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2.1 The study of Ecology 0) &>
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= The term ecologyis derived from the Greek word oikos,
meaning “home,” in reference to nature’s household and the
economy of nature. The science of ecology deals with the
interactions of organisms with each other and with their

environment and how these interactions affect survival and
reproduction.
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2.1 The study of Ecology [0)E
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= The organisms that inhabit the seas are integrated
components of a living network that encompasses the globe.

= Organisms are parts of ecosystems, systems composed of
living organisms and their nonliving environment.

= All of the earth’s ecosystems taken together compose the

= The structure of the biosphere is determined by the basic
principles of life: the capture of energy, the cycling of
nutrients, survival and reproduction, and the process of
evolution that has shaped the natural world.
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2.2 Ecology and the Physical Enviroryo.) €
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= Environment--all the external factors acting on the organism

= Abiotic factors

= Biotic fa ctors The biotic environmentis the living

portion of an organism’s environment.

The abiotic environmentis the physical,
or nonliving, environment in which an

organism lives.

Homeostasisis the internal balance
that living organisms must maintain to

survive.

GLOSSARY
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HABITAT: Where an organism lives /0%

SHANGH T

= Habitat
= Microhabitat

microhabitats. Microhabitats in the coral reef include the crevices in the coral, the sediments surrounding the
coral stands, and even the tissues of the organisms themselves.
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Maintaining homeostasis [0S
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= This internal balancing of factors that occurs in the face of
changes in the external environment is called :
and the means of maintaining homeostasis is vital to the life
of all organisms

= Ultimately, the ability of organisms to survive in their natural
environment depends on their genes and the evolutionary
adaptations they have acquired to deal with changing
environmental conditions.
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Figure 2-2 OPTIMAL RANGES. An organism survives and reproduces best when
environmental factors affecting it fall within an optimal range. Although organisms

can live outside of their optimal ranges, they expend more energy maintaining :
homeostasis, leaving less energy available for reproduction = O pti mal Ra nge
m Zones of stress

m Zones of intolerance
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Physical Environment 100 &
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= Sunlight

= The largest group of photosynthetic organisms in marine
environments are phytoplankton, the mostly microscopic,
plantlike organisms and bacteria that float in ocean currents.
Phytoplankton, together with seaweeds and plants, are the
primary sources of nutrients and energy for marine animals.
The distribution of these leading food producers is
determined by the available sunlight and nutrients.

= Phytoplankton can migrate vertically.
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Light penetration in open ocean. Light penetration in coastal waters.

Depth in
meters

50

(Courtesy of Kyle Carothers, Ocean Explorer, NOAA.)
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(a) Bay Islands (Honduras) coral reef at 2 m depth. (b) Bay Islands (Honduras) coral
reef at 20 m depth. (Photographs Martin Speight.)
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Physical Environment 0) (&>

Ectotherms
Endotherms
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Figure 2'3 TEMPERATURE. (a) Ectotherms such as this crab obtain

most of their body heat from their surroundings. If the environmental tempera-

ture rises or falls, so will their body temperature. (b) Endotherms such as this
penguin can maintain a constant body temperature by generating heat inter-
nally through metabolism. Endotherms are well insulated to prevent excess
heat loss.
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Warm surface

Constant mixing

layer =LnE by waves and currents
18°C
Thermocline Temperature drops
7°C rapidly with depth
il deep Temperature
layer, below 3-5°C pel
the thermodline relatively constant
(a)
Surface layer 32 5%00 Constant mixing
; by waves and currents
32.7%00 . .
Halocline Salinity drops
34 2%00 rapidly with depth
Deep water High salinity
(b)
Density
Surface layer 1.0245 g/cm® relatively
constant
1.0245 g/lem® Density changes
Pychocline rapidly with
1.027 glem®  depth
Density
Deep water relatively
constant
(c)

N UNIVERSITY

The thermoclineis a zone in the ocean
characterized by a rapid change in
temperature with increasing depth.

(RERZ)

The haloclineis a zone in the ocean
that is characterized by a rapid change
in salinity with depth.

(FREERR)

The pycnoclineis a zone in the ocean
that is characterized by a rapid change
in density with depth.

(FEERE)
GLOSSARY
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Air temperature
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Air temperature warms
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Adaptation to deep-sea chemosynthetic
environments as revealed by mussel genomes
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Pinctada fucata

Helobdella robusta
Crassostrea gigas

Capitella teleta
Lingula anatina Modiolus philippinarum
Octopus bimaculoides
Lottia gigantea
Bathymodiolus azoricus

Biomphalaria glabrata Gastropoda
Perna viridis

Cephalopoda 7
SRR Bathymodiolus platifrons

SDPULAW

Aplysia californica
Maodiolus philippinarum Limnoperna fortunei

Bathymodiolus platifrons Muytilus coruscus

Crassostrea gigas Mytilus edulis

Pinctad t . o 0
inctada fucata Mytilus galloprovincialis

College of Marine Sciences, Shanghai Ocean University



SST (6 S

&GiEx%

SHANGHAI OCEAN UNIVERSITY

SST changes (°C)

Global changes in annual average sea surface temperatures (SSTs) for the period 1999 to 2004. (From Behrenfeld et al 2006b; reproduced with permission
of Nature.)
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= Salinity
Salinity is measure of the concentration of dissolved
inorganic salts in the water.

m Osmosis
The movement of water across a membrane in response to
differences in solute concentration is called which

refers to the movement of water across a semipermeable
barrier from an area of low solute concentration to an area of
high solute concentration.

College of Marine Sciences, Shanghai Ocean University



@
K]
=3
I
Is)
c
g
g
=
7]
?
<
[+

Salinity

80-100
180-200

480-500
580-600
680700
780-800
880-900
980-1000
1080-1100
1180-1200
1280-1300
13801400
1480-1500
1580-1600
1680—1700
1780-1800
1880-1800
19802000

30

Salinity (psu)

35

tk 1912-20 1912
i3 (éézgtifm{o%

SHANGHAI OCEAN UNIVERSITY

Seawater

Salinity (wt% NaCl)

College of Marine Sciences, Shanghai Ocean University



Defining and measuring salinity /0. S
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= Salinity is directly proportional to the amount of chlorine in
seawater, and chlorine can be measured accurately by a
simple chemical analysis, salinity, S, was redefined using
chlorinity, Cl, as

S5=1.80655 chlorinity

= where chlorinity is defined as the mass of silver required to
precipitate completely the halogens in 0.3285234 kg of the
seawater sample.

m PSU (Practical salinity units) or PSS (Practical salinity scales)
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Defining and measuring salinity 0) &
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= Conductivity
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= refractometers
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Salinity during
low-tide phase
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Salinity tolerance [0S
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= 8ppt or 30 ppt-stenohaline (JREL )
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Salinity tolerance 0) (&
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Cell
membrane
Qutside Inside
the cell the cell

No net water
movement

Cell
membrane

Outside
the cell

Inside
the cell

//o o 99
"\ Net water movement
\out of the cell

(b) Hypertonic solution

Cell
membrane

QOutside ’ Inside

the cell [I the cell

N

\ Netwatermovement
‘\ mtothecell

T

|\

Figure 2-L¢ 0SMOSIS. ater tends to
move from areas of lower solute concentrations to
areas of higher solute concentrations. (a) An isotonic
solution contains the same concentration of solute
molecules (green) and water molecules (blue) as a
cell. Cells placed in isotonic solutions do not change
because there is no net movement of water. (b) A
hypertonic solution contains a higher concentration
of solute than a cell. A cell placed in a hypertonic
solution will shrink as water moves out of the cell to
the surrounding solution by osmosis. (c) A hypotonic
solution contains a lower solute concentration than
a cell. A cell placed in a hypotonic solution will swell
and possibly rupture as water moves by osmosis
from the environment into the cell.
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Video/20 Second Story of Osmosis - Freshwater Fish.mp4

Osmoregulation of fishes 0) (<
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Physical Environment [0S
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m The pressure at sea level is 760 mm Hg, or 1 atmosphere (14.7
pounds per square inch). Because water is so much denser
than air, for every 10 meters (33 feet) below sea level in the
ocean, the pressure increases by 1 atmosphere. For instance,
the pressure at an average ocean depth of 3,700 meters is 370
atmospheres (2.7 tons per square inch). A wig head lowered
to a depth of 4,000 meters, where the pressure is 400
atmospheres, is compressed to approximately one third of its
original size
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Figure 2' 5 PRESSURE. To demonstrate the pressure in the sea’s

depths, this wig head, originally the size of a human head, was lowered to a
depth of 4,000 meters (13,200 feet). The pressure at this depth is so great that
it compressed the Styrofoam to the size you see in this photograph.
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Definitions of the relationships between growth rate of microorganisms Similar species are partitioning the

and pressure. Atmospheric pressure (surface) = 0.1 MPa; 120 MPa = 1200 depth resource resumng in the
atmospheres or 12,000 m. (After Margesin & Nogi 2004; reproduced with

permission of Chemical Society Reviews.) avoidance of interSpeCiﬁC competition
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= Constant at the surface
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Deep-water circulation in the Atlantic Ocean

© Alessandro Grippo, 2008

The variation in oxygen concentration with depth in the eastern tropical Pacific
Ocean at 13°23'N, 102°27'W. (Modified from Wishner et al 1990.)
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Nutrients 102
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= Organisms need a variety of organic and inorganic materials to
metabolize, grow and reproduce. The chemical composition of
salt water provides several of the nutrients required by marine
organisms. Nitrogen and phosphorous are required by all
photosynthesizing plants or plant-like organisms. Other minerals
such as calcium are essential for the synthesis of mollusk shells
and coral skeletons. Although nutrients are essential for life,
excessively high levels of nutrients in sea water can cause
eutrophication. This process of nutrient enrichment can lead to
vast algal blooms which eventually die and start to decompose.
The decomposition may deplete the availably dissolved oxygen
in the water, killing fish and other organisms.
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= Metabolic Requirements

m— Oz (parts per million)

0] xygen minimum

0
[
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=
£
a
a

Tip:

Cooler, less salty water
of the open sea contains
more oxygen than the
warm, saline water in a 1
tide pOOl =  PO4 (parts per million)
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Elements 100
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T T IEFTA TR
H,B,C, N, O, F, Na, Mg, Si, P, S, Cl, K, Ca, V, Mn, Fe, Co, Zn,
Br, |, etc.
XNE A RETRER TR :
Al, Ti, As, Sn, Pb, Ge, Se, etc.

