


*Biocriteria

Cen'rer for ? _ faan
Mldwest Blo d i nstitute
Columbus; OH

_Dawd'BnH.thwell = o

-~ :MaineDEP
g, = Augusfﬂ ME~-, e = :



2
. 4 g
@ A P
Ay 0 S
Ane X L .15 |
A el
f.l J/__;)’ F/,.‘.( 2 |'r‘:'_\r- ‘;\ 1-|
46:50° =irfog—s WYY é

. ) 5 < ]
T S

2002
2003
ROE!
2005
2006

2007

Moz

Kennebec River (2002-6)
= Wyman Dam to Merrymeeting Bay (30
sites, 2 test areas)

* Follow-up Waterville to Augusta
(2002-6)

Androscoggin River (2003)
= Errol, NH to Merrymeeting Bay (51
sites)

Sebasticook River (2003)
= Douglas Pond to Winslow (9 sites)

Penobscot River (2004)

= N. Br. To Hamden (40 sites): included
W. Br., E. Br., 5 additional
tributaries

Northern Maine Rivers (2005-6)

= St. John (14 sites), Allagash (8 sites),
Aroostook (10 sites), St. Croix (12
1))

Southern Maine Rivers (2006)
= Presumpscot R., Saco R. (32 sites)

Miscellaneous Maine Rivers (2007)

= Mattawamkeag R., Rapid R., Moose
R., Moosehead Outlets, Dead R., E.
Br. Penobscot (22 sites)
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Major River Basins in New England 5.

St. John/ )
Allagash Aroostook

Successful IBI g
: " 2005/6
Development Requires I, /

14| Pencbscot

a Sufficient Regional . ,
Database DA N st cri

1 - Kennebec

b
Androscoggin [#4

2004/5

b

2
Saco Presumpscot 2 OO 2

Connecticut Merrimack 2006 2003 2 oe
2008/9 2008/9

Score
=1 j=] E=] o
o ko - & - -
1

T T T
a 1 2 ¥ 4
h Salmonid age chasses




Why Knowledge of the Fish
Assemblage is Important

Current Issues:

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

* Naturally Depauperate Fauna - cold water,
coastal drainages - “how will these respond?”

- Assess Potential Conflicts with High Profile
Restoration Goals - do non-native species pose
an unintentional deterrent?
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represent repeat
sampling of fast
flowing water
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Sampling guided by a QAPP

Standardized sampling to
yield comparable data

All representative habitat
types within each site

Geo-referenced sample site
location and sample track

Fish are identified to
species, enumerated, and
weighed

DELT anomalies recorded
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MAINE RIVERS ELECTROFISHING (2002-3)

HIGH RANGE LOW RANGE

Electrofishing Unit Settings
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[ J-VERY NARROCW < &m [1]
[J ] -NONE [0] COMMENTS:

