






























































Sm'np]ing the Benthos



Mussel Watch

Since 1986 the NOAA Mussel Watch
Project has heen collecting samples from
mussels and oysters for chemical analy-
ses, using them to monitor the concentra-
tions of certain chemicals as indicators of
human activity. More than two hundred
U.S. coast and esluary sites are sampled
each year; almost half of the sites are
located in waters near urban areas within
20 km ({2 mi) of population centers in
excess of 100,000 people. Thiee sites are
localed in Hawaii and two in Alaska.
Analyses check for len trace metals:
arsenic, cadmium, chromium, copper,
[ead, mercury, nickel, selenium, silver,
zinc, and five organic compounds: DDT
(dichlorodiphenyltrichlorethane), chior-
dane, PCBs (polychlorinated biphenyls),
PAHs (polycyclic aromatic hydrocar-
bons), and tributyl tin. The melals are al!
discharged into the environment as a
result of industrialization, but the organic
compounds are more difficult to catego-
rize. Although DDT was banned in the .
United States in 1972 and U.S. chlordane
use ended in [983, DDT remains in the
environment because of its resistance to

Mussel cluster in a rock crevice.

degradation, and chlordane remains in the
ground from its use in termile control.
PCBs were banned in 1970 but devices
contaping these compounds are still in
use. PAHs are found in fossil fuels such
as oil, gasoline, and coal. Tributyl tins
have been used as an antifouling agent in
paint used on ships and underwater
marine facilities. All of these metals and
organic compounds can be loxic to
marine life under some conditions.

Because mussels and oysters are
unable to move, they accumulate these
compounds from the food they filter from
their surrounding water and from the
water itseff at specific sites. Higher levels
ol contaminants are associaied with sites
closer to population centers, but high
concentrations away from population
centers are not necessarily the result of
human actions. High concentrations of
cadmium in mussels collected along the
northern California coast are attributed to

the upwelling of deep-ccean water that is
naturally high in this metal.

Mussel Watch data show the contami-
nation of coastal and estuarine waters to be
decreasing in many cases; more decreases
than increases in chemical concentrations
were found between 1986 and 1990.
Although five vears of data is not sufficient
to establish long-term trends, this decrease
appears o support the limits being sel on
discharges of chemical contaminants and
the laws supporting these limits.

organisms cannot be accurately rélated Lo the area sampled.
It is possible to attach a measuring wheel to the dredge
frame, so that when the dredge is on the bottom, the whecl
measures the distance over which it is dragged; then know-
ing this distance and the width of the dredge, il is possible to
compute the approximate size of the area sampled, assum-
ing the dredge did not bounce or skip over a rough bottom.

Soft botloms can be sampled with a bottom grab or a
box corer (refer back to chapter 2). The grab can be
designed to penetrate to a specific depth and to take a bite
with a specific surface area. The sediment collected is
washed through a series of mesh screens of varying sizes,
and the organisms are cellected and counted. Many sam-
ples need to be taken in order to delermine the communily
structure of any single area of the seafloor.

Divers wearlng scuba gear can sample and photograph
bottom populations directly in depths to approximately
35 m (105 ft). A diver can place a frame of a specific area on
the bottom, identify the species within it, and count indi-
viduals of each type. If the bottom is not disturbed, it is
possibie 1o return to the same plot and check it again. Other
methods of observing the bottom without disturbing it
include under-water pholography and television cameras that
are operated remotely from a ship or from a submersible.

