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Successful IBI Successful IBI 
Development Requires Development Requires 
a Sufficient Regional a Sufficient Regional 
DatabaseDatabase

20022002

20032003
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20062006

20052005/6/6

2008/92008/9 2008/92008/9

St. John/
Allagash

Presumpscot

Aroostook

Three Linked Projects:Three Linked Projects:

1.1.Maine nonMaine non--wadeable rivers wadeable rivers 
assessment (2001assessment (2001--2007)2007)

2.2.Connecticut R. assessment (2008Connecticut R. assessment (2008--
9).9).

3.3.Regional EMAP Regional EMAP –– New England nonNew England non--
wadeable rivers (2008wadeable rivers (2008--9); based 9); based 
on NRSA probabilistic sites draw.on NRSA probabilistic sites draw.



Standardized Data Standardized Data 
Collection SupportsCollection Supports

Biocriteria Biocriteria 
Development Development 
(IBI, etc.)(IBI, etc.)

Fisheries 
Management

Resource 
Management

Basic 
Knowledge of 
Resources

Nongame 
Management

Water Quality 
Management



Kennebec River (2002Kennebec River (2002--6)6)
 Wyman Dam to Merrymeeting Bay (30 Wyman Dam to Merrymeeting Bay (30 

sites, 2 test areas)sites, 2 test areas)
 FollowFollow--up Waterville to Augusta up Waterville to Augusta 

(2002(2002--6)6)

Androscoggin River (2003)Androscoggin River (2003)
 Errol, NH to Merrymeeting Bay (51 Errol, NH to Merrymeeting Bay (51 

sites)sites)

Sebasticook River (2003)Sebasticook River (2003)
 Douglas Pond to Winslow (9 sites)Douglas Pond to Winslow (9 sites)

Penobscot River (2004)Penobscot River (2004)
 N. Br. To Hamden (40 sites); included N. Br. To Hamden (40 sites); included 

W. Br., E. Br., 5 additional W. Br., E. Br., 5 additional 
tributariestributaries

Northern Maine Rivers (2005Northern Maine Rivers (2005--6)6)
 St. John (14 sites), Allagash (8 sites), St. John (14 sites), Allagash (8 sites), 

Aroostook (10 sites), St. Croix (12 Aroostook (10 sites), St. Croix (12 
sites)sites)

Southern Maine Rivers (2006)Southern Maine Rivers (2006)
 Presumpscot R., Saco R. (32 sites)Presumpscot R., Saco R. (32 sites)

46.00

Miscellaneous Maine Rivers (2007)Miscellaneous Maine Rivers (2007)
 Mattawamkeag R., Rapid R., Moose Mattawamkeag R., Rapid R., Moose 

R., Moosehead Outlets, Dead R., E. R., Moosehead Outlets, Dead R., E. 
Br. Penobscot (22 sites)Br. Penobscot (22 sites)

350+ Samples350+ Samples





Checklist of Fish Assemblage Checklist of Fish Assemblage 
Development TasksDevelopment Tasks
 Develop an effective & systematic sampling Develop an effective & systematic sampling 

method (2001method (2001--3)3)
 Develop a sufficient spatial & temporal Develop a sufficient spatial & temporal 

database (2002database (2002--6)6)
 Autecology of extant fauna & metric Autecology of extant fauna & metric 

development (2005development (2005--6)6)
 Classify riverine ecotypes (2006Classify riverine ecotypes (2006--7)7)
 Establish Establish ““reference conditionreference condition”” –– BCG (2007BCG (2007--

8)8)
 Derive and test IBIs with reference and Derive and test IBIs with reference and 

independent test sites (2008)independent test sites (2008)



Sampling MethodsSampling Methods

Standardized Approach:Standardized Approach:
•• Pulsed D.C. boat electrofishing Pulsed D.C. boat electrofishing –– effort indexed to effort indexed to 
distancedistance

•• Electrode array customized for Maine river conditionsElectrode array customized for Maine river conditions
•• Intensive survey design Intensive survey design –– mainstem & nonmainstem & non--wadeable wadeable tribstribs. . 
•• Field water quality and habitat dataField water quality and habitat data
•• July 1 July 1 –– September 30 index periodSeptember 30 index period



