
Watershed Characteristics River Use River Characteristics

Urban landuse

Clearing of riparian vegetation

Large sewage discharges

Numerous sediment rich
stormwater discharges

Prawn trawling

Dam

DredgingMangrove forests

Intensive agriculture Major port Sediment 
resuspension

Tidal flushing

Light limited

High turbidity

It takes many letters, words,
sentences and paragraphs
to describe the processes

that make up an ecosystem.  
In short, a picture is worth 

a thousand words.
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Science communication is an essential
component of problem solving.   Effective
scientific communication requires
synthesis, visualization and appropriate
context.  Conceptual diagrams, or
“thought drawings,” are an excellent
means of providing these requirements.
A conceptual diagram uses symbols to
convey the essential attributes of a
system.

There are four important reasons for using
conceptual diagrams:  1)  To clarify
thinking and avoid ambiguities.  2)  To
provide a unique communication interface
between scientific disciplines or between
scientists and non-scientists.  3)  To
identify gaps, establish priorities and solicit
an agreed synthesis.  4)  Recent
technological advances have made it
possible to generate conceptual diagrams
without graphic art training or specialized
equipment.

Conceptual diagrams can be applied in:
a)  setting research agendas,
b)  developing scientific syntheses,
c)  designing monitoring programs and
d)  identifying management priorities.

a) A conceptual diagram by
Charles Darwin,  first published
in England in 1842.2

b) Enlargement of the   sailboat
that   appears   in   the   above
figure.
c) Cave art by an indigenous
Australian, discovered in north
Queensland.

a

c

One of the key aspects of conceptual diagrams is the use of
symbols.  Symbols are one of the most ancient forms of
human communication and remain a common feature of
everyday life.  They are very useful at depicting unequivocal
messages that can transcend cultures, languages and times.
The size, shape, color and position of symbols all convey
meaningful information, and when arranged into a diagram,
they can augment or replace words.  For example, Charles
Darwin’s diagram depicting his theory of coral reef formation
has been reproduced thousands of times since it was first
published in 1842.  Yet the depiction of a sailboat is
unequivocal, as is the image of a sailboat created centuries
ago in a cave painting by an indigenous Australian.
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“The alphabet is a funnel. . .
 (John Culkin)

     . . . but visual language unleashes
      the full power of communication”

    (Robert E. Horn, 1999)1



Runoff and groundwater
flow add nutrients, sediments
and humics to the estuary

Nutrients are taken up from 
the water by phytoplankton,
epiphytes and SAV
DIN = Dissolved Inorganic  
          Nitrogen
DIP = Dissolved Inorganic
          Phosphorus

Accumulations of fine sediment
can be resuspended resulting in
light reduction to SAV

SAV (submerged 
aquatic vegetation)

Small grazers feed
on epiphytes growing
on SAV

Some of the light incident
upon the water surface is
reflected directly

Kd (water column attenuation
coefficient) is a measure of the 
light reduction due to particles, 
humics and phytoplankton. 
The quality of light (color) also
changes from white to blue/green

Ke (epiphyte attenuation
coefficient) is a measure of the 
light reduction due to epiphytes
growing on SAV

Light attenuating processesKey features

Depicting
processConceptual Model 3 Conceptual Diagram

Self-
contained

legend

high biodiversity 1

seagrass loss
and recovery 3

seagrass loss 4

seagrass 2 green seaturtle
grazing 6

dugong grazing 5

biological environment

high seagrass
production 8

physical processes

cyclone 10

nutrient and
sediment input 11

environmental
variability 12

seasonal turbidity
runoff 9

full light 13

reduced light
quantity & quality 14

deposition and
scouring 15

sediment
resuspension 16

wader 7

Increasing variability;
salinity, turbidity, exposure

Scientific
references

Use of
symbol
color

Use of
symbol size

This conceptual diagram was designed for
publication in a peer-reviewed scientific
journal.4  It demonstrates that symbols can
be just as meaningful when printed in black
and white or gray-scale.   The diagram
depicts the biological and physical processes
of a tropical seagrass ecosystem.
Message:  Processes affecting seagrass

beds on a local scale
Audience:  Scientific peers
Key Features:

- Effective use of gray-scale
  (adapted from a color diagram)
- Footnotes, referred to in the text

Web:  http://www.marine.uq.edu.au/marbot/

The difference between conceptual models and conceptual diagrams
is apparent.  The original conceptual model on the left took two pages
of text to explain.  In comparison, the adapted conceptual diagram
is self-explanatory, it stands alone, and it also includes “process.”
Message:  Effects of a particular process on seagrass beds
Audience:  Scientific peers, resource managers
Key Features:

- Self-contained legend
- Inset showing greater detail

Web:  http://www.chesapeakebay.net/pubs/sav/index.html

Requires accompanying
text to explain diagram

Uses boxes
to represent
processes
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Catchment/Watershed   River/Estuary          Coastal                                                       Reef                            Ocean

TROPICAL

Fe

Rapidly degrading  
ecosystems

More variable monsoonal rainfall; 
tropical storms increasing in  
frequency and intensity

Expanding deforestation

Fertilizer intensification, particular in Asia

Intensified grazing

Expanding aqua / mari culture

Modification of hydrology, particularly dams

Forest burning and methane production

Impacted by  
coastal development

Pulsed, sediment - laden runoff

Sediment deposition (dry) and  
scouring (floods)

Light limitation due to turbidity

Resuspension of fine  
grained sedimetns

Rapidly expanding urban areas

Mangrove deforestation

Pulsed runoff

Mud deposition and mangrove encroachment

Increasing abundance and severity of  
harmful algal blooms

Resuspension of muddy sediments

Tropical seagrasses controlled by  
macrograzers

Ubiquitous benthic microalgae

Nitrogen or phosphorus limitation

Wild stock fisheries decline

Oligotrophic 
ecosystems

Responsive communities of mangroves,  
seagrasses, benthic microalgae and corals  
to  pulsed runoff events

Low water column nutrients in surface waters

Co-limitation of nitrogen and  phosphorus

Iron dust deposition stimulting Trichodesmium  
blooms; possible increase due to land use 
and climate

Seasonal upwelling permanent stratification

Decreasing carbonate saturation

Fe

Glaciers + Tundra
(antarctic)        (arctic)

Fast ice 
+ Sea ice

Polynyas 
+ Ice bergs

Sea ice 
+ Open water

POLAR

CH4

Sensitive to climate  
change

Glacial retreat, primarily in Antarctica,  
from global warming

Tundra peat melting, primarily in the artic 
from global warming; enhanced oxidation

Toxicant deposition in polar regions,  
transported from tropical/temperate 
sources

Snow/ice melt leading to pulsed runoff  
events

Mining and exploration

Physical processes dominate

Fast ice scours near shore benthos

Sediment laden ice and snow  
accumulation reducing light  
penetration

Sea ice algae in areas with light  
penetration

Under ice kelp uses stored  
carbohydrates to grow in winter 
and photosynthesize in summer

Artic walruses, live on ice edge  
and feed on benthic bivalues

Dynamic physical features

Polynyas provide gas ventilation of 
surface waters

High water column nutrients during 
winter; low during summer

Nitrogen limitation in surface waters 
during summer

Low oxygen bottom waters during winter

Ice berg scouring of benthos

Seasonal productivity

Simple food webs with seals, seabirds and whales 
as top predators

Mixing of bottom waters leading to high nutrients

Importance of krill in antarctic food webs

Deposition of phytoplankton leads to CH4 production,  
often trapped in sediments

Bioaccumulation in food web
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Catchment / Watershed    River                                      Estuary                                         Coastal

TEMPERATE

Intensive land use /  
high yield

Elevated atmospheric NOx / NH3   
from fossil fuel burning

Fertilizer intensification and  
N2 fixing crops

Animal manure / fertilizer  
runoff leading to elevated  
groundwater No3

Wetlands drained for crop land

Modification of Hydrology;  
particularly dams

Toxic industrial byproducts

Historically degraded  
waterways; some remediation

Nutrient enhanced runoff

Elevated NO3 from fertilizer and  
sewage

P limitation predominant in freshwater

Sediment deposition and long 
 residence time

Sediment nutrient  flux from  
remineralised organic matter

Eutrophication with shifting sources

Turbidity maximum at freshwater / seawater interface

Increasing abundance and severity of harmful  
algal blooms; invasive species

Hypoxia / anoxia in bottom waters enhancing 
sediment nutrient flux

Nitrogen, phosphorus or light limitation

Seagrass loss due to nutrient enhancement  
of phytoplankton and epiphytes

Reforestation expanding

Aquaculture expanding

Productive coastal  
ecosystems

Increasing N,P > S, ratio leading to  
shift in phytoplankton community

Deposition of phytoplankton leading 
to hypoxia

N limitation predominant in coastal  
waters

Salt marsh accretion through peat  
formation and sea level rise

Persistent upwelling
Seasonal stratification 

x-

IAN_Human_Inputs

1. Many of the South East Queensland waterways are dry for much of the year;               rain falls in episodic events

2.  Loss of riparian vegetation                     and aquatic habitat                   has ecosystem health impacts

3. Sediment derived primarily from channel erosion               is transported,            deposited,     and resuspended      in the estuaries and bay

