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ADVANCING KNOWLEDGE AND STEWARDSHIP OF FRESH WATER SYSTEMS
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Monitoring Planning & Design
10 Questions

Why is the monitoring taking place?

Who will use the monitoring data?

How will the data be used?

What parameters or conditions will be monitored?
How good do the monitoring data need to be?

What methods should be used?

Where are the monitoring sites?

When will monitoring occur?

How will monitoring data be managed and presented?
10 How will the program ensure that data are credible?
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10 Questions
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Project Planning & Design

Hypothesis

Goal =———p Effort(s)

To achieve goal

1

MONITOr M =0 351D litY

Yes

Achievable
Affordable
Measurable
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Swimmable

Drinkable

Fishable
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Chemical Physical

o0 e
,\H-C f

Biological

Sampling water
24 h per day

7 days a week
365d




Temporal Perspective — Snapshot versus Movie

ﬁ Minimal motion blur (stuttered motion)

______ ¥  Normalmotionblur
____Maximum motion blur (smooth motion)
___________________ [ N R R
Single
Frame
VS
Movie
OUD
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Snapshot versus Movie

Minim-::tl motion blur_ (stuttered mr_:utic:un}

__________

Normal motion blur

Temporal Perspective

water sample =» algae =» macroinvertebrate = fish

seconds =

days =

months => years
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Snapshot versus Movie

Minim-::tl motion blur_ (stuttered mr_:utic:un]

Normal motion blur

_____________________________________

Nutrient load ~
Heat/Cold

Development (time)
Q) =

Micropollutants EFFECT

== Quality Character
uv 5 “ » irreversible » acute/chroni OUD
Salinity £ » compromising » combined effec NNV
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Water guality monitoring tools
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Ephemeroptera
Plecoptera
Trichoptera

SIEQUD
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Pollution-sensitive species are our
canaries in the coal mine
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Macroinvertebrate Score

Biodiversity Loss
with Increasing Impairment
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Pollution-Sensitive Species (EPT)
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Macroinvertebrate Score
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Macroinvertebrate sampling in
streams

» Where to sample macroinvertebrates
» How to sample macroinvertebrates
» Sample processing

» Data analyses and interpretation
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Macroinvertebrate sampling
In streams

1. Where to sample macroinvertebrates

Pools oy

__-\/
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lefles versus Runs ver
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Macroinvertebrate sampling
In streams

2. How to sample macroinvertebrates

Surber or Hess

a
b. Hester Dendy po¢

O

Leaf pack

el |
[

Kick net or D-net

@R




Macroinvertebrate sampling
In streams

2. How to sample macroinvertebrates

a. Quantitative
 Surber or Hess
 Hester Dendy
* Leaf pack

b. Qualitative (semi-quantitative)
 Kick net or D-net SIROUD




Macroinvertebrate sampling

In streams

2. When to sample macroinvertebrates

USGS-
CCWRA
1970

SMTWTEFS SMTWTEFES SMTWTEFS

12 3 4 1 1
56 78 910N 2 3456 7 8 2 3456 7 8 6 7 8 9 101112 SWRC
1213 14 15 16 17 18 9 10111213 14 15 9 10111213 14 15 13141516 17 18 19 19905
19 20 21 22 23 24 25 16 17 18 19 20 21 22 16 17 18 19 20 21 22 20 21 22 23 24 25 26
26 27 28 29 30 31 23 24 25 26 27 28 23 24 25 26 27 28 29 27 28 29 30

SMTWTEFS MTWTES SMTWTES
1 2 3 2 3 456 7 1 234 5 PADEP
4 56 7 8 91 9 10111213 14 6 7 8 9 101112 34567 89
111213 14 15 16 17 1516 17 18 19 20 21 1314 1516 17 18 19 10111213 1415 16 1997
18 19 20 21 22 23 24 22 23 24 25 26 27 28 20 21 22 23 24 25 26 17 18 19 20 21 22 23
25 26 27 28 29 30 31 29 30 27 28 29 30 31 24 25 26 27 28 29 30
31

