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Presentation

Water Quality

Benthic Macroinvertebrates (BMl’s)

— EPT — Ephemeroptera (Mayflies), Plecoptera
(Stoneflies), Tricoptera, Caddisflies)

— Midges, Dragonflies, Beetles, True flies
Trophic Feeding Guilds & Food Webs
Hector the Hellgrammite



Water Quality

* We measured the air temperature, water
temperature, pH, conductivity, dissolved oxygen,
alkalinity, phosphate, nitrate and turbidity.

* This chemical “snap — shot” was recorded once
each fall.

* A ssingle chemical snapshot of a stream tells you
the condition of the water at the moment it was
sampled, but it does not fully describe the long-
term health of the stream ecosystem.



Chemical snap-shot can reveal

Current water quality
— Clean or polluted water
Signs of disturbance
— Rainfall and sediment run-off to drought
— Ag or urban waste
Chemical imbalance
— Acidic or alkaline conditions
— Buffering capacity (alkalinity)
— Mineral content (conductivity)
— Nutrient enrichment (phosphate or nitrate levels)
— Cloudiness (turbidity)
Potential stress on organisms
— Dissolved oxygen



What a chemical snap-shot cannot tell

vou
Whether water quality has been improving or
declining.
Seasonal changes.

Daily fluctuations (especially dissolved oxygen
and temperature).

The effects of floods or droughts over time.

Long-term biological condition. How often
pollution events occur.



Stream health requires multiple lines
of evidence

Component What it tells you

Water chemistry Current chemical conditions

Channel shape, substrate, pools, riffles,

Physical habitat '
ysical habita shade, erosion

Flow regime, floods, droughts, dam

Hydrology releases

How aquatic organisms have responded

Biol
lology over months and years

The biological community is often considered the best indicator of long-term stream
health because organisms cannot leave poor conditions easily.



Wench Creek water quality 2001 -

Wench Creek

Year
Test Units
Air Temperature e
Water Temperature e
pH
Conductivity microseimens /cm
Alkalinity ppm?
Dissolved Oxygen mg/l = ppm
PO, ppm
nitrate ppm
Turbidity ftu = ntu
WQl Scale WQ Results
91-100 Excellent Site #1
71-90 Good Site #2
51-70 Site #3
26-50 Bad / Poor mean reach

0-25 Very Poor

2009

2001 2002
Average Average
for reach for reach
17.6 13.50
10.43 6.72
7.14 7.02
37.29 36.59
28.6 0.00
8.41 10.70
0.21 0.71
0.34 0.08
1 4.61
2001 2002
86.89 73.01
81.54 75.79
77.16 75.22
81.86 74.67

Wench Creek

2003
Average

for reach

10.76

9.76
7.55
37.89

32.89
6.5
0.22

5.8
0.44
2003

75.25

68.03

2004
Average

for reach

214
9.9
7.63
39.48
0
5.92
0.09
0.28
0.53

2004

71.54
70.63

2005
Average

for reach

5.5

6.13
7.76
38.41

9.3

0.14
0.11

2005

86.49
74.59

2006
Average

for reach

10.86
8.43

7.50
44.62

8.84
0.07

0.11

2006
89.56
89.13
87.6
88.76



Wench Creek conclusion

Wench Creek water-quality samples > September or the first few days of October
WQl values likely reflect the cumulative effects of annual precipitation, snowpack,
spring run-off, groundwater recharge, and late-season base flow.

Table 2.2-1. Water year types applied to individual months of years 2001-2004.*

Year Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec

2001 AN D D D D D D D D D D D

2002 D BN BN BN BN BN BN BN BN BN BN BN

2003 BN BN BN D BN BN BN BN BN BN BN BN

2004 BN BN BN BN BN BN BN BN BN D D D *

*CD=Critically Dry; D=Dry; BN=Below Normal; AN=Above Normal; W=Wet (SMUD Tech Report 2005)

The decline in WQI from 2002 through 2004 - coincided with a substantial reduction
in water-year precipitation, including the exceptionally dry 2004 water year.

The low WQI values during 2003 and 2004 were associated with elevated nitrate in
2003 and reduced dissolved oxygen in 2003—2004 - conditions that may have been
intensified by reduced late-season streamflow, limited dilution, and reduced stream
aeration.



* Wench Creek recovery in 2005 and substantial
improvement in 2006 suggest = changing
hydrologic conditions, possibly with a delayed
recovery in watershed storage and base flow.
However, the high WQI in 2006 despite rainfall
similar to 2003 and 2005 indicates that annual
precipitation alone did not control water quality.

e Differences in precipitation timing, snowpack,
groundwater recharge, late-season discharge,
and localized nutrient inputs may also have
influenced the observed pattern.



Big Silver Water Quality 2007 - 2009

2007

Average

for reach

14.13

9.56
6.88
33.51

46.44
10.86
0.03
0.21
-0.86

2007
89.19
92.85
93.77
91.94

Big Silver

2008

Average

for reach

24.20

14.63
6.88
38.25

8.00
9.20
0.05
0.08
0.00

2008
91.36
89.38
93.30
91.35

2009

Average

for reach

234

14.53
7.47
35.6

9.48
0.056
0.014

0.21

2009
92.98
91.81
93.01
92.60

Big Silver
mean
91.18
91.35
93.36

Big Silver Creek could be considered a reference

stream.

- exhibits consistently high and stable water
quality.

- Water quality remained consistently high
among all three monitoring sites, and no
evidence of persistent downstream
degradation was observed.

