Summer Assignments AICE Marine School Year 2022-2023

In order to answer these Exam style Question, please review attached Chapter Texts. You may wish to
take notes as this will be helpful when taking this Course as well. The numbers next to each question
(to the right) represent how many marks are available based on your answers.

You may type or hand write your answers. The AICE Exam is a handwritten Exam.

Chapter 1: The Scientific Method

1. Design a laboratory-based experiment to test the hypothesis that algae need light to grow. [6]

2. Afield-based experiment was carried out that investigated the distribution of two different
species of fish in an estuary. Total Marks [5]

a. Suggest environmental factors that could affect the distribution of fish in an estuary. [3]

b. These factors cannot be controlled during the experiment. Explain what should be done
instead. [2]

Chapter 2: Marine Ecosystems and Biodiversity

1. a. Explain what is meant by each of the following terms
i. Population [1]

ii. Community [1]
iii. Trophic Level [1]
iiii. Species [1]

v. Ecosystem [1]

b. Many forage fish species (for example sardines or herrings) form shoals.

i. Discuss the advantages of shoaling [4]

ii. discuss the disadvantages of shoaling [2]

Total Marks [11]
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2. Please answer the following below.
a. Describe the relationship between coral and zooxanthellae. [3]
b. Define succession [1]
c. Outline the succession that leads to the formation of a coral reef [3]
d. Discuss why coral reefs contain narrow ecological niches [4]

Chapter 3: Energetics of Marine Ecosystems

1. Please answer the following below.
a. i.Describe what is meant by the term productivity. [3]
ii. Give three factors that can affect the productivity. [3]
iii. Briefly describe a simple method to measure productivity [3]
b. Explain why productivity is increased during the spring and summer. [4]
2. Please answer the following
a. Describe the process of photosynthesis. [4]
b. i. Why does photosynthesis not occur at hydrothermal vents on the ocean floor? [2]
ii. Describe how energy enters the ecosystem found t the hydrothermal vents on the
ocean floor. [4]
c. The solar energy falling on the oceans is 1.7 x 1076 k) m”-2 year -1 and the
phytoplankton ae able to use 18,754 kJ mA-2 year?-1 of this.
i. Calculate percentage of the sun’s energy that is used by phytoplankton. Show
your working [2]
ii. Explain why 100% of the energy is not used. [3]

Chapter 4: Nutrient Cycles in the Marine Ecosystems

1. Please answer the following below. Total Marks [11]
a. Fillin the Table below to show the uses of different nutrients [3]

Nutrient Biological Use

Nitrogen

Calcium

Phosphorous

b. Describe the process of run-off. [3]
c. Describe the process of run-off of nitrogen fertilizers on producers. [3]
d. Explain how this will affect the consumers in the food chain. [3]
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Chapter 5: Coral Reefs and Lagoons

1. Please answer the following below. Total marks [10]

A. Describe each of the following reef types:
i. Fringing reef [2]
ii. Barrier reef [2]
iii. Atoll [2]

B. Outline the Darwin-Dana-Daly theory od atoll formation. [4]

2. Please answer the following below Total Marks [7]
a. Describe the relationship shared by the following pairs of organisms
a. Coral polys and zooxanthellae [2]
b. Butterflyfish and coral polyps [2]
b. Explain how parrotfish lead to reef erosion [3]

Chapter 6: The Ocean Floor and the Coast

1. A.Define what is meant by the term intertidal zone. [1]
B. Compare the physical factors affecting organisms living on a rocky shore to those living on a
sandy shore. [4]
c. i. Define the term vertical zonation [1]
ii. Explain how the physical and biological factors of a rocky shore ecosystem contribute to
vertical zonation of the organisms that live there. [2]

Total Marks [8]
2. A. Describe the habitat where you would expect to find mangrove trees. [2]
B. List and explain two adaptations mangroves have in order to survive within their habitat. [2]

C. Explain how red mangroves benefit coastal ecosystems [4]

Total Marks [9]
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Chapter 7: Physical and Chemical Oceanography

1. Please answer the following below. Total Marks [13]
a. Outline the principles behind the Coriolis Effect. [4]
b. Explain the impact of the Coriolis Effect on tropical cyclones. [3]
c. The table below shows the air pressure at different distances from the center of a
tropical cyclone.

Distance from the center of the cyclone Air pressure/ millibars
(km)

100 980
80 976
60 970
40 964
20 956
0 916
20 956
40 964
60 970
80 976
100 980

i. Plot these data on a graph [4]
ii. Explain why the lowest pressure is at the center of the cyclones. [2]

2. a. Compare the summer monsoons in India with those in the winter. [8]
b. Discuss the impacts of monsoons on the people of India. [2]

Total Marks [10]
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2.2 Fundamental principles
of marine ecology
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Life on Earth can be divided |nto subunits called ecosystems.

An ecosystem is all the living organisms in an area plus the
non-living environmental factors that act on them.

The biotic components of an ecosystem are the living
factors, such as producers, consumers and decomposers,
Biotic components also include feeding relationships,

“for example predator-prey relationships, which can be

shown as food chains and webs. The abiotic components
of a marine ecosystem are the environment’s geological,
physical and chemical features:

geological features include substrate type, topography
and suspended sediment

physical features include temperature, exposure to wind
-and sunlight wave action, tides, currents, hydrostatic

pressure, light intensity and wavelength

chemical features include organic nutrients, pH, sahmty,
oxygen, carbon, nitrogen and phosphorus.
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The habitat an organism occupies can be defined by where
it lives and how it moves, For example:

« planktonic organisms, such as phytoplankton and
zooplankton, drift in ocean currents

« nektonic organisms, such as fish, marine rept|les and
mammals, can actively swim

« benthicorganisms, such as tube worms, starfish, crabs
and sea cucumbers, live on the seabed.

Some organisms.cross from one habitat to another during
their life cycles. For example, crabs and clams both start
out as planktonic larvae but become benthic adults.

Habitats are not always geographical; for example,
parasitic worms live inside their host species.

