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Vi

Using This Book

This book is structured on the AP Environmental Science Course and Exam Description (CED). It comprises 9 units, with an
additional concluding chapter covering background and support for science practices (Chapter 10). The activities cover the
course content, each one corresponding to a specific topic. These are outlined in the Unit Introduction (below).

UNIT INTRODUCTIONS
1. The Living World: Ecosystems Bl oo concpren
E ahaiad
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paragraph outlines  [==x S

important points.

Introduction to the
skills and knowledge
covered in this unit

avey 18

[ e N

Mark the check boxes to
indicate the objectives to
complete. Check them off
when you have finished.

Questions and

tasks evaluate your
understanding of content
and application of skills.

=1 This bullet indicates that
""" this question addresses
Skill 1.B as identified in the

s . et bt mumee e et - 3w
S| tabbelow (see page xii) [ SORITLII0 4 Y NN G S

2 The of

B SETE

The unit introductions begin with a synopsis of the skills and Activities make up most of the book. They present data and
understanding you will develop in the unit. This is followed by information as graphs, tables, diagrams, text, and labeled images.

a list of learning objectives aligned to the activities in the Questions and tasks allow you to test your understanding of content
book. Tick off the objectives as you complete each activity and competency in science practices. Skills addressed throughout the

and can answer the questions asked.

activity are identified with a colored bullet in the margin (see page xii).

PRACTICAL INVESTIGATIONS

This book includes a number of simple practical investigations. In addition, some of the Personal Progress Checks (see opposite)
require you to design investigations to ask and answer questions about some aspect of an environmental concept or process.

INVESTIGATION 9.1: Albedo and ice sheet melting See appendix for equipment list
,;‘0. 1. Work in pairs or groups of three. Collect two 500 mL T
Florence or Erlenmeyer flasks. Paint one of the flasks |

1

T
This icon shows
if you need to
work in pairs or
groups.

< Seal the flasks and insert a thermometer info each.

black and wrap the second flask in aluminum foil.

Weigh out six ice cubes (760-90 g). Record the weight
on the fable below. Weigh out a second lot of ice cubes,
it must have the same mass as the first.

To each flask add 200 mL of 20°C water and the
weighed ice cubes.

All equipment lists
are provided in
Appendix 3 at the
500 back of the book

Read all of the
instructions before you
begin so you are well
prepared.

After 10 minutes
them. Record
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FINDING YOUR WAY AROUND THIS BOOK

The activities in this book are furnished with a simple, easy-to-use tab system to help you identify the big ideas and the
science practices and their associated skills. It will also help you to identify where the activity (or part of it) is supported with
resources on BIOZONE's Resource Hub. Some of the tabs are at the bottom of the first page, while others are margin icons.

Tabs at the base of the page Margin icons
Tabs at the bottom of the page help you to identify big ideas and skills, Some icons in the margin help you understand
as well alerting you to connected activities and online resources. the location of important material, identify
where you should work in groups, or where an
The BIG IDEA/SKILL tab identifies investigation involves use of a computer.
the big idea to which the activity
relates. The colored portion of the A hub icon in the margin identifies
tab identifies the science practice where there is a targeted hub
(1-7) and the skill (A-F) addressed. Purple CONNECT TABS 2;%3 resource. If the hub resources
point you forward or apply to the entire activity in
See pages x-xi for an explanation back to activities with general, there is no margin icon.
and map of big ideas and page xii background you may
for an explanation of the science wish to revisit or activities An environment icon in the
practices and skills. covering related concepts. margin shows exactly where
i l environmental legislation is
defined or discussed.
C; E ) A group icon indicates you
®, should work in pairs or groups
;e o investigation or debate.
A computer icon next to an
D investigation indicates that it
— requires computer access.
The gray HUB tab A GREEN ENVIRONMENT
indicatgs that the act.ivity ICON i_dentifies that a_key _piec_e Colored bullets in the margin
has online support via of environmental legislation is @ @® @ indicate where a specific skill
the Resource Hub (sge gxplalned |n.the aqtlwty. Its Iocatlor) @ @ s addressed. The skill code is
the next page for details) is marked with an icon in the margin. @® identified in the tab (left).

PERSONAL PROGRESS CHECKS

Each unit in this book finishes with a three-page Personal Progress Check (PPC), which will help you in your preparation for the AP
Environmental Science exam. The first two pages are ~20-30 multiple choice questions. The final page is a free response question.
Some involve analyzing a problem. Others involve experimental design. See pages x-xi for the details of the PPCs for each unit.

m Personal Progress Check

- o o G s 40 % o e 2k by
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viii

Using BIOZONE's Resource Hub

4

BIOZONE's Resource Hub provides links to online content supporting the activities in the book. From this page,
you can also check for any errata or clarifications to the book since printing.

Many of these external websites are narrowly focused animations and video clips directly relevant to that part of the
activity identified by the hub icon. There is also material for data exploration, source material for activities, and some
fact sheets, as well as 3D models and spreadsheet models. The hub provides great support for your studies.

www.BIOZONEhub.com

Then enter the code
in the text field

- BIOIONE

Using BIOZ

-

Instructional segment
(1S)

SCIENCE

1: The Living Workd: Ecosystems

Setmoen LONCOS

AP ENVIRONMENTAL

! Compenests of 8 [ cosystem

2 Resources and he Inter s tions

APES1-6320

ONE's Resource Hub

réra corter

Click on an activity title
to go directly to the
resources available for
that activity.

te

3 Predator-Prey Interactions «

-0' Precator Proy Noraction

4 The Nature of Symesoses
3 werpageohc Comoenticr
& irderaprec B Compentor

? Rescurce Partitoning

8 Chmato Orrvwrs and B Worar's

BeTet

P The Works s Terrestrial Bomes

10 Terrger ature and the Daatrgation of

11 CRargag Memes

Teacher-only resources are
identified. These may be scientific
papers containing original data or
resources to enhance teaching
(e.g spreadsheets or simulations).

0 Predatorn-prey Cycies

@ 3D Model: Keenodo dragon

| Activity you
are viewing

How do predators respond to increases in prey?
<—— to an external website.

Ofai0

\
“

ke [=]
3

Or scan this QR code

The Resource Hub icons

"-__." Simulation

Weblink

@ 3D Model
Spreadsheet

> Video

Resources available for
this activity. Hyperlink

Activity
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Ei Explore videos

& Explore web based resources
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" Explore spreadsheet models
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Scan the QR codes on the activity pages.
These link directly to informative and engaging
3D models. All models can be rotated and
zoomed, and some contain informative
annotations.




Big Ideas and Enduring Understandings

AP Environmental Science is structured around four BIG IDEAS (below). These big ideas form threads that run throughout
the entire course. The big ideas relate to several ENDURING UNDERSTANDINGS, which form the key concepts for learning
and from which arise the learning objectives that form the basis of each unit introduction. As part of this learning structure,
key science practices are integrated into the activities of this book. The science practices cover important skills students
need to describe and analyze scientific ideas and data related to environmental science. These are described on page xii.

BIG IDEA 1

Energy transfer (ENG):

Energy conversions underlie all ecological
processes. Energy cannot be created or

destroyed, only transferred and transformed. At
each transfer energy is lost from the system to
the environment.

BIG IDEA 2
Interactions between Earth systems (ERT):

The Earth is a complex interconnected system.
Systems can change over time and vary in their
ability to recover from disturbances.

. Unit 1 Unit 2 Unit 3 Unit 4
Big Ideas The Living World: The Living World: Populations Earth Systems and
Ecosystems Biodiversity Resources
Energy transfer ENG1 ENG-2
ENG Energy can be converted Most of the Earth's
from one form to another. atmospheric processes are
driven by input of energy
from the Sun.
Interactions between ERT-1 ERT-2 ERT-3 ERT-4

Earth systems
ERT

Ecosystems are the result
of biotic and abiotic
interactions.

Ecosystems have structure
and diversity that change
over time.

Populations change over
time in the reaction to a
variety of factors.

Earth's systems interact,
resulting in a state of
balance over time.

Interactions between
different species and
their environment

EIN-1

Human populations change
in reaction to a variety of
factors, including social and
cultural factors.

Sustainability

problem and propose a
solution.

problem and propose a
solution doing calculations.

STB
PERSONAL 24 multiple choice 21 multiple choice 24 multiple choice 15 multiple choice
PROGRESS Free response question Free response question Free response question Free response question
CHECKS Analyze an environmental Design an investigation. Analyze an environmental Design an investigation.

©2020 BIOZONE International
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BIG IDEA 3

Interactions between different species and

their environment (EIN):

Humans have altered the environment for
millennia. The rate and scale of these changes
are increasing as technology advances and the
human population increases.

BIG IDEA 4
Sustainability (STB):

Human survival depends on developing
sustainable solutions for managing resources
that take into account social, cultural, and
economic factors.

Unit 5 Unit 6 Unit 7 Unit 8 Unit 9

Land and Water Use Energy Resources and Atmospheric Pollution Aquatic and Terrestrial Global Change
Consumption Pollution
ENG-3

Humans use energy from a
variety of sources, resulting
in positive and negative
consequences.

EIN-2

When humans use natural
resources, they alter natural
systems.

EIN-3

Pollutants can have both
direct and indirect impacts
on the health of organisms,
including humans.

EIN-4

The health of a species is
closely tied to its ecosystem,
and minor environmental
changes can have a large
impact.

STB-1

Humans can mitigate
their impact on land and
water resources through
sustainable use.

STB-2

Human activities have
physical, chemical, and
biological consequences for
the atmosphere.

STB-3

Human activities, including
the use of resources, have
physical, chemical, and
biological consequences for
ecosystems.

STB-4

Local and regional human
activities can have impacts at
the global level.

22 multiple choice

Free response question
Analyze an environmental
problem and propose a
solution.

28 multiple choice

Free response question
Analyze an environmental
problem and propose a
solution doing calculations.

28 multiple choice

Free response question
Design an investigation.

26 multiple choice

Free response question
Analyze an environmental
problem and propose a
solution doing calculations.

23 multiple choice

Free response question
Analyze an environmental
problem and propose a
solution.

©2020 BIOZONE International
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Xii

Science Practices and Skills

Science practices are things that scientists do in their everyday work, such as analyzing text and data, conducting
experiments, and designing and evaluating solutions to problems. Competency in the skills associated with important
practices in science are an integral part of the APES course. The skills associated with each science practice (1-7) are
identified in every activity and described below. As described on page vii, a margin bullet identifies exactly where on the
page the skill is addressed. You will gain confidence and competence in these skills as you complete the activities. To help
you, refer at any time to the final chapter of this book, which has an activity dedicated to each science practice.

Practice

Concept explanation
Explain environmental concepts, processes, and models given in written format.

1.A] 1.BJ

Describe environmental Explain environmental concepts Explain environmental concepts,
concepts and processes. and processes. processes, or models in applied contexts.

Visual representation
Analyze visual representations of environmental concepts and processes.

5 f24 2.5
4 Describe characteristics of an Explain relationships between different Explain how environmental
@ environmental concept, process, characteristics of environmental concepts, concepts and processes
or model represented visually. processes, or models represented visually, represented visually relate to
in theoretical and applied contexts. broader environmental issues.

Text analysis

Analyze sources of information about environmental issues.

3 f3.A 3.B 3.D 3.E

ﬁ Identify the author’'s  Describe the author's ~ Describe the author’s Evaluate the credibility of Evaluate the validity of
claim. perspective and reasoning (use of evidence a source (not assessed), conclusions of a source

assumptions. to support a claim). including bias and or research study (not
scientific accuracy. assessed).

Identify a testable Identify a research Describe an aspect of  Make observations Explain modifications to
hypothesis or scientific method, design, and/  a research method, or collect data from an experimental procedure
question for an or measure used. design, and/or laboratory setups (not that will alter results.
investigation. measure used. assessed).

Y s Data analysis
Analyze and interpret quantitative data represented in tables, charts, and graphs.

3 f5A 5.B| 5.D) 5.E|
}f) Describe patterns or Describe relationships  Explain patterns and Interpret experimental Explain what the data
trends in data. among variables in trends in data to draw  data and results in implies or illustrates about
data represented. conclusions. relation to a given environmental issues.
hypothesis.

0} 6 Mathematical routines
Apply quantitative methods to address environmental concepts.

j M 6.8]
ﬁ Determine an approach or Apply appropriate mathematical Calculate an accurate numeric
method aligned with the relationships to solve a problem, with work  answer with appropriate units.
problem to be solved. shown (e.g. dimensional analysis).
- [ N
Propose and justify solutions to environmental problems.
3
% Describe Describe potential Describe Use data and Make a claim that Justify a proposed
environmental  responses or disadvantages, evidence to proposes a solution  solution, by explaining
problems. approaches to advantages, support a potential to an environmental potential advantages.
environmental or unintended solution. problem in an
problems. consequences for applied context.

potential solutions.
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Learning

1.

Objectives

The Living World: Ecosystems
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Developing understanding

Introduction to ecosystems ............ activities 1-7

Identify the components of ecosystems, distinguishing
between biotic and abiotic factors. Describe the

ways in which species in ecosystems can interact
over resources, distinguishing between predation,
symbiosis, and competition and their characteristics.

. Describe the nature of predator-prey interactions

including the way in which these interactions are
affected by changes in the availability of resources.

. Describe the nature of symbiotic relationships to

include mutualism, commensalism, and parasitism.

. Distinguish between intraspecific and interspecific

competition. Describe the role of resource limitation in
determining the intensity of intraspecific competition
and in regulating population size. Describe evidence for
competitive exclusion in competing species and explain
how naturally occurring species with similar resource
needs reduce competition through resource partitioning.

Terrestrial biomes activities 8- 11

Describe the global distribution and main environmental
aspects of the major terrestrial biomes. Explain how
the transport of heat around the globe accounts for the
occurrence of certain biomes in particular regions.

. Explain how the combination of climate, geography, latitude

and altitude, nutrient availability, and soil type influence
the global distribution of non-mineral terrestrial resources
such as water, wood, coal, peat, soil, and gravel.

. Describe the dynamic nature of biome distribution

and explain predicted shifts in biome distribution
as a result of global climate changes.

Aquatic biomes.........c.ccocviiiiiiiiiinaene. activity 12

Describe the distribution and characteristic features
of the major aquatic biomes, including the role of
freshwater ecosystems in providing drinking water.

. Describe the role of algae and cyanobacteria as producers

in marine biomes, including their role in supplying
oxygen and removing and storing atmospheric carbon.

. Where is most of marine life located? Explain how the

physical conditions in oceans vary globally and how these
differences can be related to the distribution of non-mineral
marine natural resources such as fish and shellfish.

The carboncycle .......ccceveviiviivennnn.. activity 14

Explain how carbon cycles between the biotic and
abiotic environments, identifying different reservoirs and
comparing the relative time that carbon spends in each.

0.

O 1s.

0 14,

0 1s.
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O 19.

Content. This unit provides the base for the course by exploring Earth as a system with
interdependent components, processes, and relationships. The distribution of resources
influences the interactions we see among species. The distribution and features of terrestrial
and aquatic biomes are determined by climate, but are dynamic and subject to change.
Biogeochemical cycles are central to ecosystem function but can be altered by human activities.

Skills: This unit emphasizes skills in describing and explaining environmental processes and
relationships, using visual representations and models. You will also have opportunities to
practice your quantitative skills in analyzing energy transfers through ecosystems.

Explain how the decomposition of organisms has led
to the storage of carbon over millions of years and
describe the processes by which this stored carbon is
being rapidly moved into the atmospheric reservoir.

The nitrogen cycle

Explain how nitrogen cycles between the biotic and abiotic
environments, with emphasis on the role of bacteria

in nitrogen transformations, including nitrogen fixation.
Identify the main reservoir of nitrogen and explain how
humans intervene in the nitrogen cycle by altering the
amount of nitrogen that is stored in the biosphere.

........................... activity 15

The phosphorus cycle...........c.cceue.e... activity 16

Identify the main reservoirs for phosphorus and

explain how it cycles between the biotic and abiotic
environments. Explain why the phosphorus cycle is slow
relative to other biogeochemical cycles and describe
the consequences of this to biological systems.

The hydrologic (water) cycle

Identify the main reservoirs for water. Explain how water
cycles through the biotic and abiotic environments,
identifying its different states and describing the processes
involved in the transformations between states.

............ activity 17

Primary productivity ..................... activities 18-19

Distinguish between gross and net primary productivity
and compare the Earths ecosystems in terms of their
productivity. What factors limit productivity and how are
they different in aquatic and terrestrial environments?

Trophic levels ..........ccccevviienenene. activities 13, 20

Explain how energy flows and matter cycles through
trophic levels in ecosystems. Explain the role of
biogeochemical cycles in moving nutrients within
and among ecosystems (matter is conserved).

Energy flow and the 10% rule ...... activities 21-22

Use quantitative analysis to determine how the amount
of energy available decreases as it is transferred

from one trophic level to the next. How is this energy
lost? Interpret energy flow diagrams and ecological
pyramids to provide evidence for the 10% rule.

Food chains and webs ............... activities 23 - 24

Describe food chains and webs and identify the
organisms in them by trophic level. Describe how the
organisms in ecosystems are connected through their
feeding relationships and predict the effects of adding
or removing organisms to a specific food web.



Components of an Ecosystem

Key Question: What makes up an ecosystem and how do its ~ made up of a number of populations, these being organisms
components interact? of the same species living in the same geographical area.

An

ecosystem is a community of living organisms and the  The type and availability of resources (such as water) in the

physical (non-living) components of their environment. The  environment determine species distribution and survival and
community (the living components of the ecosystem) is itself  are an important influence on how different species interact.

BIOTIC FACTORS ABIOTIC FACTORS
The living organisms in the Hydrosphere (water) Atmosphere (air) Geosphere (rock/soil)
environment, including their
interactionsy e_g_ as competitorS, ¢ Dissolved nutrients e Wind Speed ¢ Nutrient aValIablhty
predatorS, or SymblontS. © pH ¢ Wind direction ¢ Soil moisture
e Plants * Salinity * Humidity * pH
e Animals ¢ Dissolved oxygen * Light intensity/quality * Composition
* Microorganisms * Precipitation * Precipitation * Temperature
* Fungi * Temperature * Temperature ¢ Depth

Protists (e.g. algae, protozoans)

Ecosystems are natural units made up of a community of living organisms (biotic factors) and the physical conditions (abiotic
factors) in an area. Abiotic factors include non-living factors associated with the geosphere, hydrosphere, and atmosphere
(above). The living organisms and their activities, e.g. as predators, competitors etc, make up the biotic factors of an ecosystem.

The interactions of living organisms with each other and with the physical environment help determine an ecosystem's features.
The components of an ecosystem are linked to each other (and to other ecosystems) through nutrient cycles and energy flows.

Distinguish clearly between a community and an ecosystem:

The image above depicts buffalo in Yellowstone National Park. From the following list, assign the appropriate term to
each of the features described below. Terms: population, community, ecosystem, physical factor.

(a) All the buffalo present: (c) All the organisms present:

(b) The entire National Park: (d) The river:

. An ecosystem provides resources to its community of living organisms, including food, water, and habitat. In addition, an

ecosystem provides essential services such as nutrient recycling and climate regulation. How do you think the availability
of resources might influence the distribution and abundance of species present, and affect how species might interact?
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Type of interaction between species

Resources and the Interactions Between Species

Key Question: How do species interact within ecosystems
and how are their interactions influenced by resources?

Organisms do not live in isolation. The interactions within
and between species are an important component of the
biotic factors that structure every ecosystem. Many of these
relationships involve exploitation: a predator eats its prey
and herbivores eat plants. Other relationships involve two

or more species being entirely or partly reliant on their very
close ecological relationship. Such a relationship is called
a symbiosis. Symbioses can be beneficial for both parties
(a mutualism) or exploitative (as in parasitism). Resource
availability often influences the extent to which species
interact. While this is most obvious for species competing for
limited resources, it is important in other interactions also.

Mutualism

A symbiosis in which
both species benefit. If
both species depend
on the symbiosis for
survival, the mutualism
is obligate. Mutualism
can involve more than
two species.
Examples:

Flowering plants and
their insect pollinators.
The flowers are
pollinated and the
insect gains food.
Ruminants and their
rumen protozoa and
bacteria. The microbes
digest the cellulose

in plant material and
produce short-chain
fatty acids, which the
ruminant uses as an
energy source.

=

Benefits Benefits

Commensalism

A symbiosis in which
one species benefits
and the other is
unaffected. It is likely
that most commensal
relationships involve
some small benefit to
the apparently neutral
party.

Example:

The squat anemone
shrimp (or sexy
shrimp), lives among
the tentacles of sea
anemones, where

it gains protection
and scavenges
scraps of food from
the anemone. The
anemone appears to
be neither harmed, nor
gain any benefit.

Parasitism

A symbiotic
relationship in which
the parasite lives in or
on the host, taking all
its nutrition from it. The
host is harmed but not
usually killed, at least
not directly. Parasites
may have multiple
hosts and their
transmission is often
linked to food webs.

Example:

Parasitic tongue-
replacing isopods cut
the blood supply to the
tongue of the host fish,
causing it to fall off.
The parasite attaches
to what is left of the
tongue, feeding on
blood or mucus.

0’ 00 19UIA OOIEIN
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Predation

A predator kills the
prey and eats it.
Predators may take
a range of species
as prey or they may
prey exclusively on
one other species.
Predation is a
consumer-resource
interaction and a type
of exploitation.

Examples:
Praying mantis
consuming insect prey.

Canada lynx eating
snowshoe hare.

The ochre sea star
feeding on its primary
prey, mussels. They
also eat chitons,

barnacles, and limpets.

Competition

Individuals of the same
or different species
compete for the same
limited resources.

Both parties are
detrimentally affected.

Examples:
Neighboring plants of
the same and different
species compete for
light and soil nutrients.

Vultures compete
for the remains of a
carcass.

Insectivorous birds
compete for suitable
food in a forest.

Tree-nesting birds with
similar requirements
compete for nest sites.

@ 1.

In the spaces above, draw a simple model to show whether each species/individual in the interaction described is
harmed or benefits. The first one has been completed for you.

the outside of hosts where they suck blood and fluids and cause irritation.

(a) Identify this type of interaction:

. Ticks are obligate blood feeders (meaning they must obtain blood to pass from one life stage to the next). Ticks attach to

(b) How would the tick population be affected if the host became rare?

3. Competition is common both within and between species. Predict which would be the most intense and explain why:
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@ 1.

Key Question: How does resource availability influence the
interactions between populations of predators and their prey?
A predator eating its prey is one of the most obvious
ecological interactions we see between species. Predators
are well adapted to locate and subdue their prey, and prey
species are equally well adapted to avoid being eaten and

Strategies of predators: capture

The strategies of predators to capture prey are diverse.
Strategies for prey capture will depend on the habitat
(forested, open), the adaptations of the predator and its
prey species (teeth, claws, venom, speed), and whether
the predator is social or solitary. Ambush predators conceal
themselves and capture prey by surprise. Pursuit predators
use speed to chase down prey, while persistence predators
rely on endurance to follow prey until it tires. Others,

such as spiders, use lures or traps to ensnare prey.

Predator-Prey Interactions

to maintain their populations despite predation. Vertebrate
predators generally do not control their prey populations,
which tend to fluctuate seasonally depending on available
food supply. However, predator populations are heavily
influenced by the availability of prey, especially when there
is little opportunity for switching to alternative prey species.

&~

-__"

Canids are persistence predators, using
endurance to follow prey until it tires.

dragonflies use speed

Strategies of predators: how to select prey?

The resources in ecosystems are not usually uniform because
environments are patchy. This applies to prey seeking the
resources they need to survive and to predators seeking

prey. Predators show behaviors that will increase their
chances of finding prey and optimize their energy gains from
foraging. There are many ecological studies, particularly

of bird predators, that indicate predators will forage in a

way that maximizes energy gain for energy spent.

Aggregation: Predators will often aggregate for short periods of
time in areas of high prey density, maximizing exploitation of rich
food patches. This behavior is seen in marine birds that feed at sea
as well as wading birds exploiting patchy estuarine environments.

Prey size selection: Given a range of prey sizes, predators will
often select a prey size that is optimum for maximum energy
gain per handling time. Small prey do not provide enough
energy, whereas larger prey are too difficult to handle. Energy
gain is often balanced against handling time (or risk).

Right. Pied wagtails take medium sized prey (dung flies and
beetles) in amounts out of proportion to their availability

in the environment. This correlates with the maximum
energy gain for the time they spend handling their prey.

Pursuit predators such as cheetah and

Describe the effect of resource distribution on the occurrence of prey and their predators:

Ambush predators (snakes, lizards,

to outrun prey. spiders) are concealed until they attack.
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2. What evidence is there that predators hunt in a way that maximizes the gain in energy for the time spent hunting?
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How do predators respond to increases in prey?

Time lagged numerical responses: In many herbivore-carnivore systems, prey populations fluctuate seasonally with changes

in vegetation growth. Predators may respond to increases in prey by increasing their rate of reproduction. This type of numerical
response shows a time lag, associated with the time it takes for the predator population to respond by producing more young. The
most famous of these time-lagged predator-prey cycles is that recorded for the Canada lynx and its prey, the snowshoe hare (below).

Figure right. Population cycles in Canada lynx and snowshoe hare
Image (below left): Canada lynx, a specialist predator of snowshoe
hares, taking almost no other prey.

Image (below right): Snowshoe hare, the primary prey of the lynx.

—

kdee64 (Keith Williams) cc 2.0

Number of hares (x105)

160

Year

1204 — Snowshoe hare Ly
— Canada lynx
1845 1865 1885 1905 1925

No-lag numerical responses: Predators can show an immediate numerical response to increases in prey availability. In one study,
numbers of kestrels fluctuated with the density of voles, their prey (below). The birds could track the vole populations without a time
lag because of their high mobility. An increase in vole numbers was accompanied by a rapid immigration of birds into the area.

Images: Common or European kestrel (left) and its prey, a vole.
Kestrels feed almost exclusively on small rodents like voles.

Graph: Numerical response of kestrels to changes in vole numbers.
Study area was 47 km? of farmland in western Finland.

Density (individuals/km?)

2500

1500+

10007

500+

0

o—o Voles
e—e Common kestrel

T T T T T T
1977 1979

T T
1981 1983
Year

T
1985 1987

Number of lynx (x103)

Number of nesting pairs

Korpimaki & Norrdahl: (1991) Ecology 72: 814-826

@ 3. (a) Describe how seasonal fluctuations in resources relate to cycles of abundance of Canada lynx and snowshoe hare:

(b) Explain why the fluctuations in lynx numbers lag slightly behind those of the hare:

(c) Why do you think the cycle of lynx abundance is so closely linked to the hare abundance?

