluation, the research phase of the New York préject could enter
into a more intensive research and development phase which would be strongly hard-
ware orientated.

The future direction of this project, as it now stands will be to obtain criti-
cal yield data in both the greenhouse cultures and on raft modules. Research on the
nutrient requirements of biomass candidates will determine more clearly whether
there is a need for fertilization. 2n experimental test plot for a multi~cropping
experiment is being designed after field trials with small raft prototype modules
to ensure the design feasibility. It is anticipated that this multi-cropping ex-
periment will be initiated in 1983, These data, along with biomass conversion re-
sults and appropriate systems analyses, will be used to assess the feasibility of

the multi-cropping concept in New York regional waters.



SUMMARY

Laminaria and Gracilaria have been selected as primary cool and warm-water

species for the New York marine biomass program.

A site for further testing of large raft/experimental farm designs and
operations has been selected in Smithtown Bay, Long Island Sound. Potential
sites for large scale biomass farming in Néw York Bight have been identified
using criteria of environmental variables and use conflict.

The concept of a two-species multi-cropping approach to biomass production
in environments having wide temperature fluctuations is being developed.

Nine species of indigenous New York macroalgae have been surveyed for
their potential as feedstock for methanogenesis. Laboratory culture yield
data and chemical analyses/gas yield data_provided by General Electric have
been used to reduce this list. Laminaria and Gracilaria are identified as
primary candidates. Agardhiella, Codium, and Fucus will receive additional
study. Rejected as candidates are Ascophyllum, Ulva, and Palmaria.

Data on nitrogen requirements and the possibility of growth enhancement

by nutrient enrichment are still being prepared. Initial studies suggest that
nitrogen will not be a limiting factor for macroalgal growth in New York's
nearshore waters. A two-species (cool and warm water) multi-cropping system
suggested by laboratory data, is shown to be a means of obtaining year round
yield.

Raft culture experiments were initiated. Preliminary data suggest that
for some species field yield may exceed laboratory yield. Effective means of
affixing attached-growth-mode species to rope substrates were developed.

Sites for use in larger scale raft and experimental farm structures at a
number of locations on Long Island were evaluated for their environmental and
use-conflict parameters. Several possible sites in Smithtown Bay were
identified as having requisite environmental and logistic features.

" Using a technique of overlay maps, possible future sites in the New York'
Bight for large scale biomass~farming were identified. Used in the evaluation
process were environmental parameters critical to the macroalgal species and
other uses which might conflict with biomass farming. Among the latter are
commerical and sport fishing, marine transportation, Outer Continental Shelf

(0CcS) oil and gas development and ocean dumping.
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A number of novel engineering designs for biomass farms were considered in
a conceptual development project. Each design was evaluated by computer models
for its survivability in the test site environment. Several designs meeting
this criteria have been evaluated and one or more will be constructed as rafts.
New approaches to mooring, anchoring, wave-dampening devices were also
considered.

Laboratory and field culture of the candidate species should be continued
with the objective of gaining enhanced yields. Such improvements can be
obtained by strain selection, better nutrient environment and by controlling
reproductive cycles, among others.

Harvesting techniques for attached-growth-mode species must be investigated.
Raft culture experiments should be undertaken to identify characteristics of
plants that are needed for engineering design criteria. ‘

Marine fouling has been shown to be a major problem. Further study of
fouling organisms énd their control is a tritical element to achieve a success-
ful program.

A workshop on macroalgal raft and farm design will be held in 1982 to

allow the program's design engineers to benefit from the experience of others

in the field.



‘ OVERALL PROJECT OBJECTIVE'

The objective of the project is to develop a feasible system for the
production! of cost competitive methane from marine biomass feedstocks using
anaerobic digestion.
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SUMMARY OF PREVIOUS WORK PERFORMED
DECEMBER 2, 1979 to OCTOBER 31, 1980

The New York State Marine Biomass Program was initiated in December 1979
as an alternative site study for the marine biomass project led by General
Electric for the Gas Research Institute. Cofunding from the New York Gas Group
(NYGAS) and the New York State Energy Research and Development Authority (ERDA)
was provided for the period December 2, 1979 through October 31, 1980. Four

tasks were undertaken as a part of that contract:

1. Evaluation of nine species of indigenous seaweed proposed as potential
feedstock for methanogenesis. Included were species of Fucus,

Ascdghillu, Ulva, Laminaria, Gracilaria, Codium, Neoagardhiella (now

Palmaria) and "introduced" EESEEéXEEii' This task was to be accom-
plished through preliminary investigation of:yield of the various
species and from compositional and gas yield analyses by General
Electric made on wild specimens.

2. Commencement of experiments on growth and yield of seaweeds under
laboratory conditions.

3. Investigation of the environmental characteristics of selected sites
for a biological test farm.

4. A legal analysis of problems associated with off-bottom seaweed culture
in the New York region including a review of permitting and licensing
procedures at federal, state and local governmental levels; development
of necessary legislation to permit off-bottom culture; and considera-
tion of the socio-political factors which would enter into test site

selection.

Construction of an appropriate greenhouse facility proved somewhat more
difficult and costly than anticipated with the result that the "task-collection
of environmental data on potential sites for a test farm” was delayed for a
year. Once the greenhouse laboratory at the Flax Pond Laboratory of the State
University of New York at Stony Brook was completed, a number of problems with
the existing éalt water pumping system restricted the number of cultures which
could be simultaneously maintained. The greenhouse became fully operational

in September, 1980, when a temporary auxiliary saltwater line was installed.
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A literature survey conducted on the nine candidate species indicated how little

was known and the contradictory nature of the data.

Major accomplishments of the first year included the completion of

" laboratory facilities and the initiation of culture work. An extensive survey

of the patterns of underwater land-ownership and the jurisdictional issues
surrounding nearshore underwater lands was completed. This was the first such
comprehensive analysis undertaken. Finally, Macrocystis was successfully
transferred to the Flax Pond Laboratory, bﬁt failed to grow under the environ-
mental extremes of the east coast maritime climate.

The research effort established a facility on the east coast in which
marine biomass studies could be undertaken and developed a research team to
conduct the experiments. About four months of growth and yield data were
obtained from culture experiments, but were not sufficient to indicate the
economic feasibility of the marine biomas; concept. Raft culture experiments
were also started. Criteria by which the candidate species list could be
narrowed were jointly drawn up by researchers from General Electric and Marine
Sciences Research Center. Criteria for evaluation of alternative sites for

test farms were developed.
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RESEARCH PROGRAM

DECEMBER 1, 1980 to NOVEMBER 30, 1981

Objectives

1.

Determine first principles of the culture, growth, performance and

requirements of 10 species of indigenous New York seaweeds.

2. Culture selected species of these outside the laboratory to determine, in
part, requirements for their cultivated growth in open waters.

3. Compare the productivity of indigenous seaweeds with that of Macrocystis.

4. Provide samples of indigenous seaweeds for chemical and digestion analysis.

S. Evéluate environmental characteristics of potential locations for biomass
farms.

6. Develop information requirements for permits and licenses for biological
test farms.

7. Commence conceptual design for a biological test farm.

Work Plan

The work plan for the year was encompassed in four tasks:

Task 1. Plant Growth and Nutrition

growth rates, and performance under various culture conditions, and yield of the

A. Baseline Greenhouse Studies
1. Growth, performance, and yield studies
2. Light and nitrogen effects upon growth

. 3. Macrocystis studies
Develop a body of information, based upon laboratory experiments, on the

candidate species. Determine nutritional requirements for optimal growth as

well as the effects of light, temperature, and water flow upon the productivity

of the nine candidate species. Examine seasonal relationships of these para-

meters and their relationship to productivity.

ments of the candidate species for optimal productivity. Culture Macrocystis
under ambient conditions (those permitting survival of the specimens) as a

means of obtaining baseline data on the productivity of this species in east

coast conditions.

-8-
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B. Raft Culture Experiments
1. Design and fabrication of culture rafts
2. Raft culture experiments
Provide basic information on the performance of seaweeds grown in quasi-
farm conditions. Productivity and behavior of a subset of the candidate species
list, grown in raft culture, are critical for the development of basic param-
eters for farm design and to determine the actual performance of indigenous

forms under free and attached, surface and midwater culture conditions.

C. Species Collection and Field Studies
1. Species collection
2. Field observations

Provide maéerials from wild stocks for chemical analysis and digestion
experiments to be conducted by General Eléctric. Sample a diversity of species
and environmental situations to provide a range.of analytical data as a means of
identifying potential high yield stocks from which to select culture specimens.
Task 2. Test Site Evaluations and Selection .

Examine candidate test sites from an oceanographic viewpoint to determine
their suitability for seaweed culture. Analyze and synthesize existing informa-
tion; where required, acquire additional data through on-site measurements of
physical and chemical oceanographic parameters and analysis of substrate

conditions.

Task 3. Sites for Location of Marine Biomass Farms
Examine potential sites for location of marine biomass farms in the New York
Bight region. Apply environmental criteria as well as existing and/or potential

use conflicts in making a selection.

Task 4. Alterhative Designs for Rafts and Test Farm Modules

Devélop alternative designs for raft and test farm modules using information
derived from greenhouse and raft culture studies. Define engineering require-
ments of the seaweeds; explore the range of design glternatives; and examine

the kinds of materials that may be used in farm design.



WORK PERFORMED

Task 1. PLANT GROWTH AND NUTRITION
A. Baseline Greenhouse Studies
1. Growth, performance and yield studies

Four cultures were started for each of the nine candidate species as
specimens were collected. Table 1 shows the month in which each of these was
started and the period over which growth data was obtained. Two tanks were
supplied with seawater at a rate of 20 volume turnovers per day. Two other
tanks were supplied seawater at 2 volumes per day augmented by ammonium nitrate
pumped ‘from a head tank to maintain a minimum nitrogen concentration of 30 um.
Nitrogen addition experiments were started in April 198l1. These experiments
were done to deﬁermine whether some specigs might be nitrogen limited at
certain times of the year. Nitrate and ammonium concentrations (Fig. 2) of
incoming and cuiture tank water were monitored weekly. Water flow rates were
monitored and adjusted several times per week.

Seaweeds were cultured in the tanks in a suspended state, except for some
Palmaria and all Laminaria cultures which were attached to PVS pipe. Attempts
were made to remove epiphytic material and grazers from the cultures. All tanks
were thoroughly scrubbed at least bi-weekly. Growth of the seaweeds was deter-
mined by weekly wet weight measurements of seaweeds in each tank. The average

daily specific growth rate for each species was calculated as:

in W2 - 1n Wl

where W is the %-da-l specific growth rate. Table 2 shows these rates averaged
for each month for the nine species. Table 3 gives our analyses of wet weight/

dry weight relationships. Initial wet weight of seaweed in each tank ranged
from 250 to 1500g oxr 1000 to 6000g Wet°m-2. Two tanks of each species, one each

of the seawater and enriched seawater cultures, were cropped back to the initial

density while the other two tanks were allowed to growth without cropping

(except when necessary to provide material for analysis). This experiment

allowed crude determination of the maximum density that might be attained by the

various species at different times of the year.
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For ease of presentation, the growth and performance of each species will
be discussed separately. This will be followed by our assessment of the suita-

bility of the species for biomass culture.
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Species

Ascophyllum !

Chondrus

Table 1. Species culture history for December 1980 - November 1981.

Culture #

025
037
038
039
054
055

056 e

057
066
067
068
069
086
087
088
089
105
106

030
040
041
042
043
044
045
078
079
080
081
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Species

-Palmaria

Fucus

Table 1 (continued).

Culture #

M

058
059
060
061
076

003
014A
0148
014¢
014D
028

. 098
099
114

026
035
036
046
047
048
049
062
063
064
065
032
033
084
085
090
091
092

.
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Table 1 (continued).

Species

Fucus (cont.)

Codium

Agardhiella

Gracilaria

Culture #

093
102
103
104
119

005
015
023
070
071
072
073
096
097
112

075
077A
0778
077¢
0770
094
095
11
112
113
120

074A
0748
074C
074D
100

T
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Species

Gracjlaria

(¢ont)

Laminaria

Table 1 (continued).
Culture #

107
108
109
110
121

031
032
033
050
051
052
053
115
116
117
118

J A J 0 N
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—
—_
—
—
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| Figure 2.

198

Weekly variations in nitrate and ammonium nitrogen
concentrations in water supplied to unenriched culture
tanks. Abssical units are 7 days.
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Table 2. Average daily specific growth rates (%-da']) during each of the months -

the nine candidate species were cultured in unenriched seawater tanks. :
(NC = no culture available; 0 = no net growth or lost weight).
1980 1981 MONTH i

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Ascophylium nodosum 1 <1 <1 < <O <d < A 0 0 < 0 ]

Chondrus erispus <1 <1 0 <1 <1 <1 <1 < 0 0 < 0 |

Palmaria palmata NC NC 2 1 <1 <1 0 0 NC NC NC NC "E

Ulva rigida d a4 0 0 11515 a 1 < a 4

Fucus vesi.culosys <1 <1 <1 <] T <1 <1 0 1 0 < 0 m{

Codium fragile <0 <1 <1 11515 1T 1 106 <l

Agardhiella tenera NC NC WNC <1 1 6 3 6.1 2 1.3 1 0 ﬁI

Gracilaria tikvahiae NC NC NC <1 <1 2.7 3 44 4 3 2.5 1

Laminaria saccharina <1 2 2 2 1.5 1 < 0 NC NC 1 1 j

.

Table 3. Mean % dry weight composition of seaweeds in greenhouse cultivation. ‘

Species % Dry Weight “’I

Agardhiella tenera 8.3

Ascophyllum nodosum 18.7 ml

Chondrue crispus 17.3 |

Codium fragile A 5.8 ml

Fuous vesiculosus | 16.7

Gracilaria tikvahiae 8.8 B

Laminaria saccharina 17.8

Palmaria palmata 11.8 ﬁ‘

Ulva lactuca/rigida 16.6 il

{
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Ascophyllum nodosum

We cultured a variety of Ascophyllum isolates obtained from the salt marsh
Flax Pond and rocky shore material collected from Connecticut. Ascophyllum
performed poorly in our culture tanks. Some growth (see Table 2) was evident in
the winter and spring months however, most individual cultures did not last much
be?ond two months. Rocky shore material that had receptacles (air bladders) 1arge.
enough to provide buoyancy deteriorated after a few weeks of growth in this float-
ing state. A combination of high light intensity often caused the receptacles
to be damaged, resulting in a rupture and sinking of the material. It was also
noticed that grazing by a variety of amphipods and isopods caused damage to these
structures. Rocky-shore material undergoes reproductive development of conceptacles
(fruiting bodies) during the spring. After release of gametes, these structures
disintegrate, resulting in a significant loss of biomass.

Specimens collected from Flax Pond fared somewhat better. These salt marsh
varieties usually do not undergo sexual reproduction but reproduce vegetatively
by fragmentation. The receptacles of salt marsh specimens are considerably smaller,
therefore the material is not buoyant. Specimens obtained near the mean low
water (MIW) mark at Flax Pond have larger receptacles than material obtained 1 m
above MLW. Frequently, receptacles are absent altogether in these high salt marsh
specimens. Growth in salt marsh varieties was somewhat better than in rocky shore
material. Figure 3.B shows the typical weight records of plant material in the
tanks during the spring months, the best growth period. The material typically
sits at the bottom of the tank in clumps, despite constant aeration. We noted
occasional severe grazing damage by amphipods and isopods which resulted in biomass
decreases. Brinkhuis has previously noted that salt marsh Ascophyllum in Flax

Pond produces about 600 g dry weight-m—z-yr 1 (approx. = 3000 g wet weight). By
comparison tank cultured material produced less than 1000 g wet-m.z-yr-l. In
nature in its intertidal habitat, Ascophyllum is typically exposed to the atmosphere
for 30 - 60% of the day. This exposure may reduce the grazing we noted in the
tanks as well as other damage caused by continual submergence. It is not really
known if species normally found intertidally are even capable of growth.while
continually submerged. These may require exposure to "toughen" their structural
integrity.

Specimens floating at the surface of the tanks occasionally became fouled
with blue|green algae and a green alga, Enteromorpha. Specimens at_the bottom of
the tanks experienced little fouling by epiphytes, but became fouled by tunicétes

during th% summer months. Fertilized cultures did not show enhanced growth.

19
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Our conclusion is that Ascophyllum nodosum (and its salt marsh varieties) is

a poor candidate for biomass culture in a continually submerged state as might be

experienced in floating net/pen culture.

Palmaria palmata

Palmaria is known as a cold water species and occurs north of Long Island
during the winter-spring period. Wild populations in Massachusetts, Maine and
the Maritime Provinces are commercially harvested for the edible product known
as Dulse. We obtained culture material of this red alga from Connecticut and
#ontauk Point (Long Island's southeastern point)., We made onme successful collec-
tion at ﬁontauk Point from material floating in the water column after a storm.

Initially, cultures of Palmaria were established by attaching specimens to
PVC pipe placed in the bottom of the tank._ Figure 4 depicts the q;owth of
this material during the spring of 198l. During April, many of the plants re-
produced sexually. In the latter part of the month, young germlings (< 1 mm long)
were noted on the PVC material while much of %he adult material fragmented and
became detached from the pipes. In this decay specimens became chlorotic, losing
most of their red pigmentation. Dehiscent specimens still looking healthy were

jsolated and cultured as floating material in a separate tank. Growth of the

floating material (Fig. 4) was significantly greater than that observed for attached

specimens. This may be due to a combination of less sediment fouling and exposure
to more light for floating material. Most of the germlings found on PVC pipes.in
April died during subsequent weeks due to sedimentation in the tanks.

We observed significant growth of this subtidél species only during the early
_spring months in the greenhouse tanks. Palmaria's sexual reproductive cycle gives
it the attribute of being easily seeded on substrates. We did not observe any
fouling by epiphytic species. Enrichment with ammonium nitrate did not appear
to be beneficial to these cultures.

We conclude that Palmaria is a poor candidate for biomass culture in New

York waters, principally because of its short growing season.

Chondrus crispus

We initiated several sets of cultures of this economically important red
alga. wild populations in the_Northeast are commercially harvested for

carrageenan extraction. Much research on this species has been conducted at the
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Atlantic Regional Laboratory in Halifax, Nova Scotia where several rapidly growing
strains have been isolated. We only attempted culture of specimens collected local-
ly near Flax Pond and from Montauk and Orient Points, where several large stands
have been observed.

We obtained erratic growth in all of our cultures. The material was grown
unattached and maintained in suspension by aeration. Until early fall (198l1),
this aeration probably provided insufficient agitation, as most of the material
remained at the bottom of the tanks. Figure 5 shows a growth pattern typical of
several of the cultures. The spring monthé yielded the best growth spurts although
a similar growth pattern (not shown) was observed during the fall months. These
growth spurts were usually of short duration and were followed by episodes of tip
erosion. Chondrus specimens remaining at the bottom of the tanks were subjected to
sedimenéation and fouling by tunicates in the summer months. Occasional sets of

the blue mussel,AMytilus edulis, were also noted.

Specimens collected fresh from Flax Pond were occasionally a yellow=brown
color, suggesting a nitrogen deficiency. After some weeks in the culture tanks,
these specimens took on the typical reddish color, while those growing in nitrogen

enriched cultures became a dark red color indicating a better nitrogen nutritional

~ state. However, we could not detect any significant enhancement of growth rate

among the enriched cultures.
We conclude that Chondrus crispus from Long Island is a poor candidate for

biomass culture. The plant is too small to be harvested easily from fixed sub-

strates and it appears to grow poorly in a floating net/pen culture.

Ulva lactuca/rigida

We have cultuged this green leafy alga from material collected in Great
South Bay, Flax Pond, Montauk, and Orient Points and Connecticut. At first, we
assumed we were working with the species lactuca, but recent taxonomic studies by
others at Stony Brook and the University of Connecticut have determined that most
of the material from Flax Pond is of the species rigida. As many as four species
occur around Long Island which can only be separated by microscopic examination of
cellular arrangement or by gel electrophoresis.

