











Table 13.1

Diving Depths and Durations for Some Marine Mammals

Mammal Diving Duration
record record
{m) (minutes)

sed lion 168 30

porpoise 300 G

botile-nosed dolphin 450 120

fin whale 500 30

Weddell seal 600 T3

elephant scal (male) 1530 Th

sperm whale 2250 90

while underwater. Their muscles store additional oxygen
and are able to tolerate the buildup of waste products from
exertion to a greater degree than those of other animals.
During their dives their lungs collapse completely, forcing
the air out and preventing the blood from absorbing com-
pressed gases at high pressure; therefore they do not sufter
from diving illnesses and are able to rapidly change their
depth.
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Life in the water requires carbon dioxide and oxygen, as
does life on land. Carbon dioxide is required by the plants
for photosynthesis; it is contributed by the animals and by
decay processes, and it is absorbed by the water from the
atmosphere. Because seawater has the capacity to absorb
large quantities of carbon dioxide, there is no shortage of
carbon dioxide for the plant life. Also, carbon dioxide’s
role as a buffer limits the ocean’s pH range, which keeps it
a stable environment for living organisms {see chapter 5).

Oxygen is required by all organisms to liberate
energy from organic compounds. Oxygen is available only
at the acean surface as a by-preduct of photosynthesis and
from the atmosphere. Life below the surface depends on the
vertical circulation processes (discussed in chapter 6) to
replenish the oxygen at depth. The amount of oxygen in the
water influences the distribution of organisms and is influ-
enced by the temperature, salinity, and pressure of the
water, Shallow tidal pools and bays on warm, quiet days
increase in temperature and salinity, decreasing the ability
of the walter to hold oxygen, forcing motile animals out,
and limiting these areas to the organisms that can success-
fully tolerate these changes. The bottoms of deep, isolated
basins may be so low in oxygen that only non-oxygen-
requiring, or anaerebic, bacteria can survive there (refer
back to chapter 5).
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Figure 13.3

Nitrate and phosphate distribution in the main basin of Puget Sound in the
late summer. The low surface values are Lhe result of nutrient utilization
by uniceilular marine plants.

13.6 Nutrients

Nitrate (NO,7) and phosphate (PO4‘3} nutri-
ents are required by the sea’s plant life. They are the fertil-
izers of the sea and are stripped from the surface layers by
the plants, which incorporate them into their tissues. These
nutrients are liberated at depth by the decay of plant as well
as animal tissues, or they are returned to the water in the
form of waste products of herbivores and carnivores (see
fig. 13.3). Vertical circulation and mixing transport the
nutrients back to the surface in upwelling areas where life
is abundant. Estuaries and coastal waters, where nutrients
are supplied by land runoff and mixing from the continental
shelf’s shallow seafloor, are also rich with organisms. Plant
populations are limited by the [ack of any essential nutrient;
if the concentration of such a nutrient falls below the mini-
mum required, the population’s growth ceases until the
nutrient is replenished. Nutrients were introduced in chap-
ter 5 and nutrient cycles will be discussed in chapter 14,

13.7 _ Light and Color
Sunlight

Without light there are no plants; therefore the distribution
of plants in the oceans is light limited. Plant life is
restricted to the photic zone where there is sufficient light
energy for the process of photosynthesis. The depth of the
photic zone, about 200 m (660 ft} in clear ocean water, is
confrolied by factors discussed previously in chapters 1, 4,
and 6, including (1) the angle at which the sun’s rays hit the
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Figure 13.4

The percentage of solar energy available at depth in clear and turbid water.

earth’s surface, which is related to latitude and change of
season; (2) the different rates at which the wavelengths of
light are abseorbed, which is determined by the properties
of water; and (3) the suspended particulate material pre-
sent, which affects the rate of absorption. Below the photic
zone is the aphotic zone, the zone in which there is no
photosynthesis.