@ 4. Describe three ways in which predator behavior responds to differences in resource (prey) abundance in ecosystems.

Use examples to illustrate your answer:
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The Nature of Symbioses

Key Question: How does resource availability influence the  as parasitism. As we saw, the partners in a mutualistic
type of symbiotic relationship we see between species? relationship benefit from the association. This contrasts with
As we saw earlier, a symbiosis is a close ecological parasitism, where the symbiosis involves exploitation of one
relationship (literally meaning "living together"). Symbioses  species by another. As in all species interactions, there is a
include mutualistic and commensal relationships, as well  strong resource component to all symbiotic relationships.

Types of mutualistic relationships
Resource-resource relationships: One resource is traded for another (usually food or a nutrient)

Staghorn coral ' Worker termite

Reef building corals rely on a mutualism with algae in their Termites eat wood and rely on a community of microbes in their
tissues. The algae supply the coral with energy (glucose and gut to break down the cellulose in wood and produce the fatty
glycerol) and, in return, obtain a habitat and the compounds acids they use for energy. The obligate relationship provides
they need for photosynthesis and growth (CO, and nitrogen). food for both microbes and termites. Termites are responsible
This symbiosis is crucial to recycling nutrients within the reef. for recycling most of the dead wood in tropical ecosystems.

Service-resource relationships: A service is performed in exchange for a resource, e.g. food for protection

Honeybee pollinating
.~ a purple crocus

Ant guards its aphids

viamoi cc 2.0

Some species of ants "farm" aphids by protecting the aphids Many flowering plant species have a mutualistic relationship with
from their ladybug predators. In return the ants harvest and their bee pollinators. The bee obtains food (nectar) and the plant
consume the honeydew excreted by the aphids. Aphids will also receives a service (pollination). The mutualism is facultative;
increase their honeydew production when attended by the ants. neither species depends exclusively on the other for survival.

@ 1. Using examples, describe how symbiotic relationships increase resource availability for the species involved:

2. In ecosystems, resources such as food are usually limited. Suggest how resource limitation might help to strengthen and
shape mutualistic relationships to the point that both species depend on the relationship for survival:
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How do parasitic relationships persist when parasites harm their hosts?

Parasites exploit their hosts for the resources they provide. They do not kill their host directly as a predator does, but hosts may
succumb to parasites through ill health, poor reproduction, or secondary disease. Although parasitism can regulate host populations
(through increased death rates and lower birth rates) it is not in the parasite's interests to eliminate its host. This accounts for how
most host-parasite relationships evolve into a mutual tolerance with low grade widespread infection.

N
Snail*'with parasitized eye'staH\

Gilles San Martin cc 2.0
Thomas Hahmann cc 3.0
Charles J Sharp cc 4.0

Oxpeckers- not so helpfu!.#

The human head louse is an ectoparasite  The green-banded broodsac is a parasitic ~ The relationship between oxpeckers and

Human head louse

(it attaches to the outside of the host's flatworm with two hosts. It enters its large grazers was once thought to be

body). Its relationship with humans is intermediate host, a snail, when the snail mutualistic. However, research indicates
obligate, meaning it cannot complete its feeds on bird droppings. The reproductive  that the relationship is parasitic in nature.
life cycle without its host. It spends its stage invades the snail's eyestalk, Oxpeckers will remove parasites such as
entire life on the human scalp, sucking mimicking a grub, and is eaten by a bird ticks, but they also create or reopen wounds

blood. Humans are the only host species.  (the definitive host) to complete the cycle.  and drink the animal's blood, and there is no
evidence that they reduce its parasite load.

Parasite transmission and the impact of host patchiness

Overdispersion of the tick /xodes on a
population of the wood mouse, Apodemus

Number of hosts

Parasites per host

Transmission of parasites that multiply outside the host (e.g. ticks) is affected by patchy distribution of hosts (the resource). This leads
to a phenomenon called overdispersion in which a small proportion of the host population carries most of the parasite load (above).

@ 3. The mutualism between corals and the algae in their tissues is obligate (neither can survive without the other).
Increasing ocean temperatures can cause the corals to expel their algae. This causes them to bleach (lose their color).
The coral will eventually die unless recolonized. Describe some likely effects of coral bleaching on the reef ecosystem:

4. (a) Describe the effect of patchy resource (host) distribution on parasite populations:

(b) Explain how this might allow parasite and host populations to persist, despite the parasite's exploitation of the host:
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Intraspecific

Key Question: How does competition for resources among
individuals of the same species affect the growth and
distribution of individuals in the population?

Intraspecific competition describes competition among
individuals of the same species. These individuals share the

Competition

same resource requirements so competition for resources
(food, habitat, mates) is more intense than competition
between different species. Resource limitation affects
individual and population growth and often determines the
distribution of individuals within the environment.

Scramble competition

Direct competition between individuals

for a finite resource is called scramble
competition. These birch sawfly larvae feed
along the birch leaf edges. Larvae compete
for the same food and those hatching too
late in the season are unlikely to survive.
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Contest competition

In contest competition, there is a
winner and a loser and resources are
obtained completely or not at all. For
example, male elephant seals fight
for territory and mates. Unsuccessful
males may not mate at all.

Competition in social species

In many social species, dominance
hierarchies ensure that dominant individuals
have priority access to resources. Lower
ranked individuals must contest what
remains. If food is scarce, only dominant
individuals may receive enough to survive.

Resource competition limits population growth

Most frogs hatch from eggs as larvae (pollywogs) and then
undergo metamorphosis into the adult form. The larvae
must reach a minimum mass to successfully complete
metamorphosis, so they depend on getting enough food.
Individuals that take too long to reach the minimum required
mass decrease their chances of successful metamorphosis
and often die before becoming adults.

» Researchers Dash and Hota (1980) investigated the
growth rate of frog larvae (Rana) reared experimentally
at different densities (5, 40, 80, and 160) in the same
2 L volume. When density increases, more larvae
compete for the same food resources.

» The results are plotted right. The increase in mean body
mass over time indicates growth rate. The flattening of
the curve indicates size at metamorphosis.

Mean body mass (g)

1.0

0.8

0.6 1

0.4+

0.2

Minimum mass for

T metamorphosis (0.75 g)

—_——

_________ : 3 ul.n"—;:_w

0 1 2 3 4
Time (weeks)

Describe the difference between scramble competition and contest competition:

5

2. Answer the following questions based on evidence from the Rana growth rate data:

(a) What is the effect of increasing density on individual growth rate of Rana larvae?

(b) Explain the likely effect of strong resource competition on population size of Rana:

ERT-1
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Territories and limitations of population size

» Territoriality in birds and other animals is usually a result of intraspecific competition. A territory is a defended area containing
the resources required by an individual or breeding pair to survive and reproduce. Territories space organisms out in the habitat
according to the availability of resources. Those without territories usually do not breed.

» In the South American rufous-collared sparrow, males and females occupy small territories (below). These birds make up 50% of
the population. The remaining 50% of the population, called floaters, occupy home ranges (which are undefended areas) within
the territory boundaries. They are tolerated by the territory owners, but these floaters do not breed.

» By using tagging studies and removal of birds, researchers found that when a territory owner (male or female) dies or
disappears, it is replaced by a floater of the appropriate sex. This is shown for the females in the left diagram as a darker region.

» Territoriality can limit population size in some circumstances. If there is no lower limit to territory size and all individuals or pairs
gain a territory then the population becomes spaced out but not limited. However, if territories have a lower size limit, then only a
limited number of individuals or pairs can claim a territory. Those that fail to do so must leave and this limits population numbers.

Females

Data: S. Smith 1978 cited in L. Smith:
Ecology and Field Biology, 5E (1996).

' Floater home range O Territory boundary

3. Intraspecific competition is considered to be a density-dependent process. What do you think this means?

@ 4. Territoriality is a way to ensure that at least some individuals have the resources to survive and reproduce. The territories
are established and maintained by direct conflict and by calls and displays.

(a) Describe the benefits of possessing a territory:

(b) What costs are likely to be associated with having a territory?

(c) What evidence is there from the rufous-collared sparrow study to show that territoriality can limit population size?

5. In many animals, crowding and increased competition for resources after the
breeding season leads to dispersal. In vertebrates, particularly rodents (right), young
are driven away. In some insects, such as aphids, dispersing individuals become
winged. Describe the advantages of dispersal in terms of resource competition:

BlueBreezeWiki cc 3.0
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Key Question: What do different species compete for and
why can one species sometimes exclude another?

Competition between different species (or interspecific
competition) is usually less intense than competition within
a species because different species usually do not depend

Interspecific competition is an important biotic factor
in natural communities

Competition between different species takes one of two forms.
As with all competition, there is a negative effect on all species
involved, because fewer resources are available to each.
Exploitative competition occurs when two or more species
use the same resource. This often results in neither species
having enough of the resource to meet their needs.
Interference competition involves a direct interaction between
competitors. In animals, this is usually aggressive behavior. In
plants, the interaction is passive.

» Interspecific competition is usually less intense than
competition between members of the same species because
competing species have different requirements for at least
some resources (e.g. different habitat or food preferences).

> Interspecific competition can be an important influence on
the species present in an ecosystem or their distribution.
However, in naturally occurring populations, it is generally
less effective at limiting population size than intraspecific
competition, especially in animals. This is because different
species usually exploit a different spectrum of resources to
avoid direct competition most of the time.

» Interspecific competition in natural plant communities is
very dependent on nutrient availability and will be greater
when soil nutrients are low. Fast growing plants with large,
dense root systems can absorb large amounts of nitrogen,
depleting soil nitrogen so that other plants cannot grow
close to them. Similarly, fast growing plants may quickly
grow tall enough to intercept the available light and prevent
the germination of plants nearby. Pest plants often have
this strategy and become very difficult to control (see the
example of purple loosestrife, opposite).

» Sometimes, humans may introduce a species with the same
resource requirements as a native species. The resulting
competition can lead to the decline of the native species.
For example, the American gray squirrel was introduced to
England in the 1800s where it has displaced the smaller
native red squirrel from much of its former range.

Interspecific Competition

on exactly the same resources. Laboratory studies of
interspecific competition in enclosures with limited resources
provide evidence that competition can drive one species
to extinction. However, in natural populations, competing
species usually exist in a more or less stable equilibrium.
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In some communities, many different species may be competing
for the same resource. This is called interference competition
because individuals directly interfere with the access of others
to a resource. In the example above, a spotted hyena and black
backed jackal compete for the hyena's kill.

In plant communities, the level of competition depends on how
close individuals are to each other. Each individual affects the
environment of its neighbor by using resources (e.g. mineral
nutrients) and modifying the environment, e.g. by shading.

(a) Describe an example of interspecific competition, identifying the resource(s) the species are contesting:

(b) Why is interspecific competition generally less effective at limiting population size than intraspecific competition?

Describe the role of competition in the displacement of a native species:
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One competing species can exclude another in a manipulated environment

Asterionella alone (24°C) Synedra alone (24°C) Asterionella with Synedra (24°C)
10° 30
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a 5
‘@ 103 e
) ]
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c 10 »
Ke)
B 102
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o
* o 25 e e 0
0 10 20 30 40 50 0 10 20 30 40 50
Time (days) Time (days) Time (days)
—o— Asterionella formosa —eo— Silicates —e— Synedra ulna

» Experimental studies in which two competing species are grown in controlled and manipulated conditions typically result in
one species out-competing the other. These findings support the competitive exclusion principle, which states that two
species with the same resource requirements cannot coexist.

» In one laboratory study, two diatom species were grown both alone and together in a nutrient medium that supplied continual
silica. Diatoms are algae that require silica to form their cell walls. Grown alone, each species reduced the silica to a low
level but the populations were stable. However, Synedra depleted the silica to a lower level than did Asterionella. When
grown together, Synedra depleted the silica to a level that caused the Asterionella population to die out (above right).

Data and plots (redrawn) from Tilman, Mattson, and Langer (1981) Limnology and Oceanography 26.

Introduced species can exclude native species

Naturally occurring populations normally reach a competitive balance and
it is rare for one to exclude the other. However species that are naturally or
deliberately introduced to a new region may out-compete resident natives
through more efficient resource exploitation or by being more aggressive
competitors in direct interactions. Not all introduced species out-compete
native residents, but many do.

» A well known example in the US is purple loosestrife (Lythrum
salicaria). This species is native to Europe, Asia, and parts of Africa
and Australia. It was introduced to North America as a contaminant
in ship ballast and as an herbal remedy for dysentery, and it quickly
became established. Its range now extends throughout Canada and to
all US states except Hawaii and Florida.

» Purple loosestrife crowds out native wetland plant species and disrupts
water flow in rivers and canals. It produces vast numbers of seeds and
can produce vegetatively from root fragments also. The image right
shows it dominating the Cooper Marsh conservation area in Ontario.

Saffron Blaze cc 3.0

3. (a) Using the example of the diatoms above, describe the experimental evidence for the role of resource competition in
the exclusion of one species by another:

(b) Suggest why these manipulated environments are unlikely to represent the usual situation in a natural ecosystem:
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/Al Resource Partitioning

Key Question: How have natural populations evolved to
minimize interspecific competition?

Many species in natural ecosystems utilize many of the same
resources, and so are in competition at least some of the time.

necessary to survive and reproduce. This is because different
species with similar ecological requirements and resource
needs can reduce competition by exploiting resources within
different parts of the same environment or by exploiting the

@ 2.

Yet we see that most appear able to obtain the resources  same resources at different times of the day or year.

Many field studies have indicated that different species partition Root depth in prairie plants
the available resources to avoid direct competition. o

Right: In three species of annual plants growing on unplowed
prairie soil, water resources are partitioned by root depth. The
shallow fibrous roots of the bristly foxtail contrast with the deep
tap root of the smartweed. Foxtail is drought tolerant, whereas
smartweed's deep tap root ensures water is always available.

Below: In a study of three species of coexisting grassland
sparrows in Pennsylvania, researchers found that although
territory boundaries of all three species overlapped, they made
use of the gradient in the vegetation to partition the grassland

habitat and avoid competition. All species eat insects and seeds.
Henslow's and grasshopper sparrows have a similar beak size
but the savannah sparrow has a smaller beak and exploits slightly N
different food sizes than the grasshopper sparrow with which it
has a 35% habitat overlap. Jd20
Bristly foxtail =
Resource partitioning in grassland sparrows Shallow roots take S
3 up water quickly after S
Grasshopper rain. Drought tolerant. 5
Henslow's sparrow @ | .
2r- £
sparrow S
Indian mallow =
1 Sparse branched ] _ga'
I tap root. Moderately =
; 0 drought tolerant. de0 &
2 o
5
=L -
2L Savannah ==
sparrow Smartweed
Moderately branched taproot ——» _
-3 ! ! | extending into subsoil providing S
-5 0 1 5 continuous water supply. 2
< > 2]
Dense Vegetathn Bare grOUnd Examples modified from L. Smith (1996): Ecology and Field Biology
Study the diagram of resource partitioning in grassland sparrows. Describe two ways in which the species minimize the
competition between them in their grassland ecosystem:
Describe the different strategies of prairie annual plants to obtaining water when growing in the same soil environment:
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Key Question: How does circulation of air and water masses
distribute heat and influence climate zones?

Biomes are distinct biological communities that occur as a
result of a shared physical climate. These biomes exist in
part because of the climate zones created by the Earth's air
and ocean circulation, its rotation, and its topography. The

Climate Drivers and the World's Biomes

Earth is circled in the Northern and Southern hemispheres
by three air cells. The cells form areas of rising or descending
air, affecting the amount of rainfall. Surface features, such as
oceans and mountain ranges, affect the final positions and
size of these biomes but four general climate-defined regions
in each hemisphere can be identified (lower blue panel).

The equator receives most of the incoming solar
radiation. Atmospheric circulation redistributes

Dry air descends. The
land beneath receives
no moisture and is dry.

Air rising again
causes the formation — 4~
of rain clouds around

60° north and south.

this heat around the globe. Air rising at the
equator loses its moisture as tropical rainstorms
and moves away from the equator as dry air.

Dry air descends
at the poles.

Polar Temperate Desert

Tropical

Desert Temperate

@ 1.

Global atmospheric circulation leads to areas of high rainfall,
like the tropical rainforests, and areas of dry air, like deserts.
The movement of air as it rises, cools, and descends creates
the east-to-west prevailing winds that flow in equatorial regions
and the prevailing westerlies the mid-latitudes.

Explain why the tropics tend to be both hot and wet:

Atmospheric circulation redistributes most of the heat from the
tropics towards the poles (~78% in the Northern Hemisphere
and 92% in the Southern Hemisphere). Ocean circulation
transports the rest of the heat. These include warmer surface,
wind-driven currents and deeper saltier, density currents.

biomes in the Southern Hemisphere:

@ 2. Explain why the distribution of biomes in the Northern Hemisphere is similar, but not identical to, the distribution of
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Key Question: What factors determine the distribution of the
world's distinct biological communities?

Global patterns of vegetation distribution are closely related
to climate. Although they are complex, major vegetation
biomes can be recognized. These are large areas where

North Y
America

California is diverse in its
geography and climate.
Warm Mediterranean
climate near the coast but
shifting to hot arid towards
the south east as a result
of the rain shadow of the
Tehachapi Mountains.

Equator

Low temperature, short growing
season, permanently frozen
ground layer (permafrost).

Cold winters and
hot dry summers.
Grasses dominate.

The Atacama Desert is the Earth's driest non-polar
desert (annual rainfall < 1 mm). Moisture is blocked
on both sides. The Andes Mountains to the east
block moist Amazon Basin air and the Chilean Coast
Range blocks the oceanic influence from the west.

The World's Terrestrial Biomes

a distinctive vegetation type has formed in response to a
particular physical environment. Biomes have characteristic
features, but the boundaries between them are not distinct.
The same biome may occur in widely separated regions of
the world wherever the climatic and soil conditions are similar.

-

The factors that influence
the distribution of biomes
also influence the
distribution of non-mineral

rely, such as water, wood,
coal, and peat.

The Amazon Basin. Warm
with high rainfall. High
diversity and productivity.

South
America

Montane (alpine tundra
and montane forest)
Mixed and (i I:I Steppe/temperate
deciduous forest grassland

Ma

X Y
JAlpine tundra, Colo’rﬁﬁu

Prairie USA

@ 1.

America (away from equatorial regions):

t#\Western
Ghats;ndiag=."*

Explain the distribution of deserts and semi-desert areas in northern parts of Asia and in the west of North and South
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Vegetation patterns are determined largely by climate, which in turn is heavily influenced by topography and proximity to the
ocean. Where there are large mountain ranges, wind is deflected upwards causing rain on the windward side and a drier

‘rain shadow' on the leeward side. Rain shadowing governs the occurrence of many deserts globally, and some of the world's
driest regions, including the Atacama Desert in Chile and Death Valley in California, are in rain shadows. Wherever they
occur, montane regions are associated with their own altitude adapted vegetation. Biome classification may vary considerably
and is not necessarily static as environments shift under patterns of changing climate and human influence. However, most
classifications recognize desert, tundra, grassland and forest types and distinguish them on the basis of latitude.

The Himalayas create a rain
shadow producing the Tibetan
Plateau and the Taklamakan
cold desert to the north.

Africa

Australia is the driest continent on
Earth after Antarctica. The Great
Dividing Range, which runs N-S near
the east coast, is a relatively low
range, but high enough to contribute
to a progressive decline in rainfall
from east to west as warm, moist
winds lose their moisture as rain.

Australia &7
I:I Savanna Tropical seasonal - Semi-desert or arid scrub D a
forest

- Tropical rainforest I:I Desert

Mediterranean
vegetation

Seasonal rainforest,
QLD Australia = Atacama Desert

-

Tibetap Plateau g Mediterranean chaparral

@ 2. Explain how variations in climate, geography, latitude, and altitude influence the global distribution of non-mineral
ecosystem resources such as water and wood:
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Temperature and the Distribution of Biomes

Key Question: What is the role of temperature and rainfall in  to the poles. Temperature and precipitation act together as
determining the geographical location of terrestrial biomes? limiting factors to determine the type of desert, grassland, or
Temperature and precipitation are excellent predictors of forest biome in a region. Latitude directly affects solar input
biome distribution. Temperature decreases from the equator and temperature.

Within a single latitudinal region, Cold
the level of precipitation (rainfall)
governs the type of plant
community found. Note that the
effect of altitude is similar to that
of latitude (ice will occur at high
altitudes even at low-latitudes).

8| Snow & ice
g Arctic H
A Tundra ot
5 Boreal forest (taiga) Subarctic
g
©
£
E Chaparral
'L% Temperate
Desert Grassland As the Earth curves towards the poles,
solar energy is spread out over an ever
_ increasing area. This energy must also travel
g through a greater amount of the atmosphere
S Desert Tropical ; h ’
5] expending more energy than at low latitudes.
if
0 250 1000 4000
Annual precipitation (mm)
Desert » Tropical

@ 1. Explain how temperature and rainfall affect the distribution of biomes:

@ 2. Explain why biomes are not evenly distributed about the globe:

@ 3. Explain how the landscape can modify climate:

@ 4. Explain why higher latitudes receive less solar energy than lower latitudes:
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Changing Biomes

Key Question: How and why has the distribution of biomes
changed over time and how might it change in the future?
The worldwide distribution of biomes is not fixed. Biome
distribution has continually changed as global climates

Global temperature
through the Cenozoic

CE I
66 [] i 1
o E &
c ' 3
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o
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|| ~ Late Miocone
53 = . cooling
26 & L\ :

Start of Quafernary glaciation

P= Pleistocene, Pli = Pliocence
EECO = Early Eocene climatic optimum
MMCO = Mid Miocene climatic optimum

Biome changes
through the Cenozoic

[ Tropical-like biome
[ ] Non-tropical biome

have shifted between warmer and cooler periods (below).
The increase in average global temperature currently being
experienced on Earth is already seeing current biomes shift
as alpine areas shrink and sea levels rise.

The Eocene warming saw a rise in
the biodiversity of mammals in North
America and many new plant forms
also appeared.

The Quaternary glaciation created
basins that became lakes after the
ice retreated. North America's Great
Lakes were formed this way.

Present day climate change and
rise in sea level are threatening the
existence of small island nations
such as the Maldives (above).

Contraction of
tropical biome

1. Study the map above of climate and biome distribution through the Cenozoic Era (which covers 66 mya to present).

(a) What happened to the tropical biome between 66 and 2.6 million years ago?

(b) How were these changes related to the changes in global temperature?

@ 2. Given the trends indicated above, what general changes in biome distribution could we expect to see if there was a 3°C
to 5°C rise in global temperatures over the next 50-70 years?
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Aquatic Biomes

Key Question: What are the characteristics of the major
aquatic biomes and how are they distributed?

Water covers ~70% of Earth's surface, so aquatic biomes
are a major component of the global environment. Aquatic
biomes include all those environments that are dominated
by water. These environments include deep oceans, shallow

Marine biomes
oceans, estuaries, and reefs

seas and reefs, swamps and estuaries, and rivers and lakes.
Aquatic biomes include some of the most productive and the
least productive ecosystems in the world (production being
the amount of accumulated biomass). The characteristics of
different aquatic ecosystems depend on where they occur on
the globe and the local conditions that shape them.

Freshwater biomes

lakes, ponds, rivers, and freshwater wetlands

o

-

#*fﬁ "‘ i'-; L s
i |

L%ke Tahoe, California

The open oceans are characterized by saline  The prairie potholes of the midwest (USA) are Lakes are inland depressions containing

(salty) waters, waves, and currents. Five

all interconnected as one global ocean.

shallow wetlands resulting from glaciation.
oceanic divisions are recognized but they are  Glaciation, tectonic events, and volcanic
activity have formed the world's largest lakes.

standing water. Their distribution is not uniform
but dependent on geology and geography.
They are an important source of drinking water.

Estuaries are regions where fresh water of
rivers meets tidal flows from the ocean.

Coral reefs occur in tropical and subtropical
regions and are of biological (not geological)
origin (they are made from living organisms).

Streams and rivers are characterized by
continuously flowing water.

Wetlands include marshes, bogs, fens, and
swamps. Bogs and fens have peaty soils.

» Aquatic biomes are broadly categorized as marine and freshwater. The marine
biomes include coral reefs and estuaries, whereas the freshwater biomes
include rivers, lakes and wetlands. Oceans cover more than 70% of the Earth's
surface and contain 97% of the Earth's water. Less than 1% of the Earth's water
is fresh water, an essential resource for plant and animal life.

» Temperature, salinity, tides, waves, and currents determine the characteristics
and functioning of marine ecosystems. The most productive marine biomes are
coral reefs, coastal waters, and estuaries and coastal marshes, because these
are regions with high light and large nutrient fluxes.

» Freshwater biomes may be contained within a basin or flowing and are heavily
influenced by geological formation, topography, and land use. Wetland systems
are varied and often difficult to categorize. They are best described according to
soil type, vegetation, and hydrology.

Go to BIOZONE's Resource Hub for information on the distribution of aquatic biomes

1. Describe the defining features of each of the following marine biomes:

(a) Open oceans:

(b) Estuaries:

(c) Coral reefs:

2. What characteristic distinguishes rivers and streams from lakes and ponds?
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Characteristics of ocean ecosystems

The oceanic zone is the area of ocean
beyond the continental shelf. This an open
water (or pelagic) environment. It is divided
into zones according to light penetration. 0
Almost no photosynthesis occurs below the
photic zone (200 m) because it is too dark.

Oceanic

Sea level A

Photic zone

The littoral (intertidal) zone is
the area that is above water at \
low tide. It includes rocky shores, >

sandy beaches, and mudflats,
and varies greatly in extent.

Aphotic zone (<1% light)

The sublittoral (or neritic) zone
extends from the low tide mark
to the edge of the continental
shelf. The majority of marine
life occurs in this zone.

