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Presenter
Presentation Notes
My talk is about bio-monitoring using stream fishes, specifically development of Indices of Biotic Integrity (IBI)



US Clean Water ActUS Clean Water Act



 

The objective of the Act is: The objective of the Act is: 
““to restore and maintain the chemical, physical, to restore and maintain the chemical, physical, 
and and biological integrity of the nation's waters.of the nation's waters.””

Presenter
Presentation Notes
Why biological monitoring? Biomonitoring is becoming more and more important as human activities intensify in watersheds. Protection of biological integrity is also mandated by Clean Water Act.





Fish as indicators of stream environmentFish as indicators of stream environment



 

Advantages of using fish;Advantages of using fish;
--

 
ubiquitous where there is waterubiquitous where there is water

--
 

fish are a diverse groupfish are a diverse group
--

 
fish ecology is relatively well knownfish ecology is relatively well known

--
 

fish are relatively easy to identifyfish are relatively easy to identify
--

 
the general public can relate betterthe general public can relate better

Presenter
Presentation Notes
Fishes have several advantages as indicators of stream environment. Fishes are diverse, we know their ecology, and so they provide a great deal of information on surrounding environment. Results are easy to communicate to the general public.



Factors affecting biological integrityFactors affecting biological integrity 
(Karr et al. 1986)(Karr et al. 1986)

Water quality

Energy source

Habitat quality

Flow regime

Biotic interactions

Biotic integrity



Index of Biotic Integrity (IBI)Index of Biotic Integrity (IBI)

Species richness

Composition

Trophic groups

Stream environment

Economy

Trade balance

Housing market

Unemployment rate

GDP

Human health

Infection

Heart rate

Blood pressure

Cholesterol 

Abundance

Presenter
Presentation Notes
Index of Biotic Integrity, or IBI, is the most typically used tool in stream biological monitoring. It is a multi-metric index based on fish assemblage characteristics, which include species richness, proportional abundance, and absolute abundance. The multi-metric nature of IBI is similar to assessments of economic and human health. We use many indicators to judge how well our economy is doing, for example. 



Challenges of using fish in CTChallenges of using fish in CT



 

Naturally low species richnessNaturally low species richness


 

Very few sensitive speciesVery few sensitive species


 

Extensive management/stockingExtensive management/stocking

Presenter
Presentation Notes
To date, no IBI has been developed which is applicable to state-wide in CT.



Goal: develop an IBI for wadeable streams in CTGoal: develop an IBI for wadeable streams in CT

1. Quantify human disturbance levels in watersheds1. Quantify human disturbance levels in watersheds
2. Identify fish assemblage attributes which respond to human 2. Identify fish assemblage attributes which respond to human 

disturbance levelsdisturbance levels

Presenter
Presentation Notes
Our goal of this research was develop an IBI for wadeable streams in CT. I borrowed a figure from macro-invertebrates, but in this figure, species richness responds to a gradient of landscape changes. Our objectives were then to quantify human disturbances, which is the X axis, and select which indicators are appropriate on the Y axis. 



Factors shaping today’s fish distributions

Natural history
(colonization, climate) 

Current stream 

fish distributions

Human impacts
(habitat degradation, species introductions)



Longitudinal assemblage distributionsLongitudinal assemblage distributions 
(Kanno and Vokoun 2008)(Kanno and Vokoun 2008)

Type B

(blacknose 
dace dom.)

Type A (brook trout dom.)

Type C

(diverse 
fluvial)

Type D

(diverse 
generalist)

Presenter
Presentation Notes
Before moving to IBI development, I want to show a couple of slides which describe upstream-to-downstream patterns identified in our previous work. This is a typical pattern across many watersheds in CT. Headwaters are often inhabited by brook trout. Moving downstream, blacknose dace dominates fish assemblages. The largest wadeable streams harbor diverse fluvial species such as longnose dace and white sucker. Finally, a fourth assemblage occurs independent of stream size which is characterized by habitat generalist which can also do well in lakes and ponds.