However, the presence of light does not guarantee
plant life; nutrients must be available. It is because of a lack
of nutrients that so much of the open ocean, exposed to
high-intensity sunlight, is considered for all practical pur-
poses a biological desert. Life is more abundant along the
coasts and over the continental shelves because of the
larger quantities of dissolved nutrients. Waves and currents
of the coastal zone stir the bottom and mix up silt with the
nutrients. The silt particles absorb and scatter light, reduc-
ing the depth to which it penetrates. As the single-celled
plants reproduce, their increased numbers also act to limit
light penetration, so that the photic depth may be reduced
to less than S0 m (167 ft). The penetration of sunlight in
clear and turbid seawater is compared in figure 13.4.

Bicluminescence

Another source of light is present in the oceans, the organ-
isms themselves. On a dark night, when the wake of a boat
is a glowing ribbon, and disturbed fish leave a trail of light,
or the water flashes as oars dip and a persen’s hands glow
briefly as a net is hauled in, living organisms are producing
the light. The light 1s bioluminescence produced by the
interaction of the compound luciferin and the enzyme
luciferase. This phenomenon is often incorrectly referred
io as phosphorescence; it has nothing to do with phospho-
rus or with the absorption of radiation, but is a chemical
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reaction that produces light with a 99% efficiency. The
same phenomenon is seen on land in the flashing of a fire-
fly or the ghostly glowing of a fungus in the woods.

In the sea, the agitation of the water disturbs micro-
scopic bicluminescent organisms, causing them to flash and
produce glowing wakes and wave crests, Animals that feed
on these organisms oflen concentrate the chemicals in their
tissues and also glow. Jellyfish glow in this way and so do
one’s hands if they come in contact with crushed tissue.
Other bioluminescent organisms in the sea include squid,
shrimp, and some fish. Many middepth and deep-water fish
carry light-producing organs, or photophores; some have
patterns on their sides, possibly for identification. Others
show photophores on their ventral surfaces, making them
difficult to see from below against the light surface water,
and still others have glowing bulbs dangling below their
jaws or attached to flexible dorsal spines, acting as lures for
their prey. The flashlight fish, found in the reefs of the
Pacific and Indian oceans, has a specialized organ below
each eye that is [illed with light-emitting bacteria. These
fish are known to use the light to see, communicate, lure
prey, and confuse predators.

Color

Some sea animals are transparent, allowing them to blend
with their water background, for example, jellyfish and
most of the small floating animals in the surface layers,
whije other animals, particularly the fish, use color in many
ways. In the clear waters of the tropics, where light pene-
trates to deeper depths, bright colors play their greatest
role. Some brightly colored fish match the colors of the
corals so well they become nearly invisible, and bold col-
oration increases during the breeding periods of some
species. Other fish conceal themselves with bright color
bands and blotches that disrupt the outline of the fish and
may draw the predator’s attention away from a vital area to
a less important spot, for example, a black stripe over the
eye and an eye spol on a tail or fin. Another use of bright
color is to send a warning; organisms that sting, taste foul,
have sharp spines, or poisonous flesh are oflen striped and
splashed with color, for example, sea slugs and some
poisonous shellfish. Among fish that swim near the surface
in the well-lighted surface water, for example, herring,
tuna, and mackerel, dark backs and light undersides are
common. This color pattern allows the fish to blend with
the bottom when seen from above and with the surface
when seen from below. See figure 13.5.

In temperate regions, coastal waters are more produc-
tive and more turbid, and there is less light pepetration.
Drab browns and grays are concealing against the kelp beds
of temperate waters, and cold-water bottom fish are usually
uniform in celor with the bottom, or speckled and mottled
with neutral colors. The flaifish are well known for their
ability to change their color, having skin cells that expand
and centract to produce color changes (see fig. 13.6). Their
extracrdinary color-changing ability enables them to con-
ceal themselves by matching the bottom type on which they
live (see fig. 13.7). Squid may be the ocean’s masters of



Rackfish

Chinook salmon
Figure 13.5

Viewed (rom above, the dark dorsal surface of the fish blends with the
seafloor; viewed from below, the light ventral surface blends with the sea
surface. This type of coloration is known as countershading.
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Figure 13.6

Pigment cells from a section of fish skin.

