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Maine Rivers Fish Assemblage AssessmentMaine Rivers Fish Assemblage Assessment
•• Initiated in 2002 Initiated in 2002 –– initial sampling in initial sampling in 

Kennebec R.; Androscoggin R. & Kennebec R.; Androscoggin R. & 
Sebasticook R. in 2003; Penobscot R. Sebasticook R. in 2003; Penobscot R. 
in 2004in 2004

•• The study scope includes:The study scope includes:
••Cold water assemblagesCold water assemblages
••Warm water assemblagesWarm water assemblages
••Freshwater tidal assemblagesFreshwater tidal assemblages

•• Boat electrofishing; development of Boat electrofishing; development of 
standard methods in 2002 and 2003standard methods in 2002 and 2003

•• IBI IBI -- collect fish assemblage data for collect fish assemblage data for 
metric & index developmentmetric & index development

•• Test of EPA Biological Condition Test of EPA Biological Condition 
Gradient; application to flow altered Gradient; application to flow altered 
rivers and depauperate fish faunasrivers and depauperate fish faunas

•• Document presence of alien speciesDocument presence of alien species



Successful IBI Successful IBI 
Development Requires Development Requires 
a Sufficient Regional a Sufficient Regional 
DatabaseDatabase
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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 (2002up Waterville to Augusta (2002--6)6)

Androscoggin River (2003)Androscoggin River (2003)
Errol, NH to Merrymeeting Bay (51 sites)Errol, NH to Merrymeeting Bay (51 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 W. N. Br. To Hamden (40 sites); included W. 
Br., E. Br., 5 additional tributariesBr., E. Br., 5 additional tributaries

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 sites)Aroostook (10 sites), St. Croix (12 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 R., Mattawamkeag R., Rapid R., Moose R., 
Moosehead Outlets, Dead R., E. Br. Moosehead Outlets, Dead R., E. Br. 
Penobscot (22 sites)Penobscot (22 sites)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

20022002--7 Sampling Sites7 Sampling Sites

300+ Sites Sampled300+ Sites Sampled





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 and mostly to managed species (especially trout and 
salmon); need to document relative abundance salmon); need to document relative abundance 
of coof co--occurring native and alien species and their occurring native and alien species and their 
respective influence.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 distanceeffort indexed to distance
•• 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 July –– September index periodSeptember 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



Access & LogisticsAccess & Logistics

After launching and sampling the boat is After launching and sampling the boat is 
retrieved or navigates downstream to the next retrieved or navigates downstream to the next 
sampling site and/or access point.sampling site and/or access point.



Sampling ProcedureSampling Procedure

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

Two netters collect Two netters collect 
all fish sightedall fish sighted

Boat driverBoat driver

1.0 km distance includes1.0 km distance includes
all nearshore habitatsall nearshore habitats



Table 1. Key characteristics of a boat electrofishing protocol applicable to Maine and New England large river habitats. 
____________________________________________________________________________________________________________________ 
 
 Riverine Riverine Riverine Riverine 
 Wadeablea High Gradient Mod. Gradient Low Gradient Impounded Impounded Tidal 
Category/Attribute (Low-Mod. Cond.b) (Low Cond.) (Low Cond.) (Mod. Cond.) (Mod. Cond.) (Mod. Cond.) (High Cond.) 
____________________________________________________________________________________________________________________ 
 
  1.  Drainage Area <500 mi2 <500 mi2 >500-1000 mi2 >1000 mi2 NA NA NA 
 
  2.  Platform Georatorc 14’ raftd or 16’ johnboat 16’ johnboat 16’ johnboat 16’ johnboat 16’ johnboat 
 (bank set/towboat) 12’ johnboat or 16’ rafte 
 
  3.  Crew Size 3 persons 2 persons 3 persons 3 persons 3 persons 3 persons 3 persons 
 (2 netters) (1 netter) (2 netters) (2 netters) (2 netters) (2 netters) (2 netters) 
 
  4.  Electrofishing Unit GPP 2.5, 5.0e or GPP 2.5, 5.0 or GPP 5.0 or GPP 5.0 or GPP 5.0 or GPP 5.0 or GPP 5.0 or 
 equivalent equivalent equivalent equivalent equivalent equivalent 
 
  5.  Power Source 2500-5000 Watt 5000 Watt 5000 Watt 5000 Watt 5000 Watt 5000 Watt 5000 Watt 
 Alternator Alternator Alternator Alternator Alternator Alternator Alternator 
 
