Figure 14.8 A food chainin
the North Pacific of kelp-sea
urchin-sea otter-orca.
Adapted from Campbell and
Reece 2002, Fig. 53.15
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CHALLENGE YOURSELF

Look at Figure 14.8
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1 Look at the food chain shown on the sides of the graphs. Which organism would you hypothesize
is the keystone species?

2 Use the graphs and explain why the data support your hypothesis.

3 The imbalance over 20 years is probably caused by the decline in seals and sea lions, which are afso%

food for orca. Can you think of a reason for the decline in seals and sea lions?

Each species plays a unique role within a community
The unique role that a species plays in the community is called its niche. A famous
ecologist, Eugene Odum, once said ‘If an organism’s habitat is its address, the niche =
the habitat plus its occupation.’ We could put it another way and say that the concept

of niche includes where the organism lives (its spatial habitat), what and how it €al8! it

feeding activities), and its interactions with other species.

Spatial habitat

Every type of organism has a unique space in the ecosystem. The area inhabited b
particular organism is its spatial habitat. The ecosystem is changed by the pl‘&senfm "
of the organism. For example, leopard frogs, Rana pipiens, live in the ponds of Indian®

(USA) dunes. They burrow in the mud in between the grasses on the edge of the poies

yaﬁ_ ]

feedi"g activities
ii‘ihe feeding activities of an organism affect the ecosystem by keeping other

ylations in check. For example, the leopard frogs in the Indiana dunes eat the

0 gatic larvae of mosquitoes, dragonflies, and black flies. The presence of the leopard

o helps keep the populations of these insects in check.

jnteractions with other species

oo interactions of an organism with other species living in its ecosystem include
ompetition, herbivory, predation, parasitism, and mutualism. The organism may be

h'l competition with another organism for the food supply. It may itself be the prey |
fora larger predator. It may harbour parasites in its intestines. These complicated

L reractions are difficult to uncover, but they indicate the importance of the organism
iil' the ecosystem. The predator of the green frog is the blue heron. Without the green
i g in the sand dune ecosystem, the heron would have a significantly reduced food

; upply. Frogs are homes for flatworm parasites that live in their intestines. Without
doubt there are many other relationships between the green frog and other species. |

{0ne of the jobs of an ecologist is to collect data on the niches of particular organisms ;
inan ecosystem. If an organism is in danger of becoming extinct in an ecosystem,
{tis necessary to understand as many of its interactions as possible in an attempt to
determine the cause of its extinction. What follows now are some explanations and
'e‘_ﬁamples of interactions between species.

iCompetition
i "hen two species rely on the same limited resource, one species will be better adapted
ithan the other to benefit from the resource.

SExample 1: In the USA,
\coyotes, Canis latrans, and R e L
ied foxes, Vulpes vulpes, are 0 Sl Mﬁ“‘ﬁrtﬁ " 3
‘both predators that eat b Y Rl ¢
“small rodents and birds. ' : Yol
‘Coyotes inhabit grassland
‘Ommunities in the USA,
“While the red fox prefers
Flle edges of forests and
Meadows, Because more

' A
A

farmland has been created
and more forests removed,
thﬁ habitat of the red fox is disappearing and is overlapping
With that of the coyote in the grasslands. The two species are
SOMpeting for a smaller food supply and it is possible that
.?ne Will become extinct in that habitat.

I &amplc 2:In the coastal dunes of the UK, the natterjack
08, Epidgleg calamita, is facing tough competition from
: ?cf)n?mon toad, Bufo bufo. Disturbance of the dune

It is limiting the habitat available to both toads.

The habitat of the red fox is
disappearing

The coyote is competing with
the red fox for a small food
supply. Removal of forests
and creation of farmland has
eliminated some of their food

supply.
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Canadian lynx walking
through deep snow
tracking an Arctic hare

other fish to the waiting tentacles of the sea anemone. After the sea anemone

Herbivory
A herbivore is a primary consumer (plant eater) that feeds on a producer (plant), Tp,
growth of the producer is critical to the well-being of the primary consumer. Thjg isay
interaction between plants and animals.

re

50 nibble off the remains of dead sea anemone tentacles.
al

« Example 1: Rabbits, Oryctolagus cuniculus, eat marram grass in a sand dune CCOSYstom
« Example 2: The monarch butterfly, Asclepias syriaca, larvae eat the leaves of the

milkweed plant.

Predation
A predator is a consumer (animal) eating another consumer (animal). One consumey.
is the predator and another is the prey. The number of prey affects the number of

predators and vice versa.

« Example 1: The Canadian lynx, Lynx canadensis, and the arctic hare, Lepus articus, form
a classic example of predator—prey interaction. The lynx preys on the hare. Changes
in the numbers of the lynx population are followed by changes in the numbers of the

hare population.
« Example 2: The blue heron, Ardea herodias, is a predator on frogs in the ponds of

American sand dune ecosystems.

3 ral. The coral provides the compounds and the environment for photosynthesis
for zooxanthellae. In turn, the algae provide food for the coral. The algae give the
|aboost of nutrients so that it can secrete the skeleton of calcium carbonate
it needs to build the reef. This is a highly efficient exchange of nutrientsin a

Parasitism
A parasite is an organism that livesonorina host and depends on the host for fo
at least part of its life cycle. The host can be harmed by the parasite.

b ymbiosis, living together for mutual benefit.
« Example 1: Plasmodium is a parasite that causes malaria in humans. It reproducesin

the human liver and red blood cells. Part of the life cycle of the Plasmodium takes
in the body of the Anopheles mosquito. The mosquito is the vector that transmits the
malaria parasite from one human to another. . >
» Example 2: Leeches, Hirudo medicinalis, are parasites that live in ponds. Their hostsi8
are humans and other mammals. Leeches puncture the skin of a host and secref?-__
enzyme into the wound to prevent clotting. Leeches can ingest several times their:

mpetitive exclusion

will recall that the red fox and coyote may now be in competition with each
rresources. They seem to both hunt for their food in the same areas, and the
Supply may be dwindling as a result of the forests and grasslands being turned
armland. If the fox and the coyote do begin to occupy the same niche in the

weight in blood.

tinciple of competitive exclusion states that no two species in a

{Is the fish, the clownfish and the sea anemone both eat the remains. The clownfish

futrient-poor environment. This relationship of mutual benefit is called mutualism

fstem, the principle of competitive exclusion can be used to predict the end result.

Cavernous star coral,
Montastraea cavernosa. The
greenish colour on the coral is
zooxanthellae algae

CHALLENGE
YOURSELF

4 What interactions between
species have you learned
about in this section?

List four or five types of
interactions and give an
example of each

mple 4: Zooxanthellae are single-celled algae that live in the tissue of reef-building ~ J s

The relationship between
zooanthellae and coral

is a type of symbiosis.
The coral and algae live

. together. ‘Bio’ is the Greek
word for living, and ‘sym’,
is the Greek word for
together.

Figure 14.9 Competitive
exclusion

s
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P aurelia

P. caudatum

Mutualism fit f he relationship s nity can occupy the same niche. 200+
o5 living together where both organisms benefit from the relation 3 . N

Twe s;()ieaei 11‘;11;%1 g & 34, the competitive exclusion principle was demonstrated by a

R e dl laf ecologist, G. F. Gause. He performed a laboratory experiment =

« Example 1: Lichen is a mutualistic relationship between algae and fténgl-i e twg different species of Paramecium: P. aurelia and P. caudatum
Trebouxia, photosynthesize and make carbohydrates (food) that the ungb el 8Ure 14.9). His experiments showed the effects of interspecific
fungi, mainly Ascomycota species, absorb mineral ions needed and used by ; g Pelition between two closely related organisms. When each -§

N . . . . . 1]

« Example 2: Rhizobium is a nitrogen-fixing bacterium that lives in the roots ?orms‘ @s Was grown in a separate culture, with the addition of 2 1004
leguminous plants such as beans and peas. Rhizobium fixes nitrogen (trans o hla for food, they did equally well. When the two were cultured 8
atmospheric nitrogen into a form that is useable by plants), which the P]‘]‘;tsis)'_' | 5 with a constant food supply, P. caudatum died out and P
use to make proteins. The plant makes carbohydrates (during photosynt s:";j"l‘-l;f:d. P. aurelia out-competed P. caudatum. The experiment 50-

Rhizobium. it td the Gausian hypothesis of competitive exclusion. When
e el ipri llaris, and ones, Anemonia sufcﬂ!ﬁ,_..l ¢ Hecies have 3 imjl - dforth e reoe illb

» Example 3: Clownfish, Amphiprion ocellaris, and sea anemones, "+ hat I e milar need for the same resources, one will be
together for mutual benefit. Clownfish are small brightly coloured fisht aﬁsh - i One species will die out in that ecosystem and the other 0
within the area of the tentacles of the poisonous sea anemonc. The ‘:Icw\glkm-rlil o S P aurelia must have had a slight advantage that allowed it 0

: COmpere
covered with mucus that protects it from the sting of the sea anemone. Mpete P, caydatum.

T T T T T T T TANT 1
2 4 6 8 10 12 14 16 18 20
days

649
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Ik

F l Make sure to label all
parts of a graph: the title
x-axis, y-axis, units, and
‘ uncertainties

What has happened to the red fox’s fundamental niche? The forest edge has been

Fundarmental niche versus realized niche

The red fox’s habitat in the USA is the forest edge. Its food consists of small mammg)¢
amphibians, and insects. It interacts with other species, such as the mosquitoes thy;
suck its blood and scavengers that eat its leftovers. This is the fundamental niche of
the red fox. The fundamental niche is the complete range of biological and physica|
conditions under which an organism can live.

turned into farmland in many places. Some of the species eaten by the red fox

have disappeared. The red fox must survive in a narrower range of environmenta]
conditions. Now there is direct competition from the coyote, whose niche has also

been changed. This new and narrower niche is called the realized niche.

The fundamental niche of a species is the potential mode of existence, given the

adaptations of the species.

The realized niche of a species is the actual mode of existence, which results from it
adaptations and competition with other species.

CHALLENGE YOURSELF

Paramecium caudatum is a single-celled organism that lives in fresh

water. In an experiment researchers allowed P caudatum to grow for 28
days in order to determine its normal growth curve. Every 7 days, ten
random samples were collected from the population. The data recorded

are shown in Table 14.1

Table 14.1 Random samples of the population

density (number per mm’, +5 organisms) of a

culture of P. caudatum taken over 28 days

Sample Day 7

number

| Mean

5 Calculate the means of the data and graph them
6 Wil this give you a picture of the fundamental or realized niche? Give your hypoth

the results will show

A second experiment was performed where P caudatum was placed in a cul
of Paramecium, The researchers wanted to know, when the two species are ¢

what will be the result?

Day 14

Day 21

Tables 14.2 and 14.3 show the data that were collected over 28 days

Paramecium
caudatum, seen
under a light

microscope

esis as 10 whak

ture with another 506
ompeting for resOUIS=s

’ Table 14.2 Random samples of the population density (number per mm?,
45 organisms) of P. caudatum taken over 28 days

| gamP'e number Day7 Day 14 Day 21 Day 28
] e 2950 340 300
7 s fas 325 315
|7 195z [
T es s 340 T —
5 —|as 265 320 295
3 EE 195 | 2ss |30
53 I 235 350 350
p 165 85— 295 370
5 1155 205 315 | 325
b 143 200 300 340
Wean 150 225 NES | 325

(The means have been calculated for you.)

‘Table 14.3 Random samples of the population density (number per mm?®,
45 organisms) of P. bursaria taken over 28 days

| sample number | Day 7 Day 14 Day 21 Day 28
1 75 160 210 160
IE | 150 R 190
les 150 1190 |20
] 75 B 140 220 180
_Je | 140 — |20 180
|65 130 180 1230
|75 170 180 220
% |95 170 250 1190
: 70 130 R ErS 190
R CoRm—= 160 O Sl
| Mean |75  [s0 200 1200 [

" Graph the data from this experiment

.”. Is this graph showing the fundamental or realized niche of P caudatum? Fxplain your answer.

F of a transect to correlate the distribution of a plant
With an abiotic variable

‘l;s.eci is a method of sampling a population
0t or animals along a longitudinal section

€Cosystem. The observer moves along

4path to count the occurrences of the

. !:;atgimal al_ong the path. It is much more
3 theusde this type of tr.ansect with plants,

dto ﬂlus}t,r onot move. Line tr‘:msects are
Chactor atea partlcul.ar gradlel‘lt of an

sPresen’t S_UCh as sunlight or soil moisture,

in the ecosystem.

At

Marram grass.
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Figure 14.10 Transect of a
coastal sand dune

To learn more about using
sampling in fieldwork,
and about using transects,
go to the hotlinks site,
search for the title or
ISBN, and click on
Chapter 14: Section C.1.

' affected by the abiotic factor of soil pH.

Option C: Ecology and ¢t

.|

5 4 dune pond

An example can be seen in Figure 14.10, showing the transect of a coastal dune, Legg
look at the distribution of marram grass in the coastal dune ecosystem and how jt i

If you were asked to do a transect, you would do the following.

« At right angles to the sea, lay a tape in a line all the way up the dunes.
« Every 10 or 20 m along the tape, mark out a quadrat (a square of a certain size).

« Identify and count the tufts of marram grass in the quadrat.
« Take several samples of the soil in each quadrat and use a soil test kit to determine the
| pH of the soil.

» Record all the data in a table

« Turn it in to a diagram of your choice.

You can now determine the pattern of distribution of marram grass from the youngesg
dune to the oldest dune and see if it correlates with changes in the soil pH.

] @ Transect information can be very useful when making decisions about ecosystems
: that are important to us. Here is an example of how transects can be important in
an ecosystem. In this example, an experiment was performed to determine whether
artifical light would affect the foraging behaviour of salamanders in an ecosystem

Transects were used in forested areas at the Mountain Lake Biological Station in

Virginia, USA. Half of the transects were lit by strings of white minilamps placed within
the transects. The other half were not lit. The researchers walked each transect at night
in order and counted the number of salamanders, There were significantly more active
salamanders in the dark transects than in the light ones. The salamanders in the dark
transects were foraging for food. The salamanders in artificial light were not foraging.
This experiment shows how the use of artificial light to illuminate a campsite or even 2
research station can affect some organisms negatively.

Exercises 5 ' r
1  Describe a method to determine whether an organism is a keystone species in an ecosystem.
2 Design an experiment using a transect to correlate the distribution of a plant with an abiotic factdf

3 Outline an example of symbiosis

|
g Most

]
Iy

0'2 Communities and ecosystems

{nderstandings:

species 0ccupy different trophic levels in multiple food chains,

s food web shows all the possible food chains in a community,

yThe percentage of ingested energy converted to biomass is dependent on the respiration rate

"'-The type of stable ecosystem that will emerge in an area is predictable based on climate.

i ¢losed ecosystems energy but not matter is exchanged with the surroundings.

9 Disturbances influence the structure and rate of change within ecosystems.

Applications and skills:

}‘p?l:‘catiun: Conversion ratio in sustainable food production practices.

: pp'licalion? Consideration of one example of how humans interfere with nutrient cycling

|: Comparison of pyramids of energy from different ecosystems

éhill: Analysis of a climograph showing the relationship between temperature, rainfall, and the type

. of ecosystem.

g5l Construction of Gersmehl diagrams to show the inter-relationships between nutrient stores
and flows between taiga, desert, and tropical rainforest

#64ill: Analysis of data showing primary succession,

w5kl Investigation into the effect of an environmental disturbance on an ecosystem

Guidance

s Examples of aspects to investigate in the ecosystem could be species diversity, nutrient cycling, water
movement, erosion, leaf area index, among others.

nergy flow through the ecosystem

at do you think is the direction of energy flow for any ecosystem? If you

gonstructed a food chain like this one, then you know.

grass — cow — human

sare at the bottom of the food chain. They contain the highest amount of energy,
they obtain from sunlight. The source of energy for most ecosystems is the Sun.

Mfew food chains are supported by bacteria that can trap chemical energy.

Ohly 5-20% of the Sun’s energy that is trapped by plants is transferred to the primary

umers eating the plants. Why is this? Because 80—95% of the energy is lost as heat
ed for maintenance by the plant. Energy is lost as heat as it moves from producer

I8 81ass) to primary consumer (e.g. a cow) to secondary consumer (e.g. a human).

i5 the same reason why the fuel we put in a car is only partially used to run the car.

8¢ percentage of the energy provided by the fuel is lost as heat. This is why there is

i the engine of a car. A law of physics called the second law of thermodynamics

‘lie;hat, when energy is transferred, a proportion of it is lost as heat energy. This law
Sequally to cars and ecosystems.

Where :
- CIsthe energy from the Sun actually kept in the plant? Plants produce glucose

"8 photosynthesis. Plants also break down the glucose molecules and use the

' r); ;zlsafed f'0r. maintenance activities. The breakdown is called respiration.

