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A Soil horizon
A

area
Photosynthetic rate (per unit leaf area)

A
mass

Photosynthetic rate (per unit leaf mass)
A

n
Quantity of energy or material  
assimilated by a trophic level

a
n

Nutrient productivity
A

net
Net photosynthesis (per unit leaf mass  
or per unit ground area)

ABA Abscisic acid
ADP Adenosine diphosphate
Al3+ Aluminum
AM Arbuscular mycorrhizae
ANPP Aboveground NPP
APAR Absorbed photosynthetically active 

radiation
Ar Argon
ATP Adenosine triphosphate
B Soil horizon
BT Gene from the bacterium Bacillus  

thuringiensis that has been introduced 
into the corn genome and is toxic to the 
European corn borer

C Celsius degrees; carbon; soil horizon
C

3
Photosynthetic pathway whose initial 
carboxylation products are three- 
carbon acids

C
4

Photosynthetic pathway whose initial 
carboxylation products are four-carbon 
acids

C
S1

Percentage of soil carbon derived from 
the initial vegetation type

C
S2

13C content of second soil type

13C
std

13C content of a standard
C

V1
13C content of vegetation from the 
initial vegetation type

C
V2

13C content of vegetation from the 
second vegetation type

Ca2+ Calcium ion
cal Calorie
CAM Crassulacean acid metabolism
CEC Cation exchange capacity
CFC Chlorofluorocarbon
CH

4
Methane

CH
2
O Organic matter

Cl– Chloride ion
cm Centimeter (10–2 m)
cmo Centimole
C:N Carbon:nitrogen ratio
CO Carbon monoxide
CO

2
Carbon dioxide

CO
3

– Carbonate ion
COOH Carboxyl group
C:P Carbon:phosphorus ratio
cP Centipoise (unit of viscosity)
CPOM Coarse particulate organic matter
D Deuterium
d Day
DDT An insecticide
DIC Dissolved inorganic carbon
DIN Dissolved inorganic nitrogen
DMS Dimethylsulfoxide
DNA Deoxyribonucleic acid
DOC Dissolved organic carbon
DON Dissolved organic nitrogen

Abbreviations
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E Soil horizon
E Evapotranspiration rate of an 

ecosystem
e Exponential base
e– Electron
E

assim
Assimilation efficiency

E
consump

Consumption efficiency
E

prod
Production efficiency

E
troph

Trophic efficiency
ENSO El Niño/Southern Oscillation
F

CH4
Flux of methane into ecosystem

F
CO

Flux of carbon monoxide into 
ecosystem

F
DIC

Flux of dissolved inorganic carbon 
into ecosystem

F
disturb

Flux of carbon from an ecosystem to 
the atmosphere due to disturbance

F
DOC

Flux of dissolved organic carbon into 
ecosystem

F
n

Component of the gravitational force 
that is normal to the slope

F
p

Component of the gravitational force 
that is parallel to the slope

F
POC

Flux of particulate organic carbon into 
ecosystem

F
t

Total gravitational force
F

VOC
Flux of volatile organic carbon into 
ecosystem

f( ) Function of (parameters in parenthesis)
Fe2+ Ferrous iron
Fe3+ Ferric iron
FPAR Fraction of PAR absorbed by vegetation
FPOM Fine particulate organic matter
G Ground heat flux
g Gram
GIS Geographic Information System
GPP Gross primary production
H Hydrogen; herbivore
H Sensible heat flux
h Hour; height
H+ Hydrogen ion
H

2
Hydrogen gas

HCO
3

– Bicarbonate ion
H

2
CO

3
Carbonic acid

HNLC High-nutrient, low-chlorophyll
HNO

3
Nitric acid

H
2
O Water

H
2
S Hydrogen sulfide

H
2
SO

4
 Sulfuric acid

I
0

 �Irradiance above the canopy or at the 
water surface

I
n

 �Quantity of energy or material ingested 
by trophic level n

I
z

 �Irradiance at depth z (beneath the 
canopy or water surface)

ICDP  �Integrated Conservation and 
Development Project

ITCZ  �Intertropical convergence zone
J  �Joule
J

p
 �Rate of water flow through plants

J
s

 �Rate of water flow through the soil
K  �Degrees Kelvin
K  �Equilibrium constant
k  �Extinction coefficient; decomposition  

constant
K+  �Potassium ion
K

in
 �Incoming shortwave radiation

K
out

 �Outgoing shortwave radiation
kcal  �Kilocalorie
kg  �Kilogram (103 g)
kJ  �Kilojoule (103 J)
km  �Kilometer (103 m)
L  �Liter; lignin
L  �Latent heat of vaporization; leaf area 

index
l  �Path length of a column of soil or 

xylem; length of organism
L

in
 �Incoming longwave radiation

L
out

 �Outgoing longwave radiation
L

p
 �Hydraulic conductivity of plant xylem

L
s

 �Hydraulic conductivity of soil
L

t
 �Litter mass at time t

L
0

 �Litter mass at time zero
LAI  �Leaf area index
Lidar  �Light Detection and Ranging
L:N  �Lignin:nitrogen ratio
LUE  �Light use efficiency
M  �Microbivore; moisture
m  �Meter
m  �Mass
M

a
 �Angular momentum

Ma  �Million years
mg  �Milligram (10–3 g)
Mg2+  �Magnesium ion
MJ  �Megajoule (106 J)
mL  �Milliliter (10–3 L)
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mm Millimeter (10–3 m)
Mn4+ Manganese ion
MODIS Moderate Resolution Imaging 

Spectroradiometer
Mol Mole
MPa Megapascal
MRT Mean residence time
mV Millivolt
N Atomic nitrogen; north
N

2
Di-nitrogen gas

N
avail

Available nitrogen
N

org
Organic nitrogen

Na+ Sodium ion
NADP Nicotinamide adenine dinucleotide 

phosphate (in oxidized form)
NADPH Nicotinamide adenine dinucleotide 

phosphate (in reduced form)
NAO North Atlantic Oscillation
NDVI Normalized difference vegetation 

index
NECB Net ecosystem carbon balance
NEE Net ecosystem exchange
NEP Net ecosystem production
NH

3
Ammonia gas

NH
4

+ Ammonium ion
NIR Near infrared radiation
nl Natural log
nm Nanometer (10–9 m)
nmol nanomole (10–9 mol)
N

2
O Nitrous oxide

NO Nitric oxide
NO

2
Nitrogen dioxide

NO
2

– Nitrite ion
NO

3
– Nitrate ion

NO
x

Nitric oxides in general (includes NO 
and NO

2
)

N:P Nitrogen-to-phosphorus ratio
NPP Net primary production
NUE Nutrient (or nitrogen) use efficiency
O Atomic oxygen; soil horizon
O

2
Molecular oxygen

O
3

Ozone
O

a
Highly decomposed organic horizon

O
e

Moderately decomposed organic 
horizon

O
i

Slightly decomposed organic horizon
OH Hydroxyl radical

OH– Hydroxide ion
P Phosphorus
P Precipitation
P

org
Organic phosphorus

p Person
Pa Pascal
PAR Photosynthetically active radiation
PBL Planetary boundary layer
PCB Polychlorinated biphenyl (an 

industrial class of compounds 
containing chlorine)

PDO Pacific decadal oscillation
PEP Phosphoenolpyruvate
Pg Petagram (1015 g)
pH Negative log of H+ activity
PNA Pacific North America pattern
PO

4
3- Phosphate ion

POC Particulate organic carbon
PON Particulate organic nitrogen
ppbv Parts per billion by volume
ppmv Parts per million by volume
ppt Parts per thousand
Prod

n
Production by trophic level n

Prod
n-1

Production by the preceding trophic 
level

PW Petawatt
Q

10
Proportional increase in the rate of a  
process with a 10°C increase in  
temperature

R Bedrock
R Runoff; respiration; universal gas 

constant
r Radius
R

ecosyst
Ecosystem respiration

R
growth

Growth respiration
R

het
Heterotrophic respiration

R
ion

Respiration associated with ion 
uptake

R
maint

Maintenance respiration
R

net
Net radiation

R
plant

Plant respiration
R

sam
Isotope ratio of a sample

R
std

Isotope ratio of a standard
Re Reynolds number
RH Relative humidity
Rubisco Ribulose-bis-phosphate carboxylase
RuBP Ribulose-bis-phosphate
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S Sulfur; south
S Heat storage by a surface; water 

storage by an ecosystem
s Second
S

org
Organic sulfur

SE Standard error
SeaWiFS	� Sea-viewing Wide Field-of-view 

Sensor
Si Silicon
SLA Specific leaf area
SO

2
Sulfur dioxide

SO
4
2- Sulfate ion

SOM Soil organic matter
SRL Specific root length
T Temperature
t Time
t
r

Residence time
Tg Teragram (1012 g)
U.K. United Kingdom
U.S. United States
UV Ultraviolet
v Velocity
V

k
Kinematic viscosity

VAM Vesicular arbuscular mycorrhizae

VIS Visible radiation
VPD Vapor pressure deficit
W Watt
WUE Water use efficiency
yr Year
z Depth beneath the canopy or water 

surface
a Albedo

b Bowen ratio

d del; difference in isotope  
concentration relative to a standard

D Change in a quantity
e Emissivity
mg Microgram (10–6 g)

mm Micrometer (10–6 m)

mL Microliter (10–6 L)

mmol Micromole (10–6 moles)

r Density

s Stefan-Boltzman constant
Y

m
Matric potential

Y
o

Osmotic potential
Y

p
Pressure potential

Y
t

Total water potential
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Glossary

A horizon   Uppermost mineral horizon of soils.
Abiotic   Not directly caused or induced by  

organisms.
Abiotic condensation   Non-enzymatic reaction 

of quinones with other organic materials in 
soil.

Abscisic acid   Plant hormone that is transported 
from roots to leaves and causes a reduction in 
stomatal conductance.

Absorbence   Fraction of the global solar irradi-
ance incident on a surface that is absorbed.

Acclimation   Morphological or physiological 
adjustment by an individual plant to compen-
sate for the change in performance caused by 
a change in one environmental factor (e.g., 
temperature).

Acid rain   Rain that has low pH, due to high con-
centrations of sulfuric and nitric acid released 
from combustion of fossil fuels.

Active transport   Energy-requiring transport of 
ions or molecules across a membrane against 
an electrochemical gradient.

Activity budget   Proportion of time that an ani-
mal spends in various activities.

Actual vegetation   Vegetation that actually occurs 
on a site.

Adaptation   Genetic adjustment by a popula-
tion to maximize performance in a particular  
environment.

Adaptive management   Management involving 
experimentation in the design and implemen-
tation of policies so that subsequent manage-
ment can be modified based on learning from 
these experiments; “learning by doing.”

Adaptive range   Difference between the upper 
and lower tolerance limits of the system.

Advection   Net horizontal transfer of gases or 
water.

Aerobic   Occurring in the presence of oxygen.
Aerodynamic conductance   Conductance of 

water vapor through a canopy from the veg-
etation or soil surface to the bulk atmosphere. 
Sometimes termed the boundary layer con-
ductance of a canopy.

Aerosol   Small (0.005 to 5 mm) solid or liquid 
particles suspended in air.

Afforestation   Planting of new forests on previ-
ously non-forested sites.

Aggregate   Clumps of soil particles bound  
together by polysaccharides, fungal hyphae, 
or minerals.

Albedo   Fraction of the incident shortwave radi-
ation reflected from a surface.

Alfisol   Soil order that develops beneath temper-
ate and subtropical forests, characterized by 
less leaching than spodosol.

Allocation   Proportional distribution of photo-
synthetic products or newly acquired nutrients 
among different organs or functions in a plant.

Allochthonous input   Input of energy and nutri-
ents from outside the ecosystem; synonymous 
with subsidy.

Alternative stable states   Alternative system 
states, each of which is plausible in a particu-
lar environment.

Ammonification   See nitrogen mineralization.
Amorphous minerals   Minerals with no regular 

arrangements of atoms.
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Amplifying feedback   Interaction in which two 
components of a system both have a positive 
effect on one another, or both have a nega-
tive effect on one another; this accentuates 
the changes in the system; synonymous with 
positive feedback.

Anadromous   Life cycle in which reproduction 
occurs in lakes, streams or rivers, and the adult 
phase occurs primarily in the ocean.

Anaerobic   Occurring in the absence of oxygen.
Andisol   Soil order characterized by young soils 

on volcanic substrates.
Angular momentum   Intensity of rotational 

motion.
Anion   Negatively charged ion.
Anion exchange capacity   Capacity of a soil 

to hold exchangeable anions on positively 
charged sites at the surface of soil minerals 
and organic matter.

Anioshydric plants   Plants from dry sites that 
show little response of stomatal conduc-
tance to soil drying and therefore continue to  
photosynthesize and to absorb and lose  
water as the soil dries.

Anoxic   Without oxygen.
Anthropocene   Geologic epoch characterized 

by human impacts, initiated with the Indus-
trial Revolution.

Anthropogenic   Resulting from or caused by 
people.

Arbuscular mycorrhizae   Mycorrhizae that 
exchange carbohydrates between plant roots 
and fungal hyphae via arbuscules; also termed 
vesicular arbuscular mycorrhizae or endomy-
corrhizae.

Arbuscules   Exchange organs between plant and 
mycorrhizal fungus that occur within plant cells.

Aridisol   Soil order that develops in arid cli-
mates.

Aspect   Compass direction that a slope faces.
Assimilation   Incorporation of an inorganic 

resource (e.g., CO
2
 or NH

4
+ into organic com-

pounds; transfer of digested food from the 
intestine to the bloodstream of an animal.

Assimilation efficiency   Proportion of ingested 
energy that is assimilated into the bloodstream 
of an animal.

Assisted migration   Movement of genotypes or 
species from a region where climate is becom-
ing unfavorable to new places where climate is, 
or is expected to become, more favorable.

Autochthonous production   Production occur-
ring within the ecosystem.

Autotroph   Organism that produces organic mat-
ter from CO

2
 and environmental energy rather 

than by consuming organic matter produced 
by other organisms. Most autotrophs produce 
organic matter by photosynthesis; synony-
mous with primary producer.

B horizon   Soil horizon with maximum accu-
mulation of iron and aluminum oxides and 
clays.

Backscatter   Reflection from small particles.
Base cations   Non-hydrogen, non-aluminum 

cations.
Base flow   Background stream flow from 

groundwater input in the absence of recent 
storm events.

Base saturation   Percentage of the total 
exchangeable cation pool that is accounted for 
by base cations.

Bedrock   Unweathered rock at the base of a soil 
profile.

Beneficial nutrients   Elements that enhance 
growth under specific conditions or for spe-
cific groups of plants.

Benthic   Associated with aquatic sediments.
Biofilm   Microbial community embedded in  

a matrix of polysaccharides secreted by bacteria.
Biogenic   Biologically produced.
Biogeochemical hot spot   Zone of high rates of 

biogeochemical processes in a soil or land-
scape.

Biogeochemistry   Biological interactions with 
chemical processes in ecosystems.

Biological pump   Flux of carbon and nutrients in 
feces and dead organisms from the euphotic zone 
to deeper waters and the sediments of the ocean.

Biomass   Quantity of living material (e.g., plant 
biomass).

Biomass burning   Combustion of plants and soil 
organic matter following forest clearing.

Biomass pyramid   Quantity of biomass in dif-
ferent trophic levels of an ecosystem.
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Biome   General class of ecosystems (e.g., tropi-
cal rain forest, arctic tundra).

Biosphere   Biotic component of Earth, includ-
ing all ecosystems and living organisms.

Biotic   Caused or induced by organisms.
Bloom   Rapid increase in phytoplankton bio-

mass.
Blue water   Liquid water in rivers, lakes, reser-

voirs, and groundwater aquifers that is poten-
tially available to society.

Bottom-up controls   Regulation of consumer 
populations by quantity and quality of food.

Bottom water   Deep ocean water below about 
1000 m depth.

Boundary layer   Thin layer around a leaf or root 
in which the conditions differ from those in 
the bulk atmosphere or soil, respectively.

Boundary layer conductance   Conductance of 
water vapor across the boundary layer of still air 
near an individual leaf; sometimes also applied 
to the aerodynamic conductance of a canopy.

Bowen ratio   Ratio of sensible to latent heat 
flux.

Brine rejection   Exclusion of salt during forma-
tion of ice crystals in sea ice.

Buffering capacity   Capacity of the soil to 
release cations to replace ions lost from the 
soil by uptake or leaching.

Bulk air   Air above the canopy that is not 
strongly influenced by the canopy.

