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Chapter 1 The Web of Life

« Case Study: Deformity and Decline in Amphibian
Populations

* CONCEPT 1.1 Events In the natural world are
Interconnected.

« CONCEPT 1.2 Ecology is the scientific study of
Interactions between organisms and their
environment.

« CONCEPT 1.3 Ecologists evaluate competing
hypotheses about natural systems with observations,
experim

« Case Study Revisited



1 Introduction: The Web of Life

» Case Study: Deformity and Decline In
Amphibian Populations

» Connections in Nature

* Ecology

* Answering Ecological Questions
» Case Study Revisited

 Connections in Nature: Mission
Impossible?



Case Study: Deformity and Decline in Amphibian Populations

Figure 1.1 Deformed Leopard Frogs

« 1995, elementary and
middle school students
discovered deformed

eopard frogs

 High incidence of
deformities in some 60
species of amphibians

* Declining populations of
amphibians worldwide
since late 1980s



Figure 1.2 Amphibians in Decline

‘ Number of extinct, missing, or critically endangered amphibian species

Q Number of threatened, endangered, or vulnerable amphibian species

ECOLOGY 3e, Figure 1.2

© 2014 Sinauer Associates, Inc.



Deformity and Decline in Amphibian Populations: A Case Study

« Amphibians are “biological
indicators” of environmental
problems.

= Skin is permeable; pollutant
molecules can pass through easily.

» Eggs have no protective shell.
» They spend part of their life on

_ Examples of some
land and part in water—exposed t0 amphibian deformities in

pollutants and UV in both northern leopard frogs
environments.

http://mww.nwhc.usgs.gov/disease_information/amphibian_malformation_and_decline/index.jsp



Numbers of amphibian species worldwide and threatened
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Introduction

Humans have enormous Past World Population growth
Impact on the planet

» Transformed nearly half of land;
even vast oceans

= Must understand how natural
systems work

Numbers (billions)
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Ecology

» Scientific study of how
organisms affect — and are
affected by — other organisms
and their environment

* Interactions between organisms =
and their environment (includes
other organisms)

http://www.satyamag.com/sat.site.images/clear-cut.jpg



Introduction

Ecology is an interdisciplinary approach

ol Restoration EPI?nt Applied
cology Ecol
Ecology Ecology cology
Microbial Soil
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| _ Ecosystem
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Conservation
Community Landscape Biology
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Connections in Nature

Concept 1.1: Events in the natural world are
Interconnected.

° Even SpeCIeS that do Florldatrophlc |nteraCt|0nS
not interact directly can
be connected by shared
environmental features

 Ecologists ask
guestions about the
natural world to

u nderStand th ese '~ - ' ._'l_’—_-i?q}:—t_-:_:-_':‘i—:‘ra\'_r;tf'..{:r ’:'":‘,\ '/ l| .
connections Eh ‘

http://mww.mercuryinschools.uwex.edu/lib/images/curriculum/florida_food_web.jpg



Connections in Nature

Observations of Pacific
tree frogs suggested that
parasites can cause
deformities

» Sessions & Ruth, 1990:
Implanted glass beads
mimics effect of Ribeiroia
ondatrae cysts, a
trematode flatworm, in
different frog species
(Xenopus)

http:/www.stockpix.com/image/2857.jpg

http://lwww.sci.sdsu.edu/classes/biology/bio588/Metacercaria20.gif



Connections in Nature

= Johnson et al:

o Deformities of Pacific tree frogs occurred
only in ponds which also had an aquatic
snail, Helisoma tenuis, the intermediate
host of the parasite

o All frogs with deformed limbs had o)

free-swimming cercariae.

Ribeiroia cysts.

g
e cercariae infect
and fo
’ Amphibian
% (second intermediate host)

normal limb development,
causing limb deformities.

amphibian more vulnerable to
capture by predatory birds.

ECOLOGY, Figure 1.3 ©2008 Sinauer Associates, Inc.



Figure 1.3 The Life Cycle of Ribeiroia

Miracidia

" Helisoma tenuis
(first intermediate host)

O
Eggs

Adult
parasite

Metacercaria Amphibian _
(definitive (cyst) (second intermediate host)

host)

ECOLOGY 3e, Figure 1.3

© 2014 Sinauer Associates, Inc.