Darkness __

The benthic zone or seafloor
. B is a region that is ecologically ¢ LR
“The twilight zone distinct from the open water " Deep
is sometimes called (pelagic) environment. The \ trenches e
the disphotic zone to organisms living here are called y Ck
d’St’ggu’Sh it fra o’fn the the benthos and many are Lo
euphotic zone of non- iali g S ‘
P e specialized substrate-dwellers. el 5 11,000 m v o$
Depths not to scale
Temperature, salinity, and density Standard depth profiles for temperature,
b Although the open ocean may appear to be salinity and density (South Atlantic)
uite uniform, the physical conditions var
qure e phy ; Y Temperature (°C) Salinity (%o) Density (g/cm?3)
considerably with depth. This feature, called 0 4 8 12 16 20 24 34 35 36 1023 1095 1027 1.029
stratification, is also a feature of freshwater 0 ———— . . ’ — e
systems provided they are deep enough. L. Lo L SN
» Most marine life is found where there is 500} L s
enough light for photosynthesis. Relatively few Thermocline Halocline Pycnocline

organisms are adapted to live in the dark at

the immense pressures below 1000 m. B s Ay I i S T
» Oceans overall are less productive than
terrestrial systems, because so much of it is 51500 r - r

dark, but coastal waters, areas of upwelling, =
and reef ecosystems can be very productive. 22000
These zones of higher productivity are e
important sources of non-mineral marine

resources such as fish. 25001 I I
» In mid-latitudes during summer and year-
round in the tropics, warmer, less dense EUU S8 St B e Bt B &
water overlies colder, denser water. Between
these layers is a region of rapid temperature 3500

change called the thermocline. Salinity shows
a similar gradient although it is more variable.
In the tropics, evaporation can increase
surface salinity, whereas at high latitudes, high
precipitation rates can lower surface salinity. 4500

4000
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Light
The vertical profile of the ocean is
defined by light penetration. Here we
have defined the aphotic zone as the
depths beyond which less than 1%
of sunlight penetrates (~200 m) but
you may see different classifications
for the photic and aphotic zones as
these terms are not used uniformly.
The 1% light level is the level below
which there is insufficient light for
photosynthesis.

Light intensity falls off exponentially
with depth (right) but light quality
(color) also changes with depth. In
water, red light (longer wavelength)
is absorbed quickly, leaving blue.
However, water color is affected
by particulates in the water. These
include algae, which have pigments
that absorb red and blue light
(which are photosynthetically active
wavelengths) and reflect green
(which is not used in photosynthesis).

Light intensity (I, = 1.0)
00, 02 04 06 ,L 08 , 10
o—————— e otk
____ o-- _—"—
P AT
o oo
208--------- g R RESLLELEEE
A’
BAO|
£ | &
Q. g
) '
QB0 [f
A
L T
A
100 fh -
1 2 0 *I, refers to a reference light intensity

Light intensity declines exponentially with
depth and most light is absorbed in the first

1 m. The depth of the 1% light level (the depth
of the photic zone) determines whether we
see the water as "blue" or "green".

Red
700 nm

Green  Yellow

Wavelength

Open ocean water

Different waters get their colors from the
mixture of pigments in algae, colored
dissolved organic matter (CDOM), and
minerals. More light is absorbed and
scattered in productive coastal waters.

A person standing on the rocks at Casco bay in Maine
would see a much different colored ocean to a person
standing beside the ocean in the Greek island of Skopelos.

@ 3. Explain why the salinity profiles of oceans often varies with location and climate:

of California.

The contrast in color between the shallower, near shore waters and
the deeper offshore waters is quite clear along the Big Sur coastline

@ 4. (a) Explain what happens to light when it enters water:

(b) Describe factors that contribute to the different colors we see in natural water bodies:
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@ 5. Explain why the majority of marine life is found in the neritic zone (sublittoral or continental shelf):

Trophic relationships and nutrient cycling in aquatic biomes

— . : "

Phytoplankton, or algae, (top) are

the ocean's producers. They support

the ocean's primary consumers, the
zooplankton (bottom). Plankton and
their remains sink out of the photic zone
and their nutrients return only slowly. A
permanent thermocline in the tropics
forms a barrier to nutrient return from
deeper waters and contributes to the low
productivity of tropical open oceans.

Coastal marshes, such as this one at
Cape Cod on USA's east coast are
highly productive ecosystems. Tidal
flushing brings in new nutrients, sweeps
out accumulated sulfides and metabolic
wastes, and replaces anoxic water with
oxygenated water. Algal and bacterial
populations turn over rapidly and
decomposition rates are high, so nutrient
cycling is very efficient.

Lakes have well defined boundaries and

their own internal systems of energy flow
and nutrient cycling. However, they are
strongly influenced by the nutrient inputs
from the surrounding land. This makes them
particular vulnerable to nutrient enrichment
(eutrophication) as a result of activities
such as agriculture and logging in the
surrounding area. These lakes often suffer
from extensive algal 'blooms' (above).

@ 6. Explain how differences in the physical conditions in marine environments contribute to the differences in the global
distribution of non-mineral resources (such as fish and shellfish):

7. Deepwater benthic communities are

particularly vulnerable to exploitation by a
fishing technique called deep sea trawling
(bottom trawling). Nets are dragged along

the seabed, or just above it, usually
targeting just one high value species.

Unwanted species are discarded. Much
deep sea trawling occurs on seamounts,
which support diverse deep water coral

communities. The images right show
trawled and untrawled seamounts at
1000 - 2000 m depth. Evidence from

surveys indicates that recovery of these

communities after trawling is poor. As
a class, discuss what it is about the

environment that makes recovery so poor.

Summarize your discussion on a separate RUREINLE

sheet and attach it to this page.
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Seamounts are undersea 'mountains', hundreds
to thousands of meters below the surface.

They are one of the most common marine
environments and widely exploited.
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Nutrient Cycles

Key Question: What processes drive the cycling Tropical rainforest (Amazon)
of matter in Earth's ecosystems? 23
Nutrient cycles move and transfer chemical
elements (e.g. carbon) within and between S -
ecosystems. The cycling of these elements is Nutrients in plants
called a nutrient cycle, or a biogeochemical angl agifig
cycle. The term biogeochemical means that
biological, geological, and chemical processes
are involved in the chemical transformations.
Each biogeochemical cycle has one or more
reservoirs, which are large, usually abiotic, stores
of the chemical element and smaller, more active
pools where the nutrient cycles between the biotic
(living) and abiotic components of an ecosystem
(see diagram below). Energy (ultimately from Rapid reeycling of
the Sun) drives the cycling of matter within and Adtrients 1o organisms
between systems. Matter is conserved throughout %‘”ng lowgtigerit SRy
all these transformations, although it may pass

from one ecosystem to another.

Temperate woodland (lllinois)

!

Slower return of nutrients
= allowing greater build up
of nutrients in the soil

Nutrients in soil

Dustin M. Ramsey

~-i\):i]trients in_soil

Processes in a generalized biogeochemical cycle

Chemical matter can Precipitation
be stored in different Atmosphere .
parts of the cycle for The gases surrounding Decomposition

Photosynthesis
Respiration

varying lengths of
time. For example,

a carbon atom will
stay in the ocean, on
average, more than
500 years.

he Earth

Evaporation

Interactions in

the biosphere are
important in the
recycling of materials.

Drinking

Feeding
Y S T : : Fluid loss .
Hydrosphere: i Biosphere:
Earth's water (e.g. oceans, ) All living organisms
lakes, rivers, marshes) : Volcanic

activity

Erosion A Geosphere: gL ) Decomposition
“| The Earth's crust including
' Ay
soil and rocks &

A range of geologic
processes (e.g. weathering,
erosion, water flow and
movement of continental
plates) contribute to the
cycling of chemical matter.

Deposition

1. What is a nutrient cycle?

@ 2. Why do you think it is important that matter is cycled through an ecosystem?
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@ 4

(I:Q The Carbon Cycle

Key Question: How does the cycling of carbon through the
abiotic and biotic components of ecosystems make carbon
continually available to organisms?

Carbon is an essential element of life and is incorporated
into the organic molecules that make up living organisms.
Large quantities of carbon are stored in sinks, which include
the atmosphere as carbon dioxide gas (CO,), the ocean
as carbonate and bicarbonate, and rocks such as coal and

-y

(119.6 Gt)

Carbon in plant
and animal tissues
(610 Gt)

Death and
excretion

Fossilization

Decomposers

limestone. Carbon cycles between the biotic and abiotic
environment. Carbon dioxide is converted by autotrophs
into carbohydrates via photosynthesis and returned to the
atmosphere as CO, through respiration (fluxes). These
fluxes can be measured. Some of the sinks and processes
involved in the carbon cycle, together with the carbon fluxes,
are shown below. Humans intervene in the carbon cycle
through activities such as combustion and deforestation.

Atmospheric
carbon dioxide
(750 Gt) Combustion
(8.0 Gt)
Release

(90 Gt)

Photosynthesis
(120 Gt)

Extraction of
oil and gas

Ocean
(40,000 Gt)

Fossilization

Sedimentation

(Gigatonnes carbon)

Sink

Oil and gas

Soil
(1580 Gt)
Coal

(and all fossil
fuels 4000 Gt)

. Add arrows and labels to the diagram above to show:

(a) Dissolving of limestone by acid rain
(b) Release of carbon from the marine food chain

(a) Name the processes that release carbon into the atmosphere:

Process

(c) Mining and burning of coal
(d) Burning of plant material.

(b) In what form is the carbon released?

(@)

Name the four geological reservoirs (sinks), in the diagram above, that can act as a source of carbon:

(©

(d)

(b)

(a) Identify the process carried out by algae at point A:

(b) Identify the process carried out by decomposers at B:

. What would be the effect on carbon cycling if there were no decomposers present in an ecosystem?
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Carbon may be locked up in biotic or abiotic
systems for long periods of time, e.g. in the
wood of trees or in fossil fuels such as coal or
oil. Human activity, e.g. extraction and large
scale combustion of fossil fuels, has disturbed
the balance of the carbon cycle.

Organisms break down organic material to
release carbon. Fungi and decomposing
bacteria break down dead plant matter in the
leaf litter of forests. Termites, with the aid of
symbiotic protozoans and bacteria in their
guts, digest the cellulose of woody tissue.

Coal is formed from the remains of terrestrial
plant material buried in shallow swamps and
subsequently compacted under sediments
to form a hard black material. Coal is
composed primarily of carbon and is a
widely used fuel source.

Oil and natural gas formed in the past when
dead algae and zooplankton settled to the
bottom of shallow seas and lakes. These
remains were buried and compressed under
layers of non-porous sediment.

6. Describe the biological origin of the following geological deposits:

@ 8.

(a) Coal:

Limestone is a type of sedimentary rock
composed mostly of calcium carbonate. It
forms when the shells of mollusks and other
marine organisms with calcium carbonate
(CaCO,) skeletons become fossilized.

Peat (partly decayed organic material) forms
when plant material is not fully decomposed
due to acidic or anaerobic conditions. Peaty
wetlands are an efficient carbon sink but are
lost through oxidation when land is drained.

(b) Qil:

(c) Limestone:

(d) Peat:

Using examples, compare and contrast the amount of time carbon spends in its various reservoirs:

Explain the role of living organisms in the carbon cycle:

Accumulated reserves of carbon such as peat, coal, and oil represent a sink or natural diversion from the cycle. In
natural circumstances, the carbon in these sinks eventually returns to the cycle through geological processes which
return deposits to the surface for oxidation. Explain the effect of human activity on the amount of carbon stored in sinks:
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Fluxes in the biotic environment affect the carbon cycle

The balance of photosynthesizing and respiring organisms can affect the amount of CO, in the atmosphere. If the biomass of
photosynthesizing organisms vastly outweighs that of respiring organisms, CO, will be removed from the atmosphere and the
carbon will be stored as biomass. Respiration returns carbon to the atmosphere.
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Photosynthesis and carbon

» Photosynthesis removes carbon from the atmosphere by fixing
the carbon in CO, into carbohydrate molecules (e.g. glucose).
Plants use the glucose to build structures such as wood.

» Respiration in living organisms returns some carbon to the
atmosphere. If the amount or rate of carbon fixation exceeds
that released in respiration then carbon will build up in the
biosphere and be depleted in the atmosphere.

o

A INVESTIGATION 1.1: Carbon cycling simulation

- Build up of CO,

Respiration

Biosphere

Respiration and carbon

» Cellular respiration breaks down glucose and releases
carbon into the atmosphere as carbon dioxide.

> If the rate of carbon release is greater than that fixed
by photosynthesis then carbon may accumulate in the
atmosphere over time. Deforestation and the burning of
fossil fuels have increased the amount of carbon in the
atmosphere and depleted what was stored in the biosphere.

See appendix for equipment list.

Plants move about 120 Gt of carbon from the atmosphere to the biosphere a year. Respiration accounts for
about 60 Gt of carbon a year. In this computer-based investigation, you will reproduce a simulation carried
out to study the effect of varying the rates of respiration and photosynthesis on carbon deposition in the
biosphere or atmosphere. To keep the simulation simple, only the effects fo the atmosphere and biosphere
were considered. Effects such as ocean deposition and deforestation were not studied. This simulation is also
available on BIOZONE's Resource Hub. The results are shown below for each of three simulations.

SIMULATION 1 SIMULATION 2 SIMULATION 3

O®

Rate of photosynthesis
increases by 1 Gt per year

Rate of cellular respiration
increases by 1 Gt per year

Rate of photosynthesis equals
rate of cellular respiration

Gt carbon in Gt carbon in Gt carbon in Gt carbon in Gt carbon in Gt carbon in

Years biosphere atmosphere biosphere atmosphere biosphere atmosphere
0 610 600 610 600 610 600
20 608 600 632 580 590 619
40 608 600 651 558 570 641
60 609 598 671 538 548 664
80 612 598 691 518 528 686
100 610 596 710 498 509 703

1. Set up a spreadsheet in Microsoft Excel®, or similar program. Enter the data for the three simulations in
columns as above. Select the data range including an appropriate header for each column of data.

2. From the menu choose < Insert < Chart XY scatter < Scatter with straight lines and markers. Right click on
the graph and choose 'Select Data". You will have to choose Switch Row/Column. Click OK.

3. Right click on your plot fo format your graph to add a graph title, axis titles, and a legend (key).

@ 10. In your group, study the results of your simulation and discuss the effect of:
(a) Increasing the rate of photosynthesis on atmospheric and biospheric carbon
(b) Increasing the rate of cellular respiration on atmospheric and biospheric carbon.

(c) Identify human activities with the same effects as increased respiration.
Summarize your discussion and any notes on a separate sheet and attach it to this page.
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@ 1.

The Nitrogen Cycle

Key Question: What processes are involved in the cycling of
nitrogen between the atmosphere and the biosphere?

Nitrogen is an essential element in living things. It is a
component of photosynthetic pigments in plants, and part of
proteins and nucleic acids in all organisms. Plants obtain their
nitrogen from the soil or via symbioses, whereas consumers
obtain their nitrogen from other organisms (e.g. by eating or via
symbioses). The Earth’s atmosphere is about 80% nitrogen
gas (N,), but molecular nitrogen is so stable that it is directly
available only to those few organisms (all of them bacteria)
that can fix it (capture and combine it into another molecule).

Bacteria play a crucial role in nitrogen cycling, transferring
nitrogen between the biotic and abiotic environments through
nitrogen fixation and other nitrogen transformations. Humans
intervene in the nitrogen cycle by manufacture and application
of nitrogen fertilizers. Manufacture of nitrogen fertilizer is an
energy-intensive artificial nitrogen fixation process in which
atmospheric nitrogen and hydrogen are combined under high
temperature and pressure. This process (the Haber process)
was responsible for the growth in intensive agriculture and
is one of the largest contributors to a buildup of reactive
nitrogen in the biosphere.

B Atmospheric nitrogen (N, gas)

==
i
Nitrogen-fixing
bacteria

Dead organisms

Lightning
Atmospheric .
nitrogen fixation b
oxidation of N,

<

Denitrifying
bacteria
(anaerobic)

Nitrogen fixing |
cyanobacteria

Azotobacter
Rhizobium

Decomposers

Nitrifying
bacteria
\ Nitrosomonas Nitrification -
SPp. :

Nitrate
available to
plants

Nitrifying
bacteria
Nitrobacter /. - 5 T
N\ _SpP

Use the diagram above to describe five instances in the nitrogen cycle where bacterial action is important. Include the

name of each of the processes and the changes to the form of nitrogen involved:

(a)

(b)

(c)

(d)

(e)
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. Why might farmers plow a crop of legumes into the ground rather than harvest it?

Bacterial nitrogen fixation

Nitrogen fixation is a process by which molecular
nitrogen is converted to ammonia, nitrites, or nitrates,
which can be absorbed by plants and converted to
protein and nucleic acids. Biological nitrogen fixation

is carried out by various species of bacteria (including
cyanobacteria), free living in the soil or water, or in
symbioses with plants, protists, or lichen-forming fungi.

Nitrogen fixing symbioses in higher plants

» Root nodules are a root symbiosis between a
higher plant and a bacterium. The bacteria fix
atmospheric nitrogen and are extremely important  Above: Two examples of legume nodules caused by Rhizobium. Root
to the nutrition of many plants, including the nodules on the roots of vetch (left) and soybean (right).
economically important legume family. Root T .'&\‘ ¥ k )

- " A ra b

nodules are extensions of the root tissue caused
by entry of a bacterium. In legumes, this bacterium
is Rhizobium. Other bacterial genera are involved
in the root nodule symbioses in non-legumes.

» The bacteria in these symbioses live in the
nodule where they fix atmospheric nitrogen and
provide the plant with most, or all, of its nitrogen
requirements. In return, they have access to a rich
supply of carbohydrate. The fixation of atmospheric
nitrogen to ammonia occurs within the nodule,
using the enzyme nitrogenase. Nitrogenase is
inhibited by oxygen and the nodule provides a low
O, environment in which fixation can occur. Above left: Nodules caused by the bacterium Frankia on roots of
common alder. Above right: Nitrogen fixing cyanobacterium showing the
heterocysts, which are specialized nitrogen fixing cells in the filament.

Describe three processes that fix atmospheric nitrogen:

(a)
(b)

(c)

What process releases nitrogen gas into the atmosphere?

What is the primary reservoir for nitrogen?

What form of nitrogen is most readily available to most plants?

Name one essential organic compound that plants need nitrogen for:

How do animals acquire the nitrogen they need?

Describe the ecological role of nitrogen-fixing symbioses in the nitrogen cycle. Use examples to illustrate your answer:
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Human activity and nitrogen cycling

Nitrogen is often a limiting nutrient for plant
and algal growth (as is phosphorus). A
limiting nutrient is the one that is in shortest
supply and therefore limits growth.

Application of nitrogen fertilizers at rates that
exceed the ability of plants to use it leads to
accumulation of nitrogen in the soil. This nitrogen
can then leach (move down through the soil)

into groundwater or run off into surface waters.

This extra nitrogen load is one of the causes
of increased enrichment (eutrophication) of
lakes and coastal waters so that algal blooms
or mats are often seen at the surface (right).
An increase in algal production also increases
decomposer activity, depleting oxygen and
leading to the death of fish and other aquatic
organisms (far right). Anoxic bottom waters
also cause the release of phosphorus from
sediments, making enrichment worse.

The rate at which nitrates are added has increased
faster than the rate at which nitrates are returned
to the atmosphere. This has led to the widespread
accumulation of nitrogen in the biosphere.

Global changes in nitrogen inputs and outputs between 1860 and 1995 in million tonne

N, = unreactive nitrogen @ N, = unreactive nitrogen @

N,O NO, N,O NO,

@@N_Hj@f@

Nitrates =
reactive nitrogen reactive nitrogen

Nitrates =
1860 1995

@ 10. (a) How does excess nitrogen enter waterways?

(b) Describe one important effect of nitrogen pollution:

11. Using the quantitative models of nitrogen fluxes (1860 and 1995) above, calculate the increase in nitrogen deposition in
the oceans from 1860 to 1995 and compare this to the increase in release of nitrogen from the oceans:

® ¢ 12.Work in groups of 3-5 to develop a strategy to reduce the impact of human activity on the nitrogen cycle. Support your
] group's strategy as a viable solution by providing an evidence-based argument that shows your understanding of the
processes involved in nitrogen cycling. Write your strategy and its defense on a separate sheet and attach it to this page.
Present your solution to the class and engage in a class debate of the various solutions proposed.
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Key Question: What are the major reservoirs of phosphorus
in ecosystems and how is it made available to organisms?

Phosphorus is an essential component of genetic and energy
systems of living organisms and an important limiting factor
to productivity in ecosystems. Phosphorus cycling has no
atmospheric component and return from the ocean to the land
is very slow. Its main reservoirs are in rock and sediments
and small losses from terrestrial systems by leaching are

Phosphates available to
plants (H,PO,-, HPO %)

The Phosphorus Cycle

Phosphorus in bacteria and

generally balanced by gains from weathering of rock. In both
aquatic and terrestrial ecosystems, phosphorus is cycled
through food webs. Sedimentation may lock phosphorus
away although it can become available again through long
term processes such as geological uplift. Some phosphorus
returns to the land as guano (phosphate-rich manure) but
this return is small relative to the phosphate transferred to the
oceans each year by natural processes and human activity.

Bacteria can immobilize inorganic
phosphorus but can also convert organic
to inorganic phosphorus by mineralization,
returning phosphates to the soil. Phosphorus
is lost from ecosystems through run-off,
precipitation, and sedimentation.

~

Guano
deposits

LeaCh,- Q

ng

Phosphates
in solution

//’Zation

in plant and animal tissues

Excretion
of phosphate

Dead
organisms

Decomposers
(soil microbes)

Uplift and weathering

1. Identify the main reservoirs of phosphorus:

Insoluble phosphate |
in bone deposits
and rock

Explain why phosphorus is often a limiting factor in the productivity of ecosystems:

(a)

Identify two instances in the phosphorus cycle where bacteria are important and describe the transformations involved:

(b)

©2020 BIOZONE International
ISBN: 978-1-98-856632-0
Photocopying prohibited




(WA The Hydrologic Cycle

Key Question: What processes move water between the
oceans and the land in the hydrologic cycle?

Powered by energy from the Sun, the hydrologic cycle,
collects, purifies, and distributes the Earth’s fixed supply of
water. The oceans are the Earth's largest reservoir of water
with much smaller reservoirs in the ice caps and groundwater.
Water constantly changes states between liquid, vapor, and
ice as it moves through the biotic and abiotic components
of ecosystems. Besides replenishing inland water supplies,
rainwater causes erosion and transports dissolved nutrients

within and among ecosystems. On a global scale, evaporation
(conversion of liquid water to gaseous vapor) exceeds
precipitation over the oceans. This results in a net movement
of water vapor (carried by winds) over the land. On land,
precipitation exceeds evaporation. Some of this precipitation
becomes locked up in snow and ice but most forms
surface and groundwater systems that flow back to the sea,
completing the major part of the cycle. Over the sea, most of
the water vapor is due to evaporation alone. However on land,
about 90% of the vapor results from transpiration.

- Transport overland: net mhzm of water vapor by wind

= -
Precipitation
ain, slee

oy o) VTR

Precipitation
to land

Rain
clouds

o ,: v “% Transpiration: I = —~
LY "?-av—- - - |water loss from :
‘&&b urface - _ plant surfaces -

unoff (rapid)
AR o

| Water locked up
in snow and ice

Infiltration:
movement of water
into soil

Percolation:
downward flow
of water

1. Identify the main reservoir for water on Earth:

Aquifers:
groundwater Ocean storage

storage areas 97% of total
] X ATA T AN water

2. Identify the main reservoirs for fresh water:

3. What is the ultimate source of energy for the processes involved in the hydrologic cycle?

(a) Evaporation:

Describe what is involved in each of the following processes and its role in the hydrologic cycle:

(b) Precipitation:

(c) Condensation:

(d) Transpiration:

5. Identify two ways in which water returns to the oceans from the land:

(@)

ERT-1
2.B

(b)
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Primary Productivity

Key Question: What is primary productivity, how does it differ
from primary production, and why is it important?

What do we mean when we say that an ecosystem has a
high (or low) productivity? The energy accumulated by plants
or other producers in an ecosystem (or measured area) is
called primary production. It is the first energy storage step
in an ecosystem. All of the sunlight energy that is fixed as
chemical energy is the gross primary production (GPP).
However, some of this energy is required by the producers

Reflected light
Energy not absorbed,
therefore not utilized,

by producers.

Respiration
Energy lost as heat
as a result of cellular
metabolism (R).

Producers use sunlight energy to make their food
from CO, and water. The amount of energy captured
by photosynthesis per unit area (or volume) per unit
time is the gross primary productivity (GPP).

Net Primary
Productivity (NPP)
The biomass (energy)
available to primary
consumers (herbivores).

Dead organic
matter
Dead plant material is
available to detritivores
and decomposers.

@ 1.

themselves for respiration. Subtracting respiration from GPP
gives the net primary production (NPP). This represents
the energy or biomass available to the primary consumers
in the ecosystem. Note that 'production’ refers to a quantity
of material. Productivity, which is more meaningful in
biological systems is a rate, usually expressed as grams or
kJ per m? (or per m3) per year. Having made that distinction,
you will often see the terms used interchangeably because
production values are usually given for a set time period.

Net productivity

Biomass (energy) available to next trophic level
per unit area per unit time. For herbivores, this
amount will be the net secondary productivity.

Wastes
Energy lost in metabolic
wastes as urine, feces,
and CO,.

Respiration
Energy lost as heat
as a result of cellular
metabolism (R).

Heterotrophs or consumers (e.g. animals) rely
on other living organisms or organic particulate
matter for their energy.

Food ingested = Energy gain
Consumers obtain their energy from various sources:
plant tissues (herbivores), animal tissues (carnivores),

plant and animal tissues (omnivores), dead organic
matter or detritus (detritivores and decomposers).

(a) Explain the difference between gross primary productivity (GPP) and net primary productivity (NPP):

(b) Write a simple word equation to show how NPP is derived from GPP:

(c) What factors do you think could influence the GPP of ecosystems?

(d) Why do you think it is important to distinguish between GPP and NPP when studying the productivity of ecosystems?
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Jan Kronsell CC3.0 SA

The productivity of ecosystems varies

» The energy entering ecosystems is fixed by producers at a rate that depends on limiting factors such as temperature and the
availability of light, water, and nutrients such as nitrogen and phosphorus. This means that the gross primary productivity of
ecosystems varies across the globe according to the local conditions.

> Producers convert the energy they capture into biomass. The biomass produced per area per unit time after respiratory needs are
met is the net primary production. This will be the amount of energy (as biomass) available to the next trophic level.