We have maintained cultures of Ulva for over 16 months. It exhibits a bi-
modal growth peak, with best growth in the late spring and late summer. Growth
stopped and heavy fragmentation and brittleness of the thalli occurred during the
winter mohths.' During mid summer, Ulva develops spores/gametes within the cells
of the leéfy thallus. When these reproductive cells rupture to release the spores/

gametes, patches of holes appear in the thalli causing them to fragment into small
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pieces. During periods of good growth, these holes may £ill in. Figure 6 shows
the growth observed in our cultures. Several of these grew at rates up to 21 g
dry weight-m-2°da‘1 during August and September but virtually ceased in October.
During periods of good growth, the specific growth rate approached 2%-dal,

No severe fouling problems were.encountered during the study. During the
summer, smaller specimens remaining at the bottom of the tanks became colonized
by tunicates. We observed no nitrogen enhancement of growth in the cultures
throughout the year.

We conclude that biomass culture of glgg in New York waters is probably not
feasible. Its bimodal growth peak would present difficulty in seeding and har-

vesting the species in large scale, open water seaweed farms.

Fucus vesiculosus

Culture material of this brown speciesg was obtained frequently from Flax Pond
and Montauk and Orient Points. Low intertidal specimens from Flax Pond are
typically F. vesiculosus, bearing receptacles and conceptacles. This species
may also be found on the higher intertidal marsh flats. We obtained Fucus distichus

from Montauk and Orient Points. Fucus vesiculosus and F. distichus are typically
attached to rocks and shell substrate and have sexual reproduction cycles. Salt
marsh material from the high intertidal frequently lacks air bladders and only
reproduces vegetatively by fragmentation. Sexual reproduction in Fucus occurs

at irregular intervals during the spring, summer, and fall.

Tank cultures of Fucus that had air bladders and/or fruiting bodies floated
in tanks. Freshly collected material grew reasonably well between February and
June (Fig. 3.A). Dehiscence of reproductive tips and decay of vegetative tips
resulted in significant biomass losses during the summer and winter months. 1In
the field, Fucus is intertidal and is uéually exposed for 20 - 40% of the tidal
cycle. Continual submergence may also affect the species. We occasionally noted
severe fouling by blue-green algae and Enteromorpha especially in nitrogen
enriched cultures. During summer months, heavy grazing damage from amphipods and
isopods was observed.

Cultures of Fucus typically ceased growth within two months of initiation
regardless of when started. Most of the material collected in the field is
mature specimens. Young germlings are difficult to locate in quantity due to the
general lack of intertidal rocky substrates and the irregular and somewhat

predictable reproductive cycles of the species. However, the frequent reproduction
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in the species may make it desirable from the standpoint of seeding seaweed farms.
Although we observed poor growth in tank cultures, raft culture experiments
indicated good growth may be attainable. We will continue to evaluate the potential
of this species by obtaining more raft growth data. Enhancement of growth by nitro-
gen enrichment has not been satisfactorily documented. Brinkhuis has previously

noted that the species produces up to 3000 g wet we.i.gl'n:-m'-2~yr-l in Flax Pond.

Cocdium fragile

We have cultured specimens of this green alga for over 15 months. Material
has been collected from Flax Pond, Montauk and Orient Points and Great South Bay.
The species occurs in nature both floating and attached to hard substrates (rock,
shell, wood, and rope). It first appeared in Long Island waters during the late
1950's and has since spread to all shallow marine waters of Long Island.

Growth of Codium is first noticeable ir late March. It grows rapidly (up to
1.0%-da-l) during periods when water temperatures are 10 - 16°C and may grow up
to Z.O%-da-1 during the summer months. Codium floats at the surface of tanks during
the summer months when rapid photosynthesis results in gas bubbles becoming trapped
in the thalli. During periods of slow growth, it usually sinks to the bottom of
tanks. Growth of Codium virtually ceases in November. During September and
October, the species produces spores as the water temperatures fall through 15 -
16°c. These spores settle on any hard substrate, germinate and.overwinter as small
filamentous patches. In the spring, these mats develop into erect thalli.

We have cultured this species at several densities. Two cultures started in
August, one at a density of 250 g dry wei';;ht'nm-2 and the other at a density of
140 g dry weight-m-z. Both attained, within two months, the summer maximum density
of 1600 g dry weighf:.'m-2 (Fig. 7). Cultures started in February exhibited much the
same pattern (Fig. 8). Between February and July, cultures harvested weekly back
to an initial density of 4500 g wet:'m.2 yielded about 14000 g wet°m-2 while unhar-
vested cultures started at the same density yielded 16000 g wet-m-z. All cultures
attained a maximum density of 20000 g.wet-m-2 in July. We feel that this is prob-
ably limited by light availability and possibly some nutrient other than nitrogen.

Since about 8% of Codium wet weight is dry matter, 20000 g wet-m.2 corresponds
to about 1600 g dry-m-z-yr—l. If it were possible to seed and harvest more often,
e.g., seed March-harvest July; seed August-harvest September, double this value
might be attained. .
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We noted no significant differences in growth of encriched cultures. In
research to be done, we will try to control the reproductive cycle of Codium to
produce seed at will. The potential of Codium as a biomass crop will then be
better assessed. At the moment, it is attractive because it grows rapidly for
about the eight warmer months and may be easily seeded onto substrates compatible
with other attached species. We are also continuing to grow the species on the

rafts.

Agardhiella tenera

We cultured specimens of this red alga collected from Flax Pond during the
summer of 1980. It was removed from small rocks and cultured in a suspended state.
The plahts grew well (Fig. 9) but became reproductive after only two weeks. After

spore release, the plants were epiphytized by Ceramium rubrum and fragmented

severely. It was not until May, 1981 that we were able to collect substantial
quantities of Agardhiella again. Then, several hundred grams were collected
floating in the surf along the shore of Great South Bay. It grew well and by

July we were able to grow enough biomass to stock a number of other tanks. Figure
10 depicts the typical growth of this species during the summer and fall months.

As noted in Table 2, this species is capable of growth at 6%-da-1 in tank cultures.
We attempted to segregate material that became reproductive. Both reproductive
and vegetative material grew well. Reproductive plants did experience some

fouling by Ceramium and Polysiphonia (two small filamentous red algae) but fragmen-

tation was minimal. No nitrogen enrichment effects on growth were noted.

We will continue to work with Agardhiella. Specimens collected locally do
release spores, an attribute that may simplify seeding of a seaweed farm. It is
basically a warm water species-- it grows very well from May until October. We
will initiate experiments to culture spores and offspring to better develop ou?

understanding of this species.
Gracilaria tikvahiae

This red alga is very similar to Agardhiella tenera in colox, morphology,

and productivity. We obtained several hundred grams of Gracilaria tikvahiae in

February from Ft. Pierce, Florida (Harbor Branch),.where work on this species has
been undexrway for several years. The material is sterile, i.e.,does not undergo
sexual reproduction. It survived local cold temperatures well and started to grow

rapidly in April (Fig. 11). During some weeks, the tank cultures grew at rates
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Figure 9. Growﬁh and spore release of-Agardhiella tenera during late sumrﬁer

of 1980.
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Figure 10. Wet weight variations in Aadardhiella tenera during 1981.
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up to B%oda_l. In the period May - June, Gracilaria produced approximately 19 g
dry weight*m-z-da-l. No nitrogen enrichment effects on growth were noted.

This species is a promising biomass candidate for culture in New York waters.
One could grow vegetative species in net/pen systems, but thus far no satisfactory
system has been designed. The material we have cultured is vegetative. We have
not been able to loéate quantities of vegetative G. tikvahiae locally although
there is possibly some material to be found in shallow ponds on Shelter Island.
Reproductive species of Gracilaria, probably foliifera, have been collected in
Flax Pond and in Great South Bay. Stocking a seaweed farm is facilitated by using
species having a sexual life cycle. Otherwise, enough biomass for stocking the
farm must be overwintered for growout the next year. Relatively little is known
about growth of sexually produced material on rope and other substrate material.

We intend to initiate these types of studies if we can obtain sexual clones, or

use the similar genus, Agardhiella.

Laminaria saccharina

We started cultures of Laminaria in the fall of 1980. Material collected
in August and September from Flax Pond and Montauk and Orient Points was mature
and reproductive, but did not grow when placed in culture tanks. In January 1981
we obtained a number of young sporophytes from Montauk Point. These sporphytes
were trimmed to about 10 - 15 cm overall length, attached to PVC pipe and held at
the bottom of the tanks. Little growth was observed until early February when
water temperatures started to climb after having been at 0 * 1°C for eight weeks
(see Fig. 12). Figure 13 shows the five-fold increase in biomass of six plants
held in one culture tank between February and April. We also recorded length
increases of blades and stipe of 24 plants. While individual plants exhibited
wide variation (Fig. 14), cumulative length increases from 22 January to 22 April
ranged from 225 to 1750 mm. The mean cumulative length increase for all plants

was 750 mm, while the increase for the best 25% growing plants was 1350 mm. Average

growth rates were 2%-da-1.

We initiated culture nitrogen enrichment.expeximents in March (daily addition)
aﬁd April (continuous addition). Both enriched cultures (#50 and #51) grew
significantly faster than unenriched cultures (#52 and #53) during the month of
April (Figures 15 and 16). Although this nitrogen enhancement of growth was '
proven to be significant (p < .05) by a t-test comparison of paired means using
arcsin transformed data, the difference between enhanced and non-enhanced growth

amounted to only about 10 - 15%. Laminaria productivity in culture during April
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Figure 14. Cumulative length increases of 24 Laminaria saccharina

plants. Note the large degree of variation in growth
in individual plants.
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Figure 15.

98!

Growth of Laminaria saccharina plants (enriched - Fd =
fertilized daily; Fc¢ = fertilized continuously -
starting at time indicated by arrow, and unenriched)
when light was reduced by 66% at time indicated.

Each line represents six plants. Dashed lines
represent extrapolated growth.
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Figure 16. Growth of Laminaria saccharina (enriched - Fd =

fertilized daily; Fc = fertilized continuously -
starting at time indicated by arrow, and unenriched)
when cultures were exposed to ambient 1ight levels.
Each line represents six plants. Dashed line
represents extrapolated growth.
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was approximately 14 g dry weight‘m-z‘da-l- .
It should be pointed out here that this productivity value, as are all others
presented in this report, is a nominal value. We do not yet have productivity

estimates under conditions of optimum density.
Laminaria saccharina is capable of excellent growth during periods of cold

water temperatures. The optimum growth was linear as a function of time at
temperatures between 6 and 16°C. In June, plants in culture tanks started to
deteriorate. Screening (reduction of light by 66% of ambient) did not appear to
have an effect on reducing loss of plants ;n May and June. We did not note any
reproduction in cultured material before it disintegrated in early July. Sub-
sequent attempts to obtain and culture material during the latter part of the
summer met with failure. In mid-October, we obtained large quantities of young
and second year plant material from Crane Neck and Eatons Neck. The young plants
were obviously produced during September and early October from gamete production
in Laminaria's microscopic stage. Second year sporophyte material had probably
been produced in the spring or previous fgil. These specimens had an area of new
meristematic growth at the base of the blade, with older, often fertile pieces of
blade at the apex. The new growth region in these older plants was often enlarged
or twisted. All plantsw@retrimqed back to approximately 10 - 15 cm overall length
and have been grbwing well during November. But this is too brief an experience
to provide data. We now have a total of over 100 plants in culture with an
additional 150 plants growing on pipe frame racks at Crane Neck.
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Task 1.A.2. Light and nitrogen effects upon growth

This ﬁask concentrated on how two important environmental factors (light
intensity Snd nitrogen) affected the photosynthesis of two seaweed species, Codium
fragile ana Fucus vesiculosus, at different times of the year. Cultures of these
species weie seasonally established in a 3X3 matrix of light intensity and nitrogen
concentration conditions. Light intensity reaching the cultures was controlled
by adding 6: removing neutral density screens: Resulting light intensities were
100%, 66%,,and 35% of ambient sunlight. Nltrogen, as NH4N03, was "pulsed" into
the cultures. That is, a large dose of nitrogen was added each morning while the
seawater f;ow was off for two hours. Nitrogen added in this manner was equivalent
to a contihuous nitrogen enrichment of Q, 10, and 20 ym. For these cultures, the
turnover rgte of seawater was 4 volume exchanges/day. Cultures grown in the 3X3
matrix of llght and nitrogen were harvested back to their initial weights (900 g
for Codlum, 450 g for Fucus) at the time of each weighing. Three additional
cultures of each species were grown at the different nitrogen levels apd 100%
ambient sunlight. Weekly harvests of these cultures were not made, the plant
density being allowed to increase to assess the effects of higher culture densities
on photosfnthesis.

Cult&res of both species were assayed by 14c for their photosynthetic
potentlal. New cultures were established about 2 weeks before the intended
1n1tiatlon of 14c incubations. After the acclimatization period, weekly assays of
3 plants ﬁrom each culture were started by placing the specimens under a "light
gradient Qable." This table is basically a running seawater table placed under
a bank of§8 deluxe-ccol-white fluorescent tubes. Under this known, and constant,
light sou%ce, plants are incubated in 1 liter bottles containing filtered seawater
mixed by water-driven stir plates. Temperature is kept constant by pumping a
continuoug flow of seawater around the incubation bottles. Light intensity reach-
ing the bottles can be altered by adjusting the distance between the light bank
and the incubation bottles or by using neutral density filters.

Before the 14C is injected into the bottles, they are placed under the light
bank for 15 = 20 minutes to allow the plants to acclimate to the light conditions.
Incubatioés last for 1 hour and were always around midday (i.e., 1000 - 1400 hours).
After the|incubation is complete, the plants are quick-frozen and then lyophilized
and storea for future analysis.

‘ .
To date, we have completed a summer (July) and fall (October/November) series

of incubations. We élan additional runs for January and April, 1982, to provide

an adequate data series. Analysis of our first two series of incubations have
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just begqun. We have just gained access to a tissue oxidizer elsewhere-on the Stony

Brook campus and have purchased the necessary reagents and solvents. We anticipate
eliminating the backlog of plant materials for analysis in the next two months.

We had initially proposed to determine the nitrogen uptake of selected species
of seaweeds using the lSN method. Unfortunately, the laboratory we had hoped
would assay our material is no longer accepting samples. We therefore decided
to use the more conventional method of measuring uptake by disappearance of in-
organic nitrogen from the medium. The experiments have been further delayed due
to lack of culture space. Some preliminary experiments have begun on nitrogen
uptake by Fucus. While these experiments will be continued in the next contract
year, there are several interesting preliminary observations concerning this
important nutrient.

Tﬂe riationale for concentrating nutrient studies on nitrogen is that there
is persuasive evidence in the literature that, in the marine environment, nitrogen
is the most likely limiting nutrient for species that grow best during the summer
months. This observation is further supported by nutrient data from our cultures

(Table 4). All three of our best warm-water species preferentially took up
ammonium over nitrate. This is consistent with most other reported observations
on nitrogen preference by seaweeds. . If nitrogen had been limiting, the effluent
levels from culture tanks would have been much lower and more nitrate/nitrite
would have been removed. Additionally, nitrogen deficiency is usually visually
discernible as alteration in pigmentation. Throughout the year, our cultures

remained deeply pigmented, an observation suggesting that nitrogen limitation is

unlikely
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Table 4 . Removal of inorganic nitrogen by unenriched cultures of
Agardhiella, Codium, and Gracilaria during the period of
peak growth during summer 1981 (mean values of weekly samples
June 15 - September 15, 1981).

Nitrate + Nitrite Ammonium Total Inorganic Nitrogen
uM . MM UM
Incoming Seawater 9.58 6.44 16.02
Agardhiella effluent 8.28 o 3.77 . .12.05
Codium effluent 8.32 4.59 12.91

Gracilaria effluent 7.98 1.01 8.99

3



Task 1.A.3. Macrocystis studies

To get comparative data with Macrocystis experiments on the west coast,

we obtained Macroycystis pyrifera juvenile sporophytes from Dr. Wheeler North at

california Institute of Technology. Water for these culture tanks was pre- and
post-filtered through a gravel/sand filter to prevent accidental introduction and
water temperature was permitted to reach local ambient levels. One batch'.of
approximately 30 plants was obtained in August, 1980 and a second batch was shipped
to us in late September. These young plants (2 - 6 cm long) were set up in

“North deep trough" tanks. Plants obtained in August were placed in water at
ambient temperature (21 - 23°C) under screens that reduced light intensity by

66% and brought up to ambient temperature over a period of two days. These plants
all deteriorated by the third day.

The second batch was kept at 13°C by circulating cold well-water around the
"North" tanks. At the time of their colleqtion, water temperature at Newport
Beach, California, was 8°C. These plants grew well during October and November,
1980. Several bladders had developed on most plants, and they had a well developed
meristem region. In early December, the surviving plants (about 15) were placed
in our culture tanks since they had grown too large for the "North" tanks. 1In
early December, ambient temperatures dropped to iO°C and by the end of December
to 2°C. Through this period, the plants had grown about 50 cm. January 1981
saw water temperatures of -1 to +1°C. Macrocystis stopped growing, but appeared
to survive intact, but after about the fifth week of temperatures less than 2°c¢,
they started to deteriorate rapidly. By mid-February, there were only 4 plants
left and these had decayed by the end of the month.

We conclude that culture of Macrocystis pyrifera in New York water is not
practical. The annual temperature variation is too great at its extremes. ?he
plants could not survive prolonged cold temperatures below 2°C, which typically
occur for 6 - 8 weeks. Although our attempts to grow juveniles at warm summer
temperatures were not conducted under the best of conditions for the plants had
not acclimated long enough, it is well known that the species is not capable of
survival and growth at temperatures above 18 - 19°Cc. Thus, culture of Macrocxsfis
in the field could only be conducted in the spring and fall months, when temperatures
are approximately 4 - 16°C (the known range of temperature for growth) . This
would amount to a total period of 5 - 6 months- —- mid-March to mid-May and October
to mid-December. Such bimodal growth seasonality could be difficult to accommodate.
Experiments with this species were discontinued after discussions with the Gas

Research Institute.
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Task 1. PLANT GROWTH AND NUTRITION
B. Raft Culture Experiments
1. Design and fabrication of culture rafts

The purpose of raft design experiments is, in part, to begin to understand
the mechaﬁical problems of this technology before expending intensive efforts on
a test faxrm. To this end two types of rafts were constructed: an open steel
"bed-framé" to which individual plants would be attached; and, a lexan mesh cage,
in which freely. floating plants would be céntained (see Figures 17 and 18). These
rafts wou}d be suspended from surface floats at fixed depths and tethered to
anchors. |Fixing the depth at which rafts were placed removed ambient light as a
variable #nd ensured that the plants would always have sufficient water over them.

Deéiéns for the two types of rafts were modifications of existing versions:
the lexan mesh cage was used in a preliminary study on Fucus in 1980; the bed-
frame had|been ﬁsed in an intertidal study on Fucus in earlier years. Three cage-
type raftg, each having three cages of different mesh size, were constructed for
the float}ng-plant cultures. Each raft had a total surface area of approximately
sz. Three metal frame-type rafts were constructed to hold PVC racks for 90
plants each. These rafts have a surface area of approximately 4m2. Rafts were
built in %ebruary and March, 1981, and deployed in Flax Pond in late March and
early Apr?l when the water had warmed sufficiently to permit diving.

The physical environment of Flax Pond is characterized by sandy bottom and
a depth of 13 ft. mean low water (MLW). Currents range a maximum of 1 knot at
ebb with %hifting eddies. Wave action is minimal. One raft of each type was set
at a dept% of 1 m and one of each type at 3 m. Sixty-five pound Danforth anchors
on chain ?ere set at both the upstream and downstream ends of the rafts, to hold
them perpendicular to the water flow. The rafts proved stable under these con-
ditions.

