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Objectives

1. Explain how marine organisms are adapted for the Ocean’s
physical conditions.

2. Compare the main divisions of marine environments

3. Describe the various types of photosynthetic marine
organisms

4. Explain variations in regional primary productivity

5. Describe several issues that affect marine Fisheries.
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Animalia

Plantae

Archaea
Protoctista

Common
ancestral
community
of primitive
cells

S5\ Common
. ancestral
A, & | community
i ®ao) /| of primitive
cells

Bacteria
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Mesoplankton
(Size: 0.2-20 mm)

‘ @5’ f% p\

Microplankton

(Size: 20-200 um) %

— Net
plankton

Nanoplankton (Size: 2.0-20 um)

A
20

Picoplankton (Size: 0.2-2 um)
s = 8
”® e °

I o2
o oo

Femtoplankton
(Slze 0.02-0.2 um)

@ 0.0
-‘.L)"" L;L(

;xf

Plankton are organisms that drift with the currents
(in other words, they can’t swim against the
currents). They don’t have to be microscopic.
They were traditionally captured in nets, thus the
term “net plankton”.

Phytoplankton (a) and zooplankton (b) nets.

Copyright @ The McGraw-Hill
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Diatoms
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Trichodesmium (cyanob eria

www.whoi.edu

— Coccolithophorid

p.berkeley.e®=>#"
Cryptophytes
www.dr-ralf-wager.de

www.ucm

Silicoflagellates



ZOOPLANKTON

Plankton (floaters)

Phytoplankton

Photosynthetic algae
Zooplankton

NON photosynthetic organisms (mostly anim

Bacterioplankton

Smallest ¥ a micrometer

monterey Bay
Aquanum




Importance

Make up the majority of the Earth’s
biomass (total mass of organisms in a

given area or volume)

Climate: Absorb CO2 from the
atmosphere and take it to the ocean floor

when they die.

Food chain: The sit at the bottom of the
aguatic food system. Phytoplankton

support Zooplankton...

Top of the Food Chain

Base of the Food Chain

Aquatic Food Web

The Detroit River and Lake Saint Clair are part of the Great Lakes basin that provides an important food source for the region
and the country. Below are sample species in the Great Lakes Aquatic Food Web.

Tertiary (Top-Level) Consumers
Humans, certain bird and fish species.

- < T
s . 3 < Stizostedion vitreum
=
y Esox masquinongy %““% (Walleye)
. ‘ R\ (Muskie) < -
Homc:::g:;ns g;* Ardea herodias Micropterus dolomieu
=4k (Great Blue Heron) (Smallmouth Bass)

Secondary Consumers
Smaller fish and other species. Some species may be both predators and prey.

sammmme

o
Acipenser fulvescens "'!Mﬁ-‘:-‘!"%__
(Lake Sturgeon)
Perca flavescens Neogobius melanostomus
(Yellow Perch) (Round Goby)

Primary Consumers
Smaller fish and other species. Some species may be both predators and prey.

. J-Dreissena polymorpha
1 } \ Gammarus 1“%‘ (Zebra_Mussel)
A ¥ (hmphlpod Scud)-
cean

% : Decapod crustg
Zooplankton (Leech) (Crayfish) Aythya valisineria
(Daphnia, Waterflea) o (Canvasback)
Oligochaeta™
(Worm) % . | e i
Physidae Chimnomw! Ephemeroptera Osmerus mordax
(Pouch Snail) (Midge Larva\!; (Mayfly Nymiph) (Rainbow Smelt)
Producers, Decomposers & Nutrients
Macrophytes, phymplankr,on and zooplankton (microscopic plants and animals) and detritus.
e / : |
A, } ]
:'. i A | S
| XR \ l '} &
‘W Y Bacteria, Fungi and Detritus .:5
X Y ) Phytoplankton
T i (Algae)
Valisneria americana Macmphﬂc
(Wild Celery) (Aquatic Plant)

Mot to scale. Adapted from the Life of the Lakes MICHLU 09-400 Michigan Sea Grant, www.miseagrant.umich.edu



Trophic 3
Levels

e.g.s

3rd LEVEL
NIVOROUS CONSUM
e.g. squid
& =nd LEVEL
q‘} CARNIVOROUS CONSUMERS
~/

e.g. larger fish

1ST LEVEL CARNIVOROUS CONSUMERS
e.g. juvenile stages of fish and jellyfish
as well as small fish, crustaceans and sea stars