- Dissolved oxygen is favorable despite an
increase in late-season water temperature,
indicating adequate stream aeration and
oxygen availability.

- Conductivity, turbidity, nitrate and phosphate
concentrations were consistently low,
suggesting limited dissolved-ion loading,
sediment input, and nutrient enrichment.

- Overall, Big Silver Creek maintained
stable, high-quality conditions during
late-season monitoring. The large variation
in reported alkalinity values and the negative

turbidity value should be reviewed as possible
analytical or data-recording issues.



Jones Fork Silver Creek 2001 - 2008

Jones Silver Creek 2001 - 2009 Jones Fork Silver _Creek _

2001 2002 2003 2004 2005 2006 2007 2008 2009
_ Average Average Average Average Average Average Average Average Average
Units forreach ~ forreach  forreach  forreach  forreach  forreach  forreach  forreach for reach
oc 26.5 19.33 23.67 17 21.67 10.87 4.73 22.01 17.5
12 us me s se se o ww 219
T 28 700 74 74 745 750 704 6o 67
us /em 43.5 40.83 40.78 45.54 42.08 44.63 38.44 37.20 47.37
Dissolved Oxygen ppm 8.41 10.33 7.64 5.4 8.34 8.83 9.56 7.46 7.43
T - o o o om 01 os oo 016
ppm <0.05 0.06 0.07 0.09 0.03 0.22 0.18 0.02
ftu = ntu 0.62 4.73 0.09 0.06 0.14 0.07 0.22 0.30 0.3
2001 2002 2003 2004 2005 2006 2007 2008 2009 site
“ 91.35 89.14 85.98 82.15 73.54 88.39 88.41 89.19 87.04 86.13
“ 93.18 90.76 91.74 85.14 88.41 86.09 87.62 88.99
“ 89.01 91.07 92.15 84.22 81.61 86.81 87.59 87.49
91.18 90.32 89.96 82.15 80.97 88.39 86.14 87.36 87.42

Jones Fork Silver Creek dataset fits well with the pattern we have been seeing across the four streams. The
physical characteristics —a wide, shallow channel, moderate current (1-1.5 ft/s), and about 50% canopy
shade—help explain many of the water chemistry trends and the WQI values.



Physical and Chemical Characteristics

Cool overall despite moderate air temperatures, indicating
groundwater influence and good upstream watershed condition.
However, the wide, shallow channel on Jones Creek allows greater
solar warming than Wench Creek or the Rubicon.

pH (7.22 average) Very stable and close to neutral, ideal for aquatic organisms.

Low conductivity, typical of granitic Sierra Nevada waters with few
dissolved minerals. Similar to the other study streams.

Water temperature (11.2°C average)

Generally good, although noticeably lower during warmer years
Dissolved Oxygen (7.98 mg/L average) (particularly 2004). Shallower water warms faster, reducing oxygen
solubility.

Nitrate (0.08 ppm average) Very low, indicating little nutrient enrichment.

Usually low, although the 0.80 ppm value in 2007 is an obvious outlier
that may reflect localized runoff or sampling variability.

Turbidity (0.79 NTU average) Extremely clear water overall. The 2002 value (4.73 NTU) likely reflects
urbidi . '
E E high runoff or sediment transport.



Comparison with other Streams
Jones Fork behaves almost exactly as expected for a naturally flowing Sierra Nevada stream that receives moderate sunlight. Unlike the
Rubicon, it lacks the buffering effect of upstream flow regulation, making it more responsive to annual weather conditions.

Physical Characteristics WaQl Pattern

Narrow, heavily shaded, 80%, cool Slightly more annual variability

Big Silver Creek Moderate width, moderate shade Highest and most stable WQl

Similar to Big Silver with slightly greater

Jones Fork Silver Creek Wide, shallow, 50% shade .
sensitivity to warm years

Stable chemistry; WQI buffered by regulated

Rubicon River Dam-controlled flows, 62% shade .
discharge




Water Quality Summary

Overall Interpretation
Taken together, the four watersheds reveal a consistent regional pattern:

All streams exhibit excellent / good baseline water quality, characterized by low
conductivity, low nutrient concentrations, clear water, and near-neutral pH.

Inter-annual fluctuations in WQI are driven primarily by natural climatic variation,
especially changes in water temperature and dissolved oxygen during warmer,
lower-flow years.

Stream morphology influences resilience: Wench Creek benefits from heavy
canopy shading, Jones Fork Silver Creek is more susceptible to solar warming
because of its wider, shallower channel, and the Rubicon River is buffered by
regulated dam releases that moderate seasonal variability.

Despite these differences, all four streams maintained WQI values indicative of
healthy Sierra Nevada aquatic ecosystems throughout this 2001-2009 study
period.

This comparison strengthens the conclusion that differences among these streams
are controlled more by hydrology, channel morphology, and riparian cover than
by differences in water chemistry or human-caused pollution.



Benthic Macroinvertebrates

WES students and staff have discussed several physical factors that are
important for the survival of these BMI’s. The most important physical
factors are:

Stream gradient

— The gradient or slope of the stream determines the velocity of the water flow
and the substrate (size of pebbles and rocks) in the stream.

Stream width and shading

— The width of the stream controls the influence of shading; narrow width
streams will often have more shade than wider streams.

Streamside vegetation (Riparian cover)

— Riparian vegetation along a stream bank control degree of channel shading;
trees provide more shade than shrubs and grasses provide no shade.