EVR L &l e Qualitative Habitat Evaluation Index Field Sheet QHEI Score:
River Code: RM: Stream:
Site Code: Project Code: Location:
Date: Scorer: Latitude: Longitude:
1.) SUBSTRATE (Check OMLY Two Substrate TYPE BOXES; Estimate % percent
TYPE POOL  RIFFLE POOL  RIFFLE  SUBSTRATE ORIGIN SUBSTRATE QUALITY
O [C]-BLDR/SLBS [10] O [ -GRAVEL [7] Check ONE (OR 2 & AVERAGE) Check ONE (OR 2 & AVERAGE)
1 [ LgBOULD [10] E 1 [ -sanND [g] ] -LIMESTONE[1]  SILT: ] -SILT HEAVY [-2] Substrate
[ CJ-BOULDER[9] [ [ -BEDROCK [5] O -TILS[] 0 -SILT MODERATE [-1]
[ []-COBBLE [8] O [ DETRITUS [3] ] -WETLANDS [0] ] -SILT NORMAL [0]
1 [C]-HARDPAN 4] 1 [J -ARTIFICIAL [0] ] -HARDPAN [0] (1 SILTFREE[1] Max 20
] CI-muUck [2] ][I -sTi2 (] -SANDSTONE[0] EMBEDDED [ -EXTENSIVE[-2]
] -RIPIRAP[0] NESS: ] -MODERATE [-1]
NUMBER OF SUBSTRATE TYPES: [0 -4orMors[2] ] -LACUSTRINE [0] ] -NORMAL [0]
(High Quality Only, Score 5 or ») [0 -3orless[o] 1 -SHALE[1] 1 -NONE [1]
(] -COAL FINES [-9]
COMMENTS:
2.) INSTREAM COVER (Give each cover type a score of 0 to 3; see back for instructions) AMOUNT: (Check ONLY one or
| Structure) TYPE: Score All That Ocour check 2 and AVERAGE) Cover
UNDERCUT BANKS [1] POOLS > 70 cm [2] OXBOWS, BACKWATERS [1] 1 -EXTENSIVE > 75% [11]
OVERHANGING VEGETATION [1] ROOTWADS [1] AQUATIC MACROPHYTES [1] 1 -MODERATE 25 - 75% []
SHALLOWS (IN SLOW WATER) [1] BOULDERS [1] LOGS OR WOODY DEBRIS [1] ] -SPARSE 5-25% [3] Max 20
ROOTMATS [1] [] -NEARLY ABSENT < 5% [1]
COMMENTS:
3) GHANNEL MORPHOLOGY: (Check ONLY one PER Category OR check 2 and AVERAGE)
SINUOSITY DEVELOPMENT CHANNELIZATION STABILTIY MODIFICATIONS / OTHER
] HiGH [4] ] -EXCELLENT [7] [ -NONE [6] O] HIGH [3] [CI-SNAGGING [ -IMPOUNMDMENT Channel
] -MODERATE [3] []-GOoD [5] ] -RECOVERED [4] [1-MODERATE [2] [-RELOCATION 1 -ISLAND
O Low 2] ] -FAIR [3] O -RECOVERING [3] O -LOW 1] [C-CANOPY REMOVAL [ -LEVEED
[ -NONE [1] [ PODR[1] (] -RECENT ORNO [CJ-DREDGING [ -BANK SHAPING Max 20
RECOVERY [1] [J-ONE SIDE CHANNEL MODIFICATIONS
O 4MPOUNDED [-1]
COMMENTS:
B £
4.) RIPARIAN ZONE AND BANK EROSION (check ONE box PER bank or check 2 and AVERAGE per bank) i7" River Right Looking Downstream  |!”
RIPARIAN WIDTH FLOOD PLAIN QUALITY (PAST 100 Meter RIPARIAN ) BANK EROSION
L R (PerBank) L R (Most Predominant Per Bank) LR L R  (PerBank) Riparian
] []-VERY WIDE > 100m [5] [ [ -FOREST, SWAMP [3] [ [ -CONSERVATION TILLAGE [1] [ [0 -NONE/LITTLE[3]
1 [J-WIDE > 50m [4] 1 [ -SHRUB OR OLD FIELD [2] ] [ -URBAN OR INDUSTRIAL [0] [0 O -MODERATE[Z]
[ CJ-MODERATE10-50m[3] [ [ -RESIDENTIAL, PARK, NEW FIELD [1] [] [ -OPEN P&STURE, ROWCROP [0] [0 O -HEAVY/SEVERE[1] Max 10
] []-NARROW 5- 10m [2] [J [J -FENGED PASTURE[1] [ [ -MINING / CONSTRUCTION [0]
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Table A-4 (continued).

