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What is it like now?
Is it getting worse or better?

What biological resources do we
~—have?

What areas deserve our highest
protection?




How do we keep it from getting
worse?

What do we fix & Where?
?9?7?




Year of repeat sampling

Miles
[ [——
0 20 4






BSS Sentinel Site Network

How much change should we expect between years?

Keep an eye on the best remaining streams



Benthic Sample Collection

by Trained Volunteers

Lab analysis by DNR staft




-

if}ﬂ% v(, 6 = . . R
uality

P s




»

E Physical Habitat

Y







Groups Using MBSS Methods:

7 of 23 Counties & Baltimore City
2 State Agencies & MNCPPC

3 Colleges

Smithsonian (SERC)

US Fish & Wildlife Service

National Park Service

US Army Corps of Engineers

Ferraro, ltaly



Almost half of Maryland streams are in
POOR condition

% Stream Miles




Relative standard error BIﬁ#

Precision versus sample size
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Biocriteria - 303D Listing

. = Not Listed

Lower bound of 90% CI for
mean Fish and Benthic IBI
Scores > 3.0 (fair or good)

= Listed

Upper bound of 90% CI for
mean Fish OR Benthic IBI
Scores < 3.0 (Poor)

= Need more information

= Not yet rated




Indicators..

What we B '/
have now EFUEL A




Multimetric Indicators

Fish Assemblage
‘Benthic Macroinvertebrate Assembl

Physical Habitat Index

gcC
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CULEIRA BOLRERERINCE SLLRS

REMOTENESS SCORE > 10

INSTREAM HABITATL SCORE > 10

NO CHANNEEIZATION

URBAN LAND USE < or =207




Criteria For Degraded Sites

®pH<or=5and ANC<or=0and DOC <or =8
® DO < or = 1.5 ppm

@® Nitrate - 7 mg/l and DO < 3 ppm

® Instream Habitat < 6 and Bank Stability <6

® Instream Habitat < 6 and Channel Alteration < 6

® Instream Habitat < 6 and Urban Land Use > §0%



MBSS REFERENCE WATERSHEDS (1994 - 1997)




Determine stratification
based on biological

——assemblages
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Test Candidate Metrics

Metric Responses
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Index Validation using
independent set of data




Fish IBI Metrics

Coastal Plain Piedmont

# Native Spp.* X
# Benthic Spp.* X
# Intolerant Spp. X
% Tolerant Fish X
% Abund. Of Dom Spp. X
% Gen., Omni., & Invert. X
# Indiv/im? ) 4
Biomass (g/m?) ) 4

% Lithophilic Spawners

Insectivores

*adj. by w

at

ershed area

XX X X X X X X X

Highlands

X X X X X




VIR BENTHIC MACRGINVERIEBRAIE IBIS

I NUMBER OF TAXA
1

‘ NUMBER OF EPT TAXA
1

‘ PERCENT OF EPHEMEROPTERA

PERCENT TANYTARSINI NUMBER OF
OF CHIRONOMIDAE EPHEMEROPTERA TAXA

‘ MARYLAND INDEX | I NUMBER OF DIPTERA TAXA

‘ NUMBER OF SCRAPER TAXA ‘ PERCENT TANYTARSINI

I | NUMBER OF INTOLERANT TAXA

‘ PERCENT COLLECTORS

‘PERCENT TOLERANT INDIVIDUALS

‘ PERCENT COLLECTORS




Good 4.0- 5 Comparable to reference streams

Fair 3.0-3.9 Some aspects of biological integrity
may not resemble the qualities of
reference streams

Poor 2.0-2.9 Significant deviation from reference




Indicators..
Can we

improve
them?




Cautions

Comparison with historical data

a ther proerams

Death by 1000 changes

Explaining changes in conditio

n




Issues

Reference conditions
Scale for scoring
Metric improvement
- Small streams
Unique habitats & biota

Combining assemblages

MJeam habitat evaluation

Local z ogeography




Reference Condition




Fish IBIs at Reference and Degraded
Sites — Coastal Plain

Fish IBI Calibration Sites

- Coastal Plain
B Reference

-
N

B Degraded
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Regional modification?

f‘u:n-i,!
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Restrictions on criteria?




