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My Agenda Today

U Introduce some natural history for
stream macroinvertebrates and fish

U Describe stream degradation based on
current conditions in the tributaries of
the Delaware River Basin

Stream Ecologist

& U Summarize evidence of successful or

Aquatic Entomologist SRQUD unsuccessful restoration SIROUD
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Aguatic Macroinvertebrates

Also non-insects

Mussels

QUD
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Snails
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MacroinvertebrateBiodiversity

A Diversity of life in streams i

Breitenbach, Schlitz Germany.- Max Plank Institute (Allan
11.1, Zwick 1992)
A 1044 species of animals over many years of collecting, 642
are insects

High numbers of insects not unusual for streams
Upper Three Runs in SC (about 350 species of insects)
White Clay Creek PA (300 sp.)

Rio)Tempisquito partial collections in Costa Rica (>300
sp.

A In contrast, a high alpine stream in the Rockies or Alps
might only have 50 species

SIRQUD
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White Clay Creek at Stroud Center
Over 50 years

Ephemeroptera 52
Odonata 14
Plecoptera 19
Hemiptera 9
Trichoptera 55
Megaloptera 5
Lepidoptera 1
Diptera 118 .
Total 298 [
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Genus/Specie

White Clay Creek, Chester Co, PA

Volunteers F mn
Amateurs(interns) 26
Expertc genus 67
Expertc species 88
Genetics 150

QQQ
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Taxonomic Hierarchy Natural factors affecting

KINGDOM

stream macroinvertebrates

U Temperatureg hot or cold¢ north vssouth, highvs
PHYLUM low elevation, summer versus winter
CLLASS ' Insecta U Currentc fast or slowg riffle vspool
Y ORDER Epgem?;optera U Substratec boulder, cobble, sand, silt
/ aetidae . .
FAMILY, Neocloeon U Foodc leaves algae, fingarticles
GENUS triangulifer U Water chemistry
SPECIES A Dissolved oxygen
oUD L %RQJQ
Nm e oo A Alkalinity¢ limestonevsblackwaterstreams
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SLOW SEASONAL FAST SEASONAL NON-SEASONAL
Anogapetus bernea Agopetus bifidus Glossosoma penitum

Dynamic

Fauna iDiapousing
AUG 31 so%:
i i J coarse
Uqultlr_1e sep 25 EQ%E ' particulate
Caddisflies nnal neo organic larger plants
OCT 24 goe, i matter mosses,
Nov 4 n=#z _:,— neo red algae)
1 generation/ JU— i [ El
phid neg epilithic
r " microorganisms
yea JAN 2 a% j (e.g. hyphomycete algae
n=82 I o fungi)
T
Fast seasonal s =< ] | dissolved
—_— n=63 I n=g organic
i : matter microorganisms
Avoid summer MAR 7-21 50% i v ; ®
_ nere n=g flocculation
or winter Adults
APR 2-26 50% ] . s fine
T particulate
MAY 7-25 50% ;- organic
Slow seasoria i 1. ... ater invertebtate
. JUN 1130 s0% scrapers
Avoid summer n=e ! :
JuL B-28 W%E E 1
=50 n-26 {A‘
g w—
Nonseasonal swn ¥ v e . { i o
- ns6g ¥ n=2 £l n= 97 collectors
1234s5p 12345P 123a4as5p vertebrate vertebrate 3
Figure 5.2. Age distribution of three glassosomatid caddishies, ilusirating life cycles. Field data predators Rredators ROUD
TS

Thare are five Iarval instars;
alga ingicated. (Data

r6 exprassed 48 percenlage COMPOSItian per month or 8ach inat
P = prepupe *+ pupa; # = number per sample. Flight period o
from Anderson and Bourne [1874])
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Shredders i Feed on leaves
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Scraper i Algal Feeding

Rhithrogenia pellucidaead capsule

Rhithrogenia pellucidanaxillary palps
SR

24

-
3835 15KV “X45 100MN-HB39




Scrapers 1 Algal Feeding
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Collector-Filterers i
Fine Particles

SIRQUD
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Burrowers i slow water, fine sediments

Clingers 1 fast water, rocky substrate

Large curved claws, dorsoventrally flattened,
rheophilic, can swim if forced

Prefer soft sediment,
equipped with
digging tusks, large
bushy gills for O,
poor conditions,
lentic

hithrogenasp.