HERBIVOROUS CONSUMERS “uu
e.g. zooplankton, cockles

- ""x‘ \#1 )' \{ \\

PRIMARY PRODUCERS =~
e.g. phytoplankton, seaweed

—
2 r
#o%
Io

=




Nekton

Capable of moving independently of ocean
currents, by swimming or propulsion

Blue shark

Hourglass dolphin

Bluefin tuna

Market squid Treefish

091 A Baaresnn Ediicatinn o



Organisms that live on the ocean’s
bottom... A e
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Soft substrate habitats (mud, Sa”d)NektobenthOS

Amphipods
(tube-building Haploops)

sShrimp
(Penaeus)

Brittle star (Ophiura)

f

L\ (Spatangus) | ]
f> o | (Pectinaria) _
¢ Soft-shelled clam e A : &
" (Mya arenaria) -‘ ) ’

(Nereis)

|

infaunal ' .

“Sandworm .

ifaunal-

h N e ; ™ :
; % ‘

Cockle
(Cardium)

Parchment worm
(Chaetopterus)

Soft-shelled clam
(Mya arenaria)

>




Food sources

Diatoms and other phytoplankton

Detritus
dead and decaying plants/animals, feces, etc.

Macroalgae/seagrasses

Local animals (predation)
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What factors are important in determining the pattern of species
distribution seen in the benthos?

Temperature, salinity, pressure
Sediment type

Food availability
Near-bed flow
Predation

Larval recruitment

Copyright © The McGraw-Hill Companies, Inc.



Marine life summary

Land species

Benthos make up 98% of Marine 498 1,800,000
Species . | World species
Why? \ /' Marine species
Environmental diversity (slope to flat, 2 14%
sandy to rocky, cool to hot etc.) S
animals needed to adapt to a variety 4 p—
of habitats. -
The Pelagic environmental/water / 98%
column are large, but relatively N |
uniform 250,000 '/

Marine species

/ ' Pelagic
S o

© 2014 Pearson Education, Inc.



Ocean Environment conditions & Subsequent adaptations

v Pelagic Environments -
il Neritic Province —=|= Oceanic Province — -
' ' |- _ Epipelagic---—-— --Euphotic | 100 m (330 f)
——— : { 200 m (660 ft)
VISCOSIty | 1000 m (3300 ft)
Temperature __ BiEss |
Sa I I n Ity ' ‘_ ) ' T . Bathypelagic

Dissolved gas
Transparency/opacity
Pressure

Access to sunlight

- -
. et N, o WYL

4000 m (13,000 ft)

- Supralittoral
o R AT ;

[ — e —

TV
:.&

6000 m (20,000 ft)
Hadal

1 ttoral

Benthic Environments - |




Temperature

60 —

60 —
40 —
20 —
ﬂC 0_

40 — Maximum = 32°

-20 —
20 . Range = 34° s
0, 0 ~d
© Minimum = -2° -60 —
_20 —
_80 -l |

-40 - Smaller Daily,
-60 1 seasonal and
-80 /| annual range

-100

-100

Maximum = 40°

l Range = 42°

Minimum = -2°

Open ocean

Coastal ocean _

60 —

40 —

20 —

ol s
-20 —
-40 —
-B60 —
-80 —

Maximum = 58°

4x
Greater
Range = 146> Variability
on land

Minimum = -88°

-100

sl
g



Factors — That act to stabilize ocean temps.

1. Water has a higher heat capacity 3. Solar radiation penetrates water up to
than land, land achieve more heat, 100m, distributing the energy

more quickly
4. Water has good mixing mechanisms

2. Evaporation of water — a cooling e.g. waves, tides, currents further
process that stores excess heat as distributing the energy
latent heat




Some like it hot, others like it cold

Floating organisms are smaller in
warm water than cold. Smaller
organisms are able to maintain
position in warm water (lower
viscosity and density)

Warm water species have ornate
plumage to increase surface area,
cold water species do not.

There are more species in warmer
waters, but less biomass



Life divided into zones of light ability.. 90% of all

marine life
lives in the

Euphotic
Surface to approx. 100m
Supportive of Photosynthesis

Disphotic
Little light until approx. 1000m

Middle

A p h Ot i C abyssopelagic zone
No light below approx. 1000m .