— Since narrow streams are shaded more often low light penetration occurs thus
lower levels of photosynthesis occur. So, riparian trees supply outside leaf
litter as the main source of energy for animals (aquatic insects) living in the
stream.

— Width of riparian cover controls water temperature.



Now, standing next to a stream and considering these physical
factors collectively; a swift flowing stream that is shaded, narrow,
and tumbling over rocks trapping air will be well-oxygenated, cold,
with stable benthic pebbles and cobbles providing habitat, trapping
decaying leaf lifer from riparian trees as a major source of energy.
These kinds of streams are called headwater streams. As the water
flows downstream other tributaries join the main branch and the
streams get wider, the gradient flattens, water temperature
changes and the diversity of BMI’s decrease.

The River Continuum Concept (RCC), developed by Robin
Vannote and colleagues in 1980, is a foundational ecological model
describing how a river's physical characteristics, energy sources,
and biological communities change continuously from its
headwaters to its mouth. It views the entire river system as a single,
interconnected ecosystem. (Stroud Research Center)



Stream Siza (order)

20opiankion

Relative Channel Width 3 (From Vonnwic of o, 1 758)
r



Macroinvertebrates
Functional Feeding Guilds Results

Benthic Macroinvertebrates (BMl’s) have morphological and behavioral
adaptations allowing them to live in lotic environments. For example;
small bodies, dorsoventrally flattened, legs with claws and hard
exoskeletons. The food BMI’s consume is a function of their structural
anatomy.

Those that feed on conditioned leaf litter chew these leaves into Course
Particulate Organic Matter (CPOM) and are called SHREDDER’S (SH).

Plecoptera Tricoptera Tricoptera glpter]::\I
Stone fly Calamoceratidae Lepidostomatidae T'ran/e'd y
Neumoridae Heteroplectron Lepidostoma Ipuliaae




Macroinvertebrates
Functional Feeding Guilds

 Those BMI’s that chew on algae attached to rocks or woody debris are
called SCRAPPER’s (SC).

Coleoptera
Water pennies

Psephenidae
Coleoptera

Elmidae = Riffle beetle
Cleptelmis

Ephemeroptera
Flat-head mayflies
Heptageniidae




Macroinvertebrates
Functional Feeding Guilds

When the CPOM gets broken down into smaller sized particles that stay
suspended in the water column, these very small particles are referred to as
Fine Particulate Organic Matter or FPOM. COLLECTOR GATHERER’s (CG) are
BMI’s that spin webs between rocks and feed on this FPOM.

Diptera Ephemeroptera Ephemeroptera
Midges Mayfly Mayfly
Chironomidae Baetidae Ephemerillidae

"~ .Chironomi dae




Macroinvertebrates
Functional Feeding Guilds

* FILTER COLLECTOR’s (FC) have specialized mouth parts which allow them
to remove FPOM from the water column as the water passes downstream.

Diptera Tricoptera
Black Fl Net-Spinning Caddis Fly
. Hydropsychidae

Simuliidae




Macroinvertebrates
Functional Feeding Guilds

* PREDATORS (P) are BMI’s that capture and eat live prey. Finally, PIERCER’s
(PIER) are very small BMI’s that have specialized mouth parts for piercing
vascular plants for food.

Tricoptera
Megaloptera Plecoptera Free living Caddisfly
Hellgrammite Stone Fly Rhyacophilia

Corydalidae Perlidae




Left = Stonefly Zapada,
Nemouridae

Right = Micro Caddisfly,
Hydroptilidae

Lower Left 2 Humpless
Casemaker Caddisfly,
Brachycentridae

Lower Right = Pronggilled
mayfly, Leptophlebiidae
Below = Elmide Riffle

beetle, EImidae

Leptophl ebiidae




Left = water mite, Torrenticola

Right = Giant Water Bug, Belostomatidae
Lower Left 2 Narrow Winged Damsel fly,
Coenagrionidae and Club Tail Dragonfly,
Gomphidae

Lower Right = Saddlecase Maker,
Glossosomatidae

@ X036 Chronsmidae Rezearch Jrog







California Streamside Analysis for

Wench Creek and SF Rubicon creek

Wench Creek Summary Data Sheet

Dominant
Biologic
al Total Sensitive Sensitive Sensitive Order /
Year Index Rating Catgories Catl Catll Cat lll Family
2004 22 Good  slight imparement 8 12 8 2 Leptophelibelidae
2005 22 Good  slight imparement 7 13 8 1 Plecoptera
2006 19 Impaired Stream 5 16 3 0 Rhycophylidae
2008 15 Impaired Stream 5 11 3 1 Ephermoptera
2010 19 Impaired Stream 6 11 8 0 Leptophelibelidae
2015
Ave. 194 6.2 12.6 6 0.8
SF Rubicon Summary Data Sheet
Dominant
Biological Total Sensitive  Sensitive  Sensitive Order /
Year Index Rating Explain Catgories Cat Catll Catlll Family
2004 22 Good  Slight imparement 10 10 9 3 Ephemeroptera
2005 31 Excellent clean habitat 11 19 9 3 Ephemeroptera
2007 20 impared stream 8 12 5 3 Batidae
2008 30 Excellent clean habitat 11 17 11 2 Ephemeroptera
2009 25 Good  Slight imparement 9 15 8 2 Ephemeroptera
2010 16 impared stream 7 14 0 2 Simulidae
2015
AVE. 24.0 9.3 14.5 7.0 2.5