> Globally, the least productive terrestrial ecosystems are those that are limited by heat energy and water. The most productive
are those with high light and temperature, plenty of water, and non-limiting supplies of soil nitrogen. The primary productivity of
oceans is lower overall than that of terrestrial ecosystems because the water reflects (or absorbs) much of the light energy before
it reaches and is utilized by producers. Many regions of the open ocean are also low in nutrients.

Estuaries

Swamps and marshes
Tropical rainforest
Temperate forest
Boreal forest
Savanna

Agricultural land

Woodland and shrubland

Ecosystem type

Temperate grassland
Lakes and streams
Continental shelf
Tundra

Open ocean

Desert scrub

. . . Extreme desert
The swamps of Southern Louisiana The productivity of arid scrubland

are among the most productive ecosystems, like this in eastern | | | | | | | | | |
ecosystems in the United States. Ethiopia, is limited by lack of water. 5 10 15 20 25 30 35 40 45 50

Average net primary productivity (x 1000 kJ/m?3/yr)
2. Studying the ecosystem NPP graph above:

(a) Identify the three most productive ecosystems:

(b) What factors are likely to contribute to this high productivity?

(c) Why do deserts have low NPP?

(d) Why is primary productivity of the open ocean lower than that of most terrestrial ecosystems?

@ 3. Estuaries and wetlands (including coastal wetlands) are among the most productive on Earth. Recall the characteristics

of the aquatic biomes you looked at earlier and describe factors that contribute to the high productivity of these systems:
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Ocean light and Global ocean and terrestrial productivity (2008)
nutrient profiles
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Above: Terrestrial vegetation and ocean chlorophyll concentrations can be used to
estimate net productivity on land and in the oceans (this image shows a 2008 average).

300 m Chlorophyll is the pigment used to capture sunlight energy in photosynthesis so its
T concentration is a crude measure of the amount of algal photosynthesis occurring.
) 0 2 4 6 Left: Ocean productivity is limited by the availability of light and nutrients. Light declines
Nitrogen concentration (umol/kg) with depth and nutrients are supplied slowly from deep waters and rapidly consumed

by algae in the photic zone. Recall that only blue light penetrates below 100 m.

Profile data for subtropical waters collected by the Bermuda-Atlantic Time-series Station (July 2008)
and made available by the Bermuda Institute of Ocean Sciences and redrawn in part. Figure above NASA.

4. Study the map showing terrestrial and ocean productivity (2008):

(a) In general, where is ocean productivity the lowest?

(b) In general, where is ocean productivity the highest?

@ 5. (a) Are tropical open ocean waters generally more or less productive than temperate and polar waters?

(b) Use what you have learned about ocean stratification in activity 12 to explain why:

@ 6. Study the light and nutrient profiles above left and explain why maximum productivity occurs at around 90 m depth:

@ 7. (a) The graph (right) shows primary productivity in the oceans. Describe and Primary productivity (mgC/m¢/d)
explain the shape of the curves:

(b) About 90% of all marine life lives in the photic zone (the depth to which light £
penetrates). Suggest why this is so: £
a

100

150 -
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Tracking ocean productivity
> As we saw earlier, the color of the oceans (and lakes) on

Earth varies according to water depth and the presence of
particulates such as algae in the water column. In the oceans
and other aquatic environments, primary productivity can be
estimated by analyzing chlorophyll data using remote sensing.
Such data are also used to track algal blooms and even identify
the type of organisms responsible for the bloom based on the
color information.

Almost all photosynthesis in the oceans (99%) is carried out
by phytoplankton (algae but also photosynthetic bacteria).
Chemosynthesis is important in areas without light, such as
the deep sea vents, but this is a tiny fraction of total primary
production of the ocean. While the oceans are among the
least productive ecosystems on Earth (in terms of carbon
accumulated per unit volume per unit time), their sheer size
makes up for this so that marine photosynthesis is about the
same as terrestrial photosynthesis (~50 Gt C /yr). Ocean
photosynthesis therefore plays a crucial role in the carbon
and oxygen cycles, removing atmospheric carbon dioxide and
supplying a large portion of the Earth's oxygen.

Biomass does not accumulate in the ocean in the same way
as on land because algae are continually sinking out the photic
zone. This export of biomass contributes to the role of oceans
as a carbon sink, removing carbon from the atmosphere.

Image right: Blooms of algae (mostly coccolithophores) near
Alaska’s Pribilof Islands (Sept. 22 2014) appear as milky green
and light blue areas. Blooms increase in Spring, after winter ice
cover retreats and nutrients are abundant near the surface.

Staying in the light
> Productivity in the ocean is a delicate balance between

light and nutrients. Much phytoplankton biomass leaves
the water column, but the rates of this biomass export
are not uniform globally. In nutrient-poor tropical and
subtropical water, grazing on small phytoplankton

by microzooplankton is very efficient. Wastes are
decomposed rapidly within the water column and there
is very little net export. In nutrient-rich regions, larger
phytoplankton dominate and grow rapidly, so much more
accumulated biomass sinks out of the water column.

Phytoplankton diversity varies globally too. Diatoms are the
dominant producers in high latitude, coastal, and upwelling
environments, whereas cyanobacteria (which are bacteria

not algae) are important in nutrient-poor waters.

Some phytoplankton, notably some dinoflagellates,
combine photosynthesis with ingestion of prey. The
dinoflagellates are also important as symbionts with
corals. This symbiosis keeps the algae in the photic zone.

Algae are not uniformly distributed through the water
columns, but are adapted to different light intensities.
What's more, some species, notably cyanobacteria, have
various accessory pigments that absorb light of one color
and emit light of another color. These color changes make
more red light available for photosynthesis.

(a) Explain how photosynthesis in aquatic environments is affected by light penetration:

e
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Coccolithophores are common
bloom-forming algae, found in
large numbers in the sunlit zone.
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Diatoms have cell walls of
silica. They predominate in high
nutrient environments.

NASA

Luke Thompson (Chisholm Lab) & Nikki
Watson (Whitehead MIT) Public Domain

Cyanobacteria are part of the
picoplankton (0.2-2 pm) and
important in nutrient poor areas.

Picturepest cc 2.0

Dinoflagellates are important
in ocean ecology as symbionts
with corals and other animals.

(b) Explain some of the ways in which aquatic producers overcome limitations to photosynthesis:
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Key Question: How can we determine the gross and net
primary productivity of an ecosystem?

Estimating ecosystem productivity is very problematic
because It is technically difficult to measure the rates of
photosynthesis and respiration directly. In terrestrial systems,
plant biomass (dry weight) gives a good indication of the

Measuring productivity

Measuring gross primary productivity (GPP) can be difficult
due to the effect of on-going respiration, which uses up some
of the organic material produced (glucose) by photosynthesis.
One method for measuring GPP is to measure the difference
in production between plants kept in the dark and those in
the light. A simple method for measuring GPP in aquatic
systems, called the light and dark bottle method, is illustrated
below. Other methods include radiocarbon tracer methods
and chlorophyll concentration (see previous activity)

Photosynthesis
+ respiration

Respiration only

O, increase
(GPP — respiration)

O, decrease
(respiration)

Two bottles are lowered into the ocean or lake to a specified
depth, filled with water, and stoppered. One bottle is
transparent, the other is opaque. The oxygen concentration of
the water around the bottles is measured and the bottles are
left for a specified amount of time. The algae (phytoplankton)
in the transparent bottle will photosynthesize, increasing the
O, concentration, and respire, using some of that O,. The
algae in the opaque bottle will only respire.

The final measured difference in O, between the bottles gives
the amount of O, produced by the algae in the specified time
(including that used for respiration). The amount of O, used
allows us to determine the amount of glucose produced and
therefore the GPP of the algae.

Measuring Primary Productivity

difference between GPP and respiration. In aquatic systems,
productivity is often estimated indirectly from the quantities
of oxygen released or carbon dioxide used in production (the
light and dark bottle method). Although the method is useful,
it cannot account for the respiration by bacteria and so may
underestimate productivity.

Estimating production using Leaf Area Index

Leaf Area Index or LAl is a measure of the total leaf area
per unit ground area, for example, of a forest canopy or
crop. It is a dimensionless quantity (m2+ m?) that can

be assessed directly or indirectly. LAl is directly related
to the amount of light that can be intercepted by plants;
the higher the LAI, the more light can be intercepted by
the plants. LAl can therefore be used to predict primary
production, evapotranspiration, and as a tool to evaluate
crop growth. There is an inverse exponential relationship
between LAI and primary production. As LAl increases,
production increases exponentially, reaching a plateau
after which further increases in LAl have no production
benefit. This is largely due to the self shading that occurs in
dense canopies.

Direct assessments of
LAl are time consuming
as all the leaves in a
certain plot area must
be collected and their
areas calculated.

The ratio of canopy
area to sky in a forest |4
can be used to estimate
LAI but this method will
underestimate LAl in
dense canopies. LAl
ranges from O (bare
ground) to over 10
(dense conifer forests).

Images right:
Hemispherical images
of two temperate forest
canopies. Note the
differences in canopy
coverage. At some
point, increasing canopy
density does not provide
more production as
upper plant leaves begin
to shade leaves around
and below them.

1. An experiment was carried out to measure the gross primary production of a lake. The lake was initially measured to
have 8 mg O,/L. A clear flask and an opaque flask were lowered into the lake, filled and stoppered. When the flasks
were retrieved it was found the clear flask contained 10 mg O,/L while the opaque contained 5 mg O,/L.

(a) How much O, was used (respired) in the opaque flask?

(b) What is the net O, production in the clear flask?

(c) What is the gross O, production in the system?

2. (a) Which of the canopy images shown above right, (A or B), would have the highest LAI?

(b) Predict which will have the highest productivity and explain your answer:
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36
A INVESTIGATION 1.2: Determining primary productivity in grass  See appendix for equipment list.

‘0 In this investigation, you will calculate the gross primary productivity of grass plots using wet and dry mass.
h Your teacher will provide plots (flats) of pre-prepared watered grass per group, sized approximately 20x40 cm.
Divide your plot in half lengthwise, then into thirds to produce 6 plots. The two columns will be your replicates.

You will be provided with various light sources, fertilizer, and punches for aeration for your use so that you can
select the conditions under which your plots will grow.

1. Record the area of each of your 6 plots here (they should be the same). Replicate 1 Replicate 2

Starting Starting
plant mass | plant mass
(harvested | (harvested

at start) at start)

2. Measure grass length from soil to grass tips and trim with scissors if
necessary to produce a sward of even height.

3. Remove the grass plants entirely from one plot in each column (starting
plant mass). Brush gently to remove as much of the soil as possible from

the plants then weigh the wet plant mass from each plot and record on Foil Foil
the table below. covered. covered.
Grow Grow
4. Place the plant material from each plot on newspaper and place in a 1 week 1 week

drying oven at 65-70°C for 24-48 hours. You can use blotting paper and
a plant press if you don't have a drying oven. After drying, weigh the dry
mass of each plot and record on the table below. Uncovered. | Uncovered.
Grow Grow

5. Cover one plot from each column (replicate) with aluminum foil. Leave the 1 week 1 week

remaining two plots uncovered.

6. Allow the four remaining plots to continue fo grow for one week. It is
your group's decision as to the growth conditions you choose for your
grass (light regime, temperature, added nutrients, and aeration). Record these below:

7. After the one week of growth, describe the appearance of the grass in the uncovered plots in the space
below. Remove the grass plants as in step 3. Weigh the plant material from each plot and record your results
in the table below. Place the material from each plot on newspaper and place in the drying oven.

8. After the one week of growth, remove the foil from the covered plots. Describe the appearance of the grass
below and then remove the grass plants as in step 3.

9. Weigh the wet mass of the foil covered plant material from each plot and record your results in the table
below. Place the plant material from each plot on newspaper and place in the drying oven.

10. Allow all plant material from the covered and uncovered plots to dry completely as in step 4. Reweigh the
plant material for both the covered and uncovered plots and record the dry weights in the table below.

11. Calculate a mean for the two replicates in your three conditions (start, uncovered, covered).

Starting plant mass (time 0) Uncovered plots (+ 1 week) Covered plots (+ 1 week)

Wet mass (g) Dry mass (g) Wet mass (g) Dry mass () Wet mass (g) Dry mass (g)

#1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2

Mass (g)

Mean (g)
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Use the mean values (dry mass) you have recorded for your replicate plots to calculate the following. Be sure to include
correct units for your answers:

(a) Net primary productivity = Dry mass at time +1 week uncovered grass — Dry mass at time O:

(b) Respiration = Dry mass at time 0 — Dry mass at time +1 week covered grass:

(c) Gross primary productivity = Net primary productivity + respiration:

. Now make the same calculation using the mean values for wet mass. Include correct units for your answers:

(a) Net primary productivity = Wet mass at time +1 week uncovered grass — Wet mass at time 0:

(b) Respiration = Wet mass at time 0 — Wet mass at time +1 week covered grass:

(c) Gross primary productivity = Net primary productivity + respiration:

Explain why you harvested the two plots at the start of the experiment:

What advantage was there in using replicate plots for each condition (start, covered, uncovered)?

(a) What do the foil covered plots represent?

(b) You should have found that your covered plants lost mass. Why is this?

(c) How would an increase in respiration rate affect your results for net primary productivity?

(d) What factors might increase the respiration rate in your grass plots and how might you test this?

In your calculations, were the wet and dry mass results different? Which of the two calculations would provide you with a
more accurate rate for gross productivity and why?

Compare your results with those of other groups in the class. Were they different and what could explain these
differences? If you wish, create a column chart for the class results to compare gross primary productivity under the
different growth conditions that groups used. Staple the plot to this page.
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Key Question: What is a trophic level and how does energy
and matter move between trophic levels in ecosystems?

Within ecosystems, organisms are assigned to trophic levels
based on the way in which they obtain their energy. Producers
or autotrophs manufacture their own food from simple

Trophic levels in ecosystems

The organisms in any ecosystem must
obtain their energy (and a source of
carbon) from somewhere. For plants and
most other autotrophs (self-feeders), the
energy source is the Sun and they make
their own food by fixing carbon dioxide

into organic compounds via the process of
photosynthesis. Plants and other autotrophs
are therefore called producers. All other
organisms need to obtain their energy from
other organisms and are consumers.
These feeding relationships can be
considered in terms of trophic (feeding)
levels. Trophic levels can be represented

by numbers, with trophic level 1 being the
producer level. Subsequent trophic levels
are numbered according to how far the
organism is along the chain of feeding
connections. All organisms that obtain their
energy in the same number of steps belong
to the same trophic level.

Typically, there are four or five trophic levels
in an ecosystem. This is determined by the
energy lost at each transfer of energy.

Apex predator:
2 kcal/m?/yr

Tertiarm
consumers
20 kcal/m?/yr
4 Secondary 5
consumers

W 0 kcarmyr

2,000 kcal/m?/yr

A

»

Trophic Levels in Ecosystems

inorganic substances. Most producers utilize sunlight as their
energy source for this, but some use simple chemicals. The
consumers rely directly or indirectly on producers for their
energy. Ecosystems are not isolated from each other but
connected through energy flows and biogeochemical cycles.

7 3 . C PR {",' \
. : 0 '41. : 4 .. ’J

First trophic level = primary producer: Green plants and the algae in the lake
are primary producers, fixing atmospheric carbon dioxide into organic compounds
using the energy of the Sun. In some deep sea ecosystems, the primary
producers are chemosynthetic rather than photosynthetic organisms.

Second trophic level
The grasshopper eats
organisms at the first
trophic level so itis a
primary consumer

Third trophic level
The frog eats
organisms at the
second trophic level
so it is a secondary
consumer.

@

3

LA e
£ consumers ‘3
o

g S

Light energy

1. The schematic above represents trophic levels in a generalized
woodland ecosystem. The figures represent the energy stored as

biomass at each level.
(a) Label the tropic levels by adding numbers 1-5.

(b) Add arrows and labels to the diagram to represent the energy

lost as heat from each trophic level.

(c) Add arrows and labels to represent the relationship between

decomposers and trophic levels 1-5.

Fourth trophic level
The snake eats
organisms at the third
trophic level so it is a
tertiary consumer.

Fifth trophic level
The hawk eats
organisms at the fourth
trophic level so itis a
quaternary consumer
or apex predator.

Note that any of these
organisms may feed at
other trophic levels.
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Autotrophs (producers) Herbivores/Omnivores Carnivores
Fruits, nuts, >  Omnivorous x Owls
and seeds / birds Hawks

-a .
g Leaf eating
3 Insects
2
o Deer
£
N Leaves
‘51 DI ’,,‘\‘/!‘ h FOXGS
< 5
2
g- Sl Chipmunks
(7 ¢ Snakes
Skunks
Mice
AiDetritus %etritus " Detiitus
e}
[
3
T . g
o | Fungi and bacteria Earthworms Carnivorous
o —) —) —)
"_‘; (decomposers®) (detritivores™) invertebrates Qna_nders/ﬁhrews
3 e
=l *Decomposers digest detritus externally and absorb the nutrients.
Detritivores ingest (eat)detritus as well as decomposer biomass.

The energy transfers between living organisms are generally shown as a web
of connected feeding relationships. Each arrow indicates a feeding interaction
and points in the direction of the energy flow. At each of these interactions,
energy is lost as heat. Within a single ecosystem, two general types of food
webs interact. A grazing food web has photosynthetic organisms (e.g. plants)
at its base, ultimately supporting all consumers (herbivores, omnivores, and
carnivores). A detrital food web has a base of decomposers and detritivores
that feed on decaying organic matter (dead organisms). All ecosystems
require a way to recycle material from dead organisms, so most grazing food
webs have an associated detrital food web.

Image right: Shrews connect detrital and grazing food webs.

2. Do decomposer organisms belong to a trophic level? Which trophic level would you assign them to? Justify your answer:

@ 3. Use the diagram to explain how producers ultimately provide the energy to support grazing and detrital food webs:

@ 4. Explain the role of detrital food webs in increasing the amount of energy available to consumers:
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H Quantifying Energy Flow in an Ecosystem

Key Question: How much of the energy entering an
ecosystem passes from one trophic level to the next?

Energy cannot be created or destroyed. It can only be
transformed from one form (e.g. light energy) to another (e.g.
chemical energy in the bonds of molecules). This means that
the flow of energy through an ecosystem can be measured.
Each time energy is transferred from one trophic level to
the next (e.g. by eating), some energy is given out as heat
to the environment as a result of cellular respiration. Living
organisms cannot convert heat to other forms of energy, so

this heat is effectively lost from the system and the amount
of energy available to one trophic level is always less than
the amount at the previous level. Potentially, we can account
for the transfer of energy from its input (as solar radiation)
to its release as heat from organisms, because energy is
conserved. The percentage of energy transferred from one
trophic level to the next is the trophic efficiency. It varies
between 5% and 20% and measures the efficiency of energy
transfer. An average figure of 10% trophic efficiency is often
used. This is called the ten percent rule.

Energy flow through an ecosystem

NOTE

Numbers represent
kilojoules of energy per
square meter per year
(kJ/m2/yr)

Sunlight falling
on plant
surfaces

7,000,000

Light absorbed
by plants

1,700,000

Producers

87,400
50,450

Energy absorbed from the
previous trophic level

Energy Energy
lost <— Trophic level —> lost to
as heat . detritus
20

Energy passed to the
next trophic level

The energy available to each trophic level will always
equal the amount entering that trophic level, minus total
losses to that level (due to metabolic activity, death,
excretion etc). Energy lost as heat will be lost from the
ecosystem. Other losses become part of the detritus and
may be used by other organisms in the ecosystem.

22,950

{«,4/
7,800
e e <— Primary
L~ consumers
D & > 4,600
<~~~ 1600
- 2 4& Secondary ) <
e 2 consumers )
E 10,465 9
b £
(7] 90
. (7]
2 ~ © 19,300
< 3 .
g e consumers

A A
( (
Y )
\
(
\

19,200

Decomposers and detritiv@

1. Study the diagram above illustrating energy flow through a hypothetical ecosystem. Use the example at the top of the
page as a guide to calculate the missing values (a)—(d) in the diagram. Note that the sum of the energy inputs always
equals the sum of the energy outputs. Place your answers in the spaces provided on the diagram.

ENG-1
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@ s.

What is the original source of energy for this ecosystem?

Identify the processes occurring at the points labelled A — G on the diagram:

A E.
B. F

C. G.
D.

. (a) Calculate the percentage of light energy falling on the plants that is absorbed at point A:

Light absorbed by plants + sunlight falling on plant surfaces x 100 =

(b) What happens to the light energy that is not absorbed?

. (a) Calculate the percentage of light energy absorbed that is actually converted (fixed) into producer energy:

Producers + light absorbed by plants x 100 =

(b) How much light energy is absorbed but not fixed:

(c) Account for the difference between the amount of energy absorbed and the amount actually fixed by producers:

Of the total amount of energy fixed by producers in this ecosystem (at point A) calculate:

(a) The total amount that ended up as metabolic waste heat (in kJ):

(b) The percentage of the energy fixed that ended up as waste heat:

(a) State the groups for which detritus is an energy source:

(b) How could detritus be removed or added to an ecosystem?

Under certain conditions, decomposition rates can be very low or even zero, allowing detritus to accumulate:

(a) From your knowledge of biological processes, what conditions might slow decomposition rates?

(b) What are the consequences of this lack of decomposer activity to the energy flow?

(c) Add an additional arrow to the diagram on the previous page to illustrate your answer.

(d) Describe three examples of materials that have resulted from a lack of decomposer activity on detrital material:

. The ten percent rule states that the total energy content of a trophic level in an ecosystem is only about one-tenth (or

10%) that of the preceding level. For each of the trophic levels in the diagram on the preceding page, determine the
amount of energy passed on to the next trophic level as a percentage:

(a) Producer to primary consumer:

(b) Primary consumer to secondary consumer:

(c) Secondary consumer to tertiary consumer:

(d) Which of these transfers is the most efficient?
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Ecological Pyramids

Key Question: How are ecological pyramids used to represent
the trophic structure of ecosystems? How do we represent
the energy that flows through the decomposer level?

Ecological pyramids are graphical models showing the
quantitative differences between trophic levels in an
ecosystem. The trophic structure can be represented using

Tertiary consumer (C3)

i Secondary consumer (C2)

d% Primary consumer (C1)

e

energy, biomass, or numbers of organisms at each trophic
level. The first trophic level is placed at the bottom of the
pyramid and subsequent trophic levels are stacked on top
in their feeding sequence’. Ecological pyramids provide a
convenient quantitative model for the relationship between
different trophic levels in an ecosystem.

¢~ Decomposers and
detritivores (D)

v

» The generalized ecological pyramid pictured above shows a conventional pyramid shape (often called upright), with a large
number (or biomass) of producers forming the base for an increasingly smaller number (or biomass) of consumers.

» Decomposers are placed at the level of the primary consumers and off to the side. They may obtain energy from many different
trophic levels and so do not fit into the conventional pyramid structure.

» For any particular ecosystem at any one time (e.g. the forest ecosystem below), the shape of this typical pyramid can vary greatly
depending on whether the trophic relationships are expressed as numbers, biomass, or energy.

C3 Weasels
C2 Birds

C1 Insects
P Trees

Numbers in a forest community

Pyramids of numbers display the number
of organisms at each trophic level.
Pyramids of numbers can be a pyramid
shape or they can be inverted (above) if
a small number of large organisms (e.g.
trees) support the next trophic level.

Biomass in a forest community

Biomass pyramids measure the mass of
biological material at each trophic level.
Water content of organisms varies, so
‘dry mass’ is often used. Organism size is
taken into account, allowing meaningful
comparisons of different trophic levels.

¥ i ke

Energy in a forest community

Pyramids of energy are often similar

to biomass pyramids. The energy
content at each trophic level is generally
comparable to the biomass (i.e. similar
amounts of dry biomass tend to have
about the same energy content).

1. How do ecological pyramids provide a quantitative model of trophic structure in an ecosystem?

2. What is the advantage of using a biomass or energy pyramid rather than a pyramid of numbers to express the

relationship between different trophic levels?

@ 3. Explain why a pyramid of numbers can be inverted but a pyramid of energy can never be :

ENG-1
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C3 2

Cc2 120,000

C1 150,000

200

Pyramid of numbers: forest community

In a forest community, a few producers may support a
large number of consumers (large trees can support
many individual consumer organisms). The example
above shows the numbers at each trophic level for an
oak forest in England, in an area of 10 m2.

C3
Cc2 90,000
C1 200,000

P 1,500,000

Pyramid of numbers: grassland community

In a grassland community, a large number of (small) producers support
a much smaller number of consumers. Grass plants can support only
a few individual consumer organisms and take time to recover from
grazing pressure. The example above shows the numbers at each
trophic level for a derelict grassland area (10 m2) in Michigan, USA.

Pyramids for a plankton community

= 11 g/m?

1
¢ 37 g/m?

12 kJ
Decomposers

930 kJ
142 kJ

8690 kJ

Biomass Energy
» The two pyramids above relate to the same plankton community. The pyramids of biomass and energy are virtually identical.

» A large biomass of producers supports a smaller biomass of consumers. The energy at each trophic level is reduced with
each progressive stage in the food chain. As a general rule, a maximum of 10% of the energy is passed on to the next level
in the food chain. The remaining energy is lost due to respiration, waste, and heat.

@ 4. Determine the energy transfer between trophic levels in the plankton community example in the above diagram:

(a) Between producers and the primary consumers:

(b) Between the primary consumers and the secondary consumers:

(c) Why is the amount of energy transferred from the producer level to primary consumers considerably less than the
approximate 10% that commonly occurs in many other communities?

(d) After the producers, which trophic group has the greatest energy content?

(e) Give a likely explanation why this is the case:

An unusual biomass pyramid

The biomass pyramids of some ecosystems appear rather unusual with an Zooplankton and

inverted shape. The first trophic level has a lower biomass than the second bottom fauna 21 g/m?
level. What this pyramid does not show is the rate at which the producers

(algae) are reproducing in order to support the larger biomass of consumers. Algae 4 g/m?

5. Give a possible explanation of how a small biomass of producers (algae) i
can support a larger biomass of consumers (zooplankton): Biomass
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@ 1.

Food Chains

Key Question: What do food chains tell us about the feeding
relationships of organisms in an ecosystem?