Division

Aphotic
Zone

hadalpelagic zone

=
-




S u n ’ S E n e rgv | Precipizzi':ion (P)

evaporation (E)

P<E P=E PE
— | N

Fronts

Subtropics
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Change

Natural Vs Anthropogenic

*How do we know?
*Discover
*Mitigate
*Plan

Brendan Pattengale



Plate tectonics

* Geologic time/movements
* 2to 20cm per year

* Major changes
* Continent to ocean basin position
* Ocean currents

* Potential increased earthquake
volcanoes

e Cannot account for rapid decadal

change the Earth is experiencing
today

E1909 PALECKAP Praes



Paleoclimatology

* Geologic Record
*Climate proxies

* Understanding of
 Strengths
* Weaknesses

2020-06-major-paleoclimatolo
global-upended-years.html

Global mean temperature

|
| B
I —
! ; j N
I ] : 0
Temperature | W eresent — |
relativeto 1 I COOLI NG '\ b |'I
1800-1900 ‘ :
(C) .} ; ~ 6500 years i

/ ,; -
pack@ddehs

insect larvae marine
subfossils sediments

cave deposits /
speleothems


https://phys.org/news/2020-06-major-paleoclimatology-global-upended-years.html
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https://phys.org/news/2020-06-major-paleoclimatology-global-upended-years.html
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Climate

*Energy
* Systems/Processes

* Feedbacks
* Products

* Wild card/chaos -
People



950

Modeling

850
* Great models start with _
great field data -
* An important tool to 6§
visualize complex earth 0
systems interactions 83 ®0F
g
4
C=
S 550
g
O

450

350

Scenario
— A2
— A1B

— B1

'~ If human emissions |

grow slowly

If human emissions stay
at year 2000 levels

~——— —/
‘;
)

| |

If human emissions |
continue to increase

=

1990
https://www.climate.gov/maps-data/primer/climate-models

2010

2030 2050
Year

2070

2090

Likely global temperature increase (°C)


https://www.climate.gov/maps-data/primer/climate-models
https://www.climate.gov/maps-data/primer/climate-models
https://www.climate.gov/maps-data/primer/climate-models
https://www.climate.gov/maps-data/primer/climate-models
https://www.climate.gov/maps-data/primer/climate-models

Volcanic Eruptions

* Emits lava, gases, particles
* Sort term cooling

* Geologic evidence of

: : - Human CO, emissions are at least 130 a
volcanic co.ntrl!outmns | times greater than volcanic CO, emissions ‘
toward extinctions

e Human vs. Volcanic CO2

* Humans release at least 130x fr
more CO2 ;

Yearly CO, emissions
from fossil fuel use
and land conversion




Laki, Iceland — 8 months

* Iceland 30% population decrease

* Europe HOT summer, little Ag, P
little food, unrest to French
Revolution

* Egypt Nile drought, famine, 1/6
population decrease

* North America COLD winter
Lower Mississippi River froze
sending ice flows into the Gulf of
Mexico




Natural Vs. Human caused climate change

* The Earth has warmed 0.8C
this century.

e 8x faster than warming off
the L.G.M.

* Paleoclimate proxies,
Anthropogenic warming is
5000x faster than anything in
the stratigraphic record.

* Wild card factor/ chaos

Global Temperature Change (°F)

Separating Human and Natural Influences on Climate

200 ————m——r————r——————7————————————— .

. ——— QObservations
Natural and Human Factors
Natural Factors Only

15 [




Do you think human activity is a significant contributing
factor in changing mean global temperatures?

Clear Scientific Consensus ™| ,
- 97% of climatologists who are active

- [— publishers on climate change answered “yes” |

e The science is clear — The Earth’s
rapid warming cannot be explained
without human contributions

(0]

0_

‘ ' l General public
[__] Non-publishers/Non-climatologists

70 | | al Climatologists
° A” major SCIentIfIC Organlzatlons | g ﬁz:::z EEE::E:E:?:gllli:aﬁiecihange
confirm presence of human-caused § */ | S e
climate change. § sl |
* Human caused climate change, - |
scientific consensus has been -

| Number of
| responses = 3146

established for more than 35 years. 37

* Intergovernmental Panel on Climate 2|
Change (IPPC)

1&11. i ii__

L Yes J [ No | I’'m not surt-:-——J




Greenhouse effect

* Water Vapor, H,0, itk s il

* Important, driven by evaporation,
fluctuate seasonally and regionally,
indirectly human influenced

* Carbon Dioxide, CO,

* Greatest human influence — through
use of fossil fuels & combustion, up to
33billion metric tons per year!

* Methane, CH,

e 2"d most human influenced gas,
landfill waste, cattle, rice cultivation.
*Less abundant than CO2, BUT more
potent! Up 250% since 1750.

1) Incoming §
~_m= sunlight

400 |-

380 |-

360 |-

340 |-

320 -

300 |-

280

Human activities are
causing carbon dioxide
and other greenhouse
gases to increase at an
accelerating rate.