Shannon
Index
1.32
1.46
1.23
1.09
1.18

1.26

Shannon
Index
1.3
1.45
1.29
2.06
1.4
0.93

1.40

Shannon
evenness
0.64
0.75
0.77
0.68
0.66

0.70

Shannon
evenness
0.56
0.61
0.62
0.86
0.64
0.42

0.62



California Streamside Analysis for
Jones F. Silver and Big Silver Creeks

Jones Fork Silver Creek Summary Data Sheet

Biological Total
Year Index  Rating Explain Catgories
2004 25 Good Slight enrichment 9
2005 25 Good Slight enrichment 10
2006 16 Impaired Stream 5
2007 20 Impaired Stream 6
2008 24 Good Slight enrichment 8
2009 22 Good Slight enrichment 8
2010 26  Excellent Clean habitat 10
2015
AVE. 22.57 8.00
Big Silver Creek Summary Data Sheet
Biological Total
Year Index Rating  Explain Catgories
2007 22 Good  Slight imparement 8
2009 27 Excellent  Clean habitat 10
2010 21 Good  Slight imparement 7
2015
AVE. 23.33 8.33

Sensitive
Cat |
13
16
13
14
16
14

13

14.14

Sensitive
Cat |
10
16
12

12.67

Sensitive
Cat Il

6.86

Sensitive
Catll
11
9
8

9.33

Sensitive
Cat lll
2

N P, P O W

1.57

Sensitive
Cat Il

1.33

Dominant
Order / Shannon Shannon
Family Index  evenness
Hydropsychidae 1.84 0.84
Plecoptera 1.67 0.72
Ephermeroptera 1.1 0.68
Ephermeroptera 1.37 0.77
Ephermeroptera 1.58 0.76
Hydropsychidae 1.5 0.72
Plecoptera 1.52 0.66
1.51 0.74
Dominant
Order / Shannon  Shannon
Family Index evenness
Hydropsychidae 1.59 0.77
Hydropsychidae 1.84 0.8
Perloididae 1.61 0.83
1.68 0.80



vy rl Amelitidae

MApatania
MAtherix pachypus

(k¥ ik Calineuria

vakliEliy] Capniidae

cyXkhkiblChironomidae
Mcmronomine

Chloroperlidae
mcmygmula
maeptelmis addenda
Corydalidae
MDicranota
Dipheter hageni
MDrunella spinifera
EImidae

Univoltine
Univoltine

ek 5 kR Arctopsyche californica  Semivoltine

Univoltine
Semivoltine
Univoltine

Multivoltine

Multivoltine
Univoltine
Univoltine

Semivoltine

Semivoltine
Univoltine

Multivoltine
Univoltine

Semivoltine

fast medium stenothermic swimmer scraper mixed
slow medium stenothermic clinger scraper erosional
slow large stenothermic clinger filter -collector erosional
slow medium eurythermic clinger predator erosional
slow large stenothermic clinger predator erosional
fast small stenothermic clinger shredder mixed
both thermic
non-seasonal  small ranges burrower collector-gatherer mixed
both thermic
non-seasonal small ranges burrower collector-gatherer mixed
slow small stenothermic clinger predator erosional
fast medium stenothermic clinger scraper erosional
non-seasonal  small stenothermic clinger scraper erosional
slow large stenothermic clinger predator erosional
slow large stenothermic sprawler predator mixed
fast small eurythermic swimmer collector-gatherer erosional
slow medium stenothermic clinger scraper erosional
slow small stenothermic clinger scraper erosional

Trait
Familv / Genera Development Em“ Rheophily
14

33



vy EyblEphemerilldae  Univoltine
Eubrianax
ey Ay E] edwardsii

Semivoltine

-Glossosomatid
viikliykiae Univoltine
Gumuga Univoltine

MHeptageniidae Univoltine

Hesperoperla
ekfliElhoguei Semivoltine

eyl EiHeterolimnius  Semivoltine

m Hexatoma Univoltine
Hydraena Univoltine
J Hydropsychida

e Univoltine
Hydroptilidae  Univoltine
m Lebertia Univoltine
Lepidostoma Univoltine
mmptophlebiid

ae Univoltine
Limnephilidae Univoltine
mwcrasema Univoltine

slow

slow

slow
slow
slow

slow
slow
slow
slow

fast
fast
slow
slow

slow
slow
slow

medium

medium

small
medium
small

large
small
large
small

medium
small

medium

medium

medium
large
small

eurythermic

stenothermic

stenothermic
stenothermic
stenothermic

stenothermic
stenothermic
eurythermic
stenothermic

eurythermic
eurythermic
stenothermic
stenothermic

eurythermic
stenothermic
stenothermic

sprawler
clinger

clinger
burrower
clinger

clinger

clinger
burrower
sprawler

clinger
clinger
clinger
clinger

clinger
climber
clinger

collector-
gatherer

scraper

scraper
shredder
scraper

predator
scraper
predator
scraper

filter -collector

piercer
predator
shredder
collector-
gatherer
shredder
shredder

2121423[epeorus | Univoltine | __fast | _medium _|stenothermic| _clinger | _scraper | erosional | 1

mixed 24
erosional 12
erosional 68
erosional 2
erosional 26
erosional 1
erosional 6

mixed 14
erosional 1
erosional 24

mixed 1
erosional 14

mixed 112
erosional 20

depositional 1
erosional 2



| 2321423Neophylax__| Univoltine | __slow | _medium__|stenothermic| _clinger | _scraper | erosional | 2
0.