: “Ct}s:ic activities that need energy are growth, repair, and re-production. When

e s used as fuel for these activities, some of the energy is lost. Some
8y moves through the ecosystem as excretion. Some energy is left in

Use models as
representations of the real
world: pyramids of energy
model the energy flow
through ecosystems.
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undigested food and is passed on to decomposers. When an organism dies, its bOdy is
decomposed and the energy transferred to decomposers. :

Gross production, net production, and biomass AT |

| Pyramids of energy show how much energy is left at each trophic level (see Figure kilojoules | '
‘ 14.11). Each block in the pyramid represents a trophic level (producers, primary
|
|

solar energy
L not used
consumers, secondary consumers, tertiary consumers). The width of the block 16797190 \

indicates how much energy it contains. At each level, the blocks get narrower, ang the
block at the top is very narrow. The number at each level represents the amount of
energy at each level. Can you see that only 10% of the energy from one trophic leye] is)
| transferred to the next level? This diagram represents the ideal situation. In an acty,

(98.8%)

ecosystem, the percentage transfer from one level to the next depends on many factorgt producers |
and may vary between 5% and 20%. In animal husbandry (farming), the transfer va[ya energy stil transferred - |
; is often higher than 10%. However, the loss of energy between producer and C{)nsmﬁej‘ in organic to the next energy lost as -
1| explains why a kilogramme of beef is more expensive than a kilogramme of corn, wastes and trophic level ~ metabolic heat |
! l remains J L
|
tertiary consumers 10 k) m~2yr~! 4245 3368 13197 |
Figure 14.11 A pyramid of -
energy (not drawn to scale) T
secondary consumers 100 k) m~2yr™? f \1
720 383 2265
5t |
primary consumers 10001 m-%yr jf 20 ‘ll QJ
21 272
10000 kj m=2yr™! .3
| producers Carniv:
1000000 k) of sunlight
Figure 14.12 is a pyramid of energy with greater detail than the idealized pyramid _
shown in Figure 14.11. First, look at the simpler view at the bottom of the figure. Thes

gross production of the producers is 20 810 kilojoules per metre squared per year =%
(k] m 2 yr'). Can you calculate what percentage of energy moved up to the herbivoret

N

energy output 20810 + 1679190
—

Doing practice

| |

a calculations like this will About 16% of the energy moved up to herbivores. Now look at the detailed energy s |

1' ';he'lp Yoi understand how flowchart at the top half of Figure 14.12. Notice that 1 700 000 k] of energy are inpit total annual energy flow 15000 (J007%) |
IS WOIKS

| from the Sun and that only 1.2% of the Sun’s energy was captured by the producerss
1 The producers have a gross production of 20 810 k] m=2 yr~! . Gross production s H&
l energy that they have available. Notice that some of that energy is lost as metabo]i_c:_.
. heat and net system loss (heat, respiration, and maintenance). Look on the othersk ;‘ ..|
| of the figure, and you will see how much is transferred to ‘organic wastes and remél ” .
‘ This energy eventually flows through decomposers, like mould and bacteria i the 808

and detritivores, like earthworms. Calculate the percentage of energy that is losta8
respiration (metabolic heat) as it moves to herbivores.

top carnivores
Carnivores

21

decomposers + detritivores = 5060 Figure 14.12 A pyramid of

- ] energy for the ecosystem in
- 1 Silver Springs, Florida, USA
] measured in kJ m=2 yr,

herbivores

Producefs

) '-d‘agl'él.ﬂ'l and you will see that eventually all the energy that flows through the |
Bem is lost as metabolic heat. |
Hoy,,

n

| ' The answer is 63%. About 16% was transferred to herbivores and the rest was 3
transferred to decomposers and detritivores. The energy reaching the carnivores

Ver, with:
. % within the specific time period covered by a diagram such as Figure 14.12,
11.4%, and only 5.5% flows up to the top carnivores. Look at the bottom of the €%

1Smg :
are storing some of energy. For example, a young forest accumulates
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oses MOTe and more biomass. The energy per gramme of food does not decrease, but

| organic matter as the tree grows. The slow rate of decay in a peat bog causes pegy to  fost during respiration at each trophic level. When glucose is broken down for |
‘ build up. Some energy-flow diagrams include a cube to represent storage. .:isncl_gy it is converted into carbon dioxide gas and water. Carbon dioxide and water

‘ Now that you understand energy pyramids, we can define some important termg e excreted and the biomass of glucose is lost. Each successive level of the ecosystem

I

|

* Gross production is the total amount of energy trapped in the organic matter o rotal biomass of food is less at each trophic level. Notice in Figure 14.13 how little

produced by plants per area per time in kilojoules, measured as kilojules per Metre il-tl mass is present in tertiary consumers compared with producers. It is very similar to I
squared per year (kf m 2yr1). bio

hat we saw when we looked at the pyramid of energy.
* Net production is the gross production minus the energy lost through respiratigy, i

: also measured as kJ m™ yr—l- Dry weight/gm—2 Trophic level
: * Biomass is the dry weight of an organism, measured in grammes per metre squareg 1.5 tertiary consumers Figure 14.13 Pyramid of -!
peryear (gm2yr?). 1 secondary consumers biomass [
i In terms of an ecosystem, biomass is the dry weight of all the organisms at a certajy - primary consumers
809 producers

tier of an ecosystem. The reason why we use dry weight is that the actual weight of tha!
organisms includes a large amount of water. Water needs to be removed and the dry P

weight measured. Apyramid of numbers also has a similar shape as the pyramid of energy. Only a

small amount of energy can flow all the way up to the highest trophic level. The total
biomass of food available at the top trophic levels is also small. As the top predators, |
'such as a shark or a lion, must be large enough to overwhelm their prey, there can be
only relatively few of them.

, equation: Figure 14.14 A desert It
gross production — respiration = net production Difficulties of classifying organisms into trophic levels food web |

So, if: [n order to understand the relationships of
an ecosystem completely, something more
than food chains and pyramids needs to be
and: constructed. A food web gives a true but
icomplicated picture of what is being eaten in
anecosystem (see Figure 14.14). Can you see

' ‘ . Calculating gross production and net production

In order to calculate the values of gross production and net production, we use the

gross production = 809 kf m 2 yr!

respiration = 729 k] m2 yr!

then: the following difficulties when you look at the leSds
| I i i ?
. net production = 80 K m 2 yr-! food web in Figure 14.147 f coyote k |
j | *An eagle is a tertiary consumer when eating i
I o o : i ﬁ
Constructing a pyramid of energy .Iratthlesnakes., but a secondary consumer when j i
eating rabbits. C =) |
[ Using the data below, construct a pyramid of energy without looking back at 7 . . .
l : A coyote is a primary consumer when it eats et halas
| Figure 14.12. the fruit of a cactus, but a tertiar roadrunner
| '. . , y consumer
r Trophic level Energy flow (K m2yr?) When it eats a rattlesnake.
Producers 20810 'A lizard is a tertiary consumer when it eats
Tattlesnake eggs, but a secondary consumer g
\ Primary consumers 3368 When it eats insects. ;
| Secondary consumers 383 '?nOlher difficulty is where to put omnivores. >Ké< scorpios
Tertiary consumers 271 Orexample, the following omnivores are insects

After you have drawn the pyramid, check Figure 14.12 to see if yours is correct. Havé
you drawn each block in proportion to the numbers? Have you placed the correct
labels at each trophic level? Have you remembered a title for your pyramid?

;“ammals. Which food is eaten depends on
at: .Season, the temperature, and the bear’s
ility to forage for food. Are they primary

€o " .
NSumers, secondary consumers, Or tertiary
fOnsumerg?

difficult 1o classify into one trophic level. |
8 Grizzly bears eat plants, insects, and some \ '
s

Pyramids of biomass

Pyramids of biomass are similar in shape to pyramids of energy. The higher trophic l
levels have a lower total biomass per unit area of ecosystem (see Figure 14.13). BIOT&S

cactus fruit




Raymond Lindeman

was an ecologist who
formulated a new
paradigm of energy flow
through ecosystems. In
addition to grouping
organisms into primary
producers, primary
consumers, etc., he

was the first scientist to
measure trophic efficiency.
Trophic efficiency is the
production of one trophic
level that is transferred to
the next trophic level. This
concept, first formufated
in 1942, remains influential
today.

CHALLENGE
YOURSELF

9 Referring to Table 14.4,
what percentage of energy
is passed on to the next
trophic level from the
plants of Cedar Bog to the
herbivores of Cedar Bog?

10 What percentage of energy
is passed on to the next
trophic level from the
plants of Lake Mendota
to the herbivores of Lake
Mendota?

Figure 14.15 Annual
production by trophic level in
two lakes

Molles, Jr. 2010,Fig. 18.16

Option C: Ecology and conservation

» Raccoons eat mice, bird eggs, fish, frogs, nuts, and fruits. The food most dominap
in the diet might depend on the season or competition from other animals. Is the
raccoon mainly a primary consumer or a secondary consumer?

» Chimpanzees eat both fruit and termites. Is the chimpanzee mainly a primary
consumer?

Comparing pyramids of energy
Table 14.4 A comparison of Cedar Bog and Lake Mendota, Wisconsin, USA

Cedar Bog Lake Mendota

Trophic level Productivity Efficiency Productivity Efficiency
(cal cm=? (%) (cal cm= )

yr) yr)
119.000

Solar radiation 119.000

Plants 111 0.1 480 04 ¢

Herbivores 14.8 13.3 41.6 8.7

Carnivores 2.3 55 .

Higher carnivores 0.3 13.0

When comparing the energy pyramiids of two different ecosystems you will notice
that the difference is in their efficiency. Look Table 14.4 comparing the two lakes
and you will see the transfer of energy at each trophic level. Notice that typically the:
organisms at higher and higher trophic levels are increasingly more efficient. Onlya:
small percentage of the Sun’s energy that plants absorb is available for transfer to the
herbivores. Plants use up the energy through high assimilation and growth. Herbiv
are slightly more efficient and carnivores are even more efficient. Cedar Bog has threé
trophic levels, while Lake Mendota has four. Five trophic levels are the limit for most:
systems. Lake Mendota can sustain another trophic level because it has a significantly
larger biomass than Cedar Bog.

Here are two pyramids representing what we have just seen in Table 14.4.

_ Cedar Bog Lake Lake Mendota
o _| 5 _|
HE HE |
g - g o
5 5
g 2 g2 ‘| —‘
T R ——— _; =T "
1 | R el 10 1, |
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_oina)
rate of production {cal cm=2 yr-1) rate of production (cal cm 2yt )

Conversion ratio in sustainable food production

The feed conversion ratio (FCR) is a measure of the efficiency of an animal’s @
convert feed mass into increased body mass. It is expressed as a ratio:

pility @

mass of food eaten 8 kg of food =8
= For example: ——t T
body mass gain 1 kg of weight gain

le 14.5 shows some estimates for farmed animals.

able 14-5 Animal FCR

Animal FCR

J|| cattle B o
"Sheep r o
‘.Pork ;
I.Pouimf .
carnivorous fish (salmon) .

i Herbivorous fish (tilapia) I

LAnimals with low FCR can be seen to be efficient users of food. The FCR shows us how
\much energy is being lost during the transfer from plant to animals, as we have seen
yith energy pyramids.

Can sustainable agriculture methods improve the FCR? The principles of sustainable
Nagriculture are:

‘smaintenance of food safety

Mimproving the environment

Seiising resources efficiently

Ssimproving the lives of families and society as a whole.

0ne practical example of sustainable food production s fish farming. Notice from
flable 14.5 that fish have a very low FCR. Fish farmers are attempting to lower the FCR
1 This would mean that the amount of feed given to the fish would be changed into
hmass' equal to the mass of feed. Therefore nothing would be lost and everythiilg is
Mdined, so long as other resources are not wasted.

-'_hange in ecosystems over time by primary and
secondary succession
ological succession is the change in the abiotic (non-living) and biotic (living) factors

. fecosystem over time. It is the reason why some species gradually replace other
“HIES In one particular area.

» L)
iMary succession

'!.f.i- :;Cies§ion begins when plants begin gro?vi_ng on a previously barren and
3 O_ﬁizc 2 a-lr et’s cons1d'er anewly created volcanic island. The plants that first
.- e able to exist where temperature changes are extreme and there is
10 soil. The first colonizers are usually lichens. They are pioneer plants that
Ompose thin layers of rock. As they die and decompose, a thin layer of soil

I i
“hed. This i just enough for some moss to get a foothold. This is the start of

ar S o
_liSUCcesswn, Eventually, there will be enough soil for other seeds to germinate.
May be washed ashore and begin to germinate. Coconut palm trees will

Animale . )
Slid }mdl5 may swim, fly, or be carried on floating vegetation from other islands
“*Pulate the new island,

A fish farm, Corfu, Greece

Warm-blooded animals
(homeotherms) are less
efficient at converting
food to biomass than
cold-blooded animals
(poikilotherms). So you
can see why a fish is more
efficient than a cow.




The World Health
Organization recently
reported that more than
3 billion people are
undernourished. This

is the largest number

and proportion of
malnourished people
ever recorded in history.
The food shortage and
malnourishment problem
is primarily related to rapid
population growth in the
world plus a declining
per capita availability of
land, water, and energy
resources

Secondary succession

In secondary succession, a new group of organisms takes over following a natura] o
artificial upheaval of the primary succession. Secondary succession is much fastey than
primary succession because soil is already present and there may be existing seeds and:
roots present. Recolonization of an area after a forest fire is an example of sccnndary

succession.

=4 o
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Table 14.6 summarizes the differences between primary and secondary successiop

Table 14.6 Primary and secondary succession

Primary succession

Begins with no life

Secondary succession

Follows a disturbance of primary
succession

No soil

T e————

Soil is present

New area, e.g. a volcanic island

—_—

Old area, e.g. following a forest fire

Lichen and mosses begin to grow on
volcanic rocks

———— |

Seeds and roots are already present

Biomass low

Biomass higher

Low production*

Higher production*

*Production is the increase in biomass or energy m=2 yr—'. When production is low, it

is because there are only a few plants; higher production occurs when many plants

are present.

Species diversity and production in a primary

succession

Coastal sand dunes are excellent examples of primary succession that are both

interesting to walk through and have been studied extensively. If you do not live near
the coast, use the hotlinks at the end of this section to find some resources. If you do
live near the coast, you may find it more interesting to walk in the dunes after you have:
learned about the animals and plants that live there. Dunes are areas that need public

support in order to be preserved as natural habitats.

Foredune

Primary succession starts on the foredune, where there is no soil, only sand. Lyme

grass, Leymus arenarius, and marram grass, Ammophila arenaria, are pioneer plants ona

new dune. Lyme grass is the more salt tolerant of the two species. It is generally fast

growing and its roots help bind the sand and stabilize the dune. Marram grass has 10'13:"
underground roots that also spread sideways. It can spread 3 m yr'. Marram grass also
has a special adaptation for life on a foredune: it has a growth spurt when covered with

sand. There is little diversity of plant life on the foredune.

Yellow dune

At the yellow dune stage, the dune is developing a thin layer of soil from years of

marram grass plants living and dying there. It has now been invaded by other pla

nts

with roots that are even better at binding the sand. These plants are sand sedge an

qand pindweed. Rabbits may be common in this dune, and their droppings add
quitrients the soil. In the summer, fast-growing plants like dandelions and thistles

cow here- Humus (organic matter in the soil} begins to build up as the original pioneer
' jants die and decay. Notice that, at this stage, the community is more complicated.
.Mgre species are present and soil is beginning to form.

Grey dune

The grey dune stage has developed a layer of humus from years of plants dying and
Jecomposing. Humus holds water. This dune is much farther inland and sand is not
_depositt‘d here. Eventually, thick shrubs will grow on this dune.

Mature dune

The final stage in dune succession is the mature dune, which can support a forest. At
the Indiana dunes, the mature dune has an oak—hickory forest. Hundreds of species
of wild flowers are protected by the shade of the trees. Mosses and ferns grow on the
forest floor. The humus is thick as a result of 200 years of plants dying and decaying.
The moisture content of the soil is high because of the high amount of humus. The
forest is full of insects, birds, and mammals. The temperature is 10% cooler on the
mature dune than on the foredune. Lack of wind and blowing sand makes this a
womfortable place for both animals and plants.

During the development of the primary succession on sand dunes, you can see that the
following changes have occurred:

s few species to many species

» pioneer species to species that compete with others for nutrients

s little diversity to high diversity, the mature forest is home to hundreds of different
species -

s simple relationships to more complex relationships of mutualism, competition, and
predation

* more and more biomass at each stage of the succession.

A stable ecosystem will emerge based on climate

Ecological succession will occur until finally it develops enough complexity to become
dstable community. The type of stable community that will emerge in an area is

Predicted by climate. This predicted ecosystem is called the climax community. When

aclimax community is extensive and well developed, it is called a biome. For example,
Atthe Indiana dunes, the climax community is a temperate forest. This is because of
the mean annual precipitation levels and mean annual temperatures that are common

i the area of the Indiana dunes. Figure 14.10 shows the succession along a dune
Profile,

Since Britain has a similar mean annual precipitation and mean annual temperature

:{'a the Indiana dunes, the climax community of coastal sand dune succession is also

“emperate forest. It is also formed in a similar fashion. Primary succession occurs

:|ong the coast as lyme grass and marram grass, which are the pioneer species, bind

“sand in place. The youngest dune with these species is always closest to the shore.

; Ilel\;;oodland climax community is always the furthest from the shore, just as it is in
A (see Figure 14.10).

' Theories of succession are

now models being used by
ecologists trying to restore
the climax community to
some natural areas that
have been destroyed by
human development.
Restoration managers

can manipulate the
mechanisms of succession
to achieve climax
conditions more rapidly.




|
gl L I T et S TS e R e B B e e A e s i
at e g e U el T e |
‘ | CHALLENGE YOURSELF
\ | ! Sand dunes in the Quter 41 Using Figure 14.17, compare and contrast the thickness of the organic layer of each area over time
| Il miEides: s | 12 Using Figure 14.17, describe the difference in total nitrogen among the three areas. -
|
[ plain slope dune
: Marram grass | 4000 A
| .
| l Figure 14.18 Reconstruction
| 3000 b b b <hoots of total biomass (A), above-
'7‘E % b _L—Hippophae | ground biomass (B), and
! ) below-ground biomass (C) of
| 4 2000 different plant species in Plain,
| = shoots | Slope and Dune at three stages
, i a . et ad e of primary succession, Totals
l 1000 a with the same letter within each
} ' [T—roots | subfigure were not significantly
| ‘ different,
| o—LL Olff et al. 1993, Fig. 6
(] - " u - |
\ ; Analysis of data showing primary succession 1800 g l
I In order to study primary plain slope durs |
| o~ !
succession, one group of 107 A 3 d ' |
. researchers built a sand dike 2 260 c B others |
to model what would ; g = [ Juncus gerardil |J
| happen during 28 years of ’g 2 B Ammophila arenaria
- A ~ el
[ primary SLICCCSSI.OH ona g o g o I chameiron angustitol
. sand dune. See Figure 14.16. L = =R ) '
2 T ab.2b ' Hipophae rharnoides
£ =
g N ablT| abab
“9" 4— . al—+ a
_ Figure 1416 Sand dike study ; E 3000 — )
[ model showing plains, slope, = c Bl fine roots
s 5
and dune. - L] rhizomes A. arenaria .
i Adapted from OIff et al, 2400+ |
1993, Fig. 1 [ rhizomes J. gerardil i |
I\I'E 1800— - rhizomes Scipus ' _
o0
s 1 rhizomes others
. . . o]
The dike consisted of plains, o 11200+ B woody roots Hippophae
slope, and dune. Over 28 —
years data were collected - 600
that are shown in these 459
| graphs. _ T 122028 122028 1220 28
| £ age (years)
. . 50 4 | .
_ Figure 14.17 Primary c 30 13 Using Figure 14,18, describe the changes in biomass over the 28 years
succession as seen in the plgln, g 14 Using Figure 14.18, compare the changes in aerial standing crop for the slope and the dune.
| slope, and dune dike. = 15 Using i ) ) i . ]
| ) ng Figure 14.18, which area had the largest increase in root mass? What environmental factor |
[ A: Growth of the thickness coul i
| ) ould have caused this?
| over 28 years on the sand dike 12 (0 o NI e e s P T R
. model.
[ . .
B: Total amount of nitrogen in i "
I the organic layers over 28 years B'OSDhere and biomes
1 f B
: IS SiSEnLERHon (g 0 ' 2 20 28 Youview the surface of the Earth in a satellite picture, you can see large swathes of
[ sand dike model 12 20 28 12 20 28 L and . - : ;
Olff et al. 1993, Fig. 10 age (years) : Covered with trees, other areas covered with ice, and other areas with nothing that
! : wdl .. . .
Mbe seen. The living part of the Earth that you can see is called the biosphere. The 663
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alpine tundra
coniferous forest

deciduous forest

tropical forest ji

Figure 14.19 The distribution ™

latitude. |

of some biomes by altitude and [

desert

grassland
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biosphere comprises all the parts of the Earth where organisms live. Some or
live in the Earth’s crust and some live in the atmosphere. Anywhere that org
is considered to be part of the biosphere.