As we have seen earlier, organisms in ecosystems interact by
way of their feeding (trophic) relationships. These interactions
can be shown most simply in a food chain, which illustrates
how energy, in the form of food, passes from one organism
(and one trophic level) to the next. Recall that only 5-20% of
the energy at one trophic level is transferred to the next (the
rest is lost as heat). For this reason, food chains usually have

N,

Herbivores
Trophic level: 2

Producers
Trophic level: 1

fewer than six links. An organism is assigned to a trophic
level based on its position in the food chain, but they may
occupy different trophic levels in different food chains or
during different stages of their life. Arrows link the organisms
in a food chain. Recall that the direction of the arrow shows
the flow of energy through the trophic levels. Most food
chains begin with a producer, which is eaten by a primary
consumer (herbivore). Higher level consumers (carnivores
and omnivores) eat other consumers.

Carnivores
Trophic level: 4

“ Carnivores
Trophic level: 3

Detritivores and decomposers “, }

The diagram above represents the basic elements of a food chain. In the questions below, you are asked to add to the
diagram the features that indicate the flow of energy through the community of organisms.

(a) State the original energy source for this food chain:

(b) Draw arrows on the diagram above to show how the energy flows through the organisms in the food chain.

(c) Label each of the arrows with the process that carries out this transfer of energy.

(d) Draw arrows on the diagram to show how the energy is lost as heat by way of respiration.

2. (a) What happens to the amount of energy available to each successive trophic level in a food chain?

(b) How does this limit the number of links in a food chain?

@ 3. Discuss the trophic structure of ecosystems, including reference to food chains and trophic levels:

4. What could you infer about the trophic level(s) of the kingfisher if it was found to eat both leaf insects and frogs?

ENG-1
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Food Webs

Key Question: What determines the complexity of food webs
and what is the effect of removing or adding a new species?
Although feeding relationships can be shown as food chains,
a more complex representation, or food web, more accurately
represents the complexity of feeling relationships in a
community. You encountered food webs in the earlier activity
on trophic levels. Here you will examine a food web in more

detail. Food webs recognize the different foods taken by
organisms and the different trophic levels at which they
feed. Species are assigned to trophic levels on the basis of
their nutrition, with producers ultimately supporting all other
(consumer) levels. Consumers are ranked according to the
trophic level they occupy, although some may feed at several
levels. A simplified food web for Lake Erie is shown below.

A simplified Great Lakes food web: Lake Erie (open water)

Piscivorous fish
Fish that eat fish.

L |

Benthos-feeding fish

Fish that feed on benthic
(bottom-dwelling) organisms.

Asian carp
(a general term for any of

1 1
J‘>Examp/es: walleye, | :
| bighead, silver, and black carp)
1 }
1 1
|
1

smallmouth bass,
rainbow trout. Bighead and silver carp are

planktivores. Black carp feed !

Examples: freshwater drum,

round goby, sturgeon. on mollusks.
PN PN & b e e e —
Benthos Omnivores Planktivores

The organisms in the bottom
sediments of a lake. Most are
scavengers or detritivores. _|>
Mussels are filter feeders.
Examples: mussels and
bloodworms

Fish species that eat both
plants and animals.

Fish species that feed on
plankton (zooplankton or
phytoplankton).

Examples: white perch, lake

whitefish, yellow perch. Examples: gizzard shad,

rainbow smelt, emerald shiner.

Zooplankton

Heterotrophic animal and
animal-like plankton.

Several species of invasive Asian carp
(above) have been introduced into
American lakes. Some species can grow
up to 45 kg, consuming large volumes of
plankton and benthos and competing with
native species. Models estimate they could
account for 30% of total fish weight if they
became established in Lake Erie. Their
potential interaction in the Lake Erie food
web is indicated with dashed lines.

Phytoplankton

Autotrophic single-celled

lankton. .
P Examples: protozoa, rotifers,

and small crustaceans

Examples: algae and other such as copepods and Daphnia

protists, cyanobacteria.

Food web based on data from NOAA GERL: http:/www.regions.noaa.g i .php/highli ian-carp-may lak ie-fish-to-decline/

@ 1.

Classify the organisms in the Lake Erie food web according to their trophic level:

(a) Producers (trophic level 1):

(b) Primary consumers (trophic level 2):

(c) Secondary consumers (trophic level 3):

(d) Tertiary consumers (trophic level 4):

(e) What trophic levels would Asian carp occupy in this food web?

(a) What organisms do Asian carp feed on?

(b) What type of organisms would Asian carp potentially be a food source for?

@ 3. Construct a food chain to represent the inclusion of Asian carp into Lake Erie:
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@ 4. (a) What connection from Asian carp to a food source is not indicated on the food web diagram on the previous page:

(b) Given your answer in (a), how could invasion by Asian carp affect efforts to restore populations of sturgeon, which
were once an important fishery but are now near extinction?

@ 5. Predict the potential effects on the food web of Lake Erie if Asian carp were to become established:

@ 6. The diagram below shows a simplified grassland food web. Decide whether the following statements are true or false:

i 5 Goshawk

Sparrow

(a) The diagram shows two trophic levels:

(b) All the animals are consumers:

(c) The snake and the goshawk are at the same trophic level:

(d) The snake and the sparrow are at the same trophic level :

(e) The owl is both a secondary and a tertiary consumer:

@ 7. Predict a likely effect on this food web if owls were to become very rare in this ecosystem. Do you think the feeding
relationships would stabilize? Explain your answer:
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Personal Progress Check

Answer the multiple choice questions that follow by circling the correct answer. Don't forget to read the question carefully!

1.

h=]
=

u—

(0]
Qo

=]
=z

A naturally occurring unit of organisms and their
physical environment is called:

(a) A biotic environment

(b) A population

(c) A community

(d) An ecosystem

Which statement is true of a mutualistic relationship:

(a) One species benefits and one is unharmed
(b) One species benefits and one is harmed
(c) Both species benefit

(d) Both species are harmed

Direct competition for a finite resource is called:
(a) Contest competition

(b) Interspecific competition

(c) Scramble competition

(d) Territoriality

80

1
Y
o

70 Aphid population

e Ladybug population 18

50

30 14
20 |

N
o
T

Number of giant ladybugs

10F

Olecaasasasasass

Sampling week

The graph above plots changes in numbers of a woolly
aphid population and a ladybug population.

The relationship between these species is:

(a) The two species compete for a shared resource
(b) Ladybugs are predators of aphids

(c) Aphids are predators of ladybugs

(d) Aphids depend on ladybugs for their survival

In an ecological interaction, commensalism can be
represented as:

(@ + -

(b) - -
() +0
(d + +

. Which of the following processes returns nitrogen to

the atmosphere:

(a) Nitrogen fixation by Rhizobia
(b) Ammonification

(c) Denitrification

(d) Nitrification
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10.

11.

12.

Atmospheric circulation moves heat:

(a) From the poles to the equator

(b) Across mid latitudes

(c) From the equator to the poles

(d) From the Northern to the Southern Hemisphere

The four general climate-defined regions in each
hemisphere are:

(a) Polar, temperate, desert, tropical

(b) Polar, cool temperate, warm temperate, equatorial
(c) Cool temperate, warm temperate, tropical, desert
(d) Polar, temperate, tropical, subtropical

Which of the following terrestrial biomes is found in
equatorial latitudes with plentiful rainfall:

(a) Taiga

(b) Savanna

(c) Tropical rainforest

(d) Temperate rainforest

—_
o

Number of redshanks per hectare
(6]

o
4

A A I !
0 1000 2000 3000
Amphipods per m2 of sediment

[
4000

-

The graph above plots the number of redshanks (a

wading bird) against its amphipod prey. The curve has

been fitted to data (blue triangles). Which statement

describes the behavior of this predator:

(a) Redshanks feed faster at high prey densities

(b) Redshanks don't feed at prey densities >3000/m?2

(c) Redshanks are more dispersed in the environment
when prey density is high

(d) Redshanks aggregate to exploit patches of higher
prey density

Which of the following is an example of a symbiosis:

(a) A predator-prey interaction

(b) A parasite-host relationship

(c) A plant-herbivore interaction

(d) Intraspecific resource competition

Resource partitioning is an adaptive response to:
(a) Interspecific competition

) Intraspecific competition

(c) Prolonged periods of low food availability

) Lack of producer biomass



13. The majority of marine life occurs:

(a) In the open ocean
b) In the neritic zone
¢) In the benthic zone
d) In the coral reefs

(
(
(

14. Which of the following statements is not correct:

(a) Pyramids of numbers can never be inverted.
(b) Pyramids of energy can never be inverted.

(c) Pyramids of energy and biomass are often a
similar shape.

(d) One producer organism can sometimes support a
much greater number of consumers.

15. Which of the following statements about the open
ocean biome is not correct:

(a) The thermocline acts as a barrier to the mixing of
deeper and surface waters.

(b) Polar oceans have a poorly developed
thermocline.

(c) In polar regions, surface waters often have lower
salinity than deeper waters.

(d) In tropical regions, surface waters often have
lower salinity than deeper waters.

16. When total photosynthesis exceeds total respiration:

(a) Carbon will increase in the atmosphere
b) Carbon will increase in the biosphere
) Average global temperatures will increase

c
d) The carbon in the atmosphere and biosphere will
not change

(
(
(

17. Net primary productivity:
(a) Determines the amount of energy available to
primary consumers.
(b) Is influenced by availability of water and nutrients.

(c) Expresses a rate of biomass production per unit
area or volume.

(d) All of the above.

18. The different color of the two oceans above is primarily
due to:
(a) Differences in the depth of the water

b) Differences in the color of the seabed

c) Differences in particulate matter in the water

d) Differences in wave action

(
(
(

19. Phosphorus cycling is slow because:
(a) Only a small number of animals make phosphate
rich manure (guano).

(b) There is no atmospheric component and
phosphorus is returned to the land from the ocean
via geological processes.

(c) Phosphorus is immobilized for long periods in
plant and animal tissues.

(d) Humans remove too much phosphorus for
agriculture.

20. In which of the following regions would you expect to
find photosynthetic organisms?

(a) The aphotic zone, the neritic zone, the oceanic
zone, and the benthic zone

(b) The pelagic zone, the aphotic zone, the neritic
zone, and the oceanic zone

(c) The photic zone, the deep trenches, the neritic
zone, and the oceanic zone

(d) The photic zone, the intertidal zone, the neritic
zone, and the oceanic zone

21. Which of the following statements about light in aquatic
ecosystems is not correct?

(a) Light intensity falls off exponentially with depth and
red light is absorbed first.

(b) The 1% light level marks the point below which
there is not enough light for photosynthesis.

(c) Light intensity falls off exponentially with depth and
red light passes furthest through the water column.

(d) The depth of the 1% light level is important in
determining the color of the water.

Questions 22-24 refer to the food web below:
G
\
A4
E D/
X T AN
C B
AN
A

22. What flow correctly indicates the flow of energy?
(a) DGF
(b) ACE
(c) ACD
(d) BDC

23. Which two organisms are competing for food?

(@) band E
(b) Aand D
(¢) BandD
(d AandC

24.Organism B is:

(a) A producer

(b) A carnivore

(c) A primary consumer
(d) A secondary consumer
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25. The nutrient enrichment of inland and coastal waters is called eutrophication and it is increasingly a problem for water
quality in environments that are modified by human activity. In the space below, analyze the problem of eutrophication
and then propose a solution (or part solution) that will address the causes of eutrophication and mitigate its effects. You
may wish to choose a specific example as a case study. Use the points identified in the table below to help you:

The problem Your solution

Consider the proximate (immediate) and ultimate causes Is it a permanent or temporary solution?

Explain the physical and biological effects of the enrichment How much will it cost and over what time scale?

Explain the social and economic consequences of the enrichment | How will you measure its success as a solution?

(i) Analysis of the problem. You may attach photos if you wish. If you have used a specific case study include its details
also. You may use more paper if you need to and attach it here:

(i) Your solution. You may draw diagrams to illustrate your answer. Use more paper if you need to and attach it here:

©2020 BIOZONE International
ISBN: 978-1-98-856632-0
Photocopying prohibited



Learning

Objectives

2. The Living World: Biodiversity
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Introduction to biodiversity ......... activities 26 -29

. Describe the components of biodiversity and the

importance of each component. Use an example to
explain the importance of biodiversity to life on Earth.

. What is meant by ecosystem stability? Describe the

difference between resilience and resistance and explain
the role of each of these in determining how ecosystems
respond to disturbance. Describe the relationship between
ecosystem biodiversity and stability and explain the
mechanisms by which this relationship is thought to operate.

. Describe the effect of habitat loss on the diversity

of ecosystems. Describe the differing responses of
species to habitat loss (e.g. territorial species, interior
specialists, generalists). Describe factors that make some
species more vulnerable to habitat loss than others.

. Describe ways in which biodiversity is quantified. Explain

why it is important to recognize both species richness and
species evenness in measures of biodiversity. Analyze
data to evaluate the diversity of different communities.

Ecosystem services .........cccoeevevennnnnn. activity 30

Describe the four types of ecosystem services and
provide examples of each. Describe the role of ecosystem
services in supporting the human population and explain
the connection between the diversity of ecosystems

and their ability to continue to provide services.

. Using an example, describe how human-induced changes

to the environment can disrupt ecosystem services. Explain
the economic and ecological impacts of these disruptions.

Island biogeography

Describe the principles of island biogeography.
Describe the types of organisms that most easily
colonize islands and explain the factors that affect
both colonization rate and final island biodiversity.

........................ activity 31

. Describe the role of island biogeography in the evolution of

specialist species from a generalized mainland colonizer.

Explain why the specialized nature of island biota increases
its vulnerability to human impacts, including climate change,
introduction of invasive species, deforestation, and pollution.

Ecological tolerance

Describe ecological tolerance and its application in
environmental science. Understand that ecological tolerance
can apply to individuals and to species and that tolerance
can change seasonally or over an organism's lifetime.
Explain how an understanding of tolerance range can help
to explain the occurrence and distribution of species.

........................ activity 32

Developing understanding

2.5
O 10.

2.6
O 1s.

2.7
0 s,

Content. This unit explores the nature of biodiversity and its role in sustaining life on Earth. How
do we quantify biodiversity and why are some species more important to maintaining diversity in
ecosystems than others? The scale and impact of natural and human-induced disturbances to
ecosystems is explored through case studies. This includes the role of succession in disturbed
communities. Disturbance in ecosystems, whatever its causes, is common. The short and long
term responses of organisms to disturbance forms the focus of the latter part of the unit.

Skills: This unit emphasizes skills in describing and explaining environmental concepts and
processes in relation to biodiversity. Much of the material draws on case studies, so being able
to describe and explain trends and patterns in data are important skills to practice. You will use
these skills again in later chapters.

Natural ecosystem disruption ...... activities 33 - 34

Describe the types of natural disruption that affect
ecosystems and identify them as periodic, episodic, or
random. Earth system processes operate on a range
of scales. Explain how scale, both in time (temporal)
and in space (spatial), affects the impact of disruption
and the ability of organisms to adapt to the changes.

. Interpret data to describe how Earth's climate has changed

over geological time and explain the different reasons for
these changes. Describe the relationship between cycles
of glacial expansion and retreat, and changes in sea level.

. Describe the changes to habitats that can occur as a

result of periodic or episodic environmental change.
Interpret data to describe how organisms can respond to
these changes by migration (seasonally or permanently).
Predict how environmental changes occurring under
projected climate change scenarios might affect the
distribution and abundance of migratory species.

Adaptations ... activity 35

Describe what is meant by adaptation. Explain the
role of the environment in selecting phenotypes
that are most suited to the prevailing environment.
Interpret data to show how species adapt to their
environments over different time scales.

. Describe why environmental change, particularly

when it occurs rapidly, can threaten species survival.
Which species are most vulnerable and why?

Ecological succession ............... activities 36 - 39

Describe ecological succession, distinguishing between
primary and secondary successions, their causes,

and the time scale over which they occur. Interpret
data relating to a case of primary succession to

explain patterns of colonization and extinction.

. Describe the effect of ecological succession on the diversity

and structural complexity of ecosystems. Explain the role
of pioneers and later seral species in succession. Describe
situations where the progress of a succession can be
suspended and the community returned to an earlier state.

. Describe the role of keystone species in ecosystem

structure and function. Interpret observational and
experimental data to provide evidence for your explanations
of the role of keystone species in ecosystem diversity.

. Explain how indicator species are used in aquatic and

terrestrial environments to evaluate environmental
conditions, identify environmental deterioration, or monitor
ecosystem recovery.



@ 1. Describe the components of biodiversity, including the importance of each:

a What is Biodiversity?

Key Question: What are the components of biodiversity and
what is the role of biodiversity in sustaining life of Earth?

Biodiversity refers to the biological diversity present on Earth.
It has several components (below), each of them equally
important. Ecological theory suggests that all species in an
ecosystem contribute in some way to ecosystem function.

| ol

Genetic diversity is the total number

of genetic characteristics in a species.
Genetic diversity is an important
consideration in studies of biodiversity
because species with high genetic
diversity (low inbreeding) are generally
less susceptible to disease and extinction.
Example: Coyotes have a high level of
genetic diversity due to their abundance,
wide distribution across North America,
and hybridizations with gray wolves.

Sea otters resting in Prince William Sound, Alaska. 40% of this
population died as a result of the Exxon Valdez oil spill in 1989.

1 Garrott, R.A. et. al. (1993) Mortality of sea otters in Prince William Sound following the Exxon Valdex oil spill.
Marine Mammal Science, 9(4). 2 Larson S.et. al. (2012) Genetic diversity and population parameters of sea otters,
Enhydra lutris, before fur trade extirpation from 1741-1911. PLoS ONE 7(3).

Species diversity is the number of
different species (species richness) that
are represented in a given community
and their relative abundance (species
evenness). High species diversity is
associated with stable ecosystems and a
large number of biotic interactions.
Example: The Raja Ampat Islands in
Indonesia are considered the center of
marine biodiversity. The region is home to
75% of all known species of hard corals.

Therefore, species loss past a certain point is likely to have a
detrimental effect on the functioning of the ecosystem and on
its ability to resist change over time (its stability). Although
many species still await discovery, we do know that the rate
of species extinction is increasing. This loss of biodiversity
has serious implications for the stability of many ecosystems.

The components of biodiversity

Habitat diversity describes the number of
different habitats provided by a particular
region. Habitat diversity is often described
as heterogeneity and is associated with
species diversity. More heterogeneous
environments can support a larger number
of species with different habitat needs.
Example: The tropical climate of the Raja
Ampat Islands provides an enormous
range of marine and terrestrial habitats. It
is also relatively undisturbed by humans.

The importance of genetic diversity

Sea otters are one of the smallest marine mammals, but superbly
adapted to their marine life, where they feed on urchins and have
an important role as a keystone species in coastal communities.
The species, which was once numerous, was hunted almost to
extinction for its fur. Most populations have recovered following

a ban on hunting, conservation efforts, and relocations, and the
species now occupies about two thirds of its former range.

Despite the apparent success of the population recovery, sea otters
remain endangered. A primary reason for this is lack of genetic
diversity. All existing populations have suffered at least one historic
population bottleneck (severe reduction in genetic diversity) as

a result of local extinctions during the fur trade period. A genetic
study? comparing pre-fur trade and current populations found that
modern populations have lost half the genetic diversity they once
had. The California population is particularly impoverished as it
descends from a single colony of only ~50 animals. This population,
which was recovering, began to decline in the late 1990s and
susceptibility to disease (particularly toxoplasmosis) appears to

be the main factor in this. Sea otters still face significant threats,
particularly from oil pollution, poaching, and conflicts with fisheries.
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52

VANISHING INSECTS: Why does biodiversity matter?

> Although they must often seem abundant to us, insect
populations globally are in trouble. More than 40% of insect
species are declining and a third are endangered. Just
as concerning as this loss of diversity is the loss of insect
biomass, which is falling by an estimated 2.5% a year.

> The cascading effect of insect loss
threatens food chains globally. The
causes are many and cumulative
and include climate change, use of &
pesticides, and habitat loss. %

A pair of blue tits may collect 100
insects a day to feed one chick

The winter moth caterpillar is an

invasive species in the US but

provides abundant food for birds.
> K

The larvae of gaFeen
BTN _:lacewings feed on aphids and
wother soft bodied insect pests.:

FIVE CRUCIAL INSECT ROLES 1: PROVIDERS 2: PEST CONTROLLERS

Insects have a central role in the
ecosystem services humans rely on for
survival. The decline in the numbers
and diversity of insects has serious
consequences for a sustainable future.

What may happen without insects: >

@ 2. (a) Describe the primary cause of the current lack of genetic diversity in modern sea otter populations:

Insects are part of almost all food chains
as prey for a wide range of other animals,
including birds, bats, amphibians, and fish.
Recent declines in many bird populations
have been linked to scarcity of insect prey.

Species at higher trophic levels may
decline in numbers and diversity.

Predatory insects play a critical role in
controlling the pest insects that threaten
crops. They help to reduce pest control
costs and increase yields, saving billions
of dollars every year.

Pests may increase, damaging crops and
forests, and pesticide use may increase.

(b) Describe the likely reason for the low genetic diversity in the California population:

(c) How might this be related to more recent declines in the California population?
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Insect declines: how they're tracking

27 4 36

63

42 57

61

12

37 85

Dragonflies & damselflies

[ % of species decreasing
[ ] % of species stable

I % of species increasing

Dung beetle
in 23 months compared to
would take without them.

]

3: DECOMPOSERS

Insects that feed on wastes and dead
material, such as dung, carrion, and dead
plants, have an important role in nutrient
cycles. Their activities release nutrients
that would otherwise remain locked up for
a considerable time.

Waste material would be recycled more
slowly, hindering nutrient cycling.

Butterflies and moths

Bees, wasps, & ants

Species in the five major insect or

Beetles Grasshoppers & crickets

ders (above) have all declined in recent

decades. Of the 2200 species tracked by the IUCN almost half are declining.
These 2200 species represent just a tiny proportion of total insect
biodiversity. Even with today's technological advancement, only 20% of
insects species are even identified. We will not even know if they are lost.

Bumblebees are important
pollinators of both crops and
wildflowers. A single bee can visit
several thousand flowers a day.

4: POLLINATORS

Around 75% of crops benefit from insect
pollination even if they do not completely
depend on it. As the production of
pollinator dependent crops increases,

so too does our dependence on insect
pollinators, which are declining.

Crops may reproduce poorly and
some key food sources may be lost.

One termite colony
can excavate 0.2
tonnes of soil per year.

5: SOIL ENGINEERS

Termites and ants are an essential part of
arid ecosystems. Their activities aerate hard
ground, adding nutrients, improving soil
structure, and allowing water to penetrate.
They have even been used to rehabilitate
regions affected by desertification.

Soils in arid regions may become barren,
leading to crop failure and desertification.

3. Using insects as an example, explain the importance of biodiversity to ecosystem function and to human wellbeing:
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Key Question: What factors contribute to ecosystem stability
and how are diversity and ecosystem stability related?

Ecosystem stability has long been a central principle in ecology.
Ecosystems maintain a state of equilibrium and high diversity
without continual change in species composition, although
they may change over geological time. After a disturbance,
the community recovers, species reoccupy their positions,

Ecosystem stability (community equilibrium) can be viewed
from two perspectives: resistance, the ability to resist
disturbance and remain unchanged, and resilience, the
ability to recover from external disturbances.

Communities most resistant to change typically have a large
biotic structure (such as trees) with nutrients and energy
stored in standing biomass. Forest communities tend to be
relatively resistant, withstanding local disturbances such as
temperature changes, insect outbreaks, and drought.
However they have low resilience and are slow to recover
from major disturbances such as logging or widespread fire.

Aquatic ecosystems, which lack large biomass stores

PY @ The Stability of Ecosystems

and the equilibrium is restored. This state of ecosystem
stability is closely linked to biodiversity. More diverse systems
generally show greater stability over time although they may
not recover quickly from disturbance. The loss of species
and repeated large scale disturbances in a relatively short
time period compromise the stability of ecosystems and can
permanently change their characteristics.

are easily disturbed (low resistance) but tend to be highly
resilient. The systems can be disturbed, e.g by pollutants
or flooding, but will return to an equilibrium after the
disturbance is removed.

Amazon rainforest (aerial)

Tropical rainforests, such as the Amazon, are amongst the highest
diversity systems on Earth. These ecosystems are generally resistant
to disturbance, but have little ability to recover once degraded.

Lubasi cc 2.0

@®

@ 2. (a) Describe the relationship between ecosystem stability and biodiversity:

Biodiversity and stability are connected and higher diversity
systems are generally more stable. There are a number of
mechanisms proposed for this relationship. In a hypothetical
system (right), variation in community biomass over time

is reduced relative to the variation in individual species,
creating an overall community stability. The more species are
contributing, the more the overall variations are reduced.

The biodiversity of ecosystems at low latitudes is generally
higher than that at high latitudes, where climates are
harsher, niches are broader, and systems may be dependent
on a small number of key species.

1. (a) What is meant by ecosystem stability?

Biomass

.......... More stable
e ", community biomass

Time

(b) Describe the components of ecosystem stability and why each of these components is important:

(b) Describe possible reasons for this relationship. Use the graph above as evidence for your statement:
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Ecosystems are dynamic, constantly fluctuating between particular conditions. Most ecosystems, such as the spruce-fir forests of
northern North America are resilient to relatively large scale and moderately frequent disturbances. However, major disturbances,
such as large scale fires, climate changes, and volcanic eruptions can change the characteristics of the ecosystem.

Why are some systems stable and others are not?

Dolly Sods: an ecosystem forever changed

»

Dolly Sods is a rocky high plateau area in the Allegheny Mountains

of eastern West Virginia, USA. Originally the area was covered with
spruce, hemlock, and black cherry. During the 1880s, logging began in
the area and virtually all of the commercially viable trees were cut down.
The logging caused the underlying humus and peat to dry out.

Sparks from locomotives and campfires frequently set fire to this dry
peat, producing fires that destroyed almost all the remaining forest. In
some areas, the fires were so intense that they burnt everything right
down to the bedrock, destroying seed banks. One fire during the 1930s
destroyed over 100 km? of forest. The forests have never recovered.
What was once a forested landscape is now mostly open meadow.

Right: The original dense forests of Dolly Sods have been
replaced mostly by maple, birch, beech, and low growing scrub.

Equilibrium over time - spruce-fir forests

»

A case study of ecosystem resilience is provided by the spruce-fir forest
community in northern North America. Organisms in the community
include the spruce budworm (right), and balsam fir, spruce, and

birch trees. The community fluctuates between two extremes. During
budworm outbreaks the environment favors the spruce and birch
species, which are less susceptible to defoliation by spruce budworm.
Between spruce budworm outbreaks, the environment favors the
balsam fir, which outcompetes spruce and birch.