Urban land use: from <20% to <5%

Forest land use: from >25% to >35%

— Riparian buffer width: from 15 to 30 m










Scale for scoring

1 to 5 scores -- based on 1, 3, 5 metric scorin
convention

Continuous scaling for metrics allows for greater
Liseriminati

0 to 100 scale more familiar to public




Metric Improvement

Pollution tolerance values

Confluence effects

_ Physical habitat-based FIBI metric

Anomalies

Effect of watershed size on BIBI




Benthic Macroinvertebrate Stres;or
Tolerance Values for Marylan

* Purpose of tolerance values (TV)
— Estimate of capacity to survive &

reproduce when stressors present

* Need for revision of Maryland’s TV

— Sources often undocumented

— Largely BPJ-based




Process

* Step 1 - principal components analysis
(PCA) to 1dentify stressors

-~ = Step 2 - associate relative abundance of

each taxon with site stressor score (PCA)

* Step 3 - calculate TV (abundance weighte
average) at point along gradient of
—maximum relative abundance




Results

* Stressor gradient consists of single axis

comprising

— Instream habitat Conductivity
— Epifaunal substrate Sulfate

— Trash rating pH

— 9% urban land use

e TVs calculated only for taxa occurring at
>10 sites

——= Rewvised TVs developed for 336 out of 56

~ taxa

3
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Confluence Effect?




Fish IBI vs Distance from
Confluence

FIBI vs. MUP

o
o
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1000 2000 3000 4000 5000 6000 7000 8000
MUP (m)




Habitat “Tolerance”




FIBI Habitat “Tolerance” Metric

* Premise- physical habitat 1s a
primary determinant of fish
abundance & diversity

 NDVI applied to abundance %
occurrence fish data & 5 RBP
— habitat metrics
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FIBI Habitat “Tolerance” Metri

CE Region Best Metric

90%  Highland Mean TV all ind1
05%  Piedmont Mean TV all bent
71% Coastal Plain Mean TV all indi
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Anomalies







Name DELT (%)
Little Yough 20
Little Seneca 16
Piney Branch
Ut Tridelphia
UT Tridelphia
UT Cabin John
Cherry Creek
Stony Run
Sams Creek
Ut Janes Berry
Deep Run

NW Branch Anacosti: DELTs (Poor
UT Forge Branch

Little Deer Creek Threshold

- ¥ (Karr et al.19¢

Sites with
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Fish IBI by Stream Order

100
I Very Poor
1 Poor
80 L 1 Fair
o = Good
Q0 [ 1 Not Rated
=
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Statewide



Stream Salamanders as Indlcato;

* Widely distributed
 Abundant

"‘# ( ")".
P i
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* Physiology (moist, permeable skm requ re
for respiration)

* Respond to multiple stressors
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indicators of environmental healt




Species Richness Distribution

Number of Species:
Anura Caudata

< > S or more
< > 4

< > 3

@ g 1or2



PERCENT OCCURRENCE

NORTHERN TWO-LINED SALAMANDER
AND ACID BUEEERING

ANC CATEGORY
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Salamander Sampling Sites

Valley and Ridge
_ \ .
o OO o 79 \ T . S o6
\ (4 3 ) ° e @
® % ® . . .
* g . P ®
Appalachian Plateau =\ @ o o
o Piedmont . '
Blue Ridge

Study Area

Washington, D.C.













Metrics

Number of species

Total abundance

Number of intolerant salamander

Number of adults




SS-IBI Classification Efficiencies

« Highland 38%

 Piedmont 87%




Effect of watershed size on BIBI-

Issue in smallest streams?