4. Nitrogen is the major limiting nutrient            when light is not limiting 

5. Lyngbya blooms       have possible links to the land as a source of bioavailable iron  

N

N

Upland
streams

Upland
rivers

Estuarine Bay Ocean

x-

IAN_Human_Land_Use

“Click & Drag”

Symbol
Libraries

Use of symbol
shape

Section headings

Detailed legend
contained within base

The symbol libraries created by the Integration &
Application Network use “click & drag” technology.
This advanced technology makes it easy for
anyone to assemble a conceptual diagram quickly
and easily.  This particular diagram, showing an
oblique view of a coastline, was created to depict
an evolving view of an ecosystem and its processes
for the broader community.
Message:  Key impacts and processes in the river

and the bay
Audience:  General public
Key Features:

- Section headings
- Symbols incorporated into legend text
- Oblique view

Web: http://www.healthywaterways.org/

This series of comparative
conceptual diagrams were
created for use in the
Land-Ocean Interactions
in the Coastal Zone
(LOICZ) Project.
Message:  General
  processes affecting
  different ecosystem
  types on a global scale
Audience:  Scientific
  peers, managers and
  general public
Key Features:
  - Detailed legend
     contained within base
  - Three comparative
     diagrams with a similar
     layout and scale
  - Section headings
Web:
  http://www.nioz.nl/loicz/

Symbols incorporated
into legend text

Comparative
diagrams with
similar layout

and scale
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IAN: http://ian.umces.edu/
Dr. Bill Dennison: dennison@ca.umces.edu

Prepared by Dr. Adrian Jones & Tracey Saxby
Design & Layout by Tracey Saxby

FURTHER INFORMATION

SCIENCE COMMUNICATION
http://www.umces.edu/

PRIMARY OBJECTIVES FOR IAN
•  Foster problem-solving using integration of scientific data and

information
•  Support the application of scientific understanding to forecast

consequences of environmental policy options
•  Provide a rich training ground in complex problem solving and

science application
•  Facilitate a productive interaction between scientists and the

broader community

The Integration and Application Network (IAN) is a collection of
scientists interested in solving, not just studying environmental
problems.  The intent of IAN is to inspire, manage and produce
timely syntheses and assessments on key environmental issues,
with a special emphasis on Chesapeake Bay and its watershed.
IAN is an initiative of the faculty of the University of Maryland
Center for Environmental Science, but will link with other
academic institutions, various resource management agencies
and non-governmental organizations.

Printed on 100% Recycled Paper

Conceptual diagrams are an important communication tool for both studying
and solving environmental problems.  Based on the idea that a picture can
say a thousand words, they provide diagrammatic representations of
ecosystems in which key features and major impacts can be illustrated,
communicating concepts, summarizing information and indicating key
processes and stresses within an environment.  They serve to highlight the
most important ecosystem features, depicting the processes and biota, and
can provide focus for research or monitoring efforts.  Good conceptual
diagrams have many lives in many places.

On a technical level, the term ‘conceptual diagram’ comes from the Latin
word conceptus meaning “thought” and the Greek word diagramma meaning
“to mark out by lines.”  Essentially, it is a diagram depicting the arrangement
and relationships of key attributes within a system, by using a variety of
appropriate symbols that are easily understood.

Generation of a conceptual diagram involves: 1) Identifying the message, 2)
Identifying the audience, 3) Listing structural and functional elements, 4)
Experimenting with different ways to visualize the structural and functional
elements and 5) An editing process involving feedback  from  the  intended
audience.
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Further Resources:

The DVD, Powerpoint Presentation and Conceptual Diagram Creator are also available on the website: http://ian.umces.edu/

Download the
Symbol Libraries
for free from the

IAN Website:
http://ian.umces.edu/
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Biological indicators Physical /chemical  indicators Inputs

Chlorophyll a

Zooplankton 
diversity and 
abundance

Phytoplankton 
diversity and 
abundance

Aquatic grass 
 presence

Juvenile rock fish  
abundance

Blue crab catch

Oyster harvest

Diversity of 
benthic fauna

Waterfowl 
abundance

Bald Eagle 
abundance

Blue Heron 
abundance

Water column and 
sediment nutrient 

concentrations

Light attenuation coefficient 
(Secchi depth)

Presence of toxicants in 
sediments and biota

Occurrence of  
anoxic events

Sewage derived 
nutrients

Nutrients and sediments 
from the watershed

Atmospheric nitrogen

N P

N P

Shad migration and 
passage over 

Susquehana dams

Chesapeake Bay Ecosystem Health Indicators

1  2  3  4  5  6  7  8  9  10

Spring Autumn