\REHITER
He, Li, Be, Ne, Ar, Sc, Cr, Ga, Kr, Rb, Sr, Y, Zr, Nb, Tc, Rn, Rd,
Ag, Cd, In, Sb, Te, Xe, Cs, Ba, La, Hf, Ta, W, Re, Os, Ir, Pt, Au,
Hg, Tl, Bi, Po, At, Rn, Fr, Ac, Th, Pa, U, etc.

~

M
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= Spring tide and neap tide
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22/05/2008

Typical series of tidal cycles over a month from Milford Haven in Southwest

: ' } is mainly used on nautical charts and is the
lowest possible astronomical tide which may never actually be achieved over
many years. (Data from ‘Tide Plotter’, Belfield Software.)
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Thermohaline circulation 0. (<&
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Sea-to-air
Transfer

Warm Shallow
Current

Cold and Salty
Deep Current

A diagram of the global conveyer belt — the circulation pattern which moves water heat and organisms around the globe. (From Haupt & Seidov 2007
after Brasseur et al 1999; reproduced with permission of Elsevier.)
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Climate change [0) L
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Science:

CO; (ppmV)
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Flying past Pluto

Sea surface temperature
Sea surface temperature (°C)
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ion) (left) compared with the same variables projected for
HU” ace tpmppr mm-s in Thp ‘.”BbtPl n r-quati yrial Paum

MWF’ m
from Law Durn

bilization over the course of The
sed on hIHtCIﬂL measure

1r|c|a 10 range time
for contributions from :
sher-T (dark blue t|mr- series), and projections from sea-level rise from 1hernu r-xpanamn based on climate simulations shown in (E) (light blue time series). (From
Alley et al 2005; reproduced with permission of Science — AAAS.)
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El Nifio conditions

Weakened trade winds allow warm water to move
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Thick upper-ocean layer keeps nutrient-rich water
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Ocean heat released into the atmosphere increases
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(a) The relationships of the rate of global mean sea-leve
level surface temperature with the data divided into four
a different relationship between the variables. (b) The gl
temperature record, annual data and data smoothed usi
The four epochs described in (a) relate to the four sectig
record that can be clearly seen. (From Holgate et al 200
permission of Science — AAAS.)

Marine and atmospheric conditions in the mid-Pacific under normal and El
Nifio conditions. (Courtesy of NOAA/PMEL/TAO Project Office, Dr. Michael J.
McPhaden, Director)
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Summary [0)E
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n Clearly there are numerous physical factors and conditions
that influence life in the sea. Depth, temperature, salinity,
turbidity, velocity, pressure and so on, all combine to produce
a myriad of physical and chemical habitats which provide a
huge number of combinations and permutations. The oceans
are not at all the bland, homogeneous expanse that we might
think, and with this in mind, it should be no surprise that the
diversity of life in the sea is as rich and varied as the physical
conditions in which it lives. This is Biodiversity.
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Marine Biodiversity-Past 0) (S
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Diversity H(S)
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1.5

Calendar (ka=1000 years before present)

Ostracod species diversity (Shannon—\Wiener index) over the last 20,000 years in northwest Atlantic deep-sea sediment cores. Light blue plots = calculations based
on raw census data; dark blue plots based on 3-point moving sum dataset. (From Yasuhara et al 2008; reproduced with permission of Micropaleontology Press.)
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Marine Biodiversity

Grassle & Maciolek 1992 10 million Deep-sea benthos

May 1994 0.5 million Deep-sea benthos

Poore & Wilson 1993 5 million Benthos
riggs 1994 0.2 million All sea

Reaka-Kudla 1997 0.6-0.95 Coral reefs
million

Knowlton 2001 0.6-9 million Coral reets

Adrianov 2003 20-30 million Macrobenthos
20-30 million Meiobenthos
10 million Nematodes

Malakoff 2003 1 million+ All taxa/sites
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= A populationis a group of individuals of the same species
that occupy a specified area.

= Members of a population interact with each other and are
able to breed with each other. They rely on the same
resources and are influenced by the same environmental
factors.

= In nature, populations are separated from one another by
barriers that prevent organisms from interacting or breeding.

= The population, rather than the individual, is the basic unit
that many ecologists study.

College of Marine Sciences, Shanghai Ocean University
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= Geographical boundaries.
= Population size.

Sample taken
8 untagged fish
2 tagged fish

Figure 2'7 DETERMINING POPULATION SIZE.

(a) We can estimate the number of snails on these coastal rocks by

the number in several representative plots. We could then find the
average number per plot and mulfiply by the number of plots in
(b) The number of fish in this range can be estimated b
sample from the population and marking them with
tag: e tagged individuals are then released 2

with the population. Sometime later another sample is

the ratio of tagged to untagged individuals

=l

sume that this represents the ratio of tagged to untagged indivi

als in the population. Since we know how many tagged individuals
. . T @q = Untagged fish @Q = Tagged fish
ve released into the population, we can estimate the total popula- o 99

tion size.
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Distribution of Organism [0) S
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(a) Clumped (b) Uniform (c) Random

Figu re 2 8 DISPERSION PATTERNS. The pattern of spacing of individuals in a population is known as

dispersion. Possible patterns are (a) clumped, (b) uniform, and (c) random.

= Population density
= Dispersion: Clumped, uniform and random

Caused by variations in

., ) The results of
the organism’s physical "
: competition.
environment

\ : \ \

Occurs when there is a lack of strong
interactions among individuals and is not
common in the marine environment
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Change in Population Size

=
o
L

Type lll

Number of survivors (log scale)

o

Young Old
Total life span

=

Deaths and emigration
remove individuals
from a population.

Births and immigration
add individuals to
a population.

Survivors per thousand (log scale)

T
o 10 20
Age (years)

(b)

Immigration Emigration

»on Tducation, in

Figure 2'9 SURVIVORSHIP CURVES. (a) Survivorship curves
indicate the number of individuals still living at each age from birth to death
Type | curves indicate increased death rates as the organisms age. Type Il
curves indicate relative constant death rates over time. Type lll curves indicate
higher death rates among the young but increased survival for those organ-
isms that survive past a certain age. (b) Not all organisms have life histories
that conveniently fit one of these three curves in part (a). For instance, herring
gulls, Larus argentatus, have Type |1l survivorship curves as chicks and Type II
survivorship curves as adults.
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Change in Population Size

[ronsion | {pmsmaes

Distribution
Emigration

Irmmigration
Size (N)
> Deaths

Population Ecology K '

Models Density Density
Dependent Independent

Resources

Vi \/
| Growth rate (r) W Carrying Capacity (K) ]

College of Marine Sciences, Shanghai Ocean University

Births

l\ —_
IA’"

Strategies

o

Survivorship
curves

Exponential




Population Regulation

Density-dependent factor
Density-independent factor

The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a
continuum between these two extremes.
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Population Regulation

Density-dependent factor
Density-independent factor

The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a
continuum between these two extremes.
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Table 56.2 Characteristics of - and K-Selected
Species

Life history feature
Development
Reproductive rate
Reproductive age
Body size

Length of life
Competitive ability

Survivorship

Population size
Dispersal ability
Habitat type

Parental care

r-selected species
Rapid

High

Early

Small

Short

Weak

High mortality
of young

Variable
Good
Disturbed

Low

K-selected species

Slow
Low
Late
Large
Long
Strong

Low mortality
of young

Fairly constant
Poor

Not disturbed
High

College of Marine Sciences, Shanghai Ocean University



Population Regulation

Density-dependent factor
Density-independent factor

The majority of marine organisms are neither pure r-
strategists nor K- strategists but lie somewhere in a
continuum between these two extremes.
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In Summary [0) S
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= Inecological terms, a population is a group of the same species that
occupies a specific area.

= Factors that affect reproduction and mortality rate such as survivorship
and life histories have a significant effect on the size of populations.
Populations grow when more organisms are added through reproduction
and immigration than are lost through death and emigration. Initially,
populations grow quickly, a process known as exponential growth. Such
growth cannot be maintained indefinitely.

= Characteristics of the environment, such as space and available food, limit
the number of organisms an area can support. This limit is called the
carrying capacity of the environment. The carrying capacity is set by
density-dependent factors that decrease reproduction or increase
mortality rate as a population grows.

= Population growth can also be limited by density-independent factors.

College of Marine Sciences, Shanghai Ocean University
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= Abiological is composed of populations of
different species that occupy one habitat at the same time.

= The species that make up a community are linked to some
degree by competitive relationships, predator-prey
relationships, and symbiotic relationships.

A communityis an assembly of populations of different species that occupy
the same habitat at the same time.

Nicherefers to an organism’s role in the environment.

GLOSSARY

College of Marine Sciences, Shanghai Ocean University




-

Community 0) (<

Libibitx%

SHANGHAI OCEAN UNIVERSITY

Figure 2'] 1 COMMUNITY. A community is composed of populations of different species
interacting with each other. On this rocky coast populations of limpets, sea anemones, seaweeds,
crustaceans, sea stars, and snails all interact with each other in a number of ways to form a balanced
community.