The spruce-fir ecosystem is resilient even though some of the
interacting components have low resistance.

0 Under certain environmental conditions, the spruce
budworm population grows so rapidly it overwhelms
the ability of predators and parasites to control it.

©® The budworm feeds on balsam fir (despite their
name), killing many trees. The spruce and birch trees
are left as the major species.

€ The budworm population collapses through lack of food.

@ Balsam fir saplings grow back in thick stands,
eventually outcompeting the spruce and birch.
Evidence suggests these cycles have been occurring
for possibly thousands of years.

(a) Describe the large scale ecosystem change that occurred at Dolly Sods:

Population

Balsam fir

and birch

Spruce budworm

»
'

Jerald E. Dewey, USDA Forest Service, Bugwood.org

Time

(b) What caused this change in the ecosystem?

(c) Explain why the ecosystem has not been able to recover quickly after the change:

In what way is the spruce-fir-budworm system resilient in the long term, despite fluctuations?
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Key Question: What are causes and consequences of
habitat loss and fragmentation?

The impact of humans on the Earth's systems is undeniable.
Over the past few decades, scientists have documented a
pattern of population decline in more and more plant and

Species vulnerability to habitat loss

Resident species

> Wherever humans have settled, they have cleared land, built
cities, and dammed rivers, altering and often destroying the
natural landscape that existed before their arrival. For many
species, the loss of habitat is the major causative factor in
population decline. As populations decline, lack of genetic
diversity creates increasing vulnerability to inbreeding and

disease. Endemics (those species found only in one place) are

at particular risk of extinction when habitat is lost.

» The loss and fragmentation of habitat reduces 'interior' habitat

and creates more edge environments, where one type of
environment meets another. This affects species differently.

Some species are particularly area sensitive, and are specialist

interior dwellers relying on the environmental conditions
characteristic of interior habitats and away from the changes
associated with boundary environments. These species are
much more vulnerable to habitat loss than more generalist
species, which are less affected by habitat patchiness.
Specialist species therefore tend to be the first to disappear
when habitats become degraded or disappear.

> Studies of forest birds provide evidence of these habitat

preferences. As habitat size increases, the probability of finding

interior species increases. Some species are insensitive to

habitat area. These species are probably the least vulnerable to

habitat loss, all other factors being equal.

) Habitat loss also disproportionately affects species with large
range requirements such as predators with a large territories
(e.g. brown bears, cougars, and wolves).

(a) Describe some of the causes of habitat loss:

Effect of Habitat Loss on Ecosystems

animal species. Habitat loss is the leading cause of these
population declines globally. Humans cut and burn forest,
clear land for agriculture, dam rivers, and drain wetlands
leaving the resident species with no place to go. Species with
restricted ranges are particularly vulnerable.

Habitat responses in different forest bird species
(¥95% confidence intervals as dotted lines

1.0
I Edge species, gray catbird

Credit: Jennifer Beebe, Pixabay, Public Domain
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0.4

0.2

Probability of occurrence
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I Interior species, worm-eating warbler

0 8 Credit: http://www.birdphotos.com cc BY- 3.0
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Probability of occurrence
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0471 . - .
| Area insensitive species,

| Carolina chickadee
02 Credit: Dan Pancamo cc BY-SA 2.0

Probability of occurrence
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(b) Describe the consequences of habitat loss to wild populations of plants and animals:

2. Using evidence from above, explain why some species are more vulnerable to habitat loss than others:

35 ERT-2 § 109 163 166
1.A > | =5 | -
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Migrant species

Migrants face particular challenges if habitat loss affects one or both of their habitats. Habitat loss may be the result of habitat
destruction, as is the case of the cerulean warbler below. Habitat can also be lost if animals cannot reach it, as in the case of
salmonids. Salmonids are anadromous, leaving their natal streams as young smolt and returning to spawn after growing at sea.

The cerulean warbler — from abundant to near threatened
>

The cerulean warbler has shown a steady decline in its breeding population
since the 1960s (below) and it is now one of the rarest Neotropical migrant
songbirds. It requires structurally diverse forests with a well developed
canopy and is regarded as area sensitive because of its preference for forest
interiors. It is threatened by loss of pristine forest in its South American
wintering range and by mountaintop mining and logging in its North
American breeding grounds.

Decline in the breeding population of cerulean warbler (1966-2011)
s

1.0 Summer (breeding)

W Winter (non-breeding)

Abundance index

0.57]

Image: Mdf cc BY-SA 3.0

T T T T T
1970 1980 1990 2000 2010

Year - =
The sad salmonid story Granvalles, Dt

»  When we think of habitat loss, we often think of deforestation or loss of
wetland habitat, but habitat loss and fragmentation also occurs when a
species can no longer access critical parts of the habitat required for it to
complete its life cycle. North America has a diverse freshwater fish fauna,
yet between 1898 and 2006 a total of 39 species and 18 subspecies have
become extinct in North America, a rate that is hundreds of times the
natural background rate of extinction.

» Salmonids and other anadromous fish species are particularly at risk.
In the United States, there are approximately 75,000 dams impounding
around 17% of the nation's rivers. Dams restrict the upstream movement
of adults to spawning (breeding) areas. Dams also delay the moment of
smolts to the sea, a journey they must complete within 15 days in order to
make the adjustments needed to move from fresh to salt water.

» The massive Grand Coulee Dam was built without any fish passage
facilities and cut off from the sea nearly 2000 km of salmon spawning
grounds on the upper Columbia. It is estimated that 30-50% of the
original spawning habitat on the Colombia Basin is now either submerged
under reservoirs or blocked by dams with inadequate bypass facilities.
Only 214 of the original 400+ salmon and steelhead trout stocks of the
US Pacific coast now remain. Of these, 169 populations are at high or
moderate risk of extinction.

USFWS

e
ing upstream to-spawn

@ 3. Describe factors that contribute to the vulnerability of the cerulean warbler population:

4. (a) Explain how the construction of dams results in a loss of upstream habitat for migratory fishes:

(b) Explain why migratory fish are particular vulnerable to extinction in the United States:
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Key Question: How do we quantify the diversity of ecological
communities and why are measures of diversity important?

An important consideration when studying ecological
communities, especially those threatened by habitat losses
or other stressors, is to be able to quantify the diversity
present. Data is collected from ecosystems by sampling,
and the methods used to do this depend on the species of

The components of species diversity
» Species diversity is defined not only by the number of species

Measuring Biodiversity

interest and their distribution, the habitat and topography, and
the time and resources available. Species diversity is defined
by the both the number of species (richness) and their
relative abundance (evenness). These two measures are
often combined into a mathematical index of diversity, which
allows different communities to be compared meaningfully
or changes in community diversity to be evaluated over time.

Species diversity in two Trinidad fish communities

present (the species richness, S) but also by the relative w  600- Innis River
abundance of those species (the species evenness). Both are =
important. Species richness is a crude measure of community 2 400 =B
diversity but we also need to be able to quantify the relative S ] é%
abundance of the species present. 5 §§;
> Species evenness is highest when the proportions of all species o 2 g s
are the same and decreases as the proportions of species 'g %%
become less similar. Z o —-— &2
> Species richness and evenness can be illustrated using column s CHE A
plots against species rank, where the rank is defined by the order 100
of species from the most to the least abundant (right). “ Cat’s Hill River
» These methods allow us to make a visual comparison of the 3 754
diversity of different communities. These two components ‘§ N
(species richness and evenness) are also often incorporated into 2 504 e g
one value, called an index of diversity (Appendix 1). 5 Two spot tetra |5
o 254 g
Right: Patterns of diversity for two fish communities in Trinidad. In € &
the Cat's Hill River, the most dominant species (the two spot tetra) z 01— ; ; . , . ; —IE

made up 28% of the total catch. In contrast, the most dominant 12 3 4 5 6 7 8

®

species in the Innis River represented 76% of the sample.

Species rank

1. Examine the diversity data for the two fish assemblages above:

(a) What is the species richness (S) of the rivers?

(b) Which river has the greatest species evenness?

(c) Which community has the greatest diversity overall?

2. Describe the importance of considering the relative abundance of species as well as the number of species when

quantifying the diversity of an ecosystem:

3. Students used quadrats to sample three sites in a stream. They recorded the species found and the number of
individuals per m2 at each site. Their results are shown in Table 1.

(a) Determine the species richness at each site:

Table 1. Sample of freshwater stream invertebrates

i) Site 1: — — o
ite ite ite
ii) Site 2: Common name (no./m?) | (no./m?) | (no./m?)
Freshwater
III) Site 3: shrimp 20 67 5
(b) Rank the sites in terms of their species evenness: Freshwater mite 15 0 0
Flat mayfly 21 23 0
L L Bighead stonefl 18 12 2
(c) Which is the most abundant species in the stream? 'ghead stonetly
Blackfly 40 78 100
Bloodworm 22 21 43

(d) Which site has the lowest species diversity?
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Table 2. Diversity of two second-growth forest stands in West Virginia

The table right provides data on the number of NE facing stand SW facing stand
individuals in two hardwood forest stands with

different aspect in WV. Totals have been provided. blinlegeei - REED - LIEEr ] ACEED

individuals abundance individuals abundance

. Species (rank) (% of total) (rank) (% of total)
4. Complete the columns for relative abundance.
The first values in each columns have been Sugar maple 191 (1) 475 172 (2) 229
'proylded.. Species rank (most to least common) gy et buckeye 100 (2) 0
is given in brackets after the number.
American beech 22 (3) 197 (1)
5. Using the relative abundance values expressed  \hnite ash 19 (4) 16 (9)
as proportions (e.g. 0.475) plot the data on
the semi-log grid provided below. The first two ~ Laurel 19.(5) 0
points are plotted for you. This type of plot is Shagbark hickory 13 (6) 0
called a rank-abundance diagram. S 13 (7) 0
6. How does the slope of the rank-abundance Box elder 13 (8) 0
curve vary with increasing species evenness Black cherry 3(9) 0
and why?
Yellow poplar 3(10) 0
Pignut hickory 3(11) 22 (8)
Basswood 3(12) 0
Red maple 0 113 (3)
White oak 0 81 (4)
Flowering dogwood 0 75 (5)
Red oak 0 38 (6)
Hornbeam 0 28 (7)
Pitch pine 0 9 (10)
Totals 402 100% 751 100%

@ 7. Compare the diversity of these two forest stands. Are they very different? Make your comparisons in terms of both
species richness and evenness:

Activity developed using data from Gilliam et al (2014) Variation in vegetation and microbial

linkages with slope aspect in a montane temperate hardwood forest. Ecosphere 5(5):66.

1
°® e NE stand
® SW stand
°®
o 01
(8]
C
©
©
c
>
e}
©
(0]
=
©
[0}
[
0.01
0.001
1 2 3 4 5 6 7 8 9 10 11 12

Species rank
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Ecosystem Services

Key Question: What are ecosystem services, what do they  of the air and water. Biologically diverse and resilient

provide, and why do we need them?

ecosystems that are managed in a sustainable way are better

Humans depend on Earth's ecosystems for the services they  able to provide the ecosystem services on which we depend.
provide. These ecosystem services include resources such  The UN has identified four categories of ecosystem services:
as food and fuel, as well as processes such as purification  supporting, provisioning, regulating, and cultural.

Services required for the
functioning of all other
ecosystem services

such as nutrient cycling,
pollination, soil formation,
and seed dispersal.

Non-material benefits
obtained from ecosystems.
Cultural and provisioning
services are closely linked.
Ecosystems can define a
way of life for many.

Nando cunha cc BY 3.0

Healthy, biodiverse ecosystems are crucial
to maintaining provisioning services. Brazil
nuts, for example, are harvested only from
the wild. The tree grows only in the pristine
forests of the Amazon because disturbed
forest lacks the pollinating insects it needs
to fruit. Logging, burning, and overharvest
seriously threaten supplies of the nut.

Products obtained directly
from ecosystems for
basic human needs such
as food, water, minerals,
shelter, and fuel.
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The benefits obtained
from the regulation of
ecosystem processes,
including climate
regulation and purification
of air and water.

Barataria Preserve, Mississippi River
delta region, Louisiana

The cultural services provided by Wetlands provide critical regulating
ecosystems include the esthetic values services including water purification, flood
we associate with pristine environments. control, and carbon storage. At the same
For many cultures though, cultural time, key habitat services are provided
and provisioning services are closely by wetland biodiversity. Wetlands are

intertwined. For example, for small scale threatened globally as they are drained for
fishing communities, fishing provides food  agriculture, yet the services they provide
but it is also a way of life. cannot be easily replaced.

©2020 BIOZONE International
ISBN: 978-1-98-856632-0
Photocopying prohibited



@1

Climate change and ecosystem services

Current and future climate change will affect human
populations both directly and indirectly as ecosystems
lose their ability to provide the services that humans

rely on. One of the clearest ways to illustrate this is to
examine the effect of glacier recession in the tropics and
its effect on the current and future hydrologic resources.

Case study: Glaciers in the Cordillera Blanca

The Cordillera Blanca (‘white range") in Peru extends
for 200 km NW and once included 722 individual
glaciers. It is the most extensive tropical ice-covered
mountain range in the world. Snowmelt from the
Cordillera Blanca provides part of northern Peru with
a year round supply of water and 5% of Peru's power
comes from a hydroelectric plant in the Santa River
valley, which runs parallel to the range to the west.

A 22% reduction in glacier area occurred across the iy S Huaraz

range between 1970 and 2003, and a further 17% , .\ 4  Population 120,000
loss occurred between 2003 and 2010. Based on
satellite imagery, only 485 glaciers remain.

The glaciers that feed the tributaries of the Santa
River regulate seasonal stream flows. Communities
of the Cordillera Blanca depend on access to water.
Water supplies can increase temporarily as a result
of meltwater produced as glaciers retreat, but these
increases decline as glacier mass decreases.

Rapid melting creates unstable high elevation lakes
and expands the volume of those already present.

Hydrological adjustments are causing a contraction

in high altitude wetlands, which are important

in maintaining stable stream flows, regulating
evapotranspiration cycles, and supporting pastures.
There has been an increase in daily variation in
temperature, with warmer dry-season days and colder
nights. These changes are threatening agricultural
production for subsistence farmers.

Rapid ice loss is increasing the likelihood of disaster
events, such as the 1941 flood caused by overflow of
Lake Palcacocha (top right). The lake's volume has

61

Lake Palcacocha
17 m|II|on m?3 water

NASA

increased more than 30 fold since 1970, due largely A temperature rise of 0.5-0.8°C has seen more than 30% of Peru’s ice caps
to the retreat of an adjacent glacier. It now presents @  vanish in the last 40 years. The Cordillera Blanca's glaciers have retreated
serious flood hazard to the city of Huaraz. substantially, as have many in the Andes, and many have disappeared.

Explain why ecosystem services are important to humans:

@ 2. Explain the relationship between climate change and glacial retreat in the Cordillera Blanca and the changes in

ecosystem services provided in the region:
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Island Biogeography

Key Question: What factors determine the diversity of
islands and why are island species usually specialists?

We have explored what biodiversity is, but what factors
determine the biodiversity of an ecosystem? Biodiversity
tends to increase with habitat size, environmental variation
(as with variation in topography and microclimate), and
latitude. Island biogeography is a branch of science that
seeks to explain the ecological relationships and spatial
patterns of biodiversity on islands. Islands have some of the

Factors determining diversity on islands

Island biogeography is a fascinating area of study. Why are
island species often found nowhere else? Why are some taxa
(groups of organisms) overrepresented, whereas others are
underrepresented? Why do they often show rapid rates of
evolution? What determines the biodiversity present in land
areas of different sizes? These questions are central to island
biogeography theory, which supposes that species disperse
from a source area to islands of different sizes and distances
away. The size of the island and distance from the source allow
us to predict how many species will be present as a result of
random dispersal (see figures A and B below).

Island biogeography theory can help predict the diversity
of both island habitats and isolated ecosystems such as
mountaintops, oases, seamounts, and forest fragments.

However, a large number of factors influence the final diversity
of an island, including whether or not the island is continental
or oceanic (right) and the length of time the island has been
isolated. Oceanic islands typically have more impoverished
biota than continental islands (see table below).

Factors affecting final biota

Degree of isolation (distance from
diversity source area, usually mainland)

from source area

@

Length of time of isolation
Size of island

Climate (tropical/polar, arid/humid)

A: Different distances

characteristics of habitats that have become fragmented in
that they are small and vulnerable to disturbance and species
loss. However, they are often centers of diversity with a high
proportion of endemic species (species found nowhere else).
Island biogeography theory makes predictions about island
biodiversity based on island size and distance from a source
area (below). These predictions have largely been supported
by observational and experimental data and appear to apply
to fragmented habitats also.

Tristan da Cunha in the
Atlantic Ocean

Madagascar

Images: NASA

Oceanic islands are volcanic
islands of fairly recent origin.
These include the Galapagos
islands, Hawaiian islands, the
Aleutians, and Tristan da Cunha
in the mid Atlantic.

Continental islands formed as
part of a continent and then
became isolated from the main
land mass, e.g. Madagascar,
which lies off the coast of East
Africa separated ~ 100 mya.

&

B: Different size of islands
equidistant from source area

O

Mainland

Location relative to ocean currents Island biogeography theory makes two general predictions about factors affecting

species richness. These are illustrated in the schematic above. However other factors can

Initial plant and animal composition be important also (table left), especially the amount of time an island has been isolated.

Species composition of earliest arrivals 1.
(if always isolated)

Islands close to a source area (mainland) will have a more species than similar sized
islands that are further away (in A, island 1 receives more random dispersals).

2. Larger islands will have more species than smaller islands located at similar

Serendipity (chance arrivals . - . . -
pity ( ) distances from the source area (in B, island 2 receives more random dispersals).

1. Describe how each of the following might affect the diversity and vulnerability of the biota found on an oceanic island:

(a) Island area:

(b) Distance from a continental land mass:
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Islands have unique biota

Islands globally are characterized by high endemism (species found nowhere else) and a high proportion of specialist species.
Island residents often become flightless or grow to very large sizes in the absence of predation. Islands, because of their smaller
size, have more limited resources, so colonizing species typically become specialized (through evolution) to exploit a narrow
resource range, partitioning the resource base so that competition is minimized. This pattern of evolution, called adaptive radiation,
is a feature of the biota of the Galdapagos (below). Once specialists, these species are vulnerable to invasions of generalist species.

The flightless cormorant (above) is one of a
number of bird species that lost the power

of flight after becoming an island resident.
Giant tortoises, such as the 11 subspecies
remaining on the Galapagos today (center)
were, until relatively recently, characteristic of
many islands in the Indian Ocean including
the Seychelles archipelago, Reunion,

The predictions of island biogeography theory (opposite
page) are largely supported by observational (right) and

experimental data*.

» The number of species present on an island can be
seen as a balance between species arrivals and species
extinctions. Distance largely determines the rate of arrivals,
while island size is an important factor in extinction rate.
However, this does not account for speciation occurring on
islands (e.g. as on the Galapagos and Hawaiian islands).

e

Mauritius, Farquhar, and Diego Rodriguez.
These were almost completely exterminated
by early Western sailors, although a small
population remains on the island of Aldabra.
Another feature of oceanic islands is the
rapid evolution of colonizing species into
different specialist forms. The three species
of Galapagos iguana almost certainly arose,

‘ Island diversity: extinction vs immigrations

through speciation, from a hardy traveler
from the South American mainland. The
marine iguana (above with endemic blue-
footed boobies) is the only iguana that feeds
at sea. The two species of land iguana (not
pictured) feed on cacti, which are numerous.
One of these (the pink iguana) was identified
as a separate species only in 2009.

It follows then that species richness on near, large islands
is greater than that on distant, small islands. Small islands

are much more vulnerable to the impact of human activities.

For oceanic islands where colonists must arrive by air,
water, or wind, organisms with high dispersal capabilities,
such as plants and birds, are overrepresented in the biota.
*Simberlof and Wilson (1970). Experimental zoogeography of islands: a two-year record of colonization. Ecology

51:934-937. This experiment involved removing the arthropod fauna of six mangrove islands in the Florida Keys
by fumigation and then studying recolonization. See BIOZONE's Resource Hub for an account of this

1000 T T ‘

Species richness and island
® size for Caribbean islands
[0 . .
Q2 Hispaniola
8 100 -
2 Puerto
5 Rico Cuba
g Jamaica
=}
z ® Monserrat

Saba
Redonda
1
1 10 102 10° 104 10° 108

Island size (km?)

Total number of species of amphibians and reptiles on seven
islands in the Caribbean. Based on 1957 data reported in
MacArthur & Wilson (1967), so numbers are not current.

(a) Explain why island communities typically have a large number of specialist (as opposed to generalist) species:

(b) Explain why this makes island species vulnerable to habitat loss and the effects of invasive species. What factors
might increase their vulnerability?
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@ 1.

Ecological Tolerance

Key Question: What is ecological tolerance and how does
tolerance range affect individuals and populations?

The survival, growth, and reproduction of individual
organisms and populations depend on the availability of
essential environmental factors, such as (depending on the
species) specific nutrients, light, and temperature. In any
environment, individuals (and species) will be able to function

within a certain range of environmental conditions. This is
the tolerance range, often represented as a bell shaped
tolerance curve (below). Tolerance curves are broad for some
organisms and much narrower for others, and tolerance may
shift seasonally and for different life stages. An understanding
of tolerance range is useful in explaining species distributions
and understanding their response to factors such as pollution.

Abiotic factors and ecological tolerance

Too low

Salinity

Too high

Too acidic

pH Too alkaline

Too cold Temperature

—

Too hot l

The law of tolerances states that “for each abiotic factor, a species population (or organism) has a tolerance range within
which it can survive. Toward the extremes of this range, that abiotic factor tends to limit the organism’s ability to survive”.

I Tolerance range {

A .
S Death or Physiological (€ Optimumrange —————> Physiological Death or
8 avoidance stress Highest fitness (best survival and reproduction) stress avoidance
2]
S Unavailable Marginal e Marginal Unavailable
% habitat habitat o .J;rfl ‘T habitat i habitat
.
=
o
£ 7"_“
ks i .
c
o
o
Low

Some species (e.g. the zander) tolerate a
wider range of temperatures than others
(e.g. salmonids). Even within a species,
tolerance can change seasonally as
individuals acclimatize to slowly changing
conditions, e.g. from winter to summer.

What is ecological tolerance?

Tolerance for a particular environmental
factor can be broad for some life stages
and very narrow for others. Adult Atlantic
blue crabs for example survive in a wide
range of salinities, but eggs and larvae
survive only in salinities above 23 ppt.

Y

Tolerance range can explain species
distribution. A mature tree may grow
outside its natural range but its seedlings
may not survive. The Colorado pinyon
pine for example cannot survive mean
winter temperatures below —10°C.

2. Explain the role of ecological tolerance in determining species distribution and as a tool scientists can use to detect

changes in the environment:
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Luca Galuzzi, cc 2.5

Key Question: What are the agents of natural ecosystem
change and how do these changes vary in scale?

Ecosystems are dynamic systems, and natural disruptions
are common. Environmental changes come from three
sources: the biosphere, geological forces (crustal movements
and plate tectonics), and cosmic forces (the movement of the
Moon around the Earth and the Earth and planets around
the Sun). All these can cause cycles, steady states, and

Natural Ecosystem Changes

directional changes (trends) in the environment. Many of these
disruptions, e.g. seasonal changes and tidal movements, are
periodic in occurrence and allow organisms to adapt to the
predictable changes. Others, such as volcanic eruptions, are
episodic and largely unpredictable. Ecosystem changes also
occur over very different scales of time and space, from large
scale geological and climate changes to short term localized
changes to weather (below).

Time scale and geographic extent of environmental change
(X axis = time scale, Y axis = geographic extent)
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Source: Modified from Hugget, R.J. 1997.
Environmental Change The Evolving Ecosphere

Time (years log,, scale)

Age of the Earth
4.6 billion years

Above: Large scale natural changes occurring over millennia are responsible for the formation of landscapes and their associated
biological communities. Some short term periodic changes, such as tidal fluxes, influence local environmental patterns. Others,

e.g. seasons, can cause larger scale environmental changes such as the advance and retreat of the polar sea-ice every winter and
summer. Environmental trends such as climate cooling can cause long term changes in communities, especially if they occur rapidly.

v»‘

Perito Moreno .
Glacier, Argentina %

Cycles of glacial and interglacial
conditions during the last 2-3 million
years are largely the result of an interplay
between astronomical cycles and
atmospheric CO, concentrations.
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Mt St Helens erupting, 1980

Volcanic eruptions can be very sudden.
They vary in scale, from small to massive
explosions. Large eruptions can alter
regional or global weather and devastate
widespread areas of landscape.

Hurricane Felix;#2007% , .

NASA

Tropical cyclones are rapidly rotating
storm systems. They are named
(hurricane, typhoon etc) according to
their location and strength and can cause
considerable disruption to ecosystems.
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Episodic events can disrupt ecosystems

» Large volcanic eruptions can affect ecosystems, and alter local
and global climate by releasing flows of ash and gas and blasting
ash and aerosols into the atmosphere.

» A well documented example of this is the eruption of Mount
Pinatubo, located on the island of Luzon in the Philippines.
Eruptions began on June 3 1991, after almost 500 years with
almost no activity. On June 15, after many large explosions, Mount
Pinatubo entered its final eruptive phase, blasting 10 km? of ash
34 km into the atmosphere and producing high-speed avalanches
of hot ash and gas. The Earth's climate was severely affected by
Pinatubo's eruption. Over the course of the eruption, some 17
million tonnes of SO, and 10 km? of ash were released into the
atmosphere. The ash caused an almost 10% reduction in sunlight
reaching the Earth's surface over the following year, and global
temperatures dropped by 0.5°C over the following 2-3 years.
Ozone levels reached some of their lowest recorded levels.

> Similarly, the eruption of El Chichon in Mexico, 1982, lowered the
global temperature by 0.5°C over two years, emitting about half
the SO, volume of Pinatubo.

» Inthe 1800s, the eruptions of Tambora and Krakatau in Indonesia
affected climate as far away as Europe and North America. Effects
included early snow falls and cold wet weather. 1816, the year
after the Tambora eruption, was called the year without summer.

The eruption column of Mount Pinatubo on June 12, 1991,
three days before the final eruption phase.