Bulk density   Mass of soil per unit volume.
Bulk soil   Soil outside the rhizosphere.
Bundle sheath cells   Cells surrounding the vas-

cular bundle of a leaf; site of C
3
 photosynthe-

sis in C
4
 plants.

C horizon   Soil horizon that is relatively unaf-
fected by the soil-forming processes.

C3 photosynthesis   Photosynthetic pathway in 
which CO

2
 is initially fixed by Rubisco, pro-

ducing three-carbon acids.
C4 photosynthesis   Photosynthetic pathway in 

which CO
2
 is initially fixed by PEP carboxy-

lase during the day, producing four-carbon 
organic acids.

Calcic horizon   Hard calcium (or magnesium) 
carbonate-rich horizon formed in deserts; 
formerly termed caliche.

Caliche   See calcic horizon.
Canopy interception   Fraction of precipitation 

that does not reach the ground.
Capital   Productive assets of a system. Natural 

capital consists of both non-renewable resources 
(e.g., oil reserves) and renewable ecosystem 
resources (e.g., plants, animals, and water) that 
support the production of goods and services on 
which society depends. Built capital consists of 
the physical means of production beyond that 
which occurs in nature (e.g., tools, clothing, 
shelter, dams, and factories). Human capital is 
the capacity of people to accomplish their goals; 
it can be increased through various forms of 
learning. Social capital is the capacity of groups 
of people to act collectively to solve problems.

Carbon-based defense   Organic compounds 
that contain no nitrogen and defend plants 
against pathogens and herbivores.

Carbon-fixation reactions   Those reactions 
in photosynthesis that use the products of 
the light-harvesting reactions to reduce CO

2
 

to sugars; also termed light-independent  
reactions or dark reactions.

Carboxylase   Enzyme that catalyzes the reac-
tion of a substrate with CO

2
.

Carboxylation   Attachment of CO
2
 to an accep-

tor molecule.
Carnivore   Organism that eats live animals.
Catalyst   Molecule that speeds the conversion of 

substrates to products.
Catchment   See drainage basin.
Catena   Sequence of soils or ecosystems 

between hillcrests and valley bottoms, whose 
characteristics reflect slope position, drainage, 
and other topographic processes.

Cation   Positively charged ion.
Cation exchange capacity   Capacity of a soil 

to hold exchangeable cations on negatively 
charged sites at the surface of soil minerals 
and organic matter.

Cavitation   Breakage of water columns under 
tension in the xylem.

Cellobiase   Enzyme that breaks down cellobiose 
to form glucose.

Cellobiose   Organic compound composed of two 
glucose units formed by cellulose breakdown.
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Charge density   Charge per unit hydrated  
volume of the ion.

Chelation   Reversible chemical combination, 
usually with high affinity, with a metal ion 
(e.g., iron, copper).

Chemical alteration   Chemical changes in dead 
organic matter during decomposition.

Chemodenitrification   Abiotic conversion of 
nitrite to nitric oxide (NO).

Chlorofluorocarbon   Organic chemicals  
containing chlorine and/or fluorine; gases that 
destroy stratospheric ozone.

Chlorophyll   Green pigment involved in light 
capture by photosynthesis.

Chloroplast   Organelles that carry out photo-
synthesis.

Chronosequence   Sites that are similar to one 
another with respect to all state factors except 
time since disturbance.

Circadian rhythms   Innate physiological cycles 
in organisms that have a period of about  
24 hours.

Clay   Soil particles less than 0.002 mm diameter.
Climate modes   Relatively stable patterns of 

global atmospheric circulation.
Climate system   Interactive system made up of 

the atmosphere, hydrosphere, biosphere, cryo-
sphere, and land surface.

Climatic climax   Hypothetical endpoint of suc-
cession that is determined only by climate.

Closed-basin lake   Lakes in dry climates that 
have such high evaporation rates that outflow 
seldom occurs.

Closed system   System in which the internal 
transfers of substances are much greater than 
inputs and outputs.

Cloud condensation nuclei   Aerosols around 
which water vapor condenses to form cloud 
droplets.

C:N ratio   Ratio of carbon mass to nitrogen 
mass.

CO2 compensation point   CO
2
 concentration at 

which net photosynthesis equals zero.
Coarse particulate organic matter   Organic 

matter in aquatic ecosystems, including  
leaves and wood, that is larger than 1 mm 
diameter.

Collector   Benthic macroinvertebrate that feeds 
on fine organic particles; includes filtering 
collectors that consume suspended particles 
and gathering collectors that consume depos-
ited particles.

Common-pool resources   Resources that are 
held in common, are depletable, and from 
which it is costly to exclude people’s use (e.g., 
the atmosphere, fresh water, marine fish).

Community   Group of co-existing organisms in 
an ecosystem.

Compensation depth   Depth at which GPP 
equals phytoplankton respiration integrated 
through the water column.

Compensation point   Temperature, CO
2
 con-

centration or light level at which net carbon 
exchange by a leaf is zero (i.e., photosynthesis 
equals respiration).

Competition   Interactions among organisms 
that use the same limiting resources (resource 
competition) or that harm one another in the 
process of seeking a resource (interference 
competition).

Competitive release   Sudden increase in 
growth, when resource availability increases 
in response to death or reduced growth of 
neighboring individuals.

Complementary resource use   Use of resources 
that differ in type, depth, or timing by  
co-occurring species.

Complex adaptive system   System whose com-
ponents interact in ways that cause the system 
to adjust (i.e., adapt) in response to changes in 
conditions.

Conductance   Flux per unit driving force (e.g., 
concentration gradient); inverse of resistance.

Configuration   Spatial arrangement of patches 
in a landscape.

Connectivity   Degree of connectedness among 
patches in a landscape.

Consortium   Group of genetically unrelated 
bacteria, each of which produce only some of 
the enzymes required to break down complex 
macromolecules.

Consumer   Organism that meets its energetic 
and nutritional needs by eating other living 
organisms.
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Consumption efficiency   Proportion of the 
production at one trophic level that is ingested 
by the next tropic level.

Convection   Heat transfer by turbulent move-
ment of a fluid (e.g., air or water).

Coriolis effect   Tendency, due to Earth’s rota-
tion, of objects to be deflected to the right in 
the northern hemisphere and to the left in the 
southern hemisphere.

Cortex   Layers of root cells outside the endoder-
mis involved in nutrient uptake.

Coupling   Effectiveness of atmospheric mixing 
between the canopy and the atmosphere. Also 
the linkages among biogeochemical cycles.

Crassulacean acid metabolism   Photosynthetic 
pathway in which stomates open and car-
bon is fixed at night into four-carbon acids. 
During the day stomates close, C

4
 acids 

are decarboxylated, and CO
2
 is fixed by C

3
  

photosynthesis.
Credible science   Science that is grounded in 

understanding and facts rather than in argu-
ments of how the world should work.

Critical ecosystem services   Those services that 
are most vulnerable to change, have fewest 
options for technological or ecological substi-
tution, and are most valued by society.

Cross-scale linkages   Processes that connect the 
dynamics of a system to events occurring at 
other times and places.

Crystalline minerals   Minerals with highly reg-
ular arrangements of atoms.

Cultural services   Non-material benefits that are 
important to society’s well-being (e.g., recre-
ational, aesthetic, and spiritual benefits).

Cytoplasm   Contents of a cell that are contained 
within its plasma membrane, but outside the 
vacuole and the nucleus.

Dead zone   Coastal zone of anoxic conditions 
that kill benthic organisms and bottom-feeding 
shrimp and fish and dramatically alter nutrient 
cycling at the sediment-water interface; often 
triggered by eutrophication.

Deciduous   Shedding leaves in response to spe-
cific environmental cues.

Decomposer   Organism that breaks down dead 
organic matter and consumes the resulting 
energy and nutrients for its own production.

Decomposition   Breakdown of dead organic 
matter through fragmentation, chemical alter-
ation, and leaching.

Decomposition rate constant   Constant (k) that 
describes the exponential breakdown of a 
tissue.

Decoupling coefficient   Measure of the extent to 
which the canopy is decoupled from the bulk 
atmosphere.

Deep water   Ocean water greater than 1,000 m 
depth.

Deforestation   Conversion of forest to a non-
forest ecosystem type.

Demand   Requirement; the term is used in the 
context of the control of the rate of a process 
(e.g., nutrient uptake) by the amount needed.

Denitrification   Conversion of nitrate to gaseous 
forms (N

2
, NO, and N

2
O).

Deposition   Atmospheric input of materials to 
an ecosystem.

Depositional zone   Portion of a drainage basin, 
where deposition rate exceeds erosion rate.

Desertification   Soil degradation that occurs in 
drylands.

Detritivore   Organism that derives energy from 
breakdown of dead organic matter.

Detritus   Dead plant and animal material, 
including leaves, stems, roots, dead animals, 
and animal feces.

Detritus-based trophic system   Organisms 
that consume detritus or energy derived from 
detritus.

Diffuse radiation   Shortwave radiation that 
is scattered by particles and gases in the  
atmosphere.

Diffusion   Net movement of molecules or ions 
along a concentration gradient due to their 
random kinetic activity.

Diffusion shell   Zone of nutrient depletion 
around individual roots caused by active nutri-
ent uptake at the root surface.

Direct radiation   Radiation that comes directly 
from the sun without scattering or rera-
diation by the atmosphere or objects in the  
environment.

Discrimination   Preferential reaction (or diffu-
sive flux) of the lighter isotope of an element 
or compound containing that element.



458 ﻿Glossary

Dissimilatory nitrate reduction   Microbial 
reduction of nitrate to ammonium.

Dissolved inorganic carbon   CO
2
, bicarbonate, 

and carbionate dissolved in water.
Dissolved organic carbon   Water-soluble 

organic carbon.
Dissolved organic nitrogen   Water-soluble organic 

nitrogen compounds.
Disturbance   Relatively discrete event in time 

that removes plant biomass.
Disturbance intensity   Energy released per unit 

area and time.
Disturbance regime   Range of severity, fre-

quency, type, size, timing, and intensity of 
disturbances characteristic of an ecosystem.

Disturbance severity   Magnitude of loss of bio-
mass, soil resources, and species caused by a 
disturbance.

Divalent   Ions with two charges.
Doldrums   Region near the equator with light 

winds and high humidity.
Double-loop learning   Learning that requires 

that managers evaluate the approach they have 
used previously before taking further action, 
for example assessing the costs and benefits 
of managing forests for multiple ecosystem 
services rather than for a single product (e.g., 
trees).

Down-regulation   Decrease in capacity to carry 
out a reaction; for example down-regulation 
of CO

2
 uptake in response to elevated CO

2
.

Downwelling   Downward movement of surface 
ocean water, due to high density associated 
with high salinity and low temperature.

Drainage basin   A river or stream and all the 
terrestrial surfaces that drain into it; synony-
mous with catchment or watershed.

Drift   Invertebrates that move downstream in 
flowing water.

E horizon   Heavily leached horizon beneath the 
A horizon that is formed in humid climates.

Eccentricity   Degree of ellipticity of Earth’s 
orbit around the sun.

Ecosystem   Ecological system consisting of all 
the organisms in an area and the physical envi-
ronment with which they interact.

Ecosystem ecology   Study of the interactions 
between organisms and their environment as 
an integrated system.

Ecosystem engineer   Organism that alters 
resource availability by modifying the physi-
cal properties of soils and litter.

Ecosystem goods   See provisioning services.
Ecosystem management   Application of eco-

logical science to resource management to 
promote long-term sustainability of ecosys-
tems and the delivery of essential ecosystem 
goods and services to society.

Ecosystem model   Framework that describes the 
major pools and fluxes in an ecosystem and 
the factors that regulate these fluxes.

Ecosystem processes   Inputs or losses of materi-
als and energy to and from the ecosystem and 
the transfers of these substances among com-
ponents of the system.

Ecosystem respiration   Sum of plant respiration 
and heterotrophic respiration.

Ecosystem services   Benefits that people derive 
from ecosystems, including provisioning, reg-
ulating, and cultural services.

Ectomycorrhizae   Mycorrhizal association in 
some woody plants in which a large part of 
the fungal tissue is found outside the root.

Eddy covariance   Method of estimating flux  
of energy and materials (e.g., water vapor  
and CO

2
) between the ecosystem and the 

atmosphere by measuring their transfer in 
eddies of air.

El Niño   Warming of surface water through-
out the central and eastern tropical Pacific  
Ocean.

Electron-transport chain   Series of membrane-
bound enzymes that produce ATP and NADPH 
as a result of passing electrons down an elec-
tropotential gradient.

Emissivity   Coefficient that describes the maxi-
mum rate at which a body emits radiation, rel-
ative to a perfect (black body) radiator, which 
has a value of 1.0.

Endocellulase   Enzyme that breaks down the 
internal bonds to disrupt the crystalline struc-
ture of cellulose.

Endodermis   Layer of suberin-coated cells 
between the cortex and xylem of roots; water 
penetrates this layer only by moving through 
the cytoplasm of these cells.

Energy pyramid   Quantity of energy transferred 
between successive trophic levels.
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Entisol   Soil order characterized by minimal soil 
development.

Environmental stress   Environmental factor 
that reduces plant performance; physical force 
that promotes mass wasting of soils.

Enzyme   Organic molecule produced by an 
organism that catalyzes a chemical reaction.

Epidermis   Layer of cells on the surface of a leaf 
or root.

Epilimnion   Surface water layer that is heated 
by absorbed radiation and mixed by wind.

Epiphytic   Attached to plant surfaces.
Equilibrium   Condition of a system that remains 

unchanged over time because of a balance 
among opposing forces.

Equinox   Date when the sun is directly  
overhead at the equator, and the entire earth 
surface receives approximately twelve hours 
of daylight.

Erosional zone   Portion of a drainage basin, 
where erosion dominates over deposition.

Estuary   Coastal ecosystem where a river mixes 
with seawater.

Euphotic zone   Uppermost layer of water in 
aquatic ecosystems where there is enough 
light to support phytoplankton growth, i.e., 
where algal photosynthesis exceeds algal res-
piration.

Eutrophic   Nutrient-rich.
Eutrophication   Nutrient-induced increase in 

phytoplankton productivity.
Evapotranspiration   Water loss from an ecosys-

tem by transpiration and surface evaporation; 
equivalent to latent heat flux, but expressed in 
water units.

Evergreen   Retention of green leaves through-
out the year.

Exocellulase   Enzyme that cleaves off disaccha-
ride units from the ends of cellulose chains, 
forming cellobiose.

Exoenzyme   Enzyme that is secreted by an 
organism into the environment.

Extensification   Expansion of the aerial extent 
of land-cover change due to human activities.

Extinction coefficient   Constant that describes 
the exponential decrease in irradiance through 
a canopy or medium (e.g., water).

Exudation   Secretion of soluble organic com-
pounds by organisms into the environment.

Facilitation   Processes by which some species 
make the environment more favorable for the 
growth of other species.

Fast variables   Variables that change rapidly 
and are often the focus of resource managers.

Feedback   Response in which the product of one 
of the final steps in a chain of events affects 
one of the first steps in this chain; fluctua-
tions in rate or concentration are minimized 
with stabilizing feedbacks or magnified with 
amplifying feedbacks.

Fermentation   Anaerobic process that breaks 
down labile organic matter to produce organic 
acids and CO

2
.

Ferrell cell   Atmospheric circulation cell 
between 30˚ and 60˚ N or S latitude that is 
driven indirectly by dynamical processes.

Field capacity   Water held by a soil after  
gravitational water has drained.

Filter feeder   Aquatic animal that feeds on sus-
pended particles.

Fine particulate organic matter   Particulate 
organic matter in aquatic ecosystems that is 
smaller than 1 mm diameter.

Fire intensity   Rate of heat production.
Fixation   Covalent binding of an ion to a mineral 

surface.
Flow path   Subsurface pathway of water  

movement.
Flux   Flow of energy or materials from one pool 

to another.
Food chain   Group of organisms that are linked 

together by the linear transfer of energy and 
nutrients from one organism to another.

Food web   Group of organisms that are linked 
together by the transfer of energy and nutri-
ents that originates from the same source.

Fossil groundwater   Groundwater that accumu-
lated during a wetter climate and is no longer 
being replenished at a significant rate.

Fractionation   Preferential incorporation of a 
light isotope (e.g., 12C vs. 13C).

Fragmentation   Breaking up of intact litter into 
small pieces.

Fulvic acids   Humic compounds that are rela-
tively water-soluble due to their extensive side 
chains and many charged groups.

Functional matrix   Matrix of all the functional 
traits represented by the species in an ecosystem.
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Functional mosaic   Landscape with function-
ally important differences among patches.