College of Marine Sciences, Shanghai Ocean University
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= What an organism does in its environment is its .

= A full description of an organism’s niche would include the
range of environmental and biological factors that affect its

ability to survive and reproduce.

Higher

Figure 2'] 2 A NICHE. An organism’s niche is determined by a

variety of abiotic and biotic factors acting together on the organism. This

Zone of
overlap

prefers to burrow in substratum composed of smaller sediment particles

where the salinity of the water is low and prefers to feed on medium- to

ed food items. Species B, on the other hand, prefers coarser ,
Niche 4

large-siz
maller

sediments where the salinity of the water is higher and prefers
food items. The zone of overlap indicates the combination of sediments,
salinity, and food that would meet the requirements of both organisms.

College of Marine Sciences, Shanghai Ocean University
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= The niche of an organism is often described as its role in the
community. It refers to the environmental conditions and
resources that define the requirements of an organism. The
broadest niche that an organism can occupy (defined mostly
by resource availability and tolerance to abiotic factors) is
called its fundamental niche. In reality, organisms often
occupy a smaller subset of their fundamental niche because
of biological interactions with other species such as
competition and predation. This subset is called the realized
niche.

College of Marine Sciences, Shanghai Ocean University
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mercury analyses
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ARTICLE INFO ABSTRACT

Article histary Sharks are a major component of the top predator guild in oceanic ecosystems, but the trophic
Received 11 July 2014 e ships of many populations remain poory understood. We examined chemical tracers of diet and
Received in revised form habitar (5N and 55C respectively) and total mercury (Hg) concentrations in muscle tissue of seven
12 Nevember 2014 pelagic sharks: blue shark e glauca), short-fin mako shark (lsurus oxyrinchus), oceanic whitetip
Aepind 18 Neveber 014 u5), scalloped hammerhead shark (Sphyma lewini), pelagic thresher shark
pias g hark {Preudocareharias kamoharai) and silky shark (Carcharhinus falciformis),
from the daia poar south-western tropical Indian Ocean. Minimal interspecific variation in mean 5N
values and a large degree of isatopic niche overlap - driven by high intraspecific variation in 5™ N values -
was observed among pelagic sharks. Similarly, 5™C values of sharks overlapped considerably r all species
with the exception of ! giauca. which had more “C-depleted values indicating possibly langer residence
s in purely pelagic waters. Geographic variation in5™C.5™N and Hg were observed for I glauca and |
rinchus Mean Hg levels were similar among species with the exception of P, kamaharai which had
significantly higher Hg concentrarions Ukely related o mesopelagic eeding Hg concentrations increased
with body size in . axyrinchus, ! glruca and € manus. Values of 5™N and 5™'C varied with size anly in
P! giouca, suggesting ontogenetic shifts in diets or habitats Together, isstopic data indicate that — with few
exceptions — variance within species in trophic interactions or fraging habitats is greater than
differentiation amang pelagic sharks in the south-western Indian Ocean. Therefore, it is possible that this
group exhibits some level of tophic redundancy, but further studies of diets and fine-scale habitat use are
needed to fully test this hypothesis
& 2014 Elsevier Lid. All rights reserved

L Introduction repmductive purpases. Many pelagic sharks use coastalfcontinen-
tzl shelf waters in addition to open oceanic waters throughout
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Isotopic niches of the blue shark Prionace glauca
and the silky shark Carcharhinus falciformis in the
southwestern Indian Ocean
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ABSTRACT: In the Indian Ocean, the blue shark Prionace glauca and the silky shark Carcharhinus
falciformis represent the 2 main shark bycatch species in pelagic longline and purse seine fisheries,
respectively. With the increasing market demand for fins, catches may increase in the future, with
potential effects on ecosystem trophic functioning through top-down cascading effects. Knowledge
of the species’ trophic ecology is therefore crucial but is limited by the lack of data from the Indian
Ocean. Stable isotope analysis was therefore performed on muscle tissues (5'*IN and of these 2
shark species from the western Indian Ocean. Our study showed that body length, season, and zone
effects were relatively small for the 2 species. However, significant $"C differences between the 2
species suggest niche partitioning, with silky sharks having a more inshore foraging habitat than
blue sharks. Finally, lower muscle “N values were observed in juvenile silky sharks caught by
purse seiners around fish aggregating devices (FADs) compared to juveniles caught by longliners.
One hypothesis is that FADs could act as an ecological trap for juvenile silky sharks, leading to a po-
sition at lowest trophic level for these individuals. However, different foraging habitats could also
explain the observed patterns between juveniles. Although preliminary, our results provide a basis
for the implementation of species-specific protection and management strategies.

KEY WORDS: Stable isotopes - §13C - §15N - Trophic ecolegy - Niche partitioning - Foraging habitat -

Sharks are a major component of the top predator guild in
open-ocean consystems along with tunas, billfish, and cetaceans
These “pelagic sharks™ occur from old temperate to tropical
waters, from the surface to 1000 m depth or more (Comp

5) and include some of the most wide-ranging marine pre-
dator spedes (Pitkitch et al, ). Their extensive movements
and ocean-basin scale migrations are most lkely related to
oligotrophy and the patchy nature of food msources in open-
ocean emsystems as well as directed movements for social and

09670637 2014 Elievier Lt lulu,. 15 reserved

ontogeny although certain biological functions, for example. gesta-
tian may be restricted to the open ocean (Comp 4: Bonfil,
s and Stevens, Bven though pelagic sharks
commaonly accur in an environment far from human populations,
they commonly overlap and interact with offshore fisheries
Currently, three-quarters of pelagic elasmobranchs are dassified
as Threatened or near Threatened (IUCN Red List Status), and 11
species are globally threatened with a high risk of extinction
Despite clear evidence for shark population
3; Ferretti et
known on the feeding emlogy of many species and the ecological
importance of this guildis poorly undersiood (Ferretti et oL, 201
Heithaus et ); Kitchell et al,

Sharks

INTRODUCTION

Pelagic sharks, which are among the largest preda-
tors in the ocean, play an important ecological role in
open-sea ecosystems through predation effects on
community structure (Estrada et al. 2003, Heithaus et
al. 2008, Ferretti et al. 2010). Large pelagic sharks
are sometimes the only consumers of a range of
meso-predators (Heithaus et al. 2008) such as small

*Email: niriniony. rabehagasoa@ird fr

College of Marine Sciences, Shanghai Ocean University

elasmobranchs (Wetherbee & Cortés 2004) or some
marine mammals. Most shark populations are inten-
sively exploited by large-scale pelagic fisheries
(Baum et al. 2003, Campana et al. 2008), leading to
marked and rapid declines of the less resilient spe-
cies, such as carcharhinids. Worldwide, 700000 to
850000 t of sharks are caught annually as target
species or bycatch, and landings increase at an
annual rate of ca. 2% (Camhi et al. 2009, Lucifora et

© Inter-Research 2012 - www.int-res.com
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= When organisms require the same limited resource, such as
food, living space, or mates, competition occurs.

= Competition occur between different species —

= Competition occur between members of a single species —
competition

Figure 2-13 COMPETITION.

Competition among butterflyfishes is limited by the shape of their
mouths, which determines where they can find food and the types of
food they can eat. This saddled butterflyfish (Chaetodon ulietensis) has
a blunt mouth that restricts it to feeding on the surface of corals.

College of Marine Sciences, Shanghai Ocean University
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Figure £°/M FUNDAMENIAL VS. KEALIZED N
two species of barnacles in the genera Chthamalus and Semibalanus live in separate layers on the
rocky shores of Scotland. Chthamalus stellatus live just above the high tide line and is replaced by
Semibalanus balanoides beneath this point. (b) When the population of Chthamalus was experi-
mentally removed, the population of Semibalanus did not colonize the open space. (c) When the

Semibalanus population was removed, however, Chthamalus quickly colonized the open space.
College of Marine Sciences, Shanghai Ocean University
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= Mutualism Symbiosisis an intimate living

u Commen5a|ism ilgreacr;gfment between two different

m Parasitism GLOSSARY

Reinhard DirscheriVisuals Unlimited/Getty Images

Alistair Dove/image Quest Marine

Hal Beral/Visuals Unlimited

(b)

Figure 2-15 SYMBIOTIC RELATIONSHIPS. (2) Mutualism: a clownfish takes refuge in

the tentacles of a sea anemone. (b) Commensalism: Remora fishes attached to this shark gain protec-
tion from predators. (c) Parasitism: Nematode worms in the swimbladder of a marine eel derive nutri-
tion from the organ’s blood supply and weaken the host.

College of Marine Sciences, Shanghai Ocean University
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= A community is composed of of organisms that
occupy the same habitat at the same time. The role an
organism plays in its environment, in a sense its “profession,”
is its . The broadest niche an organism can occupy is its
fundamental niche. Interactions with other organisms and
the physical environment, however, limit it to a smaller part
of the niche called its realized niche. The biological
environment of an organism includes interactions with other
species, such as )
and . The major categories of symbiotic
relationships are 1 - and

I/
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= Energy flow through Ecosystems

All living organisms require energy to live, grow and
reproduce. The source of the energy for practically all life on
earth is the sun. Organisms that are capable of
photosynthesis convert the radiant energy of the sun into the
chemical energy of food molecules. The molecules in turn
serve as a sources of nutrition for not only photosynthesizers
but also the organisms that feed on them. As each organism
in turn feeds on another, energy is funneled through levels of
the ecosystem.

College of Marine Sciences, Shanghai Ocean University
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= Some organisms contain special pigment molecules, such as
, that capture the sun’s energy.

