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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





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

20022002

20032003

2004/52004/5

20062006

20052005/6/6

2008/92008/9 2008/92008/9

St. John/
Allagash

Presumpscot

Aroostook



Why Knowledge of the Fish Why Knowledge of the Fish 
Assemblage is ImportantAssemblage is Important

• Limited Knowledge of Extant Fauna Limited Knowledge of Extant Fauna ––
 

limited limited 
mostly to managed species (especially trout mostly to managed species (especially trout 
and salmon); need to document relative and salmon); need to document relative 
abundance of coabundance of co--occurring native and alien occurring native and alien 
species and their respective influence.species and their respective influence.

Current Issues:Current Issues:

• Naturally Depauperate Fauna Naturally Depauperate Fauna ––
 

cold water, cold water, 
coastal drainages coastal drainages ––

 
““how will these respond?how will these respond?””

• Assess Potential Conflicts with High Profile Assess Potential Conflicts with High Profile 
Restoration Goals Restoration Goals ––

 
do nondo non--native species pose native species pose 

an unintentional deterrent?an unintentional deterrent?



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 guided by a QAPP

•
 

Standardized sampling to 
yield comparable data

•
 

All representative habitat 
types within each site

••
 

GeoGeo--referenced sample site referenced sample site 
location and sample tracklocation and sample track

•
 

Fish are identified to 
species, enumerated, and 
weighed

•
 

DELT anomalies recorded



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
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Habitat GradientHabitat Gradient

Natural Natural 
TidalTidal

AnthropogenicAnthropogenic

Natural RiverineNatural Riverine



IBI Project StatusIBI Project Status
Development of standardized field methods:

•
 

Single-gear approach –
 

16’
 

boat & 14’
 

raft
•

 
Yields relative abundance data -

 
#s, biomass

•
 

Logistics and remote access procedures
•

 
Gradient of large river habitat “types”

Data Analysis (2007-8):
•

 
Distribution & abundance of key species

•
 

Analysis of core stressors –
 

habitat, T (C)
•

 
Autecology of each species –

 
pre-IBI

•
 

Multivariate analysis –
 

expose gradients
•

 
“Interim”

 
IBI derivation –

 
metrics & scoring



Data Manipulation Hierarchy of Field Data Manipulation Hierarchy of Field 
Collected Biological Samples Collected Biological Samples 

Rating

Interpretive 
Criteria

Aggregated “Index” 
Bioassessment Score

METRICS
Raw DataWe startedWe started

herehere

Where We Where We 
Want to beWant to be

We are finally  We are finally  
herehere

We wereWe were
herehere



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



Cold Water Species:Cold Water Species:
Salmon and TroutSalmon and Trout

Landlocked salmonLandlocked salmon
(Intracontinental Introduced)(Intracontinental Introduced)

Rainbow troutRainbow trout
(Intercontinental Introduced)(Intercontinental Introduced)

Brook troutBrook trout
(Indigenous Native)(Indigenous Native)

Brown troutBrown trout
(Intercontinental Introduced)(Intercontinental Introduced)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Cold Water Species:Cold Water Species:
NonNon--SalmonidsSalmonids

(Indigenous Natives)(Indigenous Natives)

Slimy sculpinSlimy sculpin

Lake chubLake chub BurbotBurbot

Common white suckerCommon white sucker
(adult life stage)(adult life stage)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



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

Thermal?Thermal?

Elevation Gradient

Elevation Gradient



Definitions of NonDefinitions of Non--indigenous Species indigenous Species 
Based on Origins (after Halliwell 2005)Based on Origins (after Halliwell 2005)


 

Intercontinental origin Intercontinental origin ––
 

usually referred usually referred 
to as to as ““alienalien””

 
speciesspecies


 

Intracontinental origin Intracontinental origin ––
 

species can species can 
become naturalized (e.g., smallmouth become naturalized (e.g., smallmouth 
bass, rainbow trout)bass, rainbow trout)


 

Intraregional origin Intraregional origin ––
 

usually interstate or usually interstate or 
nearby New England transplantsnearby New England transplants


 

Managed introduced Managed introduced ––
 

deliberate stocking deliberate stocking 
for recreational purposesfor recreational purposes



Assessing the Impact of Assessing the Impact of 
Alien Species Alien Species 

• Refined Designations of NonRefined Designations of Non--native Species native Species ––
 effects of each are not equal and some have effects of each are not equal and some have 

become a permanent part of the resource.become a permanent part of the resource.