Seaerd cultures on these rafts were started in April and May (Table 5).

The cage Fafts contained 6 cultures of Fucus and three of Codium at each depth.
The frameftype rafts held Fucus, Codium, and Laminaria. These cultures were
observed Qeekly and maintained until August, when the rafts were moved to Smith-
town Bay.

The $mithtown Bay site for location of rafts was chosen for its proximity to
an artifi¢i31 fishing reef constructed by the town of Smithtown. This is in an

1ly less than 1 kt, but wave-heights could be as much as 3 - 4 ft.,

area withj a silt bottom and a depth of about 36 ft. MLW. At this site, currents
are generF

since thif area is in exposed, open water. The New York State Department of
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Figure 17. Illustration showing typical bed-frame raft used
in field culture.

&) 3

Figure 18. I1lustration showing multiple compartment screened
cages used in field culture.
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Tab]e% 5. Raft Culture Exper%ments Milestones.
| 1981
J F M A M 4
Permit Process X X X X
Raft tonstruction X X X
Deployment Flax Pond X X
Cultu%%ng Flax Pond X X X

Deployment smi thtown Bay
Cultu}ing Smithtown Bay
Deployment Crane Neck

|

Cu1tufing Crane Neck

|
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Environmental Conservation holds the U.S. Army Corps of Engineers permit for the
artifical fishing reef. That permit was modified to allow deployment of

our rafts. This permit process was completed in July, approving deployment of
subsurface rafts, surface floats, and appropriate marking buoys as required by

the U.S. Coast Guard. This modification alters the existing permit by providing
for “"hazards to navigation at the surface". This permit expires December 31, 1981
but is renewable.

Deployment of rafts in Smithtown Bay began in July. One nine-cage raft was
placed at 1 m depth and one at 3 m depth. - One 90 plant open frame-type raft was
placed at 1 m depth and one at 3 m. These were anchored to concrete-filled 40 ft.
tanks that were part of the extant reef structure. These moorings used subsurface
floats on stainlesg-steel cables  and swivels donated to the project by NOAA.

The raffs were suspended from surface floats by stainless-steel cable. Identifica-
tion and warning buoys were likewise moored to delineate the corners of our site.

Seaweed cultures of Fucus and Codium.were started in July and August. Fucus

was placed in the cages and both Fucus and Codium were attached to the frames.

These cultures were measured and observed weekly through September, unless weather
conditions precluded fieldwork.

The frame and cage designs proved inadequate in Long Island Sound waters.

The short wavelength wave action common to all but the calmest days led to rapid
wear and subsequent failure of the float systems, resulting in the rafts sinking
to the bottom. Repeated corrosion of the nicopress sleeves used on the cable
fittings was an unexpected problem also leading to mooring failures.

The presence of the rafts in Smithtown Bay attracted considerable attention
from the boating public. Private and commercial fishing boats operated within the
site, although it was declared a restricted—use area by the Coast Guard. Vandalism,
theft, and accidental damage by boaters became a larger problem than environmental
factors. Buoys and floats were stolen. Mesh cages were ripped by hooks and
anchors and the attached plants torn off. By the end of September losses could
not be replaced effectively and in October the remaining rafts and moorings were
removed.

It became clear that mesh cages and rigid attachments for the plants on the
open frames did not work well. The cages fouled so badly that light could not
penetrate and the plants did not grow. Plants on the open frame rafts were often
sheared off by abrupt vertical movements of the frame as it rode the waves. To
solve this problem, plants were enmeshed in rope and the ropes were loosely
attached to the open frames. This system worked very well. Although the frames’

continued to move with the waves, the ropes and plants remained in place in the
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water column. As a consequence, Wwe shifted to use of rope as the attachment
substrate%for all subsequent work.

Open iframe-type rafts were refurbished and redeployed in November off Crane
Neck. The frames are set on the bottom on legs buried in the sand and weighted
with cind%r blocks to minimize shifting during storms. Depths of the frames
are at 3 ét. MIW and 8 ft. MLW. These depths allow the frames to be close to
shore for}servicing by shore-entry SCUBA divers and will allow us to monitor
cultures éven on icy or stormy days through the winter. These frames were stocked

in late Névember with Laminaria and some Codium and Fucus. Though several storms

have passéd over the Sound since the cultures were begun, plant loss has been

negligiblé.
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Task 1.B.2 Raft culture experiménts

The purpose of raft culture experiments is to measure growth and evaluate
the characteristics of the candidate species under field conditions. The first

cage type cultures started in Flax Pond in April included Fucus and- Codium and

frame-type cultures were of Fucus, Codium, and Laminaria. The cultures were

monitored weekly for wet weight change and general condition. Problems immediately
rose with fouling of the mesh on the cages. The biologic environment of Flax

Pond is characterized by a shallow tidal pbnd and a great deal of detritic and
living material in the water column. This material stuck to the cages, blocking
the mesh and providing sites for epiphytic and epifaunal recruitment. Filamentous
red algae and amphipods were the primary organisms involved. Cages were scrubbed
weekly to clean the mesh, but quickly refouled. This was particularly sérious

for the smalles; meshes, although in time, all fouled completely. Once the
epiphytes were established, other organisms such as fish and shrimp were attracted
to and settled on the cage surfaces. How;ver, there was no evidence of grazing on
the plants. Due to these obstructions to light penetration, growth of both Fucus
and Codium in the cages was less than 1% throughout the summer.

Plants attached to PVC pipes on the open frames (see Table 6.A.) were
initially more successful. After deployment, there was a period of plant material
loss as weak pieces broke loose. This was followed by good growth (u= 3-5% in-
crease'da-l) until August. In fact this growth rate was higher than what was
observed in the laboratory (see Table 6.B). However fouling by bryozoans became
severe. Eventually both Fucus and Codium plants were completely overrun, although

Codium seemed more resistant. Since the weight increases from animal material

could not be distinguished from the plant, weighings became meaningless and cultures

were terminated. New cultures immediately became fouled, suggesting that the
fouling was seasonal and from the water rather than fhe substrate.

Raft cultures were established in Smithtown Bay in July. It was immediately
obvious that the method for attaching plants to the PVC pipe was inadequate.
Losses of part or entire plants equalled a biomass 1oés of around 5%°da-1. Sev-
eral alternatives were tried, including the use of bungy cord as a shock-absorber
and pegboards placed horizontally to restrict vertical movement. The best results
were obtained by entwining plants on ropes loosely attached to the frames. Actual

1 until September, when Fucus

plant growth was then on the order of 2 - 3%-da
began to fragment. Fouling was minimal over this period, with amphipods,
caprellids and barnacles as the dominant fouling species. No grazing by fish

was observed.
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Table 6. A

! Exponential Growth Rates

A M J J
F1ax Pond
* Fucus, Floating <1 < <1 <
Codium, .Floating 0 0 0
Fucus, Attached 1.9 2.9 5.3
Codium, Attached <1 2.8 3.7
Lgminaria, Attached <1 1.8 «I
'Smithtéwn Bay
Fucus, Floating
Fucus, Attached <1
Codium, Attached <1

Crane Neck

Laminaria, Attached

* one meter depth/3 meter depth
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Raft Culture Experiment Growth Rates.

% wet weight increase/day

1981
A S
2.6
1.6
0
2.6/1.8*
<1
2.1 <1
3.2 3.2

<1

<1
<]

3.4/2.8*



Table 6.8B.

Fucus

Raft
Lab

Codiun

Raft
Lab

Comparison of Flax Pond Raft Culture Growth -1
Rates to Laboratory Growth Rates (% Wet Weight Increase-da ')

May
1.9
<1

May
<1
1.5

June
2.9
<]

June
2.8
1.5

1981

1981
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July
5.3

July
3.7
1.1

August
2.6

August
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ted  end

o = B

i ] )

ol e ) . 3 ) i)

)|




3

3 T3

—3 T3 T3 T3

-~

3

Cage cultures in Smithtown Bay were less affected by detritic fouling than
in Flax Pond, but barnacles set shortly after deployment. The increase in weight
of the rafts resulting from barnacle growth eventually overcame the 1lift of the
floats and?the cages sank. Since the bottom of the bay at this point was below
the photic zone, no growth occurred while the rafts were on the bottom. Individual
plants in ﬁhe cages also became covered with barnacles making weights suspect.
These probiems, as well as loss of plants and rafts from other environmental and
human causés, led to the eventual abandonment of the Smithtown Bay site in October.
With ghe onset of bad weather, a site;at Crane Neck was established for winter
cultures of Laminaria, Codium and Fucus. Initial growth rates are about 3% wet

weight increase’day-l. Epiphytes and fouling have been minimal, perhaps due to

sand scouring by storms or the decline in water temperature.
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Task 1. PLANT GROWTH AND NUTRITION
C. Species Collections and Field Studies

1. Species Collections

Ssamples of the candidate species were collected for our culture work and for
analyses by General Electric. Frequent trips to Flax Pond, Great South Bay, Montauk
and Orient Points were made to obtain these samples. Other samples were obtained
from Connecticut ; courtesy aof Dr. Charles Yarish, University of Connecticut and
Dr. Milan Keser, Millstone Nuclear Power Plant. The following is a list of the

samples provided to General Electric for analysis.

-3 3

3

—3

Species Date and Place Collected Culture No.
Ascophyllum nodosum 01/28/81 Greenhouse
02/11/81 Greenhouse 037
02/11/81 Greenhouse 038
02/11/81 Greenhouse 039
02/11/81 Flax Pond
05/20/81 Greenhouse 025
06/09/81 Greenhouse 057
06/18/81 Greenhouse 066
06/18/81 Greenhouse 068
06/19/81 Flax Pond
Chondrus crispus 12/02/80 014 Field Point
01/19/81 Montauk Point
02/11/81 Greenhouse 030
02/11/81 Greenhouse 040
05/06/81 Montauk Point
06/18/81 Long Island Sound
06/18/81 Greenhouse 044
Codium fragile 02/18/81 Greenhouse 005
02/18/81 Greenhouse 015
01/20/81 Greenhouse 023
02/16/81 Captree Island
05/06/81 Montauk Point
05/30/81 Greenhouse 074
06/04/81 Flax Pond
06/02/81 Greenhouse
06/10/81 Greenhouse 070
Fucus vesiculosus 01/19/81 Montauk Point
02/11/81 Greenhouse 035
02/11/81 Flax Pond
05/26/81 Flax Pond
05/26/81 Greenhouse 53-1
06/04/81 Flax Pond
06/04/81 Flax Pond
06/04/81 Flax Pond
06/05/81 Flax Pond
06/05/81 Flax Pond
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Species
.|
Fucus vesiculosus

Date and Place Collected

Laminaria 'saccharina

Ulva lactuca

!
i

06/18/81
06/18/81
06/18/81

01/19/81
03/14/81
05/06/81
06/03/81
06/05/81
06/05/81

05/06/81
05/20/81
06/04/81
06/04/81

Flax Pond
Greenhouse
Greenhouse

Montauk Point
Montauk Point
Greenhouse
Shinnecock Inlet
Montauk Point
Greenhouse

Montauk Point
Greenhouse

Shinnecock Bay
Shinneccck Bay
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Task 1l.C.2. Field observations

During May, an extensive survey from Oyster Bay east to Wading River, a
distance of 36 miles, was conducted to locate and identify sources of seaweed. A
series of 12, 1/2 hour SCUBA surveys was undertaken by two-person teams in areas
known to contain rocky substrate. One large stand of Laminaria (several acres) at

Eatons Neck, at the western end of Smithtown Bay was located. Ulva was also

prevalent in that area. Another, smaller bed of Laminaria was found at Crane Neck,

just west of Flax Pond. Chondrus was prevalent there. At 0ld Field Point, just
east of Flax Pond, an almost pure stand of' Chondrus was found. At Wading River,
several sunken barges in 3 - 6 feet of water provided a substrate for Ulva and
Codium, along with numerous species of filamentous red algae. No concentrations
of seaweeds were found at any of the other sites visited.

In.September-October the seaweed beds at Eatons.Neck and Crane Neck were
again examined. . We obtained many small specimens of Laminaria at both locations,
although the population at Eatons Neck appeared to be slightly further developed.
Plants from there were a few centimeters ionger and appeared in better condition
than those from Crane Neck. Fragments of older plants still containing fertile
portions (sori) were abundant at Eatons Neck and less prevalent at Crane Neck,
reflecting the general density difference observed in May. We concluded that
spore release from adult sporophytes occurs during August-September and that
gametophytes generate sporophyte germlings during September-October.
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Task 2. TEST SITE EVALUATION AND SFLECTION

The purpose of this task was to evaluate the ecological suitability of three
sites as experimental marine algae farms. Three potential sites were identified
during the‘previous contract year by DeWitt Davies, Long Island Regional Planning
Board, based on a set of ecological, legal, political and logistical considerations.
One was lo@ated in Long Island Sound within Smithtown Bay, and two sites were in
the Peconié Bays within Orient Bay and Hog Neck Bay. The general locations of
these areas are shown in Figure 19. Various environmental data were gathered by
Davies an% summarized in the 1980 final report. The research undertaken this
year was to obtain and evaluate existing oceanographic and ecological data
collected at or near the three sites, gather additional data where necessary, and
then chooég the "best" site for an experimental farm.

Discﬁssions with the project biologists and engineers resulted in the
identific;tion of the following general objectives:

1. To determine which environmentalﬂfactors might be important to
guccessful culturing of seaweed in the field, ‘

2. To compile available published reports and unpublished data that

pertain to the factors identified from the first objective,

3. ‘éb measure various environmental factors in the field in order to
éain a better understanding of the oceanographic characteristics of the
éites, and '

4. To assess the suitability of the sites for seaweed culture.

Envi%onmental factors studied included (1) circulation and hydrography, (2)
light pen%tration into the water column, (3) ambient concentrations of nitrate-
nitrogen and the possible importance of anthropogenic nitrogen, (4) wind and wave
conditioné, (5) ice cover, and (6) fouling and grazing organisms.

In N%vember, 1981, the entire fesearch team met and discussed the candidate
sites usi?g environmental data we had collected. At that time it was decided to
abandon further consideration of the Peconic Bay sites. During the winter of 1980-
1981 it héd been cbserved that ice cover in the Peconics was up to 18 inches thick.
Ridging oé the ice near shore, where the test farm might have been placed, was
extreme. gwinter culture experiments, critical to this project, could not be
carried oﬁt undexr those extreme conditions.

Whilé those Peconic Bay sites offered the advantage of having privately-
held leasé tracts of underwater lands which would assure sole purpose usage they
were logistically difficult requiring extensive commuting by researchers.

Smithtown|Bay, while environmentally advantageous, poses great problems of
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vandalism from recreational fishermen and boaters.

We concluded that the artificial reef site in eastern Smithtown Bay should be
abandoned and a more westerly site chosen. We are discussing with the Long
Island Lighting Company a site not too distant from their Northport oil platform

approximately 2 miles offshore. The sites in Smithtown Bay are shown in Figure

20.
Smithtown Bay

General Description. Smithtown Bay is located on the north shore of Long
Island app#oximately 50 miles east of New York City. Figure 20 shows the outline
of the Bay; various geographidal features, and bathymetry. The Bay is bordered
by Crane Néqk and Stony Brook on the east and by Eatons Neck on the west. The
seaward boﬁndary is conveniently defined by a line running from the ﬁip of Crane
Neck west £o the.tip of Eatonsg Neck which~is roughly parallel to the 60 foot
isobath, e%cept for the shoaler portions of the western one-quarter of the Bay.
The south shore of the Bay is lightly developed, with public lands owned by the
Towns of B#ookhaven, and Smithtown, and the State of New York.

Fresh&ater input into the Bay is from groundwater outflow and the Nissequogue
River. The latter provides an insignificant volume of freshwater relative to the
volume of ﬁhe Bay. Tidal exchange between River and Bay is high, however, with

flows intoéand out of the River mouth on the order of one to two knots.

Circulation Patterns. Circulation within the Bay and adjacent waters of

Long Islana Sound were deduced from the work of Riley (1956), Wilson (198l1),
National OFean Survey Tidal Charts, other navigational charts, and our own drogue
measurements. These measurements were supplemented by discussions with physical
oceanograp%ers at the Marine Sciences Research Center.

Flow within Long Island Sound is dominated by the tides. Flow direction
alternatesiapproximately every six hours, running generally eastward (on outgoing
or ebb tidé) and westward (incoming or flood tides). Circulation patterns within
the Bay we%e studied by making drogue (Lagrangian) measurements. Figure 21
summarizes;these results. Trajectories shown are averages from duplicate measure-
ments. All measurements were made on ebb tide to determine if nutrient-rich
water froq the Nissequogue River moved either directly offshore from the River

mouth or past the experimental test site (station D on Figure 21).
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Circulation patterns within the Bay were more complex than we had expected.
Some of the‘drogues moved along a track parallel to bathymetric lines as might be
expected, but others moved across the bathymetry, from shallow to deep water. We
have too few measurements to resolve the complexities and can only say that on ebb
tides, water within the eastern one-third of the Bay tends to move directly
.northward éutvof the Bay rathet than first eastward then northward following the

|
bathymetric contours of the Bay.

Flow velocities are greatest in the vicinity of headlands. Maximum speeds at
Crane Neckjranged from 1.0 to 1.5 knots and at Eatons Neck, 0.7 to 1.4 knots max-
I
imum, during ebb tide. On the flood tide, maximum velocities were 0.8 to 1.3

knots at Crane Neck and 0.6 to 0.7 knots at Eatons Neck. Velocities averaged over
six-hour time intervals on ebb tide at both headlands were approximately 1.1 knots.

Flow rates lare less during flood tide, averaging 0.3 knots at Eatons Neck and 0.6

knots off Crane Neck.

At location F (Figure 21), continuous_ measurements of flow were made by
Wilson (1981) using current meters moored during the period 25 May to 25 August
1980. Floés at that point, approximately two miles north of Eatons Neck, were
as strong és at Eatons Neck. Maximum and minimum speeds ranged between 0.8 and
1.1 knots en both ebb and flood tides. Occasional maximum speeds of 1.6 knots
were registered.

Diffefences in ebb and flood flow rates reflect the fact that the tides
tend to fléw into estuaries such as long Island Sound along the right hand side of -
the estuar§ {looking up the estuary) on ebb tide, and flow is out of the estuary
along the ieft side. Such a flow regime is advantageous to the Marine Biomass
project be%ause nutrient-rich water originating from the eutrophic western Sound
region tenas to flow out of the Sound along the New York shore rather than the
COnnecticut shore. Thus there is potential for a continuous year around supply
of nutrients to the Smithtown Bay site.

Flow iates along the mouth of the Bay (that is within the 60 foot isobath)
are not wePl known. Velocities are certainly reduced compared to the headland
regions but the magnitude of the differences is not known. Two of the drogue
measurements made at ebb tide at locations B and C (Figure 21) showed offshore
movement o% water at rates of 0.7 and 0.3 knots respectively. At station D, this
year's exﬁerimental site, flows were always sluggish, at 0.1l knots. At station E,
the droguis moved parallel to the shoreline at a rate of 0.5 knots.

Some knowledge of flow across the mouth of the Bay was gained from study of
tidal charts drawn with the aid of a numerical tidal model. One such set of data

predicts maximum ebb speeds of 0.5 knots at Crane Neck and speeds approximately
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EBB TIDE

EATONS NECK

FLOOD TIDE

NISSEQUOGUE RIVER STONY BROOK

EATONS NECK

Figure 21.

NISSEQUOGUE RIVER STONY BROOK

Results of drogue measurements. B-E indicate positions where
our drogue measurements and stations A and A' are results of
other studies. Position F marks the point where one current
meter was moored.
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one-half that value along the mouth qf the Bay. Assuming that the numerical
model has failed to correctly predict intensification of flow around headlands
such as Crane Neck, but that the relative speeds are modeled correctly, we can
assume thaF maximum speeds : along .the mouth of the Bay are on the order of 0.5 to
0.6 knots.

