Chapter 3
LIFE IN WATER
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Chapter Concepts

® The hydrologic cycle exchanges water
among reservoirs

® The biology of aquatic environments
corresponds broadly to variations in physical
factors such as light, temperature, and water
movements, and to chemical factors such as
salinity and oxygen
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The Hydrologic Cycle

® 71% of earth’s surface is covered by water:
v97% Oceans
v2% Polar Ice Caps and Glaciers
v1% Freshwater in lakes, streams, ground
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The Hydrologic Cycle

® Heat
® Evaporation
® Clouds
® Precipitation
v Evaporation
v Consumed by organisms
v Groundwater
v Surface water
= Rivers, Ponds, Streams >> Ocean
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The hydrologic cycle.
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small amount of water that is rapidly
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of evaporation and precipitation.
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s form 'l'hle lar, -‘.:
reservoir for the gl
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Groundwater is being rapidly
depleted in many areas by
pumping from wells,
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Natural History of Aquatic Environments:
Deep Blue Sea

® Three major basins:

Total Area Depth
® Pacific 180 million km? 4,000m?2
® Atlantic 106 million km? 3,900m?
® Indian 75 million km? 3,900m?
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Deep-sea anglerfish.

[The dorsal appendage isa | |Compared to other fish, the
|lure that gives off light pro- |__number and size of fins and the
|duced by symbiotic bacteria. i skeletal system are reduced.

[Prey attracted by the Males of the species are reduced
'lure are seized by to a sperm-producing parasitic
|oversized teeth. appendage of females.

The darkness, low food availability, and high pressures
of the deep-sea environment have selected for organisms
quite different from those typical of either shallow seas
or the terrestrial environment. Only the females of this
deepsea anglerfish species are active predators.
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Deep Blue Sea

@ Littoral (intertidal zone) — Shallow shoreline
® Neritic — Coast to margin (200 m) of

continental shelf

v Epipelagic zone (surface-200 m)

v Mesopelagic zone (200-1000 m)

v Bathypelagic zone (1000-4000 m)

v Abyssal zone (4000-6000 m)

v Hdal zone
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Oceanic circulation.
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The cold currents of- The Current
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[circle Antarctica. | west Africa.
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Deep Blue Sea

® Oceanic Zone: Areas beyond continental

shelf

v Epipelagic 0 - 200m

v'Mesopelagic 200 — 1,000m

v Bathypelagic 1,000 — 4,000m

v Abyssal 4,000 — 6,000m

v Hadal 6,000m +
® Benthic: Habitat on bottom of ocean
® Pelagic: Habitat off the bottom of the ocean

Jowion,
3G
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Light

Temperature
Circulation
Salinity
Organism

Structure
of the
oceans.
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& Decreasing light and
temperature with depth
produces a series of

vertical habitat zones.

Deep Blue Sea

® Approximately 80% of solar energy striking
the ocean is absorbed in first 10m

v'Very little, if any penetrates past 600m
® Sunlight increases velocity of water (temp.)

v'Rapid motion decreases density, thus warm
water floats on top of cooler water

® Thermocline — Layer of water through which
temp. changes rapidly with depth
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Deep Blue Sea

® Salinity: Amount of dissolved salt in water

v Open ocean 34g/kg water

= Lowest salinity occurs near equator where
precipitation exceeds evaporation

= Highest salinity occurs in subtropics where
evaporation exceeds precipitation
® Oxygen: Typically concentration is highest
near ocean surface, and decreases with
depth. Minimum usually < 1,000m
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Deep Blue Sea

® Photosynthetic organisms are limited to
upper epipelagic zone (euphotic zone)
v Phytoplankton and zooplankton

v Due to size, oceans contribute ¥ of total
photosynthesis in the bioshpere

® Chemosynthesis occurs near undersea hot
springs
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Distribution of animal phyla.

