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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.
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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 & Tested in MaineDeveloped & Tested in Maine



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



•• 84 sites 84 sites –– ““intensive intensive 
pollution surveypollution survey”” design design 
w/18 NRSA& REMAP w/18 NRSA& REMAP 
overlap + 15 reoverlap + 15 re--samplessamples

• Summer-fall index 
period (July 1 – Sept. 
30)

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

•• August 27August 27--Oct. 15, Oct. 15, 
2008 (high flows early)2008 (high flows early)

• August 15-September2, 
2009

• Extended dst. into tidal 
reach I 2009

• Part of overall REMAP 
project

Connecticut River: 2008-9



Sampling Sampling ““windowwindow””
(July 1 (July 1 –– Sept. 30 index)Sept. 30 index)









Study AreaStudy Area
Zone 1Zone 1:: MurphyMurphy--Wyoming Wyoming 
DamDam

Zone 2Zone 2: Wyoming : Wyoming Dam Dam ––
McIndoe DamMcIndoe Dam

Zone 3Zone 3: McIndoe: McIndoe--Wilder DamWilder Dam

Zone 4Zone 4: Wilder: Wilder--West R.West R.

Zone 5Zone 5: West R.: West R.--Turners Turners 
Falls ImpoundmentFalls Impoundment

Zone 6Zone 6: Turners Falls: Turners Falls--
Holyoke ImpoundmentHolyoke Impoundment

Zone 7Zone 7: Holyoke Dam: Holyoke Dam--
Hartford (head of tide)Hartford (head of tide)

Zone 8Zone 8: Tidal segment: Tidal segment

11
22

33

44
55

66

77
88



Zone 1Zone 1
 21 species21 species
 Pre dominated (biomass) by Pre dominated (biomass) by 

stenothermic species stenothermic species 
including;including;

 Atlantic salmonAtlantic salmon
 Brook troutBrook trout
 Brown troutBrown trout
 Slimy sculpinSlimy sculpin
 BurbotBurbot
 Rainbow troutRainbow trout

Murphy Dam Murphy Dam –– Wyoming DamWyoming Dam



Top Five Most Abundant Species Zone 1
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Zone 2Zone 2

 25 species25 species
 Transition zoneTransition zone
 Reduction in Reduction in 

stenothermic stenothermic 
species (CPUE)species (CPUE)

 Increase in Increase in 
mesothermic and mesothermic and 
eurythermic sp.eurythermic sp.

 Impounded habitat Impounded habitat 
effectseffects

Wyoming Dam Wyoming Dam –– McIndoe DamMcIndoe Dam



Zone 2Zone 2

Top Five Most Abundant Species Zone 2

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

C
PU

E

Yellow Perch

Pumpkinseed Sunfish

White Sucker
Fallfish

Rock Bass



Zone 3Zone 3
 21 species21 species

 Predominated by Predominated by 
mesothermic & mesothermic & 
eurythermic sp.eurythermic sp.

 Stenothermic species Stenothermic species 
are absentare absent

 First appearance of First appearance of 
diadromous species diadromous species 
(sea lamprey)(sea lamprey)

McIndoe DamMcIndoe Dam--Wilder DamWilder Dam



Zone 3Zone 3
Top Five Most Abundant Species Zone 3
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Zone 4Zone 4

 27 species27 species
 Assemblage Assemblage 

predominated by predominated by 
Centrarchids Centrarchids 

 American shad (American shad (yy--oo--yy))

Wilder DamWilder Dam-- West RiverWest River



Top Five Most Abundant Species Zone 4
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Zone 5Zone 5

 19 species19 species
 Increase in diadromous Increase in diadromous 

species:species:
American eelAmerican eel
American shadAmerican shad
Sea lamprey Sea lamprey 

West RiverWest River–– Turners Falls Turners Falls 
ImpoundmentImpoundment



Zone 5Zone 5
Top Five Most Abundant Species Zone 5
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Zone 6Zone 6

 23 species23 species
 Increase in generalists:Increase in generalists:
FallfishFallfish
Smallmouth bassSmallmouth bass
Spottail shinerSpottail shiner
BluegillBluegill
Yellow perchYellow perch

Turners Falls Dam to Holyoke Turners Falls Dam to Holyoke 
ImpoundmentImpoundment



Zone 7Zone 7

 29 species29 species
 Increase in diadromous Increase in diadromous 

species:species:
American eelAmerican eel
FallfishFallfish
Spottail shinerSpottail shiner
Smallmouth bassSmallmouth bass
American shad (American shad (yoyyoy))

Holyoke Dam Holyoke Dam –– Hartford Hartford 
(head of tide)(head of tide)



Zone 8Zone 8

 29 species29 species
 Increased presence of Increased presence of 

tidal species:tidal species:
Spottail shinerSpottail shiner
American shad (American shad (yoyyoy))
American eelAmerican eel
White perchWhite perch
White suckerWhite sucker

Tidal Influenced SegmentTidal Influenced Segment



PatternsPatterns

 Brook trout absent & other Brook trout absent & other 
stenothermic species severely stenothermic species severely 
reduced in zones 3reduced in zones 3--8.8.

 CPUE reductions (%) in Zone 2CPUE reductions (%) in Zone 2
 Salmon Salmon --57%57%
 Brown trout Brown trout --83%83%
 Rainbow trout Rainbow trout --62%62%
 Slimy sculpin Slimy sculpin --96%96%

 Species richness increases Species richness increases 
dst. Turners Falls dst. Turners Falls 

 Generalist and eurythermic Generalist and eurythermic 
species on the rise species on the rise 
downstream with flow & downstream with flow & 
habitat modificationshabitat modifications

 Effects of blackbass?Effects of blackbass?

 % increase in CPUE in Zone 2% increase in CPUE in Zone 2

 Smallmouth bass +3000%Smallmouth bass +3000%

 Pumpkinseed +3100%Pumpkinseed +3100%

 Generalist warmwater & tidal Generalist warmwater & tidal 
species in zones 6species in zones 6--88
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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 & Mixed Assemblages

We need an We need an ““assumed baselineassumed baseline”” for for 
the Biological Condition Gradient the Biological Condition Gradient 

applicable to NE large riversapplicable to NE 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.

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

Connecticut RiverConnecticut River

Probably okay for upper mainstem Probably okay for upper mainstem ––
how far downstream can it apply?how far downstream can it apply?

We need a We need a ““betterbetter”” BCG for the BCG for the 
lower river.lower river.



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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Next TasksNext Tasks
 Proximal analysis of changes with respect 

to major stressors and sources – dams, 
impoundments, diversions, point sources, 
urban areas, etc.

 Incorporate flow based indicators.
 QHEI attribute matrix.
 “Hope” that REMAP project produces a 

more refined BCG leading to more 
appropriate assemblage assessment.

 Final report to EPA and state agencies.