8anismg

Biomes are divisions of the biosphere. Each biome is a part of the biosphere anq %
defined by its vegetation and community structure.

Distribution of biomes

Biomes occur because of global weather patterns and topography (see Figure 14,1 9
Certain species are found in one type of biome and not in others. '

northern

tropical forest temperate Arctic tundrg

deciduous coniferous 1

forest forest

high « moisture availiability »> low

A climograph plots the temperature and rainfall in a particular

= region. In Figure 14.20, you can see that the mean annual

perature/°C

—_

&

[ea}
L

mean annual tem
.
1

)/ temperate forest

ous forest
and alpine tundra

tropical forest precipitation (rainfall} is similar for a coniferous forest and a
temperate forest, but the temperature is different. The mean annual
temperature is colder for the coniferous forest. Compare the mean

that precipitation in the tropical forest is much higher. Rainfall and
temperature affect the distribution of biomes.

102 = 203

mean annual percipitation/cm

Iy
P

B

Figure 14.20 A climograpﬂ

305 406 The following combinations of temperature, rainfall, and elevation

determine the biomes in North America.

Tundra

High elevations with low temperatures and low precipitation are the conditions that

result in tundra. Plants and animals that live in the tundra are adapted to a cold and dfjfs

environment.

Coniferous forest

High elevations with less cold temperatures and slightly more rainfall are the
conditions that result in coniferous forest. Because the ground freezes during some
months of the year, coniferous (cone-bearing) trees are well adapted for conserving
water when it is frozen. Animals have heavy coats of fur in the winter and lose some of
the fur in the summer.

Temperate forest

At lower elevations, where temperatures are warmer and more water is available,
the conditions produce temperate forest. Plants and animals in these forests must be
adapted for a wide range of conditions: warm in the summer with lots of water, and

anismyg live

annual precipitation for grasslands and tropical forests. You can seg

;’5‘001 i

ﬂ i forest will lose their leaves in the winter to reduce water loss.
thi

Desert

Atlow elevations with warm temperatures and little precipitation, the conditions

" juce desert. Desert animals and plants have very specific adaptations that enable
them to survive in this extremely hot and dry biome. A desert kangaroo rat has a

- ecialized kidney for recycling water in its body. Cacti have spines instead of wide

s to reduce water loss.

prod

Sp
Jeave

opical forest

1 the winter when water may be unavailable because it is frozen. Many trees in

At low elevations with warm temperatures and very high moisture, the conditions

result in tropical forest. This forest is extremely productive, with high primary

-_-Productivil' y as a result of the combination of high temperatures and high rainfall. \

‘Table 14.7 Characteristics of the seven major biomes

Biome Temperature Moisture Characteristics of vegetation

Desert Mostly very hot with Low precipitation: less Cacti and shrubs with water storage
soil temperatures above | than 30 cm per year tissues, thick cuticles and other
60°C (140°F) in the adaptations to reduce water loss
daytime

Grassland Cold temperatures Seasonal drought is Prairie grasses that hold the soil with their
in winter and hot in common with occasional | long roots; occasional fire prevents trees
summer fires, medium amount of | and shrubs from invading the grasslands

moisture
Shrubland Mild temperatures in Rainy winters and dry Dry woody shrubs are killed by periodic

(chaparral, matorral,
magquis and garigue,

winter and long, hot
summers

summers

fires. Shrubs store food in fire-resistant

roots. They re-grow quickly and produce

deciduous forest

—

very cold in winter

evenly over the year. In
winter, water may freeze
for a short time

dry heatherlands, seed that germinates only after a fire
fynbos)
Temperate Very hot in summer and | High rainfall spread Deciduous trees like oak, hickory, and

maple dominate the forest. In warmer
seasons, a wide range of herbaceous

plants grow and flower on the forest floor

Tropical rainforest

Very warm

Very high precipitation of
more than 250 cm yr-!

Plant diversity is high. A canopy of trees
is the top layer. Next is a layer of shrubs.
The ground layer is herbaceous plants and

ferns. Large trees have vines climbing o

them. Trees have orchids and bromeliads

tucked in their branches

n

Tundra

.

Very cold; in summer,
the upper layer of soil
thaws but the lower
layers remain frozen: this
is permafrost

Little precipitation

Low-growing plants like lichen and mosses
and a few grasses and shrubs. Permafrost
prevents the roots from growing deeply.

Continuous daylight in summer allows
some plant growth and reproduction

Coniferoys forest
(taiga)

Slightly warmer than the
tundra

Small amount of
precipitation but
wet due to lack of
evaporation

Cone-bearing trees such as pine, spruce,

fir and hemlock

Schimity etal, 2011
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Figure 14.21 A climograph. -

This type of graph shows
the relationship between
temperature, rainfall, and
ecosystem type
www.marietta.edu/-biol/
biomes/desert.htm

Figure 14.22 A model of the
mineral nutrient cycle

input dissolved
in rainfall (from
atmosphere)

loss in
run-off

Key

O nutrient stores
—> nutrient transfers

fallout as
tissues die

release as
litter decomposes

666

Option C: Ecology and €O gé'rvation

CHALLENGE YOURSELF

Look at Figure 14.21.

400

300~

annual precipitation (cm)

100—

200

tropical
seasonal
forest

temperate
rainforest

30

|
20 10 0 -10

T e

average temperature (°C)

16 What is the average temperature range of a subtropical desert?

17 What is the highest amount of precipitation for a subtropical desert?

18 Compare the mean annual temperature for grasslands and tropical forests.

19 Compare and contrast the mean annual temperature for temperate deciduous forest and temperate

rainforest

loss by
leaching

uptake by
plants

input from
weathered rock

Gersmehl diagrams

Another way of describing energy flows and nutrient
recycling is to use Gersmehl diagrams of different
biomes. These diagrams are a common method of
demonstrating the cycling of nutrients within the
main ‘stores’ of an ecosystem. As you will notice
from the diagrams, the main stores of nutrients are
soil, biomass (plants), and litter. Arrows of varying
thickness represent nutrient transfer. Circlesof
varying size represent the size of the stores. Included
in the diagrams are the following:

« input, such as of nitrogen, carbon, and minerals
from weathered rock

» output, such as loses of nutrients by leaching and
run-off

« flows, such as of leaf and needle fall from biomass
to litter, and uptake of nutrients from the soil by
plants.

Figure 14.22 shows a generalized model of 2
Gersmehl diagram.

e will now look at a Gersmehl diagram for a specific biome, the tropical rainforest.
¢ read this information about a rainforest, as it will help you make the diagram.

Firs

» Biomass is the main store of nutrients because the tropical rainforest has tall, dense
« yegetation with many layers and multiple species.

» precipitation: rainfall is high all year.

, Litter has a very small store of nutrients because of the high rate of decomposition.

+ Soil has a very small store of nutrients because of leaching and low soil fertility.

« Weathering (W) is rapid because of high heat and humidity.

+ Leaching (Le) is high because of the high rainfall.

« Runoff (R) is high due to such large amounts of rain, that the soil cannot absorb

itall

Try to draw your own Gersmehl diagram before you look at Figure 14.23. Make sure

.10 make the circles different sizes and use arrows of different thicknesses.

Solution

Now compare your diagram with the actual diagram.

P

» biomass is main store
« rapid transfer between
stores and environment W

Figure 14.23 Gersmehl diagram

of a tropical rainforest
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Gersmehl diagrams are
models that predict and
explain the natural world.

Figure 14.24 Gersmehl diagram
of a boreal forest (taiga)

CHALLENGE
YOURSELF

20 Draw a Gersmehl diagram
for a desert biome. Here are
the specifics you need:
® soil is rich in nutrients

because there is little rain
is available to wash them
away

® biomass is small because
of the extreme heat and
lack of water

litter or topsoil is

practically non-existent

because it is eroded by

the wind

® run-off is high because
there is no litter to hold
on to the water

® loss as a result of leaching

is low.

:

xample

We will now construct another Gersmehl diagram. This time the biome is taiga_ Herdl

are the specifics for taiga.

* Litter is the largest store of nutrients because of the low rate of decomposition g 3

result of low temperatures.

* Run-off is high. The ground is still frozen when the snow is melting.
* Biomass is relatively low because conifers have only one layer of needles and thege

is no undergrowth.

* Transfer from biomass to litter is high because of the constant supply of needleg
falling from coniferous trees.

* Soil stores are very small. Poor soil is formed from glacial deposits and so there i

low soil fertility.

*» Weathering of rocks is slow because of the cold.

Have a go at drawing your own diagram before looking at Figure 14.24; see if you are
more accurate than you were with your first diagram.

Solution

Option C: Ecology and consenvation

Figure 14.24 shows the actual diagram for taiga.

- litter is main store (needles)
* little transfer between stores

An example of humans interfering with nutrient cycling

In a study published in 2011 in the journal Ecological Applications, researchers
documented how the collapse of marine fisheries as a result of overfishing and habitat
loss has affected nutrient recycling in the marine environment.

Fish have a functional role in ecosystems. Through consumption and assimilation,
fish recycle nutrients, especially nitrogen and phosphates, into forms that can be taken
up by microorganisms and plants. The role of fish as nutrient recyclers is critical.

gty Per cent of the nutrients that are used by primary producers are supplied by
b removal of fish tissues by marine fisheries in areas where nitrogen is low has

: '-Ifsl'cd ed primary production by plants. This has a negative effect on the herbivores in
.I?hal. community. In this study, estimates of nitrogen excretions rates for grey snapper
i the Bahamas were 456% higher in unfished areas compared with fished areas.

?:-r]w excretion rates of phosphates were 451% higher in unfished areas compared
ith fished areas. The concern of these authors is that the sea grass beds that are the
ey habitat for young fish may be affected by this lack of recycled nutrients. Loss of
i‘P[‘ilﬂary‘ production in the sea grass beds could cause the loss of even more fish.

A closed ecosystem

Most ecosystems are open. In a forest ecosystem, light enters and is trapped by plants.
\Herbivores eat the plants and their facces fertilize the soil. After a fire, the soil may
plow away to another ecosystem. Minerals may be leached by water after rain and be
\carried down the river to a new ecosystem.

Closed systems exchange energy but not matter.
No natural system on Earth is considered to

\be a closed system, but the entire planet can be
considered ‘almost’ closed. Large amounts of light
ienergy enter the Earth and eventually return to
gpace as heat, but matter is not exchanged.

‘Some experimentation has been done with
Aartificial closed systems. A closed ecological
system (CES) could be a space station. A space
‘station does not rely on exchange of matter with
its surroundings. In a closed ecosystem, waste
products made by a species must be used by at
least one other species. Waste products such
\asurine, faeces, and carbon dioxide must be
iconverted into oxygen, food, and water. This
inyolves at least one autotroph (green plant),
Which can use the waste products to make food as
long as sunlight is available. Energy can be exchanged, but not matter.

An example of a large CES is Biosphere 2. Biosphere 2 is a large research facility, the
Size of two football fields, owned by the University of Arizona, USA. The research
done here demonstrates the conditions that can affect a closed system. This facility
hasiits own farm under a glass dome, and experiments are carried out with week-long
Periods of full closure, where humans live in the closed environment.

PiSturbances influence the structure and rate of change
N an ecosystem

'Ahdlsturbance is a new environmental condition that affects the structure and rate of

« : )

ANge in an ecosystem. Examples of disturbances can be natural (for example fire,
%0d, wind, and insect invasion) or caused by humans (for example the clearing of a

Orest, building a road, ploughing a field, or clearing a natural area to build a housing
“Velopment,)

Biosphere 2 Rainforest
building.

The old paradigm of
diversity in an ecosystem
stated that the most
diversity is found in the
oldest ecosystem. The
intermediate disturbance
hypothesis changed the
way that ecologists think
about how disturbances
affect ecosystems. This
hypothesis predicts that
intermediate levels of
disturbance promote
higher levels of diversity.
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Figure 14.25 Graph of the
disturbance hypothesis
Disturbance is a common
phenomenon which may have
a beneficial effect on species
diversity in a community.
Molles, Jr. 2010, Fig. 16.18

Option C: Ecology and cor

In 1975, Joseph Connell proposed a new idea. His theory stated that disturbance isa
common phenomenon that can actually have a beneficial effect on species di%"ﬁityi
a community. For example, fire in a forest affects the structure of the forest, By burmnl.
down the trees that shade the forest floor, the structure of the community is they, g
changed, many more shade-intolerant plants can grow quickly, so the rate of change
is affected.

Impact of humans on ecosystems

'."Understandings:

o [ntroduced alien species can escape into local ecosystems and become invasive
g (ompetitive exclusion and the absence of predators can lead to reduction in the numbers of
ferdemic species when alien species become invasive.
e follutants become concentrated in the tissues of organisms at higher trophic levels by
| biomagniﬁcatinn,
Reliacroplastic and microplastic debris has accumulated in marine environments.

The hypothesis predicts
that species diversity will
be highest at intermediate
levels of disturbance.

high—

Low levels of

disturbance High levels of

disturbance

Applications and skills:

allow competition . bl : .
o rele reduce diversity, B Application: Study of the introduction of cane toads in Australia and one other local example of
diversity. fhe introduction of an alien species.

o Application: Discussion of the trade-off between control of the malarial parasite and DDT

| pollution
f,.i;p[ica:u;m: Case study of the impact of marine plastic debris on Laysan albatrosses and one other
‘named species
"8 5kills: Analysis of data illustrating the causes and consequences of biomagnification.
‘e5kills: Evaluation of eradication programmes and biological control as measures to reduce the
impact of alien species

species diversity

low
infrequent/low intensity —————————= frequent/high intensity
disturbance

Biological control: risks and benefits

Biological control is the idea of using a natural predator to control unwanted or
inyasive species. There are powerful arguments for using biological control. One
gument is that biological control is an environmentally friendly alternative to

emical control. In fact a report by the National Academy of Sciences in 1987 argued
atbiological control should be the primary pest control method in the USA. When
linvasive species is affecting an entire community, even cautious observers would
dgree that biological control should be considered. However, there is always a risk

en introducing anew organism into an ecosystem. Unexpected consequences may
s cven though rigorous testing is carried out beforchand. Scientists look at risk—
venefit analyses and make decisions based on those analyses.

Look at Figure 14.25 and the points below.

« High levels of disturbance (e.g. constant mowing) reduce diversity. The community
will only consist of the few species that can complete their life cycle between
disturbances.

* Low (infrequent) disturbances will cause a decline in diversity because the species
that are the best competitors will dominate.

» Intermediate levels of disturbances, such as a fire every few years, are the most
effective at maintaining diversity. There is enough time between disturbances for
anumber of species to colonize an area. It can also slow the growth of dominant
species.

Introduced alien species can become invasive

i) . . .

WIE of the classic examples of biological control ‘gone wrong' is the introduction of
Ctoads, Rhinella marina, into Australia in the 1930s. The cane toad was imported
M Hawaii and released in Queensland to control the beetle pests of sugar cane.

Exercises

4 Describe a method of representing the cycling of nutrients in an ecosystem

5 Explain how the Earth is a closed ecosystem

6 Compare and contrast two energy pyramids from two different ecosystems

e l_aTVae of the beetle pests of sugar cane eat the roots of the cane and the plants die.

e 8“?Wers were interested in controlling the beetle pests because sugar cane crops

_ :gz.(:ncome producer in Australia. ].Ento.molo.gi_sts researched many solutions to

N ﬁ'physiCa;le pest problem, such as chemical insecticides, soil fumigation methods,
removal. After 25 years, none showed much promise in field trials.

]
L 193:; nons ef(litomologist was su.re he hz.ad found the solution. In Hawaii, the cane toad
. Plt‘{lgin j\e to CF)ntrol beetle infestations of sugar cane crops. This idea was quickly
Othe, . UStrfilla. In June 1935, 2_400 toads were released in an area of Queensland.
omologists had argued against this quick release. Risk assessments of the

Btery; .
al harm of introducing these toads had not been done. Unfortunately, the

Assessing risks and
benefits associated with
scientific research: the
use of biological control
has associated risk and
requires verification

by tightly controlled
experiments before it is
approved.




Australia is the only

nation with a specific law
for classical biological
control, the Australian
Biological Control Act of
1984, Most state laws in
the USA encourage the
use of biological control,
but adequate supervision
is lacking. There is an
international organization,
the International
Organization for Biological
Control (IOBC), working to
promote environmentally
safe practices around the
world.