Figure 2-16 PHOTOSYNTHESIS. in the process of photo- Sunlight

synthesis, carbon dioxide and water combine to form a sugar called glu-

cose. Oxygen is a by-product of the reaction. The energy for the process

is supplied by sunlight. Special molecules, such as the green pigment 8% Chlorophyll
&

chlorophyll, absorb light energy and make it available to power the

& O®
photosynthetic process. The glucose produced by photosynthesis can be @R @ m % 8
"0 @ @

used by the photosynthetic organism as food or to make other important % é) g) @1 Tﬁ-
roduces
molecules. 6 Carbon , 6 Water Glucose 4 6 Oxygen
dioxide (H20) (CeH120s) (O2)
(CO2)

= In marine environment, the primary photosynthetic

organisms are phytoplankton, seaweeds, and plants. They
were called or

College of Marine Sciences, Shanghai Ocean University
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= Primary productivity refers to the rate at which energy-rich
food molecules (organic compounds) are being produced
from inorganic materials.

An autotrophis an organism that is capable of producing its own food; also
known as a producer.

Primary productivity refers to the rate at which energy-rich food molecules
(organic compounds) are being produced from inorganic materials.

GLOSSARY

College of Marine Sciences, Shanghai Ocean University
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Heterotrophs
First-order consumers (primary consumers)
Second-order consumers (secondary consumers)

: consumers that feed on both producers and
other consumers

are organisms that feed on detritus, organic
matters such as animal wastes and bits of decaying tissues.

are organisms that break down the tissue of
dead organisms and help to recycle nutrients.

College of Marine Sciences, Shanghai Ocean University
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= In every ecosystem, producers and consumers are linked by
feeding relationships called

Figure 2-17 A FOOD CHAIN.

Food chains depict the feeding relation-

ships among a group of organisms as a
linear sequence from producers to higher-
level consumers.

Seaweed Sea urchin Helmet snail Fish

(producer) (first-order (second-order (third-order
consumer, consumer, consumer,
herbivore) carnivore) carnivore)

College of Marine Sciences, Shanghai Ocean University
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= The phytoplankton may release some of their photosynthetic
products into the surrounding seawater. These organic
molecules that are lost or released into the water column are
referred to as ( ).

o represents an enormous supply of energy for marine
organisms. The major sources of detritus are decaying plant
and algal matter that is not consumed by grazing herbivores,
animal wastes, and bits and pieces of animal tissue.

College of Marine Sciences, Shanghai Ocean University
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= Inthe deep ocean, is a continuous shower of
mostly organic detritus falling from the upper layers of
the water column, plus some inorganic sand and dust.

= 1% orless of digestible biomass that in the sunlit upper
surface goes down to the bottom.

College of Marine Sciences, Shanghai Ocean University



Food for the Deep
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Many of the deep sea organism have to adapt to extreme food
shortage. They have very low population density and many
other adaptations like longevity and very slow growth that
these deep sea organisms need to survive

College of Marine Sciences, Shanghai Ocean University



Marine Food Chains & Webs

= Producers and consumers are linked
by feeding relationships called 7o0od
chains.

Energy flow through Predator-prey interaction.

= Trophiclevel
is a position in a food chain or food web that
indicates an organism'’s feeding relationships.

Pics from http://ian.umces.edu/ College of Marine Sciences, Shanghai Ocean University
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» Lindeman (1942) introduced the “energy-efficiency
hypothesis”- the fraction of energy entering one trophic level
that passes to the next higher level is low (~5-20%, with a
mean of 10%)

Ecological Efficiency

GLOSSARY

Lindeman’s Law During the transfer of energy from organic food from one trophic level to the next,

only about 10% of the energy from organic matter is stored as flesh. The remaining is lost during
transfer, broken down in respiration, or lost to incomplete digestion by higher trophic levels

Pics from http://ian.umces.edu/ College of Marine Sciences, Shanghai Ocean University



Wh at We Eat M a kes A top predator requires exponentially more energy to survive than does

a fish at a lower level of the food chain. When wealthy nations catch or

a D i ffe re n ce buy top predators, they increase their impact on the ocean compared to

poor nations, which tend to eat smaller fish.

LEVEL LEVEL LEVEL
TOP PREDATORS 3 | INTERMEDIATE 2. FIRST-ORDER 1 PRIMARY PRODUCERS
Sl i ok PREDATORS CONSUMERS .
1 pound 10 05100 pounds o:1,qoo_pounds
of a level 4 fish, ; pounds of level 2 fish of level 1.organismis
it's like eating ... of level 3 fish
SR

But if you consume

1 pound 10 pounds o100 pounds
of level 3 fish, 1 :
2 : of level 2 fish of leyel 1 organisms
it's Bke eating ...

Marie! Furlong, NGM Staff, and Alejandro Tumas

Source; Sea Around Us Project, University of British Columbia Fisheries Centre
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Coastal food chain

SHANGHAI OCEAN UNIVERSITY

0.1 energy units

‘ 1 energy unit 4
‘ Pl
axd
: \ “"(;
10 energy units S\ <
s 2 (2 \
A |
A
100 energy units REE | ‘ j |
A \
N
N
1000 energy units \

College of Marine Sciences, Shanghai Ocean University



Oceanic Food Webs

= Food webs in the oceans vary systematically in food chain
efficiency, number of trophic levels, primary production

Food Chain Primary  Trophic Food Potential
Type Productivity Levels Chain Fish
gCm2y! Efficiency  Pproduction
mgCm2y-!
Open Ocean 50 5 10 0.5
Continental 100 3 15 340
Upwelling 300 1.2 20 36,000

College of Marine Sciences, Shanghai Ocean University
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Upright Pyramid of Biomass for Grassland Ecosystem

Inverted Pyramid of Biomass in Aquatic Ecosystem

= Why do aquatic ecosystems have inverted biomass pyramid?

Pics from http://ian.umces.edu/ College of Marine Sciences, Shanghai Ocean University
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Current Biology

Extreme Inverted Trophic Pyramid
of Reef Sharks Supported by Spawning Groupers
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Figure 2. Trophic Structure and Predator-Prey Dynamics in the Fakarava Pass

(A) Biomass spectrum of the trophic structure typically obsended in the pass is charactenzed by a positive slope (0.51), indicating an inverted biomass pyramid.
(B) Total shark biomass is similar to the biomass of their potential prey (fish =12.5 cm).

(C) Dwuring grouper spawning aggregation, numerous large-bodied fish enter the system, increasing the slope of the biomass spectrum (0.55).

(0} The grouper aggregation decreases the predator-prey ratio by doubling the amount of prey available for sharks.

Gray bands indicate 85% confidence intervals in (A) and (C), and SEMs are given with slope valuesin (A) and (C). See alo Tables 51 and 52
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Figure 4. Photo Examples of Foraging on Fish in the Pass at Night
(A) Spawning aggregation of Epinephelus polyphekadion occurring between full moon of June and July each year.
(B and C) Gray reef sharks foraging at night on E. polyphekadion.

(D) Gray reef sharks foraging at night on Naso annulatus.
These photos represent natural predation. Lights from cameras are unlikely to have modified the hunting behavior, as the sharks were observed hunting out of

light range. Photo © L. Ballesta. See also Figure S3 and Table SS.
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Figure S3, related to Figure 4. Shark foraging activity inferred by behavioral underwater observations _ _
Dcean University

using rebreather diving equipment.
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Current Biology

Extreme Inverted Trophic Pyramid of Reef Sharks
Supported by Spawning Groupers

Graphical Abstract Authors

Johann Mourier, Jeffrey Maynard,
Biomass Valeriano Parmravicini, Laurent Ballesta,
Eric Clua, Michael L. Domeier,

*(
. aad
How can sharks cope with ' Serge Planes

Local inverted biomass pyramid

low local energy availability?
Correspondence

\4*- johann.mourier@gmail.com
Summer

In Brief

Mourier et al. report extremely high shark
biomass in pristine Fakarava pass,
French Polynesia, producing an inverted

Foragmg EXCUrsions

trophic pyramid. To escape such
constraints, predators typically forage
Energy long range on multiple pyramids. This

concentration study presents a new mechanism in
which subsidies directly come to
predators in the form of spawning
Spawning aggregation ' aggregations.
Winter
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Wieczorek et al., 2018
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Frequency of Microplastics in
Mesopelagic Fishes from the
Northwest Atlantic

Alina M. Wieczorek?*, Liam Morrison', Peter L. Croot '3, A. Louise Allcock?,
Eoin MacLoughlin?, Olivier Savard®, Hannah Brownlow? and Thomas K. Doyle?*®

T Earth and Ocean Sciences and Ryan Institute, School of Natural Sciences, National University of Ireland Galway, Galway,
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Ireland Galway, Galway, Ireland, * Perkin Elmer, Beaconsfield, United Kingdom, * School of Biological, Earth and
Environmental Sciences, MaREI Centre, Environmental Research Institute, University College Cork, Cork, Ireland
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RESULTS

A total of 280 fish was captured of which 233 were examined
for the presence of microplastics in their gut contents. TheB
most common species amongst the subsampled fish were the

"The key message for us is that our
pollution has now reached even the most
remote areas and that the plastics may
impact key ecological players such as
deep-sea fish,” sald Wleczorek

L W ol e i R ek b B 4L AFw E Ll | ]

: ,' «-1 was assessed as

Overall 73 their stomachs

Wlth G' denu © Solvin Zankl / naturepl.com Of occurrence
(100%), followed by S. beanii (93%) and L. macdonaldi (75% )




Keystone species

| Karleskint et al (2009)

This ochre sea star limits the size of the mussel population in this community.
This prevents the mussels from crowding out other species of rock dwellers.