Revised physical habita
indicator (PHI)

t




Reference Criteria

Highlands

Ref: >95% Forest, <0.5% Urban
Deg:. <25% Forest, >30% Urban, >75% Ag

- Piedmont

—Ref: >55% Forest, <2% Urban

Deg: <10% Forest, >70% Urban, >85% Ag

Coastal Plain

—Ref: >70% F

Jeg;dﬁ%

orest, <3% Urban
Forest, >50% Urban, >85% Ag




Reference Sites

Degraded Sites




PHI Metrics

Coastal Plain
Remoteness X
Shading
Epibenthic substrate

Instream habitat

Wood

Bank stability
Embeddedness
Width

R A A A K

CE

Piedmont

X

R A A A K

Hi

oh

X

1lands



PHI SCORE
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Highlands Piedmont Coastal Plain
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Unique habitats & biota




Salmonid Density vs. BIBI
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Western Maryland’s Brook Trout Streams

VK>




Spatial Variability of Stream Fish Assemblages:

Implications for the Index of Biotic Int

g1




15t Order Assemblages: Ordination Results

ASSEMBLAGE

A BLACKNOSE/CREEK CHUB
WARMWATER
COOLWATER

A EASTERN MUDMINNOW

A COASTAL PLAIN




Inter-Strata Variation

Highlands

| M Coo

Iw;

ater Assemblage

Eastern Pig

edn
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Implications on the Fish Index of Biotic Integrity

Altitude (meters)

Epifaunal Substrate

t

Warmwater Coolwater Warmwater Coolwater




1.6 -
1.4 -
1.2 +
1.0~
0.8 -
0.6 -
04 -
0.2
0.0 A e

O/E Score

!

RIVPACS - FISH Model (P_>0.5)

——¢ emo @ @

|

FIBI

REF

NONREF

Discrimination Efficiency = 88%

DEG

Classification Efficiency = 83%

1.8 -
1.6 -
1.4 -
1.2 1
1.0 1
0.8 A
0.6
0.4
0.2
0.0 A

Scaled F-IBI
[ ] [ ]
' ®
I .
[ ]
T
.
s
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REF NONREF DEG

Discrimination Efficiency = 82%

Classification Efficiency = 82%




Prediction and Diagnosis
Approach (PDA)

Aale

Iudlo
—'IﬁEredteLth&stpeamilsh assemblage
2. Diagnose probable stressors to fishes
3. Provide thresholds for restoration and pro
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‘World fish farma
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From Jackson et al. 200



Bad s;trkam

9% Forested
85% urban
25% impervious

Blacknose dace
Brooktrout 4“
Creekchub.. ' ¢

Good stream

85% forested catchment
1% impervious
Good habitat




2 species

2 tolerant
1 omnivore
1 insectivore

64 individuals
23 grams biomass

Mottled sculpin
Rosyside dacé

9 species

3 tolerant

4 intolerant

1 filter feeder

3 generalists

> i '

{ i

2 omnivores

2 benthic species

5 lithophilic spawners
725 individuals

2,344 grams biomass




IBl = 4.5 (Good)




Step One

Generate a list of the fish speci J

~_eXxpected to occur at a site in the

absence of major anthropogenic stress




Separated variables into predic
variables and stressor variable




List of Predictor Variables

Physiography
Drainage basin
Wetted width

Average depth

Maximum depth

Strahler stream order
Gradient

Discharge

Average current velocity
Watershed size
Dissolved organic carbon
Altitude




Brook Trout abundance

125

100

~J
(&)

N
o

Highest Watershed
size = 72,000 acres

10000 20000 30000 40000
Watershed Size (acres)



Tﬂi“qb. E,

American eel
Banded sunfish
Blacknose dace
Bluespotted sunfishj
Bluntnose minnow '
Brook trout

Central stoneroller .;_' "\ '
Chain pickerel
Checkered sculpin
Common shiner
Creek chub

Creek chubsucker
Cutlips minnow
Eastern mudminnow| =
Fallfish
Fantail darter
Golden shiner
Greenside darter 1
Least brook lamprey| i
Longnose dace