Connections in Nature

A controlled experiment to test
hypothesis that Ribeiroia
parasites caused deformities
(Johnson et al, 1999)

» Tree frog eggs were exposed to
Ribeiroia parasites in the lab

» Four treatments: O (control -
group), 16, 32, or 48 Ribeiroia ¢
parasites

= As parasite load increased,
survival decreased and 20
deformities in survivors / : F = =

N crease d Number of parasites per tadpole

D
(@)

N
=)

Percentage

Surviving frogs that had deformities

= Supported by other field work

Tadpoles surviving to metamorphosis




Figure 1.4 Parasites Can Cause Amphibian Deformities

Percentage

| |
0 16 32 48

Number of parasites per tadpole

Surviving frogs that had deformities

Tadpoles surviving to metamorphosis

ECOLOGY 3e, Figure 1.4
© 2014 Sinauer Associates, Inc.



Connections in Nature

Kiesecker (2002) conducted a
field experiment:

» SiIX ponds, three with
pesticide contamination

* Added tadpoles to cages

» Six cages in each pond

o Three with mesh size
allowing parasites to enter

a Three with mesh blocking
parasites (“exclusion cage”)

ECOLOGY, Figure 1.5 (Part 1)



Figure 1.5 Do Ribeiroia and Pesticides Interact in Nature? (Part 1)

ECOLOGY, Figure 1.5 (Part 1) © 2008 Sinauer Associates, Inc.



Figure 1.5 Do Ribeiroia and Pesticides Interact in Nature? (Part 2)

Mesh blocking parasites

Ribeiroia
cercariae

PN

Ponds Ponds
without pesticides with pesticides

Mesh allowed entry of parasites

7~

Ponds Ponds
without pesticides with pesticides

No deformities

No deformities

4% deformed 29% deformed

» Pesticides alone had no effect on deformities
 Pesticides significantly weakened resistance to parasites



Connections in Nature

Next hypothesis: Pesticides
decrease frog’s ability to resist

parasite infection (Kiesecker, “7
2002)

= Another lab experiment: Infected ::
tadpoles reared in presence of

osinophils

Number of
(cells per 5,000 red blood cells)

= 8

T T

=

pesticides
o had fewer white blood cells
(indicating a suppressed ~  w
immune system) and...
o higher rate of Ribeiroia cyst -
formation ;

control pesticide pesticide

N

o (=]

T
Fi =]
H =
=1



Figure 1.6 Pesticides May Weaken Tadpole Immune Systems (Part 1)

(A) Eosinophils
40

Control Solvent Low High
control pesticide pesticide

»
(=}

Number of eosinophils
(cells per 5,000 red blood cells)
s S

ECOLOGY 2e, Figure 1.6 (Part 1)
© 2011 Sinauer Associates, Inc.

(B) Ribeiroia

Experiment with two controls (a & b)

a) Control = only parasites

b) Parasites & solvent only (check for
effect of solvent [*'sham”] = no

D
o
I

Number of cysts per tadpole
8
T

effect) 20
c) Parasites & low pesticide in solvent j
d) Parasites & high pesticide in ® Control Solvent Low  High

control pesticide pesticide

ECOLOGY 2e, Figure 1.6 (Part 2)
©2011 Sinauer Associates, Inc.



Connections in Nature

Unintended effects via

Schmitt CJ. 1998. Environmental Interconnections:
Contaminants. Pages 131-165 in Mac

MJ, Opler PA, Puckett Haecker CE, . - .
Doran PD. Status and trends of the ° Synthetlc peSUClde use

nation's biological resources. U.S. -
Department of the Interior, U.S. began In 19305 and haS
Geological Survey, Reston, va. Increased dramatically since
= Amphibian exposure to
Pesticide Use, 1964-1991 pesticides has also increased.

* Any action (increased pesticide
use by people) can potentially
have unanticipated side effects

| (more frequent deformities in
g 15 otal ol ageulioal VLS. amp hibian s) _

se (million kilograms)

Pesticide u

T T T T G o L L, T e I LT pCS[iCidC use, 1964—1991
1964 66 68 70 72 74 76 78 80 82 84 86 8 90 (redrawn from Aspelin et al.
o 1992). Mac et al. 1998

http:/lwww.fs.fed.us/ne/delaware/biotrends/trends79.JPG



Connections in Nature

Long-term
impacts (algal
blooms) seen on

lakes from ==
fertilizer, manure =

Fertilizer use may also be a
factor:

= Fertilizer in runoff to ponds
Increases algal growth

= Snails that harbor Ribeiroia
parasites eat algae

= Greater numbers of snails
result in greater numbers of
Ribeiroia parasites

Figure 2. The use of fertilizer in the United States over the past
150 yoars.