Sampling the benthos of the bathyal, abyssal, and
hadal zones is difficult and expensive, for it requires large
rescarch vessels, with or without submersibles, and extended
periods of time at sea. The areas to be sampled are [arge and
remote, and our knowledge of them is still incomplele. The
recent discoveries ol the venl communities have produced
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Fz'gure 17.17

Alaska king craly being unloaded {rom a crab pot,

totally unexpected results and have forced a reconsideration
of the abundance and composition of deep-sea life based on
sampling only a very few areas.
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The Animals

Benthic animals are a valuable part of the seafood harvest;
they include crustaceans (crabs, shrimp, prawns, and lob-
sters) and the shellfish or moellusks (mainly the bivalved
clams, mussels, and oysters). World harvests for 1990 were
catches of 7.7 million melric tons of shellfish and 4.2 mil-
lion tons of crustaceans. Because of the demand for shell-
fish and crustaceans, the catches are much more important
in dollar value than the weight of the catches would sug-
gest. In the United States, oyslers are harvested in the Gulf
of Mexico, southern New England, Chesapeake Bay, and
Puget Sound; lobsters are fished in New England; crabs and
clams are caught along all our coasts; and shrimp are
caught in the Gulf area and off other coasts as well. In
many cases, these fisheries make important contributions to
the local economy.

Many of the problems of the finfish fisheries are
repeated in the benthic fisheries. For example, between 1975
and 1980 morc and more boats entered the king crab fishery
of the Bering Sea; see figure 17.17. The huge catches of
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1979 (70,000 metric tons) and 1980 (84,000 metric tons)
were followed by a 1982 harvest of 17,000 metric tons,
rapidly decreasing to 12,000 metric tons in 1983, and drop-
ping to 7,000 metric tons in 1985. The rapid decrease in
calch is apparently due to the classic ills of overfishing and
to an insufficient knowledge of the king crab’s natural his-
tory. King crab migrate across the floor of the Bering Sea,
but not understanding how many crabs are migrating in any
direction, and al what stage in their life they migrate, has
made it difficult to implement an effective fishery conser-
vation program. [t is unlikely that the catches of 1979 and
1980 will ever be repeated, but a regulated fishery hased on
sustained yield may ensure long years of future fishing. The
catch has slowly increased since 19835, reaching 15,800
metric tons in 1990.

Attemnpls to increase the harvest of crustaceans and
mollusks have focused on aquaculture, or mariculture.
Oysters, mussels, and clams are raised on aquaculture
farms around the world. In Asia and Earope, raft culture of
mollusks is popular. The larvae attach to ropes trailing
below the rafts. This attachment keeps the shellfish in the
water column, with abundant food and fewer predators. In
Spain, aquacwture produced nearly 173,000 metric tons of
mussels in 1990. Raft culture in Japan was responsible for
the successful harvest of 249,000 metric tons of oysters in
1950. The Japanese culture scallops in hanging net cages, as
well as on the botlom, resulting in a scailop industry of
250,000 metric lons a vear. Raft culture methods are



Figure 17.18

Cowmercial raft culture of bay mussels in Puget Sound. Mussels adhere lo
ropes suspended from floating rafis.

beginning to be used in the United States (see fig. 17.18),
but mussel and oyster farmers suffer from some of the
same difficulties encountered by fish farmers, discussed in
chapter 16.

The world harvest of shrimp produced in aguaculture
ponds was 500,000 metric tons in 1990, In Japan, commer-
ctal shrimp culture, 3000 metric tons in 1990, has proved
very successful, although the production costs are high. To
produce 1 kg (2.2 1b) of shrimp during the spring—fall
growing season requires 10 to 12 kg (22-26.41 1b) of
diators, which must be raised to feed the young shrimp.
However, the demand for the less than fully grown shrimp
exceeds the supply. In Ecuador, the shrimp-farming harvest
ncreased from 35,000 tons in 1985 to 76,000 metric tons in
1990, making it Ecuador’s second-largest industry {next to
oil} and generating more than 150,000 jobs. Shrimp are
also being grown in Latin America by U.S. corporations
taking advantage of the lower costs in those countries.