Ephemera danica

Ephemera (Europe)
Rhithrogena (Europe) Epeorus (N. America) P (E PE

Hexagenia (N Awrrica)

10
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Air Breathers 1 Low Oxygen

Air Breathers i Low Oxygen

Eristalissp. Diptera Syrphidag
& waifed maggot Telescoping respiratory
siphon extends to 6x bety

length

Ranatra lineari§Hemiptera)

Y N .
SIS SEUD
Nepa rubra(Hemiptera) Wirer Receancas e
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Gill Breathers i Higher Oxygen

Rhithrogenasp.
(Ephemeroptera

Potamanthussp.
(Ephemeroptera)

SIRQUD

WATER RESEARCH CERTER
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ReachScale Habitalior Ephemeroptera
(as an example)

Acentrella

Ce i L i Baetis

d.ithbphilic species (grave

— / MR L § SER R clay, sand)
Ephoron  Heptagenia Caenis . Baetis

Paralgptophlebia  Electrogena

oPhytophilic species (plant:
& organic matter)

12



Fish Worldwide

Freshwatershave disproportionately high diversity,

given that there is much less freshwater habitat

comparedto marinehabitat

Fish Diversity in Freshwater Systems

-

TR e o e e s
® S5 Lo nor o 0 i o ondomicn
B Nodes

Sasce ovrgs s o Wokd Remasces tade (11, Washngon O, 1958

- N * .
e o S - - 5, \
) of feh.
4 =:;Wd -pto; /

Fish Diversity

Focoass f B 863 speces wih range megs ————

wirer Resear
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Major River Basins of Pennsylvania

ki

o . K “‘2%;3
’” i i 'ﬁ el
/ Potomac River & 2

264 4

Water shed
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Fish

19 Native species in White Clay Creek
.| |

American eel
Sea lamprey

American brook
lamprey

White sucker
Creek chubsucker
Rosyside dace
Blacknose dace
Longnose dace
Common shiner
Satinfin shiner

Spotfin shiner
Spottail shiner
Swallowtail shiner

Tessellated darter
Cutlips minnow
Banded killifish
Redbreast sunfish
Green sunfish
Pumpkinseed
Margined madtom

Creek chub
Fallfish
Rock bass

Brown trout
Rainbow trout
Smallmouth bass
Largemouth bass
Bluegill

I '3
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Fish habitat

0 Water Velocity

U Water Quality

U Temperature

U Depth

U Instream-lake Cover

U Stream-lake Size

U Substrate Size

U Instream-lake Vegetation
U Riparian Vegetation

U Floodplain Habitat

U Migration Corridors LRQUD

WATER RESEARCH CERTER
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Natural factors affecting

stream fish

Temperature¢ warm orcoldwater fisheryg north
vssouth, highvslow elevation

Currentc fast or slowc riffle vspool
Substrateg boulder, cobble, sand, silt
Foodc aquaticvsterrestrial, surface, drift, bottom
Water chemistry
A Dissolved oxygen
A Alkalinity ¢ limestonevsblackwaterstreéams

9/25/2019

Defines
(in part)
fish
community

=Warmwater ~ Coolwater mColdwater
oa A
Bluegill B = Largemouth Bass
Pumpkinseed = = Channel Catfish
B g = Smallmouth Bass
Crappie L] >
N N E
Northem Pike N
Mu:kie o Yellow Perch
BrookTrout  m B PacificSalmon
Rainbow Trout = ] Lake Trout
p\w‘« o

BrownTrout ™

QUD

WATER RESEARCH CERTER
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BodyShape reflects
feeding
behavior/location of