25,000

@ 8
g g

Fertilizer Nutrients (1,000 T/yr)
2 -

http://cropsoil.psu.edu/extension/facts/img/af38afig2.jpg



Connections in Nature

Schistosomiasis in Africa .
Many human actions have also
Increased human health risks

= Damming rivers in Africa
Increases habitat for snails that
carry schistosomiasis

* New diseases (e.g. AIDS, Lyme
disease, Hantavirus, Ebola, &
The Disease Transmission Cycle of Schistosomiasis .
e dvr West Nile fever) may be related

mﬁ S . :@ to human activities
a @ A /T = Humans expanding into more

- wilderness areas, contacting
more animal hosts increases

exposure to “novel” viruses

http://www.wikieducator.org/images/4/4c/Schistosomiasis.jpg http://ww.universityscience.ie/imgs/scientists/shistosomiasis.gif



Figure 1.7 Rapid Spread of a Deadly Disease

O West Nile virus spread from New York
City (point of entry) to 45 states.
» Birds are primary host and
mosquitoes are vectors
» Mammals (including humans) are
“‘dead-end” carriers

Year of first reported human case

11999 []2001 [ 2003 []2006 []2012

Infected mosquitoes transmit
the virus to birds. Birds of some
species get ill and die, while
others become infected but do
not show signs of the disease.

@ NJ [87]
\DE
! MD [261]
‘j DC [87]
o

wv

Crow-to-crow o

transmission has Iarmmals bitten by

been demonstrated infected mosquitoes

in caged birds. e 6 o may test positive for
Typical WNY transmission "Dead-end” carriers: Sl i) <
cycle: bind «+—w moscito The virus in mammals marmmals will not

usuially is not sufficient gt il
Mosnuitoes become tor b transmitted back
infected when they bite to the mosquito,
ECOLOGY 3¢, Figure 1.7 birds infected with West thereby ending the

©2014 Sinauer Associates, Inc. Mile wvirus. transmission cycle.



Figure 1.7 Rapid Spread of a Deadly Disease

Year of first reported human case
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ECOLOGY 3e, Figure 1.7

© 2014 Sinauer Associates, Inc.



environment.

Jump to

Concept 1.2: Ecology Is the scientific study of
Interactions between organisms and t

neir
7y

Slide #43

%,O

Ecology Is a branch of biology that combines
Information about organisms and the physical world

“

Environmental science is even more interdisciplinary

* |ncorporates concepts from

o the natural sciences (ecology and physical sciences)

and...

o the social sciences (economics, policy/law, ethics)
a focuses on solutions to environmental problems



Early (and out-dated) ecological views:

o)
» A “balance of nature” ”’6(,,
* natural systems are stable and tendo‘v,,
to return to an original state after

disturbance

« Each species has a distinct role to play
IN maintaining that balance



o
‘/r
Ecologists now recognize that

ecological interactions are * e "“"\
much more complex...

Bal Smaller
A=) toothed

 Natural systems do not \
necessarily return to their A m,,ﬂn,
original state after a disturbance - N f
(“tipping points”). I S et

« Seemingly random perturbations ‘\
can play an important roles. / ‘-‘""“;;:.")\

 Evidence suggests that different i ;[m:u;%‘
species often respond in jramy
different ways to changing R
~onditions. Coph 0 Btson Ecaton. . il a B g

http://io.uwinnipeg.ca/~simmons/16cm05/1116/53-11-AntarcticFoodWeb-L.gif



Concept 1.2
What Is Ecology?

(o)
‘/r
One view that has stood

the test of time... ﬁg e ‘\

 Events In nature are .,, ";:m sy
interconnected. .. \

« A change in one part of an o ::“ m:::“
ecological system can alter f
other parts of that system. “Cons € Fen > sua RmEsy

Euphausids
{krill}

Herblvoruus
plankton
[mmpuﬂs}

Copyrght © Pearson Education, Inc., publishing as Benjamin Cummings.

http://io.uwinnipeg.ca/~simmons/16cm05/1116/53-11-AntarcticFoodWeb-L.gif



TABLE 1.1 (Part 1)

L ] L J O
Some Ecological Maxims /r/),,@

Il

You can never do just one thing.