The eastern blueftonguec]
skink.

p:
Ak

The cane toad'

New research on cane
toads in northern Australia
has suggested that a good
way to control the cane
toad invasion is to use
parasites that are specific
to cane toads
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outcome has been that this poisonous toad has multiplied very rapidly, curre
population has grown to more than 200 million, yet the beetles that the cane toad yyq

brought in to eradicate have not been affected. It seems that the beetle pests were Ilots
affected because in Australia, compared with Hawaii, the toads have found othe, food
sources, such as smaller beetles and moths. By 1950 the cane toad was recognized ag
pest in the Vermin Act, but it wasn’t until the 1980s that the cane toad was recognized
as a national issue. Lessons learnt from the cane toad debacle are probably one of the

reasons why Australia today has very strict quarantine laws and tough risk

procedures.

ntly the

Cane toads were brought to Australia to control the sugar cane beetles
biologically.

Cane toads have no natural predators in Australia because they are toxic to
Australian crocodiles and large lizards.

Cane toads reproduce rapidly.

W

Cane toads have become more of a pest in Australia than the beetles they
were meant to eat.

Cane toads have found plenty of other species to eat in Australia, so they
ignore the target beetle pests.

The risk assessment carried out before the introduction of cane toads to
Australia was not adequate.

Competitive exclusion can affect endemic species

The principle of competitive exclusion states that no two species can occupy the same
niche. When two species have a similar need for the same resources, such as food, one
will be excluded. In Australia, when the cane toads attain high population densities,
they consume a large number of invertebrates. Individual cane toads are thought to
consume 200 beetles, ants, and termites per night. A report from the National Cane
Toad Task Force of Australia in June 2005 showed that a decline in some small reptile
species has coincided with the increase in the cane toad population. Competition

for food is inferred as the reason for the population declines. A burrowing frog,
Limnodynastes omatus, shows no survival of tadpoles in ponds where cane toad tadpoles;
are present. Direct predation on tadpoles is not significant, which is why competition
for food is inferred. Small skinks (blue-tongued lizards) begin to disappear once the
cane toad arrives. Both species are insectivores, and it is hypothesized that the skinks:
are outcompeted by the cane toad for insects because of the voracious appetite of the:
toad. These examples are evidence that endemic species are being outcompeted by
the cane toads. Many more studies are being carried out by scientists in Australia to
discover what exactly the results are of this attempt at biological control.

Absence of predators can affect endemic species

Cane toads are extremely poisonous. Behind the ears of cane toads are glands that {
contain a toxic substance. Predator species in Australia are seriously affected by eatiigs
cane toads. Seventy-five species of turtles are at risk because they can eat toads larg®
enough to kill them with their toxin; 90% of large lizards die after eating cane toads:
Other evidence has shown an impact on snakes and crocodiles that have eaten cané
toads. The absence of a successful predator of cane toads is a significant factor in the
population explosion of cane toads in Australia.

~d35e5s men t

Kudzu: an introduced alien species
at we do to the environment today may have unforeseen consequences for future

? enerations- Kudzu was introduced from Japan to the USA in 1876 at the Philadelphia
& e atennial Exposition as an ornamental plant. In the 1930s it was promoted by the

- conservation Service of the US government as a fast-growing plant that could
Golvethe problem of soil erosion. From 1935 to 1950 it was planted by the Civilian

| conservation Corp sponsored by the federal government. Then, in 1953, it was
Cognizcd by the US Department of Agriculture as a pest weed:

Soil

currently, kudzu is common throughout the southeastern states of the USA. It
offen called ‘the plant that ate the South’. Here is the reason why: kudzu grows
"pid|Y» as much as 20 m per season. Thirty stems can emerge from one root. It grows
; both horizontally and vertically. Kudzu spreads by runners that can make roots and
roduce more plants. Kudzu grows well in many conditions, although prolonged
reezing will kill it. The thick growth crushes other plants as it covers them. Its weight
‘bhreaks tree branches. In the USA, the effects of kudzu cost $500 million annually.

Biomagnification
%:]?.iomagniﬁcation is a process by which chemical substances become more
;épncentraled at each trophic level.

When chemicals are released into the environment they may be taken up by plants.
The plants may not be affected by the small amount of a chemical that they absorb

or have on their surface. But when large amounts of the affected plants are eaten by
aprimary consumer, the amount of chemical the consumer takes in is much greater.
ilarly, if numbers of the primary consumer are eaten by a secondary consumer,
the amount of chemical taken in by the secondary consumer is magnified even more.
\Chemicals that are biomagnified in this manner are fat soluble. After ingestion, they
are stored in the fatty tissue of the consumer. When the consumer is caught and
gaten, the fat is digested and the chemical moves to the fatty tissue of the secondary
consumer.

Causes of biomagnification

Some toxic chemicals have been put deliberately into the environment to kill insect
pests. One of these pesticides is dichlorodiphenyltrichloroethane (DDT), which has
?bﬂt‘,n used to control mosquitoes and other insect pests. At the time it was first used,
1lwas not known that DDT does not break down and can persist for decades in the
Ehvironment. DDT was commonly sprayed on plants and eventually entered water
SUpplics. There it was absorbed by microscopic organisms. These microorganisms
?Were eaten by small fish, and the small fish were eaten by larger fish. DDT built up in
lhe fatty tissues of the fish. When these fish were eaten by birds, the magnification of
ODTwas even greater (see Figure 14.26).

Will our knowledge of the
damage that biological
control can do, if not
monitored well, change
the methods we use in the
future?

Kuazu, the plant that ate
the South.




|
‘ was rejected at the

Figure 14.26 Biomagnification
of DDT.

The proposal to commit

to a deadline for a
worldwide ban on the
pesticide DDT by 2020

Sixth Conference of the
Parties to the Stockholm
Convention on Persistent
Organic Pollutants, India,
the largest producer of
DDT, strongly opposed the
proposal. India is the only
country still manufacturing
DDT.
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DDT concentration:
increase of
10 million times

DDTin
fish-eating osprey
25p.p.m.

il |arge fish
 2p.p.m.

i+ DDTin
: 22| small fish
< 05p.pm

+" zooplankton
*20.04ppm ..

. &

" DDT in water B
* 0.000003pp.m” . ¢

.

Consequences of biomagnification

The first sign of the problem with DDT was a decline in the number of predator bitds?
Studies showed that the eggs of these birds were easily cracked. In fact, the weight of
the mother sitting on the eggs cracked them. It was finally discovered that DDT was .'
building up in the tissue of the birds and interfering with the calcium needed for the'

shells to be hard. DDT was banned in the USA in 1971. The bird population has begui

to recover following the ban. DDT was originally banned because of its effects on

birds. However, It also affects humans who consume agricultural products and eat
containing accumulations of DDT. Because DDT is stored in fat, levels of DDT inb
milk are often six times higher in a mother than in her blood.

The trade-off between DDT pollution and malarial parasite
control

What are the challenges that must be overcome as we face decisions over DDT
pollution and malarial parasite control? Malaria is the most deadly vector-borne
disease in the world. It kills more than 1 million people per year. In the past 25 Y&
there has seen a dramatic rise in cases of malaria, despite the use of insec-ticide-t.fe
bed nets (ITNs), indoor resident spraying (IRS), and artemesin combination l:eltr"a
(ACTs, an antimalarial drug). How can we overcome this challenge? Should the tHEE
off be the environment or human health?

DDT pollution

We have just looked at some of the problems caused by biological mag -
DDT. DDT is a persistent organic pollutant (POP). These pay-offs have follo

niﬁcation-off
the

pon DDT in the USA. Peregrine falcons have come off the endangered species
ba;- pald eagles will soon follow. DDT levels in human blood samples have declined
"i]Suill'P]y' DDT has disappeared from the breast milk of nursing mothers.

control of malaria for large human populations

;fhc difficulties of malaria control for some nations are significant. When IRS is used
i houses, DDT can be found in the breast milk of nursing mothers. Without IRS,

1' ndreds of mosquitoes can enter a house, compared with no mosquitos entering a
liouse that has been sprayed. In Africa and Indonesia, malaria is more of a problem

n human immunodeficiency virus (HIV). Many health officials would like to use
DT to case the suffering of human populations, but donor governments refuse to

LIOW DDT spraying. A documentary movie shows the effect of refusing to spray DDT
br human populations in underdeveloped countries; 3 Billion and Counting, tells the

Story of the devastation of malaria on large populations of people.

Macroplastics in the marine environment
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Figure 14.27 (A} Facial scrub

| particles shown in an electron
micrograph are microplastics
polluting the ocean. (B) Sampling
locations in North-East Atlantic,
showing Routes sampled by
Continuous Plankton Recorder
(CPR T and 2) since 1960 and
used to assess the abundance

of microplastics in the water
column. Red squares indicate

the abundance of micraplastics
(C) Example showing how FT-IR
spectroscopy was used to identify
fragments from the environment
Here an unknown fragment is
identified as nylon. (D) There
were significant differences in
abundance of microplastics
between sandy beaches and
subtidal habitats , but abundance
was consistent among sites within
habitat type. (E) Accumulation of
microscopic plastic in CPR samples
revealed a significant increase over
time when comparing the 1960s

| and 1970s to the 1980s and 1990s.
| Approximate figures for global
production of synthetic fibres

{red line) overlain for comparison.
Microplastics were also less
abundant along the oceanic route
CPR2 than CPR 1. To read the
article where this figure is adapted
from ('Lost at sea: Where is all

the plastic?’), go to the hotlinks
site, and click on Chapter 14
Section C.3

http://www kimointernational.org/

MicroPlasticResearch aspx
675
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The Marine Conservancy
has published the
estimated decomposition
rates of most plastic debris
found on coasts.

* Polystyrene cups:
50 years.

Plastic drinks containers:
400 years.

Disposable nappies:
450 years

Plastic bottles:
450 years.

.@ervation
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Macroplastics are pieces of plastic bigger than 5 mm. The accumulation of
macroplastics is very high adjacent to urban areas in the northern hemispheye.
Macroplastic items such as plastic bottles, bags, nets, fishing lines, and many i,
rubbish can pose a serious threat to marine wildlife.

b.rd particles and digest the microorganisms and nutrients on the surface of the _

. tind pariiclﬁs- Because they are basically ‘eating’ what has fallen to the bottom of the

' ea, thei health can tell us about the health of the oceans, making them indicator
.rganisms. In one experiment, a California scientist, Mark Anthony Browne, found
tﬁat, when lugworms eat microplastic pieces contaminated with common chemical

- ojlutanis, those pollutants are found in high concentrations in the lugworm'’s tissues.
" ose high concentrations make the lugworms vulnerable to pathogens. They cause
ﬂ13 worms to have less energy for churning up the bottom sediments, which is one of
ﬂ-igir most important functions in the ocean ecosystem. This is a key finding because
the current policy in the USA considers microplastics to be non-hazardous.

ms ()f

* Marine mammals and turtles can ingest plastic bags and bottles, which then ipg,
with their digestive system.

rfef_e!,

* Drift nets can entangle birds, fish, and mammals.

* PCBs and other contaminants may be concentrated in pieces of plastic pieces thy ay
. p e
ingested by birds, fish, and mammals.

u

The Laysan albatross

Seabirds can mistake plastic floating on the surface of water as food and ingest it
Because most adult birds regurgitate food to feed their young, the plastic is passed
on to the chicks. One study discovered that 98% of Laysan albatross, Phoebastrig
immutabilis, chicks had been fed beads, toys, golf tees, buttons, and many other plastic
items by their parents. It seems that the albatross prefers pink items. It is hypothesize)
that pink items are the same colour as, and are mistaken for, shrimps. These itemg
can obstruct a chick’s digestive system, leading to starvation and death. One Laysan
albatross chick had a piece of plastic 11 cm long embedded in its gut.

‘Biological control and eradication programmes to
educe the impact of alien species

{[nvasive alien species are recognized as a serious biological threat to the environment
'ind to economic development. Without any natural predators, a plant or animal that
has been moved out of its local ecosystem may multiply and threaten other species,

: :ggriculture, or public health. Many nations are grappling with the complex and costly
Ibroblems caused by invasive alien species organisms, such as the black striped mussel
Land fire ants. The following examples describe some strategies that have been used to
\eradicate invasive alien species.

Microplastics in the marine environment

Microplastics are defined as plastic particles smaller than 5 mm. They are produced
directly as abrasives and exfoliants, or indirectly as a consequence of the breakdown!

A lugworm casting on a beach

Mark Anthony Browne
from the University of
California at Santa Barbara
has joined with UK .
scientists from Plymouth
University to study
lugworms as they feed
on highly contaminated
ocean sediments,

Water hyacinths are aquatic
plants native to the Amazon
basin, but are often considered
an invasive species outside of

of larger plastic material. The amount and distribution of microplastic particles in the’
marine environment has increased steadily over the past 20 years because of the riseiin}
the use of plastics by humans. It has been found that microplastics act like sponges and!

A Laysan albatross with
regurgitated waste

A sea lion caught in a fishing
net.

soak up toxic chemicals such as PCBs in the marine environment. Microplastics haveas
large surface area in relation to their size, so there is plenty of surface for the chemicalsf
to stick to. The potential impacts of microplastics on the marine environment include:

* accumulation of more and more plastic debris, because these plastics do not break
down

* ingestion of microplastic pieces by marine organisms, causing damage to their
digestive systems

* absorption of components of the plastic, or chemicals adsorbed on the plastics, by?
the ingesting organism

__'e‘biack striped mussel, Mytilopsis sallei, was found to have invaded Cullen Bay in
-."Wil'l Harbor, Australia, in 1988. This mussel is capable of making a thick matt more
:[? 10 em thick and can foul anchors, pylons and buoys, storm water pipes, vessel

S, and breakwaters. It is a very serious threat to tropical Australian waters. Regular
"_’ “'Veys of Australian ports highlighted the discovery of the mussel within 6 months
o '“-“f arrival, A rapid decision to eradicate it prevented the spread. The method of
dication was to close the gates to the marina where they were located and expose
. €htire area to copper sulfate and chlorine. These chemicals were poured into the
Water, kil]ing the mussels and all other living organisms in the marina. The potential
*0nomje damage to the pearl industry from black mussels is $350 million a year,

aludamage to the prawn fishery catch is worth close to $120 million a year at today’s
gilies,

» accumulation of those chemicals in the body of the ingesting organism.

Research is ongoing to determine whether microplastics themselves or the chemicalss
they contain are carried across trophic levels. For example, do PCBs or other PQPs
adsorbed onto plastic pieces build up in the bodies of fish and become magniﬁcd a
the small fish are eaten by larger fish, etc.? Biomagnification of chemicals from plas
either within the plastics or adsorbed onto the plastic pieces, may be occurring.

s- -
ics

b

Impact of microplastic debris on lugworms

Lugworms, Arenicola maring, are called the earthworms of the sea. They are Lomman
found in the USA and Europe and are used as bait by fishermen. They feed on Ocea[.
floor sediments by striping the sediment of debris and organic matter. They ¢ -

their native range

International Pellet Watch |
(IPW) was founded in
2005 by Dr Hideshige
Takada of Tokoyo
University. He has asked
citizens across the globe
to collect plastic pellets
from the beaches they
visit and send them |
to his laboratory. He |
analyses the POP content
of the pellets and their
global distribution. The
results are sent back to
donors by email and
released on the web. So
far pellet samples have
been analysed from 200
locations and 40 countries
About 7000 pellets have
been analysed, and POPs
have been detected in
every one of those 1000
samples
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S
Imported red fire ants on a
wooden stick

An adult female oriental fruit
fly, Bactrocera doralis

CHALLENGE
YOURSELF

21 Evaluate the eradication
programmes described
above by yourself or with a
friend.

Option C: Ecology and cof

Fire ants, Solenopsis invicta, are notorious because of their painful, burning stings. The
stings result in pustules, which continue to itch intensively. Fire ants .attack humang
as they walk across lawns and golf courses. Red fire ants also attack livestock grazing
in the fields of Florida. Fire ants were brought to Florida from South America. Use of
insecticides kills native ants as well as fire ants, but fire ants return much more quick]
than the native ants. Insecticides are the primary control of fire ants today in Florida,
The estimated cost of red fire ant control in Florida is $36 per household.

A biological control agent that is being tested against fire ants is a fly of the genys
Pseudacteon. If the fly catches an ant, it lays its eggs inside the head of the fire ant. Whey
the eggs hatch, the larvae eat through the head of the fire ant. Pseudacteon flies might
work but they might not control the fire ants. They could also become a pest becayse
they have no predators. In South America, the fire ant population is only one-fifth the
size of that in southern USA. Scientists hypothesize that the 24 species of Pseudacteon
flies native to South America keep the fire ant under control. In 2011, one species of
Pseudacteon fly was introduced to control fire ants in Florida. It was found that it did
not have a significant impact on the fire ant population after its release. The study
concluded that multiple species of flies would be required in order to replicate the
conditions of natural fire ant control seen in South America. Would Florida be ilwiting_;
new pests to the sunshine state, in the hope of ridding themselves of an old pest?

The oriental fruit fly, Bactrocera dorsalis, was introduced into Okinawa Island in Japan in}
1945. It damages fruit crops by laying eggs in the fruit: the larvae from the eggs eat the!
fruit. All Japanese territories were declared free of the oriental fruit fly in.l 985, i?ecaudéf
of an 18-year eradication programme combining some insecticide use with sterile
insect release (SIR). SIR entails raising large numbers of sterile male flies and releasing
them to mate with wild females. The numbers of released sterile males are very high.
In one study, 648 sterile males were released for every one wild male in th.e wild '
population. However, according to another study it is enough to releas.e nine sterile -
males to one wild male. When the males are released and mate with wild females, tbﬁ_ |
eggs from these females are not viable. After SIR release on one island, the percentage
of infestation of host fruits decreased to zero in 3 months. The success of SIR and strick
inspection of incoming produce that might contain this fruit fly means that Japan has'
been free of the oriental fruit fly for the past 20 years.

