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• …a repeated observation process for 
acquiring status and trend information

to assess abundance and detect change in 
populations, communities and ecological systems
to assess whether management actions are having 
their intended impact

to reduce uncertainty about the species / system and 
guide future management

• …a critical component of  adaptive management

Monitoring is…



Why Monitor?
To make sure progress is being made on meeting 
goals
To initiate timely course correction if progress is 
not being made
To make sure others don’t have to reinvent the 
wheel when you’ve learned an (in)effective method

But often avoided because considered too:
Complicated and expensive
Difficult to implement
Difficult to interpret



For successful monitoring:
1. Know what information you want
2. Keep it simple
3. Get what you need (and not more)
4. Maximize efficiency
5. Learn & modify management if indicated



For successful monitoring:
1. Know what information you want

A. Management goals define the monitoring 
approach 

B. Variables monitored should be based on 
objectives that define the desired future 
conditions and the indicator to track

USFS photo



1.A. Management goals define the monitoring 
approach

Goal: Longleaf sandhills are restored to open pine   
savannas with a rich herbaceous groundcover.

When monitoring results are used to compare 
management approaches and determine the best 
method to implement to reach management goals 

Adaptive Management



1.B. Variables monitored should be based   
on management objectives that 
define the desired future conditions 
and the indicator to track

Reduce hardwood cover by 60% 
between 2005 and 2015
Sufficient cover of herbaceous 
species to carry fire every 
1-3 years by 2009



Restoration of long-unburned sandhills
– Eglin AFB

Hardwoods > 1.4 m tall
1995 topkill 1997 mortality

Herbicide 69% 94%
Felling/girdling 93% 62%
Burn 18% 41%

Pre-treatment: 1994

Provencher et al. 2001, 2002 

Grass and broad-leaved plant 
cover increased 1.5 years after 
fire, regardless of other treatments



For successful monitoring:

1. Know what information you want
2. Keep it simple

A. Design the simplest monitoring that will 
meet the management objective

B. Data analysis doesn’t have to be complex

USFS photo



2.A. Design the simplest monitoring that will   
meet the management objective
– monitoring need not be quantitative

• If a map, photo, or description is sufficient to 
document condition or change, stop there

Note: only large changes will be detected

• If measuring, select indicators:
Sensitive to management actions
Easily measured with easy logistics
Relatively few in number
Easily interpreted 
Relevant



Goal: Longleaf sandhills are restored to open 
pine savannas with a rich herbaceous 
groundcover.

Permanent photopoints might be sufficient for 
monitoring changes in community structure 
that result from restoration actions.

Or measure:
1. Percent cover of midstory hardwoods 
2. Percent cover of groundcover
3. Density of longleaf pines
4. Groundcover species richness



November 21, 1994     June 16, 1995

June 28, 2000     June 7, 2001 

DWP HU10



2.B. Data analysis doesn’t have to be complex
Visual comparison of photos over time or against 
a management objective

May 17, 2001  February 13, 2002

July 24, 2002  August 19, 2003

Management 
objective:
Restore dry 
prairie habitat 
through 
reduction of 
pine tree 
density and 
palmetto cover 
and increase of 
herbaceous 
species cover.



2.B. Data analysis doesn’t have to be complex

Visual comparison of mapped data over time or 
against a management objective

Management 
objective:
Maintain stable 
or increasing 
numbers of 
populations of 
Paronychia
chartacea on 
Tiger Creek 
Preserve. Track 
year since fire to 
determine any
relationship between fire and population persistence.



2.B. Data analysis doesn’t have to be complex

Eriogonum longifolium

Monitoring year
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Graphing data over time to visually determine 
trend

Management objective:
Maintain or increase the numbers 
of Eriogonum longifolium at each 
TNC location between 1990 and 
2000. Track population size 
response to fire management.



2.B. Data analysis doesn’t have to be complex

Hand calculation of confidence intervals that can 
be compared over time or against a management 
objective

Management objective:
Restore tree density on 
the Robbins Tract 
through at least 75% 
survival of saplings 
planted in 1993.

Density per acre of planted seedlings (90% 
confidence interval).



For successful monitoring:
1. Know what information you want
2. Keep it simple 
3. Get what you need (and not more)

A. Select the fewest indicators that meet 
the management objective

B. Quantitative monitoring objectives should 
specify the precision of the estimate and 
the magnitude of change necessary to 
detect



3.A. Select the fewest indicators that meet the  
management objective

36

51

82

94Collecting more data (herb cover by species 
rather than just herb cover; tortoise burrow 
width and orientation rather than just 
density) just because you’re out there will 
take more time in data collection and 
processing

Data 
kleptomania



3.B. Quantitative monitoring objectives should 
specify the precision of the estimate and the 
magnitude of change necessary to detect

Precision:
• The closeness of repeated measurements to one another

• A measure of the variability of your data

• Depends on method used and number of samples

• Goal:
• Minimize the variability of your data to better detect 

whether progress is being made toward objective

• If looking for a trend, minimize the risk of failing to detect it

Consider biologically significant change
• Detecting a 5% change will require a more precise sampling 

design than will detecting a 25% change



High variability reduces monitoring 
utility

The real number 
flowers in any year 
can be anywhere 
within the range 
limit shown 
(including 0 in 
every year).



For successful monitoring:

1. Know what information you want
2. Keep it simple 
3. Get what you need 
4. Maximize efficiency

A. The most efficient methodology depends on the 
indicator measured and the spatial distribution of 
that indicator

B. Sampling design needs to include random 
sampling, independent samples, consideration 
of data distribution

C. Tools are available to improve efficiency of effort



4.A. The most efficient methodology depends on 
the indicator measured and the spatial 
distribution of that indicator

36

51

82

94

Select indicators that allow easy, rapid, cost-
effective measurement

• Fewer plots mean fewer markers to prepare and 
carry and fewer sample units to relocate, set up, 
measure and process data from

• Placing a long transect through dense vegetation 
can take longer than placing several shorter 
transects

• Cover of grass is easier and faster to measure than 
number of grass blades



4.A. The most efficient 
methodology depends on 
the indicator measured 
and the spatial distribution
of that indicator 

Number of samples needed to 
sample density of this uneven 
distribution, clumped population 
using the different plot sizes 
when plot area and precision are 
held constant.

18

42

81

98

Often can reduce sample 
size if focus on best 
methodology



4.B. Sampling design needs to include 
random sampling, independent samples, 
consideration of data distribution

Statistical analysis cannot be used if 
these components are not met

• Each plot sampled is 
randomly located 

• The location of one plot 
does not determine the 
location of another

• Data collected meet 
distribution requirements



4.C. Tools are available to improve efficiency 
of effort

Relationships between plot dimensions 
and sample size for different spatial 
arrangements of species in the field
Rules of thumb for methods for different 
species or types of species
Sample size equations (require some pilot 
sampling)
User-friendly graphical and 
statistical software



For successful monitoring:

1. Know what information you want
2. Keep it simple 
3. Get what you need 
4. Maximize efficiency
5. Learn and modify management if indicated

A. Monitoring is a waste of resources if data are 
not examined and information not used to 
inform management 

B. Leave sufficient records for your successor



5.A. Monitoring is a waste of resources if 
data are not examined and information 
not used to inform management 

Source: FL DEP

Hydrilla



5.B. Leave sufficient records for your 
successor

You are more ephemeral 
than is the resource you 
are managing

Your experience with best 
management of Florida’s 
natural resources should 
be a legacy you leave for 
others 

Vegetation Monitoring 
Workshop
http://nata.snre.ufl.edu
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