Current Issues:Current Issues:

• Improved Understanding of Impacts Improved Understanding of Impacts ––
 

impacts impacts 
are different to cold and warmwater faunas; are different to cold and warmwater faunas; 
influence can be misinterpreted, especially with influence can be misinterpreted, especially with 
increases in overall species richness.increases in overall species richness.
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Maine lakes by T. Whittier and M. Maine lakes by T. Whittier and M. 

GallagherGallagher



Checklist of Fish Assemblage/IBI Checklist of Fish Assemblage/IBI 
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)


 
DeriveDerive

 
and test IBIs with reference and and test IBIs with reference and 

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

Tiered Aquatic Life Use 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.



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



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””


 

““specialist and cold water metricsspecialist and 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.

 

Temperature 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 DescriptionsMetric Descriptions


 
Native Species Native Species ––

 
excludes nonexcludes non--indigenous sp.indigenous sp.


 

%Native Cyprinidae %Native Cyprinidae ––
 

excludes fallfishexcludes fallfish


 
White/longnose sucker biomass White/longnose sucker biomass ––

 
adults onlyadults only


 

%Native Salmonids %Native Salmonids ––
 

excludes introductionsexcludes introductions


 
%Benthic insectivores %Benthic insectivores ––

 
Goldstein & Simon (1999)Goldstein & Simon (1999)


 

%Blackbass %Blackbass ––
 

cast as a cast as a ““negativenegative””
 

metricmetric


 
%Fluvial Spec./Dependent %Fluvial Spec./Dependent ––

 
Bain & Meixler (2008)Bain & Meixler (2008)


 

%Macrohabitat Generalist %Macrohabitat Generalist ––
 

Bain & Meixler (2008)Bain & Meixler (2008)


 
%Stenotherms %Stenotherms ––

 
Hokanson (1977); Halliwell (1999)Hokanson (1977); Halliwell (1999)


 

NonNon--guarding Lithophils guarding Lithophils ––
 

Hughes et al. (1998)Hughes et al. (1998)


 
NonNon--indigenous Species indigenous Species ––

 
after Halliwell (2005)after Halliwell (2005)


 

%DELT %DELT ––
 

deformities, erosions, lesions, tumorsdeformities, erosions, lesions, tumors



““PositivePositive””
 metricmetric

““NegativeNegative””
 metricmetric

Native CyprinidaeNative Cyprinidae BlackbassBlackbass



Metric Calibration ProcessMetric Calibration Process


 
Followed Mebane et al. (2003) methodologyFollowed Mebane et al. (2003) methodology


 

Box plots: reference vs. nonBox plots: reference vs. non--reference sitesreference 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 metrichistograms of each metric


 

Used Used ““best fitbest fit””
 

of linear, polynomial, and of linear, polynomial, and 
logarithmic plotslogarithmic 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””))



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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MIwb is a diversity & abundance MIwb is a diversity & abundance 
based index that does not based index that does not 

recognize species roles or originsrecognize species roles or origins



Maine IBI Development: Are We Maine IBI Development: Are We 
There Yet?There Yet?


 
Not quite Not quite ––

 
whatwhat’’s left?s left?


 

More complete testing of borderline metricsMore complete testing of borderline metrics


 
Deal with diadromous issue Deal with diadromous issue ––

 
““bonus pointsbonus points””??


 

More analysis of spatial dataMore analysis of spatial data––
 

clarify the clarify the 
““elevation gradientelevation gradient””


 

More detailed analysis of stressor gradients More detailed analysis of stressor gradients 
––

 
hydromodification in particularhydromodification in particular


 

Localized areas of impact Localized areas of impact ––
 

need to perform need to perform 
more complete stressor diagnosismore complete stressor diagnosis


 

Identify potential policy implications?Identify potential policy implications?



Our Thanks to the Project CooperatorsOur Thanks to the Project Cooperators


 

U.S. EPA, Region I U.S. EPA, Region I ––
 

project sponsorproject sponsor


 
Maine DEPMaine DEP


 

Maine IF&WMaine IF&W


 
Maine DMRMaine DMR


 

Maine DOCMaine DOC


 
Allagash Wilderness WaterwayAllagash Wilderness Waterway


 

US F&WSUS F&WS


 
Penobscot Indian NationPenobscot Indian Nation


 

Casco Bay Estuary PartnershipCasco Bay Estuary Partnership


 
Harvard MCZHarvard MCZ


 

Maine North WoodsMaine North Woods


 
Private Land OwnersPrivate Land Owners


 

And many, many others!And many, many others!
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