On a model aquaculture farm at Woods Hole
Oceanographic Institution, bielogical oceanographer John
Ryther developed a pilot plant in which the sewage effluent
from a town of 50,000 contributed its nutrients lo produce
the algae needed to [ced oysters, so as Lo harvest 800 metric
tons of oyster meat, Because the oysters in the model farm
produced large quantities of solid waste, marine worms

were introduced to feed on the oyster’s waste. The worms
were later harvested and sold for bait. Another waste prod-
uct, industrial heat, may also have a use in aquaculture. In
Long Island Sound, 30°C water from industrial cooling sys-
tems was used experimentally to increase oyster produc-
tion. The success of these experimental projects has led to
the idea of locating an aquaculture project in the 30°N-30°S
latimide belt. Here, there is the advantage of warm water and
year-round sunlight, which can be used with nutrients pro-
duced either from sewage or from an artificial upwelling
created by pumping nutrient-rich deep water into the aqua-
cuiture pens. Such a project could be conducted in conjunc-
tion with ocean thermal energy conversion {OTEC), which
is discussed in chapter 6.

Aquaculture projects for benthic species in the United
States are faced with the same difficulties as those facing
fish farms. High costs, strict licensing policies, the need for
technelogy to replace hand labor, and the need for research
to improve diet and disease control require considerable
attention if we are to increase our seafood harvest in this
way. The public must first want or need the products of
aquaculture if these obstacles are to be overcome.

The Algae

Seaweeds are gathered from the wild in northern Europe,
Japan, China, and Southeast Asia; they are also an impor-
tant part of the Japanese aquaculture industry. The 1990
world estimate for total seaweed harvest was 4 million met-
ric tons—15,000 metric tons of green algae, 1 million met-
ric tons of red algae, and 2.7 million metric tons of brown
algae,

Algae are good sources of vitamins and minerals but
not of food calories, as most of the cellular material is indi-
gestible. Certain species of green algae, known as sea let-
tuces, are used in seaweed soups, in salads, and as a flavor-
ing in other dishes. A species of kelp, Laminaria japonica,
is the kombu of Asia. Its blade is used in soups and stews,
and it is used fresh, dried, pickled, and salted. It is also
sweetened and shredded for use in candy and cakes.
Another species of Laminaria is used in Europe in the same
way. Historically along coastal areas, kelp was used as win-
ter fodder for sheep and catile and to mulch and fertilize the
fields. Along the northwest coast of the United States and
Canada, the stipes of bull kelp are made into pickles. The
red alga Porpliyre is the nori of Japan and the laver of the
British Isles. It has been cultivated in Japan since 1700;
today 400,000 meiric tons are harvested yearly. Nori is
used in soups and stews and is rolled around portions of
rice and fish for flavor. Laver is fried or used in salads.

There are also important industrial uses for some
algal products. Algin is extracted from brown algae, and
agar and carrageenan are obtained from red algae. In
California more than 160,000 tons of kelp are harvested
every year for the production of algin. Algin derivatives are
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| Geﬂ_et_ia_c_ Manipula_tion of Fish and Sbelg‘is_b

Fisheries scientists in North America,
Japan, and Northern Europe are using
new gene-transfer and chromosome-
manipulation techniques fo manage
and enhance the potential of ocean and
coastal fisheries and to keep coastal
waters and fish farms stocked with
species of rapid development and high
growth rate. Chromosome-manipulation
techniques from the research laboratory
are being used to produce sterile fish, fish
of selected gender, and fish known as
triploids that carry an extra third sel of
chromosores.

Triploid salmon and trout are pro-
duced by exposing the eggs (o lempera-
ture, pressure, or chemical shock shortly
after fertilization. The shock interferes
with the division of Lhe egg nucleus; the
cgg retains an extra or third set ¢of chro-
mosomes. The third set is retained
throughoui the fishes” development and
inhibits its sexual maturaltion. Salmon
with a normal number of chromosomes
grow, mahoe sexually, spawn, and die,
while triploid fish do not mature sexually
and reach a larger size since they are not
spending energy on egg or sperm preduc-
tion. The improved growth and survival
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(a} Chromosomes of the Pacific oyster (Crassostreg gigas) seen through a compound micrescope. The
diploid oyster has two scts of ten chromosomes. (b) The triploid oyster has three sets of ten

chromosomes.

of these fish has led o widespread pro-
duction of farmed triploid trout in the
United Kingdom.