In summary, flow within Smithtown Bay is dominated by the tides. Maximum
speeds occhr in the vicinity of the two headlands, approximately 1.0 to 1.5 knots.
Along the mouth of the Bay speeds are no more than 0.5 to 0.7 knots and within
the Bay prﬁper, one can expect flow rates of 0.1 to 0.5 knots.

Salinity. Salinity is not likely to be a limiting factor for growth of
seaweed. Freshwater runoff into the Bay is not great. The average salinity
varies 6vér.a narrow range, about 28% * 0.5%, during all seasons except spring.
In springlmonths, values as low as 24-25% have been recorded for central Long
Island Sound. Within Smithtown Bay we found a range of 26.0 to 28.0% during our
mid-May t& mid-November study. )

|

Teggérature. Temperature is an important limiting factor, varying over the
range Ooc%to 24°C. long Island Sound therefore offers both a temperate and sub-
tropical climate to marine organisms depending upon the time of the year.

Temp%rature data are shown in Figure 22. In Long Island Sound and Smithtown
Bay, the éeriod when the water temperatures exceeded 18°C were June to October.
An eight #onth cool water growing season (mid-October through mid-June) and a four
month warﬁ water season (mid-June until mid-October) can be expected.

Water Column Stratification. Selection of experimental sites must take into

account sﬁratification of the water column because nutrients cannot be resupplied
to the upéer layers of the water column without vertical mixing. Strong pycnoclines
(density gradients) inhibit vertical mixing, so regions characterized by strong
vertical density gradients must be avoided.

: Near#hore waters of ILong Island Sound, including Smithtown Bay, tend to be
either we;l—mixed or only marginally stratified because of tidal mixing. This
characteristic of Long Island Sound is tremendously advantageous. Long Island
is highly‘productive in part because tidal mixing resupplies nutrients to the photic
zone duriﬁg.all months of the Year. Primary productivity by phytoplankton is about
400 g c-mz-yr-l, which ranks Long Island SQund among the most productive marine

systems.
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The ability of the tides to mix the water column is given by the expression:

=3
CD-U

h

E =

| X -3
where E is 'the tidal energy dissipation rate, cD the drag coefficient (=10 7),
Eftheavera&e tidal velocity over one six-hour tidal cycle, and h, water depth. All

units are éentimeter-gram-seconds (cgs). The tendency for the water cclumn to be

|
well mixed or stratified is given by:
} s = log, (1/E)

where S is the stratification parameter. Study of various bodies of coastal water
has shown #hat the value S<1 indicates well mixed water, the range 1<S<2, marginally
stratified}condipions, and S>2, highly stratified water. At average tidal velo-
cities of 30 cm-sec-l such as found along the shore of Long Island Sound and along
the mouth 6f Smithtown Bay (water depth 18.m), the value of the stratification
parameter is S = 1.8, indicating marginally stratified conditions.

For b?st seaweed growth, we will want to avoid stratified waters, so the
rafts should be moored in water depths no greater than 16 m if mean tidal velocities
are 25 cm'?'sec-1 and 27 m if tidal velocities are 30 cm‘sec-l. Clearly, more measure-
ments of tidal velocities will be required to make precise decisions on location of
anexperiméntalfarm. Water depth and tidal velocities are the two crucial parameters.
A locationinear the mouth of Smithtown Bay where tidal currents are on the order
of 0.5 knoFs, or perhaps nearer to Crane Neck where velocities are in excess of
1.0 knots %ould be good choices. These two suggested locations are indicated in
Figure 20 %y a "P" and "P'". Water depths at P are about 15 m and at P', about
10 m, welll within the marginally stratified zone. The site chosen for last

|

year's wor* was poor because tidal mixing was low.
|

Lighti Light penetration into the water column was measured with a 20 cm
diameter Secchi disk. Secchi depths (D) were converted to extinction coefficients
! .
(k) using ? standard empirical formula,
|
: k =1.7/D

|
The extinction coefficient may be used to calculate the depth of the photic zone,
usually taken to be the depth at which incident light (Io) is 1% of the surface
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illumination. The expression,

where z is water depth and the other variable defined above, is rearranged below

to facilitate calculation of the 1% light depth:

(ln .01/-k) = Zl%

Extinction coefficients ranged from 0.34 to 0.85*1:1-l at the experimental site
(Station 2) and 0.34 to 0.81.m
20). The average values during the May - November measurement period were 0.55-m.l
(test site) and 0.54-m-1 (Bay mouth). The depth of the photic zone averaged 8.5 m

at the mouth of Smithtown Bay (Station 5, Figure

with a range of 5.4 to 13.5 m.
Riley's (195é) 1952 - 1954 data (Figure 23) indicates that extinction coefficients

tend to be highest and the most variable from December until March. Values were
in excess of 1.0 (1% light depth of 3 m) during these winter months. During the
other months of the year Riley found about the same range as we did although his
average extinction coefficient was closer to 0.7, equivalent to a 1% light depth
of 6.6 m. The dashed iine on the lower panel of Figure 23 indicates the average
extinction coeffiqient for Smithtown Bay for May ~ November 198l. Very few of
Riley's measurements fall below this average, indicating that the waters of Smith-
town Bay are much more transparent than at Riley's central Long Island Sound
situations. Since such great regional differences are not likely, this fact
raises the possibility that the water quality of Long Island Sound has improved
over the past thirty years. ‘

Optimal light intensities for seaweed growth are being worked out by the
biologiéts. It is clear from our measurements that culture of seaweed in the field
will have to be done at shallower depths in winter than summer. Extinction
coefficients of 0.5 during spring, summer and fall preclude the possibility of
growing seaweed on the floor of the Sound in deep water. At depths greater than
8 m, algal growth will almost certainly be light limited. Midwater culture is

imperative at depths ranging from near the surface to no more than perhaps 5 m.

Nutrients. In most marine environments, nitrogen is usually the nutrient
which limits plant growth. Between the three-month interval mid-May to mid-August
nitrate-nitrogen was at nearly undetectable levels (Figure 24). During other months

values range fromhighs of 10 -15 uM to about 2 uM. The implication of these
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Figurg 23. Seasonal variation of extinction coefficient. The upper two

panels are our measurements and the Tower is from Riley's
study of Long Island Sound. Values of the extinction
coefficients are highest in winter, lowest in summer.
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Months of the Year
Nitrate-nitrogen concentration in Long Island Sound.

Between the time interval of mid-May until mid-August,
nutrients are very nearly zero. The interval of potential

nutrient limitation is indicated by the vertical dashed lines.
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findings is that the cool water seaweed species will be growing in high nutrient
conditioné during nearly all months of their growing season. The warm water
species on the other hand will be living in a nitrogen deficient environment during
the first two months of their growing season (mid-June to mid-August) and a high
nutrient énvironment during the second two months.

We did not measure ammonia-nitrogen. The few measurements available from
past work  (Hardy, 1972) suggest that ammonia does not accumulate in any great
concentra%ion, reaching no more than 1 - 2 uM in central Long Island Sound waters.
These val@es are typical of most coastal waters not influenced by domestic sewage
effluents% '

A deécription of the nitrate-nitrogen environment requires statements about
rate of sépply of the nutrient as well as concentration. The key variable is the
flux of‘n#;rient, not concentration alone. The flux past a poiht is calculated

by: [

‘ Flux = velocit;'x concentration

|
Since we Lave measurements of both water flow rates and nitrogen concentration,
flux can Le calculated. The daily needs of the seaweed determined from laboratory
flow-through culture systems can then be compared to field flux rates to.determine
if growthlis nutrient limited or not.

The glux of ammonia-nitrogen is more complicated because the rate of supply
is dependént upon the rate at which it is excreted by bacteria, zooplankton, fish
and benthic organisms. We know nothing about these rates because measurements
of ammonih regeneration are well beyond the scope of this project. It is fair to
assume thgt ammonia is regenerated at high (but unknown) rates in Long Island
because tﬁe biomass of regenerating organisms is rather high. The key question
is how we?l do seaweeds compete with phytoplankton for the ammonia pool.

F
i

Anthropogenic Nitrogen. There is one man-derived source of new nitrogen to
Smithtowg Bay, the sewer outfall from Kings Park Hospital which disposes secondary
treated stage through a 24" diameter pipe at a point approximately one mile north
of the Nissequogue River mouth, near our Station 3. Because of this outfall,
shellfisﬂing is prohibited within a one mile diameter circle centered on the out-
fall. Wé occasionally saw enhancement of nitrate-nitrogen. at Station 3 compared
to StatiJns 1l and é but results were extremely variable, suggesting that sewage

discharge is erratic.
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Stony Brook Harbor and Bay were surveyed on two dccasions to determine if any
nutrient-enriched water flushes from that region. On both dates, shown in Figure
25, nitrate concentrations inside the bay and harbor were the same as outside,
within Smithtown Bay proper. We can therefore assume that Stony Brook Harbor is
not a nutrient source.

Wind and Wave Observations. Approximately 23,000 observations on wind speed
and direction, and wave height and period were obtained from the U.S. Coast Guard,
Eatons Neck Lighthouse, made at three-hour intervals for the years 1980 and 1981.
Wave parameters were estimated visually but wind data are from anemometer measure-
ments. The data are briefly summarzied here and in Table 7. In general, calm
conditions prevail during the warm months from May to August. During autumn and
winter, only about three days in 10 are calm. Maximum wind speeds during any one
month usua;ly range between 20 and 30 knots. Speeds in excess of 30 knots are
infrequent, oécurring only six times in 1980 and 10 times in 1981. A speed of
40 knots was recorded once, in March 198l. Speeds inexcess of 10 knots occur
about one-half of the time during winter.

Wind direction is generally from the northwest in winter and southwest in
summer. This means that Smithtown Bay is exposed to winter storms but somewhat
sheltered during summer storms. This is unfortunate because the most intense
storms come from the northwest. . '

Wave heights are generally less than two feet with maximum heights about
five feet. Since the fetch of Long Island Sound is so short relative to the
direction of the dominant northwesterly winds, wave periods never exceed three
seconds: Storms immediately result in short-period choppy seas. After a storm,
wave energy dissipates rapidly and the sea surface returns to a calm coridition

within hours.

Ice. Smithtown Bay did not freeze in winter 1980 but has frozen completely
during intense Arctic storms. Ice formed during these storms usually breaks up
quickly. Ice could be a problem because water beneath it continues to circulate-
due to tidal forcing. - This action sets up strong shear forces on mooring cables
or structures. Since ice forms down to perhaps 15 cm, the structures below that

" depth might not be affected.

Interference by Fouling and Grazing Organisms. Fouling organisms (barnacles
and bryozoans) and grazers (amphipods) were a problem at the Smithtown Bay '

experimental site. Their abundance may be related to the site which was directly

over an artificial reef, an excellent habitat for (among other things) amphipods,
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25.

*3.7

*4.9

" 'stony Brook Harbor
12 October 1981
N03 + N02 (uM)-

*10.5

. 'ggbny Brook Harbar
19 November 1981
'N03 + N02 (uM)

éoncéntration 6f nitraté—nitrogen in Stony Brook Harbor in‘bctober
and November 1981. The harbor does not appear to be a source of

nutrients to Long Island Sound.
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Table 7. A summary of the wind and wave data collected at Eaton's Heck Coast Guard Station.

Percent of Percent of Percent of Percent of Maximum

observations Maximum observaticns observations observations wave
> 10 knots speeds CALM SEAS > 2 ft PERIOD=3 sec height
January 1980 40 31 41 22 59 4
February . 55 26-30 36 26 65 4-5
March 40 26-30 53 28 46 4-5
April 17 21-25 54 16 46 3-4
. May q 16-20 80 1 20 2-3
June : 12 26-30 79 .3 22 4-5
July 7 21-25 85 3 15 4-5
| August 13 21-25 75 13 24 3-4
September : 12 16-20 59 S V. Y 3-4
October 32 33 32 21 64 5
Hovember . 49 21-25 32 22 68 3-4
December 42 35 32 19 67 3-4
January 1981 42 34 49 15 51 4-5
February 34 38 46 21 54 3-5
March 40 40 44 12 56 5-6
April 3 26-30 54 10 46 5-6
May 8 21-25 68 3 32 2-3
June 13 16-20 73 2 27 2-3
July n 21-25 53 7 47 3-4
August 11 16-20 32 11 68 4-6
September 33 32 17 35 65 4-6
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adult barnacles and bryozoans. At night, the amphipods move up into the water
column to &eed and thus get into the biomass. Adult barnacles and bryozoans are

abundant on the reef so their planktonic larvae are also abundant there.

|

REFERENCES

Anonymous. 1979. Model-predicted tidal current charts, Long Island Sound to
Buzzards Bay. Univeristy of Rhode Island, Marine Advisory Service,
Publﬂcations Unit, Bay Campus, Narragansett, RI.

\

Hardy, c.d. 1972. Movements and quality of Long Island Sound waters, 1971.
Techqical Report No. 17, Marine Sciences Research Center, SUNY-Stony
Broog, 64 p.

Riley, G.A. 1956. Oceanography of Long Island Sound, 1952-1954. II. Physical
oceanography. Bull. Bingham Oceanogr. Coll. 15:15-46.

Wilson, Ri'1981. Currents in the vicinity of the Northport Power Plant.
Final report submitted to Long Island Lighting Co. Marine Sciences
Research Center Data Report Series.

-
-

|

71



Task 3. SITES FOR LOCATION OF MARINE BIOMASS FARMS

There were two objectives for this task: 1) Identification and assessment
based upon existing information of biomass farm sites in the New York region; 2)
Definition of additionally required research to permit evaluation of potential
biomass farm sites. We assumed, for this task, that large scale farms might be
operational by 1990-2000. A commercial scale marine biomass farm is envisioned to
cover about 100 square miles of ocean surface.

The economic viability of the marine biomass concept is sensitive to trans-
portation costs. Therefore, the location of the staging area for assembly,
deployment and operation of the farm and the digestor site(s) are of prime import-
ance when evaluating potential offshore sites. We assumed, for the purposes of
this study, that the onshore operating area would be located in the Port of New
York and New Jersey.

This analysis of available inforhatiqn is reported in four parts:

3.1 sSpecification of ecological/enviéonmental criteria, to the extent
possible, utilizing information from laboratory and biological test:
farm experiments now underway on candidate seaweed species.

3.2 Results of a literature search to identify data sources on the
spatial and temporal distribution of relevant physical, chemical
and biological parameters categorizing the New York Bight.

3.3 An inventory of existing uses of the sea surface, water column and
sea bed in the study area.

3.4 Summary of the findings and conclusions on relative merits of various
areas. In this analysis, conflicts and constraints of farm operations
with existing or proposed uses are identified. Research required to
£fill informational gaps is reported in each of the sections.

We decided to define the geographic scope of the study area as follows:

1. Seaward limit - the 100 fathom (183 m) isobath marking the edge of
the continental shelf as determined from NOS Navigation Chart 12300.

2. Eastern boundary - a straight line from the terminus of the New York-
Rhode Island boundary; as defined by the RB horn buoy at the northern
end of Block Channel to the 100 fathom isobath (NYDEC, 1977).

3. Northern boundary - the line connecting Montauk Point with the RB horn
buoy at the New York-Rhode Island boundary; the south shore of Long
Island; and the line from fhe jetty at Rockaway Inlet southwest to

the New York-New Jersey boundary line adjacent to Ambrose Channel.
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|
4. Western boundary - the New York-New Jersey boundary to Ambrose Horn,
continuing along the northern boundary of the Hudson Canyon to Ambrose

Traffic Lane to points of intersection with the 100 fathom isobath.
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The total larea defined above is nearly 20,000 kmz. The areas associated with

|
i
|

various dépth zones are indicated below:

. Depth Zone (km?) (mi?)

0-25 fathoms (0-46 m) 6,675 2,580
25-50 fathoms (46-91 m) 11,090 4,260
50-100 fathoms (91-181 m) 2,175 840
19,940 7,680

The study

region is shown in Figure 27.A.
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Task 3.1 Ecological/Environmental Criteria.

In this part of the study, only three of the nine local seaweed species under

investigation were considered for biomass farming. These are: Codium fragile,

Gracilaria tikvahiae, and Laminaria saccharina. The ecological/environmental

criteria developed in the Marine Biomass Program in New York State Waters, Final

Report for 1980, are:

Physical Criteria
Depth
Light
Current Velocity
Wave Action
Water Temperature and Seasonal Growth Patterns
Ice Conditions ,

Chemical Criteria

-
-

Nutrient Content
Growth Inhibitors and Toxic Constituents

Biological Criteria

Fouling
Interspecific Interactions

These criteria are discussed sequentially in this section, and conclusions
are drawn concerning the extent to which they can be applied in this study, given

the current state of knowledge of seaweed biology and farm design.

PRAysical Criteria
Depth. Codium and Laminaria normally require attachment to substrates for

optimal growth. Codium commonly attaches to exposed shellfish and grows best

at depths between 1 and 2 meters; Laminaria requires a hard substrate not

greater than 5 meters deep for optimal growth. Codium and Gracilaria can be grown
as free floating species.

Conclusions: Containment devices may be needed to hold Codium and Gracilaria.

A fixed substrate is optimal for Codium and Laminaria. Growth requirements dictate

that the water depth of substrate should be at least 5 m. Engineering considera~-*
tions involving mooring of modules, etc., impose additional depth requirements.

Potential sites must therefore have a water depth of at least 10 m.

74

. |

|

3 3 _3

— 3

3

—3 3 _13



3 T3

~3

TR T3 7)Y T3 TR T3

3 "‘3 —73 T3

3

~3 ﬁa__% ~3

Lighé. Light levels in the water column decrease as depth or turbidity levels

increase.fsracilaria requires high light intensity; Laminaria and Codium require

lower ligﬁt intensity. Determination of the light level (vertical penetration)
requiremeﬁts for optimal growth of the candidate species is the subject of
current research. Turbidity plumes from the Hudson/Raritan estuarine discharge
may significantly reduce light intensity. These plumes generally tend to follow
‘the New Jérsey coast.

Conc%usions: High turbidity areas should be avoided. Information on the

greatest depth of light extinction in the New York Bight is needed.

Current Velocity. The range of minimum current velocities that will

support'géowth is not well known at this time. Preliminary information indicates
that mini current threshold velocities on the order of 5 - 15 com-sac-l are re-
quired for the efficient exchange of nutrients and wastes from seaweed surfaces. In
general, ) e highef the current velocity,-“the greater the nutrient influx.
Conclusion: More biological information is needed before this criterion

can be applied.

Wave 'Action. Some wave action is needed to break up laminar water layers
on seaweed surfaces to disperse nutrients. Some waves enhance water circulation
and large waves impose critical stresses on plant tissues and engineering structures.
The effec#s of wave action are reduced as depth increases. The maximum stress that
seaweeds éan withstand before being damaged remains to be explored.

Conclusions: Areas subject to large wave action should be avoided. More

biologica; information is required before this criterion can be applied.

Water Temperatures and Seasonal Growth Patterns. Laminaria exhibits
highest growth rates from August to June when water temperature ranges from 6 to

16°c. Codium and Gracilaria grow fastest during the period May through October
|

at water temperatures up to approximately 26°c and demonstrate poorer growth when
the tempeLature is below 12°C. .

) Conc&usions: In general, Laminaria is a "cold water" seaweed and Codium

and Graci&aria are “"warm water" seaweeds. The range of seasonal water temperatures

|
in the surface layers needs to be determined to allow predictions of growing

season length for each species.
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Ice Conditionsl Sea ice poses engineering and biolegical limitations.

Frozen salt spray on structures above the sea surface in winter may cause design

problems.
Conclusion: Sea ice formation and patterns of drifting ice in the Bight

should be determined.

