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Biomonitoring Overview
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They are  bioindicators  that integrate  and re flec t the  
cumulative  e ffec ts  of s tream health over time

• Responsive to many physical, 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 instantaneous snapshot

Why monitor 
macroinvertebrates?

Biomonitoring Overview: Benthic Macroinvertebrates
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What does BASS do 
with the data?

Protec t s urface  waters  for s upporting des ignated 
us es  (aquatic life, recreation, etc.) as  required by 
the Vermont Water Quality Standards.

What is  the 
Biomonitoring & 
Aquatic Studies  
Section (BASS)?

We sample fis h and benthic  macroinvertebra te  
communities to as s es s  the  overa ll hea lth of 
Vermont’s  rive rs  and s treams  using biological 
criteria.

Biomonitoring Overview: Benthic Macroinvertebrates

• Identify high-quality waters  for protection 
• Identify polluted or degraded waters  for restoration
• Evaluate effectiveness of management activities
• Determine overall status and trends of Vermont 

streamsPhoto credit: Macroinvertebrates.org



Biomonitoring Overview: 
Climate, Hydrology, & Biological Health

Anthropogenic 
stressors  & 
changing 

climate patterns 
lead to 

hydrologic 
variability  

Ques tion: how 
do hydrologic  
fac tors  impact 

biologica l 
as s es s ments  of 
s tream health? 

Comparative 
analysis  of 

Ranch Brook & 
West Branch 
Little River



Biomonitoring Overview: 
Sampling Methods



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



Biomonitoring Overview: 
Assessment Methods

8 metrics  s pecific  to 
the  s tream type  that 
meas ure  community 

compos ition and 
tole rance  to as s es s  
biologica l integrity

Metric Des cription
Dens ity Number of invertebrates  per square meter

Tota l Richnes s Total number of unique taxa in sample

EPT Richnes s Total number of unique Ephemeroptera, 
Plecoptera and Trichoptera taxa

PMA-Order Percent Model Affinity–Order: Similarity to 
a model based on reference streams

PPCS-FFG
Pinkham Pears on Coeffic ient of Similarity 
bas ed on Functional Groups : Similarity to a 
model based on reference streams

Biotic  Index Community tolerance to nutrient/organic 
enrichment

EPT/EPT+Chiro Ratio of EPT abundance to combined 
abundance of EPT and Chironomidae

% Oligochaeta Percent worms of total sample abundance



As s es s ment Ratings
Reference

Mos t dis turbed 
(greatest departure 

from reference)

9 possible ratings for stream health ranging from Poor – Excellent

Must receive an assessment rating of “Good” or better to meet 
Vermont Water Quality Standards

Metric Thres holds
Non-

Atta inment
Fair/Poor

B(2)
Good

B(1)
Very Good

A(1)
Excellent

Dens ity < 300 >300 >400 >500
Richnes s <27 >27 >31 >35
EPT Richnes s < 16 >16 >19 >21
PMA-O < 45 >45 >55 >65
PPCS-FFG < .40 >.40 >.45 >.50
Biotic  Index > 4.5 <4.5 <3.5 <3.0
EPT/EPT+Chiro < .45 >.45 >.55 >.65
% Oligochaeta > 12 >12 >5 >2



Comparis on of Study Sites

West Branch Little River (WBLR)

Ranch Brook
Photo credit: Mary Nealon



Comparison of Study Sites: Watershed Characteristics

Ranch Brook Wes t Branch Little  River

• 21% greater runoff overall during 20-year 
study

• Nearly 8 inches more rain 
• More rapid “fill and spill” due to thinner 

soils
(Shanley et al, 2021)

Characteris tic Amount

Drainage area (km2) 12.08
Elevation (ft) 1260
% Developed 19.033 %
% Forested 69.045 %
% Impervious Surface 3.279 %

Characteris tic Amount

Drainage area (km2) 9.83
Elevation (ft) 1240
% Developed 1.001 %
% Forested 98.905 %
% Impervious Surface 0.303 %



Comparison of 
Study Sites: 
Assessment Ratings

p < 0.00001

WBLR cons is tently 
s cores  lower than Ranch 

over the  25-year s tudy



What metrics  
are driving 

differences in 
assessment 

ratings?

Dens ity % Bae tidae  
mayflies

Comparison of Study Sites: Community Metrics



Comparison of Study Sites: Community Metrics

Dens ity 

• Some WBLR samples fail to 
meet the B(2) threshold, 
directly impacting assessment 
ratings

• Density is  frequently linked to 
impacts  of high flow events  
and s edimentation

Excellent
Very Good

p < 0.02



% Baetidae  Mayflies

• Baetidae are rapid colonizers  
of disturbed/scoured substrate 

• Evidence that hydrology may 
be  impacting biologica l 
communities and contributing 
to lower assessment ratings at 
WBLR

Comparison of Study Sites: Community Metrics

p < 0.0001



Assessment Scores

• No trend at Ranch
• WBLR s hows  weak pos itive  

trend over time  if recent 
flood years  are removed 
(2023, 2024)

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

p < 0.09

Trends  & Relations hips



• Weak decreas ing trend in 
dens ity over time  at Ranch 
driven by low density in recent 
flood years  

• Density appears to be 
improving over time at WBLR, 
but not s ignificantly

Trends and Relationships: Density

p < 0.045



• Decreas ing re la tions hip a t 
Ranch be tween dens ity and 
prior 75-day cumulative  flow