This same technique allows
hybridization of salmon and trout. While
normal chromosome-number hybrids
between diiTerent species of salmon and
trout do not survive, fripleid hybrids do.
In Idaho, a hybrid between rainbow trout

and coho salmon has been shown to resist
a common viral disease that causes seri-
ous economic loss to trout producers,

The gender of fish can be determined
by chromosome manipulation and hor-
mone treatment. Using a technique called
gynogenesis, researchers expose fish
sperm to ultraviofet light, denaturing its
chromosomes. Eggs fertilized with the

N e e e

used as stabjlizers in dairy products, paints, inks, and cos-
metics; and to strengthen ceramics, improve the consistency
of plaster, and thicken jams-as well as pul a longer-lasting
head on beer. Agar-producing algae are harvested in Japan,
Africa, Mexico, and South America. Agar is used as a
medium for bacterial culture in laboratories and hospitals,
in addition to serving as an ingredient in desserts and in
pharmaceutical products, Algae rich in carrageenan are
gathered in the wild in New England and northeastern
Canada; it is a slahilizer and emulsifier used to prevent sep-
aration in ice creams, salad dressings, soups, puddings, cos-
metics, and medicines. About 1 million pounds of agar and
10 million pounds of carrageenan are used in the United
States each year. As fishing declines, the culture of algae is
being considered to provide jobs for marine communities;
in 1992 the Canadian province of Quebec held its first
government-sponsored symposium to explore algae culture,

Kelp Bioconversion

Because kelp grows at a greal rate and is found over large
areas of the world’s oceans, some people have proposed
that it be cultivated, harvested, and placed in tanks for
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decomposition, which will produce methane gas for use as
fuel and other chemical by-products. The use of a plant
crop to harness the sun’s energy for conversion to a fuel or
energy source is called bioconversion (in this case, kelp
bioconversion). The energy produced in such a system
wouid be used first to power the harvesting and fuel pro-
duction process. The remaining fuel either would be made
available for other uses at the extraction site or it could be
piped to other arcas. Suggestions have been made to grow
the kelp harvest on offshore raft systems, but no pilot plant
of any size has been built, and the dollar and energy costs
required are not known.

Biomedical Products

Many benthic organisms contain biologically active com-
pounds thal have potential practical use. Extracts of certain
sponges yield anti-inflammatory and antibiotic substances;
an anticoagulant has been isclated from red aigae; and the
antibiotic substance acrylic acid has been extracted from
other seaweeds. Some corals produce antimicrobial com-
pounds, and the sea anemone, Anthopleura, provides a car-
diac stimulant. Certain polychaete worms produce a



inactivated-chromosome sperm are
briefly chilled, causing the eggs to devel-
op with only the female’s chromosomes.
The result is all l[emale offspring. Many
female food fish grow bigger and live
longer than males. Female flounder grow
to twice the size of males, female coho
salmon have firmer and more flavorful
flesh, and an all-female brood of sturgeon
would bring higher profits to caviar pro-
ducers. Gynogenesis also magnifics
genetic effects, making it possible to pro-
duce a superior strain in a much shorter
period of time than is required for stan-
dard hybridization lechnigues. An alter-
native to gynogenesis 1§ androgenesis, in
which the egg chromosomes are inacti-
vated and the sperm chromoesomes are
doubled.

It is possible to reverse the sex of
female fish produced by gynogenesis by
treating them with hormones. This proce-
dure yields fish that are genetically
female but functionally male, producing
sperm with only female chromosomes.
Matings of females with these males will
result in all-female fish.