Species

A species is defined as a group of5|m|lar organisms that
can interbreed naturally to produce fertile offspring.
Each species is given a name composed of two parts,
both of which are in Latin. This naming system is called
the binomial system of nomenclature. It was first
formulated in 1736 by Carolus Linnaeus, a Swedish
botanist. The first part of the name refers to the genus,
and the second part refers to the species. The genus

is given a capital letter, whereas the species is always
lower case. In print, a binomial always appears in italic. -
For example, the Latin binomial name for the Galapagos
penguin is Spheniscus mendiculus. When you write a
binomial name by hand, you should underline it, for
example Spheniscus mendiculus.

Population

A population is all the organisms of the same species
that live at the same place at the same time, and are able
to reproduce. For example, the squat lobsters living off
Otago, New Zealand, are a population. Similarly, all the
salmon in the Atlantic Ocean make up the Atlantic salmon
population.

The number of individuals in any population often
increases and decreases. Population increases are
caused by reproduction or by new individuals joining the
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+ Spatial relationsh’i"’b‘é‘:‘;?two species may have the same
feeding relationships but occupy that niche in different
parts of the ocean. For example, if a prey species is
found throughout the water column, one predator may
feed on itin the surface photic zone (where there is
light) while another feeds deeper down in the aphotic
zone (where there is no light).

. Temporal relationships: two species may have the same
feeding relationships but occupy the niche at different
times, for example if a prey speciesis found in the same
location throughout each day, one predator may feed
at night (nocturnal) while another feeds in the daytime
{diurnal).

2.3 Symbiosis within marine
ecosystems

Symb105|s literally means lnvmg fogether’. The term refers
to an interspecies relationship between two or more

‘organisms from different species li\)ing in close physical

association. The smaller partner in the symbiosis is called
the symblont and:the larger oneis called the host.

There- are many forms of symbmsas mcludmg.

+ mutualism, when both speaes benefit from the
relatlonsh|p

* « parasitism, when one organism (the paraSIte) benefits

at the expense of the host.
Other types of interspecies relationship include:

- competition, when both species are negatively
affected by trying to fill the same ecological niche

- predation, feeding that involves hunting, killing and
eating another animal.

- that produce organic matter from the ¢

~trophosome (Figure 2.1).

Marine mutualism :
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Figure 2.1. Chemosynthetic bacteria and tube worm
mutualism.

In this way the chemosynthetic bacteria gain a safe
environment and nutrients while the tube worms use

the organic matter for cellular respiration to create the
ATP energy they require to grow. The tube worms form
part of the food chain for other organisms colonising

the vent, such as polychaete worms, octopuses, giant
clams, mussels, limpets, crabs and vent fish. Eventually, a
complex community consisting of many-different species
is established.

Cleaner fish, shrimps and grouper

Cleaning stations are often located on the top of a coral
head. Reef fish, sea turtles and sharks congregate to have
parasites removed by numerous species of cleaner fish
(especially wrasses and gobies) and cleaner shrimps. When
the host animal approaches a cleaning station, it opens

its mouth wide as a signal to the cleaner species. The
cleaner species then remove and eat the parasites from
the host’s skin, mouth and gills. The cleaners benefit by
gaining nutrients from the dead skin and parasites that
they remove. They also gain protection from predators
while they are cleaning. The host fish benefit from reduced
infection.

Other examples of cleaning mutualism include:
. pilot fish cleaning sharks

+ Pacific cleaner shrimps and bluesteak cleaner wrasses
cleaning eels.
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Figure 2.3. Endoparasites living on the gills of a tuna.

2.4 Feeding relationships

Producers ,
Producers provide food for virtually all other organisms

in food chains and food webs. As autotrophs, they are
‘self-feeders’ and synthesise organic ‘food’ from simple
inorganic compounds and an energy source. There are two
types of producer:

« photoautotrophs, which use light energy

. chemoautotrophs, which use chemical energy.

Photoautotrophs

Photoautotrophs use pigmernits (for example chlorophyll)
to trap light energy from the Sun, in the light-dependent
stage of photosynthesis. Marine photoautotrophs include
seagrass, mangroves, seaweed, kelp, cyanobacteria

and phytoplankton: Phytoplankton include diatoms

and dinoflagellates and are essential to life on Earth
because they produce half of the world’s oxygen and are
a major sink for carbon dioxide. Diatoms are single-celled
organisms with a silicon shell. Dinoflagellates can form
enormous ocean blooms or red tldes that are sometimes
visible from space.

Chemoautotrophs i
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+ suspension feeders that filter the water for food (for
example mussels)

+ -grazers that scrape algae (for example limpets, sea
urchins and parrot fish).

Zooplankton are important consumers and include
copepods, foraminifera and krill. Copepods are small
herbivores that feed on diatoms. Foraminifera are single-
celled animals with calcium carbonate shells. Krill are
shrimp-like carnivores that feed on other zooplankton
species and phytoplankton. Krill are important food
sources for birds, fish, seals and baleen whales.

2.5 Food chains and food webs

A food chain shows the linear sequence of organisms
feeding on other organisms. A series of interlinked food
chains forms a multi-branched food web. In food chains
and food webs, arrows represent the direction in which
energy, biomass and nutrients are transferred. The

term trophic level refers to the ‘feeding level’ in a food
chain or web. Producers occupy the first trophic level,
primary consumers occupy the second trophic level,
secondary consumers occupy the third trophic level,
and so on.

producer — primary consumer — secondary consumer =
tertiary consumer — quaternary consumer

1st trophic level = 2nd trophic level = 3rd trophic level —
4th trophic level — 5th trophic level

Primary (first level) consumers are also known as
herbivores. Secondary (second level) consumers are
carnivores that feed on herbivores, Tertiary (third level)
or quaternary (fourth level) consumers are carnivores
that feed on carnivores. If carnivores are at the end of a
food chain, they are called top predators. Organisms can
be grouped into different consumer types depending on
the specific food chain being discussed. For example, an
omnivore feeds on plants (making it a primary consumer)
and other consumers {making it a secondary consumer).
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are herbivores that prey on marine algae growing on coral
reefs. Without this crucial predator-prey relationship, the
algae would overgrow the coral and limit the light reaching
the zooxanthellae. This would eventually kill the coral.