  6.  Unit Settingsf High High High Low or High High Low or High Low  
 120 Hz 120 Hz 120 Hz 120 Hz 120 Hz 120 Hz 120 Hz 
  2-4 Amperes 2-4 Amperes 4-8 Amperes 2-4 Amperes 4-8 Amperes >8-15 Amperes 
(% of Low or High Range) NA (100%) (100%) (60-100%) (100%) (60-100%) (50-80%) 
 
  7.  Anodesg Net Ring 2 gangs 3 gangs 3 gangs 3 gangs 3 gangs 2 gangs 
 
  8.  Cathodes rat tail 6’ 8’ 8’ 8’ 8’ 8’ 
____________________________________________________________________________________________________________________ 
a Wadeable defined as sites where a raft or boat mounted apparatus cannot be used due to shallowness of depth – accessibility is not a criterion. 
b Typical relative conductivity ranges:  Low (15-40 µs/m2); Moderate (40 – 200 µs/m2); High (>200 µs/m2). 
c Employs a primary net ring as the anode that is operated by the primary netter backed by an assist netter - the unit is either bank set or towed on a small skiff 

(towboat). 
d This platform was extensively tested in 2005. 
e This platform has not been tested in Maine, but it has worked well elsewhere and in similar conditions. 
f This does not constitute an endorsement of a particular brand or product name and is for methodological identification only. 
g Unit settings are selected to produce the highest voltage and amperage output; these are what typically worked in each conductivity range and habitat type. 
h Anodes consist of gangs or multiple strands of wire as described under Equipment Specifications. 
 



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 RiversMedium Sized and Shallower Rivers





Project StatusProject 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



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 areWe are
herehere



Relative Abundance DataRelative Abundance Data



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

CoCo--occurs occurs 
with Latitude with Latitude 

GradientGradient



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



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77



Widely Distributed Species:Widely Distributed Species:
CyprinidaeCyprinidae

FallfishFallfish
(Indigenous Native)(Indigenous Native)

Common shinerCommon shiner
(Indigenous Native)(Indigenous Native)

Creek chubCreek chub

FallfishFallfish

Common shinerCommon shiner
(All Indigenous Native)(All Indigenous Native)

Golden shinerGolden shiner
(Indigenous Native)(Indigenous Native)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Warmwater SpeciesWarmwater Species

Redbreast sunfishRedbreast sunfish
(Indigenous Native)(Indigenous Native)

Pumpkinseed sunfishPumpkinseed sunfish
(Indigenous Native)(Indigenous Native)

Yellow perchYellow perch
(Indigenous Native)(Indigenous Native)

Black crappieBlack crappie
(Introduced)(Introduced)



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77



American eel (Native Diadromous)American eel (Native Diadromous)

Native SpeciesNative Species



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



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



Maine Rivers Fish Maine Rivers Fish 
Assemblage Assemblage 

Assessment: 2002Assessment: 2002--77

Elevation Gradient

Elevation Gradient



Definitions of Introduced Species Definitions of Introduced Species 
Based on Origins (after Halliwell 2005)Based on Origins (after Halliwell 2005)

Intercontinental origin Intercontinental origin –– usually referred usually referred 
to as “alien” speciesto as “alien” species
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 Alien Assessing the Impact of Alien 
Species 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 Rivers 2007 Faunal StatusMaine Rivers 2007 Faunal Status
Native FreshwaterNative Freshwater
•• Brook trout Brook trout ((Al,ArAl,Ar))

•• Round whitefish Round whitefish (Al)(Al)

•• White sucker White sucker (ALL)(ALL)

•• Longnose suckerLongnose sucker ((Al,Ar,SJAl,Ar,SJ))

•• Creek Creek chubsuckerchubsucker (Sa)(Sa)

•• Fallfish Fallfish (ALL)(ALL)

•• Common shiner Common shiner (ALL)(ALL)

•• Blacknose shiner Blacknose shiner (Al)(Al)

•• Lake chubLake chub (Al, (Al, ArAr, SJ), SJ)

•• Blacknose dace Blacknose dace (Al, (Al, ArAr, SJ), SJ)

•• Longnose daceLongnose dace
•• N. Redbelly daceN. Redbelly dace (Al)(Al)

•• Pearl dacePearl dace
•• Finescale dace Finescale dace (Al)(Al)

•• Golden shinerGolden shiner (Al, SC)(Al, SC)

•• Fathead minnowFathead minnow (Al)(Al)

•• BurbotBurbot (ALL)(ALL)