Figure 13.7

The winter flounder resting on a checkerboard pattern shows ils use of
camouflage.

color change; they are able to flash and change color pat-
terns with great rapidity, expanding and contracting pig-
ment cells. Many squid also have bioluminescent cells, and
some have colonies of light-emitling bacteria covered by a
flap of skin. When combined, these allow the squid to dis-
play hundreds of different and complex color patterns and
sequences, allowing them to change color and disappear
almost instantaneously.

Some species of deep-water shrimp are red when
seen at the surface, but below the level of penetration of red
wavelengths of light their red pigment absorbs blue and
green light; little is reflected and the animals are dark and
inconspicuous. In the deep ocean without light, color is of
little importance except perhaps when combined with bio-
luminescence. Of course, we do not know how the animals
see the colors, and there may be roles that color plays in the .
sea we do not know or understand. Color is thought to be
important in species recognition, courtship, and possibly n
keeping schools of fish together.
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13.8 Circulation

The ocean’s water is in constant motion. It is moved and
mixed by currents (chapter §), waves (chapter 9), and tides
(chapter 10). Below the surface layers, the ocean environ-
ment is very uniform, providing marine organisms with
similar conditions of temperature and salinity in any ocean
at any time. Oceanic circulation brings food and oxygen,
replenishes nutrients, and removes waste; it disperses float-
ing organisms and scatters the reproductive stages of swim-
mers and attached forms.

Those plants and animals that drift rather than swim
are carried along by the currents and run the risk of being
carried oul of a sujtable habitat by either vertical or hori-
zontal movement. However, analysis of their remains on
the seafloor and observations of living populations show
that this does not always happen. Populations of drifting
animals appear to take advantage of their ability to move in
the vertical direction either by swimming or by changing
their buoyancy. They are able to maintain their place hori-
zontally in ocean space by moving away from the surface
during the day to depths where a current flows in a direc-
tion opposite to the surface current. They then move
upward at night to be carried back to their starting position.
Organisms also appear to maintain their position by adding
to their population on the upstream side of a current to bal-
ance losses on the downstream side. This pattern is related
to the new supply of food and nutrients brought into the
population by the current upstream, in contrast to the food-
depleted water downstream.

Vertical water motions in the sea are much slower
than horizontal motions, but small displacements of organ-
isms in the vertical direction can mean substantial changes
in light, salinity, temperature, and nutrient supply. If the
vertical flow is upward, it counteracts the tendency of
organisms and other particulate matter to sink. In this way,
light-dependent organisms are held in the photic zone. The
upward motion of the water also supplies nutrients to the
photic zone 1o promote plant growth. At the same time,
these upward flows decrease the temperature of the surface
walers and return water with a low oxygen content to the
surface, where oxygen is replenished by photosynthesis and
atmospheric exchange.
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A downward vertical flow under an area of surface
convergence accumulates a population of organisms as the
surface flows move toward the area of downwelling. If the
organisms cannot increase their buoyancy to compensate
for the downward current, they are carried down to changes
in light, temperature, salinity, nutrients, and gases. Areas of
downwelling are usually regions of low plant growth, but at
the surface convergence, the accumulation of organisms
provides a rich feeding ground for camnivores.
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13.9  Barriers and Boundaries

In the sea, species and populations are isclated from one
another by barriers where the properties of the water
change abruptly. Near-surface boundaries in the water col-
umn may be sharp; for example, rapid changes with depth
in temperature {thermocline}, density (pycnocline), and
salinity (halocline) (refer to chapter 6). Light intensity also
changes rapidly in the vertical direction (refer to chapter 4).
These boundaries are barriers for marine organisms,
because they do not survive if displaced through such a
boundary. The effects of these barriers decreases at deeper
depths, where water propersties become more homogeneous.

Similar barriers exist in the horizontal direction,
where surface water of one type is adjacent to surface water
of another type (refer again to chapter 6). These boundaries
are often associated with zones of surface convergence and
divergence in the ocean and also occur in estuaries,
between land-derived fresh water and seawater in the
coastal zone. When they are associated with a rapidly flow-
ing current of one type of water moving through or adjacent
to another type, the boundaries are sharp; for example, pop-
ulations that do well in the warm, saline waters of the Gulf
Strean may die if they are displaced into the cold, less-
saline Labrador Current water between the coast and the
Gulf Stream.