Analysis _o_f dgta illustrating the cause and effects of
jb_iomagnlfloatlon

|\ we have learned previously, biomagnification is the build-up of heavy metals and
; bOPs by successive trophic levels, resulting in higher concentrations in the predator
prganisms than in the prey. Bioaccumulation is the net accumulation over time of

HOPs o heavy metals (such as mercury, arsenic, and lead) within an organism from
éoth biotic (other organisms) and abiotic (soil, water, etc.) sources.

e data you will analyse were collected from streams in the USA, from the state of Missouri, in an area
called the Ozarks. The heavy metal that is causing concern there is mercury. Itis hypothesized that mercury
,E'igbioaccumulating in several fish that are commonly caught and eaten by the people in this area,

\Mercury (Hg) is a pollutant from both natural and human sources Mercury found in aquatic systems
'dijS from leaf litter: leaves accumulate atmospheric mercury when alive and then fall into streams
Lwhen dead. Wet areas are conducive to changing the inorganic mercury in the leaves into methyl
mercury (MeHg), which is subject to bioaccumulation and biomagnification. MeHg is highly toxic to
i  wildlife, and humans. In the USA, nationwide fish consumption guidelines have been developed.
‘forexample, Missouri guidelines suggest not consuming a fillet of fish that is more than 0.3 g g™! wet
weight of the whole fish because of MeHg accumulation. Recreational fishermen in the Ozarks catch
suckers and smallmouth bass, The fatty tissues of both these fish typically exceed the amount of
IMelg recommended as safe in Missouri

Flgure 14.28 shows the food web for the study you are about to analyse, and an explanation of the
‘rganisms that are involved in the biomagnification process

filamentous algae diatoms and other

phytoplankton

terrestrial plant material, terrestrial insects
and annellids (wash ins and fall ins)

stonerollers zooplankton aquatic
(daphnia, insect ™

snalils
larvae

hogsuckers crayfish

... ~~
Mussels and
- aslan clam

madtom
(+Sm.

Caffishes) green sunfish

and rock/ozark/
shadow bass

/

largemouth bass/
spotted bass

smallmouth bass

The i
MR Oranis mg Involved in this process are described below
1 o

A5ian clam Coripicyl,

: als a filter-feeding mollusc that ingests fine particulate organic matter from
ilier and algae

'_Sh- Cambarus, are crustaceans that are omnivorous primary consumers; they eat leaf litter, and
‘Cinvertebrates such as clams and fish

| 511.(:!{8::;, Hyp
Ish, and org
Moyt bag
watic in\(@”eh

entelium nigricans, are bottom-feeding fish that eat aquatic invertebrates such as
anic matter from the stream bottom

5. Micrapterus dolomieu, are fish that feed primarily on crayfish, along with other
fates and small fish

Whenever a question in
an B exam asks you to
‘evaluate' something, it
means to state both the
risks and the benefits, It
does not mean give just
your opinion. Creating
a table is a good way of
answering this type of
question

Can you use inductive
reasoning to formulate

a hypothesis about the
effectiveness of biological
control?

Figure 14.28 Simplified
food web. Adapted from
www.combat-fishing.com/
reproduced with permission
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A ‘ Look at the map of sites (Figure 14.29) sampled by scientists from the University of Nebraska a¢ Lincofy:
Figure 14 29 and Table 14.7 tell you where the samples were taken and the name of the sites You Wﬁ{n' : key
‘ need this information when you analyse the data from the following graphs g [ crayfish ]
| 2:57] [ corbicula
91°30’ 91°0’ 90°30’ 1 hogsucker g
=S .
' sg00:| @ sample site [] 0id Lead Bett BGR [ smalimouth bass I (F'gur)e 1430 Total mercury
; . ] 201 HgT) arithmetic site means
| | | | mll Eleven point WSR [ viburnum Trend ab | (#standard errors) in Corbicula,
=] Ozark NSR :I: | crayfish, hogsuckers, and |
bc | smallmouth bass. Within taxa, |l
' | :': = means sharing the same letter
Figure 14.29 Map show!ng HE are not significantly different |
collection sites, lead-zinc (ANOVA, p<0.05). See Figure

14.29 and Table 14.7 for site .
names and locations
Figure 14.30: Schmitt et al
2011, Fig. 2

Trend and Old Lead Belt),
and boundaries of the Eleven
Point Wild and Scenic River
and boundaries of the Ozark 37°30'| o
| National Scenic Riverways (f,;.@
L[] Schmitt et al. 2017, Fig.1 >

3
|
mining area (Viburnum Q
!
<
o

a a

| | d
=0 [

cPr cpp BGR

site

ok at the graph Figure 14.30 of mercury build-up at these sites

22 Distinguish between the concentration of HgT in crayfish and smallmouth bass at all the sites where
both were collected

23 Compare and contrast HgT at the two sites CPP and BGR

Across all the sites, which organism had the highest concentration of HgT? Suggest a reason for this

10 |

Figure 14.31 Total mercury
(HgT, y) versus total length
(x) in hogsuckers (HS) and
smallmouth bass (SMB) from
the Current River (CR), Eleven
Point River (EPR), and Big
River (BGR). Adapted from
Schmitt et al. 2011, Fig. 3

0 5 10 miles
0 5 10km

Eleven Point River

Table 14.7 The collection sites for the fish
Collection sites for fish (f) and invertebrate (i; crayfish and Corbicula).

|
‘ | Site Location Latitude, fongitude
|

| [ EPT,; | Eleven Point | Turners Mill 36°45'56.7"N, 91°16'01.0"W @] > \ HS, EPR & CR !
| _ :."CPPi Current Pulltite Landing 37°20'04.1"N, 91°28'33.8"W EECR

I | CPP; Current Presley Center 37°19'12.6"N, 91°26'14.6"W | 01+

| [JF; | JacksFork | Shawnee Creek 37°10'21.3"N, 91°18'00.6"W T

| | CPR; | Current | Powdermill Ferry 37°10'48.0"N, 91°10'25.0"W |

[ | _CWL“ | current Waymeyer Landing_ 1 37°03'15.1"N, 91°03'16.8"W
— —f - —” olo__
! | CCL;; | Current Cataract Landing 36°53'22.2"N, 90°54'473"W 150 ] T T I T T T
N ——d. — 200 250 300 350 400 450 500
, BGR;¢ | Big St Francois State Park | 37°57'23.7"N, 90°32'29.2"W total length (mm)
? Schmitt et al. 2011, Tab. 1 25 l;JSing Figure 14 31, was it length or site that contributed to HgT accumulation?
I _' you Were an Ozark fisherman, at which site would you choase to fish? Explain your answer.
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To learn more about the
| DDT controversy, go to the
hotlinks site, search for the
| title or ISBN, and click on
Chapter 14: Section C.3

Scientists collaborate
i with other agencies: the
| ‘ preservation of species
‘ involves international
cooperation through
intergovernmental and
| . non-governmental
il organizations.

Conservation of biodiversity

Option C: Ecology and cor

nvation *

Exercises

7 Explain how competitive exclusion can affect endemic species

8 Describe the effect of microplastics on the marine ecosystem.
9  Discuss the trade-offs between DDT and control of malarial parasites

Understandings:

® An indicator species is an organism used to assess a specific environmental condition

@ Relative numbers of indicator species can be used to calculate the value of a biotic indey.
® |n situ conservation may require active management of nature reserves or national parks,
® Fx situ conservation is the preservation of species outside their natural habitats.

® Biogeographic factors affect species diversity.

® Richness and evenness are components of biodiversity.

Applications and skills:

e Application: Case study of the captive breeding and reintroduction of an endangered animal
species,

e Application: Analysis of the impact of biogeographic factors on diversity limited to island size:a d
edge effects, |

@ Skill: Analysis of the biodiversity of two local communities using Simpson's reciprocal index of

diversity.
Guidance
® The formula for Simpson’s reciprocal index of diversity is:
L D= NN-1)
Inn-1)

D = diversity index, N = total number of organisms of all species found,
and n = number of individuals of a particular species.

Very sensitive organisms
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caddisfly larva hellgramite

Figure 14.32 Some
macroinvertebrates that are
indicator species
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Indicator species and biotic indices

Do you remember reading stories of coal miners taking canaries into the mines?t
canary died, it indicated the presence of poisonous gas. In an ecosystem, some Spes
are like those canaries. They are very sensitive to environmental change. They aré
called indicator species.

Some indicator species

A common indicator species is lichen. Lichens live on rocks and trees and areaf
indicator of air quality. They are very sensitive to pollution in the atmosphere: Lics
are not usually found on trees in a city because the air is too polluted for them. B :
lichens also retain metal in their tissues, they can show the presence of lead Of mELES
in the air.

Another group of indicator species are macroinvertebrates found in rivers an(% .
(see Figure 14.32). The presence or absence of these organisms can be used to JUSES
water quality.

Ii

eall interested in the quality of our rivers and streams. In the recent past, rivers

freams were often used as dumping grounds for toxic chemicals and unwanted

tials, In Chicago, USA, around 1900, the river was a dumping ground for the
products from the slaughter houses. All of the unwanted parts of the animals

:thrown into the Chicago River. In fact, one branch of the river was named

bLV creek’ because of all the fermentation that was taking place as the animal

¢ decOmposed in the water. Today, that river is a much cleaner place, with boats
40es floating on it rather than waste. This change has come about because of

Mcrease .
. Tza&cd awareness that water and waterways are precious commodities to be
red.

:;a:;z’il:dica.tor species have various le\fe'ls of pollution tolerance. Organisms like

b (}]luatlc worms are nolt very sensitive a.nd can live in water with low oxygen

sl y ar§ marzounts of organic matter. Organisms like the larvae of alderfly and

ety Sensitivo erately s.ensmve, whereas F}Te larvae ?f the mayfly and caddisfly

ez g - eto pol.lutlon. TI.1e very sen51F1ve organisms must have high levels of

e e ni organic mattf:? in the Wé.lter in order to survive. The cleaner the water,
mber of sensitive organisms present.

gl
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‘ Stream study: Sample record and assessment Biotic index Ana'YSIS Of the bIOdlverSIty Of tWO |OC€:I| CommunltieS
‘ When you perform a river or stream study, :;Amcasme that takes into account both richness and evenness is the Simpson diversity
Stream Site number you count the number of macroinvertebrateg 3 dex. To see how this works, let’s consider the community of plants on the foredune
f ‘ County or city State collected in each sample and record the dat, Lt the Indiana dunes and the community of plants on the mature duné. Which would :
| Collection date — on a stream StUd)_’ form (see Figure 14.33). The R hypothesize is more diverse and why? To calculate the Simpson diversity index,
‘ T number of organisms in each group is Multiplieq. k. need the formula
| Weather conditions (last 3 days) by a factor that is determined by how Sensitiyg i }
il Average depth at site Average width at site the organism is to pollution. The presenc NN-1)
| 8 P p e of e
| : ‘ Water temperature o oF sensitive organisms is multiplied by a higher D sum of n(n—1)
[ | number. The more sensitive organisms you |
Flow rate: High Normal Low . 1ave |
| l i S a & % e E Muddy in the sample, the higher the quality of the Watep A hez‘: e
earance: ear ou . . ki ‘n= ()
PP in the river or stream. The total number ig called D e : )r’nber of oreani in th
| ‘ Macroinvertebrate count b oS i ' Ji= total DUIMDET O OTZanisms I the ecosystem
l Sensitive Somewhat sensitive | Tolerant e number ofindividuals of cach species
[ __ caddisfly larvae [] __ beetle larvae [ _ aquatic worms Periodic sampling gives an idea of the overa]] . )
I [ __ hellgramite O __dlams [ __blackfly larvae health of the river or stream. After a storm, there 50, for each community we need to know the number of organisms present and the
01 __ mayfly larvae O __ crane fly larvae [ leeches i + 19T number of individuals of each species present. This information is found by sampling
(1 O __gilled snails O __crayfish O] midge larvae will be a lot of run-off from the areas surroundipng ho two dunes with quadrats as follows ' |
| : i . = ¥ Wi :
' (| E —;'::rfel;fyelgfv::”'t S *j‘;‘a’g?ﬂ'gz ::x:: [ lunged snais the river. How does the run-off affect the biotic e
[ water penny lavae | []__ scuds index? Is any sewage diverted into a river aftera wrecord the number of plant species in each quadrat
| E f;‘:hwf?y“ﬁsme big storm? Is the biotic index different in winter 4w count the number of individuals of each species
| - . . . . - !
| S __alderfly !arv:xe and spring? Sampling provides us with biological wrecord the data for each area in tables. Il
___watersnipe larvae 1 - |
| data that can be used to answer these questions L
i boxes checked X 3 = boxes checked X 2 = boxes checked X 1 = I 3 Tables 14.9 and 14.10 record the plant species on the foredune and mature dune of the
. ____ indexvalue ___index value __index value 1In’diana dunes.
| )
Total index count [] Good(17-22)  [] Poor (<11) — ' Table 14 : .
components of blodlverS|ty Table 14.9 Plant species recorded on the foredune of the Indiana dunes

. ’ Biological diversity can be described in two ways: evenness and richness. The number
Figure 14.33 Stream study . ) . . ) ; : _
sampling form. of different organisms in a particular area is the richness. Evenness is how the quantity

of each organism compares with the other. Richness only takes into account the kinds
of species present in the ecosystem, while evenness take abundance into account.

Plant species Number of individuals, n nin-1)

[ Water quality rating [] Excellent(>22) [ ] Fair(11-16) Richness and evenness are

Marram grass 50 50(49) = 2450

Milkweed 10 10(9) = 90

i For example, Table 14.8 compares the numbers of different larvae in samples from two: Poison ivy 10 10(9) = 90
. interdunal ponds at the Indiana dunes. i e y oy
Table 14.8 Dune samples | |_:.Rose 1 100)=0
Sand cher _
Larva species Number of individuals in  Number of individuals ¥ : ry 3 3(2)=6

1
sample 1 sample 2 I HGEE N=78 2648

Caddisfly larva 200 20
Dragonfly larva 425 55 ||1 ible 14.10 Plant species recorded on the mature dune of the Indiana dunes
l i : 925
Mosquito larva 375 | Plant species Number of individuals, n nin-1)
Total 1000 1000 [0
__.-ktree 3 32)=6
Both samples have the same number of individuals, but in sample 2 the number: 5_ : ":Ht.ckﬁry tree 1 10) = 0
are not distributed evenly between the species. Both samples have the same speciés {Map,
i richness: each has three types of larvae. But they do not have the same evenness: &Eee 0)=0
,; ) L Ch lree
f The individuals in sample 2 are mainly mosquito larvae. A community is not | _'Fe 1 0)=0
considered diverse if it is dominated by one species. "




@ Investigation into the effect of an environmental disturbance in an ecosystem
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Plant species Number of individuals, n

Moss

Columbine

Trillium

Virginia creeper

Solomon seal

Totals N =27 62

Using the formula given above, the calculation for the foredune is:

78(77)

2648
D =227
The calculation for the mature dune is:

27(26)
62

D=

D =113

Was your hypothesis correct? According to Simpson’s diversity index, the mature dung?
is more diverse even though the total number of plants is less. The mature dune has

a higher diversity index because it has a higher number of different species. Periodie .-
sampling of an area and calculation of its Simpson index provides an assessment ofithe
health of an ecosystem.

Ecological disturbances remove biomass from an ecosystem. The general effect of an ecologiE
disturbance is to shift the community to an earlier stage in succession, which may be fmere
diverse. The aim of this lab it to compare the species diversity in a disturbed area with the
species diversity in an area that has not experienced a disturbance, by taking a series of quad
samples along a transect line in each area.

For this lab, you will take a trip to an ecosystem that has experienced some dist_urbance. You >
will use a combination of transect and quadrat sampling techniques to determine plantsp
diversity along a disturbance gradient. You will also use the same technlqueslto determll’ljflél il
plant species diversity along a similar gradient that has not been disturbed, Finally, you \';\‘ 9
calculate Simpson's index for each quadrat in the plant communities along the transect lif
and compare the diversity along each transect.

At the site:

* determine the disturbance you will analyse (for example a path made in the dunes,
of an area by visitors, a fire, a blow-out, or a windy side of a dune)

ampl

« decide when it occurred (how long ago) and whether it is a repeated, intermediate:
occurrence, or a one-time disturbance.

i
Based on the information you have learned about the effect of disturbances on an e;:ﬁ?fﬁ‘
you can then make a hypothesis about the effect of the disturbance on this part oftals
ecosystem, Has the diversity of species increased, decreased, or remained the same
of the disturbance? Explain why you have made this hypothesis.

a result

The materials you will need are:
« metre-square quadrats

rolls of thick twine for the transects, or landscape paint

soil hooks to hold the transect (twine) in place

a data table to record the plants species present

graph paper
« adigital camera

« metre sticks

o field guides.

Follow these procedures
o Work in teams

Lay out one transect along the gradient of the ecosystem to be examined where a
disturbance has occurred (for example along a trampled area)

Lay out another transect in parallel where no disturbance has occurred.
Choose the sampling points along the transect.

Record the distance along the transect at which you located each quadrat (make a map on
graph paper).

At each quadrat:
* identify each species within the quadrat

e if you cannot identify every species, take a picture of it and give it a name of your own,
count it, and, if you see it again, it can be counted again (later it may be identified, but the
correct name is not necessary to calculate the diversity index)

* count the number of each species present and record it

* photograph each quadrat (make sure to label the photograph with the quadrat number
and transect name, disturbed or not disturbed)

* record qualitative observations at each quadrat site, such as the amount of shade and soil
type
* record as much qualitative data as you can about the disturbance

Each team can choose its own disturbance, or several teams can do the same disturbance.
Working in teams on the same disturbance will allow more data points to be pooled and
give a better estimate of the actual diversity.

Calculate Simpson’s diversity index for each quadrat by using the formula that follows and
following the example shown based on the data in Table 14.11.

Table 14.11

 Lyme grass, Leymus arenarius 2 | 2 |
Sand couch grass, Elytrigia . 8 56

| Marram grass, Ammophilia arenaria 1 0

__S?a sand wart, Honckenya | 1 0

: EL_JFOpean searocket_, Cakile maritima 3 . 6 =
_Tgtal (N) ) |15 64

Each team should sample at least two transects, with a minimum of 10 quadrats per transect.
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The real cost of damaging

sum of n{n - 1)

nature, it turns out, D & NN-T)
is at least 10 times

greater than the cost of D = 64
maintaining an ecosystem, 15(14)
Using Simpson's index D _ 64
of biodiversity helps 210

ecologists keep track of

the changes in diversity

| that can indicate problems
In an ecosystem

Where D = diversity index, N = total number of organisms in an ecosystem, and n, = ﬂunnb'qg
individuals in each species. ‘I

D = 0.3, which is Simpson index

1 - D= 0.7, which is Simpson's index of diversity.

| How do we justify our
knowledge? Is an indicator

! organism sufficient
evidence?