Figu’re 2.4. (a) Starfish; (b) butteffly fish.

Population changes in predator—prey
relationships

The predator population is usually smaller than its prey
population. This is because individual predators often
have a larger biomass than individual prey, and there is a
significant loss in energy between trophic levels.

The availability of food is a major limiting factor that affects
the location and numbers of predators in an ecosystem. The
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Figure 2.5, Predator-prey relationship for lionfish and
" Atlantic.Ocean fish.

Crown-of-thorns starfish

The crown-of-thorns starfish predates corals on the Great
Barrier Reef. The numbers of predators (starfish) and prey
(corals) have fluctuated over a 25-year period (Figure 2.6).
Between years 4 and 16, the coral population (measured
by percentage cover) decreased from 52% to 6%. This led
to a reduction in the relative number of starfish from 16
to 3. The drop in starfish numbers did not start until year
10: there was a time lag of 6 years between the drop in
coral prey and the drop in starfish predators. The time lag
resulted in a maximum number of predators as the prey
population was in decline. The coral recovered between
years 16 and 25 because the relative numbers of starfish
were low. From 21 years, as the coral cover increased, the
relative number of starfish also began to increase. Again
there was a time lag between the increase in coral cover
and the increase in relative number of starfish.
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Figure 2.6. Predator-prey graph for crown-of-thorns
starfish and coral cover.
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Maths skills

Mean, medlan mode and range v s

The mean is the average of your data. To find the mean, add up all the data values (Zx) and then d1v1de -

* by the number of data entrles (n)

The median is the m1ddle valte in the list-of data values. To find the median, list your data in
numerical order from lowest to highest. Identify the middle value: this is the median.

The mode is the data.value that occurs most often. If no data value is repeated, there is no mode for’
the sample. There can be more than one mode.

The range is the difference between the largest and smallest data values.

Worked example
A student recorded the following data for the number of periwinkles found on a rocky shore transect.

quadrat number of periwinkles
2 92

3 116

4 54

5 11

6 3

7 0

8 0

9 0

Table 2.2. Periwinkle numbers.

VAN
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2x=17 £ 924 1

- Mea;{’:*zx‘/‘n z

. therefore 11

;The mode 1s the number that is repeated more often than any other The mode for th1s da, ‘a setis 0
because it 1s repeated three t1mes ‘

- The largest data value in the 11st is 116 and the smallest is0,s0 the range is 116 0= 116

Questions trophic

1 Trophic level transfer efficiency (TLTE) measures the amount of energy level
that is transferred between trophic levels. TLTE is calculated by:
TLTE = energy trophic level”*/ energy trophic level” x 100
trophic level”+! is the trophic level above trophic level”

Figure 2.9 shows a pyram1d of energy for a marine ecosystem

(in arbitrary units).

¢ mackerel - tuna

Calculate the TLTE for:
a phytoplankton - zooplankton

b zooplankton - herring

2 Calculate, to the nearest whole number, the mean, median,
mode and range for the list of TLTE values given in Table 2.3.

Figure 2.9. Pyramid of ene
marine ecosystem (in arbif

i

energy trophic level” energy trophic level” " TLTE/ %

seal polar bear 4 o
| krill blue whale 4

squid Weddell seal 4

arctic cod Weddell seal 4

copepod arctic cod 8

krill arctic cod 10

krill squid 10

arctic cod squid 10

diatom krill 12

krill copepods 15

diatom copepod 20

Table 2.3. TLTE values.

gy fora
rary units). -




Shoaling

If fish come togetherin an interactive, social way, they

are said to be shoaling. The fish adjust their behaviour to
remain close to the other fish in the'group. Shoaling fish
can be of one species (a school) or include fish of different
sizes and of mixed species. Fish in a shoal functionin a
coordinated way even though they appear to have no
leader. The individual fish tend to keep a constant distance
between each other, turning, stopping and starting in near
perfect unison. The shape of a shoal depends on the type
of fish and what the fish are doing. Fast-moving shoals
usually form a wedge shape, while shoals that are feeding
tend to become circular. Shoals that are travelling can form
long thin lines, squares or ovals. For example, mullet can
form ‘chains’ of shoals 100 km long,

KEY.TERM

Why fish shoal

The formation of a shoal has a number of advantages to
the fish.

» Small fish (for example sardines, herrings, anchovies
and menhaden) are preyed on by larger predators (for
example tuna, sharks, dolphins, sea birds, seals and
whales). The small fish compensate for their size by
forming shoals as a defence against predators. These
shoals can become huge when migrating across open
oceans. The synchronised movement of large shoals
of fish may confuse a predator: the shoal may split
into several groups or surround the predator. This
makes it difficult for the predator to concentrate on
just one fish. Some shoals form ‘bait balls’ to protect
themselves from predators. The fish at the centre are
relatively protected whereas those on the outside are
more vulnerable. Tightly shoaling fish usually have
silvery sides (like anchovies) and may swim to produce
.a wave-like effect on the outside of the shoal to confuse
predators further.

« With so many eyes, it is more likely that-a predator will
be seen. Fear chemicals are then secreted that help
alert other individuals in the shoal when-an attack is
imminent.

+ With large numbers of fish, there are many eyes to
search for food, so the time taken to find food is
decreased. Fish in shoals share information by closely

Chapter 2: Marine ecosysteniPs and biodiversity

monitoring each other’s behaviouf. The feeding
behaviours of one fish quickly stimjulate food-searching

behaviour in other members of th

2 shoal.

« Shoaling also leads to a reproductjjve advantage.

The close proximity of males and

the chance of finding a mate or fe

released eggs.

females increases
tilising externally

« During migrations, swimming effigiency is improved

because most of the fish-can take

3

advantage of the

slipstream produced by the fish injfront. This reduces
the water resistance (drag) for thelfish swimming behind
so the shoal can swim faster and gave energy.

There are also disadvantages of shogling.