Other boundaries are controlled by the topography of
the seafloor (see chapter 2). Ridges that isolate one deep-
ocean basin from another prevent the deeper water in the
basins {rom freely exchanging, and water of dissimilar
characteristics and populations may exist on either side of a
submarine ridge. In other cases, the water and the popula-
tions in the two basins may be similar, but the populations
are not able to move between the basins because the eleva-
tion of the ridge that separates them forces the animals to
change their depth and pass upward into water with proper-
ties that they cannot tolerate. Isolated seamounts with their
peaks in shallow water may support specific isolated com-
munities of sea life in much the same way that mountain
tops on land support widely separated arctic and alpine
comimunites.

Lateral topographic barriers also isolate populations.
Near-surface and surface species of the tropic regions are
prevented from moving between the Atlantic and Pacific
oceans by the land barrier of Central America. Tropical sur-
face species such as sea snakes cannot migrate around the
continental landmasses of North and South America,
because to do so they must pass through regions of much
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colder water. Africa also acts as a barrier, keeping the tropi-
cal species of the Indian Ocean from communicating freely
with the tropical species of the Atlantic, because the water
south of Africa is too cold for the tropical species of either
ocean.

l 13.10 " Bottom '] ypes

Although the properties of the seawater are critical for the
survival of marine organisms, for many plants and animals
the type of ocean bottom—rock, mud, sand, or gravel—is
equally important. A seaweed that requires rock for attach-
ment is unable to live in sand, and a burrewing worm from
a mud flat or a shrimp from a sand beach cannot survive cn
a rocky reef. The material of the seafloor, or substrate,
provides food, shelter, and attachment sites, each substrate
type providing suitable living space for a different group of
organisms. Substrates show greater variety along the shal-
low coastal areas; sandbars, mud flats, rocky points, and
stretches of gravel and pebble are frequently found along
the same strip of coastline. Further seaward, as the seafloor
becomes more distant from the sea surface, the particle size
of the sediments and the amount of organic matter associ-
ated with the substrates decrease; the substrate becomes
more uniform. The decline in the variety of the substrate is
matched by a decrease in the animal mass.

Organisms living attached to the seafloor often mod-
ify their habitats, providing food, shelter, and additional
surfaces for the attachment of still other organisms. Forests
of large seaweed attached to rocky bottoms in 20 m (66 ft)
of water and eel grass beds in shallow, quiet, sandy, or
muddy bays both provide such environments, but for quite
different populations of organisms. Seme crabs moving
across the seafloor carry anemones attached to their backs,
and some sea anemones harbor specialized fish within their
tentacles. The most outstanding example of biological mod-
ification of a substrate is the tropical coral reef; here the
organisms create a specialized environment over the stony
skeletons of other organisms (see chapter 17).
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13.71 Environmental Zones

Because the marine environment is so large and complex,
biological oceanographers, marine biologists, and ecolo-
gists interested in the sea divide the marine envirenment
into subunits called zones. The zone classifications used
here are based on the system developed by Joel Hedgpeth
in 1957; they are shown in figure 13.8. The water environ-
ment is the pelagic zone, and the seafloor environment is
the benthic zone, The pelagic zope is divided into the
coastal or neritic zone above the continental shelf, and the
oceanic zone, or deep water away from the influence of
land. The oceanic zone is then subdivided by depth as fol-
lows. The surface waters to 200 m (660 ft) are the
epipelagic zone; the mesopelagic zone is the twilight zone
between 200 m (660 ft) and 1000 m (3300 ft); the bathy-
pelagic zone extends to 4000 m (13,200 ft), and the
abyssopelagic zone extends to the deepest depths. All
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Figure 13.8
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oceanic subdivisions, except for the epipelagic zone, are
aphotic, or without light. The photic zone coincides roughly
with the epipelagic and neritic zones. Locate each zone in
figure 13.8.