Chemical Criteria

Nutrient Content. Ambient nitrate, ammonia and phosphate levels and the
mass f£lux of nutrients are of major importance to plant growth. The two principal
sources of nutrients in the New York Bight are on-welling from the continental
shelf and the Hudson-Raritan estuarine discharge. Laboratory studies on nutrient
requireﬁents of seaweeds are in progress.

Conclusions: Site selection on the basis oé this criterion must await
completion of ongoing research. Information on site-specific nutrient levels

in the New York Bight is needed.

Growth Inhibitors and Toxic Constituents. Copper and other heavy metals can

be toxic to seaweeds. The toxicity impacts of various other pollutants on seaweeds
are not well known.

Conclusions: Information concerning seaweed tolerances to toxics and the
horizontal and vertical distribution of pollutants in the New York Bight is
needed. Highly contaminated areas should be avoided.

Biological Criteria

Fouling. Competition between seaweeds and fouling organisms poses important
problems for large scale farming operations. The distribution of fouling organisms
depends on water depth, current velocity and dispersal characteristics of the
organisms.

Conclusion: More information on fouling organism/seaweed/structure relation-

ships is required before this criterion can be utilized.

Interspecific Interactions. Interspecific interactions among the three
candidate species need to be investigated. Farm biomass may also provide a
significant food source for herbivorous organisms.

COnciusionsz Interspecies factors pertain primarily to farm design, not

site selection. This factor is not considered further.
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Task 3.2. | Results of Literature Search for Physical, Chemical and Biological
| Parameters of the New York Bight.
|

The purpose of this section is to summarize information germane to the
applicatio# of the ecological/environmental criteria previously developed.
Extensive Eibliographies on the New York Bight have been published. Current
data sourc‘s and bibliographic citations are maintained in computer form by
Environmental Data Service of NOAA and are available to users.

| Circulation Patterns
|
Circulation in the New York Bight is influenced by wind velocity and direction,
tides, waQer density, Coriolis effects and seabed topography. High spatial and
temporal variation in these factors causes a poorly defined circulation pattern
of high v§riability. However, a general picture of circulation within the Bight
can be dr#wn. A southwesterly current drift characterizes the western shelf .-
region whﬂle the eastern portion of the Bight experiences a net northwestern flow.
The result is a general counter-clockwise circulation imthe Bight proper, with
surface velocities of 5 to 20 cm-sec:‘-1 common off the coast. During the summer
months, however, strong sbutherly winds can reverse surface current directions
in western Bight waters causing a northward flow for extended periods.
Near-surface waters of the Bight tend to flow offshore while deeper, more
saline waters move shoreward. Howe?er, this tendency is subject to variation
depending jon wind direction and speed. Average current velocities generally
increase offshore and decrease with depth; for example, a 6 cm'sec_lcurrent
at a 2 m depth decreases to less than 4 cm'sec-l at 25 m and 1.5 cm~sec-'1 at 35 m.
Much |of the water flowing across the continental shelf in a southwest
direction|through the Bight originates in the Gulf of Maine-Georges Bank area
and experiences a net transport of approximately 2.0 x 105m3-sé51. Consequently,
the mean residence time of water within the New York Bight is in the order of

9 months.

Light Transmission

|
Alth?ugh vertical light transmission is a major influence on primary
production rates, surprisingly few data exist on this parameter in the New York
Bight. But, turbidity measurements in the form of transmissivity data have been
extensivery collected by the MESA New York Bight Project, NOAA.
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The mean photic zone light energy in the near-estuarine, or apex, portion of
the Bight peaks in August and reaches a minimum in December; typical values Ere
105 and 6 gcal-cm-z-da-l, respectively. Light extinction coefficients (measured
with Secchi disk) in the apex vary £from 0.2'1:1._l in November to 1.7'm-l in June.

At a station located five miles south of Shinnecock Inlet, extinction coefficients
range from slightly less than 0.2°m-'1 in October to greater than 0.8'm-l in August.
Phbtic zone depths are generally greater than 10 m in the apex and increase at

the outer apex. However, in June and July, photic zone depths are less than 10 m
at the inner apex. Reduction in light transmission is primarily related to the
concentration of nonphotosynthetic suspendéd particles.

Light extinction data from a station just east of Montauk Point, New York
are presenteq in Table 8. Photometer depths were recorded at levels of 75%, 50%,
25%, 10%, apd 1% incident light (-0.0 depth indicates photometer reached bottom
before the 1% transmission level was attained). ‘

The 1% light depth was generally greater for a station five miles south of
Shinnecock Inlet than for stations within‘%he apex; stations in the outer apex
tended to have a greater than 1% light depth than inner apex stations. See Figure
26.

Wave Height

Although wave heights are variable and difficult to measure, a brief account
of wave height characteristics in the New York Bight is presented. Greater than
50% of waves from all directions in the Bight have heights between 1 and 3.5 m.
The portion of waves greater than 10 m is about 2%. Between 30% and 40% of all
waves are from the southeast and, of these, approximately 27% are between 2 and
5.5 m. Wave heights decrease toward shore.

In December, between 60% and 70% of coastal waves are less than 1.5 m. Off-
shore, fewer than 50% of the waves are less than 1.5 m in height. Wave height
decreases throqgh the year reaching a minimum in August when 80 - 90% of nearshore
waves are less than 1.5 m and approximately 80% of offshore waves are less than

1.5 m. Wave heights increase from September until the December maxima are reached.
Seasonal Temperatures and Salinity Distributions

The seasonal cycle of water temperature distribution in the New York Bight

is well defined. During February, surface water temperatures near the coast
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Taﬁle 8 - Vertical Light Transmission Near Montauk Point, New York.

19| June 1973 Location 41°05.80'N; 71°46.30'W Depth: 1l6m
Photometer Depth (m) 0.6 1.2 2.3 5.0 -0.0
Transmission (%) 75 50 25 10 1
1
From: Hollman, R., (editor). 1976. Environmental Atlas of Block Island

and Long Island Sound Waters. Vol. II Physical and chemical data-
base at observed and standard depths 1970 -through 1973. New York
Ocean Science Laboratory Technical Report No. 0035.
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Figure 26.

MONTH

Annual variation in the 1% 1ight depth for the inner

apex (dashed Tines) and outer apex (dotted lines: Hollman
R., 1976) and for a station 5 miles south of Shinnecock
Inlet (solid lines: Wold, E. 1977).
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average approximately 2°c increasing to about 10°C farther offshore. As spring

approachesL coastal waters warm to 8°c while offshore temperatures remain relatively

unchanged

Pntil May. In the period May to June, nearshore temperatures average 17°

to 20°c wiEh a decreasing gradient to 7.5°c at the southern boundary of the Bight.

A strong thermal stratification is formed during this period. Maximum surface

temperatures of 24° to 26°c usually occur in early August. During autumn, local

winds cool| the sea surface and disrupt the thermal stratification. An average

temperature of 14° to 18% typifies surface shelf waters in October. As winter

approaches, cooling occurs most rapidly near shore with surface water temperatures

decreasinJ below 8°c. At this time, thermal stratification is established.

Temperatu

es continue to decline until the winter minimum of 2°C is reached in

late January.

|

The annual vatriation in salinity distribution in the New York Bight results

from seasonal changes in the quantity of river runoff, evaporation and precipitation

|

and the degree of mixing with more highly saline offshore slope waters. In late

February surface salinity values reach a maximum of 33°/oo on the inner shelf,

increasing offshore to 34°/oo at the shelf edge. Vertical salinity increases by

only O.OC‘)SQ/oo'm-l at this time. In May, the addition of freshwater from river

sources reduces the salinity to less than 32°/00 along the coastline; values of

1
33°/oo anq 34°/oo typify the southern border of the Bight. A vertical salinity

gradient éf 0.4""/oo-m-l is common near estuary mouths resulting from the high

influx of
spatially

mixing in

spring runoff. As summer advances, surface salinities in the apex vary
from 27°/oo to 30°/oo; offshore values approximate 32°/oo. Vertical

autumn increases nearshore surface salinity to~32°/oo and reduces the

vertical gradient to less than 0.005° /ooom-l by December. Surface salinity

continues

to increase until late February. Seasonal temperatures and salinity

distributions are presented in Table 9 and in Figure 27.A.

Occurrence of Sea Ice

There is no published information on the occurrence of sea ice in the New

York Bigh
telephone
to any la
Engineers

and Jones

t. Lt. Commander Leone of phe U.S. Coast Guard Service stated in a
conversation of 28 September 1981 that he doubted whether ice occurred
rge degree in the New York Bight. A report by the U.S. Army Corps of
(1965) claimed no ice problems along ocean frontage between Fire Island -
Inlets.
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Sector A

salinity °/oo
Temp. °C

Nitrate ug/1
Phosphorus ug/1
Chlorophyll a ug/1

" Sector 8

salinity %/oo
Temp. °C

Nitrate ug/1
Phosphorus ug/1
Chlorophyll o ug/1

Sector C

‘salinity /00
Temp. °C

Nitrate ug/1
Phosphorus ug/1
Chlorophyll a ug/1

Sector D

salinity °/o0

Temp. °C

Nitrate ug/1

Phosphorus ug/1

Chiorophyll a ug/1
Secfb} E

Salinity °/oo

Temp. °C

Nitrate ug/1

Phosphorus ug/1

Chlorophyll o ug/1

Sector F

salinity /oo
Temp. °

Nitrate ug/1
Phosphorus ug(l
Chlorophyll a wg/1

y s su F
3.6 30.4 29.8 3.9
2.8 5.6 18.9  14.8
9 43 i 39
2 1 22 27
1.3 10.9 6.4 3.8
W sp sy F
32.8 30.8 0.5  31.4
2.8 6.0  17.0 155
) 12 3 15
18 6 18 20
2.5 0.8 9.5 2.3
U 5P s F
3.2 32.1 N6 33.0
5.6 T.6.7 13.0 12.9
2 8 9 25
15 9 10 18
1.5 0.5 0.4 3.4
W sP S F
2.4 - 3.3 32.1 33.2
a.8 9.0 20.0 124
a2 12 6 2
26 13 12 23
2.3 1.7 1.1 3.6
W sP su F
33.8 33.5 2.0 34.3
12.0 12.0 21,5 15.2
78 8 8 13
15 5 4 12
0.8 1.4 0.2 1.6
W sP su F
33.2 33.6 3.2 3.4
9.8 1.8 22.1 17.2
75 7 6 22
16 6 6§ 13
0.9 1.9

1.0 0.3

in the Mew York Bight study area.
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_Table 9. Seasonal and geographic variation in water quality
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Distribution of Nutrients

The distribution of nutrients in the study area is primarily determined by
transport of ocean water across the shelf, and locally influenced by discharge
from the Hudson-Raritan estuarine system, direct dumping of waste materials into
the apex, and runoff from Long Island and New Jersey. It has been estimated that
approximately 4 billion kloda-1 of domestic wastes enter the New York Bight. These
wastes contain about 90 metric tons of nitrogen and 36 metric tons of phosphorus.
Inorganic phosphorus concentrations are highest at the apex, decreasing toward
the southern boundary of the Bight. In January, surface values along this gradient
range from approximately 30 ug-l-l to less than 10 ug'l-l. Bottom waters tend to
have slightly higher concentrations due to depletion of inorganic phosphorus in
the photic zone. Seasonal variation is minimal. However, the spring aigal bloom
reduces phosphorus concentrations near the apex to approximately 18 ug-l-l in May.
Surface nitrate‘levels in the apex show a seasonal decline from about
60119-1"l in Februwary to 8 ug-l-l in July. In April, a concentration of 110 ugol-l,
resulting from spring runoff, presents an exception to thé general downard trend.
Nitrate concentrations increase steadily from the July minimum to thé February
values. Offshore surface waters in the Bight geneally exhibit lower nitrate levels
than apex waters. Seasonal distributions of phosphorus and nitrogen are presented

in Table 9 and in Figure 27.A.

Heavy Metal Concentrations

At present, the effects of heavy metal concentrations on algal tissues are
largely undetermined. A summary of the distributions of these potentially harmful
constituents is presented here. Iron levels in the top 5 m of apex waters range
from about 200 ug-l_l in January to an average of 40 uq-l-l for the remainder of
the year; the background level for iron in the open ocean is 10 ug-l-l. In April,
a secondary peak of 30 ug°l-l results from the spring runoff input. Concentrations
decline with distance from the apex. Unusually high iron concentrations are in-
dicative of acid-iron waste discharge at the acid waste dump site.

From Januaryto May, copper levels in the apex decrease from about 4.7 ug'l-1
to 3.5 ug-l-l. Subsequent increases during summer average greater than 8 ug'l-l.
A value of 3 ugol-l typifies open ocean waters.

surface cadmium-concentrations decline from a peak of 8.9 ug-l-l in February
to less than 0.5 ug-l_l in May. During July and the remaining summer months,

concentrations average 1.5 ug‘l-l and 0.8 ug'l-l, respectively. The background
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level foricadmium in the open ocean is 0.1 ug-l-l.
Datazon zinc concentrations are limited. In February, August, and September,

surface lévels approach 40 ugol-l. A concentration of 20 ug-l-l is documented

for October with a subsequent increase to 35 ug-lml in November. A representative

backgroun§ ocean level of zinc is about 10 ug-l-l.

1

Manganese concentrations in the apex of less than 1 ug-l- in February are

lower than typical open ocean values of 2 ug’l-l. Surface manganese levels in-
crease to| 28 ug'l-l in April. Mean concentrations vary from 5 ugol-1 to 15 ug‘l-1

during the remainder of the year.

Productivity

Primary production in the New York Bight is affected by vertical mixing,

light transmission, temperature, and the availability of nutrients. The relative

importance of these parameters as limiting factors to productivity is equivocal.
However, fn general, lower quantities of Altrogen during summer and lower water
temperatures arid light levels during winter tend to limit primary production
during tthe seasons.

Increased solar radiation and water temperatures and the relaxation of winds
reduce thermal stratification in March and April resulting in a phytoplénkton bloom.
At this time, vertical mixing transports'nutrients from bottom waters to the surface;
chlorophyll a concentrations reach about 19 ug']."l in the apex. During summer,
surface wEters warm more rapidly than bottom waters, re-establishing thermal

stratification which prevents mixing. Consequently, the nutrient supply is de-

creased and chlorophyll a values fall to 4 ug~1-l. Chlorophyll a-concentrations
remain at| this level until October when vertical mixing replenishes nutrients and
and autumn bloom results. After the autumn bloom, productivity declines until
February. At this time, chlorophyll a concentrations increase to 6 ug'l-l in the
Bight apex. In general, productivity decreases offshore, with typical chlorphyll
a levels of 1 ug°1-l and 0.5 ug°l-1 at the southern Bight boundary during spring
and fall,| respectively. Data on seasonal distributions of chlorophyll a in the

Bight are| presented in Table 9.

!
I
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mask 3.3. Inventory of uses of the sea surface, water column and sea bed in the
New York Bight.

Commercial Fishing

The New York Bight lies within the larger Middle Atlantic Bight and represents
an ecotone between several discrete environments. Partly as a result of its
location, and partly as a result of its submarine geology, the New York Bight is
inhabited by a wide range of fishes from the boreal, oceanic, tropical and
temperate water groups at various points in their life cycles. This association
forms the resource base for the commercial fishery in the New York Bight region
and is exploited by both foreign and domestic fishermen who fish for a variety
of species.

Developing an accurate picture of commercial fishing activity is a difficult
task. Compiling fishing statistics presents a myriad of problems; £ishermen
tend to be transient and adamantly irndepefdent. This attitude prevents the
compilation of dependable statistics for almost any aspect of the industry,
especially the location of where fish are caught. ' ’

Foreign fishing fleets account for a significant amount of the fishing effort
which takes place in the Mid-Atlantic region. Traditionally, foreign fishermen
have followed fish populations that move north in the summer and south in the
fall during their annual migration. With the advent of modern fishing techniques,
the foreign fleet has diversified and become more intensive. The level of foreign
fishing activity peaked in the mid-1970's. In 1977 the number of foreign
fishing vessels observed in waters off the northeastern U.S. from Georges Bank
to Cape Hatteras ranged from 291 in February to 21 in July with an average of
127 per month. It is not possible to precisely locate where this foreign fishing
activity presently occurs.

The domestic component of the New York Bight fishery consists of fishermen
with home ports from Maine to South Carolina, but is especially important to the
states of New York and New Jersey. An analysis of 1980 National Marine Fishery
Service data indicates that there are approximately 285 commercial fishing vessels

(of at least 5 tons) in New Ydrk and 751 in New Jersey. The majority of these
vessels are trawlers and dredges. While not all of these vessels utilize the
Bight, the majority of their fishing is done in Bight waters.

Only general data on the location of domestic fishing activity in the New -
York Bight are available.» These data have been grouped under broad statistical

areas used by the National Marine Fisheries Service. As a result of this
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informatiohal shortfall, several methods have been developed in an attempt to

!
locate fishing activity. One approach is to locate prime habitat areas as an
indication of where fishermen will fish. This approach was used by the Bureau of

Land Management in its analysis of proposed oil and gas lease sales. Another

|

method is to use data compiled from trawler surveys. The final option is to ask

fishermen where they fish.
The diff1culty with applying these techniques is that they tend to generate

results encompassing the entire study area. An attempt was made to combine the
methods 14 order to indicate which areas within the New York Bight are the most
important!to commercial fishermen. The major data sources for this synthesis were
uU.S. Deptj of Interior, Bureau of Lénd Management, OCS oil and gas lease documents,

National Marine Fishery Service documents and maps prepared by the Long Island
Fishermen s Association.
This

areas of commercial fishing activity. From this map it can be seen that there are

analys;s is presented in Figure 27.B. and can be used to Lndlcate general

four major components to the commercial fishery of the New York Bight. The near
shore fisﬂefy forms a belt within about 30 km of the New York-New Jersey shoreline
and is based on fish such as striped bass and weakfish. The second fishery is
associateé with the continental shelf break and the various canyons in the Bight,
and is dependent upon such species as the tilefish and butterfish. Important sea
scallop aid ocean quahog fishing grounds make up the third component.of the Bight
fishery. |The final area of commercial fishing activity is the zone between 10

and 70 km| off the coast of New Jersey; this is the traditional bastion of the surf
clam industry. These commercially important f£ishing grounds are not mutually
exclusive and tend to overlap to varying degrees. It should also be noted that
fishery resources are based on biological conditions which are highly variable

and in constant flux.
Recreational Fishing

- As al result of increased leisure time, greater affluence and increased

access, participation in marine recreational fishing has reached new heights.
This is especially true for areas such as the New York Bight, which is adjacent
to the highly urbanized New York metropolitan area and is accessible to residents
of the entire northeastern United States.

Recreational fishing in the New York Bight takes a number of forms. How-
e§er, in the context of site selection for a marine biomass farm, fishing from

boats represents the most significant possible conflict with farm operation.
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|
The location and intensity of this activity is highly variable and dependent upon

a wide range of factors. Despite this variability, it is possible to make some

|

generalizations about the use of the Bight for recreational fishing.

Infor&ation regarding the numbers of marine anglers wutilizing the New York
Bight is fragmentary and inconclusive. Approximately 5.3 million people participated
in marine recreational fishing in New York and New Jersey waters yearly during
the mid—19%0's. There are about 103 party boats and 154 charter boats on Long
Island; mést of these are capable of ocean operation. When this figure is combined

l
with the 100 party boats and 225 charter boats on the Atlantic Coast of New Jersey

and privaté craft, of which there are an estimated 1.1 million in New York and
New Jersey on fresh and marine waters, it is likely that a significant portion of
the 5.3 million marine anglers utilize the waters of the study area, at least
occasioﬁally.

Although some recreational fishing takes place year round in the New York
Bight, fishing tends to be concentrated in-the period from March/April to about
October/November. The peak activity occur; in the summer months of June, July and

August.