Functional type   Group of species that are 
similar with respect to their impacts on com-
munity or ecosystem processes (effects func-
tional type) and/or their response to a given 
environmental change, such as elevated CO

2
 

(response functional types).
Gap-phase succession   Succession that occurs 

in small patches within a stand due to death of 
individual plants or plant parts.

Gelisol   Soil order characterized by presence of 
permafrost.

Generalist herbivore   Herbivore that is rela-
tively non-selective in its choice of plant spe-
cies.

Geotropism   Growth direction of plant organs 
with respect to gravity.

Gley soil   Blue-gray soil due to conversion of 
ferric to ferrous iron; formed under anaerobic 
conditions.

Glomalin   Glycoprotein produced by many 
mycorrhizal fungi that cements microaggre-
gates together to form macroaggregates.

Graminoid   Grass-like plant (grasses, sedges, 
and rushes).

Grazer   Herbivore that consumes herbaceous 
plants (terrestrial ecosystems) or periphyton 
(aquatic ecosystems).

Grazing lawn   Productive grassland or wetland 
ecosystem in which plants are heavily grazed 
but supported by large nutrient inputs from 
grazers.

Great acceleration   Rapid increase in human 
impacts on Earth’s life support system since 
1950.

Greenhouse effect   Warming of the atmosphere 
due to atmospheric absorption of longwave 
radiation.

Greenhouse gas   Atmospheric gas that absorbs 
longwave radiation.

Green water   Water that evaporates from the 
soil surface or is transpired by plants.

Gross primary production   Net carbon input to 
ecosystems, i.e., net photosynthesis expressed 
at the ecosystem scale (g C m–2 yr–1).

Ground heat flux   Heat transferred from the 
surface into the soil.

Groundwater   Water in soil and rocks beneath 
the rooting zone.

Growth   Production of new biomass.
Guano   Large accumulations seabird feces.
Gyres   Large circulation systems in surface 

ocean waters.
Hadley cell   Atmospheric circulation cell 

between the equator and 30˚N or S latitude, 
driven by expansion and uplift of equatorial air 
and subsidence of cool dense subtropical air.

Halocline   Relatively sharp vertical gradient in 
salinity in a lake or ocean.

Hard pan   Soil horizon with low hydraulic con-
ductivity.

Hartig net   Hyphae that penetrate cell walls of 
root cortical cells in ectomycorrhizae.

Heat capacity   Amount of energy required to 
raise the temperature of unit volume of a body 
by 1˚C.

Herbivore   Organism that eats live plants.
Herbivory   Consumption of plants by animals.
Heterocyst   Specialized non-photosynthetic 

cells of phototrophs that protect nitrogenase 
from denaturation by oxygen.

Heterotroph   Organism that consumes organic 
matter produced by other organisms rather 
than producing organic matter from CO

2
 and 

environmental energy. Hetertrophs include 
decomposers, consumers, and parasites.

Heterotrophic respiration   Respiration by non-
autotrophic organisms (i.e., microbes and 
animals).

Histosol   Soil order characterized by highly 
organic soils due to poor drainage and low 
oxygen.

Homeothermy   Maintenance of a constant body 
temperature.

Horizon   Layer in a soil profile. The horizons, 
from top to bottom, are the O horizon, which 
consists of organic matter above mineral soil; 
the A horizon, a dark layer with substantial 
organic matter; the E horizon, which is heav-
ily leached; a B horizon, where iron and alu-
minum oxides and clays accumulate; and a C 
horizon, which is relatively unaffected by soil-
forming processes.

Horse latitudes   Latitudes 30˚N and S, charac-
terized by weak winds and high temperatures.
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Human well-being   Quality of life; basic mate-
rial needs for a good life, freedom and choice, 
good social relations, and personal security.

Humic acid   Relatively insoluble humic com-
pounds with extensive networks of aromatic 
rings and few side chains.

Humification   Non-enzymatic process by which 
recalcitrant breakdown products of decompo-
sition are complexed to form humus.

Humus   Complex mixture of soil organic com-
pounds with highly irregular structure.

Hydraulic conductivity   Capacity of a given 
volume of a substance (such as soil) to con-
duct water; this defines the relationship 
between discharge and the hydraulic gradient 
causing it.

Hydraulic lift   Upward movement of water 
through roots from deep moist soils to dry sur-
face soils along a gradient in water potential.

Hydrothermal vent   Vent that emits reduced gases 
such as H

2
S in zones of sea-floor spreading.

Hyphae   Filamentous structures that make up 
the vegetative body of fungi.

Hypolimnion   Deep water layer that is unaffected 
by surface turbulence.

Hyporheic zone   Zone of flowing groundwater 
within the streambed.

Hypoxic   Weakly oxygenated.
Ice-albedo feedback   Atmospheric warm-

ing caused by warming-induced decrease in 
albedo due to earlier melting of sea ice.

Igneous rocks   Rocks formed when magma 
from Earth’s core cools near the surface.

Immobilization   Removal of inorganic nutrients 
from the available pool by microbial uptake 
and chemical fixation.

Inceptisol   Soil order characterized by weak soil 
development.

Infiltration   Movement of water into the soil.
Integrated Conservation and Development 

Project   Project in a developing nation that 
focuses simultaneously on biological conser-
vation and human development.

Intensification   Intensive application of water, 
energy, and fertilizers to agricultural ecosys-
tems to enhance their productivity.

Interactive controls   Factors that control and 
respond to ecosystem characteristics, including 

resource supply, microenvironment, functional 
types of organisms, and disturbance regime.

Interception   Contact of nutrients with roots due 
to the growth of roots to the nutrients; fraction 
of precipitation that does not reach the ground 
(canopy interception).

Intermediate water   Middle layer of ocean 
water between about 200 and 1000 m depth.

Intertropical convergence zone   Region of low 
pressure and rising air where surface air from the 
northern and southern hemispheres converges.

Inversion   Increase in atmospheric temperature 
with height.

Inverted biomass pyramid   Biomass pyramid in 
which there is a smaller biomass of primary pro-
ducers than of upper trophic levels; typical of 
pelagic ecosystems of lakes, streams, and oceans.

Investment   Increase in the quantity of an asset 
times its value. Genuine investment constitutes 
an increase in the total capital of the system.

Ionic binding   Electrostatic attraction between 
oppositely charged ions or surfaces.

Irradiance   Radiant energy flux density received 
at a surface, i.e., the quantity of radiant energy 
received at a surface per unit time.

Isohydric plants   Plants from moist sites that 
close their stomata at relatively high soil mois-
ture before they experience large changes in 
plant water potential.

Jet stream   Strong winds over a broad height 
range in the upper troposphere.

Katabatic winds   Downslope winds that occur 
at night when air cools, becomes more dense, 
and flows downhill.

Kelvin waves   Large-scale ocean waves that 
travel back and forth across the ocean.

Keystone species   Species that has a much 
greater impact on ecosystem processes than 
would be expected from its biomass; func-
tional type represented by a single species.

La Niña   Sea surface temperatures in the equa-
torial Pacific Ocean associated with strong 
upwelling of cold water off South America 
and warm currents in the western Pacific.

Labile   Easily decomposed.
Land breeze   Night breeze from the land to the 

ocean caused by the higher surface tempera-
ture over the ocean at night.
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Landscape   Mosaic of patches that differ in eco-
logically important properties.

Land-use conversion   Human-induced change 
of an ecosystem to one that is dominated by 
a different physical environment or different 
plant functional types.

Land-use modification   Human alteration of 
an ecosystem in ways that significantly affect 
ecosystem processes, community structure 
and population dynamics without changing 
the physical environment or the dominant 
plant functional type of the ecosystem.

Lapse rate   Rate at which air temperature 
decreases with height above Earth’s surface; 
averages about 6.5˚C km-1.

Latent heat flux   Energy transferred between 
a surface and the atmosphere by the evapo-
ration of water or the condensation of water 
vapor; equivalent to evapotranspiration, but 
expressed in energy units.

Latent heat of vaporization   Energy required to 
change a gram of a substance from a liquid to 
a vapor without change in temperature.

Laterite   See plinthite layer.
Law of the minimum   Plant growth is limited 

by a single resource at any one time; another 
resource becomes limiting only when the sup-
ply of the first resource is increased above the 
point of limitation.

Leaching   Downward movement of materials in 
solution. This can occur from the canopy to 
the soil, from soil organic matter to the soil 
solution, from one soil horizon to another, or 
from the ecosystem to ground water or aquatic 
ecosystems.

Leaf area index (LAI)   Projected (i.e., one 
side  of a flat leaf) leaf area per unit ground 
area.

Legacy   Effect of past events on the current 
functioning of an ecosystem.

Legitimate science   Science that is unbiased and 
respectful of multiple user groups with differ-
ent concerns and views on preferred policy 
outcomes.

Life history traits   Traits (e.g., seed size and 
number, potential growth rate, maximum size, 
and longevity) of an organism that determine 

how quickly a species can get to a site, how 
quickly it grows, how tall it gets, and how long 
it survives.

Light compensation point   Irradiance at which 
net photosynthesis equals zero.

Light-harvesting reactions   Reactions of pho-
tosynthesis that transform light energy into 
chemical energy; also termed light-dependent 
reactions.

Light saturation   Range of light availabilities 
over which the rate of photosynthesis is insen-
sitive to irradiance.

Light use efficiency   Ratio of GPP to absorbed 
photosynthetically active radiation at the leaf 
or ecosystem scale.

Limitation   Reduced rate of a process (e.g., NPP, 
growth or photosynthesis) due to inadequate 
supply of a resource (e.g., nutrient or light) or 
low temperature. Proximate limitation reflects 
the immediate response to addition of the 
resource. Ultimate limitation reflects long-
term transformation of the system when the 
resource is added.

Lithosphere   Hard outermost shell of Earth
Litter   Dead plant material that is sufficiently 

intact to be recognizable.
Litterbag   Mesh bag used to measure decompo-

sition rate of detritus.
Litterfall   Shedding of aboveground plant parts 

and death of plants.
Littoral zone   Shore of a lake or ocean.
Loam   Soil with substantial proportions of at 

least two size classes of soil particles.
Loess   Soil derived primarily from wind-blown 

silt particles.
Longwave radiation   Radiation with wave-

lengths of about 4–30 mm.
Lotic   Characterized by flowing water.
Luxury consumption   Accumulation of nutri-

ents in excess of immediate needs for growth 
(storage).

Macrofauna   Soil animals > 2 mm in width.
Macronutrients   Nutrients that are required in 

large quantities by organisms.
Macrophyte   Large aquatic plant (not phyto-

plankton).
Macropores   Large pores between soil aggre-
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gates that allow rapid movement of water, 
roots, and soil animals.

Magma   Molten rock in Earth’s crust.
Mantle   Fungal hyphae that surround the root in 

ectomycorrhizae; also termed sheath.
Mass flow   Bulk transport of solutes due to the 

movement of soil solution.
Mass wasting   Downslope movement of soil or 

rock material under the influence of gravity 
without the direct aid of other media such as 
water, air, or ice.

Matric potential   Component of water potential 
caused by adsorption of water to surfaces; it is 
considered a component of pressure potential 
in some treatments.

Matrix   Predominant patch type in a landscape.
Mean residence time   Mass divided by the flux 

into or out of the pool over a given time period; 
synonymous with turnover time.

Mesofauna   Soil animals 0.1–2 mm in width.
Mesopause   Boundary between the mesosphere 

and thermosphere.
Mesophyll cells   Photosynthetic cells in a leaf.
Mesosphere   Atmospheric layer between the 

stratosphere and the thermosphere, which is 
characterized by a decrease in temperature 
with height.

Metalimnion   Water layer of intermediate depth 
(between the epilimnion and the hypolimnion).

Metamorphic rocks   Sedimentary or igneous 
rocks that are modified by exposure to heat or 
pressure.

Metapopulations   Populations of a species that 
consist of partially isolated subpopulations.

Methanogen   Methane-producing bacteria.
Methanotroph   Methane-consuming bacteria.
Microbial loop   Microbial food web (including 

both plant- and detritus-based organic mate-
rial) that recycles carbon and nutrients within 
the euphotic zone.

Microbial transformation   Transformation of 
plant-derived substrates into microbial-derived 
substrates as a result of microbial turnover.

Microbivore   Organism that eats microbes.
Microenvironment   Local environmental con-

ditions (e.g., temperature, pH) that influence 
the rates of ecosystem processes. It influences 

organism activity but is not consumed nor 
depleted by organisms.

Microfauna   Soil animals < 0.1 mm in width.
Micronutrients   Nutrients that are required in 

small quantities by organisms.
Micropores   Small pores between soil particles, 

often within soil aggregates.
Milankovitch cycles   Cycles of solar input to 

Earth caused by regular variations in Earth’s 
orbit (eccentricity, tilt, and precession).

Mineralization   Conversion of carbon and nutri-
ents from organic to inorganic forms due to 
the breakdown of litter and soil organic mat-
ter. Gross mineralization is the total amount of 
nutrients released via mineralization (regard-
less of whether they are subsequently immo-
bilized or not). Net mineralization is the net 
accumulation of inorganic nutrients in the soil 
solution over a given time interval.

Mollisol   Soil order characterized by an organic-
rich, fertile A horizon that grades into a B hori-
zon.

Monovalent   Ions with a single charge.
Monsoon   Tropical or subtropical system of air 

flow characterized by a seasonal shift between 
prevailing onshore and offshore winds.

Mutualism   Symbiotic relationship between two 
species that benefits both partners.

Mycorrhizae   Symbiotic relationship between 
plant roots and fungal hyphae, in which the 
plant acquires nutrients from the fungus in 
return for carbohydrates that constitute the 
major carbon source for the fungus.

Mycorhizosphere   Zone of soil that is directly 
influenced by mycorrhizal hyphae.

Nanoplankton   Plankton 2 to 20 mm in diam-
eter.

Negative feedback   See stabilizing feedback.
Net ecosystem carbon balance   Net annual car-

bon accumulation by the ecosystem.
Net ecosystem exchange   Net CO

2
 exchange 

between the land or ocean and the atmosphere.
Net ecosystem production   Balance between 

gross primary production and ecosystem res-
piration (or between net primary production 
and heterotrophic respiration).

Net photosynthesis   Net rate of carbon gain 
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measured at the level of individual cells or 
leaves. It is the balance between simultaneous 
CO

2
 fixation and respiration of photosynthetic 

cells in the light (including both photorespira-
tion and mitochondrial respiration).

Net primary production   Quantity of new plant 
material produced annually (GPP minus plant 
respiration); includes new biomass, hydrocar-
bon emissions, root exudates, and transfers to 
mycorrhizae.

Net radiation   Balance between the inputs and 
outputs of shortwave and longwave radia-
tion.

New production   Phytoplankton production 
supported by nutrients mixed upward from 
below the euphotic zone.

Niche   Ecological role of an organism in an eco-
system.

Nitrification   Conversion of ammonium to 
nitrate in the soil. Autotrophic nitrifiers use 
the energy yield from NH

4
+ oxidation to fix 

carbon used in growth and maintenance, anal-
ogous to the way plants use solar energy to 
fix carbon via photosynthesis. Heterotrophic 
nitrifiers gain their energy from breakdown of 
organic matter.

Nitrogenase   Enzyme that converts to di-nitro-
gen to ammonium.

Nitrogen-based defense   Plant defensive com-
pound containing nitrogen.

Nitrogen fixation   Conversion of di-nitrogen gas 
to ammonium.

Nitrogen mineralization   Conversion of dis-
solved organic nitrogen to ammonium; syn-
onymous with ammonification.

Nitrogen saturation   Ecosystem condition 
in which nitrogen inputs exceed plant and 
microbial nitrogen requirements so that the 
system loses nitrogen to the atmosphere and 
to groundwater and streams.

Non-steady-state mosaic   Landscape that is not 
in equilibrium with the current environment 
because large-scale disturbances cause large 
proportions of the landscape to be in one or a 
few successional stages.

Normalized difference vegetation index 
(NDVI)   Index of vegetation greenness.

North Atlantic Drift   Poleward extension of the 
Gulf Stream.

Nutrients   Material resources in addition to carbon, 
oxygen, and water that are required for life.

Nutrient cycling   Mineralization and uptake of 
nutrients within an ecosystem patch.

Nutrient limitation   Limitation of plant growth 
due to insufficient supply of a nutrient. See 
proximate and ultimate nutrient limitation.

Nutrient productivity   Instantaneous rate of 
carbon gain per unit nutrient.

Nutrient spiraling   Mineralization and uptake 
of nutrients that occurs as dead organic mat-
ter, dissolved nutrients, and organisms move 
along a section of a stream or river.

