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Species roles in the community

... Each species can be placed on one of several
trophic levels (trophos = “nourishment”).

... Classification within trophic levels: quilds
(groups of species that feed on similar resources,
and often have similar ways of life).
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Feeding relationships and community structure

... Represents feeding relationships within a community.

... Theinteractions affect species richness, ecosystem
productivity and stability.

... An important tool for investigating energy flows and
predator-prey relationship.
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Species interactions in a food web

... Interaction of two species via a third species.

... Example: a competition influenced by a predation.
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Food webs control of community structure

With top-down control, consumers depress
the trophic level on which they feed,

..... indire.ctly increasing the next lower
..... . Bottom-up control. el T
..... trophfc level resu‘lts .in a
... The size of a trophic level is determined by | e
- . ' <- community.
the rate of production of its food resource. secontay
..... LR, The relative biomass
..... . Top-down control. - . e
..... c:nn;auger O * | top-down controls.
... Higher trophic levels determine the sizes of , ;
the trophic levels below them. B
... The abundance or biomass of lower trophic e
levels depends on effects from consumers at sl
higher trophic levels. A
- . : The trophic structure of a community may be
..... Indirect effect of predation: trophic cascade. determined by bottom-up or top-down control.

[Figure 18.19], Rlcklefs 2008 The Economy of Nature. 61" ed. NY: W. H. Freeman and Company. Used under a Fair Use rationale.

J‘J- I

&S




Types of food chains

Detrital food chain




Sunlight
1,700,000
kcal/m?/yr

Ecosystem framework

Primary producers
13,187 20,810
..... 7,618 4,250

..... - Ecosystems are organized into trophic levels. ¥

coves Primary consumers

... Primary producers, consumers (various levels), 2,265 3,368

1,103 720

detritivores/decomposers. ¥

Secondary consumers

272 383
111 90

.

..... - Laws of physics and chemistry apply to
ecosystems. -

..... 16 21

... Law of conservation of energy. 5 5

... Second law of thermodynamics. A

..... 5,060 5,060

.. Law of conservation of elements.
20,810

(5ross productivity

CNX OpenStax via Wikimedia Commons, CC BY 4.0. Net productivity
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to decomposers

respiration + heat

An overview of
ecosystem dynamics
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Relative energy content in trophic levels

Tertiary (apex)
consumers

Secondary consumers

Primary consumers

Primary producers

0 5,000 10,000 15,000 20,000
Energy content (kcal/m?/yr)

The relative energy in trophic levels in a Silver Springs, Florida, ecosystem. Each trophic level has
less energy available and supports fewer organisms at the next level

[Figure 46.5], Rye et al., 2016 OpenStax Biology, CC BY 4.0.
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Terms used

BIOMASS

The mass of organisms per unit area
or volume.
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Types of food webs

... Threetypes of food webs (R. Paine):
1. Connectedness web (or topological food web)

... Shows feeding relationships among organisms.
7. Energy flow web

... Shows connections quantified as energy flux.
3. Functional web (or interaction food web)

... Emphasizes the influence of populations on growth rates in other populations.
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Energy Flow through ecosystems

... Energy and nutrients enter ecosystems
through photosynthesis.

... The amount of energy captured determines
the ecosystem support.

... Measured through biomass (dry biological
material).

.. Resources needed: CO,, light, water,
minerals, O..




Gross and net primary production

Respiration Metabolism
Growth - GPP
NPP - Total photosynthetic productivity
Energy stored in biomass Reproduction €0, + H,0 - Glucose + 0,

... Gross primary production (GPP) = total primary production.

.. Net primary production (NPP) = GPP minus energy used by
primary producers for respiration (R).
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Sunlight Energy lost and
unavailable to

consumers

Gross
primary

production I

Net primary
production
(energy available
to consumers)

FIGURE 22.3 Gross primary production can be partitioned
into respiration and net primary production.

[F|gure 22.3], Ricklefs, 2008, The Economy of Nature. 61" ed. NY: W. H. Freeman and Company Used under a Fair Use rationale.

Primary production

Amount of light energy converted to
chemical energy (organic compounds) by
autotrophs in an ecosystem during a given
time period.

... Net photosynthesis is the fixation of carbon
In excess of simultaneous releases of CO, by
plant metabolism.