Margined madtom |~ ‘

Mottled sculpin L ] i
Mud sunfish #‘
Northern hogsuckerin'.L
Pearl dace

Pirate perch u
Potomac sculpin
Pumpkinseed
Redbreast sunfish | H,
Redfin pickerel
River chub
Rosyface shiner
Rosyside dace
Satinfin shiner
Sea lamprey
Shield darter
Silverjaw minnow
Spotfin shiner
Spottail shiner
Swallowtail shiner
Swamp darter
Tadpole madtom
Tessellated darter
White sucker

this list based
on the values for the
prediction variables

at the site




Lﬂﬂ’ xH:P'A‘“i{ “r \ “E
1 Slte is in Pledmont SO... " "

American eel
Blacknose dace
Bluntnose minnow
Brook trout F -il
Central stoneroller

i 1  Common shiner E%— ' iy Yy ) 5 x i
Creek chub . 1 r L S
. Cutlips minnow R el
Fallfish . -
Lo g Ellmlnate species ﬁ
, argined madtom
W el not found !h'

Pumpkinseed )

..J' Redbreast sunfish ‘ in Piedmont

River chub

LS

Rosyface shiner !4

Rosyside dace

Satinfin shiner %

Sea lamprey i r

Shield darter - 21 .‘ "'
Silverjaw minnow a ] e

Spotfin shiner ‘
Spottail shiner \
Swallowtail shiner vh

Tessellated darter |
White sucker




| ﬂ Slte is in Susquehanna Basm SO...

American eel
Blacknose dace F ‘;"
Bluntnose minnow 1

Brook trout

Central stoneroller

Common shiner

Creek chub 4 L._ i

Cutlips minnow

“ Fallfish " * El]mln ate Sp QCIGS
4

Longnose dace
Margined madtom

n‘* | Mottled sculpin ‘i nOt fOllnd

Northern hogsucker
in Susquehanna Basin

Rosyface shiner
Rosyside dace

Satinfin shiner
Sea lamprey
Shield darter
Spotfin shiner 1'1
Spottail shiner
Swallowtail shiner
Tessellated darter
White sucker

.-p ¥ i

Redbreast sunfish
“ e - =
- -
| 3 i ]

River chub
L

Now 26 species




‘ ﬂ fS1te

Blacknose dace

Watershed area 1s 870 acres so... o

American eel

Bluntnose minnow
Brook trout
Central stoneroller
Common shiner
Creek chub
Cutlips minnow
Fallfish

. Longnose dace

Margined madtom
Mottled sculpin
Redbreast sunfish
Rosyside dace
Sea lamprey
Shield darter
Spottail shiner
Swallowtail shiner
Tessellated darter
White sucker

¥ Ellmlnate species ﬁ
. not found at sites
~ smaller than

" 870 acres
T
Now 20 species




Wetted width

e ¢ Gradient
| Discharge 3 left/predicted
|/ Current velocity ”
"1 DOC American eel
Altitude Blacknose dace
: . Brook trout
b ! Creek chub

Mottled sculpin
Rosyside dace
Sea lamprey
Tessellated darter
White sucker




Predicted

American eel
Cutlips minnow
Fallfish
Redbreast sunfish
Tessellated darter
White sucker
Swallowtailshiner = Swallowtail shiner
Blacknose dace Blacknose dace

Collected

Predicted Collected

Americaneel Americaneel
Blacknose dace Blacknose dace
Brook trout Brook trout
Creekchub Creekchub
Mottled sculpin Mottled sculpin
— Rosysidedace Rosyside dace
Sea lamprey Sea lamprey
Tessellated darter Tessellated darter
White sucker White sucker




Degraded
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Step 2 - Stressor Diagnosis

Use species relationships to stressor variables
[‘biological response signature” (Yoder and Rankin 1

-~ to determine probable stressors to fishes

da

)95)]
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Stressor Variables

Highest
Impervious
=37%

100
80

—
[ ]

Dissolved oxygen
pH
Temperature
Nitrate nitrogen
Specific conductance
Acid neutralizing capacity 0
Sulfate L 2 3 4
Instream habitat Impervious Land Cover (%)

__Epifaunal substrate
Velocity depth diversity
Pool quality
Riffle quality
Channelization
Stream bank erosion
Percent riffle embeddedness
Percent canopy shading
Trash index
Percent urban land cover