Organisms interact with one another and with their physical
environment. As a result, events in nature are connected, and what
affects one organism or place can affect others as well.

Everything goes somewhere.
There is no “away” into which waste materials disappear.

No population can increase in size forever.
There are limits to the growth and resource use of every population,
including our own.

There is no free lunch.

An organism’s energy and resources are finite, and increasing
inputs into one function (such as reproduction) results in a trade-off
in which there is a loss for other functions (such as growth). y




TABLE 1.1 (Part 2)

Some Ecological Maxims

7;2;9

5. Evolution matters. O,
Organisms evolve or change over time—it is a mistake fo view them as static. %
Evolution is an ongoing process because organisms continually face new challenges
from changes in both the living and nonliving components of their environment.

6. Time matters.
Ecosystems change over time. When we look at the world as we know it, it is easy to
forget how past events may have affected our present, and how our present actions
may affect the future.

/. Space matters.
Abiotic and biotic environmental conditions can change dramatically from one place
to another, sometimes across very short distances. This variation matters because
organisms are simultaneously influenced by processes acting at multiple spatial
scales, from local to regional to global.

8. Life would be impossible without species interactions.
\ Species depend on one another for energy, nutrients, and habitat.

ECOLOGY 3e, Table 1.1 (Part 2)

© 2014 Sinauer Associates, Inc.



Concept 1.2

What Is Ecology?

. ”
Ecologists must select }6(,
o

appropriate scales of 0%
study.

- Impact of forest
= Spatial scales: Goodruningaress (o0
" 2 topography, soil within recent burn s Y 9
1 OO km (animal behavior, fire (animal

conditions, fuel 1
itions, 1L ; ecology, lichen
conditions, fire plant succession) ecology)

d Sma”_SO" behavior)
microorganisms Fuelselecyon Sl priedfr

controlled burning
(weather, night
o Large—atmospheric
pollutants

temperatures, fuel

Ecosystem
renewal
following fire
(plant and
animal

ecology)

AREA

» Temporal scales:
o Short—Ileaf response

Good berrying areas
following fire (plant

ecology, topography)

Selection of camp
fire location

tO Sunllght gﬁs}zgi)foresr
o Long—how species S L g L @
g p b£® Q§®® g) g@

change over geologic Ve S
time

http://rs.resalliance.org/2010/09/28/fire-and-the-anishinaabe/



with similar and coordinated fUﬂCY'O together form systems, such
mclons(sud\assen.mgodow) the nervous system.

4

A tissue is a group of many oels] Organs composed of tissues that ]

Orgamsm (fish)

Ecologists study interactions in
nature across many levels of
organization.

» Ecological studies usually
emphasize individuals,
populations, communities,
Or ecosystems.

ECOLOGY, Figure 1.8



Figure 1.8 Levels of Biological Organization (Part 1)

Cell
(neuron)

Molecule
(DNA)

Tissue ~ “))) Organ system
(nervous tissue) (nervous system) l

ECOLOGY, Figure 1.8 (Part 1) © 2008 Sinauer Associates, Inc.



Figure 1.8 Levels of Biological Organization (Part 2)

Organism (fish)

Population
(school of fish)

5
e

Biosphere
ECOLOGY, Figure 1.8 (Part 2) © 2008 Sinauer Associates, Inc.



Organism (fish)

A population:
= Group of individuals of a
single species that live in

a particular area and
Interact with one another

Population
(school of fish)

A community:

= Association of
populations of different
species living in the same
area.

ECOLOGY, Figure 1.8 (Part 2)



Figure 1.9 A Few of Earth’s Many Communities

ECOLOGY 3e, Figure 1.9
© 2014 Sinauer Associates, Inc.



Organism (fish)

An ecosystem Is a community

of o_rganisms_plus _the physi_cal Population
environment in which they live (school of fish)

Landscapes are areas with
substantial differences, typically
iIncluding multiple ecosystems.

The biosphere:

= All the world’s ecosystems
taken together

= All living organisms on
Earth plus environments in =
which they live
ECOLOGY, Figure 1.8 (Part 2)



V.