Photosynthesis usually captures only ~1%
of total energy received in sunlight.

.. Blosphere is fueled by a relatively inefficient
process.




Terrestrial systems
Temperature

Water (moisture)
Nutrients

Marine/aquatic systems
Light
Nutrients




Measurement

NPP GPP =NPP + R
 Annual increase in biomass per unit e Standing mass (crop) = Total
area [g.m™2.yr] (bio)mass present (including new
e Usually only aboveground; but much ’cissueZ old living tissue and dead
production is allocated belowground. material.)

...........
------
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[Figure 3], Mazzolai et al., 2010, DOI: 10.4161/psb.5.2.10457, used under a Fair Use rationale.



NPP measurement: Light & dark bottle method

Measurements of carbon dioxide flux in dark and light

Net uptake Output Gross uptake .
in light + ) in dark = (gross primary to estimate GPP.
(net primary (respiration) production)

production)

Light bottle Dark bottle
ouput 4 — O, uptake O, uptake
: by respiration by respiration
T

O, output -
by phﬂtcl.:-l! + —
SjiﬂthEEiE ,
}Het o, I
Paired light and dark bottles can be used to output

>

measure production by aquatic phytoplankton. _
Algal suspension

[Figure 22.5 and 22.6], Ricklefs, 2008, The Economy of Nature. 6" ed. NY: W. H. Freeman and Company. Used under a Fair Use rationale.



Global variation of NPP

... High near the equator.

... Intermediate in
temperate zones.

... Low near poles.

... Very low in the arid
Zones.

Net Primary Produc tivity (kg-C/m2/year)

0 0.3 0.6 0.9 1.2

Data taken from: IBIS Simulation

(Kucharik, et al, 2000) Atlas Of the Biosphere

Foley, et al. 1996 i iy :
(Foley, et a ) Center for Sustainability and the Global Environment

University of Wisconsin - Madison
e 0 gk 4

[Global variation of NPP], Foley et al., 1996, DOI: 10.1029/96GB02692, used under a Fair Use rationale.




Latitudinal patterns in primary productivity

Marine NPP Terrestrial nep 4 Annual NPP for major biomes
and for the planet in total in

petagrams (10"°) of C.

Tropical and subtropical oceans 13.0 Tropical rainforests 17.8
Temperate oceans 16.3 Broadleat deciduous forests 1.5
Polar oceans 6.4 Mixed broad/needleleaf forests 3.1
Coastal 10.7 Needleleat evergreen forests 3.1
Salt marsh/estuaries/seaweed 1.2 Needleleaf deciduous forests 1.4
Coral reefs 0.7 Savannas 16.8
Perennial grasslands 2.4
Broadleaf shrubs with bare soil 1.0
Tundra 0.8
Desert 0.5
Cultivation 8.0
Total 48.3 Total 56.4

[Table 17], Begon et al.,, 2006, Ecology: from |nd|V|duaIs to ecosystems, 41" ed., Massachusetts: Blackwell Pubhshmg used under a Fair Use rationale.
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Above- vs below-ground
NPP in different latitudes

... Latitudinal trend in productivity of grasslands.

... Considerable differences in the relative
Importance of above- and below-ground
productivity in the different grassland.

... Theoverall trends with latitude suggest that
radiation and temperature may often [imit the
productivity of communities.

.. Other factors frequently constrain productivity
within even narrower l[imits.

[Figure 17.1], Begon et al., 2006, Ecology: from individuals to ecosystems, 4" ed., Massachusetts: Blackwell Publishing, used under a Fair Use rationale.
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Autochthonous and allochthonous production

.. Organisms need a source of energy.

.+ Autochthonous sources vs allochthonous sources

.. Terrestrial ecosystems

... Autochthonous production in situ by the photosynthesis of plants (main source).

. Allochthonous source from animals feces derived from food consumed elsewhere.

... Aqguatic ecosystems

.. Autochthonous input by the photosynthesis of large plants, algae, phytoplankton.

... Allochthonous material via rivers, groundwater, or the wind.

... Therelative Importance of the autochthonous vs allochthonous sources of
organic material varies.
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Characteristics of energy in food webs

... Non-cyclic, unidirectional flow.

... Losses at each transfer from one trophic level to another.

... Losses as heat from respiration.

... Inefficiencies In processing.