guadrimaculat

us Semivoltine non-seasonal small stenothermic clinger scraper erosional 17
Optioservus Semivoltine non-seasonal small stenothermic clinger scraper erosional 1
ey Eb kI Ordobrevia Semivoltine slow small stenothermic clinger scraper erosional 2
mmeogeton Univoltine fast small stenothermic  burrower predator erosional 1
-Orohermes
bEfliliblcrepusculus Semivoltine slow large stenothermic clinger predator erosional 1
collector-
Orthrocladine  Univoltine fast small stenothermic  burrower gatherer mixed 15
ekhliviki Perlidae Semivoltine slow large stenothermic clinger predator erosional 28
Perlodidae Univoltine slow medium stenothermic clinger predator erosional 6
Probezzia Univoltine slow medium eurythermic burrower predator depositional 6
viyiliyEIRhithrogena Univoltine slow medium stenothermic clinger scraper erosional 5
Rhyacophila Univoltine fast large stenothermic clinger predator mixed 1
Rhyacophila
betten grp Univoltine slow medium stenothermic clinger predator erosional 1
Simulium Univoltine fast small eurythermic clinger  filter -collector erosional 15
Skwala
americana Univoltine slow medium stenothermic clinger predator erosional
Sperchon Univoltine slow medium  stenothermic climber predator erosional 2

Stenocolus
ek ikl scutellaris Semivoltine slow large stenothermic clinger shredder depositional 1



2311343Sweltsa____| Univoltine | __slow | __small__|stenothermic| _sprawler | predator | _erosional | 1

MTanypodinae Univoltine slow large eurythermic sprawler predator mixed 1
Ry 0k Tipula Univoltine slow large eurythermic burrower shredder depositional 1
viyhkEl:EiTorrenticola Univoltine slow medium stenothermic sprawler predator erosional 4

Zapada
vy E{iE]cinctipes Univoltine slow small eurythermic sprawler shredder erosional 45
ey klivElZiatzevia Semivoltine slow small stenothermic clinger scraper erosional 1

The above table was constructed using codes developed by Poff 2006, Merritt and Cummings 3", 1996 and the citation below.

“A comparison of taxonomic and trait structure of macroinvertebrate communities between the riffles and pools of montane
headwater streams”

2018 David B. Herbst, Scott D. Cooper, R. Bruce Medhurst, Shelia W. Wiseman, Carolyn T. Hunsaker
Codes are based upon the following table

Voltinism Development Size Thermic Regime Habit FFG Rheophily
1 Semivoltine 1 fast seasonal 1 small 1 stenothermal 1 burrower 0 SH 1 depositional
2 Univoltine 2 non seasonal 2 medium 2 eurythermal 2 climber 1CG 2 mixed
3 Multivoltine 3 slow seasonal 3 large 3 both 3 sprawler 25SC 3 erosional
4 Bivoltine 4 clinger 3 FC
5 swimmer 4Pp

5 Piercer



Our Jones Fork 2006 assemblage is:

Life cycle % of aquatic insects Ecological implication
MGISG% One generation/year; generally associated with predictable seasonal conditions
MS.%% Rapid reproduction; capable of quickly increasing populations and recolonizing

Life cycles extending beyond one year; often associated with relatively stable
habitat

Semivoltine 26.79%

1. The life-cycle pattern is particularly informative

The 67.86% Univoltine + 26.79% Semivoltine = 94.65% —>life cycles of a year

or longer is striking.

This suggests Jones Fork is not 2 dominated by opportunistic insects that need to complete several
generations rapidly. Instead, it supports a community in which many organisms can 2>

persist through relatively predictable seasonal conditions and invest considerable time

in development.

The 26.79% Semivoltine component is especially interesting. >1/4 of these insects require habitat that
remains suitable over multiple seasons or multiple years.

A substantial Semivoltine component therefore suggests continuity and persistence
of suitable benthic habitat.



2. Our predator observation is important

You have:

. Univoltine predators = 26.79% large predator component with
annual development.

. Semivoltine predators = 8.93% require longer persistence

. Combined = 35.72%

The 5.36% Multivoltine component are rapid-colonization insects. These
insects can potentially respond quickly to favorable conditions and
recolonize following disturbance.

Summary so far: Jones Fork Silver Creek 2006 assemblage indicates a stable
resident core (Univoltine and Semivoltine) supplemented by a smaller
group of rapidly reproducing/recolonizing taxa. This is a desirable balance.



3. The rheophily data strengthen this interpretation
Our flow-habitat results are:

44.64% > Univoltine + erosional

25.00% = Semivoltine + erosional
1.79% > Multivoltine + erosional

17.86% > mixed erosional/depositional

This means at least 71.43% of our insects are both associated with erosional habitat and
have either Univoltine, Semivoltine or Multivoltine life histories. And another 17.86%
can use both erosional and depositional environments. Jones Fork appears to provide

—>substantial persistent flowing-water habitat.

—>Erosional habitats —riffles, with coarse substrates and interstitial spaces

favor organisms adapted to moving water.

- A strong erosional component indicates that the benthic community is

strongly tied to current, oxygen exchange and relatively stable substrate.

The fact that much of that erosional community (69.64%) is Univoltine or Semivoltine is
even more informative.

- erosional habitat isn't present temporarily.

=1t supports organisms through long developmental periods.



4. What does the combination tell us?
The 2006 Jones Fork assemblage has three ecological layers:

A. A persistent resident community = The very high Univoltine and Semivoltine
percentages indicate that much of the community is composed of organisms that
spend considerable time developing in the stream.

