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Biomonitoring Overview
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Biomonitormg Overview: Benthic Macromyvertebrates

Why monitor

macromvertebrates?

Theyare bioindicators that integrate and reflect the
cumulative effects of stream health over time

Responsive to manyphysical, chemical, and biological
conditions

Integral part of the food web

Certain species have tolerances or sensitivities to
particular stressors

Provide a more holistic assessment of stream health over
time rather than an mstantaneous snapshot

Photo credit: Macroinvertebrates.org



Blomonitormg Overview: Benthic Macromyvertebrates

. What.IS the We sample fish and benthic macroinvertebrate
Biomonitoring & communities to assess the overall health of
Aguatic Studies Vermont’s rivers and streams using biological

Section (BASS)? criteria.

Protect surface waters for supporting designated
uses (aquatic life, recreation, etc.)as required by

What does BASS do the Vermont Water Quality Standards.

; * Identify high-quality waters for protection
ith th ? . .
with the data * Identify polluted or degraded waters for restoration

* Evaluate effectiveness of management activities

e Determine overall status and trends of Vermont
streams

Photo credit: Macroinvertebrates.org




Blomonitermg Overview:
Climate, Bydrology, s&zbiological Health

A‘;tt};;‘ggg’ieglc Question: how Commarat
: parative
changm do hydrologic analysis of
climate pgatt%rns factprs impact Ranch}]]3rook&
lead to biological West Branch
h : assessments of ; :
ydrologic Little River

stream health?

variability




Biomonitoring Overview:
Sampling Methods




At the lab: process, sort, and
identify macromvertebrate samples




Biomonitoring Overview: [Uiiei pEaiie:
Assessment Methods

Total Richness Totalnumberofunique taxa in sample

Totalnumber ofunique Ephemeroptera,
Plecoptera and Trichoptera taxa

Smetrics specific to EPTRichness
the stream type that

Percent Model Affinity—Order: Similarity to

mecasurc C Ommunity Ell O amodelbased on reference streams
CoOmpos lt ion and Pinkham Pearson Coefficient of Similarity
10 le rance to assess PPCS-FFG based on Functional Groups: Similarity to a

modelbased on reference streams

biological inte grity

Community tolerance to nutrient/organic

Biotic Index :
enrichment

Ratio of EPTabundance to combined

EPTEPT+Chiro abundance of EPTand Chironomidae

% Oligochaeta Percent worms oftotalsample abundance




Metric

9possibleratmgs for streamhealth rangng from Poor— Excellent

Mustreceive an'assessment rating ot Good™ or better to meet
Vermont Water Quality Standards

Thresholds ‘thl{atingi

Density
Richness
EPTRichness
PMA-O
PPCS-FFG
Biotic Index
EPT/EPT+Chiro
% Oligochaeta

Reference
B(2) B() A(1)
Good  Very Good

B(1)
>300 >400 Good/Very Good
>27 >31

Good

B(2) - Meets
>16 >19 Fair/Good Aquatic Life

>45 >55 Criteria
> 4() > 45

<4.5 <3.5 Most disturbed

> 45 > 55 (greatest departure

from reference)
>12 >5



Comparison of Study Sites
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Ranch Brook West Branch Little River
& Drainage area (km?)  9.83 # Drainage area (km2)  12.08 ./

‘“‘1 Elevation (ft 1240 Elevation (ft 1260
1.001 % % % Developed 19.033 %
98.905 % } % Forested 69.045 %
| % Impervious Surface 3.279 %

e 21% greater runoffoverall during 20-year
study

* Nearly 8 inches more rain

* More rapid “fill and spill” due to thinner
soils

& (Shanleyetal, 2021)




Comparison ot
Study Sites:

Assessment Ratmgs

Assessment

WIASIERSC O SIS e LY
SCOICS O WETHH B 1 NRa 1 Ch
OVETRI EOEVE A IS T

Excellent-

Previous attachment

VG/Exc-
Very Good-
Good/VG-

Good-

Fair/Good-

Fair-

Poor/Fair-

Poor-

Ranch

p <0.00001

WBLR



Comparison of Study Sites: Community Metrics

What metrics

are driving
differences mn
assessment
ratmgs?

% Baetidae
mayflies




Comparison of Study Sites: Community Metrics

« Some WBIR samples fail to
meet the B(2) threshold,
directly immpacting assessment
ratings

e Densityis frequently linked to
impacts of high flow events
and sedimentation

MaAarmeaibe T lmaMD)

Density (#/m2)
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Comparison of Study Sites: Community Metrics

% Baetidae Mayftlies 50, p <0.0001

* Bactidae are rapid colonizers

of disturbed/scoured substrate f 20
 Evidence that hydrology may 8
be impacting biological D
communities and contributing ,_53
20-

to lower assessment ratings at
WBLR

AR o Ranch WBLR




ASSESSIMENniTSe

e No trend at Ranch

* WBLR shows weak positive
trend over time ifrecent

flood years are removed
(2023, 2024)

* Significant t-test (p <0.04)
comparing pre- and post-
2012 data (23 &24 removed)

Trends &Relationships
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Excellent- L ® ®

VG/Exc- < o @ 0

Very Good- @ ® ®
Good/VG-

Good-

Fair/Good-

Assessment

Fair- ® ®

Poor/Fair-
* Ranch

* WBLR
2000 2004 2008 2012 2016 2020 2024

Poor-



enesTaneu BeiatensnIpSHDEn Sty

1600- + Ranch
+ \WBLR

* Weak decreasing trend in
densityover time at Ranch
driven by low density in recent
flood years