Longitudinal assemblage distributions 
(Indicator species analysis)

Western faunal region in CT Eastern faunal region in CT
Assemblage Indicator Species Indicator 

values %
Assemblage Indicator Species Indicator 

values %

Type A Brook trout 72.9 Type A Brook trout 62.8

Type BW Blacknose dace
Creek chub

53.3
38.5

Type BE Blacknose dace 66.1

Type CW White sucker 47.0 Type CE Fallfish 54.7

Longnose dace 38.3 Redbreast sunfish 42.1

Common shiner 34.5 Tessellated darter 39.1

Type DW Pumpkinseed 70.8 Type DE Brown bullhead 38.5

Brown bullhead 40.5 Chain pickerel 33.1

Golden shiner 36.1 Pumpkinseed 21.6



Longitudinal assemblage distributionsLongitudinal assemblage distributions
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Presenter
Presentation Notes
The same pattern is presented differently. Here is a relationship between species richness and drainage area. Please note drainage area is on a log scale. Given this natural variation, we were not comfortable with applying one IBI to all wadeable streams. Rather we split the dataset into two at 15 km2, and our intension was to develope coldwater IBI for smaller streams and mixedwater IBI for larger streams. 15 km2 is the upper boundary where brook trout dominated assemblage is found, and above 15 km2 Assemblage C, the diverse fluvial assembalge, predominates.



IBI development in CT:IBI development in CT: 
Fish dataFish data



 

DEP electrofishing survey:DEP electrofishing survey:
--

 

Mostly 1Mostly 1stst

 

to 4to 4thth

 

order streamsorder streams
--

 

Sampled during summer base flowSampled during summer base flow
--

 

High to moderate gradient streamsHigh to moderate gradient streams



 

Data screening:Data screening:
--

 

Stocked salmonids deletedStocked salmonids deleted
--

 

Atlantic Salmon, Brook, Brown, Rainbow TroutAtlantic Salmon, Brook, Brown, Rainbow Trout

--

 

Stream sites with Stream sites with ≥≥
 

30 fish individuals30 fish individuals
--

 

348 stream sites (1.16 348 stream sites (1.16 ––
 

347.20 km347.20 km22))

Presenter
Presentation Notes
Now, let’s move to IBI development. We used DEP’s electrofishing data in this project. Data were collected from wadeable streams during summer. We removed stocked salmonids because they are not indicative of environmental quality. After screening, our dataset had about 350 stream sites. 



Quantifying human disturbancesQuantifying human disturbances

Presenter
Presentation Notes
So, our first task was to quantify human disturbances within watersheds, which is the X axis.                                              Established landscape – stream fish relationship. - Brook trout were absent in streams with > 4% impervious land cover in Maryland (Stranko et al. 2008). - Major fish assemblage impairment occurred when impervious cover reached 8-12% in Wisconsin (Wang et al. 2001)







Landscape variablesLandscape variables
1.1.

 

Percent of impervious surfacePercent of impervious surface
2.2.

 

Percent of forested landPercent of forested land
3.3.

 

Road densityRoad density
4.4.

 

Road crossing densityRoad crossing density
5.5.

 

Population densityPopulation density
6.6.

 

Dam densityDam density
7.7.

 

Density of known water quality issuesDensity of known water quality issues
(e.g., discharge permits and leachate reports)(e.g., discharge permits and leachate reports)

Presenter
Presentation Notes
Seven landscape variables were used for this purpose. Upstream drainage areas were delineated using Arc GIS and Arc Hydro. Values for the variables were calculated with the aid of python scripting.



Human disturbances Human disturbances 
at the landscape scaleat the landscape scale

--
 

Result: Only the first PCA axis statistically significant Result: Only the first PCA axis statistically significant 
(Monte Carlo randomization test, (Monte Carlo randomization test, PP = 0.001)= 0.001)



 

Principle Component Analysis (PCA) of the 7 Principle Component Analysis (PCA) of the 7 
landscape variables;landscape variables;

--
 

Purpose: reduce dimensionality of dataPurpose: reduce dimensionality of data

--
 

Scores of the first PCA axis used to classify stream sites Scores of the first PCA axis used to classify stream sites 
into 3 categories of human disturbancesinto 3 categories of human disturbances

1. least1. least--disturbed sitesdisturbed sites
2. moderately2. moderately--disturbed sitesdisturbed sites
3. most3. most--disturbed sitesdisturbed sites

Presenter
Presentation Notes
Not surprisingly, these variables were highly correlated with each other. So, we ran an ordination analysis, PCA, to reduce dimensionality of data. It came out that the first PCA axis was the only statistically significant axis. Conveniently, we used scores of the first axis to classify streams into 3 categories of human disturbances. Least, moderately, and most disturbed sites.
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Selecting IBI metricsSelecting IBI metrics

Presenter
Presentation Notes
Now moving into the other part of the story, selecting fish indicators.