Meaning:

habitat continuity - successful development - persistent populations

rather than:

frequent disturbance - repeated elimination - dependence on rapid recolonization.

B. A strong flowing-water component

The dominance of erosional rheophily indicates that the community is strongly
associated with current-driven habitat. This is consistent with a stream possessing
substantial riffle/run habitat and suitable coarse substrate, rather than being
dominated by depositional pools or fine sediment.

C. A smaller but important recovery component

The 5.36% multivoltine insects provide a contrasting strategy. These organisms can
reproduce relatively rapidly and potentially recolonize disturbed patches. So the
community isn't composed entirely of slow-developing specialists. It has ecological
redundancy and recovery capacity.



5. What I find most interesting is the balance

| would not interpret these numbers as simply "good water quality." Instead, | would say
they indicate ecological balance.

Jones Fork Silver Creek in 2006 had:

Long-lived taxa —> indicating persistence and habitat stability,

Strong erosional/rheophilic component - indicating substantial flowing-water habitat,
Semivoltine component = indicating organisms can persist for multiple years,

Small multivoltine component 2 providing rapid reproduction/recolonization,
Substantial predator population = indicating a relatively complex food web.

Together, these characteristics are consistent with a mature and relatively stable benthic
community. So, to summarize again so far;

"The Jones Fork assemblage contains a dominant, persistent community of Univoltine
and Semivoltine insects, supplemented by a smaller multivoltine component capable of
rapid population growth and recolonization."



Conclusion for our WES study just looking at 2006 Jones Fork

The 2006 Jones Fork data appear to show resilience without dependence on rapid
turnover. That's an important distinction. A highly disturbed stream might have a large
proportion of multivoltine, rapidly reproducing organisms because they can exploit short-
lived opportunities and recolonize quickly. Jones Fork instead has only 5.36% Multivoltine,
while 94.65% is Univoltine or Semivoltine. This suggests the stream's ecological
functioning is based primarily on persistent populations occupying stable habitat, rather
than on continual replacement by opportunistic colonizers. And the 44.64%
Univoltine/erosional + 25% Semivoltine/erosional combination is particularly strong
evidence that the flowing, erosional portion of the stream is capable of supporting
organisms through relatively long life histories.

In one sentence:

The 2006 Jones Fork Silver Creek assemblage suggests a relatively stable and well-
balanced mountain-stream ecosystem, characterized by persistent Univoltine and
Semivoltine populations strongly associated with erosional habitat, a substantial predator
component, and a smaller multivoltine contingent that provides rapid recolonization
capacity—indicating resilience without a community dominated by disturbance-tolerant,
rapidly reproducing taxa.



Now, let’s look at how these BMI’s obtain food and where they are living out their lives.
First, the overall pattern

% of
Habitat association What it suggests
assemblage

71.43% Strong dependence on flowing-water/riffle habitat

Ability to exploit both flowing and depositional

21.43%
° habitats
Depositional 7.14% Relatively small pool/slow-water component
Total 100%

S0 92.86% of the assemblage is either erosional or able to use both erosional and depositional
habitats. Only 7.14% is strictly depositional.

This is a very strong signal that current and erosional habitats are fundamental
to the Jones Fork community.



2. The FFG pattern within erosional habitat is especially revealing

The erosional assemblage consists of:
eScrapers: 30.36%
ePredators: 26.79%
eShredders: 5.36%
eFilter-collectors: 5.36%
eCollector-gatherers: 3.57%

The two dominant groups are therefore: Scrapers + predators = 57.15%
of the entire assemblage. That is remarkable!
a. The 30.36% scraper component

Scrapers are generally associated with periphyton/algal resources growing on stable
substrates. A large scraper population in erosional habitat suggests that Jones Fork has:

esufficient light reaching the stream,

estable rock/gravel surfaces,

epersistent current,

esurfaces on which periphyton can develop,

eenough primary production to support a substantial grazer population.

This observation fits beautifully with the creeks physical structure, Jones Fork Silver Creek
is wide, shallow, flowing at roughly 1-1.5 fps, and about 50% shaded. The stream isn't
so shaded that primary production disappears, nor is it so unstable that periphyton
cannot establish.



b. The 26.79% predator component

The predator percentage is almost as large as the scraper percentage. This is important
because it suggests that Jones Fork isn't simply supporting a large herbivore/detritivore
base—it is supporting a substantial higher trophic level. And this becomes particularly
interesting when combined with your life-history data.

We previously calculated:
. 26.79% > Univoltine predators
. 8.93% > Semivoltine predators

Together, that's 35.72% predators associated with one year or longer life histories. So
Jones Fork Silver Creek in 2006 have both:

substantial prey resources - substantial predator population
and
longer-lived predator taxa - persistent predator community

This is consistent with a relatively developed and stable food web, rather than a
community dominated by short-lived opportunists.



c. The collector component is relatively modest

Collector-gatherers = 3.57% erosional + 7.14% mixed = 10.71%, Filter-collectors = 5.36%
erosional so the combined collector component is about: 16.07%. This is not insignificant,
but it isn't dominant. This suggests Jones Fork is not primarily dependent on fine
particulate organic matter (FPOM) transported through depositional areas. This
observation fits the rheophily results very well. The stream appears to be functioning
more as a coarse-substrate, flowing-water system than as a fine-sediment/deposition-
driven system.



d. Shredders are present but not dominant

Shredders: = 14.29% total

o 5.36% erosional
o 3.57% mixed
. 5.36% depositional

Shredders present at 14.29% indicate that leaf litter and coarse particulate organic
material (CPOM) are being incorporated into the food web, but Jones Fork isn't
overwhelmingly dependent upon terrestrial leaf material. With approximately 50% shade,
some riparian organic input would be expected. So the community appears to have a
mixed energy base:

periphyton = scrapers plus leaf/coarse particulate organic matter(CPOM) - shredders
plus fine particulate organic matter (FPOM) - collectors all supporting predators.