Sampling ProcedureSampling ProcedureBoat driverBoat driver

Two netters Two netters 
collect all fish collect all fish 
sightedsighted

Sampling boat moves in a Sampling boat moves in a 
general downstream direction, general downstream direction, 
but is maneuvered within the but is maneuvered within the 
site to produce a thorough site to produce a thorough 
sampling of each sitesampling of each site

1.0 km distance includes1.0 km distance includes
all nearshore habitatsall nearshore habitats
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Electrofishing Unit SettingsElectrofishing Unit Settings

90+% of samples90+% of samples



14 ft. Electrofishing Raft14 ft. Electrofishing Raft

SmithSmith--Root 2.5 GPP UnitRoot 2.5 GPP Unit

Two Person CrewTwo Person Crew

Launching & RetrievingLaunching & Retrieving

Developed in 2005 to Access Developed in 2005 to Access 
Medium Sized and Shallower Medium Sized and Shallower 

RiversRivers







Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Key First Task Key First Task –– Know Current Know Current 
Distribution of Fish Species:  Maine Distribution of Fish Species:  Maine 

Rivers Fish Distribution AtlasRivers Fish Distribution Atlas



Detailed autecology of known and Detailed autecology of known and 
potential species potential species –– 60 recorded thus 60 recorded thus 

far in Mainefar in Maine’’s riverss rivers

Update as new species are added via Update as new species are added via 
New England REMAP projectNew England REMAP project



Warmwater SpeciesWarmwater Species

Smallmouth bass (adult life stage)Smallmouth bass (adult life stage)
(Introduced Naturalized c. 1870)(Introduced Naturalized c. 1870)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Physical barriersPhysical barriers

Elevation Gradient

Elevation Gradient
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This parallels similar observations in This parallels similar observations in 
Maine lakes by T. Whittier and M. Maine lakes by T. Whittier and M. 

GallagherGallagher
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Human Disturbance GradientLOW HIGH

Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers
(10/22 draft)

Evident changes in structure due to loss of some rare native 
taxa; shifts in relative abundance; ecosystem level functions fully 
maintained through redundant attributes of the system.

3

Natural structural, functional, and taxonomic integrity is preserved.1

2
Structure and function similar to natural community with some additional 
taxa & biomass; no or incidental anomalies; sensitive non-native taxa may 
be present; ecosystem level functions are fully maintained

4
Moderate changes in structure due to replacement 
of sensitive ubiquitous taxa by more tolerant taxa; 
overall balanced distribution of all expected taxa; 
ecosystem functions largely maintained.

5Sensitive taxa markedly diminished; 
conspicuously unbalanced distribution of 
major groups from that expected; organism

condition shows signs of physiological 
stress; ecosystem function shows reduced 
complexity and redundancy; increased 
build up or export of unused materials.

Extreme changes in structure; wholesale changes in 
taxonomic composition; extreme alterations from 
normal densities; organism condition is often poor; 

6 anomalies may be frequent; 
ecosystem functions are 
extremely altered.

The Biological Condition Gradient:
A conceptual model for interpreting detrimental change 

in aquatic ecosystems

Susan P. Davies and Susan K. Jackson
(Ecological Applications 16:4, 2006) 



Cold Water Assemblages
The The ““assumed baselineassumed baseline”” for the for the 
Biological Condition Gradient Biological Condition Gradient 

applicable to Maineapplicable to Maine’’s large riverss large rivers

Will this Will this ““holdhold”” for southern NE?for southern NE?



““UniqueUnique”” Character of the Character of the 
Riverine Fish Fauna of MaineRiverine Fish Fauna of Maine
 PostPost--glacial ingress resulted in glacial ingress resulted in ““baselinebaseline”” fauna fauna 
 Maine Rivers Maine Rivers ““constrainedconstrained”” to Gulf of Maine.to Gulf of Maine.
 One brief connection to St. Lawrence & none to One brief connection to St. Lawrence & none to 

Connecticut & western river basins.Connecticut & western river basins.
 Curry (2007):  Late glacial impacts on dispersal Curry (2007):  Late glacial impacts on dispersal 

and colonization of Atlantic Canada and Maine and colonization of Atlantic Canada and Maine 
by freshwater fishes. Quaternary Research by freshwater fishes. Quaternary Research 
67(2): 22567(2): 225--233.233.
 Several Several ““warmwaterwarmwater”” species common to this species common to this 

latitude in other regions are not indigenous latitude in other regions are not indigenous 
(blackbass, pike, muskellunge, crappie).(blackbass, pike, muskellunge, crappie).
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Some native diadromous species are reduced in abundance; shifts 
towards intermediate tolerances and mesotherms; brook trout are 
reduced or replaced by non-native naturalized salmonid species.