Paine RT(1995) “A keystone species is a species that has a disproportionately
large effect on its environment relative to its abundance”.

College of Marine Sciences, Shanghai Ocean University



Paine’s keystone experiment

= Predators can allow coexistence of competing prey

Predator

Competitors

Paine RT (1966; 1974) College of Marine Sciences, Shanghai Ocean University



Removal experiment 0) &
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= Mussels are dominant competitors
= Competitive exclusion of barnacles

A

Starfish removed Mussels

%

Of
Intertidal
Zone

>

Time

Paine RT (1966; 1974) College of Marine Sciences, Shanghai Ocean University



Paine’s keystone experiment
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What controls Food Web? [0) S
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= Traditionally, food webs have been thought of as obeying a
kind of supply-side economics: higher productivity of
phytoplankton yields higher productivity of zooplankton and
on up the chain. Control of food web structure and
population dynamics by primary producers us called

= On the other hand, there is evidence that top predators exert
control over food web structure and population dynamics.
This kind of control is called

= Control of food web structure and population dynamics by
middle trophic levels is called

College of Marine Sciences, Shanghai Ocean University
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What controls Food Web? 0) (&
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Bottom-up control of a food web occurs
when physical and chemical and human
factors drive the growth of autotrophs.
In turn, autotrophs supply energy and
matter to higher trophic levels. As
phytoplankton go, the whole food web
goes.

Such as increasing N, P input

Bottom Up °*

College of Marine Sciences, Shanghai Ocean University



What controls Food Web?

Top-down control of a food web occurs
when physical, chemical and human
factors control the abundance of top
predators. As the top predators
decrease, there is a domino effects as
lower trophic levels alternatively
increase or decrease. As the top
predators go, so goes the food web.
Such as DDT events, fishing top
predators.

College of Marine Sciences, Shanghai Ocean University
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What controls Food Web? 02 Z

©
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Phytoplankion
decrease

Time
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Wasp-waist control of a food web occurs
when physical, chemical and human
factors requlate middle trophic levels.
Control of the abundances of organisms

at middle trophic levels controls the
trophic levels above and below.

Such as Climate change on sardine
fishery.

College of Marine Sciences, Shanghai Ocean University
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Problems

= Eutrophication
= Loss of predators

VU U1 Charonia tritonjs R AR Al egocera picta TeEEas: ilBa/istoides conspicillum
AN o -~ 8
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Sharks are important to human

-
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<

Apex Predators < L
p

Meso Predators ﬁ
Resource Species | | Jd L

Trophic
Cascade

Trophic cascades
occur when
predators in a food
web suppress the
abundance or alter
the behavior of their
prey, thereby
releasing the next
lower trophic level
from predation

GLOSSARY

Ecology Letters, 13: 1055-1071 (2010)
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Predicting ecological consequences
of marine top predator declines

Michael R. Heithaus’, Alejandro Frid?, Aaron J. Wirsing' and Boris Worm?

' Department of Biological Sciences, Florida International University, 3000 NE 151st Street, North Miami, FL 33181, USA
2 Department of Biology, Dalhousie University, Halifax, NS B3H 4J1, Canada

Recent studies d unpr i 1 decli in
marine top predators that can initiate trophic cascades.

licting the wider ! I of these
requires under ing how predators influ-
ence communities by inflicting mortality on prey and
inducing behavioral modifications (risk effects). Both
mechanisms are important in marine communities,
and a sole focus on the effects of predator-inflicted
mortality might severely underestimate the importance
of predators. We outline direct and indirect con-
sequences of marine predator declines and propose an
integrated predicti fr % that includ risk

systems involving upper trophic level predators, however,
have largely failed to consider risk effects. Here we review
studies of community rearrangements following marine
top predator declines and of how marine predators influ-
ence their communities through direct predation and risk
effects. Through this synthesis, we build the case that a
framework integrating both direct predation and risk
effects can achieve improved predictions on the ecological
consequences of marine predator declines.

Marine communities change when top predators

effects, which appear to be strongest for long-lived prey
species and when resources are abundant. We conclude
that marine pr hould be i for the main-
tenance of both density- and risk-driven ecological pro-
cesses, and not demographic persistence alone.

Declines in marine top predators

Predators that occupy high trophic levels in marine
hahitats, including marine mammals, large teleosts and
sharks, have been declining worldwide at a rapid pace [1-
4]. Recent estimates suggest that populations of large
sharks have declined regionally by 90% or more [3.5].
The status of large tuna, billfish and groundfish [2] and
reef-associated predators in human-impacted areas (6] is
equally dire. Although the magnitude of some declines is
debated, few researchers doubt the generality of sweeping
changes to the abundance of upper trophic levels in the
oceans. Clearly, accurate prediction of the ecological con-
sequences of these and potential future declines is critical
for fisheries and ocean ecosystem management. Ecosystem
models currently are the most common method for explor-
ing the wider effects of declining upper trophic levels.
These models, however, are driven by detailed system-
specific data that might limit the generality of predictions
and also preclude parameterization in data-poor situations
(Box 1).

Given these concerns, is it possible to make generalized
predictions about the likely responses of marine commu-
nities to the loss of top predators? Addressing this question
requires a functional understanding of how top predators
affect the dynamics of marine communities. Recent studies
from diverse systems show that predators influence prey
populations and communities by inflicting mortality on
prey (direct predation) and inducing costly antipredator
behavior by their prey (risk effects [7]). Studies in marine

Correspanding euthar: Heithaus, M. (beithaus@fivedu).

Predicting the ecological consequences of reductions in top
predators is, in essence, an inguiry into the importance of
top-down processes. From groundbreaking work on rocky
intertidal shores [8] to the documentation of the keystone
role of sea otters in kelp forests [9] and studies of the
indirect effects of bird predation [10], among many other
examples, there iz little doubt that predators have a fun-
damental influence on the structure and function of
marine communities. Hence, widespread declines of large

Glossary

Behaviorally mediated indirect interaction: occurs when changes in the
abundance of one species results in a change in the behavior of a sacond
species (8 risk effect) that in turn influences a third species.
Density-mediated indirect interaction: oceurs when changes in the sbundanes
of ane species aflet the density of snother species through direet predation,
which in turn changes densities of a third species.

Direct predation effect: effects of predator-inflicted martality on prey populs-
tiors.

Keystone species: & species that has an impset on communily strueture
disproportionate 1o its abundance.

Megagrazers: large-bodied marine grazers (e.g. green twrtles, dugengs and
manatees).

predators or herbi in mid-trophic levels. These species
are 1 risk of predation from top predators, and therefore transmit effects of top
predators to lower trophic levels

Predatory release: when reductions in the density of top predators causes a
numerical increase of their prey.

Resource species: in the contest of this review, a species that is esten by
mesoconsumers. Depending on the mesoconsumer, resource species are
consumers at lower trophic levels (e.g. small teleosts) or primary producers
leg. seagrasses).

Risk effect: changes in prey species (e.q. distribution, energy state, reproduc-
tive sutput) resulting from behavioral responses to the risk of predation.

St behavior: i to extringic factors (e.g.
background level of predation risk) that are assumed to maximize fitness in the
context of the physiological (e.g. fat stores), environmental (e.g. resource
availability) or ather states of the organisms that influence residual reproduc-
tive value.

Trophic cascade: changes in the relative abundances of multiple species in an
ecological community as a result of changes in abundance of one species.
Trophic cascades ensue from both direct predation and risk effects of
predators.

202 0168-5347/% - sec frant matter & 2007 Elsevier Led. All rights reserved. daiz10. 1016/ troe 2008.01.003 Available anline 4 March 2008
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= Vetter et al. (2008) used data from just about every research
technique available to study interactions between the mako
and Humboldt squid populations in the California current.

(PANS, 2008)

College of Marine Sciences, Shanghai Ocean University



M.R. Heithaus -
G.J. Marshall - B. Buh]ener

Habitat use and foraging behavior of tiger sharks
(Galeocerdo cuvier) in a seagrass ecosystem

r 2000 [ Accepted: 31 July 2001 / Published online: 5 October 2001

Abstract Understanding the foraging behavior and
spatial distribution of top predators is crucial to gaining
a complete understanding of commun However.
studies of top predators are often logistically difficult
and it is important to develop appropriate methods for
ng factors influencing their spatial distribution.

Sharks are top predators in many marine communities.
vet no studies have quantified the habitat use of large
or determined the factors that might

tial distributions. We used acoustic

borne video cameras (“Critter-

investigation of foraging behavior of tiger sharks. To
test for habitat prei‘erences of sharks, the observed
proportion of time in each habitat for each individual
was compared to the predicted values for that individual
based on correlated random walk and track random-
ization methods. Although there was individual v

tion in habitat use, tiger sharks preferred shallow
seagrass habitats, where their prey is most abundant.

Communicated by R.J. Thompson, St. John's

Department of Bi
\lnu_rn Fraser Universil
156, Canada

Natural Histo: Unit,
NW. Washington,

Present address: M.R. Heithaus
rk Re-.edn.h

Despite multiple encounters
rarely engaged in prolonaed

) ol held methods it is possmle T.D

ors influencing habitat use and gain

msights into the foraging behavior of elusive top
predators.

Introduction

Understanding patterns of habitat use and foraging
behavior of top predators is important to gaining insight
mto the dynamics of communities. Patterns of habitat
use determine the likelihood of both direct and indirect
mterspecific interactions, which can influence commu-
nity structure and stability (e.g. Brown et al.
Therefore, understanding the factors that

tial distributions of top predators is critical to pre-
dicting the consequences of environmental perturbations

it is often difficult to gather data on top preda-
s they are frequently elusive, have large home
; population densities. Thus, new
metho h meaningful statistical tes
enhance our understanding of top predators in dive
habitats.