Structure within a channel unit

White Clay Creek

Habitat guilds

Riffle
Fast, rocky Tesseloted Darter
Generalist ~
Pool Rossos bose |} . =
Slower, finer Feed Off ©Joseph Tomelleri
sediments M a bottom
€ ¢ ¢ - Pyt ST , B
SrQUD Feed in front ©
\t;\mkgg{n.;;\}m ©Joseph Tomelleriz2
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http://www.nativefish.org/
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are rarely in a natural, pristine conditio

2019 is the
57% anniversary @@\l " ng{l%lp\%
. . R | Rachel
Silent Spring K@~ NOUERIN

49th anniversary

Earth Day

17
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Clean Water Act 1972 : i
Safe Drinking Water Act 1974 @ DeSIgnated Usé
> _ R e

L s, Aguatic
M Life
2019 is the
r _ /\ ™ Recreational
A7™ anniversary ,ﬁ.@a?@ Contact

Clean Water Act
Water Use

(people, animals
industrial, agricultural) gBQUD'

) ‘ WATER RESEARCH CERTER
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Designated Usg

5 Fishable

Stream degradation =
loss of legitimate,

% j\ Swimmable

Drinkable
SI &OUD’ ouUD

WATER RESEARCH CERTER WATER RESEARCH CERTER

protected uses
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Stream degradation = loss

legitimate, protected uses _
oanks Chemical Physical

AChannel width/depth

MSubstrate
ACanopy cover
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iiparlian vegetation Energy zz;irga‘:;og:ﬁf;i on o o.'\ F ¢
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Chemical Physical

o' F

@) c
) _\é f

QUD

WATER RESEARCH CERTER WATER RESEARCH CERTER

21



In pollution monitoring,

Presencetells you something

Gonspicuous absencaso tells you something

Use cautiorg
absencecould reflect
natural phenomena such as
season, location, or
microhabitat

9/25/2019

Why Monitor Aquatic

Macroinvertebrates?

OuUD
=S

WATER RESEARCH CERTER
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Aguatic Macroinvertebrates Aguatic Macroinvertebrates

Primarily agquatic insects Also non-insects

Stoneflies Crayfish Mussels

e QUD ¥o L i QUD
Caddisflies A Snails A

23
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Aquatic Macroinvertebrate Monitoring

Strong public acceptance AFish Food

Ecologically significant
Variable pollution response
Extends temporal perspective

Standardized monitoring | « : 4 |
protocols SERL ’ TSR

24
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\ light
L
terger plonts

cd aigac) !
red aigas

£ | Caddisfly
larva

Bugs are in the middle
of the food web

UD

WATER RESEARCH CERTER

UD

WATER RESEARCH CERTER
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Food Web of the Fast Stream

Not just
fish

Belted Kingfisher
Northern Waterthrush

Northern Raccoon

Eastern Pipistrelle

n% “;y r S@QQQ Great Blue Heron SI ROUD

ATER RESEARCH CENTER. WATER RESEARCH CERTER
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Ephemeroptera
Plecoptera
Trichoptera

Pollutionsensitive species are our
canaries in the coal mine

\ Pollution-sensitive \

QUD QUD

WATER RESEARCH CERTER WATER RESEARCH CERTER
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. Multimetric indiciesfrom the Mid-Atlantic Region
Macroinvertebrate
: ; : Metric MAIS MD NJ WV
Monitoring protocols well established Total Richnes s 3 s
EPT Richness 3 3 3 3
PA Mayfly Richness 3 3
~ Diptera Richness 3
O F_reestone e S
O Limestone 34 Chionomicae. > 3
O MUItlhabltat % Dominant 1 taxon 3
~ . . % Dominant 2 3
O Semiwadeablearge river 5+ Dominant 5 taxa .
Si mpsondés Diver3sity
. In_tolerantRit_:hr_less 3 3
Maryland¢ MBSS Family and Genus e e Chdex o
% Scrapers 3
. oupD oupD
NJ, DE, NY all different SIQD ; SIEQUD
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Different state metrics are related

(but classifications may not be)

Annual Means

%0 2-090

WV SCI

Means Across 1996-2000

30] =09 25 -/’ :

MD IBI Score

S B
NJ 1BI

107//
]
5,

0 TR W R y

0 5 10 15 20 &Q

MAIS Score MAIS Score WATER RESEARCH CERTER
E—

Macroinvertebrate Score

Biodiversity Loss
with Increasing Impairment
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Good
Fair
Poor
R2=0.79
5 10 15 20

Pollution-Sensitive Species (EPT)

29



Stream degradation is

a significant loss of biodiversity!

