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What is an indicator species?

An organism whose characteristics (e.g., presence 
or absence, population density, dispersion, 
behavior, reproductive success) are used as an 
index of attributes too difficult, inconvenient or 
expensive to measure for other species or 
environmental conditions.  

Landres et al. 1988. Cons. Biol.

The canary in the coal mine

The swamp canary in the coal mine
What is ecosystem integrity?

The total native biological 
diversity (species, 
populations, habitats) of 
an ecosystem and the 
ecological patterns and 
processes that maintain 
that diversity.

http://www.audubon.org/news/pressroom/CBID/Hi_Rez_images/Northern_Bobwhite_Ashok_Khosla.jpg
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What are the characteristics of a good 
indicator of ecosystem integrity?

1. It should be sensitive to change in ecosystem 
integrity through space and time.

2. It should be easily measured and 
informative.

3. Its response to changing ecosystem integrity 
should be consistent in time and space.

4. It should be better than or complementary to 
other potential indicators.

What are the characteristics of a good 
indicator of ecosystem integrity?

5. Effects of different perturbations on the 
indicator should be separable.

6. Its ecology should be well understood.

7. It is also helpful if it is colorful, big, 
charismatic or unusual such that it attracts 
public interest and even involvement.

Ormerod and Tyler. 1993. In Birds as 
Monitors of Environmental Change

Prothonotary Warblers in bottomland forest 
ecosystems

Characteristics:
ÅNeotropical migrant
ÅBreeds only in forested wetlands
ÅNests over water
ÅCavity nester
ÅSusceptible to cowbird parasitism

Threats to floodplain forests include:
ÅHabitat fragmentation
ÅAltered hydrology
ÅNon-sustainable management 

practices

A large-scale manipulative experiment was 
conducted in the White River NWR 1994-2001

Objective: Assess effects of 
alternative silvicultural practices 
and annual variability on fitness

A large-scale manipulative experiment was 
conducted in the White River NWR 1994-2001

Å3 treatments (patch 
cut, single trees, 
controls) mimic 
natural disturbances

ÅReplicated & 
randomized

ÅBefore/after design 
over 8 seasons

ÅMeasured 
abundance using 
territory mapping, 
nest success

A large-scale manipulative experiment was 
conducted in the White River NWR 1994-2001
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As expected, there were fewer cavities available to 

Prothonotary Warblers in harvested  areas, and 

fewer territories
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Probability of a nest producing at least one 
conspecific fledgling relative to treatment and year

treatment

Annual variability in flooding ïinundated plots 
provide more protection to nests.
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Flooding affects behavior of a number of potential 
nest predators.

Prothonotary Warblers in bottomland forest ecosystems

Conclusions thus far:

ÅFewer territories on 
harvested plots

ÅMinimal effect of timber 
harvests

ÅAnnual variability was a 
much greater influence

ÅAnnual variability likely 
related to flooding, which 
is a major driving force in 
the system

ÅEvidence? 

Solution: develop a nest-based analytical approach 
in addition to the plot -based approach described 
previously 
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Methods

ÅMeasured habitat characteristics of nest 
sites at three spatial scales

ÅMeasured water characteristics of nest 
sites at three spatial scales over time

Habitat (and water) was measured at 
several spatial scales

Micro-Scale
0

50

100

150

200

250

D
e
p

th
 (

c
m

)

Macro-Scale
0

20

40

60

80

100

M
a

c
ro

_
C

o
v
 (

%
)

Plot-Scale
0

20

40

60

80

100

P
lo

t_
C

o
v
 (

%
)

                 May                       June

16   19   22    25   28   31    3     6      9    12 

Water Measurements
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Modeled the risk of nest predation using Cox 
Regression, a type of proportional hazards modeling 

ÅExamines the effects of predictor variables on nest 
survival time, not on nest fate

ÅEstimates the hazard of nest predation

ÅIncorporates continuous, categorical, static, and 
time-dependent variables (i.e., water, brood 
parasitism)

ÅInformation theoretic approach

Analysis

Nests and Predation

Å461 nests used for this analysis

Å59% depredated over all years and 
plots

ÅPredation responsible for over 80% 
of nest failures

Cox Regression:  The Model

Å13 covariates  - continuous, categorical, static, 
time-dependent

Å413 candidate models

ÅUsed Akaikeôs Information Criterion (AIC) to 
select the best model 
ïNo one ñbestò model

ï95% confidence set included top 60 models

ïModel averaged