Only one phylum is | Marine environment supports
endemic to terres- | many more phyla, especially
|trial environment. | endemic phyla. |

30 | -\

‘Il ‘ Endemic

|
||‘ " Not endemic
20+ |

Number of phyla

Terrestrial Freshwater Marine
Environment
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Deep Blue Sea

® For most of human history, vastness of
oceans has acted as a buffer against
human intrusion

® New Human-induced threats:
v Overharvesting
v Dumping
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Life in Shallow Marine Waters

® Reef Categories:
v Fringing Reefs: hug shore of continents

v Barrier Reefs: stands between open sea
and lagoon

v Coral Atolls: Coral inlets built up from
submerged ocean island

e Kelp Beds

v Structure similar to terrestrial forests
= Canopy at water’s surface
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Distribution of kelp forests and coral reefs.

[_J )
Coral reefs  Kelp forests

. |sandy shores exclude kelp forests from
.« much of east coast of North America.

%u

( Kelp forests grow along
. “rocky shores in regions
“where maximum water _\J
- {temperatures are <20°C.| <./

;
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Tropic o ! A
Capricorn
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Because the s
Humboldt Current | - =  Coral reets are
is cold, kelp forests|  absentfrom
extend into subtropical |  Shores silted
regions along the west FY run?ﬂ from
coast of South America, |'arge rivers.

Coral reefs circle
planet in a band
centered on the |
equator.
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Types of coral reefs.

T As island continues to
E,‘é,’ﬁ,',f,%’f,’.}"{:;g As island subsides, corals subside, coral growth
islands forma A continue to grow upward may form an atoll on
fringing reef. and outward toward the  top of island when it
sea, forming a barrier reef. has subsided completely
below sea level.

Fringing reef Barrier reef Atoll
Reef
crest | Patch reefs

Reef

crest Lagoon

Lagoon
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Kelp forest structure.
Canopy

I_Epiphytes
T

Kelps create an
environment with
complex vertical .
structure analogous
to that of terrestrial
forests.

Understory Holdfast Stipes
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Life in Shallow Marine Waters

® Reefs and Kelp Beds both grow in surface
waters with sufficient light for photosynthesis

v Both limited by temperature

® Currents deliver oxygen and nutrients, and
remove waste products

v Biological productivity may depend on flushing
action

® Reefs and Kelp Beds among most productive
and diverse ecosystems

oo,
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Marine Shores (Intertidal)

@ Intertidal Zone can be divided vertically:
v Supratidal Fringe: Covered by high tide

v Upper Intertidal: Covered only during highest
tides

v Lower Intertidal: Uncovered during lowest
tides

v Subtidal: Covered by water even during
lowest tides
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Intertidal zonation.

Most exposure to
atmosphere; least
inundation

Tidal fluctuation produces
gradient of environment
conditions within the

/ Supratidal fringe interticaliznne:

; . - Least exposure to
Upper intertidal zone atmosphgre; most

e ¥ inundation
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Marine Shores

® Two most important water movements
affecting distribution and abundance of
intertidal organisms are waves and tides
v Semidiurnal Tides: 2 periods of low and high
tides daily
v Diurnal Tides: Single low and high tide each
day
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Marine Shores

® Inhabitants of intertidal zone are adapted to
amphibious existence

v Differential tolerances to periodicity of air
exposure leads to zonation of species
® Due to increased accessibility, intertidal
zones are experiencing increasing human
exploitation
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Estuaries, Salt Marshes, and Mangrove
Forests
® Estuaries: found where rivers meet the sea
® Salt Marshes and Mangrove Forests are
concentrated along low-lying coasts
v All are driven by ocean tides and river flow

« Transports organisms, nutrients, oxygen, and
removes waste

v Extremely vulnerable to human intrusion
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Man-  Salt Herb-dominated sait, Salt Marshes/
grove Marsh mﬂﬂ‘:f;‘;g o Mangrove
forest ___ high latitudes... Forests
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! §T..while mangrove forests are o &

found in tropical and subtropical

environments where minimum sea
surface temperatures are > 16°C.
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Salt marsh channels.

Tidal ebb and flow carves the salt marsh
into a highly complex landscape.