The seafloor, or benthic environment, is subdivided
into comparable zones. Tidal fluctuations at the shoreline
define the supralittoral zone, or splash zone, which lies
Just above the high-water mark and is covered by the sea
only during the highest spring tides or by wave spray, and
the littoral zone, or intertidal zone, which lies between
high and low water and is covered and uncovered once or
twice each day. The sublittoral zone, or subtidal zone,
extends out along the continental shelf. The supralittoral,
littoral, and inner portion of the sublittoral zones occupy
the same area as the benthic photic zone because sufficient
light is present to support single-cetled plants and large
benthic plants.

Within the aphotic zone are the deeper portions of the
subtidal zone; the bathyal zone, extending from 200 m
{660 f1) to 4000 m (13,200 ft) and coinciding with the con-
tinental slope, and the abyssal zone, between 4000 m and
6000 m, or roughly the area over the abyssal plain. The
hadal zone lies below 6000 m (19,800 ft) and is associated
with the trenches and deeps (see again fig. 13.8).

The properties of the liltoral and epipelagic zones are
keyed to latitude; keep in mind that these zones differ
markedly, depending on whether they are at polar, temper-
ate, or tropic latitudes, Substrate plays a basic role in ben-
thic zones, and there is much less variety in substrates in
the deeper zones. Life in all the zones is influenced by vari-
ations in temperature, light, dissolved gases, nutrients, and
all the factors discussed in this chapter.

S . . )
13.12  Classification of
Organisms

All of these ocean zones together make up the varied
marine envircnment, which is inhabited by a wide variety
of organisms uniquely adapted to it. These organisms are
divided into groups to promote ease of identification and to
increase our understanding of the relationships that exist
among them. Classic taxonomic categories are listed in
table 13.2. A simple and practical method divides all
marine organisms into three groups, based on where and
how they live. Plants and animals that float or drift with the
movements of the water are the plankton. Those that live
attached to the bottom or on or in the boltom are the ben-
thos, and the animals that swim freely and purposefully in
the sea are the nekton. Chapters 15, 16, and 17 use this
three-part system.

e I

13.13 Practical Considerations:
Modification and
.‘%-"ﬂifigaaiicm

At the same time that we have been acquiring greater
understanding of how the physical, chemical, and geologi-
cal factors discussed in this chapter interact to produce the
many and different environments of the ocean, we have
been bringing greater and lasting changes to these ocean
environments, especially in coastal bays and estuaries,
where environments are typically small-scaled and varied.
In some cases, using owr knowledge of organisms and their
preferred habitats, we have altered an area to enhance the
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Table 13.2
Taxonomic Categories of Some Marine Organisms
Pacific
Northern (Japanese)

Killer whale fur seal oyster Giant octopus  Sea leftuce Giant kelp
kingdom Animalia Animalia Animalia Animalia Plantae Planiae
phylum Chordata Chordata Mollusca Mellusca Chlorophyta Phacophyta
class Mammalia Mammalia Bivalvia Cephalopoda Chiorophycae Phaeophiycae

(Pelecypoda)
order Cetacea Carnivora Anisomyaria Octopoda Ulvales Laminariales
(Pinnipedia)
family Delphinidae Otariidae Ostreidag Octopodidac Ulvaceae Lessoniaceae
genus Oreinis Callorhinus Crassosirea Octopus Utva Macrocystis
species Oreinus orca Callorhinus Crassostrea Ociopus Ulva _ Macrocysiis
wrsinus gigas dofleini lacruca pyrifera

populations of organisms we consider desirable over those
we consider undesirable. We build artificial reefs using cld
car bodies, bags of old shells, or chunks of fractured con-
crete to encourage the growth of organisms that not only do
well in a reef’s protected nooks and crannies, but are well
suiled to recreational and sport fishing as well as commer-
cial harvesting.

Development and modification of estuaries and bays
is often done at the expense of wetlands and mud flats;
refer back to chapter 12, Our engineering techniques allow
us to move sediment, change the slope of the bottom, and
alter substrates, We deepen channels, build marinas and
protective breakwaters, and bullchead the land (o prevent its
erosion. These activities do not remove marine habitats as
much as they change them, substituting a new habitat and
its biological communities for the previous habitat com-
plex. In some cases our activities result in the creation of
nonmarine uplands, and in this case there is a true loss of
marine environmen.