SEPTEMBER OCTOBER NOVEMBER  DECEMBER
SMTWTES SMTWTES SMTWTES SMTWTEFS

12 3 456 12 3 4 1 123 456
7 8 9.10 11 1213 56 7 8 9101 2 3.4 56 7 8 7 89 10 11 1213
14 1516 17 18 19 20 1213 14 15 16 17 18 9 101112131415 14 1516 17 18 19 20 .
21 22 23 24 25 26 27 19 20 21 22 23 24 25 16 17 18 19 20 21 22 21 22 23 24 25 26 27 OUD
28 29 30 26 27 28 29 30 31 23 24 25 26 27 28 29 28 29 30 31 %
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Macroinvertebrate sampling
In streams

2. When to sample macroinvertebrates

Mar — May

More
sensitive
species

Bigger

Easier to ID

JANUARY FEBRUARY
SMTWTEFS SMTWTEFES SMTWTEFS WTEF S
12 3 4 1 1 123 435

56 78 910N
1213 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

2 3456 7 8
9 10111213 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28

2 3456 7 8

9 10111213 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28 29

6 7 8 9 101112
13141516 17 18 19
20 21 22 23 24 25 26
27 28 29 30

JUNE JULY AUGUST
SMTWTFS fSMTWTFS SMTWTFES SMTWTES
123 f123456¢67 12345 12

4 56 7 8 910

111213 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 31

8 910111213 14
1516 17 18 19 20 21
22 23 24 25 26 27 28
29 30

6 7 8 9 101112
1314 1516 17 18 19
20 21 22 23 24 25 26
27 28 29 30 31

34567 89
10111213 14 15 16
17 18 19 20 21 22 23
24 25 26 27 28 29 30
31

SEPTEMBER OCTOBER NOVEMBER  DECEMBER
SMTWTES SMTWTES SMTWTES SMTWTES
12 3 456 12 3 4 1 123 456

7 8 9.10 11 1213
14 1516 17 18 19 20
21 22 23 24 25 26 27
28 29 30

56 7 8 9101
1213 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

2 3.4 56 7 8
9 101112131415
16 17 18 19 20 21 22
23 24 25 26 27 28 29
30

7 8 910111213
14 1516 17 18 19 20
21 22 23 24 25 26 27
28 29 30 31
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Macroinvertebrate sampling
INn streams

3. Sample processing
a. Separating/sorting
* Field or laboratory
By eye or with magnification

b. Taxonomic effort in identifications
 Order, family, genus, species
By eye... with magnification
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Macroinvertebrate sampling
INn streams

4. Data analyses and interpretation
a. Presence/absence
b. Relative abundance (%)
c. Biometrics
* EPT Richness
* Biotic Index

. ndan nsi
d. Abundance (density) Qmoup



What types of data are needed?

e 0o

Geodata

TranSpnrt Eulture

El'i"-I’II"DI'II'I‘IEI'It SEIEI'ICE

Types of Data

Weather © Financial
S—g}\%
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FOUNDATTION

Protecting and Restoring Place of
Ecological Significance:
Delaware River Basin Initiative

THE ACADEMY

OF NATURAL SCIENCES  Open Space Institute

of DREXEL UNIVERSITY



Three tier approach

The three-tier approach to data collection allows the Academy to easily
organize the vast DRWI dataset based on method of collection (ex. who, with

Macro-
Chemistry invertebrate Fish Habitat
Lab Sampling, Sampling Assessment
ID level

Chemistry

EPA WSA,
Habitat
Index,
Riparian
Index

ANS or other
designated
lab,

YSI sonde

Hach kit or
other Kkit;
non-
designated
lab

Hach kit or  No laboratory
other analysis
chemistry kit

Quantitative,
multiple pass
depletion
sampling

Low Surber sampler
detection
levels Genus/ specie

Higher Kick nets
detection
levels Family

Single-pass,
trout presence/ Habitat Index
absence
Kick nets

Family, order




Why did we chose Tier 1
methods for macroinvertebrates?

» DRWI goal was to quantify changes in
response to preservation and restoration

» (Genus/species more sensitive/informative
» Abundance is another response variable

» More rapid assessment methods sacrifice
Information to reduce cost
Sty
WATERREm



Project Planning & Design

G O a| Hypothesis E ﬂ:O r t (S)

To achieve goal

7

MONITOr e [0 3sibIlity

Yes

Achievable
Affordable
Measurable
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Why did we chose Tier 1
methods for

macroinvertebrates?

» Taxonomic data are hierarchical, density Is
flexible




Taxonomic Hierarchy

- KINGDOM

PHYLUM

CLASS  Insecta

ORD

"R/ Ephemeroptera

FAMILY/ Baetidae

GENUS

SPECIES

Centroptilum
triangulifer
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Why did we chose Tier 1
methods for macroinvertebrates?