Sharks are an example of top predators for which
there is little information regarding habitat use
foraging behavior. Yet large sharks may be key:
predators, influencing the structure of ecosystems
through predator-prey interactions (e.g. Heithaus 2001a ;
Simpfendorfer et al. ). This y undertaken to
develop methods applicable for g:
their habitat use
to understand their foraging behavior.

Uy "u .\\‘

-\
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_possible population control Tiger sharks help maintain

-behavioral avoidance

healthy seagrass ecosystems

-reduced risk (shark declines or low risk)
-possible population control,

-reduced shark populations

-few turtles -seagrass competitive hierarchies altered
algal dominance -species shifts
pristine -rotational grazing
# meadows with high D
structure/biomass
(e.g. Shark Bay, high-risk
habitats) -reduced shark populations

-shifts in foraging behavior,
-high local densities
- sediment erosion

! , # -greatly reduced shark

populations

meadows dominated , ## -overgrazing

by pioneer species -sediment burial or
(e.g. Lakshadweep) erosion

meadows with
lower structure/
biomass

(e.g. Shark Bay. low-
risk habitats)

fragmented
meadows
(e.g. Derawan)

meadow extinction
(e.g. Bermuda)

From Heithaus et al. (2014)
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Ecology Letters, (2010) 13: 1055-1071 doi: 10.1111/j.1461-0248.2010.01489.x

REVIEW AND

SYNTHESIS Patterns and ecosystem consequences of shark
declines in the ocean

Abstract
-1 . . . - . . .
Francesco Ferretti, * Boris Whereas many land predators disappeared before their ecological roles were studied, the
. R i - 1 . . . . . "X . .
Worm," Gregory L. Britten, decline of marine apex predators is still unfolding, Large sharks in particular have

. . F3 - r . . . . .
Michael R. Heithaus™ and Heike K.  experienced rapid declines over the last decades. In this study, we review the
Lotze'

documented changes in exploited elasmobranch communities in coastal, demersal, and

College of Marine Sciences, Shanghai Ocean University
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Figure 2 Global fisheries trends and conservation status of chondrichthyans. Time series refer to landings of sharks, rays and chimeras in
thousands of metric tonnes km™ of shelf area since 1950, as reported to the United Nations Food and Agriculture Organization (FAO).
Stacked bars represent the global conservation status of all chondrichthyans assessed by the International Union for the Conservation of
Nature (IUCN) Shark Specialist Group (Appendix S1, Camhi ez 2/ 2009, http://www.redlist.org). Red indicates the percentage of species that
occur in a particular FAO area and that are globally assessed as critically endangered (CR), endangered (EN), and vulnerable (VU); yellow
indicates near threatened (N'T) status and green the percentage of species assessed as least concern (LC). Transparent bars refer to species that
are assessed data deficient (DD) or that have not been assessed yet. FAO assessment areas are outlined in light blue on the background map.
A list of chondrichthyans occurring in each FAO area was derived from FishBase (http://www.fishbase.org). N, total number of species
occurring in that area; A, number of species assessed by IUCN.

College of Marine Sciences, Shanghai Ocean University



Central Pacific Northwest Atlantic
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Figure 5 Relative changes in population abundance of pelagic sharks in the Central Pacific (Ward & Myers 2005), Northwest Atlantic (Baum
et al. 2003), Eastern USA (Myers ef al. 2007), Gulf of Mexico (Baum & Myers 2004), and the Mediterranean (Ferrett ef @l 2008, using the

analyses of the lonian Sea pelagic fishery). iversity
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Figure 6 A possible trophic cascade in the inshore waters of Kwa-Zulu Natal, South Africa. Two periods are contrasted: 1952-1977 and
1978-2003. (a, €) Large sharks caught in shark netting programs (black: Main Beach, grey: Brighton Beach); data were derived from

ageregated catches of large sharks species reported in Holden (1977)
penods, the species included in this group in both panels (a, e) are those reported by Holden (1977).

ik

and Dudley & Simpfendorter (2006). To be consistent between time
Regression lines are: (a) generalized linear

models as specified in Fig. 4, and (e) linear models of log(CPUE)~vyear. Panels (b-d) and (f~h) are time series of log CPUE of small sharks
(mostly juvenile dusky sharks), batoids (skates and rays) and teleost fishes from the recreational fishery, as reported by van der Elst (1979) and
Pradervand e/ al. (2007). As the fraction of teleosts was not explicitly reported in Pradervand ef o/ (2007), we estimated it by subtracting the

elasmobranchs from the toml number of fish caught. Solid lines depict linear regressions fitted to log transformed data. Dashed lines

represent local regressions (LOESS). The diagram shows common species caught by shark nets and recreational angling, respectively, as well
as their trophic relationships. The initial increase of small sharks was thought to be due to predatory release, and their later decline because of

increased angling pressure.
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Review and Synthesis Ecosystem consequences of shark declines 1067

ﬁ Fishing and netting
Humans

lA,G,C,N,P_.S,M,E

Large predatory sharks

Apex predators ﬂ

ANW, 57" ln, G, N, P, sl e, AP
A A
Pinnipeds Small || Skates and | | Sea turtles
Meso-predators ﬂ and dolphins || sharks | | rays and manatees
w,s,wl s l N l N l A
1" *
Resource species ﬂ Teleost fish Invertebrates Seagrass

Figure 7 Documented ecosystem effects of fishing large sharks. Depicted are trophic (solid arrows) and behavioural (dotted arrows)
interactions between humans, large and mesopredator elasmobranchs and their prey species. Block arrows represent overall population trends
of the various functional groups. Regions in which particular interactions have been documented (see text) are indicated by letters
(A, Australia; C, Caribbean; E, Europe; G, Gulf of Mexico; M, Mediterranean Sea; N, North American East Coast; P, Central Pacific;

S, South Africa; W, North American West Coast). Note that few studies have documented eftects on teleost and cephalopod prey.
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Hydrologic Cycle
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Moist air
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l “) A Evaporation from
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- " ~ 7\ falling precipitation
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/ Evaporation
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Groundwater
Seepage &
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ure 2-20 THE HYDROLOGIC CYCLE. Water leaves the oceans

i returns in the form of precipitation. Rivers and streams collect the precipitation that falls on

land and retumn it to the sea.
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Carbon Cycle 02 &
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Atmosphere (0.03%)
Oceans
Carbonate rock and petroleum

Respiration
Decomposition

Volcanic eruption
Combustion of fossil fuel
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CO; in atmosphere to plants

. for photosyntf?

CO; in the atmosphere
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L

Figure 2'2] THE CARBON CYCLE. Carbon dioxide from the atmosphere that is dissolved
in seawater is used by producers to make food through the process of photosynthesis. When the food
is metabolized in respiration, the carbon dioxide is returned to the environment. Some carbon dioxide
is converted into bicarbonate ions and incorporated into the shells of marine organisms. When these
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Protein and Nucleic acids

Ammonia, amino acids or nitrates
Atmosphere and water bodies

Plants can absorb ammonia and nitrates

Blue green algae and certain bacteria can fix atmospheric
nitrogen into nitrates.---Nitrogen Fixation

College of Marine Sciences, Shanghai Ocean University



Nitrogen Fixation 02 3
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Atmospheric nitrogen fixation

.. During lightening due to high temperature, the atmospheric
nitrogen reacts with oxygen and form nitrous oxide (N,O),
nitric oxide(NO) and nitrogen peroxide (NO.,).

.. These compounds dissolve in rain water to form Nitric acid.
;. They react with alkalies and form nitrates.
.. Plants easily absorb nitrates.

College of Marine Sciences, Shanghai Ocean University



Nitrogen Fixation 102
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Biological fixation

= Certain bacteria and blue green algae can fix atmospheric
nitrogen directly into ammonia.

= Nitrogen fixing bacteria are of two types
.. Freeliving
.. Symbiotic- Root of Leguminous plant

College of Marine Sciences, Shanghai Ocean University
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= Nitrification
Conversion of ammonia into nitrates and nitrites is brought
about by the nitrifying bacteria.

= Denitrification
Bacteria Pseudomonas and Bacillus denitrificants convert
nitrate to free nitrogen. This process is called denitrification.
Denitrification take place under special conditions in both
terrestrial and marine ecosystems. In general, it occurs
where oxygen is depleted and bacteria respire nitrates as a
substitute terminal electron accepter.

College of Marine Sciences, Shanghai Ocean University
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= Ammonia (NH,), ammonium (NH,*), nitrite (NO,), and
nitrate (NO3')

Atmospheric Nitrogen fixation

CYCLE. Upwellings and runoff from the Nitrogen cycling

land bring nitrogen into the photic zone, within the photic zone
where producers can incorporate it into

amino acids. Nitrogen-fixing bacteria in the

photic zone can convert atmospheric nitro-

Producers Runoff

incorporate fertilizers,

nltrogen into trat

when organisms die or animals eliminate nitrates, :
g amino acids ' plant material

wastes. : Nutrient

upwelling

gen into forms that can be used by produc-
ers. Nitrogen is returned to the environment

College of Marine Sciences, Shanghai Ocean University
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Nitrogen Cycle (55'S

Atmosphere

consumed

; ; : by animals
nitrogen fixation phytoplankton enter

by bacteria food web

organic N
(waste or death)

Aphotic
zone
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Ambient nitrate switches the ammonium
consumption pathway in the euphotic ocean

Xianhui Sean Wan'!, Hua-Xia Sheng!, Minhan Dai, Yao Zhang', Dalin Shi!, Thomas W. Trull?, Yifan Zhu',
Michael W. Lomas3 & Shuh-Ji Kao®'

Phytoplankton assimilation and microbial oxidation of ammonium are two critical conversion
pathways in the marine nitrogen cycle. The underlying regulatory mechanisms of these two
competing processes remain unclear. Here we show that ambient nitrate acts as a key
variable to bifurcate ammonium flow through assimilation or oxidation, and the depth of the
nitracline represents a robust spatial boundary between ammonium assimilators and oxidi-
zers in the stratified ocean. Profiles of ammonium utilization show that phytoplankton
assemblages in nitrate-depleted regimes have higher ammonium affinity than nitrifiers. In
nitrate replete conditions, by contrast, phytoplankton reduce their ammonium reliance and
thus enhance the success of nitrifiers. This finding helps to explain existing discrepancies in
the understanding of light inhibition of surface nitrification in the global ocean, and provides
further insights into the spatial linkages between oceanic nitrification and new production.