... Total energy declines from one transfer to another.

... Limits number of trophic levels.
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Secondary productivity: the next level in energy flow

... Secondary productivity: the rate at which consumers convert
organic material into new biomass of consumers.

.. No additional energy is introduced into the food chain, hence no gross or
net values.

... Limited by primary production.

1000 | |
100,000 1000 Relationship between
- L veground n
>S 100 § 10,000 % 100 a?.o eground net
T =1 = - porimary
%E 10 EE 1000 % oroductivity and (a)
o2 SE S 1 nerbivore
:g g2 100 2 . oroductivity; (b)
38 . 8 . 2 consumption; and (c)
g I . £ 0o herbivore biomass.
0.01 1 1 @ ! 0.001 ! !
(a) (b) 100 1000 10,000 100,000

Met primary pmdu::tn.rttl_.r.{ktlfrnsz]
[Figure 20.20], Smith TM & Sm|th RL, 2015, Elements of Ecology, 9t" ed., Pearson Educatlon Ltd Used under a Fair Use rationale.
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Factors limiting secondary production

... Primary production.

.. Second law of thermodynamics.
... Water.

.. Nutrients.

.. Predation.

... Competition.




Quantifying energy fFlow through trophic levels

P, 14
P, = NPP at trophic level n Invertebrate herbivore
R = respiration efficiencies
I = ingested production
A = assimilated energy I"‘Pﬂ-'l =20%
W = waste materials A/l = 35%
A/l = assimilation efficiency P n'":'ﬂ‘- = 20%

P/A = production efficiency
I./P,_, = consumption efficiency

Bm—>

MNot
P consumed 1000 - | |
‘ (a) Energy flow within a single trophic compartment.
(b) An example of quantifying energy flow for an
(a) T (b) T invertebrate herbivore using estimates of efficiencies

orovided in table. Values are in kilocalories (kcal).

[Figure 20.24], Smith TM & Smith RL, 2015, Elements of Ecology, 9t" ed., Pearson Education Ltd. Used under a Fair Use rationale.
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Energy transfer efficiencies

... Efficiency of energy transfer called Viean =10.13
trophic efficiency (TE) or transfer
efficiency (in percent).

... Result (x =10.13%), close to the
general rule of 10% TE.

0
2 6 10 14 16 20 24
I'E = Pn / Py, _ 1 Transfer efficiency (%)

No. of cases

A
Pn — annual production at level n Frequency dist.ri.outipn .of trpphic efficiencies
_ (energy transfer efficiencies: TE in percentages) for 48
P, _, = annual production atlevel atn — 1 tropic models of aguatic ecosystems.

[Figure 20.26], Smith TM & Sm|th RL, 2015 Elements of Ecology 9““ ed., Pearson Education Ltd. Used under a Fair Use rationale.
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Trophic efficiency

... Trophic efficiencies

usually range between i ®
5-20%.

... A consequence of low et
ecological efficiencies: Nl

variation in abundance
Or biomass across
trophic levels.

20,000 kcal /'-"ﬁ"/yf
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Secondary production efficiency varies with species

.. Production efficiency (P/A) is the
fraction of food energy that is not used
for respiration.

.. Production efficiencies: birds and 200 e
mammals (1-3%), fishes (10%), insects -
(10-40%,). y < Sesiriared (o)

1 ingested
ene?g;!’ i‘: expelled as 60 J of assimilated

..... waste (W) energy is used for

.. No differences across habitats. oL ek )

energy IS used for
production (FP)

A
Simple model of energy flow through a consumer.

[Figure 20.22], Smith TM & Smith RL, 2015 Elements of Ecology 9th ed., Pearson Education Ltd. Used under a Fair Use rationale.
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Fnergy flow

Human at different trophic levels

TROPHIC LEVEL

Ng Secondary consumers
i B,

-_—

' ¥ Meat-eaters
\

Primary consumers

‘ 2

Herbivores




Ecological pyramid models

... A pyramid is used to illustrate the structure of the trophic levels
In a food chain.

.. Introduced by Charles Elton (1927).

... lTypes of ecological pyramids:

... Pyramid of numbers

... Blomass pyramid

... Energy pyramid




Pyramid of numbers

... Compares the number of organisms at each trophic level in a food
chain.

... Typically in an upright shape, but can be also inverted and spindled.

