
Part II:

Sea Monsters

Beneath the glassy surface, a world of gliding monsters



First, we need some marine science 
review:



Marine Biology – Overview
• Marine biology and 

ecology have changed 
much since the 
formation of the 
oceans 4 billion years 
ago

• Some aspects of the 
oceans have not, so we 
can use our knowledge 
of the current seas to 
reconstruct some of 
the past



Marine Biology – Ocean Formation
• Formation of oceans:

– Cooling of Earth held 
outgassing at a 
temperature and pressure 
able to retain liquid water

– Hydrous minerals in rocks 
leak water

– Radiation can break some 
chemical bonds and 
release water (photolysis)

– Ice comets and asteroids 
could bring water to Earth



Marine Biology – Ocean Formation

• 3 billion years ago, the seas were rich 
in iron, giving them a green color, 
while carbon dioxide in the 
atmosphere gave the sky a red color

• Chemoautotrophs and 
photosynthesizers (like stromatolites) 
made oxygen, which rusted the iron 
in the ocean (forming banded iron 
deposits we mine today) and diluted 
the atmosphere to make blue seas 
and skies (the atmospheric nitrogen 
formed from photolysis of volcanic 
ammonia)



Marine Biology – Continent Formation

• The seas reacted with the basaltic rock islands that 
were cooling from the molten crust to form granite, 
a harder, lighter stone that could float on the 
denser volcanic rock below to produce the first 
continents

• So, in a way, the oceans came 
before continents!



Marine Biology – Ancient Oceans
• Important ancient 

oceans/bodies of water:
– Iapetus Ocean: southern 

hemisphere ocean during the 
Cambrian

– Panthalassa Ocean: vast world 
ocean that surrounded the 
Pangaea supercontinent

– Tethys Ocean: ocean between 
the ancient continents of 
Gondwana and Laurasia

– Western Interior Seaway: a 
shallow sea from the Gulf of 
Mexico to Canada (Cretaceous)



Marine Biology – Ancient Oceans

• Over time, the ratio of calcite and aragonite (calcium 
carbonate crystals) precipitated by many invertebrates varies 
with the climate at the time (sea floor spreading, volcanism)

• These minerals can be used to determine climate and ocean 
health through the geologic timescale



Marine Biology – Oceans

• Modern Oceans:

– Pacific

– Atlantic

– Indian

– Arctic

– Antarctic (Southern)

• Cover roughly 71% of Earth surface, 0.023% of 
Earth’s mass, average depth of 12,500 ft.



Marine Biology – Ocean Zones
• Zones of the sea:

– Benthic (on bottom) vs. 
Pelagic (in water)

– Distance from shore:
• Littoral: “intertidal zone”
• Neritic: extends from 

shore to continental shelf
• Oceanic: from shelf on…

– Depth:
• Epipelagic (photic): 

where light penetrates
• Mesopelagic: “twilight 

zone”
• Bathypelagic (Bathyal): 

deep and cold
• Abyssal: very deep, very 

cold
• Hadal: You die



Marine Biology – Currents
• Major currents in the 

oceans bring heat, 
biomatter, and minerals 
from one region to 
another, as well as 
between depths

• Most are driven by 
differences in 
temperature, salinity, 
density, and by actions of 
the atmosphere and 
lithosphere



Marine Biology – Biodiversity

• Primary divisions of 
ocean life:

– Plant vs. Animal

– Environment:

• Nekton: swim freely in 
water column

• Plankton: float in water 
(no/little active motion)

• Benthos: crawl, dig, 
walk on bottom



Marine Biology – Biodiversity

• Biodiversity:
– Plankton:

• Phytoplankton – photosynthetic 
organisms that are primary 
producers of oxygen, biomass on 
Earth.  Include algae, diatoms, 
cyanobacteria

• Zooplankton – small animals that 
feed on phytoplankton and each 
other.  Include dinoflagellates, 
copepods, many cnidarians 
(jellyfish/hydras), and some 
mollusks, worms, and arthropods



Marine Biology – Biodiversity

• Biodiversity:

– Plants:

• Rather rare, mostly 
protistan algae 
(including seaweed), 
though there are 
many plants that live 
in estuarine and 
shore environments 
where the sea meets 
the land



Marine Biology – Biodiversity

• Biodiversity:

– Invertebrates:

• Most non-planktonic forms are 
benthic

• Occupy a more basal position in 
the food web, often detritivores, 
though some are effective 
predators

• Include larger cnidarians, 
mollusks (includes bivalves and 
cephalopods), worms, sponges, 
echinoderms (starfish/sea 
urchins), crustaceans



Marine Biology – Biodiversity

• Biodiversity:
– Fish:

• Range from small feeder 
fish like smelt and herring 
to large predatory sharks 
and tuna

• Have evolved countless 
shapes over 400 million 
years, and today represent 
the majority of biodiversity 
in the oceans, occupying 
every niche and 
environment



Marine Biology – Biodiversity

• Biodiversity:
– Reptiles:

• Only four modern groups: 
turtles, sea snakes, marine 
crocodiles, marine iguanas.  
Many extinct varieties that 
we’ll cover in depth!

– Birds:
• Many types of birds live 

in/above the sea for a great 
deal of their lives: penguins, 
albatross, etc.  Several ancient 
seabirds as well (Hesperornis)



Marine Biology – Biodiversity

• Biodiversity:

– Mammals (5 groups):

• Whales (Cetacea) include 
toothed and baleen whales, 
and are the largest animals 
ever to live (with possible 
exception of some sauropods)

• Pinnipeds: seals, sea lions, 
walruses

• Sea Otters

• Sirenians (manatee, dugong)

• Some bears are expert 
swimmers and do cross 
oceans



Marine Biology – Biomechanics
• Methods of locomotion:

– Fish and other marine 
species maintain desired 
depth in many ways:

• Swim bladder/lungs/fat for 
buoyancy

• Dynamic lift (ramped pectorals 
like sharks)

• Inclination with propulsion 
(swim up)



Marine Biology – Biomechanics
• Methods of locomotion:

– Median/Paired Fin propulsion: any but caudal 
(tail) fin used for propulsion

– Useful for some lifestyles: electric fish don’t 
want much lateral turbulence for E-field



Marine Biology – Biomechanics

• Methods of locomotion:

– Body/Caudal Fin propulsion: lateral (side-to-
side) motions of body or caudal fin facilitate 
motion



Marine Biology – Biomechanics

• Methods of Locomotion:

– Most marine mammals today use dorso-
ventral undulation/oscillation, in which 
propulsive stroke is provided by an up-and-
down motion



Marine Biology – Biomechanics

• Seals and sea lions don’t: they have 
retained hind-limbs for lateral paddling 
motion



Marine Biology – Food Cycle
• Food web

– Autotrophs (producers): produce own carbon 
growth (chemo- or photo-)

– Heterotrophs: require organic substrates



Marine Biology – Habitats

• Habitats:

– Polar seas:

• Low species diversity but 
can have high population 
size

• Little importance during 
the Mesozoic – aragonite 
seas, greenhouse 
atmosphere

• Oxygen rich water, 
nutrient rich sediment



Marine Biology – Habitats
– Tropical seas:

• Large biodiversity

• Warmer water yields stronger 
currents and more violent 
weather

• Most of the shallow Mesozoic 
seas were like this

– Open oceans:

• Deep water

• Sparse occupation, but 
enormous productivity due to 
phytoplankton



Marine Biology – Habitats
– Reefs:

• Usually communities of corals 
that form just offshore 

• Shallow water, high biodiversity

• Common in the Mesozoic

– Coasts:

• Interaction between terrestrial 
and aquatic life

• Many amphibious species 
provide transitional forms in the 
fossil record



Marine Biology – Habitats

– Estuaries (fresh/brackish 
water):

• Most productive biomes on 
Earth

• Another meeting place for 
terrestrial and aquatic 
organisms

• Great habitat for air-
breathing swimmers 
(snakes, turtles, crocs, 
etc.)



Marine Biology - Habitats

• Also have unique habitats: Hydrothermal 
vents, hypersaline lagoons, undersea 
caves, etc.



Marine Biology Overview

• So, who can name a nektonic vertebrate?

– What zone(s)/habitat(s) does it occupy?

– Method of locomotion?

• What about a benthic invertebrate?

• What about squid? Starfish? Sargasso 
floats? Sperm whales? Humans?



Next Week…

• We’ll begin ancient marine reptiles of the 
Permian and Triassic with an intro to 
crocodylomorphs and ichthyosaurs



***

• ***