The location of recreational fishing tends to be concentrated near-shore

and around%various south shore inlets. Due to the generally flat topography of

the sea fl%or in the New York Bight, boats that venture offshore tend to congregate
around str#ctures that attract and hold fish, such as reefs, wrecks and rock out-
croppings ét canyon heads. Thus, while it is not possible to locate exactly where
all recreational fishing takes place within the New York Bight, important features
relating to recreational fishing are shown in Figure 27.C. The map locates major
artificial| fishing reefs, popular fishing grounds and popular wrecks. The level

of activity at any of these locations varies both seasonally and from year to year.

Military Activity

A 1ar§e portion of the study area is contained within the Narragansett Bay
(Military) Operating Area which extends from the Hudson Canyon east to Block Canyon
from approximately 10 miles offshore to beyond the shelf break. These areas have
been established for training of surface, submarine and air units in addition to
providing designated zones for testing ordinance, aircraft and ships of the U.S.
Armed Forces and other Federal agencies. The types of operations that take place
within these operating'areaﬁ include but are not limited to, subma;ine operations,
gunnery practice, sea trials, radar tracking and general warship operations.

The public is not generally precluded from using operating areas, and mariners
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are notified of military operations that may interfere with navigation through

local Coasé Guard Districts. The amount of surface area utilized by military op-

erations is highly variable and difficult to document.
{

It is

%not known if military operations would receive priority over a biomass

farm. Of primary importance in this region are submarine activites associated

with the b

ase located in New London, Connecticut. The defense implications of

biomass farm location and operation should be addressed in the future. Responsi-

bility for
Bay Operat

idirecting and coordinating military operations in the Narragansett

ing Area rests with the Commanding Officer, Fleet Area Control and
]

Surveillan¢e Facility, Virginia Capes, Virginia.

Devel

l

0il and Gas Development

opment of the Outer Continental Shelf (OCS) resources will result in

the displacement of.some of the traditional uses of shelf waters, and preclude

some future uses. This displacement may be the result of exploration, development

or transpo

rtation activities associated with OCS energy development. The New York

Bight is particularly sensitive to the impacts of OCS energy development due to its

location a
The 1
responsibi

the junction of the North and Mid-Atlantic regions.

?asing of OCS tracts for oil and gas exploration and development is the

lity of the Bureau of Land Management's (BLM) Outer Continental Shelf
\

Office. BIM in conjunction with various other Federal agencies (and public input)
selects areas with potential oil and gas reserves, conducts competitive bidding for
likely areas and leases these areas to interested parties. To date, there have

been two lease sales in the Mid-Atlantic region (#40 and #49) and one in the North

Atlantic (

#42), with one pending (#52 tentatively scheduled for October, 1982).

Most of the area leased in previous sales is.outside the study area. Current

interest s
along the
Trough. H
l64, 206,
Each tract
#40 and #4

continue.

. finds of

In ad

on the she

eems to be greatest for areas along the continental shelf break and
ancient submarine reef which runs along the edge of the Baltimore Canyon
owever, as a result of lease sale #49, Exxon has leased 5 tracts (#163,
207, and 208) within the study area; they are shown in Figure 27.D.
consists of 5,693 acres or about 9 square miles. As a result of sales
9, some exploration has taken place in this region and is expected to

As of this time, éhe 0il companies have not announced any commercial
oil or gas in the region.

dition to the tracts held by Exxon, tﬁeré are a number of current leases

Lf to the east and south of the New York Bight, just outside the study

area. There are also tracts, also just outside the study areé, which may be leased
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under Nortﬁ Atlantic Sale %52 scheduled for late 1982. Should any of these yield
commercial}y significant amounts of oil or gas, there exists the possibility of
renewed inéerest in sites within the New York Bight not leased at this time.

The de%ree of conflict between OCS energy activities and other uses of OCS
waters varies over the life of the resource development project and ig directly
related toithe amount of oil and gas discovered. The most significant conflicts
would be expected to occur during the peak production years. Current projections
for the amount of commercially exploitable oil and gas in the Mid-Atlantic range
from a low|of .36 billion barrels of oil and 1.9 trillion cubic feet of gas to
a high 7.3/ billion barrels of oil and 28.3 trillion cubic feet of gas. If a

commercially significant amount of natural gas is discovered, it is likely that

it would be piped to existing facilities through new pipelines. Current tentative
plans do an call for any landfalls of these pipelines on Long Island or any
major pipeiines within the study area.

To th4 exten£ that recovered petroleuq products replace imports, net tanker
traffic patterns into and out of the Port of New York and New Jersey may change
as a resuyt of the number of platforms deployed, their placement and timing. .
This coul# result in a significant increase in the number of tankers and barges
utilizinggthe studg area. Support vessels necessary for oil and gas development

could also add to congestion in the Bight.

Transportation and shipping

One of the possible conflicts with the marine biomass farm involves the most
tradition’l use of the New York Bight: transportation and shipping. The New
York Bight contains the Port of New York and New Jersey, America's busiest port.
This port|is the most important in the nation in terms of cargo and is also a
leader in passenger ship handling. ’

Volume of vessel traffic utilizing New York harbor is compiied by several
agencies.| The Maritime Association of the Port of New York and New Jersey reports
6,723 ves?els calling 65 Port Authority facilities in 1980. This number does
not include internal harbor traffic or movements of tugs and tows. Additionally,
a significant amount of petroleum product and construction materials are trans-
ported through Rockaway, East Rockaway, and Fire Island Inlets. The volumes of
these and sizes of vessels employed are highly variable. It is estimated that
East Rockaway receives 12 -~ 14 barges per week, and Fire Island, about. 42
vessels er year. '

Locating exact routes used by waterborne commerce is not feasible. However,
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large tankers and other vessels entering Mid Atlantic ports often use designated
Traffic Separation Schemes (TSS) developed by the International Maritime Consulta-
tive Organization (IMCO). Vessels of IMCO member nations are required to abide
by IMCO regulations while using TSS lanes. These regulations are not intended to
supercede, or in any way alter, applicable rules of the road. The TSS consists
of an inbound lane, an outbound lane aﬂd a separation zone. This scheme is
recommended for use by vessels approaching and departing from major harbors. but
is not necessarily intended for tugs, tows or other small vesselswhich traditionally
operate outside the usual steam lanes or clpse inshore.

The New York Bight contains three TSSs: Nantucket to Ambrose, Hudson Canyon
to Ambrose and Barmett to Ambrose. The Nantucket to Ambrose Traffic Lane bisects
the study area as shown in Figure 27.D. The Hudson Canyon to Ambrose Traffic

Lane abuts . the western limit of the study area.
Ocean Dumping

Ocean dumping has been a solution to a variety of waéte disposal problems in
the New York metropolitan region. Formal agreements regarding the location of
dump sites in the Bight date back to at least 1888.

Dump sites are segregated by material input type. There are five sites within
the Bight: dredged material, sewage sludge, cellar dirt, construction debris,
acid wastes, and wrecks. In addition, there is a chemical waste site located at
the outer boundaryof the Bight. The location of these approved dump sites is
listed in Table 10 and shown on the map (Fig. 27.D.). None of these sites are
within the study area.

The level of activity associated with ocean dumping is variable but has
tended to slightly or sharply decrease according to the type of material dumped.
For example, the approved site for dumping of wrecks has been used sparingly in
recent years. Only eight vessels were dumped at this site between 1960 and 1977.
The acid dump site is currently utilized by only two companies (NL Industries and
Allied Chemical), both of which are under EPA imp;ementation schedules to reduce
or phase out ocean dumping. Use of the cellar dirt.and dredged époil sites is
directly related to éhe level of construction and harbor maintenance projects
in the metropolitan region.

Ocean dumping of sludge has come under increasing scrutiny in the last decade
and was scheduled to end in 1981. It now seems likely that dumping will continue.
At present there are 12 vessels (six barges and six tankers) that have EPA

permits to transport sewage sludge to the existing site. Using estimates of the
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total sewage sludge dumped and the average carrying capacity of the sewage hauling
fleet, it is estimated that approximately 1,100 vessel trips are made to the

sewage sludge dump site each year.
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Task 3.4.{ Summary

It is obvious from this preliminary siting analysis that gaps exist in the

available

environmental information characterizing the study area. Monitoring

projects carried out to date in the Bight have been designed to understand the

fate and effects of contaminants, fishery resources and other limited topics.

Specific ?tudies will have to be undertaken to evaluate specific potential sites.

The desig# of these studies must await completion of research on environmental

requirements for biomass production.

It i

not possible, at this time, to rank sites for biomass farming.

However, locations in the study area where conflicts with other uses are apparent,

can be identified now and through a simple process of elimination, areas posing

minimal conflict can be identified. Whether or not a specific area with minimal

conflict is a suitable site for a farm will depend upon the match of its environ-

mental chgracteristics with seaweed/produgtion strategy requirements.

Uses

recreatio

‘potentially conflicting with farm operations include commercial and

al fishing, military operations, OCS oil development, shipping, and

ocean dumping. In general, the commercial fishery is concentrated within a 30 km

belt along the New York-New Jersey shoreline, along the continental shelf break

and the wi

ious canyons in the Bight, and in a zone between 10 and 70 km off the New

Jersey coast. Recreational fishing vessels tend to congregate nearshore, around

various south shore inlets, and around offshore reefs, wrecks and rock outcroppings.

The farm Lite should be established outside these areas to minimize interference

with co
Most
Operating
potential
ocs
operation
contingen
commercia
oil be di

and barge

rcial and recreational fishing ventures.

of the study area is located within the Narragansett Bay Military

Area. Coordinated planning efforts would be necessary to minimize
conflicts between biomass farming and military interests.

pil and gas development activities might present obstacles to the

of a farm in the Bight. The future level of OCS activity will be

t uponvthe quantity of petroleum hydrocarbons. At present, only non-

1 quantities have been found. Should commercially significant amounts of
scovered, the Bight could experience several impacts: increase in tanker

traffic to and from the Port of New York and New Jersey, congestion from

support stsels and platforms, and the risk of oil spills. Exxon owns leases on

five tracts of apbroximately 23.2 km2 (9 mi2) each in the study area.

Tran

portation and shipping activities concentrate along coastal regions and

near apprpaches to harbors and inlets. Designated Traffic Separation Schemes

serve to

restrict traffic to major shipping lanes. These schemes are recommended
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for use by large tankers and other vessels approaching and departing from major
harbors, but are not necessarily intended for tugs, tows or other small vessels
which traditionally operate outside the usual steamer lanes. Obviously, farm
locations should be excluded from the traffic lanes.

Ocean dumping sites should be avoided. Their effects are local, however. In
contrast, high nutrient concentrations from estuarine outflow favor . proximate
locations' of farms. These trade-offs will have to be considered during the site
selection process.

Figure 27.E. has been prepared showin§ three sub-areas within the study area
apparentlf posing minimal use conflicts with the siting and coperation of a bio-
mass farm. Sub-area 1 is located approximately 26 km southeast of Long Island
and northiof the Nantucket to Ambrose Traffic Lane. Sub-area 2 is located approx-
1mately 80 km from Long Island and 200 km from the Port of New York and New
Jersey. Triangglar in shape, sub-area 3 is located between the Ambrose to Nan-
tucket anh Hudson Canyon to Ambrose Traffic Lanes and, at its closest point, is

66 km froF the Port of New York and New Jérsey.

Additional research will be required to determine which of the three sub-
areas is optimal from the environmental point of view. Seasonal water temperatures

vary significantly among the three sub-areas. Primary production, as measured
by chloroLhyll a concentration, appears to be highest in sub-area 1, followed by
sub=-area ;. Nitrate levels in sub=-area 2 are slightly higher than in sub-area 1.
Whether o% not these environmental differences are significant enough to warrant
selection of one sub-arxea over another cannot be determined at this time.
Available data describing the light field in the study area is scanty.
This is a significant data shortfall and studies to obtain information on light
profiles and their seasonal variability will be required. The availability of
salinitygtemperatura and nutrient data obviate the need to conduct surveys of

these parameters.
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Task 4. ALTERNATIVE DESIGNS FOR RAFTS AND TEST FARM MODULES

The engineering aspect of the marine biomass project has many facets, all
of which are closely related to biological and economic considerations. An effort
has thus been made to introduce into our concept project a systematic evaluation
of the results obtained by the biology team, always recognizing that raft or farm
structures must be built to support living organisms in an extreme environment.
Economics have and will continue to play a central role in all engineering design
considerations. Structures which have realistic cost/strength ratios together with
reasonablyiachieved station keeping capabilities have been designed for deployment
in Long Is@and Sound.

The p%eliminary engineering design program ranges from simple test rafts
to more' fully functional prototype rafts, correlated with novel mooring systems.

It is not Lecessarily intended that the designs discussed here are to be scaled

up, but rather to suggest design possibilities and problems which have been

encountered.

This task mainly involved raft and mooring-line considerations. Modular
rafts were;constructef of PVC pipe and extended with conveyor-belt type material
and nylon fasteners. This approach is both simple and economical. It is possible
to constrdct nuﬁerous rafts énd to link them together in a relatively straight-

forward manner. Qualitative considerations and computer-based calculations led

to the coﬂclusion that such a system would be viable in the expected sea states
anticipatéd for the various proposed sites. In fact, the modules, composed of
rafts and?nylon seaweed substrate material, are stiff, strong and easily deployable
structures. It is expected that a system comprised of these structures could act
as a workable small-scale test farm for early on-site biomass studies.
The design program has been segmented: basic structural design in light
of environmental conditions; materials parameters; and mooring considerations.
Specifically, we are concerned with issues of location, cost, materials, size,
etc. At this time little will be offered on engineering design projection, except
to say that continous harvesting will eventually be a high priority concept. To
appreciate the structural requirements for marine biomass conversion, consideration
must firsﬁ be given to a wide range of design needs:
1) ihe nature of the seaweed will ultimately determine the actual
Qtructural design. Most seaweeds have a holdfast and, thus, need
4 substrate on which to attach. However, some species can grow free
floating, requiring only simple containment. Relative to this are
£

the possible benefits of growing different species of seaweed
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2)

3)

4)

5)

6)

7

simultaneously at different levels within the structure.
a) It is desired to employ species having high productivity and

which survive winter conditions without disintegrating.
b) The simplest technology is preferred. The emphasis is on

floating or short;stiped species as opposed to long-stiped

forms or those requiring complek holdfast or support arrangements.
Material used for the structure must be inert with respect to sea water
degradation over a prolonged. period. Since an ideal structure is
conceptualized as being essentialiy permanent while the seaweed is
periodically harvested, the strucuture must not corrode or deteriorate
at an appreciable rate. Thus, the material strength-related parameters

. must be relativeiy constant with respect to sea water.

Material comprising the structure must be non-toxic with respect to
the seaweed or other sea life.

The structure is envisioned as “yielding" with respect to wave
systems. There are two alternate methods of considering wave
fluctuations: a) The structure is strongly fixed and rigid, so
that any wave impinging on the structure will disintegrate; b) The
structure will be flexible and thus accommodate -any amplitude and
frequency of impinging wave front. (Such a structure is envisioned
as modular in nature, each unit being independently connected to
another.) A wave-flexible system is of special interest because it
receives less stress and requires less supportive material which
increases cost and weight.

The size of 'the structure is crucial to its design. For example, a
large structure would need many segments (units), making unit size
increase advantageous. The modular concept has many advantages such
as ease of repair; no size limitation since additional modules can
be added; simple construction and deployment.

Harvesting must pe considered in design, the process being straight-
forward and not labor-intensive.

The structure must be ballasted at some level above the sea bottom.
Many methods are possible for ballasting, but perhaps the simplest
is to have floatation connected to the anchored modules.

The initial design and construction period resulted in.the fabrication

of modular raft systems. Additionally, a number of new concepts have been

introduced by Stony Brook engineering students as senior design projects.
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1. Modular Raft Design

C. Berger & L. Berger
2. Rope Culture Raft Design

E. Cantwell & L. Rosenfeld
3. Octagonal Modular Growth Raft

D.C. Sawin & D. Siegal
4. Cylindrical Growth Raft
R. Florio
S. Multipod Growth Raft

J. Brenner & J. Bousheed
6. Floatation Systems
. K. Van Camp

7. Floating Tire Breakwaters (FTB)
E. Cantwel;

8. Mooring Systems .
S. Birbiglia, R. Whitebread, & R. Gukain

1. Modular Raft Design

|
C. Berger and L. Berger- -

This [design was developed for culture of floating or partially buoyant
seéweeds. Its design is of individual cubic modules about 5' on a side which can
be combined to make larger units.

Individual sections are constructed of 2 1/2" diameter PVC pipe joined by
appropriate elbows, tees, and couplings (Figs. 28-30). Nylon mesh bags were
utilized in the original fabrication. These were attached to the supporting
framework |in a fashion which allows for quick-release and harvesting by collection
of the en%ire bag. The bag may, itself, be partitioned horizontally.

The components of the frame are neutrally buoyant because seawater may enter

the pipesT Floatation is achieved by polye%ﬁylene blocks mounted on the frame.
Modules may be connected by conveyor-belt type materials attached in such a
fashion as to provide flexible response of  the system to wave motion. Belting
couplers %xe secured with nylon bolts.
Computer simulations of this design have shown that extended arrays such
as that shown in Figure 30 would survive in the wide wave spectra of Long Island
Sound.
This|was the first design concept fabricated and deployed. We have found

PVC pipe to be an excellent material for raft construction. However, field
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trials with mesh indicate that this material is easily damaged by "visitors" or
in handling and is quickly affected by fouling. Advanced designs would require

.

L.
courser materials, perhaps rope.

2. Rope Culture Raft Design
E. Can&well & L. Rosenfeld

The question of the attachment of plants to a growing structure was examined.

There is expectation among the biologists that eventually algal spores will attach

directly to the structure (i.e., employing it as a growth substrate).

The system which best accomodates these needs is one being used in all the

|
major seaweed culturing facilities of the world. It uses woven polypropylene

rope, the strands of which are untwisted at a point until a space is created,
this being the point where a plant is inserted and the space closed. The plants
can be spaced at any desired distance from one another. 1In actual practice the

holdfasts[of a plant would attach directly to the rope as spores settled and

grew on them.

The rope culture farm is very simple, consisting of an open gridwork of
rope (Fig. 31). There are numerous ways in which the grid can be moored. A key
advantage iof the rope culture system is that by leaving a sufficient amount of

slack in the gridwork, it can move freely with the waves. This flexibility creates

little stress on a plant at the attachment point. Therefore, the attached algae

are not damaged due to accelerations relative to their substrates. Also, since
the rope culture farm is an open structure, the plants are not deprived of

sufficient sunlight and nutrients due to fouling or large surrounding support

structures.

A disadvantage of the rope culture farm is that it is not able to accommodate

unattacheA seaweed species. Also,vertical motions are not as troublesome; the

|

system must be moored to the bottom limiting lateral movements. Strong currents

could give rise to lateral accelerations between plant and substrate. A method

for dampigg lateral motion through various mooring schemes will be discussed
later.

TWO iandidate rope materials are nylon and polypropylene. Nylon is the more
expensive, stronger, negatively buoyant and will deform up to 400% before breaking.
Polypropylene has limited plasticity, but has a fracture strength on the order
of 103 psg and is also positively buoyant. Fouling will occur with both nylon
and polyp%opylene materials. Overall, due to a lower price agd positive buoyancy,

polypropylene seems favorable:
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The répe culture farm has considerable potential for scaling-up. The grid
might be sLspended from a flexible, rectangular frame constructed of buoys and
conveyor-belt (Fig. 31). Each corner of the frame is moored to a different
anchor, the four anchors being lined up in a rectangle somewhat larger than the
grid rectaggle. Slack in the mooring lines allows for lateral and horizontal move-
ment of thL grid and aids in shape retention. In case of a violent lateral current,
one or morL of the mooring lines becomes taut. Further current-induced motion
forces the structure to move horizontally and vertically down. The upward force
of the buoys then conveys a restoring forcé. By using proper buoys, the effects
of strong, sudden storm-induced currents aﬂd other extreme conditions can to

some extent be dampened.