1 Construct a graph showing how Simpson'’s index of diversity is related to a factor in the
ecosystem, such as the distance from the shore to the first dune for both the disturby 4
undisturbed areas in the ecosystem - i

2 Draw a conclusion a based on the data you (and your classmates) have collected, Restatal oz

the data supporting your conclusion. Discuss any uncertainties

3 Describe how the design of the experiment or data collection method could be improve
Many websites discuss the pros and cons of various sampling methods. What irnpray,
would you make? '

The World Association

: e
of Zoos and Aquariums

(WAZA) is the lead As an alternative lab, you could perform a similar investigation of an aquatic enviranmant.
organization for the as a river or stream where some disturbance has occurred. Sample benthic organisms alan
world zoo and aquarium disturbed and an undisturbed area. Calculate the species diversity using Simpson's index..
' community. lts mission Another alternative would be to perform the entire investigation as a class so that repeat I
is to provide leadership samples can be made at each point in the transect or each area of the river or stream /@ jtiman

and support for zoos investigation could be performed over time, returning to the site periodically to collect dat
[ and aquariums. It

is dedicated to the
preservation of species

and involves international Management of conservation areas

cooperation in order to ; : ooy :
or Onpq ote conservation of In order to keep the beauty and diversity of a nature reserve, it is important to ms

biodiversity around the it effectively. Nature reserves cannot just be left to nature. Active intervention is
world required to restore areas and protect native species. Examples of good manageni
practices are discussed below.

ld

The gopher tortoise is a Restoration

i keystone species. Many other . ) d on which
. species depend on it for Restoration attempts to return the land to its natural state. To restore lan IC

survival vegetation has been destroyed may require managers to use active management
techniques such as scrub clearance, cutting or burfif
replanting. A UK project is restoring the heathlands Wi
an area designated as a nature reserve in 2007: the D_C' 3
Heathland Project set up in 1989 and completed in 2006,
and regular monitoring is ongoing.

hu

Recovery of threatened species

Threatened species are usually helped when we resto :
habitat. Active management maintains the areas N€CE8
the habitat of the endangered species. In a Florida nat
reserve, the habitat of the endangered gopher .
being restored. This tortoise lives in deep burrows mé
sandhill ecosystem. As many as 350 other animal SP_;G
live in the burrow with the gopher tortoise- Restoratios

¢

ocad
ave devastating results. In parts of the UK, plants called rhododendrons have

| over large areas and almost eliminated the native plants in those areas. Active
agement is needed to remove rhododendrons from nature reserves in the UK. In

:

Jhill ecosystem is necessary for the existence of all these species, not just the

rortoise. Some insects are obligates with the gopher tortoise, which means they

Srarcly found anywhere except in the burrow that the tortoise digs.

semoval of introduced species

tof the exotic species (species that are not native to an area when it is introduced)
Nire introduced into an area die out because they do not have adaptations for

] ecosystem. However, when an exotic species can survive and takes over, it

thern USA, the kudzu plant is a very aggressive invader. Active management of

requires removing it as soon as it is spotted.

sgal protection against development or pollution

reserves protected by the government or private organizations can prohibit

ties that might harm the native animals and plants. Such activities might be

ction of minerals, development of recreational facilities, hunting of animals, or
s by the public. Active management measures include posting warning signs
idusing security personnel to ensure the nature reserve is protected from harmful

activities.

inding and prioritizing
useall activities require funding, which should take priority? Should funds
d to remove all exotic species, or can we assume most exotics will die out?

we repair the habitat of a few endangered species, or use the limited funds to

ltain the habitat for the majority of organisms? Should we build footpaths for

lic even though that will bring destruction to some of the habitat? Increasing

icawareness of reserves can help provide the funds needed to support the
5. Management of nature reserves requires a balance between the health of the
Stem, maintenance of diversity, and the costs involved.

ItU conservation methods

“reserves help endangered species by maintaining their habitat and
Hlling competition from invasive species. Keeping these organisms in situ
Putting them in the ecosystem where they belong. Organisms have adapted

ndreds of years to a certain set of conditions. These conditions include the

*Pecies present in the ecosystem as well as abiotic factors. It is the goal of in
b ervation to allow the target species to continue to adapt to conditions in the

Wlthout interference from outside influences, such as invasive species and
INcursionsg,

Ve . . .
Scan be terrestrial {land-based) and aquatic (water-based). Terrestrial reserves

ound i . :
nd in most communities. Lake and pond areas are also common. Marine

Vs g . m ; .
4 '€ rare and are lagging behind in their development. Terrestrial reserves have
ur . . oy ] . )
'dfor centuries, but there is no tradition of conservation of species using

lese : . i
TVes. The ocean is a large ecosystem that needs protection. The same in situ

S as ; . . o .
used in terrestrial reserves can be put into practice in a marine reserve.
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In situ conservation aims to achieve the following:

o protect the target species by maintaining the habitat
e defend the target species from predators

* remove invasive species

« have a large enough area in the reserve to maintain a large population

* have a large enough population of the target species to maintain
genetic diversity.

On occasion, the in situ area is unable to protect the targeted species.
For example:

s the species is so endangered that it needs more protection

» the population is not large enough to maintain genetic diversity

» destructive forces cannot be controlled, such as invasive species, human incursiop,
and natural disasters.

Ex situ conservation methods

Ex situ methods are usually used as a last resort. If a species cannot be kept in its natygal
habitat safely, or the population is so small that the species is in danger of c:-:linctiori,.; ]
then ex situ methods of conservation are used. There are three methods: captive
breeding of animals, cultivation of plants in botanic gardens, and storage of seeds in
seed banks.

Captive breeding

Some zoos have large facilities devoted to breeding. They have staff trained in animal
husbandry. Breeding programmes capture the interest of the public and can generate:
new funds for the zoo. The San Diego Zoo in California, USA, has devoted a large part;
of its resources to captive breeding programmes. The goal of captive breeding is to tny:
to increase the reproductive output of a species and ensure survival of the offspring.
Here are some of the techniques used.

* Artificial insemination. If the animals are reluctant to mate, semen is taken from thes
male and placed into the body of the female.

* Embryo transfer to a surrogate mother. To increase the number of offspring, ‘testz
tube’ babies are produced and implanted in surrogate mothers. Sperm and eggs ares
harvested from each parent, respectively, and then joined together in a Petri dish-
The resulting zygote is implanted in the female uterus. The mothers can be a clos'ei}!;
related species.

e Cryogenics. Eggs, sperm cells, and embryos can be frozen for future use. N

e Human-raised young. If a mother is not interested or able to care for her young, thenl
staff can hand-raise the young in the nursery of the zoo.

» Keeping a pedigree. If artificial insemination is a common occurrence in the
management of a species, it is important that the relatedness of the individuals is
known, to keep inbreeding to a minimum.

o the

One problem with captive-breeding programmes is that the introduction int i
{108
pue

wild of captive-bred individuals can spread disease to a non-infected wild po
When some captive-bred desert tortoises were introduced to their native hablt"_‘t’ ot
they infected the wild population with a respiratory disease. Another problen1 1S s

imals bred in captivity have not experienced the process of in situ
EI carning that their wild relatives undergo. This may put them at a
%-e\:ere disadvantage in the wild.

©aptive breeding and the reintroduction of an
;Bndaﬂgered animal species

55'Gapfivc breeding has helped save the Mexican gray wolf from
;'gxrinction. At the beginning of the breeding programme only five
%\i}owﬁs- of which only one was a female, could be found in the wild.
iThis lone female gave birth to one male and three females. One male
‘aﬂd three females were captured and protected at a site for captive
‘preeding. Today's wild Mexican gray wolves can all be traced back to
ihose first wolves used for the captive breeding programme that began in 1981.

[n the western USA, during the early 1900s, the most important prey for wolves

\were bison and moose. However, these prey species were severely depleted by the
actions of human settlers. As a consequence, the wolves began preying on sheep and
other livestock. Pressure was put on the government to kill the wolves, and bounty
programmes were established. Up until 1965, $50 was offered per wolf. As a result,
the wolf population was devastated. After the US Congress passed the Endangered
Species Preservation Act in 1966, the gray wolf made it on to the endangered species
list. Studies in 2004 showed that when wolves were eliminated the elk population
exploded, leading to overgrazing of plants, especially along rivers. A significant
decline in plant species such as willow and aspen then led to a reduction in beaver and
songbird populations. Evidence was collected showing that removal of wolves led to
instability in some environmentally sensitive areas.

11997, because of the availability of wolves bred in captivity, the USA reintroduced
tbe gray wolf into areas of Arizona and New Mexico. In 2010 there were 59 wolves
living in these areas. Radio-tracking methods are used to monitor the population size
and health of these important animals. Hopefully, their populations will continue to
increase. This is a case where scientists have collaborated with government agencies
and wildlife organizations to preserve a species and also to preserve biodiversity in an
important ecosystem.

Botanical gardens

';P]_ants are easily kept in captivity. They have simple needs and usually breeding them
_’1_3-"“0t difficult. About 80 000 plant species are grown in private gardens, arboretums,
4nd botanical gardens all over the world. It is much easier to take care of and breed
i‘_’-lams outside their natural setting than it is to take care of and breed animals. One
f'lfmblcm with the collections of botanical gardens, however, is that the wild relatives
- ““mmercial crops are underrepresented. These plants may have genes that confer
?!S'Sfancc to diseases and pests. Adding these wild plant relatives to collections at
#lanical gardens would provide gene banks for commercial crops.

%Seed banks

Seeds :

'ﬁle:is In a seed bank are kept in cold, dark conditions. Under these conditions, the

‘ '.isab(lhsm of the seed slows down and prevents it from germinating. Seed can be kept
> Way for decades. Some seeds are grown, allowed to mature, and their new seed

Mexican gray wolf

To learn more about

the Mexican gray wolf
recovery programme,

go to the hotlinks site,
search for the title or ISBN,
and click on Chapter 14:
Section C.4.

Zoos play an important
role in species preservation
internationally. A zoo

in South Carolina

is supporting the
preservation of species
from all over the world

In 2006 the Norwegian
government established

a global seed bank. The
Millennium Seed Bank
Project at the Royal
Botanical Gardens in the
UK aims to safeguard

24 000 plant species from
around the globe.
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collected. Currently, seeds from 10 000 to 20 000 plant species from all over the worlq
are stored in seed banks.

Biogeographical factors affect species diversity

Species diversity is defined as the number of species and their relative abundance,
Three factors influence species diversity: latitude gradient, elevation gradient, and the

area effect.

« Latitude gradient is the effect of climate on species diversity. The farther you traye|
away from the equator, the fewer species you will find. For example, the growing
season at the equator is five times longer than in a tundra community. Many more
plants have an opportunity to grow in a much longer growing season. The short
season of the tundra allows only a few plants to grow.

L
Figure 14.34A Graph of 10.000—‘ ®

the number of plant species
versus latitude

Molles, Jr. 2010, p. 502, |
Fig. 22.15
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Figure 14.34B Graph of '
the number of bird species
versus latitude

Molles, Jr. 2010, p. 502,

Fig. 22.16

As in many other groups of
organisms, bird species
richness decreases with
latitude away from the
equator

number of bird species

‘!) | | | 1 I
1 20 30 40 50 60
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4 travel up 100
point, and thefl
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grea EShe

« Elevation gradient is the effect of altitude on species richness. As yo
higher altitudes, species richness increases until you reach a certain
it declines again. That point is about half way up the elevation gradient and
the mid-point bulge. At the mid-point bulge the diversity of species is at its
After the mid-point bulge the species diversity declines.

« The area effect is the effect of area on species richness. The larger the
the more species it can support. Larger areas can offer a greater diversity of 14

Q(-:Dgraphi

than a smaller area. The area affect concept began with a study of islands: the larger
he island, the more diverse the species on the island. The concept of ‘islands’ has
heen extended to mean any area that is so isolated it can be considered as an island.
for example, a lake can be an island because it is an aquatic environment isolated
from other aquatic environments by the surrounding land. A mountain peak, ora

woodland fragment isolated from other woodlands by a housing development, can
also be considered as islands.

|n an experiment in 1962, Frank Preston examined the relationship between the areas of islands in the
\West Indies and number of species

1,000—
8
I
e
?
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9 '.o 2 .
[
i
5 .o @° 0®
10 | I I
100 1000 10000 100000

island area (km2)

27 Interpret the results of the Preston experiment from the data shown in Figure 14.35
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28 g, i | :
Kat Figure 14.36, which shows the patterns of species richness in 17 lake islands in Sweden

ANMterprs :
fPret the results of this experiment from the data shown on the graph

Figure 14.35 [sland area
versus number of bird species.
Molles, Jr. 2010, p. 493,

Fig. 22.2 (a)

Figure 14.36 The relationship
between island area and
number of species,

Molles, Jr. 2010, p. 493,

Fig. 22.2 (b)

693




| | Figure 14.37 Lake area
\ and the number of fish

| species in the lakes of
northern Wisconsin,
http://sky.scnu.edu.cn/life/
class/ecology/chapter/

H Chapter22.htm
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number of fish species
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predicted probability of weme
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30 What is the effect of woody vegetation on the presence of the western meadowlark?

31 Give a hypothesis regarding the cause for this effect.

29 Look at Figure 14.37. Lakes can be considered as habitat 'islands’. Three scientists studied 18 lakes f

32 What other ‘edge’ factor that might affect grassland birds could be studied?
Wisconsin. Interpret the results of their experiment from the data shown on the graph

ita

The impact of edge effect on diversity

Edge effect describes what occurs at habitat boundaries where two bordering
communities influence each other. Factors that affect the edge can be:

» abiotic, such as more or less sunlight or moisture at the edge of a forest

* biotic, such as the presence of certain predators at the edge.

Does the edge effect promote species diversity in an ecosystem? Some species thrive
only at the edges of a habitat because they depend on unique resources that are not
present in the interior environment of the habitat. Other species thrive only in the
interior environment. High habitat diversity, which includes both the interior and the
edge of a habitat, promotes species richness in an ecosystem.

Edge effect plays an important role in the habitat suitability of the western meadowl
and other grassland birds. A study of how the edge effect affects the presence of the
western meadowlark provided evidence that species diversity could be increased in
the ecosystem if woody plant encroachment was curtailed so that populations of

grassland bird species that live at the edge of the woodland could be maintained. A >
consistent decline in grassland bird populations because of woody plant encroachmeis
decreases species diversity.

i b DES'Elibr

a case study of the captive breeding and reintroduction of an endangered animal species.
L EXplain how the edge effect affects species diversity.
B Describe three factors that influence species diversity.

Figure 14.38 Scatterplot of the
predicted probabilities from

a logistic regression model of
western meadowlark presence
in relation to the distance to
woody vegetation,
http://nature berkeley.edu/
classes/es196/projects/
2013final/Leel_2013.pdf

The western meadowlark

To find out more about
the Mexican gray wolf,

go to the hotlinks site,
search for the title or ISBN,
and click on Chapter 14:
Section C.4.




Avoiding bias: a random oy
number generator helps
to ensure population
sampling is free from bias

Shortly after total destruction,

life

696

14

These trees were knocked

down by the Mount Saint
Helens blast in 1980.

;,z{;;,Q

started to repopulate the
volcanic region.

Option C: Ecology and conservation

Population ecology

Understandings:

e Sampling techniques are used to estimate population size

e The exponential growth pattern occurs in an ideal, unlimited environment.

e Population growth slows as a population reaches the carrying capacity of the environmen,

# The phases shown in the sigmoid curve can be explained by relative rates of natality, mortality,
immigration, and emigration,

® [imiting factors can be top down or bottom up.

Applications and skills:

@ Application: Evaluating the methods used to estimate the size of commercial stock of marine
resources.

o Application: Use of the capture-mark-release-recapture method to estimate the population sizg
of an animal species

o Application: Discussion of the effect of natality, mortality, immigration, and emigration on
population size.

o Application: Analysis of the effect of population size, age, and reproduction status on sustainable
fishing practices

® Application: Bottom-up control of algal bloom by shortage of nutrients and top-down control by

herbivory.
e Skills: Modelling the growth curve using a simple organism such as yeast or species of Lemna.

Population dynamics

Remember the example of the major volcanic catastrophe at Mount Saint Helens f

Chapter 4. From this example, it can be deduced that there are four main factors thats

affect population size:

» natality, i.e. the number of new individuals after successful reproduction
» mortality, i.e. the number of deaths
« immigration, i.e. the number of individuals arriving from other places

« emigration, i.e. the number of individuals leaving the population.

In the example of Mount Saint
Helens, the massive mortality
rate as a result of the eruption =
reduced the populations of bild
trees, mammals, and just about!
everything else in the vicinity
to zero. Emigration before
and immediately following
the eruption greatly decreased

o.But
ity

surrounding the volcan
today immigration and natéd
are improving the nu mbers
dramatically.

populations in the wider vicinIy

EPOpulation growth curve

he case of Mount Saint Helens shows that, even from a non-
:ggisten[ or very small population of individuals, there can soon
- dramatic increase in numbers. Over the years, the number of
e and birds near Mount Saint Helens will rise at ever-increasing
_res as the organisms reproduce and occupy the available space.

fates
:.E\'r_c]'lllla”y, when a complete forest has grown again and all the
abitats are occupied, the numbers of organisms will stabilize and
gopulations will not get any bigger (see Figure 14.39).

numbers

e sigmoid (S-shaped) curve of the graph in Figure 14.39 shows

B‘e three stages of population growth.

1 The exponential growth phase, also called the logarithmic

" phase, during which the number of individuals increases at a faster and faster rate.
The transitional phase, during which the growth rate slows down considerably, the
population is still increasing but at a slower and slower rate

The plateau phase or stationary phase, during which the number of individuals
has stabilized, and there is no more growth.