Phosphorus Cycle

No phosphorus in atmosphere

Phosphorus needed to make:
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Phosphorus released from the weathering of rocks
Producers absorb phosphorus through their roots

Phosphorus moves up the food chain as animals eat
producers

Decomposers obtain phosphorus as they feed on dead
remains

Human Contribution
Fertilizers and run off with rain

College of Marine Sciences, Shanghai Ocean University
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Pelagic Division
oo Ff”—g Ecologists frequently divide the marine
ST | environment into two major divisions: the
DRSS pelagic division, composed of the ocean’s
I water (the water column), and the benthic
- division, the ocean bottom. These
divisions can be subdivided into zones on
the basis of three characteristics: distance
from land, light availability, and depth.

| Aphotic
zone

Benthic Division

Abyssal
zone

5000 m A / Figure 2-2.3 OCEAN DIVISIONS AND ZONES. Ecologists
v N/ frequently divide the ocean into two major divisions: the pelagic division,
consisting of the water column, and the benthic division, consisting of the

sea bottom. The pelagic division can be subdivided based on the avail-
ability of sunlight (photic zone and aphotic zone) or distance from the
shore (neritic province and oceanic province). The benthic division can be
subdivided on the basis of depth (intertidal zone, shelf zone, bathyal zone,

abyssal zone, and hadal zone).

College of Marine Sciences, Shanghai Ocean University
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= Nutrients are constantly recycled from one generation to the
next through biogeochemical cycles. The energy for most
life on earth comes from sunlight. Producers capture the
energy of sunlight in the chemical bonds of organic
molecules. The rate at which these energy-rich molecules
are formed is called primary production. Consumer
organisms rely on these molecules as a source of food. In
every ecosystem, producers and consumers are linked by
feeding relationships called food chains. The ten percent rule
of ecology states that the average amount of energy passed
from one trophic level to the next is approximately 10%.

College of Marine Sciences, Shanghai Ocean University



© Jérome Spitz - Obs. PELAGIS La Rochelle

Stomach content of a beached cetecean Observatlon W|th a stereomlcroscope of a

collected by the French Beaching copepod stomach content from a sardine

National Network (RNE). (Sardina pilchardus) caught in the Gulf of
Biscay continental shelf.
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Omnivorous Sharks?

&he New Hork imes

The Omnivorous

Sharks That Eat Grass

Diminutive bonnethead sharks are the first omnivorous sharks
known to science, which could change our understanding of what
some sharks eat.

D) (i

/;-Wk%

- The bonnethead shark (Sphyrna tiburo)

7.5cm

90% seagrass stomach I proximal | spiral 1  distal
10% squid diet intestine intestine intestine

College of Marine Sciences, Shanghai Ocean University



2. Stable isotope analysis
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DMITRI MENDELEYEYV (1834 - 1907) Oxygen 8

16.00

The Russian chemist, Dmitri Mendeleyev, was the first to observe that if elements were listed in
order of atomic mass, they showed regular [periodical repeating properties. He formulated his
discovery in a periodic table of elements, now regarded as the backbone of modern chemistry.

Hydrpgen

The crowning achievement of Mendeleyev’s periodic table lay in his prophecy of then, undiscovered
1.0 elements. In 1869, the year he published his periodic classification, the elements gallium,
TNOBLE 455 | germanium and scandium were unknown. Mendeleyev left spaces for them in his table and even
predicted their atomic masses and other chemical properties. Six years later, gallium was
discovered and his predictions were found to be accurate. Other discoveries followed and

Si

At room temperature the element is:  Symbol their chemical behaviour matched that predicted by Mendeleyev. %
s Element Silicon 14
s name =
o This remarkable man, the youngest in a family of 17 children, has left the scientific 28.09
el Komie. community with a classification system so powerful that it became the cornerstone
B Nawral solid Mossic in chemistry teaching and the prediction of new elements ever since. i
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Isotope
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Element Symbol Percentage in
Body
Oxygen O 65.0
Carbon C 18.5
Hydrogen H 9.5
Nitrogen N 3.2
Calcium Ca 1.5
Phosphorus P 1.0
Potassium K 0.4
Sulfur S 0.3
Sodium Na 0.2
Chlorine Cl 0.2
Magnesium Mg 0.1

Trace elements include boron (B), chromium (Cr)
cobalt (Co), copper (Cu), fluorine (F), iodine (1),
iron (Fe), manganese (Mn), molybdenum (Mo),
selenium (Se), silicon (Si), tin (Sn), vanadium (V)
and zinc (Zn).
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Isotope
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electron
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Isotope

Fission yields
An example of one of the many fragments of
reactions in the uranium-235 intermediate

fission process. mass, an average
of 2.4 neutrons,

and average
energy about
215 MeV.

Impact by 0
slow neutron 1 B
with energy compound Og ‘o O

on order of nucleus is Neutrons can
an eV unstable, initiate a chain

oscillates. reaction.

College of Marine Sciences, Shanghai Ocean University



Isotopes and Their Elements

= Isotopes are forms of the same elem
of neutrons in the nucleus.

= The word “isotope” comes from cons .
table of the elements, and means tha
all occupy the same (/50) place (topo.

= Frederick Soddy first introduced the
formal way during a speech to the Br
Feb 27, 1913. He won the 1921 Nobel
“his investigations into the origin anc

College of Marine Sciences, Shanghai Ocean University
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Fig. 1.1. An extra neutron in the 13C
iIsotope makes the nucleus more
massive or “heavier” than the 12C
Isotope, but does not affect most
chemistry that is related to reactions in
the electron shell.

WE SAY THAT THERE IS A

1

13CARBON HAS ONE g@

MORE NEUTRON THAN ?5@
2CARBON IN ITS NUCLEUS. __ . B

IN MOST CASES '2CARBON AND '3CARBON
BEHAVE THE SAME BECAUSE EXTRA NEUTRONS
DON'T CHANGE THE REACTIVE SPHERE OF
ELECTRONS AROUND THE NUCLEUS.

> 3119
ENCE
Lot

'

d%




Yl
Sk
SelBr
el
oAt

Fig. 1.2. An abbreviated periodic table of the elements. Elements have more than one isotope variety that differ
in the number of neutrons. Stable isotopes of the circled HCNOS elements (hydrogen, carbon, nitrogen, oxygen
and sulfur) are emphasized in this book. Details about isotopes for many of these elements are available at the
website http://wwwrcamnl.wr.usgs.gov/isoig/period/.
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Fig. 1.3. You are what you eat - stable isotopes
in a 50 kg human who is composed of mostly of
light isotopes with a small amount of heavy
isotopes. People are mostly water, so hydrogen
and oxygen isotopes dominate at >35kg. Next
come C isotopes at >11 kg, then N isotopes. S
iIsotopes are missing — they should be here at
about 220g for the light isotope 32S and 10g for
the heavy isotope 34S. Have you had your
iIsotopes today? (from Wada and Hattori, 1990;
reproduced with permission of CRC Press
LLC).
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five elements
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SOMETIMES THE EXTRA NEUTRON MAKES
A DIFFERENCE. IT'S HARDER TO PUSH THE
HEAVY MOLECULES UP AN ENERGY HILL...

ENEREY ;‘@@'

%)

U J~_- ‘_JLJ,
“@ iﬁ

... 50 THAT PRODUCTS HAVE MORE OF THE
LIGHT ISOTOPE AND LESS OF THE HEAVY
ISOTOPE.

Fig. 1.6. The extra neutron does make a very slight difference in some reactions; having an extra

neutron usually results in slower reactions. This reaction difference is fractionation.



Fractionation

Source 1

Fig. 1.9. Isotopes cycle via fractionation and mixing, with fractionation splitting apart mixtures to form
source materials. These sources recombine via mixing to complete the cycle.
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cold climate precipitation sets in early
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The Vostok ice core record of hydrogen isotopes, temperature and greenhouse
gas concentrations in the last 420,000 years (Petit et al., 1999 in Nature)
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General Introduction

» |t focuses on fundamental principles of mixing and
fractionation that govern isotope circulation in the biosphere,
and aims to help you understand and use these principles.
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structure of large-bodied marine predators in a
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& Carcharhinus amboinensis e Carcharhinus brachyurus

Fig. 1. Isotope values of all individual sharks and dolphins sampled in the Eastern Gulf of Shark Bay, Australia
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Fig. 3. Standard ellipse areas corrected for sample size
(SEAC) of large predators based on (a) guild-level and (b)

species-level analyses
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Fig. 5. Isotopic values of large predators (individual values) and representative teleosts (species means) collected from the

Eastern Gulf of Shark Bay. Ranges of 8!°C for seagrasses, macroalgae, and plankton (based on 8'*C of filter feeders) are given

along the 8!*C axis (see Burkholder et al. 2011). Only individuals of species included in analyses are given for the large
predator groups
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WHERE DO SHARKS GO FOR DINNER?