Candidate IBI metricsCandidate IBI metrics



 

# total species# total species


 

# native species# native species


 

# coldwater species# coldwater species


 

# warmwater species# warmwater species


 

# tolerant species# tolerant species


 

# top carnivore species# top carnivore species


 

# fluvial specialist species# fluvial specialist species



 

% native indiv.% native indiv.


 

% coldwater indiv.% coldwater indiv.


 

% warmwater indiv.% warmwater indiv.


 

% intolerant indiv.% intolerant indiv.


 

% general feeder indiv.% general feeder indiv.


 

% fluvial dependent indiv.% fluvial dependent indiv.


 

% brook trout indiv.% brook trout indiv.

40 candidate metrics for coldwater IBI40 candidate metrics for coldwater IBI 
55 candidate metrics for mixedwater IBI55 candidate metrics for mixedwater IBI

Presenter
Presentation Notes
We assembled candidate IBI metrics from the literature. Some were related to taxonomic richness, others were proportional abundance. We quickly had a long list, 40 candidate metrics for CIBI, and 55 for MIBI. We wanted to select a few best indicators for each IBI.

http://images.google.co.jp/imgres?imgurl=http://image.blog.livedoor.jp/yossy1979/imgs/f/e/feeffce6.jpg&imgrefurl=http://blog.livedoor.jp/yossy1979/&usg=__CIaWiH4oOHSqeiR01NJQXXRsvPA=&h=256&w=256&sz=10&hl=ja&start=1&sig2=U9QwAU7gnfoDYkbzVvPmqg&um=1&tbnid=pNy2DLJS20Z6xM:&tbnh=111&tbnw=111&ei=YG6iSZSII8zOkAXX6YzVCw&prev=/images?q=%E3%82%AF%E3%82%A8%E3%82%B9%E3%83%81%E3%83%A7%E3%83%B3%E3%83%9E%E3%83%BC%E3%82%AF&um=1&hl=ja&lr=


Structured approach (Whittier et al 2007)Structured approach (Whittier et al 2007)



 
Coldwater IBIColdwater IBI
--

 
taxonomic richnesstaxonomic richness

--
 

thermalthermal
--

 
trophictrophic

--
 

tolerancetolerance
--

 
stream flowstream flow

--
 

nonnon--nativenative
--

 
indicator speciesindicator species

--
 

brook trout populationbrook trout population



 
Mixedwater IBIMixedwater IBI
--

 
taxonomic richnesstaxonomic richness

--
 

thermalthermal
--

 
trophictrophic

--
 

tolerancetolerance
--

 
stream flowstream flow

--
 

nonnon--nativenative
--

 
indicator speciesindicator species

--
 

compositioncomposition

Grouping metrics by ecological classGrouping metrics by ecological class

Presenter
Presentation Notes
We followed a structured approach of Whittier. This approach groups metrics by ecological class. Each IBI had 8 classes. The major difference between the two IBIs was the presence of brook trout population metrics in CIBI, such as population abundance and age structure.



Structured approach (Whittier et al. 2007)Structured approach (Whittier et al. 2007)



 
Select single best metric from each Select single best metric from each 
ecological classecological class



 
5 sequential steps5 sequential steps

1. Range1. Range
2. Signal2. Signal--toto--noise (withinnoise (within--yearyear--precision)precision)
3. Correlation with stream size3. Correlation with stream size
4. Responsiveness to human disturbances4. Responsiveness to human disturbances
5. Redundancy   5. Redundancy   

Presenter
Presentation Notes
We selected the single best metric from each ecological class, using the 5 objective statistical steps. So, our approach ensures ecological interpretation and statistical rigor.



Step 1: Range testStep 1: Range test



 

Metrics with small ranges have a low discriminatory Metrics with small ranges have a low discriminatory 
power;power;

--
 

Failed if: Failed if: 
(1) > 70% sites were 0.(1) > 70% sites were 0.
(2) taxonomic richness metrics with <= 3 spp.(2) taxonomic richness metrics with <= 3 spp.