S0 what causes the different phases of the population growth curve?

The exponential phase

Inideal conditions, a population can double in size on a regular basis. Not counting
mortality, for example, a population of bacteria can theoretically double its population
eyery few hours: 1, 2, 4, 8,16, 32, 64, 128, 256, 512, 1024, and so on. Without

ators, introduced species, such as the cane toads in Australia, can take over

fiibitats with uncontrolled population growth. The reasons for this first phase of
exponential growth are:

#plentiful resources, such as food, space, and light

f 'ﬁ_ttle or no competition from other inhabitants

Havourable abiotic factors, such as temperature and dissolved oxygen levels
tlittle or no predation or disease.

The transitional phase

éntually, after the exponential increase in the number of individuals of a population,
e of the factors listed above no longer hold true. This leads to the transitional

| + ., .

F3¢, The causes of the transitional phase are:

A hso many individuals in the population, there is increasing competition for
=S0Urces
*pre .
. dators, attracted by a growing food supply, start to move in to the area
. Use of the large numbers of individuals living together in a limited space,

DD Ot 1t ,
BPOrtunities for diseases to spread within the population increase.

T
?_?lateau phase

-el altir the land around Mount Saint Helens slowly being taken over by vegetation.
= Althe fertile ground is covered with plants, the space available will be occupied

time

Figure 14.39 Population
growth curve. The letter
K at the top left is the
carrying capacity, which is
explained later.

When asked to draw an
S-shaped or sigmoid
curve, remember to
label it.

Two centuries ago, there
were only about 1 billion
humans on Earth. Today
there are over 7 billion
In which phase of the
S-curve is the current
human population?
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Option C: Ecology and consernvation

to its maximum. Thus, there is gradually less and less available space for any seeds
produced by the plants to germinate, and the number of plants stabilizes.

i With increasing numbers of herbivores, there is a limited supply of food. In responge
to limited food supplies, animals tend to have smaller numbers of offspring.

. ‘ Predators and disease increase mortality, and the growth curve tends to level off, Iy,
this phase, the number of births plus the number of immigrations is balanced by t
| | number of deaths plus the number of emigrations.

|

|

| Carrying capacity (K)

‘ No habitat can accommodate an unlimited number of organisms: populations canng
continue to grow forever. As you have just seen, there comes a time in the growth

‘ of a population when its numbers stabilize. This number, the maximum number of
individuals that a particular habitat can support, is called the carrying capacity and igjg

‘ represented by the letter K (see Figure 14.39). '

i ! | Consider, for example, a given area of soil in a forest. There is a maximum number of
! | The penguins in Antarctica | trees that can grow there. This number is attained when enough trees are present to
may be facing many limiting & catch all the sunlight, leaving every square metre of the forest floor in shade. New tree

seedlings trying to grow under the adult trees will have difficulty getting sunlight.

But many young trees can store up energy for years with
very little vertical growth, until a big tree dies, leaving a
hole in the canopy. The young trees then race up towards

the opening to take the old tree’s place. Those that lose this}

race usually die; and for a young tree to join the mature
population, an old tree must die and free up some space.

Limiting factors that define the carrying capacity of a
habitat include:

» availability of resources, such as water, food, sunlight,
shelter, space, and oxygen (the latter notably in aquatic
habitats)

« build-up of waste, such as excrement and excess carbotl
dioxide

« predation

« disease.

Many biologists, environmental groups, economists, ar'ld_i
governments wonder what the carrying capacity of Earth®
is for the human population. Will the number of people _
continue in an exponential growth phase, or will diseas¢®2
climate change, or competition for resources lead t0 2

transitional phase or a plateau? Only time will tell.

Limiting factors can be top down or
bottom up

The limiting factors that define the carrying capac
population can exert top-down control, such as pre

ity ofd
datOfsl

- can be a source of bottom-up control, such as nutrients. This concept is illustrated
0

by the example in the Challenge yourself.

CHALLENGE YOURSELF

The study of a tropical coral reef revealed the effects of top-down and bottom-up limiting factors, The
pottom-up limiting factor was the nutrients that increased the algal blooms that negatively affected
the coral. The top-down limiting factor was the fish that ate the algae, so keeping the coral reef
healthy. Two study sites on the coral reef, A and B, were isolated for 24 months and conditions were
manipulated. Controlled experiments were performed pairing high and low herbivory (the amount of
algae eaten by fish) with high and low nutrient levels. See Table 4.12

' Table 14.12 Mean percent cover (standard error) of benthic functional
groups colonizing clay diffusers following 24 months under reduced and
elevated nutrients in low- and high-herbivory study sites (n = 4)

Y Functional groups Study site A Study site B Significant
{low herbivory) {high herbivory) differences
Nutrients Nutrients {p < 0.05)

Reduced Elevated Reduced Elevated
A B C D

Crustose corallines 412+46 | 1.8+18 |[<0.1 71.7+3.0 |D>A>B,C

Frondose macroalgae | 20.8 +4.3 | 63.7+82 |0.6+0.3 169+4.1 |B>AD>C

Algal turfs 371439 [145+47 | <0.1 221+29 |A>D>B>C

‘ Predicted dominants | Turfs Macroalgae | Corals Corallines

'!'Three types of algae were included in

‘the study, as shown in Table 14.12:

* crustose corallines, which are
beneficial algae that help the
coral build the reef

frondose macroalgae, which are
fleshy and filamentous, and can
overgrow the coral and prevent
healthy reef building because of
their algal blooms

| algal turfs, which are microalgae
and their blooms are also
detrimental to reef building.

- The herbivorous fish were parrotfish and surgeonfish,

| Th“ question posed by the study was how the effect of top-down herbivore and
| .bﬂllom-up nutrients affected the competition of harmful and beneficial algae. The
| Percentage of reef cover by each type of algae was a measure of their success.

33 For study site A, compare the mean percentage cover of all three alga types with
reduced and elevated nutrients. What were the resulting effects on the coral?

34 For site A, the prediction was that macroalgae would be dominant in the
ompetition for percentage cover with elevated nutrients, Was that prediction
correct? Give evidence to support your answer.

35 Describe a benefit to the coral reef that occurred over the 24 months at site D

6 Explain the conditions under which eutrophication-induced microalgae blooms

decreased the growth of the reef-building corals.

Parrot fish,

Surgeon fish




Option C:

Natality, mortality, immigration, and emigration, and thg
sigmoid growth curve

The equation below describes the relationship between natality, mortality,
immigration, and emigration, and change in population density

(natality + immigration) minus

Change in population density = (mortality + emigration)

The sigmoid growth curve is an idealized version of population growth. It tells ys
that, in the exponential phase, natality is high and mortality is low. This causes the
population to grow geometrically. However, when space and food begin to be Iimitin'g
factors, then natality is lower and mortality higher. At the plateau of this curve, 3 | Modelling the growth curve of yeast

natality and mortality are equal, and emigration and immigration are equal. The j deal \The yeast Saccharomyces cerevisiae is a single-celled organism that reproduces by budding. In

s . — . . fihi ill watch th lati :
. \this lab you will watch the population growth of yeast over several days. Would you predict
population is in dynamic equilibrium at the carrying capacity of the environment (the mponential growth for the first few days? It will be interesting to dlsco)i/er whethér thz yeast

plateau on the graph). luill reach the carrying capacity of the environment that you design. This can be done as a class
Sactivity.

Factors that change the sigmoid growth curve 1bay 1 (Monday)

1 Pour 20 ml of nutrient broth into a clean 100-ml beaker.

Four factors that influence change in the sigmoid growth curve are:
5'3 Obtain 20 ml of the yeast culture from your teacher in another 100-mi beaker,

» abjotic + density independent '3 Obtain five test tubes and place them in a test tube rack.
» biotic » density dependent. L

Using a sterile plastic pipette, place 3 ml of nutrient broth in each test tube,

An example of an abiotic factor is temperature. For example, cold temperatures could 8 Next add 3 ml of yeast solution to each test tube.

increase mortality in an exponentially growing population of fruit fly larva. The 6 Cover each tube tightly with parafilm (clingfilm). Shake the tubes hard for 30 seconds and
population may have been growing exponentially until a sudden freeze. This causes: bien lift the parafilm to allow any gas to escape.

natality to immediately decrease and mortality to dramatically increase. M Number the tubes (1-5) with a glass marking pencil.

-f?c 2(Tuesday)

An example of a biotic factor is the cane toad that was introduced into Australia for
+Add 5 drops of methylene blue solution to tube number 1

biological control. Because the cane toads are toxic, no predators can eat them. The
population of cane toads has grown exponentially. Natality was high and immigrati
was high where they were introduced to eat cane beetles. Mortality was low. As they:
reached the carry capacity of the environment in some areas, emigration began.
Some of the cane toads moved to other areas in Australia. In those new areas the
immigration started a new population explosion (increased natality).

Replace the parafilm and invert the tube, shaking gently.

4 Obtain a microscope, slide, and cover slip. Remove a small drop of the culture from the
‘middle of the tube. Place a drop on your slide and gently add a cover slip.

# Focus first with low power and then switch to high power.

i Ur\-'l_ng cells will be white because they change methylene blue to white. Count the number
Oflive yeast cells you can see in one the field of view of the microscope. If a cell is blue, it

| ' i i i ield i
A density-independent factor affects all of the population equally. For example, a hd ;Sre“ad"so poleothi ifaicel Iy budding, count it s two, If the field s too full to gount,
Mentally divide it into fourths or eighths, count the cells within that fraction, and multiply

frost will kill all leaf hoppers equally, whether th(-‘f population is 10.leafh0PPeI_'s of y ii_th_al number to get the count as accurately as possible for one field of view. Now

leaf hoppers. Natality will fall to zero and mortality to 100%. Hurricanes ot wildfires “d&termine your accuracy, for example +10 yeast cells. Count a second field of VEX,?;J [;Cr?]r;
are other examples of density-independent factors that affect a population growtht iipﬁrmits_

-'gﬁz’: ilggkd 4.drepeat the above procedure. You may have to let the culture sit two days
A density-dependent factor affects large populations and small populations diffe Oy, end without being counted. Day 5 should be the last count and should be on
For example, a large, dense population will exhibit a greater increase in mortality’ $Y0Ur team data and also your class data, if it is available, to determine whether the
with the spread of a contagious disease than a small population that is not S0 dens " :‘-as shown the sigmoid growth curve that would be exlpected based on the theory of

. . . . 1 s alion )
crowded. A larger, dense population is more likely to experience emigration as growth over time.

curve.

Cron : ative
individuals move to other areas in search of more food and space. Predators may 2 CIUCkwc!ea ? 1 Lem m
7 ; ; NSt ] € 0 =ed or Lemn, 5 i
emigrate to an area of hlgh prey dens1ty; this will increase mortality and reduc dtlon g gk pond water over severalimontiggfinder growiishts Colkd
nples periodically to determine whether there is exponential growth that slows

o nall
natality in that area. . reaches the carrying capacity of the container in which the plant is growing.
"Mative |ap

You can see how environmental factors affect birth, death, immigration, With a vigl of £
Ol fru

emigration. These factors change the shape of the idealized curve. Week for g Weekls %Si?ﬁcaanndgzigi;n a(;/ LS |the f o 5 O - e \-/Ial
dat ered as a sample of the entire population. Using

awi
il make your results more accurate.

and

O

Yeast cells
|




some of the population and marking them. The marked animals are released back jng
o

of the population is then captured. Some in the second sample will be marked ang

second sample is the same as the proportion of the originally marked individuals il
whole population. Here is the formula: S

number marked in the second sample (1) number marked in the first sample (1 )
1)l

or

population size (N) (1, x 1)) o
=

N3

|
p:
5

The capture—mark-release—recapture method does have limitations;
Worked example 5

e marking the animals may injure them '
Suppose you capture and mark 100
grasshoppers and release them back
into the ecosystem. Then you capture
another sample of 100 grasshoppers
and find ten of them are marked.
Estimate the population size. Does the method really work? You can try it at home with popcorn

kernels.

animals are eaten, your second sample will not be reliable)
« it assumes that the population is closed, with no immigration or ,
emigration (very few populations are closed).

50

Solution

e
1L

» Count out 200 popcorn kernels and put them in a bag.

« Remove 40 kernels and mark with a permanent marker.

« Put the marked kernels back into the bag and shake the bag.
* Remove 40 more kernels and record how many are marked.

» Use the formula to determine population size.

Did you come close to 200? One sample is not enough data. To be
accurate, you should repeat the sampling technique at least five s
(10 times is even better). Now average your the results. How close af&s
you to 200 now?

|I'|r
Estimating the size of commercial fishing stocks
How do scientists really know what is in the ocean or a lake? The following aré m
methods used to predict the size of commercial fish stocks. i

Studying catches

For the North Atlantic Ocean, scientists from the International Council for EX
of the Sea (ICES) sample fish catches at seaports. Data are collected on the type©
age, length, and breeding condition.

plora

The capture-mark—release-recapture method is a sampling technique that enableg v WWh
to estimate the number of animals in an ecosystem. The technique involves catchinya“ Ihem? Scientists from ICES also collect information on-board fishing vessels. Their
asks on-board include:

some will be unmarked. The proportion of marked to unmarked individuals in the RIags"™s i )
|, developing questionnaires for fishermen about their perception of the catch

Use of capture—mark-release-recapture method Gathering information from fishermen

ois better informed about the number of fish caught than the people who catch

the ecosystem and allowed to mix with the others in the population. A second sample cording the number and kinds of fish that are thrown back
- i {=

ging and releasing some fish

L reviewing the ship logbooks, which provide data on catch per unit effort (increased
| offort for the same catch indicates that fish are getting scarcer).

total number caught in second sample (n,) size of the whole population (N Jsing I esearch vessels

Ipesearch vessels collect information in a variety of ways.

asting nets in hundreds of selected locations

mpling with nets is called trawling. Scientists need to make random samples, not

lisit locations where fish are known to congregate. They must be careful to use the

me sampling methods every time they sample so that results can be compared.

» the mark may make an animal more visible to predators (if marked IUsing sound to monitor fish populations

JAn echo sounder reads information from a pulse that it sends into the water. The
feturning echo indicates the presence of a shoal of fish. After doing hundreds of

undings, the scientists reading the data can even tell what species of fish has been
gated. To verify the type of species, a trawl is done and a sample collected. The

ote sensing hydroacoustic method can determine both the number and biomass of
h populations.

Calculating the age of fish in a population

ing how many younger fish and how many older fish are present is very useful.

00 few young fish indicates lack of spawning, and too few old fish may mean that
Over-fishing is taking place. One method of calculating age is to measure the rings in

otoliths (ear bones) of a fish. As a fish grows, new material is deposited in its ear
es. When the rings are counted under a microscope, it indicates the age of the fish.

nother method is to measure the rings of fish scales.

¥8ing coded wire tag detectors

$ populations can be marked by attaching tags to the fish. As the fish are recaptured,
3 t[?tal Population can be estimated. This is similar to the mark—release-recapture
flhod, The Michigan Department of Natural Resources (MDNR) puts a coded
9Scopic wire tag in the nose of chinook salmon and lake trout that have been
_ ;d (S.tocked) in the Great Lakes. Tagged fish also have their adipose fin clipped.
ecting fish with tags helps the MDNR evaluate the behaviour and survival of
ﬁsh. In order to read the tag, a hand-held detector is used. The fish must be
gr; :nd the tag read by hand. In small cities around the Great Lakes there is a
. me for fishermen to help with the sampling. If they catch a fish that is missing
Pose fin, they place the head in a special box provided by the MDNR. Fish heads

L) 3 .
0fa ta;ec“d and each is then checked with the handheld detector for the presence

Global demand for fish has
doubled in less than 30
years because of human
population growth in poor
countries and a matching
increase in demand for
fish in those countries.
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New paradigms are
emerging to guide the
management of marine
fisheries. The focus is on
solving the problem before
it begins, rather than
solving the problem after it
has already decimated the
fishing stock.

Black grouper drifting through
a coral reef.

Option C: Ecology @and c¢ s

Analysing data using mathematical models
Mathematical models are used to turn all of the data into a form that can be ygeq
by the fishing industry and governments to plan the future of the fish in our oceang
and lakes.

Evaluating these methods

« Gathering data from fishermen: data should be gathered from several sources tq
cross-check the fishermen’s individual data. Data from log books should be crogs.
checked against sales receipts.

« Computers: using computers on large fishing vessels with automatic data-lugging
software improves the counting accuracy and communication of total fish counts ¢
a central location.

« Observers: direct observation on fishing vessels, in processing plants, and in fish
markets can provide scientists with helpful data for improving the count of fish being
caught sold and processed.

» Sound-tracking equipment placement: a new modelling method has been designed tg)
predict where sound-tracking equipment should be located. Previously, the location
was random. Now researchers can predict with 95% accuracy where certain fish will
be located, so they can be more easily counted.

Improvements in fish stock estimates will ensure that we do not go over the maximum
sustainable yield (MSY) for the fish populations. The MSY is the highest proportion

of fish that can be removed from the total population without jeopardizing the
maximum yield in the future.

If the fish stock is too small, there are not enough adult fish to produce sufficient young:
fish. Fishing from a stock that is too small leads to over-fishing of the stock. If the

fish stock is too large, annual reproductive rates may be low because of competition
for food. Between these two extremes is a fish stock size that can produce the MSY.

To maintain the MSY, enough fish stock must be left to spawn a new population of
healthy fish.

The effect of population
size, age, and reproductive
status on sustainable fishing
practices

Commercial fishing is not the only
fishing pressure exerted on fish
populations. In a study performed by
the US Department of the Interior 0ft-
Key Biscayne National Park in southerf:
Florida, a large rise in the number of
people living and fishing in Florida has
negatively affected the population of
fish.