TABLE 1.2
Key Terms for Studying Connections in Nature 47)

Term Definition o h'fb&
Adaptation A feature of an organism that improves its ability Sy "€

to survive or reproduce in its environment

Natural selection  An evolutionary process in which individuals
that possess particular characteristics survive
or reproduce at a higher rate than other
individuals because of those characteristics

Producer An organism that uses energy from an external
source, such as the sun, to produce its own
food without having to eat other organisms or
their remains

Consumer An organism that obtains its energy by eating
other organisms or their remains
Net primary The amount of energy (per unit of time) that
production producers fix by photosynthesis or other
(NPP) means, minus the amount they use in cellular
respiration
Nutrient cycle The cyclic movement of a nutrient between
\_ organisms and the physical environment )

ECOLOGY 3e, Table 1.2

© 2014 Sinauer Associates, Inc.



time

Evolution:

= A change in the genetic characteristics of a
population over time

» Descent with modification — organisms gradually
accumulate differences from their ancestors

= Adaptation: A characteristic that improves survival
or reproduction.




Natural selection, in a nutshell:

Yum! Green beetles! Our favorite!

7
0
Natural selection “,

» |Individuals within a population
with particular adaptations tend
to survive and reproduce at a
higher rate than other individuals

= |f the adaptation is heritable, the
offspring will tend to have the
same characteristics that gave
their parents an advantage

= As a result, the frequency of
those characteristics may
Increase in a population over

t” I le Green beetles have been selected against, and brown
beetles have flourished.




Figure 1.10 Natural Selection in Action

Antibiotic @¢ %

- N

V‘@X@’ Natural selection is a culling or editing effect,
== removing individuals without advantageous
0 f S adaptations
&
=)
\Q’ '%0 A bunch of bacteria, ...get bathed in The resistant Eventually, the
0 \ including a resistant  antibiotics. Most bacteria multiply entire infection
& O% & variety... of the normal and become more  evolves into a
‘ bacteria die. comman. resistant strain.
Lo &P = =T —= ——
g || S| =\ —
T e || e =T —
-‘ % w:‘% ] | e ‘.’ | . - |

s normal bacterium ez=p=n dead bacterium

S resistant bacterium

ECOLOGY 3e, Figure 1.10 . - . .
© 50714 SiFAUSF Ascorates, Hic http://evolution.berkeley.edu/evolibrary/article/bergstrom_03



Figure 1.10 Natural Selection in Action

< @%‘Do | _

IS b= = Three variables important for
C’f@ natural selection to operate

Antibiotic p, O,) L o o
9, »Variation among individuals

LR Oh, within the population
low 7
‘j >Heritability of the variations

»Differential fitness (reproductive
success) due to variation

»Natural selection is an editing
process...selection culls out less
adapted individuals

© 2008 Sinauer Associates, Inc.



Ecology
%%,

0
Ecosystem processes W

» Movement of energy and materials

» Energy enters community when producers
capture energy from an external source
(usually the sun) and uses that energy to

produce food Processes
. IPhotosynthesis
._|Digestion, assimi-
\ lation, and growth
| Excretion and
Photosynthetic plants death
- ' [7IRespiration
=2 By \ available
10 g b for further
s - carnivores
@[ carnivores N e transfers

http://lwww.estrellamountain.edu/faculty/farabee/biobk/enflow.gif



o(//_O
= Net primary productivity %,
(NPP):

a Energy that producers
capture by photosynthesis or Respiration
other means (GPP, gross
primary productivity), minus
amount they lose as heat in Net Primary Production
cellular respiration N Discanss

o - Haresig
a NPP = GPP - respiration ool >
a NPP varies among ﬂuumm

Death of Roots
ecosystems and has a large etc
Impact on these systems

Gross Primary Production

Decomposition
Dead
Biomass




%,

o

O,

* Energy moves through 7"
ecosystems in a single

direCtion Only - energy Incoming solar radiation
cannot be recycled

Producers

* Nutrients are
continuously recycled
from the physical
environment to
organisms and back
again.

NUTRIENT ‘e (LS8
CYCLING &

Consumers
(herbivores, carnivores, decomposers)

ENERGY FLOW

ECOLOGY 3e, Figure 1.11
© 2014 Sinauer Associates, Inc.