9/25/2019

Abundance often decreases (toxin
but can increase (fertilization)

Macroinvertebrate Score

R2=079

5 10 15 20
Pollution-Sensitive Species (EPT)

Good
Feit, Zay ,:
Poor ,/ :' E
g;;{%@.é];? \ Pollution-tolerant \ &R%C&g

WATER RESEARCH CERTER WATER RESEARCH CERTER
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Movie versus Snapshot

Snapshot
Single
Frame

Biological

Movie @@@;’:&
T

Macroinvertebrates are
sampling water
24/7 for weeks or months

9/25/2019

Macroinvertebrates Provide a
Biological Perspective i

Integrating stressors

Nutrient load y &\ | .\‘N‘
I 3 N y R
Heat/Cold % l%ﬂelopment mme).':
e

Micropollutants' EFFECT

Quality Character
A 5 » irreversible » acute/chronic
» compromising » combined effects

SIRQUD

WATER RESEARCH CERTER

uv

Salinity ‘
Habitat

31
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Fish
Sport & non-sport; NATIVE

Why Monitor Stream
Fish?

Brook Spotfin
trout c shiner

QUD S QUD
WATER RESEARCH CERTER Wh Ite S uCker WATER RESEARCH CERTER
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Fish Stream Fish Monitoring

Sport & non-sport; NON-NATIVE

Strong public acceptance
Ecologically significant
Variable pollution response

Extends temporal perspective

| Standardized monitoring |
SUERQP protocols SERL

33



Recreational
contact
oClean Stread

ST

WATER RESEARCH CERTER

light
coarse L
particulate

4 organic larger plants
4 matter {mossos
Y 4 red algae)
4

microorganisms

i epilithic
I (e.g. hyphomycete algae
" fungi)

w

dissolved t’
organic
matter

( iicoocin

flocculation - o*

) fine
particulat

invertebrate

invertebrate ‘)
collectors

invertebrate

predators

Fish are management |
targets SUEQL

WATER RESEARCH CERTER
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Fish response to watershed Movie versus Snapshot

and riparian disturbance

50 50

Snapshot

(a) (b)
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5] o 3

Percent in each age group
S [

1 2 3 4 5 6 7

5t. Lawrence River

8 9 10 11 12
Age (year)

All streams =@ All lakes

13

14 15 16

Figure 15. Percent distribution of age 1-16 smallmouth bass from streams, lakes, and the St.

Lawrence River, New York, 2004-2013.

\_marine_f

WATER RESEARCH CERTER
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Fish

Monitoring protocols still developing

New Jersey

O NJ Headwater IR small watershed, northern
ONJ Northern Fish IBllargerwatershed,northern
ONJ Southern Fish IBlow gradient, (pine barrens)

PA
O Ohio and Susquehanna done
O Developing for Delaware River

Maryland¢ MBSS done, regional %‘RQ%:Q

ESEARCH CERTER
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PA Aquatic Life Uses

& Special Protection Uses

EV
HQ-CWF
CWF
HQ-TSF
TSF
WWF

Exceptional Value Waters
High Quality -Cold Water Fishery
Cold Water Fishery

High Quality - Trout Stocking
Trout Stocking Fishery
Warm Water Fishery %5\9%

9/25/2019

Designated Uses

PA Code Chapter 93
https://mww.pacode.com/secure/data/025/chapter93/chap93toc.ht
ml

eMapPA
http://mwww.depgis.state.pa.us/emappa/

Stream Impairments

eMapPA
PA Integrated Water Quality Report - 2018
QUD

WATER RESEARCH CERTER
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Degradation is gradual Degradation = significant loss of

species

Delaware River Basin - 342 sites

Delaware River Basin - 342 sites

2004 - 2015 2004 - 2015
20
g o
8 8 Good
(%) N 15
(0]
1) ©
Q
S B
el 21 Fair 50% loss
'q:') 9 54%
> S5
S g
Q 0 . "
g Sites
OUD

WATER RESEARCH CERTER
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[&)] o

Macroinvertebrate Score

o

Degradation is common

a % are clearly degraded

2004 - 2015

10-

Good

54%

Sites
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Current Stream Classification Based on
Macroinvertebrates

After 47+
years, the
Clean Water

Good

Fair

Act has not
restored our
streams.