» Taxonomic data are hierarchical, density Is
flexible

» (Genus/Species data could be converted to
family or order data, but ... Family or Order
data cannot be converted to Genus/Species

> Abundance can become relative abundance
(%) or Presence/Absence w









White Clay Creek
March 2009
Number of species In riffles versus pools




Macroinvertebrate sampling
In streams

2. When to sample macroinvertebrates

Mar — May

More
sensitive
species

Bigger

Easier to ID

JANUARY FEBRUARY
SMTWTEFS SMTWTEFES SMTWTEFS WTEF S
12 3 4 1 1 123 435

56 78 910N
1213 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

2 3456 7 8
9 10111213 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28

2 3456 7 8

9 10111213 14 15
16 17 18 19 20 21 22
23 24 25 26 27 28 29

6 7 8 9 101112
13141516 17 18 19
20 21 22 23 24 25 26
27 28 29 30

JUNE JULY AUGUST
SMTWTFS fSMTWTFS SMTWTFES SMTWTES
123 f123456¢67 12345 12

4 56 7 8 910

111213 14 15 16 17
18 19 20 21 22 23 24
25 26 27 28 29 30 31

8 910111213 14
1516 17 18 19 20 21
22 23 24 25 26 27 28
29 30

6 7 8 9 101112
1314 1516 17 18 19
20 21 22 23 24 25 26
27 28 29 30 31

34567 89
10111213 14 15 16
17 18 19 20 21 22 23
24 25 26 27 28 29 30
31

SEPTEMBER OCTOBER NOVEMBER  DECEMBER
SMTWTES SMTWTES SMTWTES SMTWTES
12 3 456 12 3 4 1 123 456

7 8 9.10 11 1213
14 1516 17 18 19 20
21 22 23 24 25 26 27
28 29 30

56 7 8 9101
1213 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

2 3.4 56 7 8
9 101112131415
16 17 18 19 20 21 22
23 24 25 26 27 28 29
30

7 8 910111213
14 1516 17 18 19 20
21 22 23 24 25 26 27
28 29 30 31
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Fly Fisherman’s Hatch Chart

West Virginia North Fork River - Hatch Chart

Mayfly Name Mar Apr May Jun Jul Aug Sept Oct Remarks
Little Blue Winged Olive 518, early PM
G Gordon 512, 14 earlymid P
Little Blue Quill H 516, 18 late AMearly P
Henderickson 51214 earlymid Ph
isray Fox 51214 earlymid P
March Brown a10 12 sporadic P
izreen Drake 58 10 earlylate P
Little Maryatt 514 late Ahlate P
Sulfur Dun 512 late AM/late P
Little Sulfur Dun 515 midilate P
Elue Winged Olive 512,14 AM sporadic
Light Elue Winged Olive 516 AM sporadic
Tiny VWhite YWinged Elack 522,28 early AMIPM
Dun Yar Mahogany Dun 510,12 midilate P
Light Cahill 512,14 PM sporadic
Cream Varient 510 dusk late PN
Fale Evening Dun 514,16 evening
Yellow May a10.12 mid/latePh
Dark Elue Quill 516,18 mid/late Fh
Week| 1]2|3[ 4| 1| 23| 4| 1]2(3| 4| 1| 23| 4| 1| 23| 4| 1]|2|3|4] 123 1) 2

= Note: Hatch Chart based upon data from "Charlie Charmers
T Start and End Dates may vary depending on weather

5 - Hook Size &
Time of Day
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Spring

:West Virginia North Fork River - Hatch Chart

Mayfly Name Jun Jul Aug Sept Oct Remarks

Little Blue Winged Olive 518, early FM

G Gordon 512, 14 earlymid P
Little Blue Cuill 516, 18 late Ahdiearly P
Henderickson 512,14 earlymid Ph
isray Fox 512,14 earlyimid Phd
March Brown a10 12 sporadic Ph
izreen Drake 55 10 earkylate Ph
Little Maryatt 514 late Ahlate Ph
Sulfur Dun 512 late AMlate P
Little Sulfur Dun 518 midilate P
Elue YWinged Olive 51214 AM sporadic
Light Elue YWinged Olive 516 Al sporadic
Tiny White YWinged Black 522 28 early AMIFM
Dun Var Mahogany Dun 510,12 midilate FM
Light Cahill 512,14 PM sporadic
_ream Varient 510 dusk late P
Fale Evening Dun 514,16 evening
Yellow May 210,12 mid/latePh
Dark Elue Quill 516,18 mid/ate PN

| Week 1 2 1 2 1 2|3 1 2| 3 1 2

*** MNote: Hatch Chart based upon data from "Charlie Charmers S - Hook Size &

T Start and End Dates may vary depending on weather Time of Day
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SLOW SEASONAL FAST SEASONAL NON-SEASONAL