418.78 *

Current level

Natural record

{

Instrument record

1750 J

Industrial
Revolution
begins

| |
1800 1850 1900
Year

1950

2000




Greenhouse Gases past to Future

Highest levels in the past 800,000 yrs. 418.78 *

950

850

750 =

650 -

(parts per million)

550

Carbon dioxide concentration

450

Scenario
— A2
—— A1B
— B1

If human emissions
continue to increase

‘ If human emissions |
‘ grow slowly

If human emissions stay
at year 2000 levels

™,
o

\. \.
i X

LD,
b

199
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2010

2030 2050 2070

Year

2090

Today'’s levels I_j ——
.-I
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S 360 1600
(eb}
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B ot §1200 3
= 320 F | | o
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‘I 0 HOTTEST U.S. YEARS
ON RECORD

+3.5°F
+3°F
+2.5°F
+2°F
+1.5°F
+1°F
+0.5°F
+0°F




Bi-products of a Warming Earth/Land

 Mild winters™
e Polar vortex caveat

* Increased primary production

* Shorter winters/Earlier summers

* Increased extreme precipitation
events
* Drought
* Floods

* Melting glaciers and snow fields
* Increased waterborne diseases

* Ecosystem shifts
* Invasive species Proliferation




Oceanic

2008 Surface Temperature Anomaly (degrees Celsius)

I B
3.5 25 -1.5 <10 06 -02 02 06 10 1.6 25 356
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Hurricane activity
ATLANTIC HURRICANES
GETTING STRONGER

PERCENT OF ALL HURRICANES AS MAJOR STORMS
60%

o0%

40%

30%

20%

10%

0%
1979- 1989- 1998- 2006- 2015-
1981 1981 2000 2008 2017

Eun:lm-ﬁ-—hn”urcﬁﬂli}u:h mtﬁdmiﬂ_ﬂiii
COMm Lo E | El+ mm' -
SeAnce Koksin vt o000 = 00 i CLIMATE m CENTRAL
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https://www.climate.gov/maps-data/dataset/sea-level-rise-map-viewer
https://www.climate.gov/maps-data/dataset/sea-level-rise-map-viewer
https://www.climate.gov/maps-data/dataset/sea-level-rise-map-viewer
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https://salinity.oceansciences.org/highlights03.htm

Climate Change

A triple threat for the ocean

Burning fossil fuels, deforestation
and industrial agriculture release
carbon dioxide (CO,) and other
heat-trapping gases into our
atmosphere, causing our planet to
warm. The ocean has buffered us
from the worst impacts of climate
change by absorbing more than 90
percent of this excess heat and
about 25 percent of the CO,, but at
the cost of causing significant harm
to marine ecosystems.

MORE
ACIDIC

SEA LEVEL BLEACHING TOXIC ALGAE HABITATS ACIDIFICATION | FISHERIES

Sea level rise is Warm-water coral reefs Larger and more frequent Lower oxygen levels More acidic water I Disruptions in fisheries
accelerating, flooding (marine biodiversity blooms are making fish, are suffocating some harms animals that build B8  affect the marine food
coastal communities hotspots) could be lost if birds, marine mammals marine animals and shells, such as corals, | § web, local livelihoods, and
atrlld zilrc':wg_ipqt the glacn::?; !graFr;ns by and people sick. shrinking their habitats. clams, and oysters. global food security. CO,+ H,0 ==& H,CO, HCO;
wetland habitats. °C (3.6°F).

dissolved water carbonic bicarbonate
carbon dioxide acid

HCO; T H + COZ = HCO; |
T hyfimgen carbonate bicarbonate !
B& _A_qua]'lﬂm | Man N cozt |-|"'1A le ion
@ Reseﬁr&ingtl&ﬂe @’ﬁﬁmﬁm o |

Sn ce*|FCC2019 'S'necial Report on the Ocean and Cryosphere in a Changing Climate (SROCC)







Fire
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’1e Great Human Population Redistribution —

ﬁ—l

Climate Refugees



https://www.un.org/sustainabledevelopment/blog/2019/06/lets-talk-about-climate-migrants-not-climate-refugees/

In the USA too? * Houghton, M|
* Marquette, Ml

e Duluth, MN

e https://www.youtube.com/watch?v
ps:// ) /  Madison, WI

=SByFy9R6320

* Burlington, VT

One year apart

* https://youtu.be/M6DeTolYSGO



https://www.youtube.com/watch?v=SByFy9R6320
https://www.youtube.com/watch?v=SByFy9R6320
https://www.youtube.com/watch?v=SByFy9R6320
https://youtu.be/M6DeToIYSG0
https://youtu.be/M6DeToIYSG0
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