Native inland freshwater & diadromous species (Atlantic salmon, alewife, American 
shad, American eel, brook trout, native cyprinids, white & longnose sucker)

Human Disturbance GradientLOW HIGH

Native diadromous species rare or absent; tolerant 
species predominate and may become numerous 
(enrichment); species richness reduced in some cases

Biological Condition Gradient Conceptual Model: Maine Rivers

3

2

1

5

4

6

Some native diadromous species are rare or 
absent; moderately tolerant species predominate; 
brook trout are absent; non-native mesotherms & 
eurytherms present; anomalies present.

Native diadromous species are absent or 
if present by interventions; some native 
cyprinids are absent, replaced by 
tolerant and moderately tolerant species; 

brook trout are absent; non-native 
salmonids are non-reproducing; 
non-native eurytherms usually 
predominate; anomalies present.

(toxic impacts); non-native 
eurytherms predominate; 
anomalies frequent.

Same as tier 1 except:  non-native salmonid species with naturalized 
populations may co-occur with brook trout.



Guidelines for Deriving 
Regionally Relevant “IBI 
Type” Assessment Tools

• Karr et al. (1986) provides guidance   
for metric development, substitution, 
and modification.

Requires detailed knowledge of the 
regional fauna including life history, 
taxonomy, zoogeography, and 
natural history.

•

Requires an extensive database from 
consistent sampling of both 
reference condition and a gradient of 
human disturbance.
Requires extensive testing of 

candidate metrics and aggregate 
indices.

•

•

Process has been refined and “better 
quantified” by Hughes et al. (1998) and 
most recently by Whittier et al. (2007) 

We retained the conceptual approach of 
Karr – making this “too mechanical” have 

unintended consequences 



Candidate IBI MetricsCandidate IBI Metrics

Metric values can be expressed as # species, individuals, biomass, or proportion of sample.



Candidate Metric Selection and Candidate Metric Selection and 
TestingTesting
 148 candidate metrics identified148 candidate metrics identified
 Pared to 40 metrics in step onePared to 40 metrics in step one
 PCA revealed 4 PCA revealed 4 ““clustersclusters””
 ““specialistspecialist”” and cold water metricsand cold water metrics
 ““generalgeneral”” assemblage metricsassemblage metrics
 ““disturbancedisturbance”” indicative metricsindicative metrics
 ““nonnon--distinctdistinct”” clusters, but ecologically clusters, but ecologically 

relevant (e.g., DELT anomalies)relevant (e.g., DELT anomalies)
 Reduced to final 12 metrics for the Interim Reduced to final 12 metrics for the Interim 

IBIIBI



Interim Maine IBI Metrics:
1. Indigenous species richness
2. Native cyprinids (less fallfish)
3. %Adult white/longnose biomass
4. %Blackbass
5. %Fluvial specialist/dependent
6. %Macrohabitat generalists
7. %Benthic insectivores
8. Temperate stenotherms
9. %Native salmonids 
10.Non-guarding lithophils
11.%DELT anomalies
12.Non-indigenous species

“Traditional IBI Metrics:
1. Native species richness
2. Darter Species
3. Sucker Species
4. Sunfish Species
5. %Intolerant species
6. %Tolerant species
7. %Omnivores
8. %Insectivores
9. %Top carnivores
10.%Hybrids
11.%Diseased individuals
12.Number of individuals

““TraditionalTraditional”” IBI vs. Interim Maine IBIIBI vs. Interim Maine IBI



Metric Calibration ProcessMetric Calibration Process
 Followed Mebane et al. (2003) methodology.Followed Mebane et al. (2003) methodology.
 Box plots: reference vs. nonBox plots: reference vs. non--reference sites.reference sites.
 NonNon--ref: four ranges of QHEI + conductivity ref: four ranges of QHEI + conductivity 

>100 >100 S/cmS/cm22..
 Extracted scoring Extracted scoring ““curvescurves”” from cumulative from cumulative 

histograms of each metric.histograms of each metric.
 Used Used ““best fitbest fit”” of linear, polynomial, and of linear, polynomial, and 

logarithmic plots.logarithmic plots.
 Final scoring criteria were adjusted to fit YFinal scoring criteria were adjusted to fit Y11

and Yand Y22 insertions (and to preclude insertions (and to preclude ““ecological ecological 
nonsensenonsense””).).