Long term changes on Earth: Ice ages Composite CO, record (0-800 kyr BP)

» Some changes to the Earth happen on such vast time scales S10TH el ]‘ | B B ’
that they are not perceivable to humans. Changes may take 290 : 1 : ‘ 4
place over thousands to million of years. Some changes occur — | ‘ ‘
in cycles (periodic), such as the advance and retreat of ice E 2701 T | | z
sheets, while others are continuous, such as continental drift. % 250 | g

» The Earth has gone through five ice ages, i.e. long periods of ° | | 8
time when large ice sheets covered large parts of the globe. 2 230} 2R & “T e "8
The latest ice age began about 2.7 million years ago and is 8 | X i g £

. . e ) ) 210 1 1 .
still ongoing. Within an ice age, there are periods of warmer S
climate conditions called interglacials, such as the present. 190 # , 4 - g
The cooler periods of time are called glacials. These tend to , \ I I l \ | g
last longer than the interglacials. 17%00 700 600 500 400 300 200 100 o

> The current interglacial began about 12,000 years ago. Years ago (x1000)

Antarctic ice cores (right) confirm the cycle of glacials

(blue) and interglacials (yellow) as ice sheets advanced and
retreated. Ice cores reveal a lot of climate data, reaching
depths of more than 3 km and extending back 800,000 years.

> Sea level changes on Earth have been associated with
advances and retreat of ice sheets (bottom right). Sea levels
fall and land is exposed when ice sheets expand. They then
rise when the ice retreats as glacial melt enters the oceans.

The figure right shows how sea levels have changed over the
last 4 glacial cycles. When sea level is low (more negative) d
more water is locked up in ice sheets. tl

Global seal level (m)

P. Huybrechts (2002) Geology.

I B L L
400 300 200
Years ago (x 1000)

@ 1. Study the diagram on the previous page showing the extent and time scale of environmental change:

(a) Identify the geologic event occurring on the largest temporal and spatial scale:

(b) Identify two very large scale events that take a relatively short amount of time to occur:

(c) How long does it take for a soil landscape to form?

2. Describe how volcanic eruptions can affect local ecosystems and the wider climate:
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The ice sheets that covered much of the
Northern Hemisphere during the last glacial
began to retreat about 20,000 years ago. As they
melted, the flood of fresh water into the oceans
shut down ocean currents, causing warming in
the Southern Hemisphere. Release of CO, from
the seas warmed the planet, melting continental
ice sheets and creating the current climate.

What's happening now?

Ice sheets, sea levels, and climate change

4

Global sea levels rose by approximately 120 m in the
years after the last glacial and remained stable until the
late 19th century. During the 20th century, global average
sea level rise has been estimated at ~3.3 mm per year.
Depending on carbon emissions, sea level is expected to
rise by up to 130 cm by 2100, relative to 2000 (National
Climate Assessment). Melting ice sheets and glaciers
have the most potential to significantly contribute to rising
sea levels. Worse case scenarios would involve a large
Antarctic contribution.

Data to 2006 (right) indicate the significant contribution

of small glaciers and ice caps to sea level rise. Ice melt

is not uniform either. Ice sheets in Canada, for example,
are melting at an unprecedented rate and sea levels in
parts of Atlantic Canada are projected to rise even higher
than the global average this century. As more ice is lost
surfaces become less reflective, which means more
sunlight is being absorbed, which leads to more melting.

Glaciers can lose ice via surface melt or by calving from
the glacier edge. Prior to 2005, ice loss in the Queen
Elizabeth Islands was shared almost equally between the
two (48% and 52% respectively). As a result of warming,
90% of ice lost is now a result of surface melt.

Image: Agassiz ice cap, Queen Elizabeth Islands, Canada.

Area (108 km?)
Volume (108 km?)

There may be several periods of
warming (interglacials) and cooling
(glacials) within an ice age. It is not

fully understood what causes these
changes, but they may be due to
changes in carbon dioxide and methane
in the atmosphere, changes in solar valleys formed as the glaciers
output, and changes in Earth's orbit. advanced and retreated.

Contributions to sea level rise

In North America during the last
glaciation, ice covered all of Canada
and extended south as far as the
Upper Midwest, Idaho, Montana, and
Washington. Evidence of this glaciation
includes the grooves and U-shaped

30

201

107

OVolume
M Area I
W< contribution to sea level rise

Small glaciers  Greenland Antarctic
and ice caps ice sheet ice sheet

Data source: M.F. Meier et al. Science 317 (2007) www.sciencemag.org

% contribution to sea level rise

@ 3. Using the data opposite, describe the climate and sea level changes during the latest (current) ice age:

worse-case scenarios (greatest) sea level rise involve a large contribution from the Antarctic ice sheet:

@ 4. Sea level is expected to rise even more quickly by the end of this century. Use the data plotted above to explain why
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Responding to Environmental Change

Key Question: How do organisms respond to natural short-  during seasons when food is scarce (commonly winter).
term and longer-term changes in their environment? Some overwinter in place by entering a period of hibernation
Organisms globally have life histories and patterns of  but many others migrate every year between summer feeding
behavior that have evolved over millennia to maximize grounds and overwintering habitats. These migrations can
survival and reproductive success. One of the biggest cover thousands of kilometers. Long distance bird migrants
challenges animals face is finding enough food, particularly  may even cross from one side of the globe to the other.

Migration in barren-ground caribou, Rangifer tarandus groenlandicus

Barren-ground caribou bulls in Denali National Park, Alaska. Caribou feed on lichen but climate changes threaten their access to it.

» The barren-ground caribou is a subspecies of caribou found mainly in the Canadian territories of Nunavut and the Northwest
Territories, and in West Greenland. This subspecies has the longest migration of any terrestrial mammal, traveling up to 1200 km
in a season between summer grazing lands in the Arctic tundra, where the young are born, and overwintering areas in the taiga
(boreal forest) to the south. Despite being widespread and numerous overall, most caribou herds are experiencing declines and
several genetically distinct populations are endangered.

» Climate changes represent the biggest threat to the species because there is an increasing mismatch between when the animals
arrive at their summer breeding grounds and the period of maximum food availability. Caribou have evolved to match time of
calving with what used to be the time of maximum lichen abundance. However, this is shifting to earlier in the season, before the
caribou arrive. This leads to starvation, poor calf survival, and high mortality. Coupled to this, precipitation as freezing rain, rather
than snow, creates ice layers in winter feeding grounds, preventing access to lichen and leading to malnutrition and starvation.

» Warmer temperatures have also resulted in white tailed deer expanding their range. Deer carry a parasitic brain worm that kills
caribou but not deer. Herds already under stress through poor nutrition are particularly at risk.

1. Describe the survival benefits of a seasonal migration in an animal such as caribou:

@ 2. Look at the graph right. 50
(a) Describe the relationship between increasing July 40 o °
(summer) temperature and cow (female) mortality: = _
<30 -
g L A .
20 R
= e
P ®
i °
(b) Based on the information given above, give possible 10 2 .
reasons for this relationship: 0
10 11 12 13 14 15 16 17

July temperature (°C, 2 year running average)

Relationship between Canada caribou adult cow mortality and
the 2 year running average of mean daily July temperature
1997-2015. Data as reported in arctic.noaa.gov (2018)

3. Seasonal migration is a successful strategy that has evolved because it increases survival and the chances of
successful reproduction. Explain why the barren-ground caribou are at risk from a warming climate:

ERT-2 § 158 164
5.A - | =
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Climate change and migratory shifts

A great many US bird species migrate variable distances between summer and winter ranges as part of their normal
behavioral response to seasonal changes. These migrations allow them to take advantage of seasonally variable
food resources. Records of the winter migrations of 17 US bird species (The National Audubon Society) show
northern shifts in their winter destinations. These shifts may expose them to new threats and different food bases
and provide indicators for how species may increase or decrease their range as climate warms.

Change in winter destination over 40 years, 17 US bird species
House finch

o @ Pygmy O

Stellar’s jay. nuthatch

Fox sparrow : /A
e | Purple finch, 697 km

(€] L\ | | ST
@ X J American goldfinch™
0 Red-breasted \ /|
House flnct}, merganser

@ Rihgf?;?l,l«éai gull

Virginia rail © ™~/ O™~\0
| | [J e

Ring-necked duck

| American robin Rufdus:s{déd
332 km
towhee, 7/

@) j
- 346 km

goose

0 200 km

@ Winter 1966-67  Mean Jan temp -2.8°C

‘ Winter 2005-06 Mean Jan temp 1°C

Source Audubon Climate Report

Study the map above showing the change in winter destinations of 17 bird species in the US between 1966-67 (average
January temperature -2.8°C) and 2005-06 (average January temperature 1°C).

4. (a) What does the map show?

(b) What is the most likely reason for this?

(c) What is the likely outcome for these bird populations of a predicted further 1.5°C increase in temperature?

5. What is the likely outcome for the habitable range of Arctic resident bird species under the predicted warmer climate?

6. Under a predicted climate change of +1.5°C or more by 2100 (relative to the 1980—1999 average), what would you
predict for the ranges of:

(a) Low altitude adapted species?

(b) High altitude adapted species?
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Key Question: How do organisms adapt to their environment?
Adaptation describes the genetic response of populations
to their environment over time. The phenotype (observable
characteristics) of organisms is a product of their genetic
makeup and the influences of environment. Individuals with
phenotypes most suited to the prevailing environment will
have better survival and produce more offspring, and so
their genes will become more common. Individuals with less

‘ Genes and environment: who survives where?

» When we look at the diversity around us, it is clear that
organisms are well adapted to their environments. In many
populations of animals, coat coloration is one obvious phenotypic
character. The genetic basis of coat color has been well studied
in populations of oldfield mice in Florida, USA.

» Oldfield mice are found in two distinct habitats in Florida. In
inland (mainland) areas, which are vegetated with dark, loamy
soil, and in coastal sand dunes, which have little vegetation and
brilliant white sand. Mice in these different habitats have distinct
coat-colors. Mainland mice have a darker brown coat, whereas
beach mice, such as the one pictured right, are very pale.

» Researchers hypothesized that these rodents rely on camouflage
to avoid detection by predators. Two phenotypes for coat color
are common; dark and light (or white). Their hypothesis was
tested and supported in an experiment using clay models
painted to resemble beach and mainland forms. Relative
predation rates on dark and light models in mainland (top right)
and beach (bottom right) habitats are shown in a column graph.
Column color is matched to model color.

» Genetic studies have shown that the mice along the Gulf coast
form one genetically distinct population, whereas the mainland
mice and the mice along the Atlantic coast form a separate,
less defined genetic group. The genetic data indicate that light
colored fur must have evolved independently in the Gulf coast
and Atlantic coast populations.

> Genetic analysis also shows that the genes responsible for the
light fur are different in the two groups. The light color in the Gulf
coast populations is the result of mutation in the MC1R gene
and all the Gulf coast beach mice probably arose from a few
founding individuals. The light color in the Atlantic coast beach
mice has several different genetic causes. Lighter fur provides
a survival advantage in beach habitats, so pale mice are more
common there, regardless of the genetic mechanism by which
the light color arises.

1. In the example of the oldfield mice above:

(a) Where are darker colored mice found?

Mainland

Beach

Adaptation and Environmental Change

favorable phenotypes will have poorer success and their genes
will have a lower representation in subsequent generations. In
this way, the environment selects the genes that will become
more common. This process of adaptation by natural selection
proceeds at varying rates. Rapid environmental change can
act as a powerful selection pressure for genetic change in a
population, providing the species has the capacity to adapt.
An inability to adapt invariably creates a high risk of extinction.

US Fish and Wildlife Service

Alabama beach mouse

Camouflaged Non-camouflaged

Predation rate

5 e

Predation rate

0.5

(b) Where are lighter colored mice found?

@ 2. Using the experimental evidence presented above, describe the role of predation as a selective agent for coat color

adaptation in oldfield mice:

3. Describe the evidence that light colored fur has evolved independently in Gulf coast and Atlantic coast populations:
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Thomas McNeilly et al Heredity 1968

Rapid adaptation in pasture grasses

» A well documented example of how environmental change can drive genetic change in populations is found in the grass
browntop (Agrostis capillaris) growing on pasture and contaminated soil around a copper mine site. Tolerant plants were those
able to grow on the contaminated mine soil whereas non-tolerant plants were less able to grow on the mine soil and had reduced
fitness (survival and reproduction). Tolerant plants had reduced fithess when growing on uncontaminated soil.

» Flowering stages were used to calculate the number of days plants at each transect site were reproductively isolated (when they
could not interbreed). Tolerant and not tolerant plants were genetically distinct, with a hybrid zone between. Similar results were
obtained for sweet vernal growing on a zinc and lead mining site (also in Wales).

Drws-y-Coed mine (Wales) Browntop (Agrostis capillaris)

. Contaminated soil Contaminated

pasture

Mine
Pasture

1 2 3 4 5 6 7 8 Dam below Drws-y-Coed copper mine
Transect sites

Flowering isolation in browntop

Tolerant Intermediate Non-tolerant

» About 25% of the tolerant plant population flowered
earlier than non-tolerant plants, preventing

interbreeding between the populations. c :%\ Year—Site | 2 3 4 5 6 7
» These flowering differences were verified as genetic -(% Z | 1964 6.09 | 596 | 12.17 7.95 0 3.23

by removing plants to a controlled environment ° “E’ 196 373 | 486 | 8.49 8 o 579

where the difference in flowering was still observed. 2= S 7 . . 785 7

4. Describe the evidence for the adaptation of browntop grass to soil contamination by copper:

5. Explain how tolerant and intolerant grasses have become genetically isolated:

6. How was the difference in flowering time between tolerant and non-tolerant plants confirmed to be genetically influenced
rather than environmentally influenced?

7. The North American pika is a thermally sensitive, cold-adapted specialist species
found in the mountains of western North America. In the southern extent of
their range they are usually found above 2500 m. Pika are very sensitive
to high temperatures and will die if exposed to temperatures above 25.5°C
for even a few hours. Their strategies for avoiding thermal stress are largely
behavioral and they seek out cool microclimates to avoid high temperatures.
A survey in 2014-2015 found widespread evidence of a decrease in range,
shifting to higher altitude, and local extinction. Suggest why climate warming
threatens pika populations and why biologists are worried for their future:
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Primary Succession

Key Question: What is primary succession and what are the  time. Earlier communities modify the physical environment,
community changes that characterize it? making it more favorable for the species that will make up
Ecological succession is a natural process of continuous, later communities. Over time, a succession may result in a
sequential change in an ecological community. It usually  stable, mature, or climax, community, although this is not
occurs in response to a disturbance and is the result of the  always the case. Succession occurring where there is no
dynamic interactions between biotic and abiotic factors over  pre-existing vegetation or soil is called primary succession.

The composition of the community changes with time

Lower diversity Higher dive:ity
Some species in the The present seral Changes in the

past seral community community modifies present sere allow new
did not tolerate the abiotic environment species to establish

the changes in the though their activities. and make up the future p
environment. seral community.

A stage in a succession is a seral
community or sere. Seres earlier

in the succession typically have a
lower species diversity and a simpler
structure than later seral stages.

Slower growing,
longer lived
tree species

Fast growing
trees, shrubs and
nitrogen fixers

Ferns, grasses
and herbaceous
plants

Pioneer species
(Lichens, mosses,
liverworts)

Primary succession occurs where new substrate has no vegetation or
Bare rock soil, e.g. following a lava flow or glacial retreat. It also occurs where the
previous community has been extinguished, e.g. by volcanic eruption or
by large slips that expose bedrock. The time period for recolonization of
the area and the composition of the final community depend on the local
Features of pioneer species environment. Recovery is quicker when vegetation is nearby.

The earliest pioneer species are microorganisms -
(e.g. cyanobacteria) and simple photosynthetic Lichen.en bare rock : Moss on bare rock
plants and algae. They are able to survive on
exposed substrates lacking in nutrients and make
their own food using sunlight energy. Even at this
level, ecological associations are important. Lichens,
which are important pioneers, are a symbiosis
between fungi and algae. Associations between
mosses and cyanobacteria (which can fix nitrogen)
are also important. Pioneers begin the process of
soil formation by breaking down the substrate and
adding organic matter through their own death

and decay. Their growth therefore creates a more Note the vascular plants establishing in Associations between mosses and cyano-
favorable environment for vascular plant growth. the crevices where soil is forming. bacteria provides mosses with nitrogen.

’ \'\i | "//' :

Bob Blaylock CC 4.0

1. Describe situations in which a primary succession is likely to occur:

2. (a) Identify pioneers during the colonization of bare rock:

(b) Describe two important roles of the species that are early colonizers of bare slopes:
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Surtsey: A case study in primary succession

Surtsey Island is a volcanic island lying 33 km off the Number of vascular plant species found on Surtsey
southern coast of Iceland. The island was formed over four

years from 1963 to 1967 when a submarine volcano 130 m 80
below the ocean surface built up an island that initially 70 -
reached 174 m above sea level and covered 2.7 kmZ2. Cumulative total
Erosion has since reduced the island to around 150 m ® 60 +
above sea level and 1.4 km?. 3 50
(]
o
As an entirely new island, Surtsey was able to provide «g 40 +
researchers with an ideal environment to study primary 8 50|
succession in detail. The colonization of the island by plants g
and animals has been recorded since the island's formation. 2 20+
The first vascular plant there (sea rocket) was discovered in
1965, two years before the eruptions on the island ended. 10 )
Since then, 69 plant species have colonized the island and 0 i | | | | | | |

there are a number of established seabird colonies.

T T
1965 1970 1975 1980 1985 1990 1995 2000 2005

Sea rocket 3 H
= & =

The first stage of colonization on Surtsey was dominated by Populations of plants within or near the gull colony expanded
shore plants colonizing the northern shores, brought by ocean rapidly to about 3 ha, while populations outside the colony
currents. The most successful of these was Honckenya peploides, remained low but stable. Grasses such as Poa annua formed
which established on tephra sand and gravel flats. It set seed extensive patches of vegetation. After this rapid increase in plant
in 1971 and subsequently spread across the island. This initial diversity, the arrival of new colonizers again slowed. A third wave
colonization by shore plants was followed by a lag phase with few of colonizers began to establish following this slower phase and
new colonizers. A number of new plant species arrived after a gull soil organic matter increased markedly. The first bushy plants
colony became established at the southern end of the island. established in 1998, with the arrival of willow Salix phylicifolia.

3. Explain why Surtsey provided ideal conditions for studying primary succession:

4. Explain why the first colonizing plants established in the north of the island, but later colonizers established in the south.

@ 5. There are three distinct phases on Surtsey where species richness increased rapidly.
(a) Label on the graph the three phases of rapid increase in species richness on Surtsey.
(b) Label the two lag phases where species richness increased slowly.

@ 6. A gull colony established on the island in 1985. What was the effect on this on the number of plant species on the island?

7. Why is the living number of plant species on the island less than the cumulative number colonizing the island?
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Key Question: What are the features of secondary
successions and what events cause them?

Secondary succession occurs when land is cleared of
vegetation (e.g. after a fire or tree fall). Soil and seed stocks
are not lost and root stocks are often undamaged. As a
result, the succession tends to proceed more rapidly than is

Gap created
by a tree fall is
colonized by
ferns and scrub

Secondary Succession

Growth of
sub-canopy
suppresses the
scrub beneath

the case with primary succession, although the time scale
depends on the species involved, soil composition, and
climate. Secondary successions may occur over a wide area
(as after a forest fire), or in smaller areas where abandoned
farmland has been left to regenerate or single trees have
fallen (a phenomenon called gap regeneration).

Mature trees fill
the gap, closing
the canopy
once more

Rapid growth
of young
canopy trees to
occupy space

forest

The rate of secondary succession depends on the type of forest and
the circumstances that cleared the land. After a low-severity fire, most
canopy trees in California mixed-conifer forests will survive, enabling

rapid regeneration (within a few years). In contrast, high severity fires at
high frequency, as have been occurring recently in California, can result
in large scale habitat losses and recovery can take many decades.

The progression of a succession depends
on many factors. The rate of growth of the
various plants involved is important. Plants
in some climax communities grow to full
height within decades (e.g. eucalypt forests)
while in other communities (e.g. cold boreal
forests) recovery may take many decades or
even centuries.

1. Why does a secondary succession proceed more rapidly than a primary succession?

The intensity of the clearance of the land
and community can play a role in secondary
succession. Low intensity fire may remove
smaller grasses and shrubs while leaving the
larger trees relatively intact, whereas high
intensity fires canopy fires may completely
remove all vegetation. Clear felling tends to
affect larger trees more than undergrowth.

Succession can be suspended by frequent
disturbances, so that "climax" communities
never develop. Californian forest are
adapted to fire intervals of 10-20 years and
species respond to frequent fires by rapid
regeneration. Fireweed (above) is one of the
first colonizers after fire, along with nitrogen-
fixing, fast growing and fire tolerant lupines.

2. What factors can influence the time scale of a secondary succession?

a
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Keystone Species

Key Question: What are keystone species and why do they  species. They are often top (apex) predators, or have a
have a disproportionate effect on ecosystem processes? critical role in seed dispersal or nutrient cycling. The loss of
Every species has a functional role in an ecosystem (its a keystone species can have a large and rapid impact on the
niche), but some have a much bigger effect on ecosystem  structure and function of an ecosystem, changing the balance
processes and stability than their abundance would suggest  of relationships and leading to instability. This has important
because their activities are crucial to the way the ecosystem  implications for the management of threatened ecosystems
as a whole functions. These species are called keystone because many keystone species are endangered.

Why are keystone species important? 3

The term keystone species comes from the analogy of

the keystone in a true arch. An archway is supported by a |
series of stones, the central one being the keystone. If the r
keystone is removed, the arch collapses.

The idea of the keystone species was first hypothesized

in 1969 by Robert Paine. He determined through
experimentation that the ochre starfish (Pisaster), a
predator in rocky shore communities, had a role in
maintaining community diversity. When the starfish were
removed, their prey species increased, crowding out algae
and reducing species richness in the area from 15 to 8.

Return of gray wolves to Yellowstone

» Gray wolves are a top predators in North American
ecosystems, yet federal extermination programs in the
late 1800s-early 1900s reduced them to near extinction

Yellowstone wolves run down a bull elk

Data: W.J. Ripple and R.L Bescht (2012): Trophic cascades in Yellowstone: The first 15 years after

wolf reintroduction. Biological Conservation 145: 205-213.

in the US, including in the Yellowstone National Park 120{ A. Wolves ggg E;Ei‘fiﬁ‘mnt‘ﬁjght* e
(YNP) where National Park status did not protect them. §1004 =250 4

> Once the wolves were gone, numbers of elk (their I gg £2009 - Upland ’
primary prey) increased and the deciduous vegetation g 4ol £ 1501+ Riparian
became severely overgrazed. This had a number of o 20] 2 1001
consequences. Without wolves, coyotes also increased, 0 58'
and the numbers of pronghorn antelope (coyote prey) T TR
then declined. Beavers became largely absent. = B. Elk 200 E. Cottonwood

» In 1974, the gray wolf was declared endangered under ,8 201 g oo om dameter atbreasthelght
the Endangered Species Act (1973) and in 1995 its X 151 5
reintroduction to the park began. Since that time, wolf S 10 £ 100
numbers in the park have grown, elk have declined and 2z 2 50
shifted into less favorable habitats, deciduous vegetation g 57 1
has recovered, beavers have returned, and the coyote & ol i . . . ot
population has stabilized at a lower level.

0 20 -

Figures, right, show some of the ecological changes % 13 C. Beaver EE‘ 154 !:F;el/r\elslelsL?r}évannualgmwmind\ameter
recorded in YNP following the 1995/1996 reintroduction g 8. £
of gray wolves. Individual plots show numbers of wolves 5 N o 101
(A), elk (B), and beaver (C), together with vegetation 5] 4] g
changes. Aspen heights recorded in areas with downed ‘é o] o 51
logs, which regenerate somewhat faster than areas 2 0 o 0
without downed logs. Dashed lines represent time 1990 1995 2000 2005 2010 1990 1995 2000 2005 2010
periods with at least 1 year of missing data. Year Year

@ 1. Use the figures (A-F) above to discuss the evidence for the role of gray wolves as a keystone species:
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Sea otters as keystone species

) Sometimes the significant keystone effects of a species are evident when a
species declines rapidly to the point of near extinction. This is illustrated by
the sea otter example described below.

> Sea otters live along the Northern Pacific coasts and had been hunted for
hundreds of years for their fur. Extensive commercial hunting between 1741
and 1911 reduced the global population to fewer than 2000 animals.

> The drop in sea otter numbers had a significant effect on local marine
environments. Sea otters feed on shellfish, particularly sea urchins, and
keep their populations in check. Sea urchins eat kelp, on which many marine
species depend for food and habitat. Without the sea otters, sea urchin
numbers increased and the kelp forests were destroyed or severely reduced.

) Sea otters have been protected since 1911 and reintroduced throughout _ :
much of their original range. The most secure populations are now in Russia.  [ESEERIIC SESIN. on afcaftohin

matt knoth cc BY 2.0

Sea otters are critical to the functioning of
North Pacific coastal ecosystems. Their
widespread decline, including many local
extinctions, was associated with sea urchin
increases and widespread disappearance
of the kelp forests (above left). In the
Aleutian Island group, most islands
experienced local extinctions of sea otters.
This provided the opportunity to record the
ecology of coastal systems with and without
sea otters (Palmisano and Estes 1976).

Shemya Is.
(no sea otters)

Shemya Is.
(no sea otters)

12 12

//~~__Amchitka .

(sea otters)

Ocean depth (m)
Ocean depth (m)

18 18|

Amchitka Is.
(sea otters) The effect can be seen on Shemya and
L Amchitka Islands. Where sea otters are
24 : absent, there are large numbers of sea
80 240 400 20 i & L urchins and almost no kelp. Sea otters
Sea urchin density Percentage kelp cover began recolonizing Shemya in the 1990s
(individuals per m?) and the kelp has since recovered.

T
Urchin barren #

Kelp are large seaweeds belonging to the  In much the same way that forests on Sea urchins kill kelp by eating the holdfast
brown algae. There are many forms and land provide diverse habitats for terrestrial ~ that secures the kelp to the seabed.
species of kelp. Giant kelps can grow to species, kelps provide habitat, food, and Unchecked urchin populations can quickly
45 m long. shelter for a variety of marine animals. turn a kelp forest into an urchin barren.

@ 2. (a) What effect do sea otters have on sea urchin numbers?

(b) What effect do sea urchins have on kelp cover?

(c) What evidence is there that the sea otter is a keystone species in these Northern Pacific coastal ecosystems?
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@ 1.

