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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.

Natural structural, functional, and taxonomic integrity is preserved.

Human Disturbance GradientLOW HIGH

Extreme changes in structure; wholesale changes in 

taxonomic composition; extreme alterations from 

normal densities; organism condition is often poor; 

Bio-Condition Gradient Conceptual Model 
(Davies and Jackson, 2006)

CWA protection & 

propagation threshold
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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

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.

Sensitive 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.

anomalies may be frequent; 

ecosystem functions are 

extremely altered.



Maine-wide IBI Program

2002-2007

Major watersheds:

• Penobscot 2004 & 2007

• Kennebec 

• Androscoggin

• Saco

• St Croix

• St John/Allagash

• Presumpscot

350+ Samples



2008-2009

Pre-dam removal baseline



Detailed autecology of known and 
potential species

Model Development





“Unique” Character of Maine 
Riverine Fish Assemblages

 Post-glacial recruitment defines “baseline” fauna 

(Curry 2007) 

 No connection to St. Lawrence, southern New 

England, or western river basins

 “coolwater” species common to this latitude in other 

regions are not indigenous (black bass, pike, walleye, 

muskellunge, crappie)



Non-indigenous species 

distribution

Physical barriers



Indigenous species distribution



“Positive” 
metric

“Negative” 
metric

Native Cyprinidae Blackbass



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 & Scoring



Interim Maine IBI Metrics:

1. Native species richness

2. Native cyprinids (less fallfish)

3. % Adult white/longnose biomass

4. % Black bass

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

“standard”   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

“Traditional” IBI vs. Interim Maine IBI



Cold Water Assemblages

The “assumed baseline” for the 
Biological Condition Gradient 

applicable to Maine’s large rivers
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Some native species are reduced in abundance; shifts towards 

intermediate tolerances and mesotherms; brook trout are reduced 

or replaced by non-native naturalized salmonid species.

Native coldwater species (Atlantic salmon, sculpin, brook trout, native cyprinids, 

white & longnose sucker)

Human Disturbance GradientLOW HIGH

Native species rare or absent; tolerant species 

predominate and may become numerous 

(enrichment); species richness reduced in some cases

Conceptual Model: Maine Coldwater Rivers
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5
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Some native species are rare or absent; 

moderately tolerant species predominate; brook 

trout are absent; non-native mesotherms & 

eurytherms present; anomalies present.

Native 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.



020406080100

Allagash

Aroostook

Reference Sites

St John

W Br Penobscot

E & N Br Penobscot

Upper Androscoggin

Upper Saco

Lower Saco

Penobscot Tribs

Upper Kennebec

Moose R/E-W Outlets

Penobscot

St Croix

Sandy

Lower Androscoggin

Presumpscot

Sebasticook

Lower Kennebec

Maine Rivers Interim IBI Scores 2002-7

Maine Rivers Index of Biotic Integrity (IBI)

 

I II III

IV  

V  VI  

N =

9

9

23

15

9

5

10

23

12

10

11

6

19

12

6

28

36

8

20

Diadromous 
restoration 

rivers – are key 
BCG attributes 

missing?



Warm water and tidal freshwater 
assemblages

Still require further 

Biological Condition Gradient calibration



Refinements to account for 
diadromy

 Lower mainstem river scores do not fit 
expectations due to lack of coldwater spp.

 Provisional diadromous metrics 
 #diadromous species
 log rel. no. American eel; 
 log rel. no. Clupeidae; 
 log rel. no. Diadromous fish.

 Additive to “core” IBI – does not “penalize” 
rivers that do not have diadromous fish.
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Interim Maine IBI

With Diadromous Metrics
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Penobscot River IBI Status

 2010-11 additional pre-project data 

 Refine IBI metrics for diadromy (TBD).

 2011 – dam removal & restoration process 
starts

 2012 ? Begin collecting post-project data
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