Nutrient uptake   Nutrient absorption by plant 
roots.

Nutrient use efficiency   Growth per unit of plant 
nutrient; ratio of nutrients to biomass lost in 
litterfall; also calculated as nutrient productiv-
ity times residence time.

O horizon   Organic horizon above mineral soil.
Occluded phosphorus   Unavailable phosphate 

that is most tightly bound to oxides of iron 
and aluminum.

Oligotrophic   Nutrient-poor.
Omnivore   Organism that eats food from several 

trophic levels.
Open access   Situation in which potential users 

are not excluded from using a resource.
Orographic effects   Effects due to presence of 

mountains.
Osmotic potential   Component of water poten-

tial due to the presence of substances dis-
solved in water.

Overland flow   Movement of water over the soil 
surface.

Oxidation   Loss of electrons by an electron 
donor in oxidation-reduction reactions.

Oxisol   Soil order found in the wet tropics char-
acterized by highly weathered, leached soils.

Oxygenase   Enzyme that catalyzes a reaction 
with oxygen.

Ozone   Molecular form of oxygen (O
3
) that is a 

reactive component of pollution in the tropo-
sphere and an absorber of UV radiation in the 
stratosphere.
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Ozone hole   Zone of destruction of stratospheric 
ozone at high southern and high northern lati-
tudes. This hole allows increased penetration 
of UV radiation to Earth’s surface.

Parent material   Rocks or other substrates that 
generate soils through weathering.

Patch   Relatively homogeneous stand of an eco-
system in a landscape.

Path dependence   Effects of historical legacies 
on the future trajectory of a system.

Pelagic   Open water.
PEP carboxylase   Initial carboxylating enzyme 

in C
4
 photosynthesis.

Periphyton   Assemblages of algae, bacteria, and 
invertebrates that attach to stable surfaces such 
as rocks and vascular plants.

Permafrost   Permanently frozen ground, i.e., 
soil that remains frozen for at least two years.

Permanent wilting point   Water held by a soil 
that cannot be extracted by plant uptake.

pH   Negative log of the hydrogen ion (H+) activ-
ity (effective concentration) in solution and is 
a measure of the active acidity of the system.

Phagocytosis   Consumption of material by a cell 
by enclosing it in a membrane-bound structure 
that enters the cell.

Phenology   Time course of periodic events in 
organisms that are correlated with climate 
(e.g., budbreak).

Phloem   Long-distance transport system in plants 
for flow of carbohydrates and other solutes.

Phosphatase   Enzyme that hydrolyzes phos-
phate from a phosphate-containing organic 
compound.

Phosphorus fixation   Binding of phosphorus in 
soils by strong chemical bonds.

Photodestruction   Breakdown of photosynthetic 
pigments under high light.

Photo-oxidation   Oxidation of compounds by 
light energy; photosynthetic enzymes can 
be photo-oxidized under conditions of high 
light.

Photoperiod   Daylength.
Photoprotection   Protection of photosynthetic 

pigments from destruction by high light.
Photorespiration   Production of CO

2
 due to the 

oxygenation reaction catalyzed by Rubisco; 

best viewed as a process that recovers much 
of the products of the oxygenase activity of 
Rubisco.

Photosynthesis   Biochemical process that uses 
light energy to convert CO

2
 to sugars. Net 

photosynthesis is the net carbon input to eco-
systems; synonymous at the ecosystem scale 
with gross primary production.

Photosynthetic capacity   Photosynthetic rate per 
unit leaf mass measured under favorable condi-
tions of light, moisture, and temperature.

Photosynthetically active radiation   Visible 
light that supports photosynthesis; radiation 
with wavelengths between 400 and 700 nm.

Phototroph   Nitrogen-fixing microorganism 
that produces its own organic carbon through 
photosynthesis.

Phreatophyte   Deep-rooted plant that taps 
groundwater.

Phyllosphere decomposition   Decomposition 
that occurs on leaves prior to senescence.

Phytoplankton   Microscopic primary produc-
ers suspended in the surface water of aquatic 
ecosystems.

Picoplankton   Plankton < 2 mm in diameter.
Pixel   Individual cell of a satellite image that 

provides a generalized spectral response for 
that area.

Planetary boundary layer   Lower portion of 
the troposphere that is directly affected by the 
fluxes and friction of Earth’s surface.

Planetary waves   Large (>1500 km length) waves 
in the atmosphere that are influenced by the 
Coriolis effect, land-ocean heating contrasts, 
and the locations of large mountain ranges.

Plankton   Microscopic organisms suspended in 
the surface water of aquatic ecosystems.

Plant-based trophic system   Plants, herbivores, 
and organisms that consume herbivores and 
their predators.

Plant defense   Chemical or physical property of 
plants that deters herbivores.

Plasmodesmata   Cytoplasmic connections 
between adjacent cortical cells.

Plate tectonics   Theory describing the large-
scale motions of continental and ocean plates 
across Earth’s surface.
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Plinthite layer   Iron-rich layer in tropical soils 
that have hardened irreversibly on exposure 
to repeated saturation and drying cycles; for-
merly termed laterite.

Podzol   See spodosol.
Poikilothermic   Organism whose body tempera-

ture depends on the environment.
Polar cell   Atmospheric circulation cell between 

60˚ and the pole driven by subsidence of cold 
converging air at the poles.

Polar front   Boundary between the polar and 
subtropical air masses characterized by rising 
air and frequent storms.

Polyphenol   Soluble organic compound with 
multiple phenolic groups.

Pool   Quantity of energy or material in an eco-
system compartment such as plants or soil.

Positive feedback   See amplifying feedback.
Potential biota   Organisms that are present in a 

region and could potentially occupy the site.
Potential vegetation   Vegetation that would 

occur in the absence of human disturbance.
Precession   A “wobbling” in Earth’s axis of 

rotation with respect to the stars, determining 
the date during the year when solstices and 
equinoxes occur.

Precipitation   Water input to an ecosystem as 
rain and snow.

Pressure potential   Component of water poten-
tial generated by gravitational forces and by 
physiological processes of organisms.

Prevailing wind   Most frequent wind direction.
Primary detritivore   Organisms (bacteria and 

fungi) that eat dead organic matter.
Primary minerals   Minerals present in the rock 

or unconsolidated parent material before 
chemical changes have taken place.

Primary producers   Organisms that convert 
CO

2
, water, and solar energy into biomass 

(i.e., plants); synonymous with autotroph.
Primary production   Conversion of CO

2
, water,  

and solar energy into biomass. Gross primary  
production (GPP) is the net carbon input to 
ecosystems, i.e., net photosynthesis expressed 
at the ecosystem scale (g C m–2 yr–1). Net pri-
mary production is the net carbon accumulation 
by vegetation (GPP minus plant respiration).

Primary succession   Succession following severe 
disturbances that remove or bury most pro
ducts of ecosystem processes, leaving little or 
no organic matter or organisms.

Production efficiency   Proportion of assimilated 
energy that is converted to animal production, 
including both growth and reproduction.

Profile   Vertical cross-section of soil.
Protease   Protein-hydrolyzing enzyme.
Proteoid roots   Dense clusters of fine roots 

produced by certain families such as the 
Proteaceae.

Protozoan   Single-celled animal.
Provisioning services   Products of ecosystems 

that are directly harvested by people (e.g., 
food, fiber, and water); synonymous with eco-
system goods or renewable resources.

Proximate limiting nutrient   Nutrient that 
immediately enhances plant growth after it is 
added (short-term nutrient limitation).

Pseudosand   Stable aggregates of clay particles 
cemented together by iron oxides in clay-rich 
oxisols and ultisols.

Pycnocline   Relatively sharp vertical gradient in 
water density in a lake or ocean.

Quality   Chemical nature of live or dead organic 
matter that determines the ease with which it 
is broken down by herbivores or decomposers, 
respectively.

Quantum yield   Moles of CO
2
 fixed per mole of 

light quanta absorbed; the initial slope of the 
light-response curve.

Quinone   Highly reactive class of compounds 
produced from polyphenols.

Radiatively active gases   Gases that absorb 
infrared radiation (water vapor, CO

2
, CH

4
, 

N
2
O and industrial products like chlorofluoro-

carbons [CFCs]).
Rain shadow   Zone of low precipitation down-

wind of a mountain range.
Reach   Stream segment.
Recalcitrant   Resistant to microbial breakdown.
Redfield ratio   Ratio of nitrogen to phosphorus 

atoms (»16) giving optimal growth of algae.
Redox potential   Electrical potential of a system 

due to the tendency of substances in it to lose 
or gain electrons.



467Glossary

Reduction   The gain of electrons by an electron 
acceptor in oxidation-reduction reactions.

Reflected radiation   Shortwave radiation that is 
reflected from clouds and objects in the land-
scape.

Regenerated production   Phytoplankton pro-
duction supported by nutrients regenerated 
within the euphotic zone.

Regime shift   Abrupt large-scale change to a new 
state characterized by very different structure 
and feedbacks.

Regulating services   Effects of ecosystems on pro-
cesses that extend beyond their boundaries (e.g., 
regulation of climate, water quantity and quality, 
disease, wildfire spread, and pollination).

Relative growth rate   Growth per unit plant bio-
mass.

Relative humidity   Ratio of the actual amount 
of water held in the atmosphere compared to 
maximum that could be held at that tempera-
ture.

Renewable resources   See provisioning ser-
vices.

Renewal ecology   Enhancement of the natural 
capital of a system to provide ecosystem ser-
vices in the context of the current or desired 
future state of the system.

Residence time   Average time that an element or 
tissue remains in a system, calculated as the 
pool size divided by the input; synonymous 
with turnover time.

Resilience   Capacity of a social-ecological sys-
tem to maintain similar structure, functioning, 
and feedbacks despite shocks and perturba-
tions.

Resorption   Withdrawal of nutrients from tis-
sues during their senescence.

Resorption efficiency   Proportion of the maxi-
mum tissue nutrient pool that is resorbed prior 
to tissue senescence or death.

Resources   Substances that are taken up from 
the environment and used by organisms to 
support their growth and maintenance (e.g., 
light, CO

2
, water, nutrients).

Respiration   Biochemical process that converts 
carbohydrates into CO

2
 and water, releas-

ing energy that can be used for growth and 
maintenance. Respiration can be associated 

with trophic groups (plant respiration, animal 
respiration, microbial respiration) or combi-
nations of groups (heterotrophic respiration: 
animal plus microbial respiration; ecosystem 
respiration: heterotrophic plus plant respira-
tion). Alternatively, respiration can be defined 
by the way in which the resultant energy is used 
(maintenance respiration, growth respiration, 
respiration to support ion uptake).

Rhizosphere   Zone of soil that is directly influ-
enced by roots.

Riparian   Located along a streambank.
River continuum concept   Idealized transition 

in ecosystem structure and functioning that 
integrates stream size, energy sources, food 
webs, and nutrient processing into a longitudi-
nal model of river metabolism from headwa-
ters to the ocean.

Rock cycle   Formation, transformation, and 
weathering of rocks.

Root cap   Cells at the tips of roots that produce 
mucilaginous carbohydrates that lubricate the 
movement of roots through soil.

Root cortex   Layers of root cells involved in 
nutrient absorption.

Root exudation   Diffusion and secretion of 
organic compounds from roots into the soil.

Root hair   Elongate epidermal cell of the root 
that extends out into the soil.

Root:shoot ratio   Ratio of root biomass to shoot 
biomass.

Roughness element   Obstacle to air flow (e.g., a 
tree) that creates mechanical turbulence.

Rubisco   Ribulose bisphosphate carboxylase; 
photosynthetic enzyme that catalyzes the ini-
tial carboxylation in C

3
 photosynthesis.

Runoff   Water loss from an ecosystem in streams 
and rivers.

Salient science   Science that is presented to the 
right people at the right time.

Saline   Salty.
Salinization   Salt accumulation due to evapora-

tion of surface water.
Salt flat   Depression in an arid area that accumu-

lates salt because it receives runoff but has no 
outlet; see also closed-basin lake.

Salt lick   Mineral-rich springs or outcrops that 
are used by animals as a source of minerals.
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Salt pan   Surface salt accumulation in desert 
depressions.

Sand   Soil particles 0.05 to 2 mm diameter.
Saprotrophic   Eating dead organic matter (as 

with non-mycorrhizal fungi).
Sapwood   Total quantity of functional conduct-

ing tissue of the xylem.
Saturated flow   Drainage of water under the 

influence of gravity.
Savanna   Grassland with scattered trees or 

shrubs.
Sea breeze   Daytime onshore breeze that occurs 

on coastlines due to greater heating of the land 
than the water.

Secondary metabolites   Compounds produced 
by plants that are not essential for normal 
growth and development.

Secondary minerals   Crystalline and amorphous 
products that are formed through the reaction 
of materials released during weathering.

Secondary succession   Succession that occurs 
on previously vegetated sites after a distur-
bance in which there are residual effects of 
organisms and organic matter from organisms 
present before the disturbance.

Sedimentary rocks   Rocks formed from sedi-
ments.

Seed bank   Seeds produced after previous dis-
turbances that remain dormant in the soil until 
post-disturbance conditions (light, wide tem-
perature fluctuations, and/or high soil nitrate) 
trigger germination.

Seedling bank   Seedlings beneath a canopy that 
show negligible growth in the dense shade of 
a forest canopy but grow rapidly in tree-fall 
gaps.

Selective preservation   Increase in concentra-
tion of recalcitrant material as a result of 
decomposition of labile substrates.

Senescence   Programmed breakdown of plant 
tissues.

Sense of place   Self-identification with a par-
ticular location or region.

Sensible heat   Heat energy that can be sensed 
(e.g., by a thermometer) and involves no 
change in state.

Sensible heat flux   Energy that is conducted 
from a warm surface to the air immediately 

above it and then moved upward to the bulk 
atmosphere by convection.

Serotiny   Extent to which seeds are retained in 
cones.

Seston   Particles suspended in the water column, 
including algae, bacteria, detritus, and mineral 
particles.

Shade leaf   Leaf that is acclimated to shade or is 
produced by a plant adapted to shade.

Shear strength of soil   Shear stress that a soil 
can sustain without slope failure.

Shear stress of soil   Force parallel to the slope 
that drives mass wasting events such as land-
slides.

Shifting agriculture   Clearing of forest for crops 
followed by a fallow period during which 
forests regrow, after which the cycle repeats; 
synonymous with slash-and-burn or swidden 
agriculture.

Shifting steady-state mosaic   Landscape in 
which the vegetation at any point in the land-
scape is always changing but, averaged over a 
large enough area, the proportion of the land-
scape in each successional stage remains rela-
tively constant.

Shortwave radiation   Radiation with wave-
lengths of about 0.2–4.0 mm, including ultra-
violet, visible, and near infrared radiation.

Shredder   Invertebrate that breaks leaves and 
other detritus into pieces and digests the micro-
bial jam on the surface of these particles.

Siderophore   Organic chelate produced by plant 
roots.

Silt   Soil particles 0.002–0.05 mm diameter.
Single-loop learning   Learning that adjusts 

actions to meet previously agreed-upon 
management goals, such as changes in harvest 
levels needed to sustain populations of a par-
ticular fish or tree species.

Sink strength   Demand of a plant organ or pro-
cess for carbohydrates.

Slash-and-burn agriculture   See shifting agri-
culture.

Slow variables   Variables that change slowly and 
are key control variables over longer time scales.

Snow-albedo feedback   Atmospheric warm-
ing caused by warming-induced decrease in 
albedo due to earlier snowmelt.
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Social-ecological stewardship   Strategy for 
shaping the trajectory of social-ecological 
change to enhance ecosystem resilience and 
human well-being.

Soil   The weathered portion of Earth’s crust 
between the litter layer and bedrock; see also 
horizons.

Soil creep   Downhill movement of soil; dubious 
character covered with dirt.

Soil order   Major soil groupings in the U.S. soil 
taxonomic classification.

Soil organic matter   Dead organic matter in the 
soil that has decomposed to the point that its 
original identity is uncertain.

Soil phase   Soils belonging to the same soil type 
that differ in landscape position, stoniness, or 
other soil properties.

Soil resources   Water and nutrients available in 
the soil.

Soil series   Soils belonging to the same order 
that differ in profile characteristics, such as 
number and types of horizons, thickness, and 
horizon properties.

Soil structure   Binding together of soil particles 
to form aggregates.

Soil texture   Proportional distribution of soil 
particle sizes.

Soil types   Soils belonging to the same soil 
series  but having different textures of the 
A horizon.

Solstice   Date of maximum or minimum day-
length.