Anagapefus berngg Agapetus bifidus Gloszosoma penifum
AUG 31 0% (Diapausing _n:;iulu
Eggs)
n= ¥ i E— n= S
[ —

SEP 25 50% - =

ne 2 ' fE g m n=&F
COT 24 -
MOV 4 5050

DEC 2 Loty

=== ==

n= i&F

JAN 2 500

n = 5% n= {50

W

===

{8Y T=25 50%

JUN 11=30 505

n=-ﬁ'§ 5

|| 1

JUL B-28 :-D':I'"-:'-I - ; -
n= 50 n= 86 - G EEELH

i 7 1

AUG 11 50% | - &= L
ne 69 LANEN. T | 57

I2345p Il 23 458F I 23a5pP

Figure 5.2, Age distribution of thres glossosomatid caddisfiies, illusirating life cycles, Field data
are expréssed as parcaniags compositbon per month for each inatar. Thare are five larval inslars,
P = prepupa + pupa; # = number per sample. Fhight period of adults is also indicated, {Data
iroam Anderson and Bourne [1874].)




Genus/Species

White Clay Creek, Chester Co, PA

Amateurs (interns) 26
Expert — genus 6/
Expert — species 33
Genetics 150
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Impairment = Biodiversity Loss
16 families versus 44 species

SORRY ABOUT THE SMELL — T
JUST HAD A MASS EXTINCTION.

WATER RESEARCH CENTER




Macroinvertebrate sampling
In streams

4. Data analyses and interpretation
a. Presence/absence
b. Relative abundance (%)
c. Biometrics
e EPT Richness
* Biotic Index
d. Abundance (density) SIRQUD



In pollution monitoring,

Presence tells you something

Conspicuous absence also tells you
something

Use caution —
absence could reflect
natural phenomena such as
season, location, or
microhabitat




What has monitoring told us about
stream condition over time?
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Schuylkill River

1900 square miles

= Sampling sites
[ ] original 19 - watersheds

1 Miles

0 15

30

2005 Land Use:

B Developed

- Roads

[ 1 Ag/HerbiGolf Courses
- Forested

I Water

B Wetlands

[ | Bare/Mines




Agriculture

Mining
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Schuylkill River
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Macroinvertebrate Score
o

o

Schuylkill River Basin - 147 sites
1996 - 2010

Sites

Degradation Is gradual QIRQUD

WATER RESEARCH CENTER




— N
6} o

Macroinvertebrate Score
(@)

o

Schuylkill River Basin - 147 sites

1996 - 2010
Good
:;Tmnww. Fair
54%
Poor
23%
Sites

50% are clearly degraded SIrouD
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20

Macroinvertebrate Score
o =

o

Schuylkill River Basin - 147 sites

1996 - 2010
Good
nTﬂTr Y Fair
54% '
Poor - -
23% . \
Sites 4 4

Changes are not minor
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The Schuylkill basin is on average - Fair
> 50% of the streams show evidence of degradation.

20

Macroinvertebrate Score
&)

o

Sites
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NYC Watersheds - 2000-2002
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www.epa.gov/aquaticsurveys

e 56% of the nation’s
river and stream miles
do not support healthy

populations of aquatic
life

WATER RESEARCH CENTER

US EPA - Draft Report: National Rivers & Streams Assessment 2008-2009



http://www.epa.gov/aquaticsurveys

Schuylkill River

1900 square miles

+  Sampling sites
[ original 19 - watersheds

1 Miles

0 15

30

2005 Land Use:

I Developed

I Roads

[1 Ag/Herb/Golf Courses
I Forested

I water

B Wetlands

[ | Bare/Mines




Schuylkill River

Pottsville

Reading
Philadelphia
o Sampling sites /
/N Streams
Watersheds
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Macroinvertebrate Score
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Agriculture

Mining
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Pesticides

Pollution caused by car-washing

Pollution
IS about people
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Stream Conditions Have Improved!