A B
6000000
g 50000001 south Florida
o N
, 160000007 Florida z §4oooooo
% 12000000 = § 3000000
g 3000000 2 & 2000000
YA
2 4000000 1000000
a 0+ 00000 - . 3 0
1830 1860 1890 1920 1950 1980 2010 1930 19401950 1960 1970198019902000 2010
year year
c

2000007 south Florida fishing fleet

150000

1000004

registered vessels

500004

commercial

e Sy

Q T T T T T T T T 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
year

'The aim of the study was to give the fishery management in Key Biscayne strategies
for promoting sustainable fishing practices. The study concluded that fish population
‘densities can be improved by regulations aimed at both recreational and commercial
fishers. Such as:

*areduction in the mortality rate of the fish, by reducing bag limits (the number of fish
afisherman is allowed to be catch each day)

*an improvement in reproductive status, by shifting the harvest to larger fish sizes,
thus increasing the size limits for fish that can be kept and the fish have a longer time
toreproduce before they can be caught and not released back into the ocean

*an improvement in the age of fish caught, thus increasing spawning potential, which
Would also be accomplished by increasing size limits, again because the older the
age of the fish that can be kept and not released, the more time it has to reproduce.
Catching younger and smaller fish lowers reproduction rates.

|
|

Figure 14.40 Growth of: (A)
Florida’s human population
from 1840-2000; (B) south
Florida region human
population 1940-2000; and (C)
south Florida commercial and

recreational fishing fleets from
1964-2004
Ault et al. 2007, Fig. 1

Establishing marine
reserves and no-catch
zones can improve
biodiversity and increase
fish stocks in areas that
are protected. The journal
Science has published
small-scale experiments
that show that less
diverse ecosystems
produce less yield. The
implication is that it is a
loss of biodiversity that

is driving the reduction

in fish stocks. The Science
article quotes other studies
that show that having
protected zones, like
marine reserves, restores
biodiversity, and also
restores populations of
fish outside the protected
areas (see Figure 14.41), It
is difficult to enforce and
monitor such regulations.
Often, international

trust does not exist to
keep these practices
functioning.

Figure 14.41 Fisheries and
biodiversity: the evidence.

b
h=

3 Open ocean fisheries records
S‘hOW widespread decline of
fisheries. in 2003, 29% of fisheries ©)

Were collapsed. Biodiverse stocks @

_—

4 No-catch zones show an average
23% improvement in biodiversity
and an increase in fish stocks
around the protected area.

OWering the diversity of an

eCosystem lowers the abundance
of fish,

o= @

% 2 Coastal fisheries records show
| PPerimental guidance shows that extensive loss of biodiversity along

coasts, with the collapse of about
40% of species. About a third of
coastal fisheries are now useless.
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Figure 14.42 Demographic

and population-dynamic
relationships for black grouper,
Mycteroperca bonaci.

Ault et al. 2007, Fig. 8

CHALLENGE YOURSELF

Harvesting strongly affects long-lived fish such as the black grouper, Mycteroperca bonaci, which lives
to a maximum age of 33 years. As exploitation (fishing) increases, there is a significant effect on the

number of mature and larger size grouper.
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37 Use Figure 14.42 to explain what is happening to the population of large, mature groupers
38 How does this affect the reproductive (fecundity) status of the grouper populations? Explain your

answer.

39 The current size limit for black grouper is 24 inches. The current bag limit is two grouper per perseniss

per day. In 1995, less than 2% of surveyed fishing trips kept more than one grouper. What does that
suggest to you about the size of the fish in the grouper population?
40 Suggest a solution to this problem using evidence from the graphs

41 How can you convince recreational fisherman that this solution is necessary?

13 Describe the factors that can influence the sigmoid growth curve of a population
14 Compare top-down and bottom-up limiting factors that can affect population growth
15 Evaluate one method used to determine the size of commercial stock of marine fish

Nitrogen and phosphorus cycles

Understandings:

'Nitrogen-ﬁxing bacteria convert atmospheric nitrogen to ammonia.

o Rhizobium associates with roots in a mutualistic relationship

o |n the absence of oxygen, denitrifying bacteria reduce nitrate in the soil

o Phosphorous can be added to the phosphorous cycle by application of fertilizer, or removed by
the harvesting of agricultural crops.

o The rate of turnover in the phosphorous cycle is much lower than the nitrogen cycle,

o Availability of phosphorous may become limiting to agriculture in the future

o Leaching of mineral nutrients from agricultural land into rivers causes eutrophication and leads to
increased biochemical oxygen demand

Applications and skills:

s Application: The impact of waterlogging on the nitrogen cycle.

# Application: Insectivorous plants as an adaptation for low nitrogen availability in waterlogged soils
o Skills: Drawing and labelling a diagram of the nitrogen cycle,

8 5kills: Assess the nutrient content of a soil sample.

The nitrogen cycle

\Bacteria play a hugely important part in the processes by which nitrogen is
‘ontinuously recycled through the environment. Roles of bacteria in the nitrogen cycle
‘gre summarized in Figure 14.43 and the accompanying numbered points.

W' Assessing risks and benefits

{

of scientific research:
agricultural practices can
disrupt the phosphorus
cycle.

Rhizobium lives in the root
nodules of legumes and fixes
atmospheric nitrogen. These
bacteria are symbiotic and
receive carbohydrates and a
favourable environment from
their host plant

Nitrobacter lives in well- |
oxygenated soils and changes
nitrites into nitrates, which are
useable by plants




Figure 14.43 Steps of the
nitrogen cycle and roles of
bacteria.
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Mutualistic nitrogen fixation. Certain bacteria form a symbiotic relationship with
a host plant and fix nitrogen for it, €.g. Rhizobium lives in symbiosis with legumes

(beans, peas, and clover).

Free-living nitrogen fixation. Nitrogen-fixing bacteria, e.g. Azotobacter, live freelyin®

the soil and do not need a host.

Industrial nitrogen fixation. Burning fossil fuels to produce fertilizer is an

important source of fixed nitrogen.
Nitrification. Oxygen is needed to turn ammonia into nitrites by bacteria in the

soil, e.g. Nitrosomonas.

Nitrification. Oxygen is also required to change nitrites into nitrates by soil

bacteria, e.g. Nitrobacter.

Active transport of nitrates. Nitrates are actively transported by plants (u

for energy) into their roots.

Plants and animals. Plants use nitrates to make their own proteins. This process isi
called assimilation. Animals feed on plants, digest, and rearrange plant protét

make their own proteins.
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Death and excretion. The waste products of digestion and dead bodies of plant$
and animals are full of molecules containing nitrogen.
Putrefaction. Decomposers such as bacteria and fungi break down complex

proteins, and release nitrogen gas into the atmosphere.
Denitrification. Some bacteria, e.g. Pseudomonas denitrificans, remove

nitrates aﬂd

nitrites, and put nitrogen gas back into the atmosphere.

conditions that favour nitrification and denitrification

.-Nitriﬁcmi"“ occurs as a result of the actions of two bacteria. Nitrosomonas converts
qmmon ia (NH;) into nitrite (NO,"). Then Nitrobacter changes nitrite (NO,") into nitrate
\NOy), which is useable by plants. These are aerobic reactions carried out by two
utotrophic bacteria that are beneficial to the environment. The conditions required
for nitrification are:

, available oxygen (the reaction is aerobic)
0 peutral pH (preferred by the two bacteria)
|, warm temperature (preferred by the two bacteria).

-'_-Deni[riﬁcation is the conversion of nitrates to nitrogen gas. This takes place in
anaerobic conditions by autotrophic bacteria. Bacteria such as Pseudomonas denitrificans
ise NO;~ instead of oxygen as the final electron acceptor. The conditions required for
denitrification are:

o available oxygen (e.g. flooding or compacted soil)
+g high nitrogen input.

Denitrification is not good for soils because it removes the beneficial nitrates needed
by plants to make proteins. Denitrification also destroys the ozone layer. Another
__producl, nitrous oxide (NO), can contribute to global warming, as it is a minor
greenhouse gas.

‘Release of raw sewage and nitrate fertilizer into rivers

‘s societies become urbanized (living in towns), the common problem of waste
idisposal grows, particularly in relation to sewage. A related problem is the run-off of
gxcess nitrate fertilizer from farms, golf courses, and lawns, which flows into rivers
and streams. Effective waste management is a rising cost in our society, but these -
\problems must be solved in order to prevent dire consequences.

Releasing raw sewage into water systems was common until, in the 1850s, it was
liu__shuwn that cholera was transmitted by water contaminated with faeces. Escherichia coli
I;_{an intestinal bacterium) is frequently in the news in the western world for causing
.?utbreaks of food poisoning: it is spread by contaminated water and lack of hand-
N:'a'shing. The Ganges River in India is the site of a hugely popular festival where people
'Eﬂl_llaliSlicu]]y bathe in the river, which is now contaminated with human faeces. There
¢ many, many places in the world where a clean water supply is desperately needed.

E:;ht!gens should not be found in bathing and drinking water, or water used to irrigate
SLEODS,

WNitratec .
'di;:ateb may not sound as dramatic a problem as raw sewage, but they can be
5 I-éStmus to ecosystems. The presence of excess nitrates and phosphates in rivers and
Steame G 8
ms is termed eutrophication. The process of eutrophication proceeds as follows:

:I:Et‘ I?it-rates and phosphates fertilize the algae present in water

- :115 increased growth of algae (called an algal bloom)

n higiae are decompc?sed by ae.robic bacteria, which use up the oxygen in the water

e Watuse of oxygen is called biochemical oxygen demand, BOD)

Neeq oxer becO'rnes low in oxygen (deoxygenation), and fish and other organisms that
: ygen die.

Crop rotation is the
process whereby a series
of different types of plants
are grown in the same
area. This allows nitrogen
to be replenished in

the soil by plants such

as beans, which have
nitrogen-fixing bacteria in
their root nodules,




A pitcher plant,

Option C: Ecology and ¢t

Insectivorous plants in waterlogged soils with low nitrogep,

Plants need nitrogen for protein synthesis and to make new DNA molecules. Yoy, May
remember that part of DNA is made from nitrogen bases like adenine and thymine,
Insectivorous plants such as the pitcher plant derive their nitrogen from trapping

and consuming insects. Pitcher plants are adapted to living in waterlogged areas
where nitrogen is lacking. Pitcher plants also need a large amount of the nitrogen-ricf,
enzyme rubisco. This enzyme is involved in the first major step of making glucoge
during photosynthesis (see Chapter 2).

Impact of waterlogging on the nitrogen cycle

Healthy plant roots need oxygen. Soil that is waterlogged is so saturated with water
that oxygen cannot get into the soil. Waterlogged soils create anaerobic soil conditiong
with no oxygen. Anaerobic conditions facilitate the growth of denitrifying bacteria,
which convert the nitrates needed by plants back to gaseous nitrogen. Waterlogged
soils become nitrate depleted and plant (crop) growth is reduced significantly.
Waterlogging can interfere with the normal cycle of nitrogen moving from the
atmosphere to plants as nitrates and then back to the atmosphere. If waterlogging
becomes a large problem because of climate change causing floods, food crops could
be seriously affected.

The phosphorous cycle

Phosphorous is an essential element in
living systems. For example, phosphorous
forms part of ATP, RNA, DNA, and
phospholipid molecules. Phosphorous is
not very abundant in the biosphere and
there is not a substantial atmospheric pool
of phosphorous as there is for carbon

and nitrogen. The largest quantity of
phosphorous is found in marine sediments
and mineral deposits. Sedimentary rocks
that are rich in phosphorous are mined for
fertilizer and applied to soils. When crops
are harvested, the phosphorous is removed:
The only method of replacing it again is to
add more fertilizer. Unlike nitrogen, which
can be fixed by bacteria and added back to
the soil, phosphorous is not recycled easily. Composting is one method of recycling
phosphorus; however, composting is not easily done on a large scale.

The rate of turnover in the phosphorous cycle is low

Phosphorous is slowly released into ecosystems from weathering rocks. As it

is released it can be absorbed by the roots of plants or washed into rivers. The
phosphorous that is washed away eventually finds its way into oceans, where it
remains in a dissolved form until finding its way into ocean sediments. The sediments
eventually form sedimentary rocks. Sedimentary rocks that slowly wear away make
phosphorus available again to plants.

P moving from land
to atmosphere.

Human movement of Atmospheric
P from terrestrial to deposition of
fresh-water systems. P onto land.
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move from oceans to
03 atmospheric pool.

The amount of P dissolved
in the oceans is about
1000 times the amount in
organisms.

The availability of phosphorous may become limiting to
agriculture

Currently, the major use of phosphate is in chemical fertilizer, which is used in

‘modern agricultural production. Mining phosphorous for fertilizer is consuming

the phosphorus more quickly than geological cycles can replace it, and crops remove
phosphate from the soil. Most of the world’s farms do not have enough phosphate.
Phosphate reserves are limited, and it is estimated that the world phosphate reserves
Will only last another 50-100 years. Feeding the world’s increasing population requires
more and more crop production, and more and more phosphate. This is accelerating
the rate of the depletion of phosphate reserves.

According to an article in Scientific American in 2009, the USA is the second largest
Producer of phosphates after China; 19% of phosphate comes from the USA, and the
Source of all the USA phosphate mining is from one area in Tampa, Florida. The USA
May run out of this accessible, domestic source in a few decades. As the phosphate
feserves run out, food prices are expected to increase as rock phosphate reserves
become more and more expensive to extract. In the long term, phosphate will have to
be recycled from animal and human waste.

Figure 14.44 The phosphorus
cycle.
Malles, Jr. 2010, Fig, 19.2
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Phosphate rock grinding mill at ;
\ a phosphate mine,

Pract_ice guestions

'y The brown-headed cowhird, Molothrus ater, is a parasitic bird that lays its eggs in the
nests of other species. The parasitized hosts often raise the resulting cowbird offspring as
their own. The true offspring may starve while the larger cowbird offspring consume most
of the food brought by the parents.

The preferred habitat of the brown-headed cowbird is open agricultural areas.

The phosphorous cycle
[ is being disrupted by:

levels of your soil. The kit should determine your pH in 0.5 increments from pH 4.5 to 7.5.

: (c) Determine the percentage of worm-eating warbler nests parasitized b i
The kit should also determine nitrate, phosphate, and potassium levels in 5-unit increments, ) P g 9 parasitized by cowbirds at a

level of 60% deforestation (1)

[
‘ | e massive human use The results of a study into the effects of deforestation on cowhird parasitism of four
| * the difficulty different host species are shown below. |
‘ | in recycling 100 _ _
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I‘ composting and ‘ Assessing the risks and benefits of scientific research: should we grow fuel crops or food crops ] '
, recycling of human and with our limited phosphorous reserves? The production of biofuels can only compound the Robinson et al. 1995
' animals waste. problem. The phosphorous needed to grow food is being used to grow biofuel
[ (a) State the effect of deforestation on cowbird parasitism. (1
|
I | ] ) . {b) Compare the effect of deforestation on cowbird parasitism of the worm-eating
| Testing soil samples for nutrients _ e I war el ;
! 1 Purchase a soil testing kit that can determine the pH, nitrogen, phosphorous, and potassiufi: Y . (2) !

2 Dilute your soil sample 1:5 with distilled water.
go to the hotlinks site,

! search for the title or ISBN,

[ To use a t-test calculator,
(d) Suggest reasons for the relationship between deforestation and cowbird parasitism.

3 Perform each test according to the directions in the soil test kit.

[ and click on Chapter 14: “ 4 Record the data | ) i

(] ‘ Section C.6. [ Possible variations are listed below, (Total 6 marks) .
| | ] Test three different areas with different types of soil, e.g farmland, parkland, and a garden. l' 2 (a) Outline the use of Simpson’s diversity index. @3) ' i
| | Repeat each test five times. Calculate an average and standard deviation for each site for eacht . N |

! nutrient and pH. Graph the data. Use an online calculator to calculate a Students t-test to (b) Explain the use of biotic indices and indicator species. (6) | |l

‘ i examine whether the differences measured are significant (Total 9 marks) |

| Test farmland or a vegetable garden over a whole season to determine whether the nutrient | ) i

| | l content and pH changge fromgone season to the next based on the crops present of hf-lf\""'?ﬁ.‘edl__, 3 (@) Draw a abeled diagram of the nitrogen cycle. (3) !

]_ | ! or whether the farmland/garden has just been fertilized. Repeat the procedure so that each test (b) State two fuels that can be produced from biomass. @) 1

' | is done five times. TG :

Use class data to build up a larger database. Plan the procedure as a class so that all the S0 T

variables are controlled and the data collection process is exactly the same for each student.

6s

16 Explain the effect of denitrifying bacteria

17 Compare and contrast nitrogen and phosphate as minerals necessary for plant growth

18 Describe the three methods of fixing nitrogen in the nitrogen cycle




Option C: Ecology and conservation

4 The energy flow diagram below for a temperate ecosystem has been divided into twg sl :
. Ua

Al

part shows autotrophic use of energy and the other shows the heterotrophic use of energ
values are kI m=2 yr=".
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(a) Calculate the net production of the autotrophs.

(b) (i) Compare the percentage of heat lost through respiration by the autotrophs with the
heterotrophs.

(ii) Most of the heterotrophs are animals. Suggest one reason for the difference in heat
losses between the autotrophs and animal heterotrophs.

The heterotrophic community can be divided into food webs based upon decomposers and
food webs based upon herbivores. it has been shown that of the energy consumed by the
heterotrophs, 99% is consumed by the decomposer food webs.

(c) State the importance of decomposers in an ecosystem.

(d) Deduce the long-term effects of sustained pollution that kills decomposers on altotrophies
productivity

' ea-water temperature has an effect on the spawning (release of eggs) of echinoderms living in
L Antarctic waters. Echinoderm larvae feed on phytoplankton. In this investigation, the spawning

of echinoderms and its effect on phytoplankton was studied.
n the figure below, the top line indicates the number of larvae caught (per 5000 | of seawater).
The shaded bars below show when spawning occurred in echinoderms.

=0% to 25%
=25% to75%
- =75% to 100%

The concentration of chlorophyll gives an indication of the concentration of phytoplankton.
Note: the seasons in the Antarctic are reversed from those in the northern hemisphere.
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(8) State the trophic level of echinoderm larvae. (M

(b) Identify the period during which the spawning of echinoderm lies between 25%
and 75%, (1

{€) Explain the relationship between the seasons and the concentration of phytoplankton.  (2)
(d) (i) Outline the effect of sea water temperature on echinoderm larvae numbers, (2)

(i) Using the data in the figure, predict the effect of global warming on echinoderm larvae
numbers, (2)

(Total 8 marks)