Solubility pump   Downward flux of carbon 
from surface to deep waters due to the down-
welling of CO

2
-rich North Atlantic or Antarc-

tic waters.
Sorption   Binding of an ion to a mineral surface, 

ranging from electrostatic attraction to cova-
lent binding.

Source   Part of a system (e.g., plant, landscape, 
or climate system) that shows a net export of 
a compound.

Southern Oscillation   Atmospheric pressure 
changes over the southeastern Pacific and 
Indian Ocean.

Specialist herbivore   Herbivore that specializes 
on consumption of one or a few plant species 
or tissues.

Species diversity   Number, evenness, and com-
position of species in an ecosystem; the total 
range of biological attributes of all species 
present in an ecosystem.

Species richness   Number of species in an eco-
system.

Specific heat   Energy required to warm a gram 
of a substance by 1˚C.

Specific leaf area   Ratio of leaf area to leaf 
mass.

Specific root length   Root length per unit root 
mass.

Spiraling length   Average horizontal distance 
that a nutrient moves between successive 
uptake events.

Spodosol   Soil order characterized by highly 
leached soils that develop in cold climates; 
also termed podzol in European terminology.

Stabilizing feedback   Interaction in which two 
components of a system have opposite effects 
on one another; this reduces the rate of change 
in the system; synonymous with negative 
feedback.

Stakeholders   People who are affected by the 
outcomes of a policy or action.

Stand-replacing disturbance   Large disturbance 
that affects an entire stand of vegetation.

State factors   Independent variables that con-
trol the characteristics of soils and ecosystems 
(climate, parent material, topography, poten-
tial biota, time, and human activities).

Steady state   State of a system in which incre-
ments are approximately equal to losses, when 
averaged over a long time (e.g., the turnover 
time of the system); there are no net changes 
in the major pools in a system at steady state.

Stemflow   Water that flows down stems to the 
ground.

Stoichiometric relationship   Element ratio.
Stomata   Pores in the leaf surface through which 

water and CO
2
 are exchanged between the leaf 

and the atmosphere.
Stomatal conductance   Flux of water vapor or 

CO
2
 per unit driving force between the interior 

of a leaf and the atmosphere.
Stratification   Separation of lake or ocean water 

into 2–3 layers of differing density due to dif-
ferences in temperature and/or salinity.
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Stratopause   Boundary between the stratosphere 
and the mesosphere.

Stratosphere   Atmospheric layer above the tro-
posphere, which is heated from the top and 
characterized by an increase in temperature 
with height.

Stroma   Gel matrix within the chloroplast in 
which the carbon-fixation reactions occur.

Subduction   Downward movement of a plate 
margin beneath another plate.

Suberin   Hydrophobic waxy substance that 
occurs in the cell walls of the endodermis and 
exodermis of plant roots.

Sublimation   Vaporization of a solid such as 
snow.

Subsidy   Energy or nutrient transfers from one 
ecosystem to another; synonymous with 
allochthonous input.

Substitutibility   Capacity of one form of capi-
tal (e.g., a wetland) to provide the function 
that might be provided by another (e.g., water 
treatment plant).

Succession   Directional change in ecosystem 
structure and functioning after disturbance.

Sunfleck   Short period of high irradiance that 
interrupts a general background of low diffuse 
radiation.

Sun leaf   Leaf that is acclimated to high light or 
is produced by a plant adapted to high light.

Surface conductance   Potential of the leaf and 
soil surfaces in the ecosystem to lose water. 
Similar to stomatal conductance but applied at 
the canopy scale.

Surface roughness   Vertical irregularities in the 
height of the canopy surface.

Surface water   Surface layer of the ocean heated 
by the sun and mixed by winds, typically 
75–200 m deep.

Surplus production   Production in excess of 
that which would occur when the fish stock is 
limited by density-dependent mortality.

Sustainability   Use of the environment and 
resources to meet the needs of the present 
without compromising the ability of future 
generations to meet their needs.

Swidden agriculture   See shifting agriculture.
Systems ecology   Study of the ecosystem as 

a group of components linked by fluxes of 
materials or energy.

Taiga   Boreal forest.
Teleconnections   Dynamic interactions that inter-

connect distant regions of the atmosphere.
Temporal scaling   Extrapolation of measure-

ments made at one time interval to longer 
(or occasionally shorter) time intervals.

Thermocline   Relatively sharp vertical tempera-
ture gradient in a lake or ocean.

Thermohaline circulation   Global circulation 
of deep and intermediate ocean waters driven 
by downwelling of cold saline surface water 
off of Greenland and Antarctica.

Thermosphere   Outermost layer of the atmo-
sphere, which is characterized by an increase 
in temperature with height.

Threshold   Critical level of one or more ecosys-
tem controls that, when crossed, cause abrupt 
ecosystem changes.

Throughfall   Water that drops from the canopy 
to the ground.

Thylakoids   Membrane-bound vesicles in chlo-
roplasts in which the light-harvesting reac-
tions of photosynthesis occur.

Tilt   Angle of Earth’s axis of rotation and the 
plane of its orbit around the sun.

Time step   Shortest time interval simulated by a 
model.

Top-down controls   Regulation of population 
dynamics by predation.

Toposequence   Series of ecosystems that are 
similar except with respect to their topo-
graphic position.

Tradeoffs   Alternative choices, for example 
among management regimes that offer differ-
ent bundles of ecosystem services.

Tradewinds   Easterly winds between 30°N and 
30°S latitudes.

Transfer zone   Portion of a drainage basin, 
where erosion and deposition are in dynamic 
balance over long time scales.

Transformation   Conversion of the organic 
compounds contained in litter to recalci-
trant organic compounds in soil humus. 
Also, fundamental change in the state of a 
system  that results in different control vari-
ables and feedbacks defining the state of the 
system.

Transpiration   Water movement through sto-
mata from plants to the atmosphere.
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Transporter   Membrane-bound proteins that 
transport ions across cell membranes.

Trophic cascade   top-down effect of predators 
on the biomass of organisms at lower trophic 
levels; results in alternation of high and low 
biomass of organisms in successive trophic 
levels.

Trophic efficiency   Proportion of production of 
prey that is converted to production of con-
sumers at the next trophic level.

Trophic interactions   Feeding relationships 
among organisms.

Trophic level   organisms that obtain their energy 
with the same number of steps removed from 
plants or detritus.

Trophic transfer   Flux of energy or materials due 
to consumption of one organism by another.

Tropopause   Boundary between the troposphere 
and the stratosphere.

Troposphere   Lowest atmospheric layer, which 
is heated from the bottom, continually mixed 
by weather systems, and characterized by a 
decrease in temperature with height.

Tundra   Ecosystem type that is too cold to sup-
port growth of trees.

Turbulence   Irregular velocities of air or water 
movement that can transport heat and mate-
rials much more rapidly than by diffusion. 
Mechanical turbulence is caused by the uneven 
slowing of air by a rough surface. Convective 
turbulence is caused by the increased buoy-
ancy of surface air caused by heat transfer 
from the surface.

Turnover   Replacement of a pool; ratio of the 
flux to the pool size; lake mixing that occurs 
when surface waters become more dense than 
deep waters.

Turnover length   Downstream distance traveled 
by a particle of carbon or nutrient between 
entering the stream and being respired to 
CO

2
.

Turnover time   Average time that an element 
spends in a system (pool/input); synonymous 
with mean residence time.

Ultimate limiting nutrient   Nutrient whose 
sustained addition stimulates production and 
transforms a community or ecosystem.

Ultisol   Soil order characterized by substantial 
leaching a warm, humid environment.

Unsaturated flow   Water movement through soils 
with a water content less than field capacity.

Uplift   Upward movement of Earth’s surface.
Uptake   Absorption of water or mineral by an 

organism or tissue.
Uptake length   Average distance that an atom 

moves from the time it is released by mineral-
ization until it is absorbed again.

Upwelling   Upward movement of deep and 
intermediate ocean water, usually driven by 
offshore winds near coasts.

Validation   Comparison of model predictions 
with data.

Vapor density   Mass of water per volume of air; 
absolute humidity.

Vapor pressure   Partial pressure exerted by 
water molecules in the air.

Vapor pressure deficit   Difference in actual vapor 
pressure and the vapor pressure in air of the 
same temperature and pressure that is saturated 
with water vapor; loosely used to describe the 
difference in vapor pressure in air immediately 
adjacent to an evaporating surface and the bulk 
atmosphere, although strictly speaking the air 
masses are at different temperatures.

Vertisol   Soil order characterized by swelling 
and shrinking clays.

Vesicular arbuscular mycorrhizae   See arbus-
cular mycorrhizae.

Voids   Spaces between soil particles.
Water holding capacity   Difference in soil water 

content between field capacity and permanent 
wilting point.

Water potential   Potential energy of water rela-
tive to pure water at the soil surface.

Water residence time   Time required to replace 
the water volume of a system.

Water-saturated   All soil pores filled with 
water.

Watershed   See drainage basin. In England the 
term refers to the ridge that separates two 
drainages.

Water use efficiency   Ratio of GPP to water 
loss; also sometimes calculated as the ratio 
of NPP to cumulative transpiration (growth 
water use efficiency).

Water vapor feedback   Greenhouse effect pro-
vided by water vapor, when the atmosphere 
warms and increases its water vapor content.
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Weathering   Processes by which parent rocks 
and minerals are altered to more stable forms. 
Physical weathering breaks rocks into smaller 
fragments with greater surface area. Chemical 
weathering results from chemical reactions 
between rock minerals and the atmosphere or 
water.

Westerlies   Surface winds that blow from the 
west.

Xanthophyll cycle   Transfer of absorbed energy 
to xanthophyll and eventually to heat at times 
when electron acceptors are not available to 
transfer electrons to carbon-fixation reactions.

Xeric   Characterized by plants that are tolerant 
of dry conditions.

Xylem   Water-conducting tissue of plants.
Zooplankton   Microscopic animals suspended 

in the surface water of aquatic ecosystems.
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Built capital, 426, 427
Bulk density, soil, 83–84
Bulk soil, 238
Bundle sheath cells, 135, 136

C
Calcic horizon, 77
Canopy interception, 102–104
Carbon balance

primary succession
heterotrophic respiration, 356–358
NPP, 356–357
rate of weathering, 357

secondary succession, 359–360
Carbon cycle

atmospheric CO
2
 changes

anthropocene, 410
concentrations, 411
geochemical processes, 409

CO
2
 marine sinks

climate changes, 412–413
dissolution in ocean, 411
land and ocean, 411–412
nitrogen additions, 412
photosynthesis, 412
wildfire, 412

effect on climate, 413
global methane budget, 413–414
pools and fluxes, 407

Carbon cycling
atmosphere, 409
ecosystem structure and functioning, 11–12
heterotrophic respiration, 206–207
NEP, 208–214
NPP, 157, 366
ocean, 223
rivers and streams, 265

Carbon dioxide (CO
2
)

atmospheric, 14–15, 27, 407
compensation point, 138, 139
ecosystem, balance (see Carbon cycle;  

Carbon cycling)
inputs, (see Carbon inputs)
in ocean, 223–225
in soils, 73
in vegetation, 193, 226–227

Carbon-fixation reactions, 126–127, 136
Carbon inputs

energy contents, 124–125
GPP

scale of ecosystems, 124
temporal and spatial variation,  

124, 125
terrestrial (see Terrestrial gross primary  

production)
train wreck, 123

open stomata, 123, 124
organic matter, 124
photosynthesis (see Photosynthesis)
streams and shorelines, 133–134
terrestrial biosphere, 123

Carboxylation, 136–137
Carnivores

assimilation, 312–313
consumption, 310–311

Catalyst, 285
Catchment, 5
Catena, 66
Cation exchange capacity (CEC), 75, 88,  

238–239, 358
Cations cycling, 291
Cavitation, 110–111
Ceanothus, 267
Cellobiase, 199
Cellulase, 199
Cellulose, enzyme system, 199
CENTURY model, 374, 394–395
Charge density, 239
Chelation, 74
Chemical alteration

bacteria and archaea, 187–188
fungi, 186–187
soil animals

macrofauna, 190
mesofauna, 189
microfauna, 188–189



513Index

Chemical weathering, 74–75
Chemodenitrification, 281–282
Chernobyl, 20
Chitinases, 273
Chlorofluorocarbon (CFC), 19, 29
Chlorophyll, 126
Chloroplast, 126–128
C horizon, 78, 79
Chronosequence, definition of, 15
Circadian rhythms, 174
Clay. See Soil organic matter
Climate, 66

anthropogenic changes, 44–45
atmosphere, 26–35
carbon cycle, 413
Earth climate system  

(see Earth climate system)
earth energy budget, 23–26
ecosystem ecology, 3
gaseous carbon flux, 226
landform effects, 38–40
microclimate, 38–39
NPP (see Net primary production)
nutrient cycling, 270
ocean, 35–37
paleorecords, 43
seasonal and daily variability, 48–49
soil formation, 66
soil loss, 69–70
soil transformation, 73–76
storms and weather, 50
temperature inversion, 41–44
temporal dynamics, 339, 340
vegetation effects, 40–41

Climate modes, 35
Climate system, Earth

anthropogenic climate change, 44–45
atmospheric chemistry/composition

aerosols, 27
albedo, 28
chemical constituents, 27
cloud condensation nuclei, 27–28
cloud formation, 27
incoming shortwave radiation, 28
longwave radiation absorption, 28
MRT, 27

atmospheric circulation
Coriolis effect, 33
doldrums, 33
Earth rotation, 32–33
Ferrell cell, 32
Hadley cell, 30, 32
horse latitudes, 33
jet streams, 33
latitudinal variation, 30–32
planetary waves, 35
polar cells, 32
solar input effects, 30, 31
trade winds, 33
weather charts, 34–35

westerlies, 33
wind-flow patterns, 33–34

atmospheric structure
mesosphere, 29
ozone (O

3
), 28

PBL, 29–30
stratosphere, 28–29
thermosphere, 29
tropopause, 29
troposphere, 28

climate-ecosystem relationship
annual temperature and precipitation,  

50–51
Arctic tundra, 58
biomes distribution, 50, 52
boreal forest, Tanana River, 56–57
forest canopies, 57–58
life-form dominance change, 57–58
mid-latitude Kansas grassland, 51, 54–55
permafrost, 57, 58
savanna, 51, 54
Sonoran desert landscape, 51, 54
species diversity evolution, 59
subtropical deserts, 51, 55
temperate forests, 55–56
temperate wet forests, 56
tropical dry forests, 51, 53
tropical wet forests, 50–53
vegetation, 57

energy budget
atmospheric concentration, 25, 411
atmospheric gases, 25
atmospheric turbulence, 25
global energy balance, 24, 26
greenhouse effect, 24–25
human impacts, 25–26
latent heat flux, 25
longwave radiation, 24
sensible heat flux, 25
shortwave radiation, 24
solar and terrestrial  

radiation, 24, 25
sun, energy source, 23

hurricane impact, 23–24
interannual climate variability

El Niño, 46
Kelvin waves, 46
La Niña, 46
NAO pattern, 46–47
PDO pattern, 46–47
PNA pattern, 46–47
Southern Oscillation, 46

landform effects
katabatic winds, 39–40
land breeze, 38
land-sea heating contrasts, 39
orographic effects, 38
rain shadow, 38
sea breeze, 38
topography, 39
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Climate system, Earth (continued)
long-term temporal changes

atmospheric CO
2
 and temperature  

concentration, 43, 410
dark bars and ecological events, 41, 42
Earth orbit, 41–42
ice core analysis, 43
Milankovitch cycles, 42–43
pollen profile, 43–44
tree ring records, 43
volcanic eruption and asteroid impacts, 41

ocean circulation
circulation pattern, 36–37
current, ocean, 36–37
gyres, 36
latitudinal variation, 31, 36
North Atlantic drift, 37
sea ice formation, 37
thermohaline, 36–37
wind-flow pattern, 34, 36

ocean structure, 35–36
seasonal and daily variation

climate, 48
Earth orbit, 48
Earth rotation, 48
eutrophication, 49
lake stratification, 48–49

storms and weather, 24, 50
temporal and spatial variation, 23
vegetation influences, 40–41

Climatic, climax, 10
Closed-basin lake, 101
Cloud condensation nuclei, 27
Clouds

formation and energy, 27
radiation budget, 28

C:N ratio. See Chemical alteration; Nitrogen cycle
Coarse particulate organic matter (CPOM), 217, 218
Coastal boundary zone biome, 235
Collector, 220
Collembola, 189
Compensation depth, 132
Competitive release, 363
Complex adaptive systems, 340
Conductance, 100
Connectivity, 371–372
Consortium, 188
Convective turbulence, 29
Coriolis effect

atmospheric circulation, 32–34
ocean circulation, 36

Cortex, 243–245
Corydalis conorhiza, 326
C

3
 photosynthesis, 127–128

C
4
 photosynthesis, 136–137

Crassulacean acid metabolism (CAM), 137–139
Critical ecosystem services, 429
Crops

biomass distribution, 177–178
NPP, 178–180

Crystalline minerals, 76
Cultural services, 21, 428, 441–442
Cyanobacteria, nitrogen-fixing, 232–233,  