Modified Attributes

Good Attributes
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Gradient

QHEI (ft/mile)

Components

River
Mile

Androscoggin River

(60-001)

2003
44.0

Year:

> 1481

2.00
0.22
0.29
2.33
0.71
043
0.00
0.1

0.00
9.99
3.64
0.00
0.00
0.00
9.99
9.99
0.00
0.00
9.99
0.00
9.99
9.99
6.25
9.99
2.33

84.0

144.7
139.2

el 1341

80.5

51.0

*

59.5

> 132.0

65.0

> 131.5

10

78.0

130.7
130.4

> 128.6

68.5

1.00
0.1

0.00

L

57.0

81.0

124.4 88.5

> 123.4 57.5

128.0

10

1.25
0.1
0.00
0.00

81.5

119.8
112.8
103.7
97.3

89.5

86.0

0.22
0.29

82.5

78.5

88.7
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IBI Project Status

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” IBTI derivation - metrics & scoring
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Maine Rivers Fish
Assemblage
Assessment: 2002-7

' Brook Trout Brovwn Trout ~
® 100-1000 @ 100-1000
@ 1001-2000 @ 10.01-2000
A @ 2001-4000 @ 2001 -40.00
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Maine Rivers Fish
Assemblage
Assessment: 2002-7
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Maine Rivers Fish
Assemblage

Assessment: 2002-7

@  Smallmouth Bass
®  Sites Sampled
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Definitions of Non-indigenous Species
Based on Origins (after Halliwell 2005)

= Intercontinental origin - usually referred
to as “alien” species

= Intracontinental origin - species can
become naturalized (e.g., smallmouth
bass, rainbow trout)

= Intraregional origin - usually interstate or
nearby New England transplants

= Managed introduced - deliberate stocking
for recreational purposes



Assessing the Impact of
Alien Species

current Issues:

* Refined Designations of Non-native Species -
effects of each are not equal and some have
become a permanent part of the resource.

* Improved Understanding of Impacts - impacts
are different to cold and warmwater faunas;
influence can be misinterpreted, especially with
increases in overall species richness.



Maine Fish Data: No Smallmouth Bass
350 —r————

300 I fffffffffffffffffffffffffffffffffffffffffff :

This parallels similar observations in
Maine lakes by T. Whittier and M.

Gallagher
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Checklist of Fish Assemblage/IBI
Development Tasks

= Develop an effective & systematic sampling
method (2001-3)

= Develop a sufficient spatial & temporal
database (2002-6)

= Autecology of extant fauna & metric
development (2005-6)

= Classify riverine ecotypes (2006-7)

= Establish "reference condition” - BCG (2007 -
8)

= Derive and test IBIs with reference and
independent test sites (2008)



Tiered Aquatic Life Use Conceptual Model: Draft Biological Tiers

Condition of the Biotic Community
(Sheeid

1

(10/22 draft)

Natural structural, functional, and taxonomic integrity is preserved.

Structure and function similar to natural community with some additional
2 taxa & biomass; no or incidental anomalies; sensitive non-native taxa may
be present; ecosystem level functions are fully maintained

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) e

conspicuously unbalanced distribution of compl’exity and redundancy: increased
major groups from that expected; organism builehup or export of unused materials.

Extreme changes in structure; wholesale changes in 6 anomalies may be frequent;
taxonomic composition; extreme alterations from ecosystem functions are
normal densities; organism condition is often poor; extremely altered.

LOW —— Human Disturbance Gradient

HIGH



The ° assumed baselme for' the
Biological Condition Gradient
applicable to Maine's large rivers




Condition of the Biotic Community
[Moderate-High Gradient Riverine Ecotype]

Tiered Aquatic Life Use Conceptual Model: Maine Rivers

Native inland freshwater & diadromous species (Atlantic salmon, alewife, American
shad, American eel, brook trout, native cyprinids, white & longnose sucker)

Same as tier 1 except: non-native salmonid species with naturalized
populations may co-occur with brook trout.

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.

Some native diadromous species are rare or
absent; moderately tolerant species predominate;
brook trout are absent; non-native mesotherms &
eurytherms present; anomalies present.

brook trout are absent; non-native
salmonids are non-reproducing;
non-native eurytherms usually
predominate; anomalies present.