+ Some predators are more efficien
than individual fish.

at attacking shoals

+ Thelarge numbers of fish swimmi ng close together

cause excretory waste to build up
food supplies are depleted.

while oxygen and

However, there must be a net survivgl advantage to

shoaling otherwise this behaviour w

uld not have been

evolutionarily successful. The energy saved by shoaling
can be used to increase an individual’s potential to
survive, reproduce and pass on its gene alleles to the next

generation.

Examples of shoaling

+ Sardines are small, oily fish related to herrings.
Sardines are a shoaling forage fistj that form ‘bait balls’

(Figure 2.10) to minimise their cha
by predators. Individual sardines

nce of being taken
re more likely to be

eaten than a large group swimmirig together.

» Herring are forage fish whose sm

ill shoals aggregate

together into much larger shoals quring migration. In
the North Atlantic, up to 3 billion fish can be in one
shoal. Herring shoals have precisq arrangements that

allow them to maintain a constan

speed. Herring

shoals react rapidly to predators t‘gecause they have

excellent hearing.

« Skipjack tuna are predatory sh‘oé lers that swim.in large
groups.of up to 50 000 individualsjwhen migrating to
find food. Simultaneous attack by{large numbers of tuna

helps break up the sardine ‘bait b
Skipjack tuna sometimes shoal wi
or other fish of similar size. Shoali

alls’ that they prey on.
th other tuna species
gimproves the

tuna’s chance of finding prey becguse there are more

individuals to sense the prey.
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.+ Climax stage: a complex communityjof many species
is finally formed. Over time, producers, consumers
and decomposers change. Gradually, the community
changes less and less frequently until the structure and
-species composition-become stable] This is the climax
community.

Types of succession

There are two types of succession: pnm ary succession and
secondary succession.

f

Primary succession occurs in newly formed habitats
where there has never been a community before, The new

Figure 2.10 A ‘bait ball’ of bluelined snapper. habitat is a bare substrate with no life gresent. These new
habitats can be natural, for example new islands formed
. f underwater volcanic eruptions. Alternative!
2. ucce asaresulto o) Y,
6S ssion the new habitats can be unnatural, as g result of human.
The term succession refers to the gradual process of change activity, for example the structure of a (Jjeep -sea oil rig.

that occurs in community structure over a period of time.

This temporal change in the composition of species in

a particular area is predictable and can be measured by
ecologists. There are three stages in succession (Figure 2.11).

Secondary succession occurs on sites fhat have previously
supported a community that is now no longer there, for
example because of habitat destructio‘L

cyclone ortsunami.

caused by a

« Colonising stage: the first community of organisms to
colonise a new habitat appears (a pioneer community).

+ Successionist stage(s): stage(s) in which the biodiversity
or species richness in a community increases-during
succession. Communities move through several different |

successionist stages. A seral stage is a stage when a new Coral reefs ‘
species successfully establishes within the community. Both primary and secondary successioft occur on coral
The halosere is the entire range of communities that “reefs. Primary succession occurs as a vplcano erupts and

succeed one another at a salt-water site.

Figure 2.11. Primary succession in a coral reef.



lava creates a new habitat with no plant life (Figure 2.11).

“-~Coral is the first to colonise and grow on the fava flow, so
is a pioneer species. Coral reefs alsoundergo secondary

succession, for example after an area of the reef has been
removed by deep-sea trawlers.

Hydrothermal vents
A hydrothermal vent is a gap in the Earth’s surface that
releases geothermally heated water.

Succession occurs around hydrothermal vents in deep
oceans. Hot water forced from hydrothermal vents brings
up nutrients from the rocks beneath the seabed. The first
organisms to grow near the vent fluid are chemosynthetic
archaebacteria. Tube worms (Tevnia species) are early
pioneer species that inhabit a hydrothermal vent, forming
symbiotic relationships with the archaebacteria. Tevnia

is later replaced by the much larger (up to 2 m long) and
faster-growing Riftia tube worms. The nutrients produced
by the tube worms allow other organisms to colonise the

Figure 2.12. Hydrothermal vent food web.
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vent (for example polychaete worms
limpets, crabs, mussels, hagfish and
a complex climax community consist]
species is established (Figure 2.12).

Whale fall ‘
A whale-fall community is formed whe
and sinks to the ocean floor (Figure 2.1
species of this community are detritivg

Ts and biodiversity
|

octopuses, clams,
ent fish). Eventually,
ng of many different

n a whale dies
3). The pioneer
res, such as sharks,

hagfish and amphipods. They eat the glecaying flesh of the

carcass. Within a year, most of the wha
been removed. Crabs, small fish, snails
eat the organic leftovers in the sedime
skeleton remains, heterotrophic bacte
oils in the whale bones. The decompo
body enriches the surrounding sediméi
Decomposition also releases compou
energy sources for chemosynthetic ar
clams, snails, crabs and worms feed o}

le’s flesh will have
and worms then

nt. When only the

ria decompose the
sition of the whale’s
nts with nutrients.
nds that serve as
rhaebacteria. Mussels,
n these bacteria.
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2.7 Environment and biodiversity

The environment is a major factor influencing the
biodiversity of a habitat. Environments that are either
unstable or extreme tend to have a lower biodiversity than
environments that are stable and not extreme.

Coral reef: a stable and non-extreme
environment

Coralreefs occupy-less than 1% of the ocean floor, but
contain more than 25% of known marine life. This high
biodiversity is the result of a stable and non-extreme
environment that provides abiotic conditions that are
close to optimum for the producers. A vibrant community
of producers provides the foundation for long food chains
and a diverse food web.

,hagﬁSh‘ "~ , ‘ 2 vs X

Figure 2.13. Whale-fall pioneer species.

Coral reefs are found in the phdtic zoné
polluted shallow water. The zooxantheﬁﬂ?e symbionts

in coral are photoautotrophs, creating 5
photosynthesis. Zooxanthellae in coral
they are unable to maintain their own b

constantly warm, in order to ensure a
photosynithesis. This results in coral gra
producing greater biomass than in cold

Changes in abiotic conditions can decr
For example, deep-water coral reefs,
intensities, have less biodiversity than
shallow waters. Human impactcan als:
stability of the environment’s abiotic cq

in clear non-

od energy by
gre ectothermic, so
ody temperature.