257, 266

D
Daily variation

climate, 48
epilimnion, 49
equinoxes, 48
hypolimnion, 49
irradiation, 48
storms and weather, 50

Dead zone, 259, 260, 262
Deciduous forest, 150, 154, 210
Decomposer, 11, 186–187
Decomposition

anaerobic heterotrophic, 204
carbon balance, net ecosystem, 214
carbon budgets and, 187
control factors, 194
heterotrophic respiration, 206–208
humus formation, 203–204
lake, gaseous carbon flux, 221, 222
litter leaching, 185
litter quality, 195–197
microbial community composition, 198–200
moisture, 200–201
NEP, 208–214
ocean, benthic, 223, 225
peat accumulation and trace gas emission, 204–206
phyllosphere, 190
rhizosphere stimulation, 198
sediment lake, 222–223
soil disturbance, 203
soil organic matter (SOM), 203–204
soil properties, 202–203
soil transformations, 73
stream, 217–219
temperature, 201–202

Decomposition rate constant, 191
Decoupling coefficient, 116
Deforestation, 389–390, 429

climatic consequences, 41
global consequences, 389–390
tropical forests, 429

Denitrification. See also Marine nutrient cycling;  
Nitrogen cycle

chemodentrification, 281–282
definition, 261
estuaries and coastal waters, 264
soil aeration, 205

Depositional zone, 71–72
Desertification, 432
Deserts

biomass distribution, 178
irrigated agriculture, 119
steppes, 38
tropical savannas, 51
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Detritivore, 299
Detritus. See Decomposition; Ecosystem;  

Trophic dynamics
Detritus-based trophic system, 298–299,  

317–318
Dewfall, 98
Diffuse radiation, 95
Diffusion shell, 239–240
Direct radiation, 95
Disasters. See Disturbances to ecosystem
Dissimilatory nitrate reduction, 279–280
Dissolved inorganic carbon (DIC), 221
Dissolved organic carbon (DOC), 217
Dissolved organic nitrogen, 271–272, 285
Disturbance regime, 15–17, 329–330
Disturbance severity, 347–348
Disturbances to ecosystem

definition, 346
fire, 375–376
functional mosaic, 376
human disturbances, 347
human-induced, 376
impact of

fire, 347
floods and landslides, 347
primary and secondary succession, 348
sensitivity, 347–348
severity, 348

non-steady-state mosaics, 375
patch dynamics, 373, 374
recovery and renewal, 348–349
regime

frequency, 349–350
timing of, 350

shifting agriculture, 376–377
shifting steady-state mosaic, 374–375
source interaction

cross-scale interactions, 378, 379
drought-sensitive crops, 379
forest harvest, 380
human-induced, 379, 380
landscape pattern, 379
patchiness, 377
socioeconomic factors, 380

succession, 347
Doldrums, 33
Double-loop learning, 443, 444
Down-regulation, 139
Downwelling, 36
Drainage basin, 5, 6
Drift, 265–266
Dung beetles, 190

E
Earth orbit, 41–42
Earthquake and plate collision, 66
Earth system

carbon cycle (see Carbon cycle)
coral reefs, ocean rainforest, 401–402

fossil fuel emissions, 401
human activities, 401
human population, 402–403
methane budget, 413–414
nitrogen cycle, 414–417
ocean acidity, 401
phosphorus cycle

anthropogenic changes, 419
pools and fluxes, 417–418

sulfur cycle, 419–420
temperature trends, 402–403
water cycle

anthropogenic changes, 405
consequences changes, 405–407
fossil groundwater, 405
turnover time, 404

Eccentricity, 41
Ecosystem

abiotic pools, 5
carbon budgets and decomposition

bacteria and archaea, 187–188
carbon sequestration, 183
chemical alteration, 184
climate warming, 183
detritus, 183
forest-floor biomass, 191
fragmentation, 184
gaseous carbon flux (see Gaseous  

carbon flux)
heterotrophic respiration, 192,  

206–208
humus, 185
hyphae, 186–187
isotopes and soil carbon turnover, 193
land-use changes, 183–184
leaching, 184, 191–192
leaf-litter, 191, 192
litter fragmentation, 185
litter leaching, 185
litter mass calculation, 190–191
litter quality, 195–197
microbes, 185
microbial community and enzymatic capacity, 

198–200
microbial respiration, 192
mineralization, 185
moisture, 200–201
mycorrhizae, 187
NECB, 214
NEP (see Net ecosystem production)
organic matter, chemical alteration, 192
phyllosphere, 190
plant/animal tissues, 191
rhizosphere stimulation, 198
soil animals, 188–190
soil organic matter (SOM), 185
temperature, 201–202
vertical distribution, 193–194

climate change, 3
CO

2
 biotic exchange, 5
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Ecosystem (continued)
dynamics, 6–7

biological/physical interactions, 7, 8
community processes, 7
microorganisms, 6–7
physical/chemical interaction, 7
physiological properties, 7
social-ecological stewardship, 7–8

Earth geochemistry, 6
Earth resources, 3
energy transfer processes, 5
equilibrium perspective, 7
fluxes, 5
forest harvesting, patch clear-cutting, 3–4
functioning

compaction, 85
permanent wilting point, 85
pore structure, 84
water, 85

history
atmosphere-ocean interactions, 11
atmospheric pollution, 11
biogeochemical cycles coupling, 9
biogeochemistry, 8
deforestation, 10
food chain, 8
freshwater and terrestrial ecosystem, 9
geologic and climate substrate, 10
human activities impact, 11
organisms-environment interchange, 9
paleoecology, 10
phosphorus pollution, 10
system approach, 9
tropic interactions, 8
vegetation, 9–10

human exploitation, 3
management and sustainability

attributes, 435, 436
biodiversity, 427, 433–434
capital, 426, 427
cultural services, 428
deforestation, 429
economic and cultural sustainability, 439
ecosystem renewal, 437–438
ecosystem services valuation, 431
endangered species, 439
fisheries management, 436–437
flooding of New Orleans, 424, 425
flows of ecosystem services, 440–442
forest harvest, 429
forest management, 436
functioning controls, 424, 426
guidelines, 427
inclusive wealth, 426
innovation and adaptive management, 443–445
investment, 427
Maslow’s hierarchy, 439–440
mining and overgrazing, 425
multiple-use forestry, 428
New Zealand hydropower vs. conservation,  

429, 430

ocean management, 428
people and nature, 423
political realities, 442–443
productive potential and resilience, 432
provisioning services, 428
regulatory services, 428
resource management, 423
social and political forces, 424
societal benefits, 428, 429
soil resources, 432–433
stakeholders, 429
steady-state resource management and ecosystem 

stewardship, 439, 440
and stewardship, 423, 424
sustainable development, 445–446
tradeoffs, 425, 426
variability and resilience, 435
water purification, New York City, 431

nonequilibrium perspective, 7
organisms/physical environment interaction, 4
pools regulation, 4
processes

drainage basin, 5
endolithic ecosystem, 5, 6
moisture content, 5
zooplankton impact, 5

resilience
alternative stable states, 340–341
disturbance, 346–351
limits to, 342, 343
perturbations, 344
regime shifts, 343–346
sources of, 341–342

species effects on
biodiversity, 322
biogeochemistry, 324–326
biological invasions, 321
biophysical processes, 327
carbon and nutrient flow, 323
C

4
 grasses and fire-adapted specie, 324

disturbance regime, 329–330
diversity, 333–334
environmental response, 330
environmental variability and  

change, 332–333
exotic species, 321
functional traits, 323
keystone species, 324
low-diversity plots, 331
multiple traits, 332
New Zealand floodplain, 323
primary production and nutrient cycling, 321
resource use, 331
response diversity, 331
Saguaro cactus, 321, 322
Sonoran Desert, 321, 322
species interactions, 334
species richness, 331
temperate grasslands, 331
trophic interactions, 328–329
Western Polynesia, 331
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structure and functioning, 11–12
anthropogenic effects, 17, 19
aquatic organisms determination, 12
aquatic sediments, basic properties, 12
benthic, 12
biogeochemical influence, 19
biological components, 11
biomes distribution, 14
biotic community, 16
carbon cycling, 12
climatic elements, 15
dark bars and ecological events, 17, 42
degradation, 21
desert streams, 13
direct and indirect, 17, 18
ecosystem model, 11
feedback regulation, 16–17
fresh and marine water ecosystem, 17
human impact, 14–15
interactive factors, 15
landscape dynamics, 17
landscape-scale disturbance, 15–16
land-use changes, 18
material resources, 15
microclimate and soil development, 14
microenvironment, 15
microorganisms decomposer, 11
natural element cycles, 11–12, 292
ozone depletion, 19–20
pelagic ecosystem, 12
phytoplankton, 11, 13
radioactive elements, 20
resilience changes, 20–21
soil water content, 15
streams and rivers, 13
threshold changes, 20–21
topographic relief, 14
water and air, basic properties, 12
water cycle, 11

terrestrial
deep-rooted oaks and dogwoods, 238
diffusion, 238–239
mass flow, 239–240
nutrient absorption and recycling, 238
root interception, 240–241

vegetation, 7
Ecosystem
dynamics, 6–7
ecology, 1, 4–11
goods, 21
management, 423, 432, 435, 439, 440, 442
model, 11–12, 438
processes, 5
services, 7, 21, 427–430, 434, 439–442

Ectomycorrhizae, 243–244
Eddy covariance, 209
El Niño, 46
Emissivity, 96
Endodermis, 244–245
Energy pyramid, 307
Entisols, 79

Environmental stress, 143, 161
Enzyme, 186, 199, 201, 267
Epidermis, 245
Epilimnion, 49
Epiphytic algae, 133
Erosion, 67

climatic and topographic effects, 72–73
water, 70
wind speeds, 70

Erosional zone, 70–71
Eucalyptus, 325
Euphotic zone, 129–130, 165–166, 233–234
Eutrophication, 166, 232
Eutrophic lakes, 49, 129, 131, 132, 162, 166
Evapotranspiration, 93
Exoenzyme, 188, 199
Extensification, 389–391
Extinction coefficient, 140
Exudation. See Phytoplankton exudation

F
Facilitation, 354
Fermentation, 414
Ferrell cell, 32, 34. See also Earth climate system
Fertilizers. See Agriculture
Field capacity, 85, 105
Filter-feeder, 218, 220
Fine particulate organic matter (FPOM), 217–218
Fire. See also Disturbances to ecosystem

flammability of plants, 16
forest, flammability, 379

Fire intensity, 256
Fisheries management, 436–437, 442
Fishing, overfishing, 157, 168, 311, 328
Fixation. See Phosphorus fixation
Floods. See Disturbances to ecosystem
Flow path, 70
Fog, rainforest, 102, 405
Food chain, 8, 299, 314, 317

nutrient transfer, 297
plant/detritus-based, 298, 299, 308,  

313, 314
trophic system, 317–318

Food web, 198
integrated, 318
plant/detritus-based, 223, 299

Forests, 50–51. See also Boreal forest; Temperate  
forests; Tropical forests; Wet forests

canopy, evaporation from, 94
humus of, 185

Fossil fuels, 5, 45, 183, 184, 259, 291, 295, 302, 409
Fossil groundwater, 93, 405
Fragmentation, 184. See also Litter fragmentation
Frankia, 267
Fresh-water producers, 163
Fulvic acids, 197
Functional matrix, 332
Functional mosaic, 376
Functional type, 335, 388
Fungivores, 318
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G
Gap-phase succession, 349, 353
Gas emission, soil, 78
Gaseous carbon flux

atmosphere and groundwater, 215, 216
atmospheric CO

2
 concentration, 225–226

climate modification, 226
climate warming, 226
components, 215
dissolved carbon flux, 217
fossil fuel CO

2
 combustion and emission,  

216, 226–227
hurricanes/ insect outbreaks, 216
lake

algal cell, 221
carbon sequestration, 223
decomposition, 221
dissolved organic matter, 222
grazing, 222
metalimnion, 221
sediment decomposition, 222–223
zooplankton, 222

ocean
benthic decomposition, 225
biological pump, 223
chemical transformation, 223
circulation pattern, 224
mid-ocean sediments, 224
pelagic carbon cycling, 223
phytoplankton, 223
pools and net fluxes, 223, 224

particulate carbon flux, 217
stream carbon budgets

biogeochemical processes, 220
carbon metabolism, 220–221
detrital food webs, 220
grazers, 220
headwater-ocean metabolism, 219–220
heterotrophic respiration, 220
terrestrial-to-aquatic carbon transfer, 221

stream decomposition
DOC, 217
fungi, 218
headwater, 217, 218
hyporheic zone, 219
invertebrates, asexual sores, 218–219
leaching, 217
leaf, litter quality, 217, 219
litter and excretion, leaching, 219
particulate organic matter, 217

wetland, methane emission, 215
wildfire, 214–215

Gases, atmospheric, 19, 25, 27
Gelisols, 81. See also Soil
Generalist herbivore, 312
Geotropism. See Ecosystem dynamics
Glacial events, in geological time periods, 41, 42. 

 See also Disturbances to ecosystem
Gley soils, 76
Global hydrologic cycle, 405

Global methane budget, 413–414
Global temperature, 403
Global warming, 20

greenhouse effect, 24
last millennium, 411

Glomalin, 84
Goods and services of ecosystem, 423
Graminoid, 144, 254
Grasslands

climate, 203–204
humus, 203–204
NPP, 157, 171, 180

Gravity
mass wasting, 69
water movement, 104–105

Grazer, 316
Grazing lawn, 310
Great acceleration, 402
Greenhouse effect, 24–25. See also  

Earth climate system
Greenhouse gas. See Earth climate system
Greenland and Antarctica, 25, 36, 43
Green revolution, 419
Green water, 101–102
Gross primary production (GPP), 124, 125

LAI, 150–152
scale of ecosystems, 124
temporal and spatial variation, 124, 125
terrestrial (see Terrestrial gross primary production)
train wreck, 123

Ground heat flux, 97, 98
Groundwater, 70–71, 101, 118. See also Lake

carbon flux, 216–217
evapotranspiration, 119
fossil, 405
landscape pattern, 383
landscape via erosion and solution, 382
nitrate loss, 285
pathways, 70
storage changes, 118–119
water cycle, 404
water flux, ecosystem, 11, 101

Guano, 387–388
Gulf stream, 37
Gyres, 36

H
Haber process, 415–416
Hadley cell, 30–31, 32. See also Earth climate system
Halocline, 35
Hard pan, 357
Hartig net, 244
Heat capacity, 37, 38, 61
Herbivore, 305, 310, 341

assimilation efficiency, 312–313
depletion, food supply, 341
nutrient loss, vegetation, 256
types, 177

Heterocysts, 268
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Heterotrophs
aerobic respiration, 268
functions, 298
heterotrophic respiration, 158, 185, 192, 206–208, 

357–358
High-nutrient, low-chlorophyll (HNLC), 236
Himalayan Mountains, formation, 65–66
Histosols, 79–81. See also Soil
Homeotherms, 312, 313
Horse latitudes, 33
Hubbard Brook forest, 10, 118, 285–286, 362
Human capital, 426, 427
Human well-being, 8, 439–440
Humic acid, 197
Humification, 206
Humus formation, 185, 203–204
Hurricanes. See Disturbances to ecosystem
Hydraulic conductivity, 104, 110–111
Hydraulic lift, 108, 109
Hydrothermal vents, 11, 24
Hyphae, 186
Hypolimnion, 49
Hyporheic zone, 219

I
Ice-albedo feedback, 44
Ice cores, climate records, 10
Iceland, low-pressure zones, 32, 34
Ice, sea-ice, 95
Igneous rocks, 65
Immobilization, 208, 271, 274
Inceptisols, 79, 80. See also Soil
Infiltration, 70, 104–105
Integrated conservation and development project  