Creek Creek bank, Marsh flat with

levee steep sided concave profile
. Secondary Creek Minor

Highest  |owmarsh  bench Salt pan creek

tides

Mean high

spring tide

Mean high
neap tide RS

Mean low

tide Creek bottom
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Tidal level and mangrove
distributions.

Different mangrove species

Tide depth (m)
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Mean high s ‘ o m
spring tide  Slaaaryy B & B a\Modane,

Structure of a salt wedge estuary.

Lower salinity, low density river
water flows over the top of the
Cross section higher-salinity ocean water.

0.1%0 —

Aerial view

Ocean water
forms a
LA wedge-

¢4\ shaped
mass of
salty water
that flows
upstream
along estuary
bottom.

River —+S

A\

1%o 5%a \

e
ey
River and ocean water gradually
mix along length of an estuary,
creating a gradient of increasing
salinity.

oW
e,
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Rivers and Streams

® Rivers and Streams can be divided along
three dimensions:
v Length: pools, runs, riffles, rapids
v Width : wetted / active channels
vVertical:  water surface, column
= Benthic

» Hyporheic Zone: Trans. between surface
water and groundwater.

- Phreatic Zone: Beneath Hyporeic
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Major rivers.
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Aquatic (8
organisms

live in all

zones from [
the phreatic
zone to the

- at least once each
3 year.

o year-round.
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The three dimensions of stream structure.

Rivers and Streams

® Light Considerations

v How much light shines on the surface

v How far light penetrates the water column
® Turbidity:

v Erosion from land

v Suspended bottom sediments
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Rivers and Streams
® Temperature:
v Closely tracks air temp.
® Dissolved Salts:
v Reflects history of leaching in the basin
® Oxygen:
v Inversely correlated with temp.
= Usually not limiting factor in river systems
® Human Influence:
v’ Long and intense
= Transportation, Irrigation, Waste Dlspos
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Temperate Maximum flow in the Thames
Annual ﬂOW 1000 river |3 river in moist temperate

Of rlvers in England, is approximately

T 800 three times minimum flow.
moist tem- § A7
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Semiarid[Maximum flow in the Darling, a
river_-river in semiarid southeastern
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Salinities of tropical, temperate, and arid land rivers.

Pecos River
10,000 5,000 mg/L

The salinity of the Pecos
River is 500 times higher than
the salinity of the Rio Negro.

% 1900 Columk
E River
= 120 mg/L
E 1004
©
o Rio Negro
10- 10 mg/L

Tropical Temperate Desert
Type of river
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Rivers and Streams

® Nutrient Levels

v Oligotrophic: low biological production,
although often well oxygenated

v Eutrophic: high biological production, but
may be depleted of oxygen

® Human Populations have had profound,
usually negative effect

v'Municipal and Agricultural run-off
v Exotic Species — Zebra Mussels
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The initial .

contributions | 1 Ne stream continuum (1).
of energy to

headwater

ﬂ;ﬁg’:ﬁ:&e Small Dominant benthic inver-
other coarse | headwater g tebrates of headwater
particulate streams shred CPOM or
organic matter collect fine particulate

organic matter (FPOM).

Grazers

(CPOM) from - CPOM
riparianplants.| .

headwater streams
require cool, well-
oxygenated water.

Molles: Ecology 37 Ed.

Lakes

® Most of the world’s freshwater resides in a
few large lakes

v Great Lakes contain 20% of freshwater in
the world

Structure:
v Littoral Zone: Shallows
v Limnetic Zone: Open lake
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Distributions of some major lakes.

\ o ) '\r
4~ 5 -lLake Ladoga L
- . _ALake Balkal
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Lake structure.

Littoral Limnetic
Yy zone zone
Sunlight
penetrates '%
and warm bl o7

the water.

Temperature and othe
physical and chemica
factors change rapidly
with depth

Hypealimnion .;
Water is cold and !

dark and may lack:
dissolved o :
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Lakes

@ Vertical Distribution:
v Epilimnion: warm surface layers

v'Metalimnion: (Thermocline) — temp changes
substantially with depth

v'Hypolimnion: — cold dark waters
e Color:

v Depends on light absorption and bio. activity
® Stratification:

v Become thermally stratified as they warm
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Jowion,

A An “M lake.