" They are reliant on the ambient sea terr’nperature being
h

gh rate of
ing faster and
er waters.

case biodiversity.
th lower light
oral reefsin
disrupt the
nditions and

drastically reduce the biodiversity and
coral reef. Coral reefs are sensitive to r
temperature (as a result of global war
sediment and toxicity (caused by coast
agricultural. run-off}.

|

Hydrothermal vents: an extreme

environment
Hydrothermal vent communities are lo
environment that is extreme because t
conditions, including toxins, temperatu

functionality of a

3pid fluctuations in
1ing) and increased

| deforestation or

rated in an
ne abiotic
re, pH, hydrostatic
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pressure and light, are outside the zone of tolerance for
most organisms.

The hot water from a hydrothermal vent contains
dissolved minerals from the Earth’s crust below the vent.
As the hot vent water meets the cold oceanic water, it
rapidly cools, causing the dissolved minerals to solidify.
The high concentration of hydrogen sulfide gas, as well as
minerals such as copper, lead, zinc and sulfur, create an
environment that is toxic to most organisms. The water
surrounding hydrothermal vents can reach temperatures
as high as 320 °C with a pH as acidic as 2.8. To survive
here, the chemosynthetic bacteria have specialised

Our deep-sea pharmacy

The World Health Organization (WHO) estimates
that antibiotic treatments add an average of 20
years to all of our lives. But since the introduction
of penicillin in 1942, our society’s overuse of
antibiotics has led to the emergence of many
more antibiotic-resistant strains of bacteria. These
untreatable superbugs mean that what were once
considered to be easily treated inféctions are
becoming fatal again. In 2013, more patients died
of MRSA (methicillin-resistant Staphylococcus
aureus) than of AIDS (acquired immune
deficiency syndrome).

|

enzymes that can resist denaturing 9
The bacterium Thermus aquaticus hg
temperature range of 75-80 °C.

Hydrothermal vents can occur at deg
organisms can live at this depth becg
water pressure may be up to 300 atm

hydrothermal vents are also in the afL

that require light for photosynthesis
here, so there is less energy and fews
consumers further up the food chain

As few organisms are adapted to live
conditions, hydrothermal vents have

Many pharmaceutical drugs are deriv¢
animals, fungi or bacteria. The Europe
PharmSea initiative has provided £9.5
research a variety of marine organism
whether they can supply the next supe
antibiotic, anti-cancer or anti-inflam }

Deep-sea trenches are the largest unex
on Earth. Trenches are inhabited by ex
organisms with unique and unusual bj
allowing them to survive in severe tem
pressure and pH. Marine scientists are
number of these ocean trenches (Figuy
the Kermadec Trench off New Zealand
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f their active sites.
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ths of up to 4 km. Few
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a low biodiversity.
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5 to discover
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peratures,
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Trench in the'western Pacific, the Izu-Bonin Trench
off Japan and the Peru-Chile Trench.

Engineers access the benthic sediment either by
deep-sea submarines or dropping a long coring
device to the ocean floor. It takes at least 4 h for the
coring apparatus to sink to the seabed at a depth of
8000-11 000 m.

Organisms in the trench sediment are pressure-
sensitive and need high-pressure chambers to survive
and grow in laboratories at sea-level. Researchers
extract and test the bioactive compounds produced
by these organisms for medicinal properties.
Zebrafish are used to test new medicines as they have
a similar physiology to humans.

Dermacoccus abyssi is a bacterium retrieved from
sediment in the Mariana Trench. This organism
produces dermacozines, a new biochemical that
may help protect against the parasite that causes
African sleeping sickness.

Lake Hodgson is a fresh-water lake in Antarctica.

It is another source of microbes that may provide
future medicinal drugs. This lake has been sealed
beneath 4 m of ice for atleast 11 000 years. Analysis
of sediment taken from beneath the subglacial waters
has shown that about a-quarter of the DNA present
comes from previously unknown species.

Marine organisms living on the benthic floor of
more shallow waters may also be potential sources of
medicinal drugs. Such organisms can be collected by
dredging, scuba diving or snorkelling. For example,
three species of Australian sea sponges have been
found to produce chemicals called chondropsins.
The drug potential of chondropsins is related to

their ability to inhibit certain enzymes that play a
role in the development of bone cancer, Alzheimer’s
disease, viral infections, diabetes and cardiovascular
disorders.

Other discoveries that are currently undergoing
medical trials include:

+ apain-relief drug harvested from
marine cone snails

»  schizophrenia medication from marine worms
+ wound-healing drugs from corals

« anti-cancer drugs from a range of
marine bacteria, bryozoans, fungi,
tunicates, molluscs and nudibranchs.

Figure 2.15 shows the proportional uses of beneficial
chemicals derived from marine organisms.

marine organisms.
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nervous system 2% antiulcer 19

Figure 2.15. Use of beneficial chemicals',‘ derived from

Questions

1 What is the mean of the data shown ix] Figure 2.15?

2 Australian sea sponges act as mutualistic hosts for
bacteria that produce chondropsins. Bxplain how the
sponge and bacteria both benefit by liying together.

3 Figure 2.16 shows different strains of narine bacteria
(A-F) that have been harvested from 1 ponges.
The sponge-derived bacteria produce powerful
antibiotics against a range of drug-re stant bacteria.
The effect of the antibiotic can be mejsured by the
radius of its inhibition zone. An inhibjtion zone
is an area where bacteria cannot grbw because of
the production of an antibiotic. On Figure 2.16 it
is measured by the diameter of no badfteria around
each disc (A-F). Explain which drug-fesistant
antibiotic-producing strain (A-F) is the most
effective in this figure. ‘

]

Figure 2.16. The effect of antibiotics 0 roduced by
different strains of sponge-derived bacteria (A-F).