(ICDP), 445–446
Intensification, 389, 391–392
Interactive controls, 15, 373
Interannual climate variability, 45–48
Interception, canopy, 102
Intermediate water, 221
Intertropical convergence zone (ITCZ), 33
Inverted biomass pyramid, 307
Ionic binding, 290
Irradiance. See Photosynthesis
Isotopes

carbon, 138, 193
nitrogen, 282
signature of water, 110
tracers, 192, 364

J
Jet streams, 33

K
Katabatic winds, 39–40
Kelvin waves, 46
Keystone species, 324, 332–333

L
Labile compounds, 195
LAI. See Leaf area index
Lake

algal cell, 221
carbon sequestration, 223
decomposition, 221
dissolved organic matter, 222
ecosystems, 236–237
grazing, 222
metalimnion, 221
sediment decomposition, 222–223
zooplankton, 222

Lake Baikal, 264
Lake nutrient cycling

glacial and anoxic hypolimnia, 264
nutrient mineralization, 263
nutrient-rich lakes, 264
oxbows, 264
storms and stratification, 263
unpolluted lakes, 246, 263
water residence time, 264–265

Land and sea breezes, 38
Landscape ecology, 370
Landscape heterogeneity

biogeochemical hot spots, 370
boundaries, 372
configuration, 371–372
extrapolation, 392–396
human modification

deforestation, 389–390
extensification, 389
intensification, 389, 391–392
marine fishing, 391
reforestation, 390

patch interactions
atmospheric transfers, 384–387
disturbance spread, 388–389
plants and animals movement, 387–388
topographic and land-water, 381–384

patch shape, 371
patch size, 371
shifting agriculture, 369, 370
spatial

community processes and legacies, 373
detection and analysis, 372–373
disturbance, 373–377
source interaction, 377–381
state factors and interactive controls, 373

temporal and spatial scales, 370, 371
Landslide/debris flow, 69–70
Land-use conversion, 17, 18, 93, 157, 184, 286,  

389–392
Land-use modification, 389
La Niña, 46
Lapse rate, 30
Latent heat flux, 25
Latent heat of vaporization, 97–98
Laterite. See Plinthite layer
Law of the minimum, 173
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Leaching, 76
Leaf area index (LAI)

NPP, 178–180
terrestrial GPP, 150–152
terrestrial photosynthesis, 140

Leaves, water movement
anisohydric plants, 114
diurnal and climatic differences, 113–114
evaporative potential, 112
isohydric plants, 114
soil water supply, 112
stomatal conductance, 113, 114

Legacy, 350
Legumes, nitrogen inputs, 334
Light compensation point, 128
Light detection and ranging (LIDAR), 152
Light-harvesting reactions, 125–126
Light-use efficiency (LUE), 145–146, 149, 150
Lithosphere, 65–66

plate collision, 65–66
subducted, 66
uplifted, 66

Litter, 78, 183–184. See also Decomposition
fragmentation, 186
leaching, 185
quality, 9, 195–197

Litterbag, 192
Litterfall, 68
Litter fragmentation, 185
Littoral zone, 131
Loam, 82. See also Soil
Loess, 82. See also Soil
Longwave radiation, 24, 28
Lotic ecosystems, 133

M
Macrofauna, 189
Macronutrients, 229, 239, 287
Macrophyte, 133
Macropores, 105, 187
Magma, 65
Mantle, 244
Marine nutrient cycling

coastal currents, 263
dead cells and fecal pellets, 261
dead organic matter, 262
denitrification and grazing, 261
estuaries, 262–263
nitrification process and regenerated production, 261
pelagic features and stoichiometry, 261

Mass flow, 238–240
Mass wasting, 69
Matric potential, 104
Matrix, 237–238, 332, 348–349, 369, 370, 373
Mean residence time, 27, 191
Mechanical turbulence, 98
Mediterranean shrublands, 55
Mesofauna, 189
Mesopause, 28

Mesophyll cells, 135, 136
Mesosphere, 29
Metalimnion, 221
Metamorphic rocks, 65
Metapopulations, 371
Methanogens, 205
Microbial loop, 223
Microbial transformation, 204
Microbivore, 299, 317
Microclimate, 14, 327
Microenvironment, 15
Microfauna, 188–190
Micronutrients, 229, 293
Microorganisms, 252–253
Micropores, 84
Mid-latitude deserts, 51, 55
Milankovitch cycles, 42–43, 410
Mineralization, 185, 271, 274–277, 281
Mites, 189
Mollisols, 81
Monovalent, 78
Monsoon, 38
Morella faya, 324–325
Mosses, 133–134
Mutualism, 334
Mutualists, 190, 318
Mycorrhizae, 187, 243–244
Mycorrhizosphere, 198

N
NADP and ADP, photosynthesis, 127
Nanoplankton, 132
Natural capital, 426, 427
Natural disturbances. See Disturbances to ecosystem
Negative feedback, effects on ecosystem, 16, 379
Nematodes, 188–189
Net ecosystem carbon balance (NECB), 185, 214
Net ecosystem exchange, 208
Net ecosystem production (NEP), 208–214
Net photosynthesis, 128, 136, 152–153
Net primary production (NPP)

allocation
diurnal and seasonal cycles, 174–175
environment changes, 173
Liebig’s law of the minimum, 173
nitrogen absorption, 172
nutrients, 174
organisms, 174
resource acquisition, 173
resource limitation and capture, 172
species, 174

biomass global distribution
crops, 177
disturbances, 180
grasslands and savannas, 180
growing-season temperature, 178, 179
leaf area, 178
length of growing season, 178, 179
non-forested biomes, 177
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productivity, 178, 179
soil resource availability, 179
tissue turnover, 177

biomass production, 162
carbon fluxes, 157, 158
definition, 161
environmental and species controls

biomass harvests, 169, 170
climate correlation, 171
climatic controls, 169
GPP, 172
interannual variation in rainfall, 170
nutrient addition, 170–171
precipitation, 169, 170
productive potential, 171, 172

environmental regulation, 168
global pattern, 157, 159
GPP, 161–162
lake, 165–167
marine

aquatic productivity, 162
coastal boundary zone biome, 164
eutrophication, 164
latitude, 165
marine phytoplankton, 163
ocean and continents characteristics,  

162, 163
ocean productivity, 163–164
picoplankton, 163
polar biome, 165
vertical gradients, 164–165
westerlies biome, 165

physiological controls, 168–169
root/phytoplankton exudation, 162
stream and river, 167–168

Net radiation, 95, 97–100
New York city, water purification, 431
Niche, definition of, 8
Nitrification, 261, 270, 271, 277–279, 281
Nitrogenase, 267
Nitrogen-based defense, 303
Nitrogen cycle

ammonia flux, 416
ammonium production

cation exchange complex, 277
C:N ratio, 275–276
fertile ecosystems, 275
gross mineralization, 274
immobilize, 274
moisture effects, 276
net absorption and mineralization, 274
nitrogen-limited soils, 274

aquatic ecosystems, 417
crops cultivation, 416
denitrification and nitrification, 416
dissolved organic nitrogen

amino acids, 274
chemically complex mixture, 274
dead organic matter, 273
exoenzymes and mycorrhizal fungi, 273

particulate organic carbon, 272
plants and microbes, 271, 272

greenhouse warming, 416
Haber process, 415–416
mineralization

ammonification, 271
exoenzymes, 271, 272
immobilization and nitrification, 271

nitrate production
anion exchange capacity, 280
autotrophic and heterotrophic nitrifiers, 277
dissimilatory nitrate reduction, 278, 279
microbes and roots, 278, 279
NH

4
+concentration, 277

nitrification, 277–279
nitrifying bacteria, 277
nitrobacter and nitrosolobus, 277
oxygen availability, 279
tropical forests, 279, 280

nitrogen fixation, 414
nitrogen saturation, 417
temporal and spatial variability, 280–281

Nitrogen fixation, 244, 266–269
Nitrogen

loss
atmospheric role, 284–285
ecological control, 281–284
gaseous loss, 281
solution loss, 285–286

mineralization, 271, 275–277, 281
saturation, 270, 285, 417

Non-steady-state mosaic, 375–376
Normalized difference vegetation index (NDVI), 153
North Atlantic Drift, 37
North Atlantic oscillation (NAO), 46–47
Northern hemisphere, atmospheric circulation, 30
North Pacific gyre biomass, 234
Nutrient absorption

absorption kinetics, 241
arbuscular mycorrhizae, 243
ectomycorrhizae, 243, 244
ericaceae and epacridaceae, 244
geotropic, 242
Hartig net, 244
mass flow, 241, 242
microsites and herbaceous plants, 242
mycorrhizal hyphae, 243
nitrogen fixation, 244
nutrient supply, 230, 241
orchid-fungal association, 244
plant and soil parameters, 241
plant roots and fungal hyphae, 243
plant traits and immobile ions, 241
root absorption properties

absorb nutrients and siderophores, 247
active transport, 244
carbon cost and skeleton, 245
endodermis, 245
environmental stress effect, 248
ion transport proteins, 247
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Nutrient absorption (continued)
mass flow and diffusion, cell walls, 244, 245
nitrogen forms, 245, 246
NPP, 247, 248, 250
plant species, 246
proteoid roots and plant demand, 247
rhizosphere, 248
root caps, 249
root surface mechanisms, 240, 249
soil depths, 245, 246
suberin and xylem cells, 245
tundra and boreal forest ecosystems, 245

root
biomass and canopy, 241
cortex, 243
hairs, 242

soil fertility, 241
specific root length (SRL), 241–242

Nutrient cycling
agricultural systems

crop yields, 294
fertilizer, 293
nitrogen and phosphorus, 294
nutrient inputs, 294–295
terrestrial nutrient cycling, 293

anthropogenic fertilization, 260
carbon cycling, 259
dead organic matter, 260
dead zone, 259, 260
element cycles

abiotic processes, 287
essential cations, 291–293
limestone and chloride, 287
micronutrients and nonessential elements, 293
phosphorus (see Phosphorus)
stoichiometry, 286
sulfur, 290–291

energy availability constrains, 268–269
fossil fuels combustion, 259
gaseous losses, 259
human disturbances and impacts, 259
lake (see Lake nutrient cycling)
marine (see Marine nutrient cycling)
nitrogen deposition

climate and ecosystem structure, 270
human activities, 270
nitrification, 270
particulate, dissolved, and gaseous forms, 

269–270
sedimentary rocks weathering, 271

nitrogen fixation
biotic and abiotic constraints, 268
energy availability constrains, 268–269
nitrogenase, 267
organism, 269
phosphorus, 269

nitrogen fixers group, 267–268
nitrogen internal cycling (see Nitrogen cycle)
nitrogen loss

aerobic process, 282

ammonia gas, 281
atmosphere, 284
chemodenitrification, 281
denitrification, 281
erosional losses, 286
fires, 284
gas fluxes, 281
nitrogen isotopes, 283
NO and N

2
O production, 281

solution losses, 285–286
nutrient inputs and losses, 260
primary succession, 360–361
secondary succession, 361–362
soil organic matter (SOM), 260
streams, 265–266

Nutrient
limitation, 132, 165–167, 231–235, 251–253
productivity, 251
spiraling, 265–266

Nutrient use efficiency (NUE), 251–253

O
Occluded phosphorus, 290
Ocean

circulation pattern, 36–37
current, ocean, 36–37

ecosystems
ammonium, 234
atmospheric CO2 concentrations, 236
dissolved organic carbon (DOC), 234
euphotic zone, 233
high-nutrient, low-chlorophyll (HNLC), 236
nitrogen-fixing and non-fixing  

phytoplankton, 236
N:P ratios, 235
oligotrophic ocean waters, 234
open ocean, 233–234
phytoplankton, 233–235
plant production and ribosomes, 235
Trades Biome, tropics, 234
winds and ocean currents, 234

gyres, 36
latitudinal variation, 31, 36
North Atlantic drift, 37
ocean structure, 35–36
sea ice formation, 37
seasonal and daily variation

climate, 48
Earth orbit, 48
Earth rotation, 48
eutrophication, 49
lake stratification, 48–49

storms and weather, 24, 50
temporal and spatial variation, 23
thermohaline, 36–37
vegetation influences, 40–41
wind-flow pattern, 34, 36

Ocean acidity, 401
Ogallala aquifer, 119
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O horizon, 78
Oligotrophic, 66, 129, 232, 300
Olivine, 74–75
Open access, 442
Orographic effects, 38
Osmotic potential, 104
Overland flow
Oxidation, 86
Oxisols, 82
Oxygen

aquatic, 13
atmosphere, 12

Oxygenase, 127
Ozone, 28
Ozone hole, 19

P
Pacific decadal oscillation (PDO), 46–47
Pacific North America (PNA), 46–47
Pan balance model, 345
Pangaea, 42, 66
Parent material, 14, 64–66
Particulate organic carbon (POC), 272, 407
Pastures and climate, 4
Patches of landscape. See Landscape heterogeneity
Patch interactions

atmospheric transfers
biomass burning, 386
gases and particles, 384, 385
nitrogen inputs, 384–386
water and energy, 387
windblown particles, 386, 387

disturbance spread, 388–389
plants and animals movement, 387–388
topographic and land-water

erosion, 382–383
estuaries, 384
gravity, 381, 382
landscape pattern, 383
nitrate loading, 382

Path dependence, 340, 341
Pelagic ecosystems, 63, 132. See also  

Aquatic systems
PEP carboxylase, 136
Periphyton, 13, 133
Permafrost, 57
Permanent wilting point, 85, 105
Phagocytosis, 188
Phenology, 174
Phosphoenolpyruvate (PEP), 136
Phosphorus

carbon skeleton, 289
ectomycorrhizae and mycorrhizal fungi, 287
microbial biomass, 289
N:P ratios, 288
occluded phosphorus, 289
soil minerals and precipitation, 289
soil organic compounds, 289
vegetation, 287

weathering source, 288
cycle

anthropogenic changes, 419
pools and fluxes, 417–418

Phosphorus fixation, 88
Photodestruction, 127
Photo-oxidation, 128
Photoperiod, 48, 174
Photoprotection, 127
Photorespiration, 127
Photosynthesis

animals and soil microbes, 123
biochemistry

carbon-fixation reactions, 126–127
chlorophyll, 126
chloroplasts, 126, 127
C

3
 photosynthesis, 127–128

environmental controls, 125
light compensation point, 128
light-harvesting reactions, 125–126
net photosynthesis, 128
photorespiration, 127
photosynthetic capacity, 128
phytoplankton, 129
quantum yield, 128
Rubisco, 126, 127
xanthophyll cycle, 127

carbon and chemical energy, 124
pelagic photosynthesis

CO
2
 supply, 131

euphotic zone, 129, 130
irradiance, 129
nutrient limitation, 132
open-ocean and oligotrophic lakes, 129
ozone holes, 130
pelagic GPP, 132
phytoplankton distribution, 130
UV-B, 130–131

terrestrial photosynthesis (see Terrestrial  
photosynthesis)

Photosynthetically active radiation (PAR), 153
Photosynthetic capacity, 128, 142–145
Phototrophs, 268
Phreatophyte, 101
Phyllosphere decomposition, 190
Phyllosphere fungi, 177
Phytoplankton, 13, 130, 132, 162, 236–238, 263–265
Phytoplankton exudation, 162
Picoplankton, 234
Planetary boundary layer (PBL), 29–30
Planetary waves, 35
Plant-based trophic system, 298, 299, 317–318
Plant carbon budgets

biosphere productivity, 157
NPP (see Net primary production)
plant production, 157
plant respiration

ATP, 159
concentration and carbon cost, 159, 160
definition, 158
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Plant carbon budgets (continued)
GPP, 161
ion absorption, 160
maintenance respiration, 160–161
microbes, 161
mitochondrial oxidation of carbohydrates, 158
nitrogen absorption, 160
tannins and lipophilic substances, 160

tissue turnover, 175–177
Plant nutrient

algal blooms, 229, 230
arctic tundra, 251
availability and plant production, 229
endomycorrhizal, 250
environment and requirements, 231
eutrophication, 232
innate physiological tradeoff, 251
lake ecosystems, 236–237
lake productivity and biosphere, 229
luxury consumption, 250
macronutrients, 229, 231
metabolically active tissues, 250
micronutrients, 229
microorganisms, 252–253
multiple nutrients, 251
nitrogen and phosphorus, 233, 249
nitrogen-fixing cyanobacteria, 232, 233
NPP, 248, 250
NUE, 251–253
nutrient absorption (see Nutrient absorption)
nutrient additions, 229, 230
nutrient limitation, 232
nutrient loss

catastrophic disturbances, 256
herbivory, 255–256
internal transfer, 254
leaching loss, 255
nutrient budget, 253
plant carbon budged, 256
senescence, 254–255

nutrient productivity, 251
ocean ecosystems (see Ocean ecosystems)
oligotrophic, 232
plankton and plant growth, 232
pollution, 229
pond scum, 230, 233
proximate and ultimate limiting nutrient, 233
rivers and streams, 235, 237–238
stoichiometry influences cycling rate, 232