3. Octagonal Modular Growth Raft

]
D.C. Sawin & D. Siegal

The ‘crystal-structure" raft design &eparts from the typical, less rigid

structures which have been employed previously. It is a regular octagon, which

was chosen over simpler geometric shapes because it most closely approximates a

circle, e most stable structure within a fluid.. The framework of this structure

consists of PVC piping connected by means of 45° angles, tees and connectors,

all of th1 same material (see Figs. 32 and 33). In order to maintain the structure's
rigidity jnd to seal the joints from the exterior environment, a very strong, water
repellent adhesive is used. The external framework is 12 feet long (4 feet per

side of oTtagon) and 6 feet in height. 1In order to stiffen the outer framework
and supply an inner network, a metal grid (Fig. 32) of 4 foot lengths welded to-

gether is attached internally. This network consists of tees and inverted-tees

so that the grid for the plants may be secured. (Figs. 34 and 35.)
Of utmost importance is the configuration of the plan supporting mesh (or

netting) with respect to the plants' growth habit. At the base, or foundation,

a very finely meshed net is attached surrounding the diver's 'hole', so that

it acts as a filter and traps the released spores enabling continuous re-seeding.

The next highest one or two meshwork(s) are of proportionally larger mesh-

plants to| remain disentagled, (c) the flow of water and nutrients to be undisturbed,

and (d) individual plants to be studied and their growth rate recorded. These

two primary shelves of mesh can be used for two different species of seaweed

size. Th(s allows (a) the holdfast of the seaweed to attach, (b) the individual

(i.e. Laminaria, Codium), depending upon the time aof year and amount of sunlight.

The activg species is placed at the top, with the-dormant variety placed approx-
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imately two feet below. The mesh gridwork is attached to the metal frame through
plastic connectors. In the spring and fall the mesh gridworks can be switched
so that the active species is on top. The plants are harvested and then the base
mesh serves as the new shelf.

Screening covered with polymer encloses the sides of the structure in orxder
to dissipate wave action amongst the plants. The main purpose of this screening
is to break-up the wave action while still allowing water flow through the
"barrier.” By allowing water flow through the structure, lateral stability is

increased, such that only bottom and top mooring is required. The polymer coating

on the screening is used to prevent fouling.

The top of the structure is totally open, excluding the eaves at the edge.
These eaves add to the stiffness of the structure and act as a lip to keep plants
from getting caught on the edge.

The octagonal shape lends itself to expansion through connecting a series

of the single cfystal units to form “organic" wave "forgiving™ systems. Through

the use of universal joints between two uﬁits, the system can be expected to "roll"

or flow with the wave motion. Furthermore, in this expanded mode, the volume
common to the corners of four units is sufficiently large to permit diver access

for inspection of plants.

4. Cylindrical Growth Raft

R. Florio

An early design involved a raft in the shape of an inverted cone. The top
has a 4 foot diameter ring, intended for diver access, and a 10 foot diameter
base which is the seaweed substrate. Suspended from the top ring are two 12
foot bars which, together with another foot diameter ring connected to it at the
same level as the base, constitutes the heart of the system. The top and bottom
rings are connected by large mesh in order to reduce wave action. A rope net
for culture is attached to the innei lower base.

This design has a number of good points, but some problems as well which
require major modifications. The advantages are:

(1) Large growing surface.

(2) Cost efficiency.

(3) Easy access for divers.

The disadvantages are:
(1) Wwhen fouled, sunlight is blocked from the seaweed.

(2) The structure is too weak to withstand constant wave action.
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A further design was necessary that has increased structural integrity with
access to sunlight even under fouling conditions. The second version has a 4 foot
diameter ring for diver access at the top and a 24 foot diameter ring as a base.

A third ring, 24 feet in diameter,is situated 7 1/2 feet above the base. The top,
middle and base ring are all connected by tubing. The raft is meshed only around the
two large rings.

The advantages of this design are:

(1) Strength.

(2) Easy access to sunlight under fouling conditions.

5. Multipod Growth Raft
J. B;enner & J. Bousheed

This aesign uses a series of essentially, unconstrained, buoyanf disks as
seaweed attachmenf surfaces. These can most properly be thought of as a number
of small r#fts (multipod growth rafts or “iilypads“) tethered to a larger frame.

The L%lypad Field design is intended as an alternative to the rope-culture
concept. A buoyant disk with a single central tether will have considerable
freedom t+ move side-to-side. Similarly, it can be seen that the disk wou}d be
free to mo%e downward (with only a slight buoyancy force to overcome). Vertical
motion can be achieved in several ways. The one presented here assumes that the
lilypads are tethered in groups of three or four to lightweight one-inch OD PVC
pipe. These pipes must be heavy enough to overcome the buoyancy of the lilypads,

however, s? that when mounted loosely in vertical slots, they will be free to slide

upward.

6. Floatation Systems
K. Van}Camp

A. Motion Attenuation of a Submerged Raft by Motion Averaging

Restriction of vertical motion of a submerged raft is of paramount importance
in the design of the mcoring and buoy system. Consequently, we have investigated
several syétems for reducing this motion; one is the system of motion averaging.
The Concept of Motion Averaging

It is necessary to have the raft directly attached to surface buoys, so that
the raft may rise and fall with the tides, always maintaininé a set distance from
the surfacé. The difficulty with traditional methods of attaching rafts to buoys
(i.e., direct cable connection) is that the raft responds to surface waves. Instead

of connecéing a corner of the raft directly to a single buoy, the raft can be
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connected to the center of a pipe connecting the two buoys. The effect of this
system is that the raft moves vertically a distance that is the arithmetic average
of the vertical displacements of the two buoys. If a wave travels as shown in

Fig. 36 and the spacing between the buwoys is one-half the wavelength, then the

raft will not move at all, this being the best possible case. The worst possible
case is when the spacing equals the wavelength or a multiple of the wavelength, or
when the wave is moving in a direction perpendicular to the plane of the paper.
Then the raft will move as much as the height of the wave. Between these two
extremes is a wide range of possibilities, all of which tend to reduce the vertical

displacement of the raft.

Applying Motion Averaging to Real Wave Conditions

In ﬁost cases, the system depicted in Fig. 36 will significantly reduce raft
motion. However, one cannot design for most cases, and , obviously, the worst
possible case condition is the most important. Only a few sudden accelerations of
the raft can destroy a large part of the séaweed crop. Since the worst possible
case would give the raft a displacement equal to the wave height, this is an
unacceptable condition. .

The solution is to create.a multi-level system, as shown in Fig. 37. Instead
of connecting the raft directly to the pipe between two buoys, anoither set of ropes
and PVC pipe is connected to the two initial pipes. At the center of this second
level is another connection point, to which the raft may be attached. It should
be noted that the pipes marked as "spacing bars" do not contribute to motion
averaging; they are present only to maintain constant distances between the buoys.
However, this system may be continued a step further: A third level may be
added by using eight buoys instead of four. A pipe-rope combination would connect
the two second levels in the same way as were the first two levels. Likewise,

16 buoys could be used to produce a four-level system. In each case, the raft will
move as the arithmetic mean of the vertical motions of all the buoys. '

Some of the problems encountered in the design of the motion averaging
system will now be discussed.

Ballasting and buoyancy: The raft used must be ballasted to maintain position.
Raft Attachment: It is important that the raft be connected to the buoy system

at only a single point. This will serve the dual purpose of reducing entanglement
and eliminating the need for more buoys. However, the raft will tend to rotate and
must, therefore, be connected to the system th¥ough a swivel attachment.

Mooring: The entire system may be moored to the seabed at only two points, though
more mooring points may be used if desired. Specifically, two of the buoys at
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outermost corners are anchored. The pipes between the buoys maintain constant
distances between the buoys: Without them, the buoys would be pulled together by
the weight of the raft. The pipes also make mooring each individual buoy necessary.
Spacing bars are emplaced to form squares in each set of four buoys, with a diagonal
included for angular rigidity. In addition, sets of four buoys are connected to
other sets of four buoys in the same fashion.

Number of Levels: The cost of the buoys is a large portion of the cost of the
motion averaging system. The number of buoys and therefore, the number of levels
must be kept to a minimum. As will be discussed in the next section, 16 buoys are
probably necessary. It should be noted however, that concepts recently developed
by the Stony Brook Engineering Team may introduce major simplifications into the

motion averaging approach.

Results of Computer Modeling

Placement of the buoys is of prime importance in the design of the motion
averaging systems. A wave can result in system malfunction if the buoys are
incorrectly placed. As discussed previously, one must design for the worst possible
case, not the average - and therefore all wavelengths (within the rangé of physical
possibilities) coming from all directions must be accounted for. There are two
possible ways to design the spacing of the buoys for optimal motion attenuation:

i) Using uneven spacing between all buoys. In this way, many different
waves incident on the structure can be accounted for. The buoys can be positioned
so as to require only a small number being in synchronized motion for any given
wave. In effect, this method opposes wave periodicity by using non-periodicity.

ii) Spacing design by a modular system. Each module would consist of four
buoys, with two or four modules being interconnected, as described above. However,
instead of accounting for all wavelengths and directions by examining the entire
system at once, the individual modules are first considered. Each module is
designed so as to average the motions of only certain waves coming from certain
directions. Then, when all the modules are considered simultaneously, the effect
is the same as with uneven spacing: motion attenuation for all wavelengths from
all directions.

To aid in the design of this spacing, a computer model was developed with
the program written by members of the Engineering Team. The model used different
arrangements of the buoys employing both methods as described above and calculated
the average vertical displacement for the system. Sine waves of varying wavelength
and difection, and with varying phases, were used to determine these displacements.

This modeling has not yet been completed, but initial results indicate a
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motion of fhe raft of 35% of the wave height may be possible for the worst case.
The average motion will be less than 20%. However, these results cannot be
stated with certainty until modeling is completed. Preliminary results also
indicate that the buoys can be enclosed in a square area of about 35 feet on a
side to accommodate rafts of the size discussed in this report.

A layout of a large motion-averaging system is shown in Fig. 38.

B. Elongated Averaging Buoy System

The motion-averaging system discussed above averages displacements of
numerous sﬁationary points (16 in the proposed system). However, it would be
desirable %o further refine this idea so that fewer buoys are used. One possibility
is to average the displacements of non-stationary points. A system in which the
points beng averaged move back and forth as waves passed by them could be highly
advantageous. Specxflcally, these points should oscillate at the same frequency

as the waves so they are always positioned on the peaks of the waves.

This Lpparently complex system can be developed at less than half the cost
of the previously discussed motion-averaging system. The system relies on long
buoys (fifteen to twenty feet long) lying horizontally on the water. The center
of gravity of a buoy which is longer than the wavelength of a passing wave is not
displaced as much as a small buoy (assuming wave crests to be perpendicular to

the length of the buoy). This is because a buoy longer than one wavelength,

but shorter than two wavelengths, touches the two highest points on the passing
wave (approximately). Therefore, its center of gravity moves as approximately the
average o’ the two highest points. Since the two highest points do not change
vertically as much as two arbitrary points, this system is more efficient than
using ordinary small buoys.

If wave crests were always perpendicular to the buoy's length, ten feet
(the longest wavelength normally encountered in the long Island Sound) would be
sufficiently long. However, such is not the case, so initially a fifteen foot
length will be employed. This gives approximately 40° of latitude with which to
work. A wave incident on the buoy within 40 of the perpendicular on either side

. is sufflciently attenuated. Beyond 40 the buoy loses effectiveness until, at

90°, it is totally ineffective.

Three of these buoys are arranged in the equilateral triangle (Fig. 39).
Wwith a 60° angle between each buoy, no two will ever be ineffective at the same
time. By |connecting the raft to the centers of gravity of the three buoys, which
are connected to the spacing bars, the raft should move only slightly. It should

be noted that by having all three connection ropes running to a single point, that
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point will move as the average of the two highest (tightest) ropes. This should
further decrease raft motion.

The rope network and spacing bars shown on the drawing are necessary to
maintain a constant angle and distance between buoys. A constant angle is necessary
to assure that the buoys attenuate motions from waves of any direction. A constant
distance between buoys is required to ensure that they move independently of each
other, thus reducing the risk of two or more buoys oscillating together.

This network of ropes we refer to as a “"tensegrity" system, after R.
Buckminster Fuller, the designer of several tensegrity or tension-integrity
structures. The ropes holding these buoys together operate on the same principle
of maintaining rigidity by using tension as an opposing force to compression.

The difference is that the buoy system is rigid in two dimensions, whereas
Fuller's structures are rigid in three dimensions. .

There are other ways of maintaining two-dimensional integrity in this
buoy system; foi instance, a network of spokes, coupled with an extra spacing
bar between the ends of the three buoys, wbuld also work. However, this may not
be a practical concept.

Triangular Buoy: A variation on the elongated buoy system is to discard the
independence of the motion of the three buoys, and simply connect them rigidly
in a triangle (Fig. 40). The ropes and rings shown are intended to further réduce
motion. (The raft is connected to all three of the rings.) Tests on a dry:model
have shown the rings to be very effective. However, an in-water model test is

required to ascertain the validity of this concept.

7. Floating Tire Breakwaters Combined with Rafts
E. Cantwell

A floating tire breakwater (FTB) is a low cost, highly effective means of wave
attenuation. It is constructed principally of scrap rubber tires using few tools
and unskilled labor. The FTB has a high energy absorbing capacity. Well defined
design criteria exist for several types of FTB (see references).

An FTB formed in a round or square configuration surrounds an area in which
there is significant surface wave attenﬁation. Surface waves causing frequent and
high-acceleration vertical movement of emplaced rafts have caused much of the plant
damage seen during the open water research done in New York so far.

Much of the structure and the materials damage experienced with rafts in
Long Island Sound has been caused by vandalism and/or carelessness on the part of

the boating.public. It is suggested that if seaweed farms were "enclosed" by
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an FTB a boat could come only to its edge, and it would become difficult for indi-
viduals to?remove, or tie-off to buoys located within the breakwater.

FTB's might also be used as part of the floatation system for growth structures
by attaching rafts positioned in the middle and the FTB moorings would anchor the
whole system.

Design criteria have been evaluated for a linearly oriented FTB (as opposed
to a square of round FTB) in what would be considered extreme conditions in the
Long Island Sound. Further work must be done in order to adapt this to an FTB

which totally encloses an area of water.

8. Mooring Systems
S. Birbiglia, R. Whitehead and R. Gukian

‘An adéduate solution to the mooring question requires meeting many design

criteria. |Among those addressed here were:

1. Establishing a stationary mooring- conforming to existing regulations.

2. Creating a design reducing shearing stresses on plants and growing

surfaces by reduction of wave and current forces and especially violent

vement.
3. Maintaining the growing surface at a constant depth (relative to sea

surface) , but with a capability of change in that depth. This requirement

a%lows for change in height of water column resﬁlting from tides or other
factors.

\
4. Having accessibility by vessel.

S. BLing durable, easily assembled, low in cost and maintenance.

6. Bging capable of accommodating positively buoyant/rigid rafts,

n%gatively buoyant/flexible rafts, or some other combination.

The design presented utilizes used tires, steel drums and conveyor-belt
trimmings (4" width) - all industrial by-products. It may include a circular
floating tire breakwater surrounding an independently supported raft to reduce
vertical water movements.

The overall details of the mooring system are in Figs. 41 - 43, with details
given in Figs. 44 - 48, and an extended system given in Fig. 49.

The mooring location is maintained by cement ballasting on the seabed,
limiting drift by not more than a 10 foot radius. The growing surfaces and plants
are shielded from large shearing sﬁresses by:

1) Use of a suspension device located in thebelt (either bungy or spring)

for vertical cushioning (Figs. 42 -- 45 and 48).

121




SURFACE BuoY (TYP 4 PLACES)

FLOATING TRE .
BREAKWATER .

COMVEYER BELT
2
4
9
RAFT
1
a-o"

FIGURE 4] — PLAN=- MOORING DESIGA

SCALE: %"= '-0"

LOATING TIRE
BREAKWATER

BUNG Y. SHOCK
ABSORBER (TYP)
SEE DETAILS

FIGURES 44.4& 45

[ \Q'-0"
il NT.S.

_AIR-FILLED STEEL DRUM
"SEE DETAILS FIGURES 44k 47
(TYP 2 PLACES)

©___—MOOR.TO CEMENT BALLAST _
7&/ (TYP 2 PLACES)

. GROWING.

SURFAZE Bucy (TYP 4 PLacEs)

WATER,
SURFACE

~
[

,SLIRF'ACE oF

AFT\.

\

el-dll

A" CONVEYER BELT (TYP)

FIGUR'E: ‘5‘2- é\__E\IAT!OM - MOCRIN

SCALE! 4”3 i'~Q"

A

G DESIGN @ HiGH TIDE

122

3

{

—3

e

- 3 3

3



3 T3 T3 T3 T3

3

r-———g r—«-g

R R

3 T3

FIGURE 43 —ELEVATION - M

SCALE: /4" \'-0"

NG DESIGN (3 LOW _ TIDE

4* CONMVEYER.
BELT :

NYLON BoLTs & :
CNUTS W/ WASHERS

L BUNGY
. STRAPS (2) A
| (4'-5' LDNG

FIGURE 44 —peTamn -
_BUNGY ' SHOCK ABSORBER
~NO SCALE

FIGUR EA_S;.— DETAIL —

ALTERNATE SHOCK ABSORBER

NQ sCALE

123




>a'x4" CONVEYER BELT
TOo RAFT (TYP)

L' NYLON OR 24" &TAWLESS

STEEL W/ NUTS (TYP)

FIGURE 446 — DE.TNL - DRUM CONMECTION

—__No ScALE

e —————

E— mp
CONVEYER BELT
CONLELTION TO
TIRES
. =F==2 '
(‘.'bTEEL FLATE(TYEFT e Sl UOTE: ALL
- WELDED
EYE R\WG W/ NUT CONSTRUCTION
'L 3 WASHER tr(r :
'_:.l el + ;
i
| l |
b
I::‘.:"’:—"‘-::
| .

%" STAINLESS
STEEL CwWAW
TO SEABRED

FIGURE 47 — gection -1,

NO SCALE

DRUM CONMECTIOM

124

"_\Q g ) }i . ;gl

—3

3

N |

3

-3



D)

AWIS ON’

(@)

v)

(AM913M 1 O0%)

Ldv™ ¥
ADNNR O

LA #0S
S vigl-

4417

# 02
- nm:n\

XONd  3JvAdNG  ONIKd0sAN-MJ0HS — 3 349N914

—

-

125



9CT

3WOS ON

Wwﬁx—fnvu' AR

L - S oNG 2P
scaa ONIMNOND 91
, SWNEa Gl
L . T SHOMDNY ANIWID Sl

-;.H»v'.-J' a30ngLXa d2s0d03d

JONG JAVVAANNS
St ! L.

.
l 2 H

L |+ wxo 33is-

SUGIIEN TS PR
—ti-t i
P '

- HI AN PR S N
: Aiopm—y

~
\,
« Pt
R S
’ [ DD SOANNE S ACEN P
ﬁ‘ T ~T
":,S‘ oo §ubode
. :J ,..i T
| NEENS
o ————
C | Q

-—r:——;' : rfls;:,'
o ‘QAIE DINRNOWD




-

3

T3 T3 T3 Ty T3

3 T3

P

3 T3

™3 T3

2) Use of slack in horizontal mounting of the raft between the drums
allowing raft movement with the current.
An alternative surface buoy design may be used along with the suspension device
to cushion vertical movement if the floating tire breakwater is not employed (Fig.
48) .