%,

o

: O
Nutrient cycle “,

= Cyclic movement of nutrients
such as nitrogen or
phosphorus between AN
organisms and the physical producers \/ ML/
environment

= Life would cease If nutrients
were not recycled

Incoming solar radiation

Physical
environment

Lk ,,/.&‘ LRl /.
R e v #

» Likewise, life would cease if . S
energy stopped flowing ENERGY FLOW

ECOLOGY 3e, Figure 1.11
© 2014 Sinauer Associates, Inc.



Answering Ecological Questions

Concept 1.3: Ecologists evaluate competing
hypotheses about natural systems with
experiments, observations, and models.

Jump to Slide 61

":"6|ogy Iab hear
Pruitt campus

ECOLOGY, Figure 1.5 (Part 1)



Answering Ecological Questions

Ecologists use several methods to answer
guestions about the natural world:

» Observational studies in the field (comparative
fleld studies)

» Controlled experiments in the laboratory
* Manipulative experiments in the field
» Quantitative models (computer mathematlcal)

Jump to
Slide #55




Answering Ecological Questions

* An observational
(comparative) field study:

» Johnson et al. (1999)
surveyed ponds to determine
that frogs with deformities
were only present if the
parasite’s intermediate host
shail was also present

http://www.converge.org.nz/nbio/images/sampling.jpg



Answering Ecological Questions
o
&
. "0,
« A controlled experiment: 7
» Johnson et al. (1999) also tested their
observations by exposing tadpoles to four

different levels of the parasite Ribeiroia in the

laboratory
100 —e
80
)
& 60
:
S 40 - 4
ol
20
0 | | |
0 16 32 48

Number of parasites per tadpole

Surviving frogs that had deformities

Tadpoles surviving to metamorphosis

ECOLOGY, Figure 1.4 ©2008 Sinaver Associates, Inc.



Answering Ecological Questions

» A field experiment O,

» Kiesecker (2002)
compared frogs from
three ponds containing
pesticides with frogs
from three ponds that
had no pesticides.

» VValid manipulative field
experiments must also
have controls in the
experimental design

ECOLOGY, Figure 1.5 (Part 1)



Answering Ecological Questions
O(//.O
- __ - Ecological experiments can “
N NEF g be done at different spatial
scales:

= Small-scale laboratory
experiments in test tubes or
flasks, to whole-lake
experiments

* When possible, experiments
iInclude a control group,
which is not subjected to any
alterations.

©)

© 2008 Sinauer Associates, Inc.



Answering Ecological Questions

Sometimes experiments are th,)
difficult or impossible to
perform

» For example...questions
concerning events that occur
over large geographic and/or
time scales, such as global
climate change, El Nino

» Possible approach: Conduct
observational studies over
large regions or for long time
periods (limited by lack of
control by researcher)

Land and Ocean Temperature Changes

S — Lﬂﬂ.d

Temperature Anomaly (°C)

http://global-warming.accuweather.com/gissocean-thumb.qgif



= ...then data can be entered into mathematical models to
help understand the system under study

Comparison Between Modeled and Observations
of Temperature Rise since 1860

Temperature anomalies in °C Temperature anomalies in °C
1.0 - 1.0 1.0 1.0
1 (a) Natural forcing only ‘ 1 (b) Anthropogenic forcing only F

i ; : 1.0 -1.0- ; : : - 1.0
1850 1900 1950 2000 1850 1900 1950 2000

Temperature anomalies in °C
1.0 - 1.0
Oo 7] (c) Natural + Anthropogenic forcing

}6 05 :

- 0.5

- 0.0

C.05

-05 -
I 1.0 . : F-1.0
@) CGIRIID) 1850 1900 1950 2000
vxer Arendal

Sourca: Climate onm%ezom. Synihesss report, Contribution of working groups |, 1 and |il to the Third Assessment Report of the Intergovermental Panel on Climate Change,
Cambriage University Press, 2001

http://www.grida.no/climate/vitalafrica/english/graphics/11-tarmodel.jpg



Answering Ecological Questions

Cow farts collected in h’/)
The StUdy Of global plastic tank for climate

_ _ change study
climate change involves &%
using a mixture of... £

= observational studies,

= small-scale experiments, gt
and...