__Percent imperviousness
Percent agriculture land cover
Percent forested land cover 0 5 10 15
Percent coal min Dissolved Oxygen (ppm)
Number of non-native Salmonids
Percent riffle embeddedness

Brook Trout Abundance

N D
= (=} (=)
B ...". °
[ ]
[ J
J

250
200
150

o _°°
100 PN

Cutlips Minnow Abundance




Predicted

: Collected g 250
American eel = ®
T 200
Fallfish 3
Redbreastsunfish < 150
Tessellated darter g
White sucker S 100
Swallowtailshiner Swallowtail shiner =
Blacknose dace Blacknose dace "
g 50
5
S 0
0 5 10 15

[issolvedOxygen (ppm)

Cutlips minnow

Not found at any
Site with DO less
Than 5.1




Expected but Absent Probable Stressors

Culips minnow Dissolved oxygen, Urban/img
Fallfish Instream habitat, Urban/imp
—Redbreast sunfish——Pool quality, Urban/imper
Tessellated darter Urban/impervious
White sucker Urban/impervious

~_American eel

1>

er

'vious

VIOUS

ous




Observed value:

12.9mg/L Stream Restoration
(what needs to be fixed)

Redbreast sunfish
Tadpole madtom

Blacknose dace
Bluespotted sunfish
Chain pickerel

Creek chub
Swallowtail shiner —
White sucker

decreasing nitrate values

Rosyside dace

Protection - setting limits on

anthropogenic activities (criteria)

Increasing percent impervious

chub

| darter

side darter

idge sculpin

trout

n shiner

Observed value:
8.5%



Suggested Integration
PDA

2
o) Q

& %
o‘ 78
Intermediate core Co
70

-- . ,

Thresholds to
Ensure Protection

What to Fix
With Endpoints
— — Many Good Streams Still
- - May Need Some
* Restoration

ID Stressors




PDA

*Only need a list of fish species present
and values for the predictor variables

*Can use data collected by different groups

Widel bl




MARYLAND WATERSHEDS WITH
AT RISK FISH POPULATIONS




Chesapeale
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Chesapeake Bay Lowlands Aquatic Systems and Expert Selected Areas

Aguatic System s

/v 1: Non-tidal, unstable, neutral, headwaters and creeks on Northern Coastal P lain Western Shore
2 Non-tidal, stabls, neutrsal, headvaters

/\/ 3 Mon<idal, stable, acidic to neutral, creeks and small rivers, headweaters in Piedmont
4 Tidal wetlands and associated headwaters
5 Blackwater systems

4/ B Nondtidal, som ewhat stable, neutral, headwaters and creeks; historically blackwater

T Nontidal, moderately stable, neutral, headwaters
& Non-tidal, sam ewhat stable, neutral, very low gradient headwaters and creeks on Coastal Plain
9 Mon-idal, unstakle, headwaters and creeks

*/ 10: Non-tidal, unstable, neutral, headwaters and crseks on Southern Coastal P lain
11: Montidal, unstable, acidic, headwaters and creeks in Pisdmont

NS 12 Tidal rivers

Expert Selected Arsas of
Aquatic Biodiversity Significance
Bl Fortiolio Matrix Occurrences

A B-Dinit Watershed
A state

A zounty
£ cological Drainage Unit

N ecoregion

Data Sources
Hydralogy: ERA RF3 1:100k, Macrohabitats
and Systems. ECS/FWI201.

Matrix Occumences: CBY Core Team as of 201
Aquatic Expert Selected Areas as of 701
Ecoregion boundaries; THC/EC € based on
USF$ (Keys et. al) subsections & NHF data
Map produced by TNC/ECS GIS July20, 2001
Copyright @ 2001 The Nature Conservancy













ble B26-1. Relationships between northern hogsucker ence, abundance, and physical - - Northern Hogsucker
habitat condition in Maryland streams. Values for a) and b) are grouped according to physical ' ) : S

habitat scoring category reflecting v s states of stream habitat: poor (0-5), marginal (6-10),
sub-optimal (11-15), and optimal (16-20). Values for a) include the number of sites within that

coring categ here atleast one individual was sampled and b) includes the mean species
abundance in that scoring category, for on sites listed in a).