—_
M
o
o

800-
* Density appears to be

improving over time at WBLR,
but not significantly 400-

Density (#/m2)

2000 2004 2008 2012 2016 2020 2024
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: : : % / * Ranch
* Decreasingrelationship at e * WBLR

Ranch between density and
prior 75-day cumulative flow

* No relationship at WBLR

* Suggests that in low flow

® Ranch
r2 =0.36, p =0.0001

summers, watershed factors
drive differences i densities,
but climate and hydrologic
factors have a greater effect : .

after high flow summers 50 100 120 200

Sum of mean daily flow 75-days before sampling

log(Density (#/m2))

x
\



TFands And R EOnsigsS:

Yo Bactidae &@umulative Elow

® * Ranch
50 o + \WBLR
&
© WBLR *
© r2 =0.23, p = 0.003
% 40-
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0
20_ . & ® *
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0 o B ¢ b
50 100 150 200

Sum of mean daily flow 75-days before sampling



Insights and Key Take-Aways

How do hydrologic factors impact
ll biological assessments of stream health?

Evidence suggests that hydrology may have contributed to lower assessment
ratings at WBLR where there was greater runoffand at Ranch Brook during high
flow summers driven bydecreasing macroinvertebrate density due to scour and its

secondary effects (less algae/moss, more erosion/sediment) and higher abundance
of Baetidae mayflies.

o Lyidence

 Llowerassessment ratings driven by low densities at WBLR across years and at Ranch
during flood years

* Baetidae, rapid colonizers of scoured substrate, in greater abundance at WBLR

 Adecreasingrelationship with density and prior 75-day cumulative flow at Ranch and
consistently low densities at high cumulative flows at WBLR

* An increasing relationship with % Baetidae and prior 75-day cumulative flows at WBLR




InSighitstand ke ilake=Aways

- Statistically significant improving trend m assessment scores at
WBIR only when flood years were removed shows hydrology
iImpacts assessment score trends over time at WBLR

Trends over time

at the watershed Decreasmg trend m density over time at Ranch driven by flood

scale are likely years shows hydrology is impacting density trends over time at
confounded by Ranch

extreme flow

events and

greater runoff - Regression of density and prior 75-day cumulative flow suggests
that hydrologic factors drive decreased densityat Ranch and at

WBLR during high cumulative flow summers, but watershed
factors drive differences in density during low flow summers



Thank you

T
G

Meaghan Hickey
Meaghan.hickey@vermont.gov

and Aquatic Studies Section

g

IONT DEPARTMI O]

VERM! DEI [ENT OF
ENVIRONMENTAL CONSERVATION

WATERSHED

MANAGEMENT DIVISION

Biomonitoring

PR LR i LR R s




Extra slides



Comparison ot Study Sites: Dificrence m Density

1000-
]
® L

r2=0.28, p=0.004

» Significantlydecreasingtrend in
difference between Ranch and WBLR
densities over time

 Assumingthat Ranch and WBLR are
both beingaffected similarly by high
flows each year

500-

(Ranch - WBLR)

Difference in Density

* Could be indicative of improvement
. in density at WBLR

2000 2005 2010 2015 2020 2025



Comparison of Study Sites: Physical Habitat

. Sand & Gravel %
p<0.001

20-

Ranch WBLR

Algae Index Moss Index
p<0.001 p<0.001

* Sediment —% sand and
gravel is higher at WBLR

* Periphyton —macroalgae
and moss are much
higherat Ranch

* Could be indicative of
increased scouring and
erosion at WBLR

—
'

Ranch WBLR Ranch WBLR



Alkalinity (mg/l) Chloride (mg/l)

* Alkalinity/pH lower at Ranch

* Chloride/conductivity higher
at WBLR

* Statistically significant *
(p <0.001)

Conductivity (uS)

* Differences not enough to
see biological impacts

Ranch WBLR

| NN



Companison of Study Sites: Community Metrics

% Oligochacta

e This metric can limit the
attamment ofhigherassessment
ratings

* High oligochaete abundance 1s
frequently linked to issues with
sedimentation of stream bed

oligo_perc

]
=
1

10-

site
El Ranch
F wBLR

Ranch

site

WBLR



Tiered thresholds for each metric based on departure

rom (natural) condition

Metric Example Thresholds

x-
A
I 2
O I
‘g - . -_i-.- _—
Density 5,2)
]
Richness — Ih'<----!'--- _T.
EPTRichness % £ "
PMA-O 2 -
= I
PPCS-FFG =
. S - ;
Biotic Index > ]
EPT/EPT+Chiro .

Reference Disturbed

% Oligochaeta
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I posSSsible ratimgs 1or Siree o g irom Poor— EXc

Mustreceive an assessment ratmgof Good” or better to mect
Vermont Water Quality Standards

TiRESHOLDS E—

»Assessment Ratings

Non- B(1)
Attainment C%%)d Very Eche(_)lllent Reference
Fair/Poor Good A(1)

Density <300 >300 >400 >500
Richness <27 7  >31 35 Good Very Good 1
EPTRichness <16 >16 >19 >21

B(2) - Meets
PMA-O <45 >45 >55 >65 Aquatic Life

Criteria
PPCS-FFG <.40 >.40 >.45 >.50
Biotic Index >4.5 <4.5 <3.5 <3.0 _

Most disturbed

EPT/ EPT+Chiro <.45 >.45 >.55 >.65 (greatest departure

% Oligochaeta >12 >12 >5 >) from reference)
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