» guantitative
(mathematlcal or Scientists estimate that methane

m N m | from cows accounts for more
CO pUte ) Ode S than 30% of Argentina’s total

greenhouse emissions. Methane
is 23 times more effective
trapping heat than CO,

7T
s

http://Amww.m4gw.com:2005/m4gw/2008/07/cow_farts_collected_in_plastic.html



Concept 1.3

Answering Ecological Questions

O
Climate change: A directional change in "

climate (such as global warming) that occurs
over 30 years or longer.
« Climate affects many aspects of ecology, and changes have

already occurred in the physiology, survival, reproduction,
and geographic ranges of hundreds of species.

Many species’ distributions are
shifting towards the poles already.

Swainson’s Thrush moved their : {
breeding range latitude 88 miles > %
farther north since the 1970s, while ,

the Blue-gray Gnatcatcher has = S ﬁ?
moved their breeding range 195 el 8 \

miles farther north over the same Bovee )7 N s

period.

http://www.earthgauge.net/2011/climate-fact-bird-breeding-range-shifts-great-lakes



Answering Ecological Questions

Layout of field showing
Key aSPeCtS of gOOq replicates of 5x5 meter
experimental design:

plots in two treatments
(with and without insect
removal) randomly

* Replication assigned

= Perform each treatment more than (A)
once

= As number of replicates increases, it
becomes less likely that the resiys
were actually due to a variable thatk,
was not measured or controlled @ e

* Increased sample size within
treatments decreases likelihood that
effects are due to chance alone

ECOLOGY 3e, Ecological Toolkit 1.1, Figure A
© 2014 Sinauer Associates, Inc.



Answering Ecological Questions

Key aSpeCts of gOOd O’) R Layout of field showing
experimental design: O, replicates of 5x5 meter

O plots in two treatments
h’/; (with and without insect

* Randomization removal) randomly
o Assign treatments at random assigned
(A)
« Helps limit effects of unmeasured

variables

« Standard statistical analyses are
used to determine significant effects

ECOLOGY 3e, Ecological Toolkit 1.1, Figure A
© 2014 Sinauer Associates, Inc.



Answering Ecological Questions

Scientists learn about the natural 'f"-"'e_n Statement. 4

: Ypoth .
world by a series of steps Predicts ngse t’S.true, then
called the scientific method: Proposeq caur;“;g Will happe,

--.aNnq effect’

1.Make observations and ask
guestions.

2.Use previous knowledge or intuition
to develop a testable hypotheses,
l.e. a possible explanation (cause)
of phenomenon (how or why)

3.Make a testable prediction based o
hypothesis... what will happen
(effect) if hypothesis is true, within
context of study design

PO g

ttp://physics.ucr.edu/~wudka/Physics7/Notes_www/img1l.gif



Answering Ecological Questions

If.. the
Example o Yoothea lement: ;¢
= |f Lake "O” nutrient-rich 'S true, ¢p
discharges cause plankton .S SOomethjp,
blooms in IRL... Will happep,
a then nutrient levels should be
higher in IRL after discharges THEORY

o then should detect increased
blooms during times after
discharges

[nhsewatinnsm hypothesis m-]

http://physics.ucr.edu/~wudka/Physics7/Notes_www/img1.gif



Answering Ecological Questions

4. Evaluate h i Apr €diction jq

. ypotheses (i.e. are YOu think i NOT what
predictions true) by examining based o, thle I ’f;appen’ itis
results of experiments, a YPothesis

comparative observational studies,
or using quantitative models

5. Use results to modify the
hypotheses, to pose new
guestions, or to draw conclusions S
about the natural world

The process is iterative (repeats) and /
self-correcting.

http://physics.ucr.edu/~wudka/Physics7/Notes_www/img1.gif



Answering Ecological Questions

Alternative hypotheses re’;-p/(')’Sept:c Systems .,
« Different “explanations” for loo n';S’l?’e for plankto;e
phenomenon S In IRL, then

« E.g. — parasites, pesticides, pollution,
UV radiation, habitat loss may
account for amphibian declines

* Hypotheses may be mutually
exclusive (single cause) or not
(multiple causes)

ohservations * hypothesis

A scientific theory o
. modiypoless

* From consistent results
= Supported by lots of data, usually -

from many different sources

http://physics.ucr.edu/~wudka/Physics7/Notes_www/img1.gif



Case Study Reuvisited: Deformity and Decline in Amphibian

Populations

Studies have suggested that no single factor can
explain decline of amphibian populations.