• No relationship at WBLR
• Suggests  that in low flow 

summers, watershed factors  
drive differences in densities, 
but climate and hydrologic 
factors  have a greater effect 
after high flow summers

Trends And Relationships: 
Density & Cumulative Flow



• Increas ing re la tions hip in WBLR 
but not in Ranch between the 
relative abundance of Baetidae 
and the prior 75-day cumulative 
flow

• Suggests  that WBLR is  more prone 
to scour after high cumulative 
flows, while Ranch is  more 
biologically resilient to s imilarly 
high flows

Trends And Relationships: 
% Baetidae & Cumulative Flow



Evidence suggests  that hydrology may have  contributed to lower as s es s ment 
ra tings  a t WBLR where  there  was  greate r runoff and at Ranch Brook during high 
flow s ummers  driven by decreasing macroinvertebrate density due to scour and its  
secondary effects  (less  algae/moss, more erosion/sediment) and higher abundance 
of Baetidae mayflies.

How do hydrologic  fac tors  impact 
biologica l as s es s ments  of s tream hea lth?

• Lower assessment 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 
• A decreasing relationship 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

Evidence

Ins ights  and Key Take-Aways



Trends  over time  
a t the  wate rs hed 
s ca le  a re  like ly 
confounded by 
extreme flow 
events  and 
greate r runoff

- Statistically s ignificant improving trend in assessment scores at 
WBLR only when flood years  were removed s hows  hydrology 
impacts  as s es s ment s core  trends  over time  at WBLR

- Decreasing trend in density over time at Ranch driven by flood 
years  s hows  hydrology is  impacting dens ity trends  over time  at 
Ranch

- Regression of density and prior 75-day cumulative flow suggests  
that hydrologic  fac tors  drive  decreas ed dens ity a t Ranch and at 
WBLR during high cumulative  flow s ummers , but waters hed 
fac tors  drive  diffe rences  in dens ity during low flow s ummers

Insights and Key Take-Aways



Thank you!
Meaghan Hickey

Meaghan.hickey@vermont.gov

Biomonitoring and Aquatic Studies  Section



Extra slides



Comparison of Study Sites: Difference in Density

• Significantly decreasing trend in 
difference between Ranch and WBLR 
densities  over time

• Assuming that Ranch and WBLR are 
both being affected similarly by high 
flows each year

• Could be  indicative  of improvement 
in dens ity a t WBLR



Comparison of Study Sites: Physical Habitat

• Sediment – % sand and 
gravel is  higher at WBLR

• Periphyton – macroalgae 
and moss are much 
higher at Ranch

• Could be  indicative  of 
increas ed s couring and 
e ros ion at WBLR

p<0.001p<0.001 p<0.001



• Alkalinity/pH lower at Ranch
• Chloride/conductivity higher 

at WBLR
• Statistically s ignificant         

(p < 0.001)
• Differences not enough to 

see biological impacts

Comparison of Study Sites: Water Chemistry



Comparison of Study Sites: Community Metrics

% Oligochae ta

• This metric can limit the 
attainment of higher assessment 
ratings

• High oligochaete abundance is  
frequently linked to is s ues  with 
s edimentation of s tream bed



Metric Example  Thres holds
Non-

Atta inment
Fair/Poor

B(2)
Good

B(1)
Very Good

A(1)
Excellent

Dens ity < 300 >300 >400 >500
Richnes s <27 >27 >31 >35
EPT Richnes s < 16 >16 >19 >21
PMA-O < 45 >45 >55 >65
PPCS-FFG < .40 >.40 >.45 >.50
Biotic  Index > 4.5 <4.5 <3.5 <3.0
EPT/EPT+Chiro < .45 >.45 >.55 >.65
% Oligochaeta > 12 >12 >5 >2
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Re fe rence Dis turbed

Tiered thresholds for each metric based on departure 
from (natural) condition 



Metric Thres holds
Non-

Atta inment
Fair/Poor

B(2) 
Good

B(1)
Very Good

A(1)
Excellent

Dens ity < 300 >300 >400 >500
Richnes s <27 >27 >31 >35
EPT Richnes s < 16 >16 >19 >21
PMA-O < 45 >45 >55 >65
PPCS-FFG < .40 >.40 >.45 >.50
Biotic  Index > 4.5 <4.5 <3.5 <3.0
EPT/EPT+Chiro < .45 >.45 >.55 >.65
% Oligochaeta > 12 >12 >5 >2

As s es s ment Ratings
Reference

Mos t dis turbed 
(greatest departure 

from reference)

9 possible ratings for stream health ranging from Poor – Excellent

Must receive an assessment rating of “Good” or better to meet 
Vermont Water Quality Standards

METRIC THRESHOLDS

Non-
Atta inment
Fair/Poor

B(2)
Good

B(1)
Very 
Good

A(1)
Excellent

EXAMPLE  
BROOK 

Dens ity < 300 >300 >400 >500 375
Richnes s <27 >27 >31 >35 29
EPT Richnes s < 16 >16 >19 >21 13
PMA-O < 45 >45 >55 >65 72
PPCS-FFG < .40 >.40 >.45 >.50 0.47
Biotic  Index > 4.5 <4.5 <3.5 <3.0 4.0
EPT/EPT+Chiro < .45 >.45 >.55 >.65 0.82
% Oligochae ta > 12 >12 >5 >2 0.5
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