Our ability to modify or reengineer the oceans’
shallow-water envirenments alse allows us to create
new marshes, tide flats, and special habitats [rom less-
productive or less-desirable areas and to reestablish com-
munities of marine plants and animals. We can and do
choose which habitats and which organisms are to be con-
served and which are to be sacrificed.

Present policies at national, state, and local levels, at
a minimum seek (o conserve our existing marine habitats,
and to improve them when possible, while at the same time
increasing populations promote development of coastal
zones. Attempting to balance human and natural needs has
led planners and developers to the coastal-management
concept of mitigation,

When development projects alter or destroy an envi-
ronment, management authorities at the local, state, or
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federal level may choose to enforce mitigation of these
effects by requiring the developer to purchase an area of the
same type as that to be developed and to arrange for it to be
held in its natural state, or the developer may be required to
reengineer an area to resemble what has been lost. Such
required projects are examples of compensatory mitigation;
compensation is paid for change and deslruction. Projects
that are voluntarily undertaken to improve coastal and
shore areas are considered noncompensatory mitigation,

A successful mitigation project requires a thorough
knowledge of the physical requirements needed to support
the communities of plants and animals that the mitigation
seeks to enhance. Any characteristics of the new environ-
ment thal interfere with the mitigation process must be
changed if the mitigated area is to sustain itself in the
future. After the area has been restructured it must be moni-
tored, and changes must be made as needed to maintain the
new environment. If these preproject and postproject stud-
ies are not made, the mitigation effort js likely to fail.

While mitigation does preserve some habitats and
species, il can only approximate the lost environment, not
duplicate it. The result is still a shift or a change in habitar
produced by human pressures.

Development pressures in deep-sea areas associated
with mining and energy projecis are still in the future.
Tropical OTEC plants (chapler 6) will force cold, nutrient-
rich water to the sea surface, changing the surface produc-
Livity; and manganese nodule mining (chapter 2) will
increase deep-sea turbidity, changing the environment for
bottom organisms in mined areas. However, because of the
vast size of deep-sea areas with common properties,
changes in deep water are likely Lo be less significant than
changes in the coastal zone. How mitigation might be
undertaken in the open ocean has not yet been considered.
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Spartina: Valuable and Productive or Invasive and Destructive?

Spartina alternifiora, known as smooth
cordgrass, many spiked cordgrass, and salt
marsh cordgrass, is a deciduous, perennial
flowering plan! native to the Atlantic and
Gulf coasts of the United States. It is the
dominant native species of the lower salt
marshes along the Atlantic seaboard from
Newfoundland to Florida, and on the Gulf
Coast from Florida to East Texas. It grows
in the intertidal zone from mean higher
high water to 1.8 m (6 ft) below mean
higher high water.

These natural salt marshes are
among the most productive habitats in the
marine environment. Nutrient-rich water
is brought to the wetlands during each
high tide, making a high rate of food
production possible. As the seaweed and
marsh grass leaves die, bacteria break
down the plant material, and insects,
small shrimplike organisms, fiddler
crabs, and marsh snails eat the decaying
plant tissue, digest it, and excrete wastes
high in nutrients. Numerous insects
occupy the marsh, feeding on living or
dead plant tissue, and red-winged black-
birds, sparrows, rodents, rabbits, and
deer feed directly on the cordgrass. Each
tidal cycle carries plant material into the
offshore water to be used by the subtidal
organisms.