» Declines seem to be caused by complex factors that
often act together and may vary from place to place

» The relative importance of factors such as habitat loss,
parasites, pollution, UV exposure, and others, are still
being investigated.

Distribution of Threatened Amphibian Species

—

Source: Global Amphibian Assesment

http://amphibiaweb.org/images/gaa_global_threatened_species.jpg



A Case Study Revisited: Deformity and Decline in Amphibian

Populations

 Stuart et al. (2004)
analyzed studies on 435
species:

= Habitat loss was the
primary cause for 183

species; overexploitation
for 50 species.

u The Cause for the Red Llist Category Number of Species
remaining 207 species was :g%fii;;::;ﬂ;m N
poorly understood. e s

Total Number of Species 5915

http://sapiens.revues.org/1406



Case Study Reuvisited: Deformity and Decline in Amphibian

Populations

Hatch and Blaustein (2003) studied effects of UV light
and nitrate on Pacific tree frog tadpoles

= At high elevation sites, neither factor alone had any affect

o But together, the two factors reduced tadpole survival

= At other low elevation sites, this effect was not seen
In the absence of nitrate, UV light
[ ] 9

did not affect tadpole survival.

/)

100 g
[l Without UV light

foY0) 80 = . With UV 1ight PHOTO BY GHARLOTTE C. CORNRAN
c
=
.- . 1 1) 1 \ \ k \ \ ‘
Z 60 NN \
wn . l{ 11 v .’ 3
W In the presence of nitrate, n1) Z '
80 ,
8 40 tadpoles that were exposed
g to UV light survived much ‘
% more poorly than those that
~ 20 —| were not.

0 z

0 10

Nitrate concentration (mg/L) o ! - .
SO Houreriuid s . VWS fed.us/r4/amphibians/images/pacifictreefrog_tadpole2.jpg



Figure 1.14 Joint Effects of Nitrate and UV Light on Tadpole

Survival
/;
In the absence of nitrate, UV light }6 ”
did not affect tadpole survival. ’ o)
b,
v 7
100 -
Il Without UV light

Bl With UV light

f In the presence of nitrate,
tadpoles that were exposed
to UV light survived much
more poorly than those that
were not.

Percentage surviving
W
S

N
-
[

y

0 10

Nitrate concentration (mg/L)
ECOLOGY, Figure 1.14 © 2008 Sinauer Associates, Inc.



Case Study Revisited: Deformity and Decline in Amphibian

Populations
%,
" ] /.
The effects of pesticides are also complex... Oh,,)
= Some studies (Relyea, 2003) show that tadpoles are

more susceptible when under stress, such as
presence of predators

Rick Relyea Studies Deadly Effects of
Pesticides (Roundup) on Amphibians

bl
"

[
s
>

W5

http://www.donrelyea.com/front_img/big_tadpole_large.jpg http://mwww.chronicle.pitt.edu/wp-content/uploads/2007/08/ple-relea.jpg



A Case Study Revisited: Deformity and Decline in Amphibian

Populations

Skerrat et al. (2007) argued that some declines
may be due to pathogens

= a chytrid fungus that causes a lethal skin disease

and has spread rapidly in recent years. 0

= climate change and altered conditions may be O/) }5(/
favoring growth and transmission of disease Wy,
organisms.

Frog with chytﬁd fungél Infection, -
(Batrachochytriuim dendrabatidis - - -
or Bd infectior) - o B

o Associated
with mortalities (
] Not associated W
with mortalities

http://news.mongabay.com/2013/0919-watsa-chytrid-fungus-
devastates-salamanders.html https://frogmatters.wordpress.com/category/chytrid-fungus/page/4/



Case Study Revisited: Deformity and Decline in Amphibian

Populations

Amphibian declines seem to be caused by complex
factors that often act together and may vary from
place to place.

* A broad set of factors can cause frog deformities, but
little Is known about how these factors interact.

There remains much to be discovered In the fleld of
ecology. |

O
O, Y%
b,

ECOLOGY, Figure 1.15 © 2008 Sinaer Associates, Inc.



Connections in Nature: Mission Impossible?

. O,

The natural world is vast, 2
complex, and

Interconnected.

» But ecologists think
that it Is not impossible
to understand it.

» Ongoing efforts are
sure to be challenging,
exciting, and important
to the well-being of
human societies.

http://www.payvand.com/news/08/jun/Earth-BlueMarble-NAASA.jpg