Current research programs extract
genes for a specific characteristic from
one fish and build it into another.

Aquaculturists are transferring genes that
boost the production of natural growth
hormone into fish eggs. Although the for-
eign genes do not always function, when
they do, the gene is passed on to the next
generation. These genetically altered
organisms, referred to as transgenic fish,
are 20% to 46% faster-growing than the
wild stock. Another program transfers
genes that will increase the immunity of
the fish and so boost their survival rate.
Many farm-raised halibut and Atlantic
salmon die in winter when their body flu-
ids freeze. A gene from the Arctic winter
flounder has been transferred inte
Atlantic salmon, and preliminary results
indicate that these fish survive very cold
temperatures better than normal salmon.
The commercial production of
triploid, or “four-seasons,” oysters has
begun in the United States. Summer
mortality and fluctuations in the mar-
ketability of oysters have kept the oyster
industry seasonal. Normal oyslers enter a
summer reproductive phase during which
their meat is poor in quality and unmar-

ketable. Triploid oysiers do not produce -

sperm or eggs but continue to grow
steadily, becoming significantly larger
than normal oysters and ready for the

T S

summer market, The blue mussel is the
next mollusk considered ready to be
changed to the triploid form.

There are no regulations in either the
U.S. or Canada concerning transgenic
fish, and researchers go to great pains to
prevent their experimental stock from
escaping to the wild environment, rigging
pens with fences, screens, and alanm sys-
tems. [t has been suggested that young
transgenic fish be sterilized before they
are placed in fish-farm pens, to avoid
mixing wild and experimental fish. As
the cra of commercial transgenic fish
approaches, many questions need to be
answered. If mixing occurred belween
experimental fish and normally spawning
fish, could it endanger the spawning pop-
ulation? Will the rapid inbreeding possi-
ble through gynogenesis produce popula-
tions more susceptible to disease or
environmental problems? How will the
higher growth rates of sterile fish affect a
mixed population? Although these prob-
lems and questions must be addressed,
chromosome and gene manipulation as a
useful tool in aquaculture and fish man-
agement has arrived and is in use.

substance that kills some kinds of insects, and extracts of
abalone and oyster act as antibacterial agents. A muscle
relaxant has been isolated from the snail Murex. Bven the
organic adhesives used by organisms to attach themselves
to hard surfaces are under investigation, for example, the
cement secreted by mussels, which quickly hardens under-
water, has possible dental uses to secure fillings and
crowns, and good results have been obtained using this sub-
stance to repair the corneas and retinas of the eye. The
strength and properties of (hese organic substances make
them possibilities for closing wounds without stitches as
well as for repairing the hulls of ships at sea. Corals are
being investigated to discover why, when alive, they are
not encrusied by larvae, algae, and other organi'sms.
Perhaps corals produce substances that will be useful as
antifouling compounds for boats, docks, pipes, and under-
water equipment.

Collecting, extracting, identifying, testing, evaluat-
ing, and ultimately synthesizing active substances from the
world’s benthos is a time-consuming task. From discovery
to pharmacy shelf takes len to fourteen years and costs up
to $100 million. However, scientists and pharmaceutical
firms are continuing to look at the highly active compounds

preduced by marine organisms in the hopes that they may
serve as models for the eventual development of new drugs.

The benthos is a remarkably diverse grouping of
plants and animals; see figure 17.19. It is easily accessible
in the shallow littoral zone, where it has been studied by
scientists and students for hundreds of years. Yet we know
very liltle about the benthos over most of the deeper-ocean
floor. As we are able to see, sample, and understand more
about the deep-sea benthos, we may expect to make other
discoveries as surprising and as unexpected as the vent
cominunities in the rift areas.