That is much more informative than simply saying the stream has "good water quality."



3. The depositional habitat is surprisingly small
Only 7.14% of the assemblage is classified as strictly depositional:

. predator 1.79%
. shredder 5.36%

There are essentially no major depositional collector-gatherer or scraper populations in
that category. This observation suggests the depositional portions of the stream are not
the primary center of biological production. The community is overwhelmingly
associated with moving water and the substrate exposed to current.



Now we can combine three independent characteristics of the 2006 community:

Life history = 67.86% Univoltine + 26.79% Semivoltine = 94.65% — predominantly
longer developmental cycles.

Rheophily 2 71.43% erosional + 21.43% mixed = 92.86% — overwhelmingly associated
with flowing-water habitat.

Functional feeding = 30.36% scrapers + 26.79% predators > strong algal/periphyton-
based production coupled with a substantial higher trophic level.

These three patterns reinforce one another.



Summarizing the 2006 Jones Fork community

Jones Fork is characterized as a stable, structurally complex, flow-dependent stream
community. The strongest evidence is not any single percentage. It is the agreement
among the different measures.

Stable habitat - supports large Univoltine and Semivoltine populations

Persistent flowing-water habitat - supports 71.43% erosional taxa

Stable substrate - supports 30.36% scrapers

Abundant prey/resources - supports 26.79% predators

Multiple energy pathways - supports shredders, collectors, filter-collectors and scrapers

Some rapidly reproducing taxa - provides recolonization potential

That looks like a balanced community with both resistance and resilience.



Resistance vs. resilience

Resistance is the ability of a community to withstand disturbance without major change.
The large Univoltine/Semivoltine component and strong erosional association suggest a
community with considerable resistance, because many taxa are established residents of
persistent habitat.

Resilience is the ability to recover after disturbance.

The smaller multivoltine component provides some rapid reproduction and

recolonization capacity. Thus, Jones Fork appears to have both a stable resident
community and mechanisms for recovery following disturbance.



Full summary about Jones Fork 2006 BMI Assemblage

The 2006 Jones Fork Silver Creek benthic community suggests a stable and well-
structured stream ecosystem strongly influenced by flowing-water habitat. Erosional taxa
comprised 71.43% of the assemblage, while an additional 21.43% occupied both
erosional and depositional habitats, indicating that 92.86% of the community was
associated at least in part with flowing-water environments. The functional feeding
group distribution further supports this interpretation. Scrapers accounted for 30.36%
and predators for 26.79% of the total assemblage, suggesting substantial periphyton
production on stable substrates and a well-developed higher trophic level. Shredders and
collectors contributed additional pathways for incorporating terrestrial and suspended
organic matter into the food web. The dominance of Univoltine (67.86%) and
Semivoltine (26.79%) taxa indicates that most of the community consists of organisms
requiring a year or more to complete their life cycles, consistent with persistent habitat
conditions. The relatively small multivoltine component provides a potential mechanism
for rapid recolonization following disturbance. Collectively, the life-history, rheophily,
and functional-feeding-group patterns suggest a community characterized by habitat
stability, diverse energy pathways, strong dependence on erosional habitat, and a
balance between ecological persistence and resilience.



New ldea:

What happens if we look are individual counts for each Taxa and match with FFG,
Voltinism and Rheophily? The individual counts add an important dimension to the
analysis. The percentages of individuals and the number of taxa tell somewhat different
stories, and that difference is ecologically meaningful.

—> Jones Fork's abundance is concentrated in a small number of very successful taxa.
— Jones Fork’s predators are much more taxonomically diverse but individually less
abundant. That suggests a food web with a strong, productive base supporting a

diverse predator community.

1. Scrapers: 26.7% of individuals, 18 taxa

The scraper community is both abundant and taxonomically diverse. The Jones 2006
assemblage contains 68 Glossosomatidae and 60 riffle beetles are especially important.
Together, those two groups account for 128 individuals, or nearly half of the scraper
individuals identified.
- Erosional, stable-substrate habitat of Jones Fork is highly productive for
organisms feeding on periphyton and material attached to rock surfaces.
- There isn't simply one scraper taxon dominating the stream. Eighteen taxa
contribute to the scraper guild. Diversity of organisms exploiting the
algal/periphyton resource. Is this an example of co-existence?



2. Collector-gatherers: 24.93% of individuals, only 6 taxa

This is perhaps the most interesting contrast. Collector-gatherers comprise almost one-
quarter of all individuals, but only six taxa. And 117 are Chironominae.

So much of the collector-gatherer abundance is concentrated in one taxonomic group.
That tells us something different from the scraper pattern:

= The collector-gatherer food resource is abundant, but the number of taxa
exploiting it is relatively limited. Chironominae are extremely adaptable and can exploit
fine particulate organic matter (FPOM) deposited among stream substrates. | would
therefore not interpret the 24.93% collector-gatherer abundance as evidence that Jones
Fork is a depositional stream. Our rheophily data argue strongly against that claim.
Instead, the dominance of Chironominae indicates that even in a predominantly erosional
stream, there is enough retained organic material and fine particulate organic matter
(FPOM) to support a substantial collector-gatherer population. This is an excellent
example of why FFG and rheophily need to be considered together.