Native diadromous species are absent
if present by interventions; some native
cyprinids are absent, replaced by

tolerant and moderately tolerant species;

(toxic impacts); non-native
eurytherms predominate;

Native diadromous species rare or absent; tolerant
species predominate and may become numerous

(enrichment); species richness reduced in some cases anomalies frequent.

LOW —— Human Disturbance Gradient HIGH



Table 1. MNative, tolerance, habitar, foraging, and reproducrive guild designarions and other notes on the distribution and occurrence of 60 fish species documented or suspected 1o occur in Maine
nonwadeable rivers. Sources tor guild and metric assignments appear in the foomores (scientific nomenclature adheres o Nelson et al. 2004).

Mative  Environmental Targer Fish Common Sparial  Thermal Foraging FEeproducrive Hablt:l_:
Species Status' Tolerance’ Classification”  Habirat{s)' Occurrence® Guild? Ciuild’ Guild" Cuild® Motes

Petromyzondi

ik Detailed autecology of known and g
wew potential species - 60 recorded thus ga
i ar in Maine's rivers

Arlanric stur

Alevcife (Alosa ) ) lecred
American shad {(losa sapialissimal M i | A R1,T1.2 C M P F5 w Mostly y-oy, few adules collecred
Giz=ard shad (Dorosoma :?{Hﬁ.‘uunnl I 1 |:'!'G| na na E D L w Collected in Kennebec B in 2000
Cyprinidae

Lake cliub (Couesios plicsabers) M 1 [FDY El M 5 Bl MNGL B

Common carp (Cyprrinees carpiol E I MG Il-2 [ E () A W Mermymeeting Bay and lower Kennebee R
Common shiner (L ialis cormurus) M M FDy RI1TI All E [ MGL W

Golden shiner (Noremigones crpsofeucs! IS | MG R2.11 Al E G L W

Bricle shiner (Novropis bifrenars) N 1 MG R2 s E 1 L W Presumpscot B - one location only
Spotail shiner (Norropes hudsonis) U M MG TLI1 i E 1 L W

E Blacknose dace (Rbsmichelivs arrarfus) M S F5 El N M Bl MGL B

Longnose dace (Rbimchelys cataracae) N M Fs Rl 5 M BI MGL B Collected only in upper Androscogein R

b Afrer Halliwell (2005} M = natve; E = exotic of interconsinenmnl origing 1C - introduced of incracontinental origing 18 = introduced of intemsmace origing M = intrroduced and managed; 1 = undecermined onigin
* 1 = highly intolerans; 3 - senaitive (modemtely intolerant), M - intermediate; P - moderately tolerant; T = highly tolerant ; sources wsed include Okio EPA (1987), Whitter and Hughes {1998}, Halbliwell &t al {1999}, Langdon {2001)

¥ Afrer Bals and Metzler 2000} PS - flundal specialtase; FD - fhedal dependens; MO - macrohabltat penerallss, A - anadramow; [ | - deslgniations in brackess were et clasaified by Badn and Meixler {3000}

tidal eenbaymient brackish

ded rlverine Tl - ddal dhverbne breabwsnes; T2 -
ot 46.0007 L
temperane senotherm, M - temperate mesotherm, E - temperate ewry

t rlerrine; R e gradient tivering [l - impou

the

e O - primarily comzal fvers; 3 - pricarily cle; W - primarily ne tarias satewide coaiTrinee

* After Hokanson |
T Afrer Oaldeein an

o
man (199%)

H - herbbeare, [V - desritivere, 1 - irsersivare, Bl - berchiz ipaecthvere, C - top camivers, F - plasivore, O - generabin, O - emnivere, P - planksivore

) aisd Hliaghes st al. {1998); MOL - nonguarding Hehephil [imple lidos

I PTQ0RYE W _ amres salivmes B hearkic T _ adae W - hides 7 - senesalion

aliill], LM - lithophilis nester, L - lthephil, V' - weperasion, P - prammophil band-fine gravel], TN - cavdey neater, VIN - vegetation nester, PN - peammophi] aeater