Sand on a reef slope: an unstable but
non-extreme environment

Reefslopes are the steep, sometimes vertical, walls at

the front (fore) of a reef. These fore-reef zones absorb
most of the energy and damage from incoming waves
and stormy seas. This means the sandy substrate of a

reef slope is easily eroded by currents, waves and wind,
and it is difficult for marine plants to grow there. Lack . - |
of biomass in primary producers and the usual loss of - -
energy between trophic levels means that food chains:
are short and the environment cannot support species at-
higher trophic levels.

The organisms that can successfully useithe reef slope -
sand habitat include animals that burrow inte the sand,. - -
such as worms, clams, sand fleas and crabs. Although the -
physical conditions are not extreme, they-are constantly -
changing so the environment is described as unstable. Not.
many marine organisms are adapted-to-survive.in such. -
condition,so,biod-;ivers‘ityaizis low.; ‘ e

Rocky shore. a stable and non-extreme
environment .. [ SR IRES SR R S
Like coralreefs; rocky shores area stable non-extreme .
environment. They'support-a greater number of species

than sandy'shoresibecause thiey are better at resisting

wave action and erosion. The-rock provides-a'good» - -
attachment surface for molluscs and seaweeds, so there

is less chance of the organisms being washed away. Rocky
shores also prowde protective habitats such as rock pools.
and crevices. They are. less porous than sandy shores SO
organisms are less prone to drylng out and dylng from |
de5|ccat|on

2.8 Specialised and generallsed
ecological niches

An ecological niche can be defined asthe roléofan =
organism in.an ecosystem: Marine organisms may have -
eithera speuallsed ora generallsed nichein their speC|f|c .
environments.:. i {

i crevices of rocks to feed on the coralg
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Specialised ecological niches |

If an organism cani'survive only within
physical, biological or chemical parar
considered to have a very specialised
with a specialised niche have anarrow.
requirements or live in a specific habitg
high number of organisms with speci;
as butterfly fish and emperor angelﬂs
territorial and llve closely associated wi
of coral. They are hlghly adapted to SL
reefs. For example, they have thin snq

Emperorangelfish live.inndo-Pacific
a spedcialised.niche, feeding on coral ¢
parasites and dead:skin from larger fi

Generalised ecologlcal mches* ‘

Generallsed n|ches are held by organ
exp10|t awide range of hab|tats and f
examples mc[ude the northern blueﬁ
follows the nutr|ent rich cold ocean e
wide range of prey, mcludmg fish, rotifey
and crustaceans. Unlike many cold-blg
can increase their body teriperature ¢
temperature of the surrounding ocean
able to swim rapidly andtolerate a b
températurés. This'ensures that tuna
thermal mche and be found througho

Another marlne orgamsm that has a ge
bottlenose do[phm Whose d|et 1nclud€
and squid species and whose habitat 4
world’s oceans except for the polar reg
sharks are gpportunisticfeeders, eatin
fish such as tuna and mackerel (Figure
in a wide range of diffetent conditions,

temperatures and-depths. They-canm

verynafrow
neterd, itis
niche. Organisms’
rangeoffood . .-
t.Coral reefs havea.
alised.niches, such.. .-
h. Butterﬂy fishare
tha speoﬂc area
rv1v1ng on coral

Uts to reach into the
and sea anemones.
ocean reefs.and-have.
ponges-as well as-

h.. :

smsthatcan

bod sources. Marlne ‘
n tuna. ThIS flsh
urrents feedmg ona \
rs, molluscs, squid
oded animals, tuna
mpared with the:
Asaresult, tuna'are-
oad range of water -
caninhabitabroad
Jt the Atlantic Ocean. -

nerahsed nlche is the _
sa large vanety of ﬁsh:
tends throughout the
ons. Similarly, mako "

5 3. range ofshoaling

) 17). Sharks.canlive - -
surviving at different-
ve'easily between S

habitats:and hence hunt in-'difterent‘pr

=y locatlons

Figure 2.17. Mako shark, : i, « :
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High b|od|ver5|ty means that many di
within one ecosystem Each speC|es r

=cological niches
terent speC|es llve »
as |ts own n|che o




Cambridge International AS and A Level Marine Science

‘or ecological role within the ecosystem. Niches are

determined by factors such as habitat, food, reproduction
and behaviour. All of these factors are sources of
competition between species.

Competition is a relationship between organisms that
strive for the same resources in the same place. There are
two different types of competition:

» intraspecific competition, which occurs between
individuals of the same species (for example two male
fish of the same species competing for female mates in
the same area)

+ interspecific competition, which occurs between
members of different species (for example predators of
different species competing for the same prey).

Interspecific competition can lead to overlap between
ecological niches. The species that is less well adapted has
access to fewer resources and is less likely to survive and
reproduce: this could lead to the species becoming extinct.
However, interspecific competition more often leads to
greater niche adaptations and niche specialisation.

The fundamental niche is the niche of a species where
that species experiences no competitionwith others. The
fundamental niche can also be defined as the tolerance
range for all important abiotic conditions, within which
individuals of a species can survive, grow and reproduce.
But all organisms are part of complex food webs, sharing
the ecosystem with other species, and all competing for
the same biotic and abiotic resources. As these resources
are limited, this leads to interspecific competition.

The competitive exclusion principle predicts that, in

a stable ecosystem, no two species can be in direct
competition with each other, If the niches for two species
are identical, one species will die outas a result of
interspecific competition. For example, if an introduced
species is added to an existing marine habitat then the new

. species may have the same niche as a native species (for

example twotop predators feeding onthe same prey at the
same time in the same habitat). Interspecific competition
between the two species will occur, as they compete for
this niche. One of the two species will be better at hunting
the prey, therefore will thrive and increase in population
size. The population of the other species will be less
ecologically or reproductively viable, eventually dying out.