Surface buoys damped for wave movement, but allowed to travel vertically
with the éides enable the growing racks to be maintained at the optimum growth
depth. TAe belt connecting mooring and raft will also permit changes in depth,
depending%on the type of seaweed by keeping  the growing racks 5 - 10 feet below
the surface at all times. Protection from surface craft and ice is provided.
Durabilit‘ and strength are achieved through use of conveyor belt, a proven
underwater material with excellent corrosion resistance and strength (Figs. 44 -46);
nylon oi %tainless steel bolts both having superior wearability in marine locations
and good tolerance to large bending and shearing forces; thermal-sprayed
metallize$ steel drums, another proven technique for marine applications for

‘ N
corrosion prevention purposes; and, stainless steel chain.

By uéing the taut line moored steel drums as the superstructure to which rafts:
are attac%ed, all raft designs can be accommodated, including non-rigid types
(Figs. 471- 48). All fastenings and connections are accomplished through adjustable
and non pérmanent techniques thereby aiding in ease of assembly, deployment and
replacement. The design is theoretically expandable by increasing the numbers
of drums and surface buoys. If controlled buoyancy rafts are used, one drum

could be used for several rafts.
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MAJOR ACHIEVEMENTS/CONCLUSIONS

A full year of culture experience with the candidate species has provided
data necessary for the reduction of the number cf seaweeds to be considered. Of
the nine species on the original list of candidates, four have been found to
present significant problems in culture or with productivity and are being
dropped from further experimentation. Three others are considered as having
some potential if problems of reproduction, culture mode or chemicstry can be
solved. These are being retained for further work because of their potential
value and the need to retain some diversity in design requirements. Two species
have been ;dentifed as strong candidates. Because seasonality of growth is
involved in marine biomass production in New York, it is desirable to have a
two-crop system£ the two species considered as strong candidates represent
warm-water and cold-water high performance speciments. A summary of the charac-

teristics of these species follows:

Laminaria saccharina: This is the only species found capable of significant
growth during the winter months (November -~ June). General Electric's
analyses indicate that this species is similar to Macrocystis pyrifera and
is chemically desirable for biomass feedstock.

CONCLUSION: Laminaria is a strong candidate.

Gracilaria tikvahiae: Growth of this species is particularly good during summer

months. It is capable of high productivity during the period May -
October. General Electric has not yet analyzed samples of this species,
but previous work in Florida indicates its composition is very suitable for
gasification.

CONCLUSION: Gracilaria is a strong candidate.

Agardhiella tenera: The growth rate of this species is very similar to that of
Gracilaria. A crop showing few signs of sexual reproduction is doing fine,
in contrast to previous experience with reproducing strains. Only one
sample of this species has been analyzed by General Electric, but it
appears suitable from the chemical viewpoint. We recommend pursuing this
species to obtain more critical data on life cycles. Although it is very

similar to Gracilaria, its sexual reproduction may be used as a strategy
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of stocking farms, whereas the Gracilaria strain is strictly vegetative,
requiring a completely different stocking/harvesting strategy.
CONCLUSION: Agardhiella is a possible candidate.

Codium fragile: The growth of this species is particularly good during April -

October. It sexually reproduces in October - November, releasing swarmers
that settle onto hard substrates and grow out the following spring. The
analyszs by General Electric indicates that the species is about 93% water,
and that percent volatile solids per bulk weight is very low. At

flrst, it might appear that this is a significant drawback. However, it is
n&t énown if this large water quantity is really a problem since digestor
sizejmay be increased, etc. Further, in terms of dry weight, percent
volatlle solids is comparable to other species. Productivity in terms of
dary welght is similar to that of some of the species (e.g., Fucus,
LamiAarla). A topic worth pursuing might be an examination of dewatering
methlds and their effect on percent volatile solids.

\
CONC%USION: Codium is a possible candidate.

Fucus vesiculosus: Growth of this species has been good in the spring and fall

mont#s. Although not one of our better candidates under greenhouse condi-
tioné, it seems to do particulary well on rafts. We have had some problems
w1th‘grazing of this seaweed in our tanks, particularly in the summer.
General Electric's analyses indicate that the seaweed is favorable for
dige;lon. Continuation of studies to resolve some of the growth diffi-
culties is warranted.

CONCLUSION: Fucus is a possible candidate.

Ascophyllum nodosum: This species performs poorly. Both the rocky intertidal

and salt marsh varieties showed a growth spurt in March - April, but did
poorly thereafter. Chemical composition is very similar to that of Fucus.
CONCLUSION: Ascophyllum is a poox candidate and should be dropped.

Palmaria‘galmata: Variable results in growth of this species in the late winter,
early spring months have been obtained. It appears to have a very short

growing season. It usually coexists with Laminaria. Chemically, it was

rated as intermediate in value.
|
CON?LUSION: Palmaria is a poor candidate and should be dropped.
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Chondrus crispus: Growth of this species in culture is poor. Warm temperatures

appear to be a major requirement. The species is of intermediate value

from a chemcial viewpoint.
* CONCLUSION: Chondrus is a poor candidate and should be dropped.

Ulva lactuca: This species shows a bimodal growth peak, with best growth in

late spring and late summer. During the summer, it goes reproductive,

developing large holes in the thallus. Its highest growth rates are inter-

mediate in comparison to other species. We have difficulty envisioning an
open-water culture of this seaweed because of its bimodality. Chemically,
it is.a desirable species.

CONCLUSION: Ulva is a difficult species to grow consistently and should be

dropped. ‘ -

Experimental design for the work undertaken in the past year included
determining nutrient requirements of the candidate species. This research was
of high priority because of the importance of determining the need for fertili-
zation of a farm in biological, engineering and economic decisions. Although
full data sets have not yet been completed, there is sufficient evidence to
suggest that nitrogen, the usual limiting nﬁtrient, will not be a major problem,
at least in nearshore waters. Druing the summer very high levels of nitrogen are
found in nearshore waters and even offshore waters, in part of a consequence of
cultural eutrophication. Pigmentation levels of seaweeds are usually indicative
of the nutrient supply available to the plants, with loss of color indicating
nutrient deficiency. Culture experiments have shown that all species retained
high levels of pigmentation throughout the year suggesting that nitrogen limita-
tion has not occurred.

Continued experimental work will confirm this observation as well as
indicate what potential gains could be achieved in yield through fertilization of
the farm. These data will perﬁit economic analysis of the desirability of fac-
toring fertilization into the system of biomass production.

Considerable progress was made in learning how to treat plants in field
culture. Among the raft culture experiments, the most significant results were
achieved in the attached species. Here, the finding that a relatively loose and
flexible attachment has thé least impact on the mature plant has proven highly
significant. Engineering design concepts reflect this finding. Perhaps the most
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fortuitou% finding, although as yet subjective in content, is that several of the
species perform better in the field than in greenhouse culture.

The éurrent year has seen the development of a data base which allows many
of these ﬁundamental questions on the feasibility of marine biomass production
on the eaét coast to be answered. These findings are fundamental to the develop-
ment of tﬂe future of the program and to assessment of the marine biomass
potentialiby interested parties. Data confained in this report suggest that:

1. %eaweeds native to New York waters and found elsewhere in the north-
éastern United States can be utilized for the production of marine
biomass. |

2. The concept of two-species culture, necessary for east coast produc-
tivity, has been shown to be feasible as a means of obtaining high
yields throughout the year. .

3. It is legally possible to farm marine biomass in the nearshore water
of New York.

4. Marine biomass farming on a large scale (over 100 square miles in
extent) is possible in the New York Bight (the Atlantic Ocean off

Long Island) in appropriate environments and without use conflicts.
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MAJOR TECHNICAL ISSUES

Field culture experiments yielded more technical problems that greenhouse
culture -- a factor of the greater experience with the latter. It is clear from
raft culture experience that fouling will be a major problem as biomass produc-
tion is increased in scale. Fouliﬂg effects the farm structure, plant perfor-
mance, and potentially gas yield thrbugh the accumulation of undesired organisms
on the structure, around or on plants, and as epiphytes which cannot be separated
from the biomass materials. Fouling will receive important attention in future
work.

Experience with cage culture rafts clearly indicates that mesh will be a
materidl of less value than anticipated in any structure. Meshes are quickly
fouled to the point of light and/or currept exclusion. This will be a serious
design constraint for the handling of floating species, for as mesh size is
increased to reduce the fouling effects, plants are more frequently caught and
damaged by wave action.

Minor problems in the scheduling of analytical work have resulted in delays
in acquisition of data. Analyses of 140 have been delayed until an available
tissue oxidizer was located on the SUNY at Stony Brook campus. It is now antici=
pated that the backlog of analyses can be quickly reduced. The laboratory by
which lsN experimental materials were to be analyzed would not accept additional
work. Consequently, an alternative experimental design was adopted.

Also, the continuing problem with water supply in the greenhouse which has
been an annoyance in limiting the number and size of experimental cultures main-
tained is to be alleviated. The State University of New York has let a contract
for a new water supply. This work should be completed by the time of increased
spring culture work.

The most difficult issues encountered during the program has been that of
vandalism and interference with raft cultures by sportfishermen and boaters.
While a variety of technical solutions may be sought, most are expensive. The
engineering design and biological teams view the solutions to this problem
differently. The biological team tends to seek structural solutions to vandalism
by incorporating structural protective elements into raft design; the engineering
team, conversely, resists designing for purposes of protection because of the

increased complexity and costs this incurs.
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Tt is clear that solutions to interference with raft and farm structures

must be sought before larger structures are deployed. Initially, we will seek

to reduce vandalism by simply moving the site of raft deployment from a known

(and prodﬁctive) artificial fishing reef to some other site. This may lessen
the interference from fishermen. Also to be detemined is the degree to which
the farm structure acts as a fish “concentrating" device and, therefore, atracts
fishermen. Educational programs through the newspapers, radio and television,

as well as through boating organizations and sportsment clubs, will be attempted.
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SPECIFIC OBJECTIVES AND WORK PLANNED FOR
DECEMBER 1, 1981 to NOVEMBER 30, 1982

Objective 1.
Design a biological test farm for marine biomass which is of sufficient size

to permit experimental research on a two-crop system.

Task 1 - Engineering of a Biological Test Farm

Subtask la - Development of Design Options

A .series of optional designs will be considered in this period. One such
option will be the commercially available rope culture farm manufactured in
Japan. Each option wiil be evaluated not only for engineering criteria such as
materials, structural design, suitability .for the region, etc., but also for its
biological utility.

Shortly after the workshop on raft and farm structures (Subtask 1lb), a team
will be assembled to evaluate the design options which have been identified in
this task and which emerge from the workshop. Membership of that team will be
determined in concert with ERDA, GRI and NYGAS. The merits of the various
options will be considered from the biological and engineering viewpoints. It

is anticipated that one, or several, may be selected for further consideration.

Subtask 1b - A National Workshop on Raft and Farm Design

There are currently several macroalgal cultivation projects in the United
States and neighboring countries. While not all of these have the production of
biomass as an objective, they all have in common the growth of macroalgae under
artificial conditions. The purpose of this workshop would be to explore what is
being done and the ways in which plant/substrate/support design requirements are
being met. It would be proposed to have both biologists and engineers as parti-
cipants in order that maximum interchange between the biological and engineering
requirements of a farm structure might be developed. .

A proceeding resulting from the workshop might be published.

Subtask lc¢ - Design Phase
Development of a detailed design will emerge from a selection of an option (s)

based upon the previous tasks. Included in this task is the determination of
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materials and structural components, of mooring and anchoring systems and incor-
porating these decisions into the computer simulation studies. The design phase
is seen as an iterative series of developments incorporating biological require-

ments, simulation of environments and engineering criteria.

|

%Subtask 1d - Estimate Cost of Materials, Construction and Deployment
; of the Farm
Mate#ials to be used in construction will be specified and costed. Proce-
dures andgrequirements for construction and deployment will be sorked out and

labor costs estimated.

Subtask le - Identify and Initiate all Procedures to Obtain Required
Permits, Licenses and Permissions

) Sites in Smithtown Bay, Long Island Sound, and in Peconic Bays have been
studied in the past year to determine the oceanographic and biological charac-
teristics of the waters. A selection criteria list drawn.up in the last year
provides a framework within which site selection can be made. In addition to
the physical, chemical and biological characteristics, there are social, political
and legal aspects to be considered. Further, logistics of access and ability to

service a structure are inherent in making a site decision.

Objective| 2.
Provide the necessary biological data to support the design phase.
Task 2 - Field Biological Studies and Experiments

i Subtask 2a. Raft culture studies - plant structure interactions . -
i and determination of growth rates.

Rafté or other structures developed as concepts for a farm design by the
engineeri;g team or developed by the bilological team for special purpose studies
will be d%ployed for small-scale culturing of appropriate species. As these
structure% are placed in the water, a schedule of dives to permit observation
of seaweeﬁ/structure interactions will be arranged. These activities will be
utilized in the determination of plant needs: For example, suitability of
materials| for seaweed recruitment and fouling susceptibility. Weekly méetings

with the design team will be held to evaluate progress in designs and how a
|

135




particular design will affect seaweed growth potential.

Raft culture of primary species, initiated in 1981, will be continued to
obtain a full set of growth data for all seasons. Laminaria, Fucus, and Codium
will be grown on rafts designed and built for this purpose. The numbers of

plants being grown on rafts designed and built for this purpose., The numbers

of plants being grown will be increased to improve the statistical validity of
the data of field growth. Existing and new rafts will be stocked and performance
of the seaweeds observed during weekly or biweekly dives. Rafts will be situated
at several depths to pfovide data on yields at both surface and submerged situat-
ions. Wet weight increases and such phenomena as plant fragmentation, onset of
reproduction, etc,, will be recorded. Fouling and grazing problems will be
monitored during weekly and biweekly dives at the raft sites and these data util-
ized in fouling grézing studies, Colonization of artificial substrates attached
to the rafts and of the rafts themselves will be monitored, particularly during
the reproductive phases of the seaweeds. This will provide needed information
on self-seeding potentials of those species,

In situ growth rates of Laminaria saccharina will be determined by tagging
and making plants in large stands of this species near Eatons Neck and perhaps
Shelter Island. This will permit determination of natural losses and of growth
rates. It will not be possible to conduct in situ studies of the growth of the
other primary seaweeds because they occur as isolated specimens rather than in
concentrations. Growth rates of the marked tagged Laminaria will be monitored
frequently and some apparently fast growing plants will be removed from the field

for culture in the strain selection screening.

Subtask 2b, Collections of specimens'trom the field for analysis
Collections of samples taken under appropriate conditions and situations
will be made from both wild specimens and from cultures, The objective of this
task is to increase the data base of biological and chemical knowledge pertain-

ing to the selected seaweeds.

Subtask 2c. Fouling and grazing studies
Algal and other fouling organisms compete with seaweeds for attachment
sites on substrates., Their presence may also degrade the biomass of its poten-

tial for gasification. Grazing organisms reduce the amount of biomass being
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effectively produced or may weaken plant structure through grazing. Because
of the persistence of fouling problems in the marine environment, there has
been an eftensive literature developed. Much field data has been collected in
the Long Island region, particularly by the U.S. Navy, but his data has not
been syntgesized. It is anticipated that this survey will yield information
of considerable assistance in learning how to cope with fouling. Reproducing
the field,studies would be prohibitively costly and time-consuming.

From the literature and from observations made by the diving teams which
visit the rafts at least once per week, a phenology of fouling organisms will
be developed. The timing of onset of reproduction of various organisms having
pelagic ﬂarvae is variable, By knowing that relationship and perhaps scheduling
farm activities with that schedule in mind, some fouling problems may be mini-
mized. Amphipods and isopods have been identified as the major grazers of sea-
weeds in the laboratory. The extent to which fish will act as herbivores on the
seaweeds is not yet known. Field observations by divers may be of assistance in

determining this. The extent to which grazing will result in loss of biomass is

not knowm.

Task 3 - Laboratory (Greenhouse) experiments
Subtask 3a. Determine.yields of species to be cultivated and their
isolated strains.

In order to obtain maximum yields of each of.the primary species, at differ-
ent times of the year, it is necessary to determine the relative optimum density
of each. This information can most easily be determined in laboratory experi-
ments. TFor example, as the path of the sun across the sky becomes lower in
winter, the spacing for plants must be greater to provide each with the neces-
sary levels of energy for photosynthesis. The best spacing of plants is not
only a factor in biomass productivity, but is also an element of farm design.

Codium, Gracilaria, Agardhiella and Fucus will be grown at three differenmt
culture densities, as determined by wet weight of the seaweeds in a standard '
culture tank. The harvest period will be determined by a reduction in rate of
biomass (wet weight) production as the species reaches maximum density in the
tank. A fourth culture of the species will be started at different times of
the yeat and allowed to grow to maximum density without harvesting.

By |comparing the results of these experiments, the optimum density for

3 137



maximum growth of the species will be determined and, the strategy for harvest-
ing developed.

Individual plants of Laminaria will be grown in large culture tanks and
will be subject to different harvesting frequencies and methods., Specimens
of Laminaria will be cut back to a point just above the meristematic region on
schedules of 4, 6, and 8 weeks. It is not known to what extent older blade
portions contribute to the nutrition of thé entire plant, and therefore, to maxi-
mum growth. Sampled tissues will be analyzed for CHN and mannitol/laminarin
reserves and related to nitrogen exposure history to ascertain the nutritional
status of the whole plant by each harvest cycle. The data derived from this
experiﬁgnt,should allow determination of the optimum frequency of harvest, and

thus, yield.

Subtask 3b, Determination of 1ight, nutrient and temperature require-
ments of the target species.

Studies of the effects of nitrogen enrichment on the primary species will
be continued to provide a full year's data. Because of seasonal changes in the

environment, particularly in available nutrients, full seasonal data are re-

quired. Understanding how seaweed growth is affected by nutrient concentrations,

light intensity, and temperature will be a major factor contributing to the

success of large scale cultivation. Unfortunately, there are few known quantita-

tive effects of each of these parameters for the species under consideration.
The largest deficiency is how seaweeds are affected by these parameters at vari-
ous times of the year. 14C photosynthesis studies will be continued to obtain
a year-long record of the response of seaweeds grown at three nitrogen loads and

light intensities.

Objective 3.
Complete the necessary work to seed, maintain and harvest the crop on the

biological test farm.
Task 4.- Operate the biological test farm
Subtask 4a. Seeding of the farm

Selection of those strains of the target species which display optimum
characteristics for farming will be preparatory focus for this task., Wide
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variation in growth behavior and in chemical composition has been noted in cult-

ure work. Now a concerted effort will be made to propagate those strains,
Seasonal collections will be made of material from field sites that have

been found to have areas of large comcentrations of the primary species.

Laminaria and Codium collected in this fashion will be grown attached to PVC rods

in large culture tanks so that each specimen can be monitored for growth in
length and in mass. It is not possible to conduct studies on individual plants
of GracilJria because the material grows in entangled masses. Since each of
these speéies grows optimally in different seasons, the culture of the two
species may be staggered. Individual specimens which are most rapidly growing
will be ségregated and placed in smaller tanks to maintain rapid-growth stocks.
These plaAts will be monitored for the onset of sexual reproduction and every
attempt will be made to capture seed from-reproduction by providing suitable sur-
faces (sh%ll, rope, net, and PVC surfaces) for the spores. Germlings will be
maintained and their growth and behavior monitored.

Seaweeds which reproduce vegetatively will be monitored for rapidly growing
specimens. Those will be segregated and maintained in small éanks until the next
optimal season when they will be used as seedlings for new cultures.

Reproductive behavior in these cultures will be compared to that in culture
tanks and in the field. We will also use the environmental chamber cultures to
determine
the material generated in this fashion will be out-planted to the field rafts at
different times of year to determine survival capabilities.

Thi‘ research will emphasize methods to reduce the period of time required

for natural reproductive cycles of Laminaria and Codium (Gracilaria is vegetat-

nutritional requirements of seedlings on different substrates. Some of

ive). The experience and knowledge gained will be necessary for the production
of seed to augment stock of large-scale farms. Among the factors known to affect

|
reproduction are light intensity and quality, temperature, and nitrogen.
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