Many of the benthos have additional value to us as
food resources, and some may even Serve as Snergy
resources. As we consider the uses we make of the oceans
at present and the uses for which we need the oceans in the
future, we must remember their impacl on the benthic envi-
ronment and its inhabitanis. We gain little if we use one

_ resource at the expense of another. The balance within the

marine environment is fragile, easy to degrade, and difficult
to reconstruct. The health of the ocean’s plants and animals
is important to us as a sign of the health of our planet. We
are all linked together, and each of us affects the others.
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Figure 17.19

The benthos are a large, varied group of animals living on or in lhe
seafloor, especially the organisms of the tide pools and the intertidal
areas of the rocky coasts. (a) The anemone, Tealia crassicoris, is a
sessile carnivore. The graceful and beautiful nudibranchs or sea
stugs include (b} the white Dirona albolineata, (c) the orange-
flecked Triopha carpentert, and {d) Hermissenda crassicarnis with
its orange-and-while striped tips. Starfish come in a remarkable
diversity of shapes and sizes: (e) the bright orange bloodstar
(Herrica leviusculea), the slender-armed Evasterias troschelli, the
young, multiarmed Solaster dawsoni, Mediaster aequalis with its

wide disk and broad arms, the leather star (Dermasterias imbricata).

and the purple, rough-skinned Pisasrer ochraceus. All starfish arc
carnivores and use their tube feel to hold and open the shellfish on
which they feed (). (g) The purple sea urchin (Strongylocentronis
purpuratus) and the green urchin (§. droebachiensis) are closely
related (o the sea stars but they are herbivores, clipping off the algae
with their especially constructed mouth parts (h). (i) The pink sea
scallop (Chlamys hastaia liericia) lies open, as it fiiters organic
particles from the seawater.
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Summary

Benthic algae are anchored to finm substrates, These algae
have a holdfast, a stipe, and photosynthetic blades but no
roots, stems, or leaves. Algal growth along a rocky beach
ranges from green algae at the surface through brown algae
at moderate depths to red algae, which are found primarily
below the low-tide level. Each group’s pigments trap the
available sunlight at these depths. Algae are generally
classified by their principal pigment. The brown algae
include the large kelps. Seaweeds provide food, shelter, and
substrate for other organisms in the area. There are also
benthic diatoms and a few seed plants, including eelgrass
and mangroves.

Benthic animals are subdivided into the epifauna,
which live on or attached to the bottom, and the infauna,
which live buried in the substrate. Animals that inhabit the
rocky littoral region are sorted by the stresses of the area
into a series of zones. Organisms that live in the
supralittoral (or sptash) zone spend long periods of time out
of water. The animals of the midlittoral zone experience
nearly equal periods of exposure and submergence. These
animals have tight shells or live close together to prevent
drying out. The area is crowded, and competition for space
is great. The lower littoral zone is a less stressful
environment. It is home to a wide variety of animals. The
organisms of the littoral zone are herbivores and
carnivores, and each has its specialized life-style and
adaptations for survival.

Symbiotic relationships are intimate, cooperative
relationships between two dissimilar organisms.
Mutuvalism, commensalism, and parasitism are types of
symbiosis found in the marine environment.

The zonation of the crganisms in the benthic region
varies with local conditions. Tide peols provide homes for
lower littoral zone organisims; they can also hecome
extremely specialized habitats.

Mud, sand, and gravel areas are less stable than rocky
areas. The size of the spaces between the substrate particles
determines the porosity of the sediments. Some beaches
have a higher organic content than others. Few algae can
attach to soft sediments, and thus few grazers are found
here. Eelgrass and surf grass provide food and shelter for
specialized communities. Most organisms that live on soft
sediments are detritus feeders or deposit feeders. Zonation
patterns are not conspicucus along soft bottoms. Bacteria
play an important role in the decomposition of plant
malerial and its reduction to detritus. The bacteria
themselves represent a large food resource.