Candidate Metric Selection and
Testing

= 148 candidate metrics identified

= Pared to 40 meftrics in step one

= PCA revealed 4 "clusters”

= “specialist and cold water metrics

= "general” assemblage metrics

= "disturbance” indicative metrics

= "non-distinct” clusters, but ecologically
relevant (e.g., DELT anomalies)

= Reduced to final 12 metrics for the Interim
IBT
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"Traditional” IBI vs. Interim Maine IBI

"Traditional IBI Meftrics:
Native species richness
Darter Species

Sucker Species
Sunfish Species
Z%Intolerant species

SR e

=

%Insectivores
9. %Top carnivores

12. Number of individuals

Interim Maine IBI Metrics:

1

r
3.

= \O 00 N

. Indigenous species richness
Native cyprinids (less fallfish)
7%Adult white/longnose biomass

. %Fluvial specialist/dependent
. %Benthic insectivores

. Temperature stenotherms
. %Native salmonids

0.Non-guarding lithophils



Metric Descriptions

Native Species - excludes non-indigenous sp.
7%Native Cyprinidae - excludes fallfish
White/longnose sucker biomass - adults only
7%Native Salmonids - excludes introductions
7%Benthic insectivores - Goldstein & Simon (1999)
7Blackbass - cast as a "negative” metric

7Fluvial Spec./Dependent - Bain & Meixler (2008)
7oMacrohabitat Generalist - Bain & Meixler (2008)
7%Stenotherms - Hokanson (1977); Halliwell (1999)
Non-guarding Lithophils - Hughes et al. (1998)
Non-indigenous Species - after Halliwell (2005)
%DELT - deformities, erosions, lesions, tumors



0o 1 scale: % Malive Cyprinids (eds alfish)

Box & Whisker Plat % Natrea Cyprinads (lass falifish)

O Median
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Metric Calibration Process

= Followed Mebane et al. (2003) methodology

= Box plots: reference vs. non-reference sites

= Non-ref: four ranges of QHET + conductivity
>100 uS/cm?

= Extracted scoring "curves” from cumulative
histograms of each metric

= Used "best fit" of linear, polynomial, and
logarithmic plots

= Final scoring criteria were adjusted to fit Y,
and Y, insertions (and to preclude “ecological
honsense")



Interim Maine Rivers IBl Metrics & Scoring

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 (10 * (0.4457 + (0.0109*allcyp_ff) - (0.00005629 * Eq E
fallfish) (allcyp_ff 2)))) d 9
Adult white & longnose sucker (10 * (0.3667 + (0.008*ws_Ins_pb) - (0.000023592 * >128
. 2 0
biomass (ws_Ins_pb“)))) kg/km
. . (10 * (0.9537 + (0.00000000039*nat_salm) -
0, 0,
%Native Salmonids (0.000078892 * (nat_salm?)))) 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
. - . 10-(10 * (0.1063 + (0.3271*Non-indigenous_sp) -
Non-indigenous Species (0.029*(Non-indigenous_sp?)))) >5 0
%DELT Anomalies 10 - (10 * (0.8965 + (0.1074*log10(delta)))) Eq 0

'No scoring adjustments are necessary; scoring determined by equation (Eq) across entire metric scoring range of 0-10.
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Maine Rivers Mlwb Scores 2002-7
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Maine IBI Development: Are We
There Yet?

= Not quite - what's left?

= More complete testing of borderline metrics

= Deal with diadromous issue - “"bonus points”?

= More analysis of spatial data- clarify the
“elevation gradient”

= More detailed analysis of stressor gradients
- hydromodification in particular

= Localized areas of impact - need to perform
more complete stressor diagnosis

= Identify potential policy implications?



Our Thanks to the Project Cooperators

U.S. EPA, Region T - project sponsor
Maine DEP

Maine IF&W

Maine DMR

Maine DOC

Allagash Wilderness Waterway
US F&AWS

Penobscot Indian Nation

Casco Bay Estuary Partnership
Harvard MCZ

Maine North Woods

Private Land Owners

And many, many others!
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