--
 

ResultsResults
(1) 3 metrics failed for coldwater IBI(1) 3 metrics failed for coldwater IBI
(2) 4 metrics failed for mixedwater IBI (2) 4 metrics failed for mixedwater IBI 

Presenter
Presentation Notes
The first step is range test. Metrics with small ranges do not have good discriminatory power. Metrics failed if (1) and (2). Several metrics were dropped in each IBI at this step.



Step 2: Signal to Noise ratio testStep 2: Signal to Noise ratio test



 

Good metrics possess repeatability of results;Good metrics possess repeatability of results;
signal: amongsignal: among--stream variabilitystream variability
noise:  temporal variability at the same streamsnoise:  temporal variability at the same streams

--
 

Failed if S:N ratio < 2Failed if S:N ratio < 2

--
 

Results (applied only in mixedwater IBI)Results (applied only in mixedwater IBI)
4 metrics failed for mixedwater IBI4 metrics failed for mixedwater IBI

Presenter
Presentation Notes
Step 2 is signal to noise ratio test. Good metrics are repeatable and consistent. Signal is spatial variability we are after, and noise is temporal variability by visiting the same streams multiple times. Metrics failed if S:N ratio was < 2. Applied only in mixedwater IBI, and 4 metrics failed at this step. 



Step 3: Correlation with stream sizeStep 3: Correlation with stream size


 

Stream size greatly influences fish assemblages;Stream size greatly influences fish assemblages;
--

 
used only leastused only least--disturbed streamsdisturbed streams

--
 

regression between each metric and drainage arearegression between each metric and drainage area
--

 
used regression residuals as corrected metrics used regression residuals as corrected metrics 
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Presentation Notes
The next step was remove the effect of stream size. We know stream size greatly influences fish assemblages. Using least-disturbed streams, we used regression analysis between each metric and drainage area, and used regression residuals as corrected, if necessary. Several metrics failed at this step, most richness metrics. This makes sense since larger streams have more species.



Step 3: Correlation with stream sizeStep 3: Correlation with stream size



 

ResultsResults
(1) 6 metrics corrected in coldwater IBI(1) 6 metrics corrected in coldwater IBI
(2) 10 metrics corrected in mixedwater IBI(2) 10 metrics corrected in mixedwater IBI

(mostly taxonomic richness metrics)(mostly taxonomic richness metrics)

Presenter
Presentation Notes
The next step was remove the effect of stream size. We know stream size greatly influences fish assemblages. Using least-disturbed streams, we used regression analysis between each metric and drainage area, and used regression residuals as corrected, if necessary. Several metrics failed at this step, most richness metrics. This makes sense since larger streams have more species.



Step 4: Responsiveness testStep 4: Responsiveness test



 

Good metrics respond to human disturbances;Good metrics respond to human disturbances;
--

 
ANOVA between leastANOVA between least--

 
and mostand most--disturbed sitesdisturbed sites

--
 

Selected one metric from each ecological class with theSelected one metric from each ecological class with the
highest Fhighest F--scores scores 

Presenter
Presentation Notes
Here is the most important step, responsiveness to human disturbances. Good metrics have to respond to human disturbances. We ran ANOVA and used F-scores to rank metrics. The higher F-scores are, the smaller p-values are.  



5. Redundancy test5. Redundancy test



 

Redundant metrics add little new information;Redundant metrics add little new information;
--

 
calculated correlation matrices of all metricscalculated correlation matrices of all metrics

--
 

two metrics were considered redundant if r > 0.70;two metrics were considered redundant if r > 0.70;
the metric with the higher Fthe metric with the higher F--value retained;value retained;
the other metric replaced with the next bestthe other metric replaced with the next best
metric from its classmetric from its class

Presenter
Presentation Notes
Finally, we want each metric to contribute unique information, so no redundancy. We calculated correlation metrices of all metrics and dropped any redundant metrics.



Result: Mixedwater IBIResult: Mixedwater IBI

MetricsMetrics Ecological classEcological class Increase or Increase or 
decrease with decrease with 
degradation?degradation?

