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Successful IBI Successful IBI 
Development Requires Development Requires 
a Sufficient Regional a Sufficient Regional 
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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 
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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?

We used to say this just about We used to say this just about 
Maine, but it applies to the rest Maine, but it applies to the rest 

of New England.of New England.



REMAP Target Population:  NonREMAP Target Population:  Non--
Wadeable Rivers, i.e., where a Wadeable Rivers, i.e., where a 

boat or raft platform is needed to boat or raft platform is needed to 
effectivelyeffectively sample the fish sample the fish 

assemblageassemblage



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

Developed and tested in Maine Developed and tested in Maine 
20022002--77



• 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



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









Which now brings us to the 2008Which now brings us to the 2008--
9 New England Riverine Fish 9 New England Riverine Fish 

Assemblage Assessment Project or Assemblage Assessment Project or 
the the ““R1REMAP ProjectR1REMAP Project””



• NRSA base + equal 
number of overdraw = 
REMAP sample

• Summer-fall index 
period

• Standardized pulsed D.C. 
electrofishing & qual. 
habitat (QHEI)

• Targeted pollution 
survey design for major 
mainstem rivers

•• GeoGeo--referenced sample referenced sample 
site location and sample site location and sample 
tracktrack

• Maine Rivers database 
2002-7 supplemental 
analysis







Logistics: Getting the Logistics: Getting the RightRight
Equipment to a SiteEquipment to a Site



Major Stressors: Major Stressors: 
Hydromodification & UrbanHydromodification & Urban

Large Chemical Sources Large Chemical Sources -- Reduced Reduced 
& Better Controlled, But Still & Better Controlled, But Still 

PresentPresent



Biological Stressors: Invasive SpeciesBiological Stressors: Invasive Species

Common carpCommon carp
(Introduced Alien)(Introduced Alien)



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



Introduced species can have other Introduced species can have other 
““valuesvalues””



Some natives are stocked, Some natives are stocked, 
especially in southern NEespecially in southern NE



• Initial data analysis –
CFDs & mapped data

• Database in Maine ECOS
• Used ME IBI as initial 

screen for condition
• Mapped results using 

color codes for BCG tier
• QHEI & limited chem. 

parameters
• IBI metrics & other 

assemblage attributes 
for exploratory analyses

• Initial focus on REMAP 
probability dataset

•• Compare with targeted Compare with targeted 
database both New database both New 
England & MaineEngland & Maine
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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

Developmental details will be given in Developmental details will be given in 
the Maine presentationthe Maine presentation
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• No tier I or II sites in 
REMAP results

• North to south 
“gradient” but not 
invariable

• Mostly tier IV, V, and 
VI in southern New 
England

• Connecticut & other 
mainstem rivers mostly 
tier IV, V, & VI

• Maine data 2002-7 
needed to see tier II & 
III; no tier I

• Addition of diadromous 
modifier may change 
some sites in coastal 
rivers
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• Habitat quality via 
QHEI modified for 
large rivers

• North to south 
“gradient” also evident, 
but high quality 
present at spots in 
southern New England

• Modification mostly by 
impoundment

• Again, more dense 
targeted design reveals 
more detail

• QHEI attributes 
relationship with fish 
assemblage leads to 
diagnostic tool
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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) 
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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.

IBI developed for Maine Rivers was IBI developed for Maine Rivers was 
used to perform initial assessment of used to perform initial assessment of 

other New England Riversother New England Rivers

Probably okay for northern New Probably okay for northern New 
England England –– how far south can it apply?how far south can it apply?

We need a We need a ““betterbetter”” BCG for lower BCG for lower 
New England rivers.New England rivers.



REMAP Project Data AnalysisREMAP Project Data Analysis

 More baseline analysis of fish assemblageMore baseline analysis of fish assemblage
 More BCG More BCG –– ideally a focused workshop*ideally a focused workshop*
 Deal w/diadromous sp. Deal w/diadromous sp. –– DIBI is promisingDIBI is promising
 Analysis of spatial dataAnalysis of spatial data–– clarify natural & clarify natural & 

stressor gradients*stressor gradients*
 More detailed analysis of stressor gradients More detailed analysis of stressor gradients 

–– hydromodification & land use in particular*hydromodification & land use 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 implicationsIdentify potential policy implications
* * -- we could use some help from EPA!we could use some help from EPA!



Provide States & EPA tools to Provide States & EPA tools to 
““bringbring”” biological assessment to biological assessment to 

water quality managementwater quality management