S ¢ 9 o v  o%
Sal|IWE- SAIISUSS UONN||0d
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But not a lot recently

o
Al

sol|lwe SAIISUSS UoNN|jod
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Poor streams rarely become

great streams.
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Bucks County, PA

20
[] Spring 1967-71
® Spring 2007 GOOd
15 ]
® o
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5
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0 5
I Ve V2 3 M1 me  IBA 1w Nz

Over 40 years, stream condition generally
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iImproved or maintained




Bucks County, PA

20
[] Spring 1967-71
® Spring 2007 Good
15
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Agalin, poor streams rarely

become great streams.
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Why are we not seeing more clean
streams, or larger improvements?

1. Not Enough Time?

2. Not Enough Intensity?

3. Wrong Prescription?

4. Missed Something?




Why are we not seeing more clean
streams, or larger improvements?

1.Not Enough Time?




Lancaster

Lancaster Cgunt;; %D

County reate

Created | Early Stream

1st Restoration
. 1st & 2nd . f
1st Farms Lititz industrial Conservation Projects
Cleared J Formed naustria District (NC) Today
1 1 Revolutions 11

Clean
Water Act
Signed
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Why are we not seeing more clean
streams, or larger improvements?

2.Not Enough Intensity?




Restoration & Prevention

Are Generally Local Concerns And Efforts

WATER RESEARCH CENTER




Addressing 100 ft here and 1000 ft
there, leaves us much more to do!

Lancaster County, PA

824 miles impaired

4,350,720 feet impaired
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Comparison
of stream
condition

2000
Versus
2016

Macroinvertebrate Score

Stream Recovery
After Farm Restoration

—_k
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Stream Recovery
After Farm Restoration
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Comparison
of stream
condition

2000
Versus
2016

Macroinvertebrate Score

Stream Recovery
After Farm Restoration

12

® 100% Done
® 50% Done

Fair

Poor




Why are we not seeing more clean
streams, or larger improvements?

3.Wrong Prescription?







Channel
Modifications

Field Challenges
Unaddressed




Why are we not seeing more clean
streams, or larger improvements?

4.Missed Something?




Revisit Requlatory Limits?

New
Toxicity
Tests

N

| | J
L] £, F
- L F] -
»* '+:,.. -

=
ppl pennsylvania

DEPARTMENT OF ENVIRONMENTAL PROTECTION

_ ’tz ‘2 - OUD
=
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Delaware River Basin Commmission




Standard Laboratory Test Species
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Procloeon rivulare

Centroptilum triangulifer

Centroptilum minor

WATER RESEARCH CENTER




Whole lifecycle In
laboratory

-
—_—




Sulfate

Chloride

SEQUD
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Temperature



Urban Pollutants?

» Solids

»Oxygen-demanding substances
»Nitrogen and phosphorus
»Pathogens

»Petroleum hydrocarbons
»Metals (Cu, Pb, Zn)

» Synthetic organics




Emerging Contaminants?

WATER RESEARCH CENTER



CHLORIDE Toxicity

WATER RESEARCH CENTER




Macroinvertebrate Score

157 sites, primarily in Schuylkill River basin
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Emerging Contaminants?

Chloride

.}

EXPLANATION =~
Median concentrationin
urbanstreams, in milligrans
per liter (mag/L)

1000 -1850
400 - 999
100 - 399
00- 99

https://www.macalester.edu/academics/environmentalstudies/threerivers/studentprojects/LakesStreamsRiversFall09/UrbanizationWeb/Pollutants1.html




Emerging Contaminants?
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https://'www.macalester.edu/academics/environmentalstudies/threerivers/studentprojects/LakesStreamsRiversFall09/UrbanizationWeb/Pollutants1.html !




Emerging Contaminants?
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https://www.macalester.edu/academics/environmentalstudies/threerivers/studentprojects/LakesStreamsRiversFall09/UrbanizationWeb/Pollutants1.html




Why are we not seeing more clean
streams, or larger improvements?

1. Not Enough Time?

2. Not Enough Intensity?

3. Wrong Prescription?

4. Missed Something?




How do we see more improvement?

1) Do more, try new things.
« Research

. » 2)Be vigilant.
z‘gg‘/ * Monitor
\ 1) Change regulations.
} * Demand will increase
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610.268.2153 x226




WATER RESEARCH CENTER