Poor

Macroinvertebrate Index

OuUD
=S

WATER RESEARCH CERTER
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Www.epa.gov/aquaticsurveys

A'56% of the nations
river and stream miles
do not support healthy
populations of aquatic
life

SIRQUD

WATER RESEARCH CERTER

US EPAI Draft Report: National Rivers & Streams Assessment

Has the condition of

streams of the
Delaware River Basin
Improved or been
maintained?

9/25/2019

QUD

WATER RESEARCH CERTER
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Stream Conditions Have Improved!

But not a lot recently

20 " 20 2
) Pickering Creek nr Valley Creek 2* [%)] Pickering Creek nr Valley Cre
K] Phoenixville Valle¥ Forge g Phoenixville Valley For
E 16 £ 16
©
L‘E | I w
(]
212 /\/\/ u >12 ]
= &=
(2]}
; 5
[} French Ck nr ] French Ck nr
n 8 Phoenixville n 8 Phoenixville
C C
§e] o
5 4 5 4
© ©
o o
U L NE” AR WA TaRer SR ‘ ' - ARSE i SRR REL T wes R ‘ ‘
P LS NS e H »H A S & & & S E & & &
S P e F PSS S PP F S F S S F S
Year Year
bIROUD' bIROUD'
s s
WATER RESEARCH CENTER WATER RESEARCH CENTER
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Bucks County, PA

Poor streams rarely become

20

[ Spring 1967-71
Spring 2007
@ spino Good

great streams.

[

Em’ (é Fair
212 5
§ Poor
S 8 & I
g .
£ ‘ Over 40 years, stream condition
N N N 1) N N N Vv N N N Ly - o .
Year generally improved or maintained

43
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Bucks County, PA .
20 Chester County History
[J Spring 1967-71
@ Spring 2007 GOOd Chester
L Lancaster County CD
2 County C;%it;zd
S
» C;e7aztgd West
o' Fair Brinton Chester Early Stream
< House County 15t g ond Restoration
= Built Seat Industrial 1st C ti prolocts
» 1704 1786 . stonservation Toda
5 Revolutions District Y
1937 (N
Poor 1 N 937 (NC)
0 | r Al il
noovae vz 1B Mt me  1BA W1 Vi W7 0“‘(,\)"“Q\“"({\)"“Q\“"Q\)"“0\“‘%““Q\“H(’\)““Q\HHHHQ\HH({\)
S AV Lo N S NOPEQN O ) N 3%
OISR RO RIC I ICORIC RIS EINC) IR

Clean

Again, poor streams rarely Wt ac
Signed OUD

WATER RESEARCH CERTER

become great streams.
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Are current environmental laws Are current environmental laws

protecting our streams and protecting our streams and

rivers? rivers?

Yes No

Good evidence many |
Good evidence many streams are still polluted,
streams are cleaner and not improving *

SES S &Bx\xﬂ}
WATER RESEARCH CERTER WATER RESEARCH CERTER

45



9/25/2019

——— Streams

0 10 20

We live in a wet world SIRUD

— Avondale = ——u-

46
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Ches

polluted stream challenge?

Chester County, PA
957 miles impaired

5,052,960 feet impaired

With a lot of polluted streams NS

5,053 projects if 1000 feet long

SIRQUD

WATER RESEARCH CERTER
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Addressing 100 ft here and 1000 ft

there, leaves us much more to do!