The envirenment of the deep seafloor is very
uniform. The diversity of species increases with depth, but
the population density decreases. The microscopic
members of the deep-sea infauna are the meiobenthos.
Larger burrowers like sea cucumbers continually rework
the sediments. The organisms of the epifauna are found at
all depths.

Some organisins specialize in atlaching to surfaces
and others bore into them. Wood-borers are very
destructive.
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Tropical coral reefs are specialized, self-contained
systems. The coral animals require warm, clear, clean,
shallow water and a [irm substrate. Photosynthetic
dinoffagellates, called zooxanthellae, live in the cells of the
corals and the giant clams. The reef exists in a complex but
delicate biologic balance, which can be easily upset. Reefs
have a typical zonation and structure associated with depth
and wave exposare. Coral reefs are under great stress;
human activities are their greatest threats. High-energy
coastal benthic environments are two to fen times more
productive than rain forest vegetation, Self-contained,
deep-ocean benthic communities, made up of large, fast-
growing animals, depend on chemosynthetic bacteria for
the first step in their food chains. Communities are
assoclated with hot-water vents and cold seeps.

Benthic organisms are sampled by hand in the
intertidal zone; deeper samples are obtained with dredges,
grabs, and corers. Sampling is both guantitative and
qualitative, Divers, cameras, and television can be used to
tdentify and count organisms without disturbing them.

Shellfish are valuable world food resources.
Aquaculture can be used to increase harvests of shellfish
and crustaceans. Experimental aguaculture projects have
used nuirients from sewage and heat from industrial

resources.

Algae are gathered in many countries and are

cultivated in Japan. Some are used directly as food; others
are used as stabilizers and emulsifiers in foods and other
products. It has been suggested that kelp be cultivated,
harvested, and used to produce fuel and other substances.
Biclogically active substances with potentially practical
uses have been isolated from benthic organisims.

Key Terms

alga/algae nemerteans
holdfast brachtopod
stipe nudibranch
kelp routualism
blade symbiosis
epifauna commmensalism
infauna parasitism
sessile detritus
vertical zonation meiobenthos
intertidal zonation poganophora
mollusk bioturbation
polyp algin
zooxanthellae agar

reef flat carrageenan
reef crest bioconversion
chemosynthesis chromoesome
beach transect line triploid
kombu transgenic

nori/flaver



Study Questions

1. Explain the relationship between hydrogen sulfide gas,
bacteria, tube worms, and clams in 2 hydrothermal vent
enviremerl.

2, Distinguish between mutualism, commensalism, and
parasitism In marine communities, Give an example of
each.

3. In what ways are the benthic algae (seaweeds) adapted for
life in the littoral and sublittoral zones? Consider their
structure, pigments, and life requirements.

4. In what ways are the benthic algae important in the ocean
environment?

5. Discuss the food-gathering strategies of motile and sessile
organisms in the littoral and sublittoral zones.

6. Discuss the faclors that are responsible for the litloral
zonation of marine organisms along a rocky shore.

7. Design an original crganism to inhabit the supralittoral,
the littoral, or the sublittoral zone. Consider its
requirements for food, shelter, and protection from
predators, its adaptations to its environment, and its life
history.

8. Why are some subtidal forms found in a tide pool high on
a rocky beach, while other subtidal forms are not?

9. Why are there few benthic organisms on a beach made up
of noncohesive sediments in a wave and surf area?

10. Discuss the importance of bacteria to benthic organisms.
11. Compare a square-meter sample of deep-sea benthos to a
similarly sized sample from the rocky intertidal zone.

12. How are coral recfs able to support a rich and varied
population, when the water surrounding the reef is clear
and devoid of planktonic primary producers?

13. Compare the organisms found growing arcund deep-
ocean hot-waler vents and the organisms found around
cold gas and o1l seeps.

14. Discuss the genetic manipulation of fish and shellfish. Do
the advantages of such techniques outweigh the possible
disadvantages?

15. Compare photosynthesis and chemosynthesis; how are
they similar and how are they different?
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