% white sucker indiv.% white sucker indiv. Indicator speciesIndicator species IncreaseIncrease

% Cyprinidae indiv.% Cyprinidae indiv. CompositionComposition DecreaseDecrease

% fluvial specialist indiv., except % fluvial specialist indiv., except 
blacknose dace blacknose dace 

Stream flowStream flow DecreaseDecrease

% non% non--tolerant general feeder indiv.tolerant general feeder indiv. TrophicTrophic DecreaseDecrease

% native warmwater indiv.% native warmwater indiv. ThermalThermal IncreaseIncrease

% intolerant indiv.% intolerant indiv. ToleranceTolerance DecreaseDecrease

# fluvial specialist spp.# fluvial specialist spp. Taxonomic richnessTaxonomic richness DecreaseDecrease

Presenter
Presentation Notes
Here is our Mixedwater IBI looks like. It is composed of 7 metrics, one ecological class related to non-native species did not have any good metrics. Values of metrics either increase or decrease with stream degradation. The overall pattern here is proportional decrease of sensitive and specialized species with degradation. 



Result: Coldwater IBIResult: Coldwater IBI

MetricsMetrics Ecological classEcological class Increase or Increase or 
decrease with decrease with 
degradation?degradation?

# brook trout indiv. per 100m# brook trout indiv. per 100m22 Brook trout populationBrook trout population DecreaseDecrease

% fluvial dependent indiv.% fluvial dependent indiv. Stream flowStream flow IncreaseIncrease

# warmwater species # warmwater species 
(stream size corrected)(stream size corrected)

Taxonomic richnessTaxonomic richness IncreaseIncrease

% warmwater indiv.% warmwater indiv. ThermalThermal IncreaseIncrease

% brook trout indiv.% brook trout indiv. Indicator speciesIndicator species DecreaseDecrease

Presenter
Presentation Notes
CIBI is simpler with 5 metrics. Two metrics are related to brook trout, total abundance and proportional abundance. Brook trout decrease with degradation, replaced by more tolerant warmwater species.



IBI scores across disturbance categoriesIBI scores across disturbance categories

Disturbance category

least mod. most 'least 'mod. 'most

IB
I s

co
re

0

20

40

60

80

100
Coldwater IBI Mixedwater IBI

Presenter
Presentation Notes
Here is a relationship between IBI score and disturbance category. Each metric is scored on a continuous scale from 0 to 100, and total IBI score is an average across all the metrics. An average across metrics was used as a single IBI score. There is some overlap for both IBIs, but scores of the least disturbed sites were significantly higher than scores of the most disturbed sites.



Coldwater IBI and assemblage typesColdwater IBI and assemblage types
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Presenter
Presentation Notes
We can also relate IBI scores to fish assemblage types. CIBI consistently gives high scores to Assemblage A, which is brook trout dominated. CIBI can also discriminate sites within Assemblages B and C. Generalist assemblages, type D, are always scored poorly.  



Mixedwater IBI and assemblage typesMixedwater IBI and assemblage types
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Presentation Notes
Here is the same graph for MIBI. There is no brook trout dominated assemblages for streams > 15km2. MIBI also discriminates streams within assemblages B and C. 



IBI scores and stream sizeIBI scores and stream size
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Application of both IBIs to transitional sitesApplication of both IBIs to transitional sites 
(5 (5 –– 40 km40 km22))
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Finally, we did an exercise to address uncertainty in our analytical method. Here, both IBIs were applied to transitional sites, defined as streams with 5 – 40 km2. We did this exercise since we used a cutoff point of 15 km2 to split dataset into two, one for CIBI and the other for MIBI. However, streams do not change suddenly. This figure shows utilities of using both IBIs. CIBI can pick out brook trout dominated assemblages. MIBI can pick out the best sites among assemblage C, which is diverse fluvial.  



ConclusionsConclusions



 
IBIs in ConnecticutIBIs in Connecticut
--

 
dual IBIs to account for natural variabilitydual IBIs to account for natural variability

--
 

structured approach usefulstructured approach useful
--

 
statestate--wide application: Clean Water Actwide application: Clean Water Act

--
 

transitional streams: which IBI is more appropriate?transitional streams: which IBI is more appropriate?

Presenter
Presentation Notes
We believe use of IBIs is promising in CT. We developed two IBIs to account for upstream-downstream gradient. The structured approach provided an objective and repeatable method of metric selection. IBI application can help federal reporting under Clean Water Act. A major remaining challenge is which IBI is more appropriate at transition streams. We used a 15km cutoff, but streams do not change abruptly and there is a gradient. So we need to know natural potentials at these border line sites. 
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