•• Banded killifishBanded killifish ((ArAr))

•• Brown bullheadBrown bullhead (ALL)(ALL)

•• Redbreast sunfishRedbreast sunfish ((ArAr))

•• PumpkinseedPumpkinseed ((Al,SC,SJAl,SC,SJ))

•• Yellow perchYellow perch ((Ar,SC,SJAr,SC,SJ))

•• Slimy sculpinSlimy sculpin ((Al,Ar,SJAl,Ar,SJ))

•• Brook sticklebackBrook stickleback ((ArAr))

Native TidalNative Tidal
•• MummichogMummichog
• • 33--spine sticklebackspine stickleback ((Al,ArAl,Ar))

•• 44--spine sticklebackspine stickleback
•• 99--spine sticklebackspine stickleback ((ArAr))

•• Northern silversideNorthern silverside
•• Atlantic tomcodAtlantic tomcod (Ps)(Ps)

AnadromousAnadromous
•• Sea lampreySea lamprey
•• Atlantic sturgeonAtlantic sturgeon ((KeKe))

•• Shortnose sturgeonShortnose sturgeon (Ps)(Ps)

•• Shortnose sturgeon*Shortnose sturgeon*
•• AlewifeAlewife (SC)(SC)

•• Blueback herringBlueback herring
•• American  shadAmerican  shad
•• Atlantic salmonAtlantic salmon
•• White perchWhite perch (SC)(SC)

•• Striped bassStriped bass (SC)(SC)

•• Rainbow smelt Rainbow smelt (SC)(SC)

CatadromousCatadromous
•• American eelAmerican eel

* * -- prev. recorded, not collected; ** prev. recorded, not collected; ** -- new species collected in 2006new species collected in 2006

Salmonids Salmonids 
(Managed, Non(Managed, Non--indigenous)indigenous)
•• Landlocked salmonLandlocked salmon (SJ,SC)(SJ,SC)

•• Brown troutBrown trout
•• Rainbow troutRainbow trout

NonNon--nativenative FreshwaterFreshwater

““Alien InvasiveAlien Invasive””

•• Central mudminnow Central mudminnow (SJ)(SJ)

•• Chain pickerelChain pickerel (SC)(SC)

•• Spottail shinerSpottail shiner
•• Smallmouth bassSmallmouth bass (SC,SJ)(SC,SJ)

•• Largemouth bassLargemouth bass
•• Rock bass (NH only)Rock bass (NH only)
•• White catfishWhite catfish
•• Black crappieBlack crappie
•• BluegillBluegill ((Sa,PsSa,Ps))

•• Gizzard shadGizzard shad
•• MuskellungeMuskellunge (Al, SJ)(Al, SJ)

•• Northern  pikeNorthern  pike
•• Common carpCommon carp
•• Rudd*Rudd*

““NonNon--indigenousindigenous””



Ascertaining the status of native Ascertaining the status of native 
riverine fish assemblages is a riverine fish assemblages is a 

major goal of this projectmajor goal of this project



A shrinking refuge?A shrinking refuge?



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.

•

•



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 database Develop a sufficient spatial & temporal database 
(2002(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 “reference condition” Establish “reference condition” –– BCG (2007BCG (2007--8)8)
Derive and test Derive and test IBIsIBIs with reference and with reference and 
independent test sites (2008)independent test sites (2008)
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Interpretation of Gradients:  Using Interpretation of Gradients:  Using 
Inference to Define DriversInference to Define Drivers

Latitudinal Latitudinal –– suggests regional thermal suggests regional thermal 
influencesinfluences
Elevational Elevational –– suggests regional thermal suggests regional thermal 
and gradient influencesand gradient influences
Gradient (m/km) Gradient (m/km) –– reach scale influence reach scale influence 
on macrohabitaton macrohabitat
Smallmouth bass Smallmouth bass –– abundance influences abundance influences 
key sentinel and indigenous small specieskey sentinel and indigenous small species
How to handle coHow to handle co--occurrences?occurrences?



Candidate IBI MetricsCandidate IBI Metrics

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



Next StepsNext Steps

Baseline data collection:
• Gaps in spatial coverage filled in 2006-7
• Continue lower Kennebec – Waterville to tidal
• Penobscot River – follow dam removals (2008)
• Regional scope – Other New England rivers

Exploratory Data Analysis (2008):
• Multivariate analyses – explore gradients
• IBI metric development and testing - BCG
• Test IBI for responsiveness along BCG
• Final report due November 30, 2008
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