Lancaster County, PA

824 miles impaired

9/25/2019

AChannel width/depth

Manks
MSubstrate
light
ACanopy cover Aunlig
d MPrimary Production

)-\Ripar.ian vegetation Energy ASecondary Production
AGradient/slope QJUI'CE forganic matter inputs

ANutrient availability

Alemperature
Missolved Oxygen
Watershed Anlkalinity
\Characteristics ' AH
Aturbidity
AContaminants

s ACompetition

p—
Biotic aggeeiei

4,350,720 feet impaired Rilgivr:]e Aoy iterac [P
\ A Surface runoff tions MParasitism
A Groundwater MPisease
ﬁ Variability
H H - Highlow extremes -
4,350 projects if 1000 feet long mi’ﬂi %&Q%%
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Anthropogenic factors affecting Anthropogenic factors affecting

stream macroinvertebrates stream macroinvertebrates

U Temperatureg hot C cold or coldC hot (thermal (i Water chemistry
pollution from power plants, damstormwater,

climate change) A Dissolvedxygen sagsgewageor other high

g Biological or Chemical Oxygen Demand)
U Currentg fastC slow¢ dams and diversions,

hydropeakingwet/dry, armoring)

U Substratec boulder & cobbleC sand & silt (field

and channel erosion, but also armoring) A Toxins (metals, pesticides, pharmaceutical
personal care products)

A pH/Alkalinityc acid mine drainage, acid rair
A Petroleum Oils (mosquito control)

U Foodcg Ieav_esC algae orfine partlcle_s ouD QRQUD
(deforestation, grass buffers, organic wastey. > A
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Human modification of streams

(targets of restoration)

1 ¢ Modificationsof Natural FlowRegimes

2 ¢ Watershed Modifications

3 ¢ Pollution

4 ¢ Nonrnative Species

5 ¢ Global Change SIRQUD

WATER RESEARCH CERTER

9/25/2019
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Environmentally Significant Flo

Mill Damsin Chester County1847

But also temperature, oxygen, food, substrate

Annual Hydrograph \\ Riparian Maintanance Flows
~ o

fChinl’\!l Maintenands FIWjB/-r’J/

Fisheries Flows

( -
\
ﬂ 378 total

Agriculture (green), - ’ v
dan Feb Mar Apr Tay Jun Jul Bug Sep Oct Haow Dec Timber (yellow)
AT B RESERRCF CERTER

Factory (purple) _k“’" :

Alewife, Blueback,
Herring, Hickory Shad,
b AAMeETican Shad
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Dams inPennsylvania 7 s L ) e
Barriers to movement gt " 7 ‘ Channelizatio
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constrainment

Kankakee River
Indiana & lllinois
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2 ¢ Watershed Modifications

QU
S

WATER RESEARCH CERTER
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2cWatershed modifications from changes i Common Landscape Predictors
land use during human settlement of Stream Degradation

Rl%ral—for?st removal, ag1icucljture, excessive grazing in A% Forest
ormer forests or grasslands A% Agriculture

Urban- increased impervious surfaces from roads, o Row CropssPasture

houses, buildings (storm runoff ) ]
J ) o Livestock (density, barnyards)

Both - riparian integrity (presence?, size, age, able to 0
function as a bu%er or part of stream?) A% Urban

o Population Density (individuals psgkm)
All of the abovedams and diversions, channelization

rimg_constraéll_rfl_me_m; Wat(celrlshed modificationskqual 0% Developed (high, medium, low intensity)
abitat modification and loss ROUD 0% ImperviouCover ROUD

WATER RESEARCH CERTER WATER RESEARCH CERTER
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Better stream
condition
associated with
greater forest
cover.

n
o

Schuylkill River Sites

-
w

Water Quality Score

EPT Species
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% Forest Cover - Watershed
QUD
WATER RESEARCH CENTER

MAIS Score

Macroinvertebrates C
Forest Cc
Agriculture a
Development g
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Schuylkill River Sites

Impervious Cover and Stream
Impairments

Causation

Water Quality Score

EPT Species

5 20 40 60 8 20 40 60 8
% Forest Cover - Watershed % Forest Cover - Watershed
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AChannel width/depth

Manks

MSubstrate

ACanopy cover N .