3. Shredders: 23.02% of individuals, 8 taxa

This is another very substantial component. Jones 2006 assemblage contains 112
Lepidostoma (Caddis Fly) that make up a large portion of the 23.02% shredder abundance.
That means Jones Fork is receiving and retaining enough coarse particulate organic matter
(CPOM)—particularly leaf and plant material—to support a substantial shredder
population.

But again, abundance is concentrated. We have 23.02% of individuals but only eight taxa.
Thus, Lepidostoma appears to be particularly successful rather than the entire shredder
guild being uniformly abundant. This could be related to the approximately 50% canopy
described previously: enough riparian vegetation to provide organic inputs while still
allowing considerable light into the channel.



4. Predators are the opposite pattern

This is probably the most biologically interesting result: Predators make up 19.25% of
individuals but 20 taxa, and 11 of those taxa have only one or two individuals. This
observation means the predator guild has high taxonomic diversity but relatively low
abundance per taxon. This is often what you would expect from a mature food web.
Instead of one or two predator species becoming overwhelmingly abundant, numerous
predator taxa are exploiting different prey, habitats, microhabitats, or seasons. So the
Jones 2006 predator community appears to be:

diverse rather than numerically dominated.
That is quite different from the collector-gatherer community, where a relatively small

number of taxa—particularly Chironominae—account for a large proportion of the
individuals.



5. Filter-collectors: 5.45%, 3 taxa

The filter-collector component is relatively small: Jones 2006 filter-collector contains
5.45% of individuals and only three taxa.

The 24 Hydropsychidae are responsible for much of that abundance. This makes sense in
a flowing stream. Hydropsychids can exploit suspended fine particulate organic material
(FPOM) delivered by current. Their presence indicates that transported organic material
is available, but their relatively modest abundance suggests that suspended material
isn't overwhelmingly dominating the food base. Again, that fits our predominantly
erosional Jones Fork habitat.



The really important pattern: abundance vs. diversity

Jones 2006 data can be summarized like this:

FFG % individuals Taxa
Scrapers 26.7% 18
Collector-gatherers 24.93% 6
Shredders 23.02% 8
Predators 19.25% 20
Filter-collectors 5.45% 3
Piercers 0.14% 1

This is a fascinating structure.

Interpretation
Abundant and diverse
Abundant but concentrated
Abundant but relatively concentrated
High diversity, relatively dispersed abundance
Minor but functional flowing-water pathway
Very minor

Scrapers = Many taxa + many individuals - broad exploitation of the periphyton

resource.

Collector-gatherers = Few taxa + many individuals - strong abundance concentrated in
successful generalists, particularly Chironominae.

Shredders > Moderate number of taxa + many individuals - substantial processing of
CPOM, strongly influenced by Lepidostoma.

Predators = Many taxa + relatively dispersed individuals - diverse and complex
predator community rather than a predator guild dominated by one or two taxa.



And this changes the interpretation of "balance”

Now Jones Fork 2006 assemblage should be describe as having functional balance, but
not equal abundance among guilds or taxa. This is an important distinction.

A healthy stream does not necessarily have equal numbers of shredders, scrapers,
collectors and predators. What you want to see is evidence that the different trophic
pathways are functioning and that the community isn't completely dominated by one
ecological strategy.

Jones Fork 2006 has evidence for all six feeding strategies:

shredding - gathering - filtering - scraping - predation - piercing

although piercing is extremely minor. The major energy pathways are therefore
represented.



The strongest evidence comes when we combine this with your previous results

We now have three complementary layers of evidence:

1. Life history = 94.65% Univoltine + Semivoltine = substantial persistent resident
community.

2. Rheophily = 92.86% erosional or mixed = strong dependence on flowing-water habitat.
3. Functional feeding = Scrapers 26.7%, collector-gatherers 24.93%, shredders 23.02%,
predators 19.25% - multiple major energy pathways with a substantial predator
component.

And now the taxonomic distribution within those guilds tells us something even more
subtle: Abundance is concentrated in successful taxa at the lower and middle trophic

levels, while predator abundance is distributed among a much larger number of taxa.

That is a very interesting characteristic of the community. Thus, we can now characterize
the 2006 Jones Fork assemblage as:

productive + diverse + flow-dependent + trophically complex + relatively stable.

Jones Fork 2006 indicates strong biological evidence consistent with a stable, functioning
stream ecosystem.



One particularly interesting hypothesis for our WES study

The Chironominae, Lepidostoma, Glossosomatidae and Riffle Beetles appear to be doing
much of the numerical work of the community, while the 20 predator taxa provide much of
its taxonomic complexity. This suggests an ecological structure somewhat like:

Riparian organic matter conditioned into CPOM - shredders (especially Lepidostoma) -
predators

Periphyton - scrapers (Glossosomatidae, riffle beetles, etc.) - predators

Fine particulate organic matter (FPOM)-> collector-gatherers (especially Chironominae) -
predators

Suspended organic particles (FPOM) - filter-collectors (Hydropsychidae) - predators

So rather than a simple food chain, our Jones Fork 2006 data suggest a multi-pathway food
web, with several abundant basal/mid-level resources supporting a relatively diverse
predator assemblage.

That, in my view, is one of the strongest ecological conclusions we can draw from our 2006
WES data.
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