Pyramids of numbers (individuals per
unit area) in different types of
ecosystemes.

4

Upright:

(A) Grassland ecosystem,
(B) Pond ecosystem;
Spindle shaped:

(C) Forest ecosystem;
Inverted:

(D) Parasite ecosystem.

T, - Producers | T,- Herbivores | T;- Secondary consumers | T,- Tertiary consumers

[Figure 7.8], Biology-Botamy, 15t ed., 2019, Tamilnadu
Samacheer Kalvi Books. Used under a Fair Use rationale.
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Biomass pyramid

... Compares the the amount of organic material (biomass) present at
each successive trophic level in an ecosystem.
... Can be upright or inverted in shape.

Pyramids of biomass (dry weight per
unit area) in different types of
ecosystems.

4

Upright:

(A) Grassland ecosystem,
(B) Forest ecosystem;
Inverted:

(C) Pond ecosystem.

[Figure 7.9], Biology-Botany, 15t ed., 2019, Tamilnadu
Samacheer Kalvi Books. Used under a Fair Use rationale.




Energy pyramid

... Enerqgy flow at each successive trophic
level In an ecosystem.

... Typically upright pyramid shaped, with
the largest number of organisms at the
producer level.

... Competitive relationships can reduce
productivity at top levels.

Pyramids of energy (Kcal/unit
area/unit time) in any ecosystem.

[Figure 7.10], B|ology Botamy 1sted., 2019, Tamilnadu Samacheer Kalvi Books. Used under a Fair Use rationale.
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Keystone species

. A species whose removal would produce a
significant effect in the ecosystem.

speciles.

Predators often function as
keystone species within
communities.

Extinction/large change in density in other

IN ARCHITECTURE
WE HAVE THE
KEYSTONE ...

Sugcari@@ns. com

sucarleAwns. com

moeé w'imci}f BORDERS & 494

& MARINA MONTANARO 2012
r & o™ o an e

Marina Montanaro, Fair Use.




“Keystone”
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[Arch], George Lafferty, used under a Fair Use rationale.




Keystone predation

Predation can influence the outcome of competitive interactions
between prey species.

Indirect predation interaction (influenced by a third species).

Keystone predation, wit
the purple seas stars as
the predator, controllin

population of their prey.

o s 1y
TRAE [Pty
e

Dave Cowles, via Walla Walla University, Fair Use. Mbz1 (assumed), via Wikimedia Commons, CC BY-SA 3.0.
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Predation by Pisaster ochraceus ST et

.. P.ochraceus was one of the first species
recognized as a keystone.

... Predation by starfish reduced the abundance
of mussel and opened up space for other
species to colonize and persist.

... Removal of Pisaster causing a diversity decline g
in the eXpel‘imenta| plOt %11 forﬁ'ia mussels Mytilus callfor"“

*i‘:*’**. .), 8

; U SA "Ja Vi
9«” e ¢
‘ ..(‘“', Ny

o

; em« doklerus, via Wikimedia Commons CC BY 2.0
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... Mussels and barnacles crowded out many of the
other species.

Purple sea stars Pisaster ochraceus

Key‘st'.one Species Sampler, Fair Use.
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Keystone species: Otters in kelp forests

Kelp forests functions:

To provide important nursery areas for
juvenile fish.

Positively influence (directly or
indirectly) the abundance of larger fish
& predatory species.

.. Most important herbivores: the sea
urchins (kelp grazers).

Sea urchins are otter’s favorite prey.

Their predation allows kelp forest to
proliferate.

! :
! S e\ | © Phillip Colla / seaotters.con|

» ._. .""' 20 T
www.seaotters.com, Fair Use.

/

Phillip Colla,

Neil Fisher, www.climate.gov, Fair Use.
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Sea otters feed on
sea urchins, reducing
urchin populations

-

Low sea urchins
populations allow for

high biomass of kelp

The destruction :
:
of kelp forests
2
5
4 |deal state of
the food web
Sea otter function as a keystone &
predator species in the coastal 3
kelp communities of the North 3
Pacific. 2
Disturbed state of
the food web
Increased predation of otter by
killer whales in the 1990s. -
Sea otter abundance declined in %
the Aleutian g

[Figure 16.6, with modifications], Smith TM & Smith RL, 2015,
Elements of Ecology, 91" ed., Pearson Education Ltd. Used under
a Fair Use rationale.