Coralreefs

Coral reefs are home to many different species, including
corals, fish, anemones, turtles, crabs, sharks and dolphins.
Estimates of the number of reef species worldwide are

“that coral heads with a surface area of

between 600 000 and morbe than 9 mill;

on. A survey by the

Smithsonian National Museum of Natufal History found

different species of crustacean. This is
crab species as found in all of the seas|

productivity and each organism is intrins

5.3 m? have 525
Imost as many
bf Europe.

ically linked to the

The high biodiversity of coral reefs resul:{ from high

other animals, plants and microorganisn
The nutrient and energy flow between tr

sinthe food web,
ophic levels is highly

efficient. With so many species in such sj?all areas, organisms

avoid competition by narrowing their ec

All species living in the same habitat dg

logical niches.

something slightly

different compared with the other specdles in order to

narrow their niche and so prevent com
For example, if two species share the s
they may feed at different times {one s
at night, another feeding in daylight); th
separation. Alternatively, a niche may k&
spatial separation, for example, differej
at different levels of the reef to avoid cc

The coral reef environment is stable an
has high productivity and high biodivel
is a high biodiversity, the realised niché
narrows to reduce interspecific compe
productivity is high, there is still sufficig

etitive exclusion.
me food source,
ecies feeding

is is temporal

e narrowed by

t fish species living
mpeting for food.

i not extreme, it
sity. When there
of each species
ition. Asthe

nt energy and

resources for species to survive and regroduce.

Low biodiversity and ecologicz
The open sea has fewer species and therg

I niches
fore lower

biodiversity. Species such as tuna and sharks are able to

exploit a wider range of food sources and
general realised niches. This is a result of 1
interspecific competition in the open sea
its realised niche in a region of low biodiv
resources available for it to grow may be i
to less reproduction, and eventually the s

In unstable ecosystems, for example w;
regular tropical cyclones and tornados.
can interfere with competitive exclusiol
species to have a chance in the habitat

hence have more
here being less

If a species narrows
orsity, the energy and
nsufficient, leading
becies dying out,

nerethere are
the instability

1, allowing other
and hence

increasing biodiversity. An example of this can be seen
on rocky shores where strong storms rggularly remove
competitively dominant mollusc specigs, allowing other
normally competitively excluded specigs to survive.

In an area where there is a lot of one sp
large school of fish, the strain on resoul
so the species must expand its realised
organisms that might not otherwise be

ccies, such as a
rces is alot larger,
niche, feeéding on
part of the diet.




Chapter 2: Marine ecosy tems and biodiversity

Exam-style questions

1 a Explainwhatismeant byveach of the following terms.

i Population [1]
ii  Community _ [1]
iil Trophic level [1]
iv Species [1]
v Ecosystem [1]

b Many forage fish species (for example sardines or herrings) form shaals.

i Discuss the advantages of shoaling. [4]

Discuss the disadvantages of shoaling. [2]
[Total mark: 11]

2 Figure 2.18 below shows the interdependence of ocean temperature and predator-prey cycles.
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Figure 2.18. The interdependence of ocean temperature and predator-prey cycles.
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a Use Figure 2.18 to find the range of oce%n temperatures.

b - How might global Warming affect the green crab population?

¢ Describe the relationship between the green crabs and clams and sug,
explanation for this relationship.

i

d Explain-how populations of marine predators may be spatially linked

e Suggest how ecologists could have collected the green crab data.

3 Figure 2.19 showsa marine food web.

-loggerhead turtle

/ sanderling

grackle

horseshoe crab
and eggs

striped bass

4—- : 5

razor clam

diamondback
terrapin

phytoplankton

Figure 2.19. Amarine food web.

a Whatis the primary source of energy for this food web?
b Write a food chain based on the food web including a tertiary consum
¢ Explain whatthe arrows between organisms represent.
d  With reference to Figure 2.19, explain the term predator.

e Suggest one biotic factor, other than predation, that may affect the hq
crab population.,

f  Ecologists studied a total of 130 horseshoe crabs and found 10 W|th o
Explain the term parasite.

Describe the relationship between coral and zooxanthellae.
b Define succession.
¢ OQutline the succession that leads to the formation of a coral reef.

d  Discuss why coral reefs contain'narrow ecological niches.
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(Total mark: 11)
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Figure 2.20 shows a food web for the Arctic.

polar bear
Arctic fox

Figure 2.20. An Arctic food web.

a Drawafood chain with polar bears as a quaternary (4th level) consumer. [1]

b Beluga whales are hunted in Canadian Alaskan and Russian Arctic |
meat, blubber and skin. Explain how this could affect the populatié
of the other species in the food chain: phytoplankton - zooplanktq
cod - beluga whale. ' ‘

‘¢ Astudy of the stomach contents of seals found that they included :
invertebrate prey: 73 crabs, 55 clams, 47 snails, 32 amphipods and.
the mean percentage of invertebrates in the stomachs.

d Discuss the effects of global warming on the following species‘:
i polarbear |
ii icealgae

e When moulting, seals spend time out on ice packs while replacing
In 2011, several species of ice-dependent seals were found dead o
coats. Discuss why some scientists believe abnormal coats may be
warming.

f In2015, global warming led to the seal-hunting season in north-we|
the shortest in memory. The season lasted less than a week, comp
3 weeks. Why might this have been caused by decreased ice packs

egions for their
n numbers of each
n —small fish - Arctic

[4]

variety of
18 shrimps. Calculate
[1]
[1]
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linked to global

[2]
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(Total mark: 11)
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Southern Ocean ecosystem

The Southern Ocean encircles the Antarctic and encompasses between 10 and 20% of the global ocean
area, including the Earth’s largest current, the Antarctic circumpolar current. The Southern Ocean is rjot
uniform in either productivity or biodiversity. Localised changes in ice coverage, seabed topography arrd
oceanic currents create a range of different habitats including: ‘

« the permanently open ocean zone, which is nutrient rich but has relatively low levels of photosynthesis|
« the seasonal ice zone, which is the most productive part of the Southern Ocean

+ the coastal and continental shelf zone, which contains a permanent ice pack zone characterised by large
phytoplankton blooms.
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The food webs of the Southern Ocean are among the most important in the world. They support a wide r inge
of local organisms from algae to large animals such as whales, seals and penguins (Figure 2.21). You can fefer
to this figure as you read on about the producers, consumers and microorgansims in this ecosystem.

Figure 2.21. Antarctic food web.