) . = . i el s o e
Species Presgnce Species Abundance el R e RN T -
(Number of Sites) ean) - 1 4 &
Scoring Category Scoring Calegory
Habitat Condition 0-5 6-10 11-15 16-20 0-5 6-10 11-15 16-20 2 58 10

Instrearmm Habitat (o] 10 68 j=i=] O 22 14 14 3 115 17
Epifaual Substrate 11 25 FO 71 53 13 17 13 ~ . . i
Velocity/Depth O o2 J0O as O [S3 14 17 = = - - = = S
Diversity

Pool/Glide/ Eddy O 12 F1 f=1 O [S3 17 14

Quality

Rilfle Quality 11 11 66 89 15 5 11 18

Combined Habitat O a as 73 o g 12 18

Score (Mean)

I 80 -
— - @ -

5 L = m -

o3 80 — 80
o D he - = = @
E5 o0 . = 2 £
& o = o D =
28 Il || 60 = S €
=3 i 8 L8 3
25 40 - [=3 [Sh=] =<

@ — D

£ = Il a0 & 5 2 2
§.§ i i (73] = =
: g E= = =
20 - AR | == 20 - -

5 20 20

- | - H i L I - L
T L] s sl -
gillz 3 [ 3 2 w n = | .
e e * ® e e '8 o ‘2 e & olilig - 3
Oto 5 6 to 10 11 to 15 16 to 20 Oto 5 6 to 10 11 to 15
Instream Habitat Structure Epifaunal Substrate

100
-
80

- - -
= i il 3 = z
& B0 s R 2
wn D - = @ <
o - s == =2
8 i m - =2 8 2
Sg 4o = P g =
o= L D <o
= - - ! o = W 0 L -
== S =t = - 2 A 1 S
S= - u s . oo = pa - i |- =1
== 2zo0 OS] = 20 o |la | |3 20 o

u S glllls = 20 - : 3 = |ll=

i - i iz il : - | : o || lfit l i i

H -
. o oo MONNEL . . lligl N3 s | l 0 WSl U gl | ]
Ot 5 6 to 10 11 o0 15 16 to 20 Oto 5 6 to 10 11 to 15 16 to
Velocity/Depth Diversity Pool/Glide/Eddy Qualit
700

80

[ -
= pact =1 -
g <o g 5 8
gL = o D 5
= = Lo =1
o n = = =
o=@ = i s
S'g 40 wy ==} =2
=N <3 = D
=u) P=3 [E =2 o
= D = D - ] -t
S= = E o H |- 2
== 2 o == - gl " . =
o == 20 s 0L I 2 72
=il [l L 20
- « & 2 f=i. -
= . + I il
- i *
- o o o o HGNNIGTT, o gl Ngliillg i I i i s
Ot 5 6 to 10 11 to 15 16 to 20 Oto 5 6 to 10 11 to 15 16 to 20

Combined Habitat Score

Riffle Qualit




Species Scientific

Species Common

Yo

TOTAL
.

salamander

Name Name Streams
Occupied
Desmognathus fuscus northern dusky
43.42
salamander
Desmognathus mountain dusky
. 7.89
monticola salamander
Des1m0gimthus seal salamander 21.05
ochrophaets
- S northern two-lined
Eurycea bislineata 88.16
salamander
: long-tailed
Eurycea longicauda salamander 92
Gyrinophilus northern spring
i 13.16
porphyriticus salamander
— —Pseudotriton-montanus sosEnl 2.63
salamander
Pseudotriton ruber roi eI S 5.26
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Multivariable Analyses Results

» Land Use — Percent forest (+), percent
impervious surface (-), percent urban (-)

» Physical Habitat — shading (+), gravel (-

——extent (+), riparian buffer width (+), aesthet:

rating (+), total rocks (+), maximum depth
average thalweg depth (-)

—+ Water Quality — ANC (-), DOC (+)

* Biology — B-IBI (+), predator fish abunda
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