3

® Amchitka |.

Sea otter abundance

Killer whales prey on
sea otters, reducing

populations

® N. Adak |
® Kagalaska l.
20 @ L. Kiska l.
oL—1 1 1, = -y -
1972 1985 1989 1993 1997
Reduced sea otter
populations result In
400 INcrease in sea urchin
Sea urchin biomass populations
300 -
200 -
100 - oS
|||:,_,J|i||||||||| ' !"_
1972 1085 1089 10073 1097 Increased sea urchin
populations reduce
biomass of kelp on
which they feed
10
Total kelp density
8
6
4
2
1972 1985 1989 1993 1997
Year



Sea otters in the kelp forest food web

A. With sea otters, kelp forest food web B. Without sea otters, urchin barren food web

Larger fishes &
eclopuses

Soa slars Larger crabs

Abalones
' ﬂ Smaller predatory

Sea urching

‘I" fishes & invertebrates

Drift algae &
dead animals

s g S
ﬁﬁiﬁﬂf’ <, %_%\% Without.

= Spssile invertebratos

1

Flanktonic
invartebrates
Kelps & other algae f. \q.. Kelps & other algae
) )
Microscopic planktonic algae f?'j.;:iﬂ.
|. I| '_' d |I
%‘% g ] l"&r,-r.f"l '::J .-E:HI Algal tu
gb Algal .. L A ) —
[ Llﬁfml::-r:l ._wﬁ'ﬁll - "'.::-.-"_"-"_.::I 'i-'.l.-"a L) [ﬂ?pﬂ“-:r—“

[Top-down control]. The Encyclopedia of Earth, https://editors.eol.org/eoearth/index.php?title=Top-down_control&oldid=139358, CC BY-SA 3.0.
[No otters, no kelp], Seaotters.com/respective photographers, https://www.seaotters.com/wp-content/uploads/2013/05/640x360-no-otters-no-kelpl.jpg, used under a Fair Use rationale.



Biomagnification: consequences of food webs

The increasing concentration of
persistent, toxic substances in
organisms at each successive
trophic level.

... Fat soluble substances that are
stored in the fat reserves of each
organism.

Biomagnifiable substances e.q.:
DDT, PCB, heavy metals.

—
1
.“ y
&™ . A
O \
B |
]

Higher amount of toxins as tropic level increases

in the food chain Legend
[ AR
Human XXX |
: XXX
large ;
XX XXK | | amoun t of toxins
ey fish (parts per million)
small
fish e o X = DDT
concentration
X XX X X zooplankt
X algae X L
Small fish
Zoopl nkton
» 7.36 ppm
2.07 ppm

0. 23 ppm

@ystein Paulsen, via Wikimedia Commons, CC BY-SA 3.0
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Biomagnification
of methylmercury

A very poisonous form
of mercury.

Was used to preserve
grain fed to animals.

Examples:

... Minamata tragedy
(Japan)

... Basra poison grain
disaster (lran).

The journey of methylmercury in the food chain
Concentration in predators can reach levels 100 million times higher than in seawater

Possible long- or short-distance transport of mercury emitted to air from natural
(soil and vegetation, geogenic, biomass burning)
and anthropogenic (industry, oil and
gas extraction) sources

Glaciers

2+ Precipitation
‘ p i
Seawater SR RO
107-10° ppm _ Ape)o( pl'e‘dators
In surface water, Hg?* is absorbed 10°-10' ppm
anc‘l“sg:s% 5 by algae that sink and are converted
e @ 10°-10°ppm into highly toxic methylmercury (CH,Hg)
H -:jg'%"::_‘::__
LSy Zooplankton (krill) ,Flg!'
WewiEe and invertebrates 10°-10ppm
10 -;0 ppm e * -
- -»” e
<y
Biomagnification process: Methylmercury (CH,Hg) moves up Bioaccumulation: At each step of the biomagnification process,
through the food chain via algae eaten by zooplankton, which Methylmercury (CH,Hg) becomes more concentrated, reaching
are then eaten by fish, which are finally eaten by apex predators dangerous levels in organisms and apex predators.

such as whales, seals, polar bears and people.

GRID-Arendal, via Flickr, CC BY-NC-SA 2.0
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