GLOBALLY, SHARK POPULATIONS
ARE DECLINING: TO PROTECT THEM,
WE NEED TO KNOW HOW THEY MOVE
AROUND THE OCEANS FOR FOOD

.. .LEADING TO DIFFERENCES IN
ISOTOPE RATIOS IN PLANKTON
ACROSS THE GLOBAL OCEAN

ISOTOPES IN PHYTOPLANKTON
ARE PASSED THROUGH THE FOOD
CHAIN TO SHARKS, LEAVING A
CHEMICAL RECORD IN THE SHARK'S
TISSUES OF WHERE THEY ATE

HOW IT WORKS..... N Y
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TWO ISOTOPES BEHAVE
DIFFERENTLY IN REACTIONS. . .

TRACKING SHARKS ACROSS
THE OPEN OCEAN IS

VERY DIFFICULT, SO
WE TURNED TO
FORENSIC
TOOLS..

.. .INCLUDING DURING
PHOTOSYNTHESIS. . .

.. . AND COMPARED THEM TO
PLANKTON ISOTOPES FROM
THE SAME PLACES

SCIENTISTS MEASURED ISOTOPES
IN 5394 SHARKS FROM
114 SPECIES AROUND THE WORLD ...

WHAT WE FOUND.... SO WHAT?
4 SHELF AND OCEANIC SHARKS MOVE AND FEED IN VERY DIFFERENT WAYS. . . '
* THIS INFORMATION
CAN HELP TO

§ z7 SHE&
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SHARKS FROM SHELF SEAS FEED CLOSE TO HOME
AND DIFFERENT INDIVIDUALS SPECIALISE IN

DIFFERENT HABITATS

DESIGN BETTER oo
SHARK CONSERVATION £
MEASURES

paper: Bird et al 2018: A Global perspective
on the trophic geography of sharks
Nature Ecology and Evolution [link]

OCEANIC SHARKS GET MOST OF THEIR
FOOD FROM MID-LATITUDE AREAS WITH
LOTS OF PLANKTON (AND HIGH

FISHING PRESSURE)

contacts: trueman@noc.soton.ac.uk
chrisbirdshark@gmail.com
cartoon: Clive Trueman

’ @SharkDevocean @clivetrue
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Fig. 1| Distribution of compiled shark data overlaid on a spatial model of annual average biomass weighted §"C, within Longhurst biogeographic
provinces from the median sampling year (2009). The coloured points signify the habitat classification of those samples. Most studies provided one

location for multiple samples.
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Fig. 2 | Carbon isotope data. a, The relationship between &C; from Longhurst biogeographic provinces associated with shark capture locations (solid
black line) and &"C; values (dashed black line and open circles) and latitude (bottom row). The confidence envelopes reflect 500 Monte Carlo iterations
considering the variance in 8C, values within each Longhurst biogeographic province (grey lines) and the same latitudinal trends predicted for §*C; with
an offset of 4.6%. added corresponding to the mean offset between §2C; and §™C; (red lines) and to the trophic effects on 8=C values. The maps provide
the individual shark sample locations overlaid with the §%C; isoscape from Fig. 1. b, Distribution of the observed 8=C ranges of species-specific shark
populations in each habitat. The horizontal line is the mean §™C range across shark populations within that habitat. Boxes contain 50% of the data and
lines correspond to the 95% confidence interval. The letters signify analysis of variance, Tukey HSD results for significant difference, with the same letters

representing mean values that are not significantly different from each other.
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Sharks are considered to play important roles in structuring marine ecosystems, consequently understanding
their trophic ecology and interactions with other marine predators is required. In the central Pacific Ocean,
whether the trophic roles of pelagic sharks are complementary or redundant to large teleost predators remains
unclear. In this study, stable carbon and nitrogen isotope analysis were used to examine the isotopic niche over-
lap of eight pelagic shark speciesand six pelagic teleost predators, including tuna and billfish. Large intra-specific
variation and minimal inter-specific variation in both &'°N and 5'°C values were observed among sharks and
teleosts. Moreover, there was a high degree of trophic overlap among pelagic shark and teleost species, with
the exception of the blue shark, the 5'3C values of which indicated a muchlonger foraging time in the purely pe-
lagic waters. Moreover, although the stable isotopic data suggested that the pelagicsharksin the study area share
similar prey and habitats with other pelagic predators, such as tuna and billfish, blue sharks and shortfin mako
sharks did not show isotopic overlap with these predators. These data highlight the diverse roles among pelagic
sharks, supporting previous findings that this species complex is not trophically redundant; but further studies
on the diet and fine-scale habitat used are required to verify this hypothesis

© 2016 Elsevier BV. All rights reserved.

1. Introduction

Pelagic sharks are primary bycatch species of longline fisheries oper-
ating in open ocean ewosystems and are prone to high fisheries mortal-
ity rates (Kitchell et al, 2002; Schindler et al.,, 2002). Their typically large
pectoral fins render them attractive to the shark fin industry, to which
they contribute a substantial percentage of total species traded (Clarke
etal, 2006). But as k-selected species, pelagic sharks possess several bi-
ological attributes (low growth rate, late maturity, and low fecundity)
that make them vulnerable to overfishing (White et al, 2012) and
limit their recovery potential (Walker, 1998). The standardized catch
rate of silky sharks (Carcharhinus falciformis) in the North Pacific
Ocean, for example, was estimated to have deaeased by 91.7% between
1950 and 1997 with the onset of commercial fishing (Baum and Myers,
2004). Pelagic sharks also range across poorly monitored regions
(Gilman et al., 2008), therefore the annual glebal catch rate reported
to the Food and Agriculture Organization of the United Nations (FAO)
is likely largely underestimated (Clarke et al., 2006; Ferretti et al.,
2010). More than 50% of pelagic species are currently considered threat-
ened worldwide (Dulvy et al., 2008).

Conservation and management of pelagic sharks involves two key
issues, consideration of their unique evolutionary characteristics in

* Corresponding author
E-mail address: xjdai@shou.edu.cn (X, Dai)

http://dxdoi.org/10.1016/i.jembe2016.04.013
0022-0881/© 2016 Elsevier BV. All rights reserved.

relation to biodiversity importance and global conservation priorities
and mitigating over exploitation in fisheries to maintain the integrity
of their ecological role in marine food webs (Kitchell et al,, 2002).
Most large shark species feed at or near the top of marine food webs;
however, their trophic roles are thought to vary significantly among
ecosystems, species and contexts (Heithaus et al., 2008; Kiszka et al,,
2015). Declines in the abundance of large sharks have the potential to
induce trophic cascades in coastal and demersal ecosystems (Ferretti
etal, 2010}, yet it remains unclear how their removal impacts the tro-
phic structure of pelagic communities in open-ocean ecosystems
(Ward and Myers, 2005; Kiszka et al, 2015).

To date, only one study has directly examined the effect of removing
large pelagic sharks on ecosystem structure, finding conflicting results.
Through an Ecopath with Ecosim model, Kitchell et al (2002) identified
limited effects of removing pelagicsharks on the overall fish community
when assigning a standardized trophic level of approximately 4.5.
Medel results suggested compensatory effects of shark removal by
other large teleost predators that have faster biomass turnover rates,
such as tuna and billfish. When variable trophic roles among large and
small sharks were considered within the model, however, non-linear ef-
fects were observed with negative consequences for ecosystem struc-
ture. Inter-specific variation in habitat use (Rabehagasoa et al., 2012),
diet (Kiszka et al, 2014) and trophic complexity (Kiszka et al., 2015)

observed among pelagic sharks supporting the latter model predic-
tions, but uncertainties over their ecological role/s remain. Specifically,
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» The upside-down jellyfish depends on algae in its body for

A.

B.

C.

certain nutrients. The algae are protected by the jellyfish and
supplied with nutrients. This relationship would be an
example of

Mutualism

Commensalism
Parasitism
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= According to the ten percent rule, how many kilograms of
phytoplankton would be needed to produce 10 kilograms of
fish that were second-order consumers?

A 1 kilogram

8. 10 kilograms

c. 100 kilograms

p. 1000 kilograms
e, 10000kilograms

College of Marine Sciences, Shanghai Ocean University
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» The ultimate source of energy for most life in the ocean is

A Photosynthesis
8. Thesun

c. Thermal vents
p. Predation

e.  Phytoplankton

College of Marine Sciences, Shanghai Ocean University



& 7
b
ot P
by
Omz.zo“ Z, S

LEBELSE Lrom

nnnnnnnnnnnnnnnnnnnnnn

= The most important primary producers in marine ecosystems
are

A Seaweeds

5. Plants

c. Phytoplankton
p. Detritivores

. Filter feeders

College of Marine Sciences, Shanghai Ocean University
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= Oysters and other broadcast spawners produce large
numbers of offspring, of which very few survive. However,
those that do survive usually exhibit a low mortality rate as
adults. The type of survivorship curve that best fits this life
cycle would be

A Atypelcurve

8. Atypellcurve
c. Atypelllcurve

College of Marine Sciences, Shanghai Ocean University
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= The dispersion pattern that frequently results when there is
competition among species is

A Clumping

8. Uniform
c. Random
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A sample of 5o tuna is captured, tagged, and released back
into the population. Four weeks later, another sample 5o
tuna is taken and 10 of them have tags. Based on this
information, we would estimate the size of the tuna
population in this range to be

100 tuna
200 tuna
250 tuna
500 tuna
1000 tuna

College of Marine Sciences, Shanghai Ocean University
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. abiotic environment = 10. primary productivity
. autotroph = 11.symbiosis

. biotic environment = 12.trophic level

. community = 13.food web

. homeostasis

1
p)

3

A

5. detritus
6

7. niche

8

. OSMOSIS
9. population
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