oo (SN e

.ﬂGradlenthlope SR forganic matter inputs
ANutrient availability

ASunlight

p— Alemperature
Missolved Oxygen

Watershed Integrity WWELEI N Aaikalinity
Al

Qharacteristics J of the Quality .
River Alurbidity
J AContaminants

ACompetition

—
={o) el 7Reproduction

Flow A Velocity Mpredation
; Interac ; 5
SELIEN A volume ; | Areeding
4 A t A: it . . . .
N R A All of the abovedams and diversions, channelization
o ariablty and constrainment watershed modifications)
Highlow extremes OUD K . : OUD
SIROUD equalhabitat modification and loss SIRQUD
WATER RESEARCH CENTER WATER RESEARCH CENTER
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Pollution

3. Pollution

O introduction into the environment by humans of something
(substance, energy, land use practice) that is likely to
) interfere with the natural process of that environment and
3 ¢ Pollution- the presence in or introduction or the legitimate uses of the environment

into the environment of a substance or thing A _
that has harmful or poisonous istory of water pollution

O began with the change from migratory to sessile state of
man

O cut down forests, farmed land (upland areas)

O population densities increase, accumulation of human
wastes and need for disposal

] O water sources affected by both of these, and was an
SI\R%QL{Q easy answer to disposal (out of siht

WATER RESEARCH CERTER

O

S
WATER RESEARCH CERTER

58



9/25/2019

Pollution

point source- at the pipe;

: : : Common preClean Water Ag
non-point source- diffusepoints ofentry DO Sag Curves Not common now

1. Pathogen(human health issuefecal coliform, cryptosporidium, giardia)
2. Poisongindustrial wastes, pesticides, herbicides, urban runoff, oil)
3. Or ganlc(dlssolved and particulate residuiesuntreated sewage, farm
manufactunng WaSte) Clean Zone Decomposition Zone Septic Zone Recovery Zone Clean Zone
4. Nutnent (fert|||zers treated sewage, farm, manufa(;tunng effluent, aeria Trout, perch, bass; Carp; blackfly and Fish absent; sludge Carp; blackfly and Trout, perch, bass:
de OSItIOﬂ) mayfly, stonefly, and midge larvac worms; midge and midge larvae mayfly, stonefly, and
5 p caddisfly larvac mosquito larvae caddisfly larvac

Physicalsediment, habitat change, temperatyre see #1 and 2 above for
physical changes

D

A
) e,

QUD ; > A
SESESE

WATER RESEARCH CERTER

Dissolved u\\ en

Impact of pollution
In allcases of poisons, organics, nutrients, and physical

loss of sp%ciesunless only a minor nutrient increase that might support a few more
species

In some cases
increaseabundance(fertilization effect exploited by survivors)
In most cases
decrease abundanc@epends if tolerant taxa can exploit conditions,

’L‘{pﬁ.n -
/—'

%ﬁ”:

B
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Macroinvertebrate Score

9/25/2019

157 sites, primarily in Schuylkill River basin 157 sites, primarily in Schuylkill River basin
20 " o
:' % oo . =052 Good 8 " Good
e P Correlation
©
Fai (5 may not equal Fai
air © air
o
g
o S Causation
oor o Poor
©
0 ‘ — = ‘ ‘
0 200 400 600 0 200 400 600

Conductivity (< 550 pyS/cm) Conductivity (< 550 pyS/cm)

Chloride (< 85 mg/L) . Chloride (< 85 mg/L)
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Salt lllustrates Land/People

Connect|on to Water

Toxins:
Salt
Oils
Metals
Sealants
Herbicides
Insecticides
Soaps

Drugs w2
Personal Care //
Fertilizers .

9/25/2019

Salt lllustrates Land/People

Connectlon to Water

Toxins:

Salt :
Oils NnNChemi cal
Metals .

Sealants INn storm water

Herbicides

y Freshwater Salinization
Sndrom

Kaushal et al. 2018

Drugs _
Personal Care //
Fertilizers :
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Building from Stream Degradati StreamDegradation Curve

Contributes to Definition of Impaired

QUD gggun

WATER RESEARCH CERTER WATER RESEARCH CERTER
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