Plasmodesmata, 245
Plate tectonics, 65–66
Plinthite layer, 76, 77
Podzol, 81
Poikilothermic, 311
Polar cell, 32
Polar front, 55
Polyphenol, 204
Positive feedback, 17, 437–438
Potential biota, 14, 68–69

Precipitation, 66
Pressure potential, 104
Prevailing wind, 33
Primary detritivore, 299
Primary minerals, 74
Primary producers, 9, 298
Primary production, 236–237
Primary succession, 348, 351–352, 356–361
Production efficiency, 313
Protease, 273
Proteoid roots, 247
Protozoan, 188
Provisioning services, 21
Proximate limiting nutrient, 233
Pseudosand, 84
Pycnocline, 234

Q
Quality
Quantum yield, 128
Quinone formation, 203–204

R
Radiation. See Solar radiation
Radiatively active gases, 24
Rain shadow, 38
Recalcitrant, 185
Redfield ratio, 235
Redox potential, 86–87
Redwood trees, 102, 109
Reflected radiation, 95
Reforestation, 390, 412, 436
Regenerated production, 234, 261
Regime shift, 343–346
Regulating services, 21
Relative growth rate, 144, 247, 353
Relative humidity, definition of, 149
Renewable resources. See Provisioning services
Renewal ecology, 438
Residence time, 191, 251
Resilience, 20–21, 340–346, 348–351, 435–437
Resorption, nutrient, 254–255
Respiration. See Ecosystem; Plant carbon budgets
Restoration of ecosystem, 346
Reynolds’ number, 12
Rhizobium, 267
Rhizosphere, 74, 187, 198, 248–249
Ribulose-bisphosphate carboxylase-oxygenase  

(Rubisco), 126–127, 136
Riparian, 13
River continuum concept, 218, 220
Rivers and streams

carbon cycling, 265
nutrient cycling, 237–238

Rock cycle, 64–65
Rock weathering

nitrogen inputs, 271
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rock cycle, 64
soil profile, 76
sulfur source, 291
types, 65

Rocky Mountains, rain shadow, 34, 35, 38
Root

cap, 249
cortex, 243
exudation, 162, 268
hair, 242
shoot ratio, 248

Roots, water movement
in arid environments, 108
hydraulic lift, 108, 109
isotopes, 109, 110
in moist soils, 107
water movement to
water roots, depth of

Rotation of Earth, 48
Roughness element, 116, 117
Ruminants assimilation, 313
Runoff

definition, 119–120
process and effects, 120
succession, 144

S
Saguaro cactus, 321, 322
Salient science, 443
Salinization

process of, 76, 77
salt flat, 77

Salt flats, 77
Salt lick, 315
Salt marsh, 87, 163, 246
Salt pan, 77
Sand, 82
Saprotrophic, 187
Sapwood, 111–112
Saturated flow, 85, 240
Savanna, 51, 390

biomass distribution, 170
climate, 244
defined, 51, 53
grazing lawn, 310
nitrogen fixation, 244
NPP, 178, 180

Sea breeze, 38
Sea-ice, 36
Sea-viewing wide field-of-view sensor  

(SeaWiFS), 132
Secondary metabolites, 312
Secondary minerals, soil, 74–76, 361
Secondary succession, 348. See also Succession
Sedimentary rocks, 65, 271
Seed bank, 352
Seedling bank, 353
Selective preservation, 203–204
Senescence, 175–177. See also Decomposition

defined, 176
leaf life-span, 254
nutrient loss, 176, 254
tissue turnover, 175–176

Sense of place, 441
Sensible heat flux, 97
Serotiny, 373
Shade leaf, 141
Shifting agriculture, 376, 377
Shifting steady-state mosaic, 374–375
Shortwave radiation, 24
Shredder, 220
Shrublands. See Mediterranean Shrublands
Siderophore, 247
Silt, 82
Single-loop learning, 443, 444
Slash-and-burn agriculture, 376
Slow variables, 364–365
Snow

melt and runoff, 119
precipitation as, 101

Snow-albedo feedback, 96
Social capital, 426, 427
Social-ecological stewardship, 7–8
Soil

chemical properties
anion exchange capacity, 88
base saturation, 88
buffering capacity, 88–89
CEC, 88
denitrification, 87
electron donors, 87
organic matter, 87
oxidation-reduction reactions, 86
phosphorus fixation, 88
redox potential, 86

classification
alfisol, 81–82
andisols, 81
aridisols, 81
entisols, 79
gelisols, 81
histosols, 79–81
inceptisols, 79, 80
mollisols, 81
oxisols, 82
spodosols, 81
ultisols, 82
vertisols, 81

ecosystem functioning
compaction, 85
permanent wilting point, 85
pore structure, 84
water, 85

human activities, 63
physical and chemical properties, 63
reduction-oxidation cycles, 63
shear strength, 39
shear stress of, 69

Soil creep, 69
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Soil formation
biota, 68–69
climate, 66
human activities, 69
lithosphere, 65–66
physical and chemical properties, 64
plate tectonics, 65
rock cycle, 64–65
rock weathering, 65
time, 67–68
topography, 66–67

Soil horizon, 78
Soil loss

depositional zone, 71
erosion, 69
erosional zone, 70
landslides, 69
mass wasting, 69
transfer zone, 70–71

Soil order, 78, 79
Soil organic matter (SOM)

humus formation, 203–204
peat accumulation and trace gas emission

anaerobic decomposition, 204
dentrification, 205
methanogens, 205–206
methanogrophs, 206
nutrification, 205
soil and sediments, 205
sulfate and nitrate concentration, 205
temporal and spatial variability, 205
well-oxygen to oxygen-depletion  

zone, 205
wet ecosystem, 204

soil disturbance, 203
Soil phase, 194
Soil profiles

additions to, 73
losses, 77–78
soil transformations (see Soil transformations)
transfers, 76–77

Soil properties
aggregation, 84
bulk density, 83
clay, type and quantity, 202–203
permeability, 202
soil texture, 82–83
SOM-clay particles interaction, 202, 203

Soil resources, 432–433
Soil series, 78
Soil structure, 84–85
Soil texture, 82
Soil transformations

decomposition, 73
weathering

allophane, 76
CEC, 75
chemical, 74
clay particles, 75
crystalline, 76

minerals, 74–75
physical and chemical properties, rock, 74

Soil types, 438
Solar radiation

absorption, 40
atmospheric circulation, 30
and energy balance, 94–97
solar irradiance and seasons, 48
stratospheric ozone, 285

Solstice, 48
Solubility pump, 407
Sothern America, El Niño, 46
Southern Hemisphere

atmospheric circulation, 30
seasons, 33

Southern Oscillation, 46
Specialist herbivore, 312
Species diversity, 59, 322
Species richness, 331
Specific heat, 100
Specific leaf area (SLA), 144–145
Specific root length (SRL), 241
Spiraling length, 265
Spodosols, 81–82
Stabilizing feedback, 16, 379
Stakeholders, 429
Stand-replacing disturbance, 349
Steady state, 7
Stemflow, 102, 255
Stems, water movement through

cavitations, 110
in cold environments, 111
diurnal time course of water, 112
hydraulic conductivity, 110
leaf area vs. sapwood, 111, 112
sapwood, 111
tropical vines, 110, 111

Stoichiometric relationship, 304
Stomata, 113–114, 135
Stomatal conductance. See Terrestrial photosynthesis
Stratification, 234
Stratosphere, 28–29
Streams. See Rivers and streams
Stroma, 126
Subduction, plate of Earth, 66
Suberin, 245
Sublimation, 115
Subsidies, 301, 383
Subtropical deserts, 51, 55
Succession, 9–10

carbon balance (see Carbon balance)
nutrient cycling, 360–362
primary, 351–353
secondary

competition, 354
facilitation, 354
herbivory, 354
life-history traits, 354
seed bank, 352, 353
vegetation, 352
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trophic dynamics, 362–364
water and energy exchange

albedo, 355–356
high surface temperatures, 356

Sulfur
cooling effects, 421
cycling, 290–291
sulfate aerosols, 420
sulfur gas, 419

Sulfur cycle, 419–421
Sunfleck, 140
Sun leaves, 141
Surface conductance, 115
Surface energy balance

absorbed radiation
Bowen ratios, 97, 99
energy budgets, 99, 100
ground heat flux, 97, 98
latent heat flux, 97, 98
sensible heat flux, 97
snow-covered surface, 99
turbulence, 98

radiation budget
albedo feedback, 95, 96
diffuse radiation, 95
emissivity, 96
longwave radiation, 96–97
net radiation, 95

Surface roughness, 115
Surface water, 35
Surplus production, 437
Swidden agriculture, 376

T
Taiga, 56
Tamarix
Teleconnections, 46
Temperate forests, 55–56

biomass distribution, 178
NEP, 358
wet forests, 50–51, 56

Temperature inversions, 39
Temporal dynamics

climate-induced warming, 339, 340
disturbance (see Disturbance)
ecosystem resilience and change

alternative stable states, 340–341
regime shifts, 343–346
resilience limits, 342, 343
thresholds, 341–342

scaling
extrapolate, 364
isotopic tracers, 364
process-based models, 364–365
spatial variation, 365

succession (see Succession)
Temporal scaling, 364–365
Terrestrial Ecosystem Model (TEM), 394, 395
Terrestrial gross primary production

canopy processes
APAR, 150, 151
co-limitation of photosynthesis, 148
light response curve, 149, 150
LUE, 149, 150
nitrogen accumulation, 148
photosynthetic capacity, 150
vertical gradients, 149
vertical profile, 148
wind speed, 149

carbon fluxes, 148
leaf area

algal biomass/chlorophyll, 150
drought and freezing factors, 151
LIDAR, 152
overgrazing, 151
satellites, 152
soil resource supply Variation, 150

photosynthetic season length, 152–153
satellite-based estimates, 153–155

Terrestrial net primary production
environmental and species controls

biomass harvests, 169, 170
climate correlation, 171
climatic controls, 169
GPP, 172
interannual variation in rainfall, 170
nutrient addition, 170–171
precipitation, 169, 170
productive potential, 171, 172

Terrestrial photosynthesis
CAM, 137
C

3
 leaf chloroplasts, 135

CO
2
 limitation

carbon-fixation capacity, 138
carboxylation, 139
CO

2
 concentrations, 138–139

down-regulation, 139
net photosynthetic rate, 138, 139
physical and biochemical processes, 137

C
4
 photosynthesis
atmospheric CO

2
 concentration, 137

bundle sheath cells, 136
carbon isotopes, 137, 138
glacial periods, 137
PEP carboxylase, 136
photorespiration reduction, 136

light limitation
acclimation and adaptation, 141
aerosols, 142
extinction coefficient, 140
hypothetical time course, 140
irradiance, 140
LAI, 140
light-response curve, 141
photo-oxidation, 142
shade-tolerant and shade-intolerant species,  

141, 142
nitrogen limitation and photosynthetic capacity

assimilation rate, 145
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Terrestrial photosynthesis (continued)
leaf life span effect, 143, 144
leaf nitrogen concentration, 142–143
shade-tolerant and shade-intolerant species, 143
SLA, 144–145

open stomata, 136
photosynthetic cells, 134
pollutants, 147–148
Rubisco, 135
stomatal conductance, 136
temperature effects, 147
water limitation, 145–146
water turbulence, 134

Thermocline, 35, 164
Thermohaline circulation, 36–37
Thermosphere, 29
Thresholds, 341–342

regime shifts
assisted migration, 346
cheatgrass invasion, 343
Pan balance model, 345
perturbations, 344
phosphorus saturation, 343, 345
restoration ecology, 346

Throughfall, 102, 255
Thylakoids, 126
Tilt, 41
Time step, 393
Top-down controls, 305–306
Topography

soil formation, 66–67
soil loss, 15

Toposequence, 15
Tradeoffs, 143–144, 425–426, 430
Trade winds, 32, 33
Transfer zone, 70–71
Transpiration, 93
Trophic cascade, 305, 316
Trophic dynamics

assimilation efficiency, 312–313
consumption efficiency

activity budgets, 311
atmospheric CO

2
 concentration, 311

ecosystem changes, 298, 310
grazing lawns, 310
gypsy moths and snowshoe hares, 312
herbivor trophic level, 310
homeothermy, 312
nematodes, 310
poikilothermic animals, 311
secondary metabolites, 312

detritus-based trophic systems, 298, 317–318
domestic livestock, 297, 298
energy flow controls

allochthonous, 301
biochemical processes, 304
carbon-based defense, 302
defense growth, 302, 303
eutrophication, 305
herbivore consumption, 302

natural and managed grasslands, 300, 301
net primary production, 300, 301
nitrogen-based defenses, 303
oligotrophic, 300
plant allocation, 302–304
plant-based and detritus-based webs, 300
stoichiometric relationships, 304
subsidies, 300
sulfur-containing defenses, 303
trophic cascades, 305–306
trophic levels, 305

food chain, 299, 314
food webs, 299
heterotrophs, 298
human population, 297, 298
integrated food webs, 318
nutrient cycling effects, 298, 301, 306–307
nutrient transfers, 297, 315–316
palatable plants, 297
phosphorus concentrations, 300
primary detritivores, 299
primary producers/autotrophs, 298
primary productivity and herbivory, 297, 298
production efficiency, 313
seasonal and interannual patterns, 314–315
trophic efficiency and energy flow

animal production, 307, 308
biomass distribution, 308
biomass pyramid, 307, 309
energy pyramid, 307, 308, 309

trophic transfers, 298
Trophic efficiency, 307–308
Trophic interactions, 8, 328–329
Trophic level, 299, 307–308
Trophic transfer, 298
Tropical forests, 12, 107, 143, 169–171, 177–180
Tropopause, 29
Troposphere, 28–29
Tundra, 58, 171, 172, 174, 177, 178, 302.  

See also Arctic tundra
Turbulence, 25, 98

convective, 98
mechanical, 98

Turbulent mixing, 115, 116
Turnover length, 221, 265
Turnover time, 404

U
Ultimate limiting nutrient, 233
Uplift, plates of Earth, 65–66
Upwelling, 36, 263
Urease, 273
Utisols, 82

V
Vapor pressure deficit (VPD), 100
Vegetation

albedo, 40
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chemical weathering, 74
desert, 57
evapotranspiration, 40
NDVI, 153
soil formation, 67, 70

Vertisols, 81
Vesicular arbuscular mycorrhizae (VAM), 243
Voids, 83
Volcanic eruptions. See Disturbances to ecosystem

W
Water balance

budgets
blue water, 101
closed-basin lakes, 101
green water, 101
inputs and outputs, 100
precipitation, 100

evapotranspiration, 93
inputs

canopy interception, 102
phreatophytes, 101
precipitation, 101

land-use changes, 93–94
losses

changes in storage, 118–119
evaporation from dry canopies, 115–117
evaporation from wet canopies, 115
runoff, 119–120

surface energy balance  
(see Surface energy balance)

water movements (see Water movements)
water vapor feedback, 94

Water cycle
anthropogenic changes, 405
irrigation, 405, 406
pools and fluxes

fossil groundwater, 405
turnover time, 404

Water-holding capacity, 85
Water losses

changes in storage, 118–119
evaporation from dry canopies, 115–117

aerodynamic conductance, 115
decoupling coefficient, 116
diffusion, 115
evapotranspiration, 117
turbulent mixing, 115, 116
vegetation structure, 116

evaporation from wet canopies, 115
runoff, 119–120

Water movements
canopy interception

dry and wet grass, 103
Eucalyptus species, 102, 103

soil to roots
root hairs and mycorrhizal hyphae, 106
rooting depth, 106, 107
water potential, 105–106

storage
energy status, 104
field capacity, 105
hydraulic conductivity, 104
infiltration, 104–105
permanent wilting point, 105
pressure potential, 104
soil water, 104
water potential, 104

through plants
leaves (see Leaves, water movement)
roots (see Roots, water movement)
stems (see Stems, water movement)
vapor-pressure gradient, 106
water-pressure gradient, 107

Water potential, 85, 104–106
Water residence time, 264–265
Water-saturated, 85
Watershed. See Drainage basin
Water use efficiency (WUE), 146
Water vapor feedback, 94
Weathering. See also Rock weathering

allophane, 76
CEC, 75
chemical, 74
clay particles, 75
crystalline, 76
minerals, 74–75
physical, 74
physical and chemical properties, rock, 74

Westerlies and Polar Biomes, 33, 234
Western Polynesia, 331
Wet forests, 56
White-rot fungi, 186–187
Wind-flow patterns, 33–34

X
Xanthophyll cycle, 127

Z
Zebra mussels, 429
Zooplankton, 222
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