Spartina is an exceedingly competi-
tive plant. It spreads primarily by under-
ground stems; colonies form when pieces
of the root system or whole plants float
into an area and take root, or when seeds
float into a suitable area and germinate. It
establishes itself on substrates ranging
from sand and silt to gravel and cobble
and is tolerant of salinities ranging from
near fresh to salt water (35%2), Spartina
Is able to tolerate high salinities because
sall gtands on the surface of the [eaves
remove the salt from the plant sap, leav-
ing visible white salt crystals. Because of
the lack of oxygen in marsh sediments,
they are high in sulfides that are toxic to
most plants. S. aiternifiora has the ability
to take up sulfides and converi them to
sulfate, a form of sulfur that the plant can
use; this ability makes it easier for the
grass to colonize marsh environments.
Another adaptive advantage is its bio-
chemical photosynthetic pathway that
uses carbon dioxide more efficiently than
most other plants.

These characteristics make Spartina
alterniflora a valuable component of the
estuaries where it occurs naturally. The

Box figure 13.1

A naturally occurring Sparting marsh.

piant functions as a stabilizer and sedi-
ment trap and as a nursery area for estua-
rine fishes and shellfishes. Once estab-
lished, a stand of Spartina begins to trap
sediment, changing the substrate eleva-
tion, and eventually the stand evolves into
a high marsh system where Spartina is
gradually displaced by higher-elevation,
brackish-water species. As elevation
increases, narrow, deep channels of water
form throughout the marsh (see Box fig.
13.1). Along the East Coast Spartina is
considered valuable for its ability to pre-
vent erosion and marshland deterioration;
it is also used for coastal restoration pro-
jects and the creation of new wetland
sites,

Spartina alternifiora has been infro-
duced to and naturalized in Washington,
Oregon, California, England, France,
New Zealand, and China. Spartina was
carried to Washington State in packing
material for oysters transplanted from the
East Coast in 1894. Leaving its insect

predators behind, the cordgrass has heen
spreading slowly and steadily along
Washington’s tidal estuaries, crowding
out the native plants and drastically
altering the landscape by trapping sedi-
ment. It turns tidal mud flats into high
marshes inhospitable to many fish and
waterfowl that depend on the mud flats,
By 1988 it covered 1650 acres in
Washington’s Willapa Bay; it had spread
to 2500 acres by 1991, and state officials
predict that by 2010 it will cover most of
the bay’s 30,000 acres if left unchecked
(see Box fig. 13.2). It is already hamper-
ing the oyster harvest, and it interferes
with recreational use of beaches and
waterfronts,

Spartina has been transplanted to
England and New Zealand for land recla-
mation and shoreline stabilization. In
New Zealand the plant has spread
rapidly, changing mud flats with marshy
fringes to extensive salt meadows and
reducing the number and kinds of birds

continued
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Spartina—continued

and animals that use the marsh. Another
species of Spartina (5. maritima) occurs
in marshes along the coasts of Europe
and Africa. §. alterniflora was introduced
into Great Britain from eastern North
America in about 1800 and spread to
form large colonies. The native species
and the introduced species existed
together throughout the nineteenth cen-
tury, and by 1870 a sterile hybrid that
reproduced by underground stems
appeared. About 1890, a vigorous seed-
producing form was derived naturally

from this hybrid and spread rapidly along
the coasts of Great Britain and northwest-
ern France.

Efforts to control Spartina outside its
natural environment have included burn-
ing, flooding, shading plants with black
canvas or plastic, smothering the plants
with dredged materials or clay, applying
herbicide, and repeated mowings. Little
success has been reported in New
Zealand and England; Washington State
has declared Sparting a “noxious weed”
and set up tests using mowing and herbi-
cide applications to control its spread.

Preliminary worl has begun to determine
the feasibility of using insects as biologi-
cal controls, but effective biological con-
trols are considered ten years away. Even
with a massive effort it is doubtful that
complete eradication of Sparting from
nonnative habitats is possible, for it has
become an integral part of these shore-
lines and estuaries during the last 100 to
200 years. A management plan that
includes mowing for small, accessible
patches and biclogical controls for long-
term regulation may be the most realistic
approach,

Summary

Organisms living in the sea are buoyed and supported by
the seawater. Adaptations for staying afloat include low-
density body fluids, gas bubbles, gas-filled floats, swim
bladders, oil and fat storage, and extended surface areas
and appendages.