““PositivePositive””
metricmetric

““NegativeNegative””
metricmetric

Native CyprinidaeNative Cyprinidae BlackbassBlackbass



Scoring Adjustments Metric  Scoring Equation 
Score = 0  Score = 10

Native Species Richness  10 * (‐0.2462 + (0.0828*numspec2)))  <3 sp.  >15 sp. 

Native Cyprinid Species (excluding 
fallfish) 

(10 * (0.4457 + (0.0109*allcyp_ff) ‐ (0.00005629 * 
(allcyp_ff 2))))  Eq1  Eq 

Adult white & longnose sucker 
biomass 

(10 * (0.3667 + (0.008*ws_lns_pb) ‐ (0.000023592 * 
(ws_lns_pb2))))  0 

>128 
kg/km 

%Native Salmonids  (10 * (0.9537 + (0.00000000039*nat_salm) ‐ 
(0.000078892 * (nat_salm2))))  0  >20% 

%Benthic Insectivores  10 * (0.010966*benth_pc_n)  0  >91.2% 

%Blackbass  10 ‐ (10 * (‐0.09684 + (0.5638*log10(blackbass))))  Eq  0 

%Fluvial Specialist/Dependent  (10 * (0.2775 + (0.0073*fluv_pc_n)))  0%  Eq 

%Macrohabitat Generalists  10 ‐ (10 * (0.1017 + (0.0096*macro_gen)))  >90%  Eq 

Temperate Stenothermic Species  (10 * (0.7154 + (0.4047*(log10(steno)))))  0 sp.  >5 sp. 

Non‐guarding Lithophilic Species  (10 * (0.2979 + (0.8975*log10(lith_ng))))  <1  >10 

Non‐indigenous Species  10 ‐ (10 * (0.1063 + (0.3271*Non‐indigenous_sp) ‐  
(0.029*(Non‐indigenous_sp2))))  >5  0 

%DELT Anomalies  10 ‐ (10 * (0.8965 + (0.1074*log10(delta))))  Eq  0 

                                                 
1 No scoring adjustments are necessary; scoring determined by equation (Eq) across entire metric scoring range of 0‐10. 

Interim Maine Rivers IBI Metrics & ScoringInterim Maine Rivers IBI Metrics & Scoring
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Current Improvements to the Current Improvements to the 
Interim Maine Rivers IBIInterim Maine Rivers IBI
 Diadromous species are not included except Diadromous species are not included except 

indirectly via other metricsindirectly via other metrics
 IBI scores do not seem to fit BCG IBI scores do not seem to fit BCG 

expectationsexpectations
 Developed a set of diadromous metrics that Developed a set of diadromous metrics that 

include:  #diadromous species; log rel. no. include:  #diadromous species; log rel. no. 
American eel; log rel. no. Clupeidae; log rel. no. American eel; log rel. no. Clupeidae; log rel. no. 
Diadromous fish.Diadromous fish.

 Additive to Additive to ““corecore”” IBI IBI –– does not does not ““penalizepenalize””
rivers that do not have diadromous fish.rivers that do not have diadromous fish.
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Our Thanks to the Project CooperatorsOur Thanks to the Project Cooperators

 U.S. EPA, Region I U.S. EPA, Region I –– project sponsor!project sponsor!
 Maine DEP Maine DEP –– in kind supportin kind support
 Maine IF&W Maine IF&W –– technical supporttechnical support
 Maine DMR Maine DMR –– technical supporttechnical support
 Maine DOC Maine DOC –– North Woods housingNorth Woods housing
 Allagash Wilderness Waterway Allagash Wilderness Waterway –– permit to samplepermit to sample
 US F&WSUS F&WS
 Penobscot Indian Nation Penobscot Indian Nation –– permits, tech. asst.permits, tech. asst.
 Casco Bay Estuary Partnership Casco Bay Estuary Partnership -- fundingfunding
 Harvard MCZ Harvard MCZ –– fish vouchersfish vouchers
 Maine North Woods Maine North Woods -- accessaccess
 Private Land Owners Private Land Owners -- accessaccess
 And many, many others!And many, many others!