Producers

Open ocean waters are rich in single-celled organisms that have different cellular characteristics from
animal and plant cells. These organisms are called protoctists and include phytoplankton (for example
‘diatoms, cyanobacteria and dinoflagellates). These are the producers that organisms in higher trophic
levels depend on: Phytoplankton can be divided into three groups depending on their size:

+  picoplankton (2.0-2 pm)
'+ nanoplankton (2-20 pm)
+ microplankton (20-200 pm).
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The ocean water around Antarctica is often frozen and covered by ice for long periods of time. Unde
the ice, the light intensity is too low for phytoplankton to photosynthesise but algae can grow and ar
an important food source for herbivorous zooplankton, for example krill. There are also more than
700 species of seaweed found in Antarctica’s shallow coastal waters. Water temperature and depth arg
important limiting factors that control seaweed distribution. 11

Consumers

Zooplankton are consumers that feed on phytoplankton. Seme zooplankton species complete the whole
of their life cycles as plankton (haloplankton) while other species are only planktonic in their larval stages
(meroplankton).

Melting ice in spring and summer produces a layer of less saline water on the Southeri-Ocean’s
surface, together with increased nutrients and sunlight. These changes in abiotic conditions lead to
a massive increase in phytoplankton, known as a bloom. The phytoplankton blooms.feed krill and |
other herbivorous zooplankton, which subsequently become very abundant. Krill can produce swaims
that contain 30 000 individuals per cub1c metre. They form a major amount of the biomass in the
Southern Ocean. |

Krill are a group of about 80 different species of crustaceans. The main species in the Southern Oceah is
Antarctic krill. Antarctic krill have a high reproductive capacity: the females can lay up to 10 000 eggs.
Krill form a vital part of Antarctic food chains, being consumed by a varjety of organisms, including
fish, birds, squid, whales, seals and penguins. Krill are also a target species for commercial fisheries -
and over-harvesting of krill canlead to.a decrease in the krill population. This allows the population of
phytoplankton to produce even larger phytoplankton blooms. These large blooms can produce toxins
harmful to other organisms in the ecosystem.

Zooplankton besides krill include copepods, salps and larval fish. Like krill, copepods are crustad ca that
can produce very high populations. In the waters around King George Island they can form up to(87%

of the summer zooplankton biomass. Copepods are an important food source for ﬁsh wh1ch are then
eaten by seals, penguin and sea birds. ‘

Salps are planktonic sea squirts that can produce huge colonies and filter vast amounts of phytoplan;j iton
(Figure 2.22). Salps are eaten by fish that are in turn consumed by squid and then Southern bluefin tﬁma.

Salp populations increase and krill populations decrease in years when ocean temperatures and curr fents
cause the sea ice to retreat.

Figure 2.22. A'salp.
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- 'The Southern Ocean contains extremely few fish. Most live in coastal benthic waters (for example
Antarctic cod) and very few are found in open waters (for example lanternfish). E o

Antarctic squid are one of the most important species in the Southern Ocean food web, with a total
biomass of 110 million tonnes. Squid are a major component of the diets of seals and killer whales.
The main diet of Antarctic squid is not krill but lanternfish that have fed mainly on copepods. Squid
populations can fluctuate dramatically, so are highly susceptible to over-fishing. | ’
Benthic habitats provide rich habitats for an array of bottom-dwelling animals. These include filter feeders
(for example anemones, soft corals, sea squirts, molluscs and tube worms) and mobile scavengers and |
predators (for example sea urchins, starfish, giant sea spiders and ribbon worms) (Figure 2.23).

Figure 2.23. Giant sea spider.

Mlcroorganlsms

Microorganisms (for example bacteria and viruses) form a erucial link in the Southern Ocean’s food web.
Coastal and continental shelf areas of Antarctica have rich benthlc bacterial communities. Water temperatjires
of the continental shelf are generally low and stable. Oxygen (from photosynthesis) and organic matter (from

detritus) is produced in seasonal pulses by the biotic communities in the surface water. Bacteriafeedon - | -
dissolved organic matter and, as decomposers, they break down detritus and remobilise inorganic nutrients:
for the growth of phytoplankton. Bacteria are consumed by protoctists, who are in turn eaten by zooplankllon

Viral infection accounts for about 50% of the death of marine bacteria and may be one of the major sourceg of
dissolved organic matter in the sea. Viruses are also capable of inhibiting phytoplankton growth by up to 80%.
Questions

1 a Under the ice shelf the main producer is algae rather than phytoplankton Explam why algae ca
photosynthesise under the ice far better than phytoplankton

=3

b  When snow covering the ice sheet blows away, there is an increase in oxygen bubbles trapped umder
the ice. Explain why this occurs. <

¢ Suggest why cracks in the sea ice may be important to the surv1va1 of pengums
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Using data from Figure 2.21:
@ Draw a food chain for krill that has a quaternary consumer.
b  Why can krill can be considered to be a keystone species for the Southern Ocean? -

3 Global warming is decreasing the amount of sea ice around Antarctica and leading to a change in
penguin populations. Some penguin species are increasing in population size while others are declini

a  Adelie penguins on Anvers island have lost 70% of their population or 10 000 breeding pairs in )
past 30 years. To the nearest 1000, calculate the original number of Adelie penguins in this popt

b Gentoo penguins are increasing in numbers and are breeding on the Antarctic peninsula forj the
first time in 800 years. Adelie penguins are dependent on krill whereas gentoo penguins havg a
more flexible diet feeding on squid and fish. Describe how the differing niches of the two per;l guin
species may affect their chances of surviving. :

¢ Adult Emperor penguins need 3-4 weeks of solid sea ice in order to replace worn out feathers
(moult). Feathers help keep the birds insulated, waterproof and free from skin infections. Dufring
a warm period in the 1970s, the population of Emperor pengulns on the coast of Adelie land
declined by 50%. Suggest a reason why. |

d Inwinters when it is colder, the survival rate of Emperor penguins increases but they lay few T
eggs. Suggest a reason why.

4 A reduction in sea ice as a result of global warming results in reduced numbers of phytoplankton
Suggest reasons why this leads to a reduction in benthic organisms.
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