Temperalure of

By late June, surface
temgeralure_q reach
g

hypollmnlon remains
Jat appmxlmately 4°C,

By mid-April
epilimnion has
warmed to 10°C.

March 4

In October, water in
the eglllmnlon cools
t !

fa.d

Ice has melted by
late March and

oc || temperatures through-

°c_|In spring, uniform
( By November,

out water column

water temperatures _ facilitate a second g.‘:engﬁgﬁf tr:;utrg
are approximately vertical mixing. bottom of lake.

equal from top to
bottom of lake.

In fall, uniform
January temperatures
throughout water,

fhh, . A B column facilitate
In January, the lake is ice | 0°C vertical mixing.
covered and temperatures| 3°C

are 0°C at the surface and | 4o
4°C at depth.
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Cumulative number of species

Oligotrophic and eutrophic lakes. ool o g ol

Oligotrophic lake Eutrophic lake 140
iiabili High availability of 4 M Al By 1990, 139 species
Cool temperatures  Low availability of Warm temperatures : " ae y 3
and high%?(ygen nutrients, especially | and low oxygen gﬂg!s%wg;gma"y @ 120- 9 had been introduced
concentrations phosphorus and availability provide | Liyrogen, support high 2 to the Great Lakes. |
provide a suitable  nitrogen, support low  environments favor-  Tiirogen, su ?1?10- o 4 U Plants =
O 1sh Dlankton and vascular such ae catfisn and  Plankion and vascular a
svlllﬁll?i: lHf:cut and PG it bowfins. aguatic plam.s. o 100
- 5 ‘ - 8 7 | Invertebrates
_g 80
© -+ M Fish
-~
£ 60 T
= Introductions of
o 7|fish to the Great
E 40 |Lakes began in
: Steep shoreline and Benthic invertebrate [ the early 1800s.
Invertebrate species  deep bottom reduce biomass is highand  Shallow bottom E]
requiring high heating during summer dominated by species reduces total water Z 20+

volume and increases

oxygen concentra- | and help maintain lower tolerant of warm me a
i heating in summer.

tions are dor water p es. temperatures and
in the benthic fauna. low oxygen.
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d 4 |
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Calculating an Index of Pollution and the Index of Biological Integrity.
|G el eIt The researcher samples il a fish community that scores
higher environmental a fish community an| _scores in each high in biological integrity. |
\quality. N assigns scores (S) (5= | ‘of the following 304 —— bl |
\ best, 3 = moderate, 1 = ‘categories. _E' \ e _—
High proportions of | %, |worst) on the basis of e = ° \ Most polluted sites support a
insectivores and carni-| ., |several attributes: jlieipresencelon 2 [fish community that scores
vores indicate higher ) __specles sensitive - . L4 ; 2 ical i 5
environmental quality, | Number and kinds of —[— {0 environmental 15 ° low in biological integrity.
while a high proportion| = species (Sg) ‘degradation indicates — PY T \
of omnivores indicates ~ |high environmental © 20 - 11—
lower environmental Feeding biology of quality. o Number . \ |
quality. species (Sg) B g‘ £ si .
Higher proportions | Fish abundance (Sg) — — | ﬂanhce indicates i 5 o SI.Ites =
of diseased fishand| = - igher environmenta! r .
I‘Isg shotwinlg tn.llmgrs = Lt hoalthi{ Sy quality. f ® 2 .
and anatomical a o i
normalities indicate mThe resear;:l;:; ad:"s » 10 ® 3 ®
lower environmental e scores o com- o
quality. munity on all attributes ] ® 4 o0
B to produce an index of = @
Higher IBl scores| - biological integrity (IBI):
indicate higher | IBl=Sg+S;+S,+Sp
environmental 0 L5 Hig h
quality. .
g Pollution
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Summary

® Hydrologic Cycle exchanges water among
different holding areas

® Biology of aquatic organisms is largely
determined by physical and chemical
factors

v Light, temp, salinity, oxygen, etc.
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