Most marine fish lose water by osmosis. They drink
continually and excrete salt to prevent dehydration. Sharks
have the same concentration of salt in their tissues as there
is in seawater. They therefore do not have a water-loss

problem. Salinity is a barrier to some organisis; others can

adapt to large salinity changes.

Temperature affects density, viscosity, and the
water’s buoyancy, as well as the stability of the water
column. The body temperature and metabolism of all
marine organismes, except for birds and maminals, are
controlled by the sea temperature. Some fish conserve heat
in their body muscles and elevale the temperature in these
muscles. Temperatures at depth are uniform; sea-surface
temperatures change with latitude and seasons.

Changes in pressure affect organisms with gas-filled
cavities. Marine mammals have a unique ability to undergo
large pressure changes due to their physiology and body
chemistry. The swim bladders of fish are affected by
pressure changes, and the fish must change depth slowly.

The carbon dioxide—oxygen balance in the oceans
influences the distribution of ali organisms. The availability
of nutrients and light limits plant populations. The depth of
light penetration in the oceans is controlled by the angle of
the sun’s rays, the properties of the water, and the material
in the water, Light limits plant life, but nutrients are also
required. Some organisms produce chemical light, known
as bioluminescence. Animals use celor for concealment and
camouflage and also to warn predators of poisonous flesh
and bitter taste. ‘

Winds, tides, and currents mix the water. Moving
water carries food and oxygen, removes waste, and
disperses organisms. Floating populations are not

necessarily scattered, but keep their place due to
movements between surface currents and deeper currents.
Upwellings supply nutrients and hold plants in the surface
layers. Downwellings are regions of low plant growth.

Barriers for marine organisms include water
properties, light intensity, zones of convergence and
divergence, seafloor topography, and geography. Different
substrates provide food, shelter, and attachment for
different groups of organisms.

The marine environment is subdivided into zones.
The major environments are the benthic and pelagic zones;
there are numerous subdivisions of each of these zones.

The organisms of the sea are classified for
identification and relationship. Organisms are also grouped
as plankton, nekton, and benthos.

Development of marine areas, with the consequent
loss of habitat and therefore populations, has led to the
concept of mitigation, under which developers are required
to preserve or replace habitats in an effort to maintain and
preserve species.

Key Terms

buoyancy epipelagic zone
08I OSsis mesopelagic zone
anaerobic bathypelagic zone

photic zone
aphotic zone

abyssopelagic zone
supralittoral zone/splash zone

bioluminescence littoral zonefintertidal zone
luciferin sublittoral zone/subtidal zone
luciferase bathyal zone

photophore abyssal zone

substrate hadal zone

pelagic zone plankton

benthic zone benthos

neritic zone nekton
oceanic zone mitigation
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Study Questions

1. How do so many delicate and fragile organisms exist in
the oceans without damage?

2. What will happen to the body fluids of a frog placed in
seawater? A sea cucumber placed in fresh water?

3. Discuss the effect of temperature on the distribution of
organisms. Consider changes with latitude and with
depth.

4. Although seals and whales are mammals, they do not
suffer from either decompression sickness or nitrogen
narcosis during deep dives of long duration, Explain why.

5. How does the role of bicluminescence differ from the role
of sunlight in the sea?

6. Compare the flotation problems of a many-armed
organism with those of an organism without arms but of
the same density. Consider both organisms in 4°C water
and in 20°C water.

7. In what ways does upwelling contribute to increasing the
populations of surface organisms? What properties of
seawatfer act as barriers for marine organisms?

8. Explain why the substrate of the seatloor becomes less
diversified as one moves from the shore to the deep
ocean.

9. What characteristics determine whether a plant or an
animal belongs to the plankton, the nekton, or the
benthos?

10. What properties of seawater act as barriers for marine
organisms?

11. Why are Spartina marshes along the east coast considered
productive while those along the west coast are
considered destructive?

346 Oveans: Envivonment jor Life

12. Why is the neritic zone of primary importance to the
world’s commercial fishing industries?

13. Find an example of mitigation being used in your
community and discuss its effect.

14. How does countershading aid the survival of fish in
nearshore areas?

15. How do rapidly increasing populations of single-celled
plants limit their own growth?
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