Key Question: How can diversity be used to quantify
changes in ecosystems and assess environmental health?

Environmental scientists often use the presence or absence
of particular species, called indicator species, to evaluate
the status of an ecosystem and determine if it is changing
(deteriorating or recovering). Indicator species can be any
type of organism, and different organisms are used for

Aquatic indicator organisms

Beetle larvae

Units mg/L
Warm water standard = 5 mg/L
Cold water standard = 7 mg/L

Dipteran (fly) larvae
]

N —

Unpolluted, well oxygenated

Polluted, deoxygenated

Aquatic invertebrates are widely used to monitor the health of rivers and streams,
to evaluate changes in hydrology (such as the effect of fresh water extractions),
and to track recovery from point source pollution events (such as effluent
discharges). Certain taxa are characteristic of environmental conditions associated
with either clean water or polluted water. The larvae of mayflies, stoneflies,
alderflies, and caddisflies are all clean water indicators, and will disappear if
oxygen levels fall (low oxygen indicates a high load of organic pollution).

The images right show typical high diversity (top) and low diversity (bottom)
assemblages. In aquatic systems, the absence of a single indicator species is
generally less informative than the overall community composition. A diverse
assemblage of sensitive species is indicative of high water quality .

Terrestrial indicator organisms

Mayfly larvae

Caddisfly larvae
]

Stonefly larvae
]

Indicator Species and Environmental Health

different purposes. Mosses, lichens, aquatic invertebrates,
birds, and amphibians are common indicator organisms.
Typically, indicator species are associated with particular
environmental conditions, their biology is well known, and
their presence or absence therefore provides information
about factors in the environment, including pollution levels,
salinity, temperature, and nutrient or food availability.

Images: Stephen Moore

Taxa: Stonefly larva (1), alderfly larva (2), caddisfly
larva (3)(4), beetle larva (5) dragonfly larva (6),
mollusk (7)(8), dipteran larva (9).

Mosses and lichens are sensitive indicators
of pollution levels, particularly acid rain Al
and heavy metals. A study of heavy metal
concentrations in splendid feather moss
(Hylocomium splendens) growing either side
of a mining haul road in northwest Alaska
showed a pattern of heavy metal deposition
to the north and south of the road. The
deposition was unrelated to heavy metal
concentrations in the subsurface soil, which
was also tested.

Feather moss is a sensitive indicator of
environmental change. Both climate warming
and increased nutrient deposition have a
negative effect on its growth.

Log element concentration (mg/kg dry weight)

Figure: Levels of aluminum (Al), zinc (Zn), lead
(Pb), and cadmium (Cd) north and south of

‘South of road North of road

deposition on and adjacent to National Park Service lands in the vicinity of
Red Dog Mine, Alaska. Science of the Total Environment 348: 211-230.

°
°
%
°
L]
°
[
L. Hasselbach et. al. (2005) Spatial patterns of cadmium and lead

the DelLong Mountain Regional Transportation 2
System (DMTS) haul road corridor 6

T T T T
4 2 0 2 4

Log distance from DMTS haul road (m)

[e]

Use the scatter plot above to explain what the feather moss heavy metal levels indicate about pollution from the road:
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40

Answer the multiple choice questions that follow by circling the correct answer. Don't forget to read the question carefully!

The most important component of biodiversity is:
(a) Species diversity

(b) Genetic diversity

(c) Habitat diversity

(d) All of the above

Low genetic diversity is characteristic of:

(a) Populations with a wide distribution

(b) Populations that have experienced bottleneck
events in their history

(c) Endemic species
(d) Coastal populations

Ecosystem resilience refers to:

(a) The unchanging nature of ecosystems over time
(b) The ability to recover from external disturbances
(c) Ecosystems with high diversity

(d) A steady state of community biomass

With Pisaster (control)

Without Pisaster (experimental)

Number of species present

0 T T T T T T T T T T
1963 '64 '65 '66 '67 '68 '69 '70 '71 ‘72 '73
Year

Questions 4 and 5 refer to the graph above, which shows
the results of the experimental removal of the starfish
Pisaster from a region of an ecosystem:

4. The graph shows that:

5.

6.

(a) Pisaster causes a decline in species richness

(b) Species richness declines when Pisaster is
removed

(c) Pisasteris a predator.

(d) There is a maximum of 20 species in this
ecosystem

The results of this experiment indicate that:

(a) The presence of Pisaster has no effect of
community diversity

(b) The ecosystem has high diversity

(c) The ecosystem has low diversity

(d) Pisasteris a keystone species

Habitat loss has a disproportionate effect on:
(a) Endemic species

(b) Specialist species

(c) Species with large territories

(d) All of the above

Number of species

Number of species

40 -
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|
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Personal Progress Check
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Island distance from mainland (km)

Questions 7 and 8 refer to the graphs above, which show

120

species richness on various islands in the Gulf of California

7. The graphs indicate that:
(a)

the highest species diversity.
(b)
the highest species diversity.

Large islands close to the mainland have the
highest species diversity.

Small islands close to the mainland have the
highest species diversity.

()
(d)

Large islands most distant from the mainland have

Small islands most distant from the mainland have

8. The data in the graphs provide supporting evidence for:

(a) Island endemism

(b) Island biogeography theory
(c) Mainland dispersal theory
(d) The richness of island biota

9. Products obtained directly from ecosystems for basic

human needs are known as:

(a) Regulating services
(b) Provisioning services
(c) Cultural services

(d) Supporting services

10. Air and water purification are examples of:

(a) Regulating ecosystem services
(b) Provisioning ecosystem services
(c) Cultural ecosystem services

(d) Supporting ecosystem services
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11. The seasons and the tidal changes are examples of:

(a) Random events
(b) Periodic events
(c) Episodic events
(d) None of the above

12. Which of the following statements is not correct:

(a) Sea levels rise following glacial retreats.
(b) Sea levels rise during glacial periods.

(c) Increased levels of carbon dioxide are
associated with rising sea levels.

(d) A fall in sea level can create land bridges
between continents.

13. Migratory species can suffer heavy mortality if:
(a) Their migration to summer feeding grounds does
not coincide with maximum food abundance.

(b) Climate change alters the distribution of their
predators.

(c) Migration routes are fragmented by human-
induced changes to the landscape.

(d) All of the above.

14. Adaptation is best described as:
(a) A genetic response of populations that
increases survival and reproduction.

(b) A response of individuals that increases their
individual survival and reproduction.

(c) A feature of a species that can't be changed.
(d) None of the above.

15. Ecological succession on an area that lacks any
vegetation or soil is called:
(a) Secondary succession.
(b) Gap regeneration.
(c) Primary succession.
(d) Deflected succession.

16. Secondary successions typically:
(a) Result in a higher diversity ecosystem than
primary successions.
(b) Progress more slowly than primary successions.
(c) Progress more rapidly than primary successions.
(d) Will never restore the original community.

17. Which of the following statements about ecological
successions is not true?

(a) Ecological successions can be suspended by
frequent disturbances such as fire.

(b) Ecological successions are always the result of
human activities in the natural environment.

(c) Ecological successions proceed at different
rates dependent on the local environment and
colonizing species.

(d) Ecological successions can occur over vastly
different spatial scales.
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Questions 18 and 19 refer to the graph above showing the
dispersal routes of plants to newly formed Surtsey Island
on the southern coast of Iceland.

18. Which of the following statements about Surtsey's
colonization by plants is true:
(a) Most plants arrived at the island by sea
(b) Most plants arrived at the island by wind

(c) Birds brought most of the colonizing plants to the
island

(d) The most rapid period of plant colonization was
between 1975 and 1985.

19. A gull colony established on the island in 1985. What
was the effect of this?
(a) They ate the seeds of the colonizing plants.
(b) The rate of vascular plant colonization increased.
(c) The rate of plant colonization by sea fell
(d) It became windier on the island.

Numbers of different invertebrate species at four sites in a
stream (per m?2 of stream bed sampled)

Species Site 1 Site 2 Site 3 Site 4
Mayfly larva 0 8 4 0
Stonefly larva 0 4 4 0
Caddis larva 0 6 2 0
Beetle larva 1 4 6 2
Bloodworm 14 0 2 8
Snail 2 4 4
Blackfly larva 2 1 4 5

Questions 20 and 21 refer to the table above recording
the invertebrate diversity at 4 sites in a stream that had
suffered a moderate effluent spill 2 weeks before sampling.

20. What site is most likely to be closest to the spill?
(a) Site 1
(b) Site 2
(c) Site 3
(d) Site 4

21. Which sequence represents the position of the sites
from the closest to the furthest from the spill?
@ 1-2-53->4
(b) 154-53->2
() 253541
d 1535452



22. Your task in this question is to design an experiment to investigate the effect of habitat area on the species richness of
invertebrates found in unmowed areas of habitat in your school surrounds. The areas should be relatively uniform (both
unmowed areas of pasture) because you are to assess the effect of habitat fragmentation on diversity. Some guidelines
on sampling are provided in Appendix 1: "Assessing invertebrate diversity" at the end of this book. For this task, the
aims, constraints, and guidelines are provided below.

Aim: To assess the effect the habitat size on invertebrate diversity.
Constraints: You must evaluate diversity in similar habitats varying predominantly in size. We recommend areas of
1600 m2 (40 x 40 m) and 225 m? (15 x 15 m). You can decide how you will sample this area and be prepared to justify
your decision taking into account the resources you might have to carry out your sampling (including time).

Guidelines: Decide how you will separate your unmowed sample areas. Consider ways to assess diversity and different
methods for capturing arthropods, including flying insects (see Appendix 1). How often will you
sample your plots and will you return the organisms you capture to the area?

NEED HELP?

see Appendix 1

Record your experimental design below, including any notes on data collection, recording, and
analysis. Attach photographs of your sites and of the organisms you capture.
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Developing understanding

Content: This unit explores the responses of different types of organisms to factors that affect
their populations, including responses to habitat changes. Organisms with different life history
strategies (r- vs K-selected species) show different population responses in terms of growth,
survivorship, and longevity. We will examine the factors affecting population growth, including
the availability of resources and the significance of carrying capacity. The projections of global
human population growth and the importance of demographic transition conclude the unit.

Skills: This unit emphasizes skills in analyzing trends and patterns in data. The analysis
of population data will help you understand how data can clearly illustrate environmental

. concepts such as carrying capacity. Analyzing population growth, age structure diagrams, and
g=1] survivorship curves will also help you to develop skills in predicting patterns and trends.

Generdadlist and specialist species ...... activity 41

Explain what is meant by demography. Describe what
demographic analysis can tell us about the attributes of
populations, such as their age structure, growth, and fertility.

. Describe the differences between specialist and

generalist species. Explain why generalist species
often tend to be colonizers of disturbed habitats.

K- and r-selected species .................. activity 42

Identify the differences between r-selected and K-selected
species. Include reference to body size, reproductive
strategy, lifespan, and the role of competition. Explain
how r and K strategies represent a continuum and

many species may show attributes of both strategies.

. Explain what is meant by biotic potential and compare the

biotic potential of r- and K-strategists and what it means
for their life history. Describe the relationship between
biotic potential and the rate of population growth.

. Explain why K-selected species are typically more

adversely affected by disturbances. Explain why most
invasive species tend to be r-selected organisms.

Survivorship curves ..................... activities 43-46

Explain what a survivorship curve displays about the
attributes of a population. Construct survivorship curves
from life table data and interpret the curves with reference
to Type |, Il, or Il patterns of survivorship. Describe how
survivorship curves differ for - and K-selected species.

. Use historical data to construct a survivorship curve

for a human population and explain any patterns or
trends in the data. Interpret data to describe how life
expectancy can vary in different human populations and
explain the reasons for any differences you observe.

Carrying capacity  .......ccceeeeeenns activities 47 - 48

Describe carrying capacity and explain how it places
limits on population growth and size. Interpret data to
describe what happens when a population exceeds
carrying capacity and explain the population response.

Population growth and resource
availability .........c.coiiiiiiiiiii activities 49 -52

. Describe exponential and logistic population growth and

relate these growth curves to the availability of resources
and the biotic potential of the organisms involved.
Describe how population growth is limited by the limited
resources of the environment, especially space and food.
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Explain how an abundance of resources usually results
in an increase in the rate of population growth and
describe the density-dependent effect of resource
limitation as resources become depleted. Explain the
effect of a long term or permanent depletion in resources
on population growth and explain how the effects are
mediated through higher mortality or reduced fertility.

. Distinguish between density-dependent and density-

independent factors in populations and explain how
they act to alter population growth and size.

Age structure diagrams ..................... activity 53

Explain age structure diagrams. Interpret age structure
diagrams for different populations to determine if a
population is declining, stable, or expanding. Understand
the term population momentum and use it to explain why a
population will continue to expand even if population fertility
declines (as is true for the human population currently).

Total fertility rate activities 46, 54-55

Explain factors that affect total fertility rate (TFR) in

human populations, including the age at which women

have their first child, education for females, and access to
family planning and contraception. Relate fertility rate to
population stability and describe what happens to population
growth if fertility declines to sub-replacement levels..

. Describe factors that affect infant mortality. Explain

how changes in these factors can lead to changes
in infant mortality over time. What is the effect of
declining infant mortality on total fertility rate?

Human population dynamics ...... activities 54 -55

Describe human population growth over the last 100-

200 years (regionally and globally). Explain the factors
that determine whether the population is growing or
declining and describe current trends in human population
growth. Use the rule of 70 to predict population doubling
rate in human populations in exponential growth.

. Describe the environmental problems associated with

rapid population growth, including lack of resources or
their inadequate distribution. Describe the role of density-
dependent and density-independent factors in human
population dynamics, recognizing that their effects are
often interrelated if natural disasters result in population
displacement, lack of resources, and disease.

Demographic transition ..................... activity 56

Explain demographic transition and its effects on population
growth. Describe the four stage demographic transition
model and important features of each stage.



Key Question: What are the attributes of populations and
what distinguishes specialist and generalist species?

The statistical study of populations is called demography.
Demographers are concerned about population attributes that
can be measured or calculated to provide information about
the population. Such attributes include aspects of population

Features of Populations

composition, distribution and abundance, and dynamics
(below). It is also useful to understand the characteristics of
a species in terms of its resource needs, i.e. is it a generalist
or a specialist? This information, when used in conjunction
with an understanding of population dynamics, can help to
evaluate a population's risk of extinction.

Migration

Population

' Population distribution
b

and abundance

Density

Movement of individuals into
and out of the population affects
density and distribution as well

—

composition

Age structure

The number of individuals
per unit area.

as population composition.

Distribution
The location or individuals
in an area

Abundance:
The total number of
organisms in an area.

La

SN T T R R Lt

The number of individuals
o 1&;(1{; in each age class. F
1 |
| Fertility -

The reproductive capacity
of the females.

Sex ratios:
The number of individuals
of each sex

Population dynamics

Population growth rate
The change in the total
population per unit time.

Natality (birth rate)
The number of individuals
born per unit time.

Mortality (death rate)
The number of individuals
dying per unit time.

1. Describe one example of a population attribute that would be a good indicator of each of the following:

(a) Whether the population is increasing or decreasing:

(b) The ability of the environment to support the population:

2. (a) Identify the population attributes that can be measured directly from the population:

(b) Identify the population attributes that must be calculated from the data collected:

(a) Conservation of a population of an endangered species:

@ 3. Explain the value of population sampling for each of the following situations:

(b) Management of a fish stock:

ERT-3 28 51 53
1.B = L 2 =

©2020 BIOZONE International
ISBN: 978-1-98-856632-0
Photocopying prohibited



Generalist vs specialist species

» Population management requires information not only about the dynamics of the population in question, but also the biological
characteristics of the species as a whole. Organisms can be broadly categorized as generalists or specialists. Generalists thrive
in a wide range of habitats and are able to exploit a wide range of resources in order to meet their requirements. Specialists on
the other hand have specific, narrow resource needs in terms of habitat and food.

» Organisms do not generally fit neatly into one or other of these categories. Specialists and generalists exist along a continuum
from highly specialized to broadly-generalist species. Even within a single taxon, such as butterflies (below), we can recognize
specialists and generalists based on aspects of their life history and feeding preferences.

(=] == T
T 5] =%
Em—h—?: - - -
Generalists Specialists
» Ecological niche Broad Narrow
» Ecological tolerance Tolerant of a wide range of environments Narrow tolerance (specialized needs)
» Extinction risk Low High
» Resource use Exploits a wide range of resources Uses a specific and narrow set of resources
» Response to disturbance Tolerant of disturbance, high resilience Poor tolerance of disturbance, low resilience
» Environment Changing conditions Stable conditions
> Examples Raccoons, coyotes, white-tailed deer, bobcat Pandas, Venus fly-trap, Canada lynx, koala
» In a study of butterfly community structure, the proportions of specialist and 55 x
generalist species were determined for habitats with varying amounts of 50 -
human disturbance. Species were classified as generalists or specialists 451
on the basis of larval diet breadth and number of generations per year. w 40k A A
Specialists had one generation per year and a narrow range of host plants. 2 N A , A
A number of species were intermediate in their strategy (images below). 2 351 A
» Generalists had a wide and continuous distribution and were often the < 30
dominant species, whereas specialists were restricted and fragmented in 5 25f
their distribution and were generally rare. ‘§ o0k A o o 5
Z 15 © o
= O e}
o) )
o °
10 °
° °
5+ e ® ©
oOb—eo—Fr—7—77"7T—7—7—
1 2 3 4 5 6 7 8 9

Site order based on decreasing
disturbance (9 = least disturbed)

® Specialists O Generalists A Total

Generalist: Common grass Intermediate: Red Helen.  Specialist: Orange Above: Number of specialist and generalist
yellow. Many generations ~ Two generations per year.  hairstreak. One generation butterfly species against habitat disturbance.
per year. Wide food base. ~ Wide food base. per year. Feeds only on oak. Totals include species classed as intermediate.

4. Examine the scatter plot of butterfly species richness above right. Describe the pattern in the data for:

M. Kitahara (2004): Doctoral thesis (Mt Fuji Research Institute)

(a) Total species richness:

(b) Number of generalist species:

(c) Number of specialist species:

5. Explain this pattern in terms of the characteristics of generalist and specialist species outlined in the table above:
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42

Key Question: What are the characteristics of r-selected and
K-selected species and what do these terms mean?

The maximum rate at which a population can grow is called
its biotic potential () It is a measure of reproductive capacity
and is assigned a value that is specific to the organism
involved. Species with high biotic potentials are called

» Organisms can be grouped

support indefinitely.

r- and K selection and life history strategy

allocate their resources to growth and reproduction. A
suite of characteristics are correlated with species that
are either "r-selected" or "K-selected".

K = the carrying capacity of the environment. This
is the number of individuals that the environment can

r = biotic potential. This is the potential of the species
to increase in number. Different species have different
biotic potentials as part of their biology. You will learn
more about these terms later in this chapter as they are
important in models of population growth.

r-Selected and K-Selected Species

r-selected species. Their life history strategy is to maximize
reproduction at an early age and many are generalists in
unpredictable environments. In contrast, K-selected species
have lower biotic potentials and exist as specialists at or near
the carrying capacity of the environment (K). Their life history
strategy is to maximize competitive ability over a longer life.

according to how they

» In reality, species exist along an r-K continuum and
may show some r-selected and some K-selected traits.
Their life history reflects the strategy that results in L . K .
highest fitness in the prevailing environment. arge pmgewes are K simegists
r-selected K-selected
» Climate Variable and/or unpredictable Fairly constant and/or predictable
> Mortality Density independent Density dependent
» Population size Highly variable. Often below carrying capacity. Fairly constant in time. Close to carrying capacity.
» Competition Variable, often lax. Generalist niche. Usually keen. Specialist niche.
S e Rapid development, early reproduction, Longer development, delayed reproduction,

small body size, single reproduction (annual).

larger body size, repeated reproduction.

Length of life Short (often less than one year)

Longer (greater than one year)

Examples

Flexible strategists
4

Small species with rapid reproductive rates, such as mice,

are generally categorized as r-strategists, and long-lived slow
growing species, such as elephants, are considered to be
K-strategists. However, under certain conditions, individuals may
shift towards one or other strategy.

Meadow voles (also called field mice) are typically an r-selected
species. In meadow voles, the average lifespan is less than one
month because of high juvenile mortality and they typically show
large cycles (fluctuations) in populations numbers. However,
beach voles on Muskeget Island (MA), a closely related species,
do not show large population cycles and exhibit attributes

of K-selected organisms, such as larger size, later age at
maturation, stable populations, and low reproductive output.

Muskeget Island lacks mammalian predators, which normally
prey on voles during dispersal phases. The absence of
mammalian predators has seen a shift in the strategy towards
maintaining a more stable population of longer-lived individuals.

Figures: Seasonal population variation in beach voles on
Muskeget Island (top) and mainland meadow vole (bottom).

Insects, mice, annual plants, oysters, algae

Elephants, gorillas, beech trees, tortoises
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r-selected species are colonizers in ecological successions

» The characteristics of r-selected species mean that they typically
dominate in early successional communities. As the succession
develops over time, these early colonizers are replaced by species
with more K-selected traits. In a mature community, K-selected species
are relatively more common, although moderate disturbances as
occur naturally in all communities allow colonizing (pioneer) species to

maintain a presence.

» Scientists followed the succession of plant species on Mt. St. Helens,
Washington, following its eruption in 1980. They observed the typical
pattern of increasing species richness in the years following the
eruption, with a steady decline in pioneer (r-selected) species, such
as fireweed and hairy catsear (below left), and an increase in larger,
shrubby mat forming species such as partridgefoot (below right).

Alan Rockefeller cc BY-SA 4.0

Hairy catsear

Walter Siegmund cc BY-SA 3.0
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Above: A. Change in species richness at two sites
on Mt. St. Helens. Trends were similar for other
sites sampled. B. Relative cover of three types of
species from the Abraham site.

@ 1. Compare the pattern of population fluctuation in the beach voles and meadow voles on the opposite page:

@ 2. How does the population data from the study of vole populations provide evidence for an r-K continuum?

3. Describe features of r-selected organisms that explain their role as early pioneers in ecological successions:

@ 4. (a) Describe the pattern of plant diversity (species richness) on Mt. St. Helens in the years following the eruption:

(b) Describe the change in plant types following the eruption:

(c) Based on the traits of r- and K-strategists, provide an explanation for the pattern observed in the data:
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Survivorship Curves

Key Question: What are survivorship curves and what do
they tell us about an organism's life history strategy?

A survivorship curve is a graph showing age-specific mortality.
Itis obtained by plotting the number of individuals of a particular
age against time. Survivorship curves are standardized to
start at 1000 and, as the population ages, the number of
survivors progressively declines. The shape of a survivorship
curve thus shows graphically at which life stages the highest

Hypothetical survivorship curves
Type I: Late loss 1000

Mortality is very low for young and throughout most
of adult life. Mortality increases rapidly in old age.
Examples: Humans (in developed countries) and
other large mammals (e.qg. big cats, elephants).

Type lI: Constant loss

Mortality is relatively constant through all life stages
(no one age is more susceptible than another).
Examples: Some invertebrates, some birds, some

Number of survivors (log scale)

annual plants, some lizards, and many rodents. 10
¥
Type _"I'_ Early I_oss ] ) AT Type lll (early loss)
Mortality is very high during early life stages, ("g aty . Oysters, barnacles
followed by a low death rate for the few individuals PR Tl T el
reaching adulthood. Examples: Many fish (not S TR e
mouth brooders), frogs, most plants, and most = 0¥ aN l———————————————————————==sse=ee

marine invertebrates (e.g. oysters, barnacles). 2

These curves are conceptual models only, against
which real life curves can be compared. Many
species exhibit a mix of two of the three basic types.

Elephants have a close matriarchal
society and a long period of parental care.
Elephants are long-lived and females
usually produce just one calf.

mortality occurs. Survivorship curves in many populations fall
into one of three hypothetical patterns (below). The late loss
(Type 1) curve is typical of populations in which individuals
tend to live out their physiological life span. Such species
are typically K-strategists. In contrast, r-selected organisms
suffer most mortality in early life stages (a Type Il curve). They
compensate by producing vast numbers of offspring. In Type
Il populations, mortality is evenly spread across all life stages.

Graph of age specific survival

100

Rodents are well known for their large
litters and prolific breeding capacity.
Individuals are lost from the population at
a more or less constant rate.

Type | (late loss)
Big cats

Type Il (constant loss)
Rodents

v ’-'.—

At

V70 22,
Despite vigilant parental care, many birds
suffer high juvenile losses (Type ). For

those surviving to adulthood, deaths
occur at a constant rate.

@ 1. Based on the survivorship curves presented above, what age groups suffer the highest mortality in:

(a) A Type | curve:

(b) A Type Il curve:

(c) A Type lll curve:

(a) Identify the survivorship curve typical of an r-selected species:

(b) Identify the survivorship curve typical of a K-selected species:

Discuss the following statement: "There is no standard survivorship curve for a given species. The curve depicts the

nature of a population at a particular time and place and under certain environmental conditions.":

ERT-3
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Key Question: How can life tables be used as a tool for
analyzing populations dynamics?

Life tables, such as those shown below, provide a summary
of mortality for a population (usually for a group of individuals
of the same age or cohort). The basic data are just the
number (or proportion) of individuals remaining alive at
successive sampling times (the survivorship or |,). Life tables
represent the data collected from real populations, so they

No. alive
each

Proportion
surviving at

Proportion

Age in dying

Mortality
years

) year the start of  between x (a,)
(N,) agex(l,) andx+1(d,)

0 142 1.000 0.563 0.563
1 62 0.437 0.198 0.452
2 34 0.239 0.098 0.412
3 20 0.141 0.035 0.250
4 15 0.106 0.028 0.267
5 11 0.078 0.036 0.454
6 6 0.042 0.028 0.667
7 2 0.014 0.0 0.000
8 2 0.014 0.014 1.000
9 0 0.0 0.0 -

Life table for female elk,
Northern Yellowstone National Park

Life Tables and Survivorship

are an important tool when analyzing changes in populations
over time. They can tell us what age groups in a population
suffer the most mortality and can provide information about
life span and population age structure. The survivorship (l,)
column of a basic life table is used to derive a survivorship
curve. In this activity, we will look at data from real populations
to draw conclusions about the general statements made
about survivorship curves earlier (opposite).

Life table (left) and survivorship curve (below)
for a population of the barnacle Balanus

Age (years)

0 1000 32