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Stream temperature may effect macroinvertebrate taxa and community structure through
changes in fecundity, growth rates, biomass, metabolism, and egg and larval diapause.
The thermal regime of a stream can be influenced by a number of environmental factors.
On the reach scale factors such as width to depth ratio, canopy closure, ground water
inflow, percent pools, and gradient can all play a significant role in stream temperature.
On the landscape scale stream temperature can be influenced by latitude/longitude,
aspect, elevation, climate, and drainage area. Knowledge of stream temperature and the
effect of land management decisions on stream temperature are needed if managers are to
make good decisions regarding management actions. Many states in the west are in the
process of determining stream temperature through the use of instream incremental data
loggers. Although these data loggers are not prohibitively expensive they do require
multiple visits to a stream which can be difficult if the stream is located in a remote area.
The need for a tool to determine a stream’s thermal regime from biological data has been
identified by many state land management agencies. Currently land managers rely on
professional judgement, conventional wisdom, consensus with other managers, and
limited experimental data to determine macroinvertebrate temperature preference and
from this information make an estimate as to the thermal regime of a stream. Because of
the potential of stream temperature to play a dominant role in community structure it is
important for scientists and land managers to understand taxa response to temperature if
they are to correctly interpret biologic data as it relates to impairment. In this paper I
have attempted to determine temperature preferences and tolerance for the most common
taxa found in Idaho streams using several thousand instantaneous temperature

measurements from water bodies throughout Idaho.

Methods

The Idaho Department of Environmental Quality has had an active bioassessment
program since 1993. During this time 4148 sites on 1 through 3™ order streams have
been monitored in 79 sub-basins throughout Idaho. Ecoregions of the sites included
Snake River Basin/High Desert (980 sites), Wyoming Basin (57 sites), Northern Rockies
(2055 sites), Middle Rockies (322 sites), Columbia Basin (96 sites), Northern Basin and
Range (434 sites), and Blue Mountains (136 sites).. IDEQ’s bioassessment program



collects macroinvertebrate, fish,; habitat and limited physical/chemical parameters. Sites
were chosen to represent typical sections of a stream. The total reach length of the sites
were either 20 times the general stream width or 100 meters, which ever was greater.
Stream flow is strongly unimodal in nearly all of the streams as a result of spring
snowmelt with peak flows occurring from March to the end of June. Land use within the
state is highly variable. Southern Idaho is predominately rangeland with irrigate
agriculture near major streams and rivers. Northern Idaho is mainly forested land with
silviculture and mining activities. Precipitation ranges from 25 cm/yr in southern Idaho
to 190 cm/yr in the higher elevations of northern Idaho. Elevation of the sites ranged
from 230 metres to 2700 metres. All sites with corresponding instantaneous temperature
data were used regardless of perceived level of impairment.
Macroinvertebrate Collection

Benthic macroinvertebrate samples were collected in three separate riffles within
the stream reach with a total sampling area of 0.26m? using a Hess sampler equipped with
500um mesh nitex netting. The sampling transects were typically located near the
bottom, middle, and top of the reach. Samples from each riffle were preserved separately
in 70% ethanol. If the sample had a considerable amount of organic matter or fine
sediment the alcohol was decanted off after 24 hours and fresh 70% ethanol was added to
the sample. The three samples from each site were later combined and identified to the
lowest possible taxonomic level, typically genus or species. The composited sample was
sub-sampled until a minimum of 500 individual had been enumerated or until the entire
sample was counted.
Instantaneous Temperature Measurements

Stream water temperature is typically taken near the bottom of the sample reach
in conjunction with the macroinvertebrate sample collection using a standard alcohol

thermometer. The reading is recorded on field forms and entered into IDEQ’s database.



Results

Determination of Temperature Preference and Tolerance

All taxa that did not occur in at least 2% of the 2607 samples were excluded from
the analysis. The exclusion of the uncommon taxa resulted in selection of 289 out of the
original 1163 taxa in the database.
In order to have a sample size sufficient to develop a preference curve there needed to be
a minimum number of sites at any given temperature, therefore, I decided that a
minimum of 10 samples were needed to perform the analysis. This step truncated the
temperature range from 1°C — 26°C to 4°C - 25°C. I then rounded the instantaneous
temperature measurements to the nearest 1 °C increment. Most of the instantaneous
readings were already in whole degrees so this was a minor adjustment.
I then calculated the proportion of time the taxa occurred at each temperature. The
resulting proportions were plotted and a LOWESS smooth function was applied to the
data. A visual inspection was made of each of the taxa as they related to temperature.
Taxa that had exhibit little response to temperature or had considerable amount of scatter
were excluded. A distinct relationship to temperature had to exist to the eye for it to be
considered as a temperature indicator. This process reduced the taxa list to 137 taxa. The
weighted mean and weighted standard deviation were calculated for each of these
indicator taxa. The weighted mean equates to the optimal temperature or temperature
preference for the taxa. The weighted standard deviation is the tolerance to different
temperatures. The weighted mean and weighted standard deviation as well as a graphical
representation of these values is presented in Appendix A. The taxa are presented by

order and then alphabetical within order. The graphical representation shows the mean as



well as one standard deviation above and below the mean. One can assume that 66% of
the total occurrence of the individual taxa would be within the temperature range
depicted by the horizontal line. Similar information is present in Appendix B. but
arranged in ascending temperature preferences.

One of Idaho’s water quality criteria for cold water biota is a daily average stream
temperature not to exceed 19°C. With this in mind I set out to determine which taxa
would be least likely to occur if the stream exceeded this temperature. I queried the 137
taxa and created a list of the taxa that occurred less than 5% of the time in sites where the
stream temperature exceeded 19°C. The resulting 44 cold water obligate taxa list can be

found in Appendix C.
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Amphipoda
Hyalella azteca
Taxa # 446 -
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Macroinvertebrate Temperature Preferences and Tolerances

Chironomidae (family)

Brillia sp.
Taxa # 322
Temp Preference 13.15

Tolerance 1.5

Cricotopus bicinctus gr.

Taxa # 334
Temp Preference 21.18

Tolerance 268

Cricotopus sp.

Taxa # 333
Temp Preference 14.39

Tolerance 1.19

Cricotopus trifascia gr.
Taxa # 339

Temp Preference 19.68

Tolerance 2.13

Diamesa sp.
Taxa # 341

Temp Preference 1

Tolerance 1.9

Eukiefferiella claripennis gr.

Taxa # 348
Temp Preference 12.5

Tolerance 1

Heleniella sp.
Taxa # 352

Temp Preference 8.1

Tolerance 2.2
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Macroinvertebrate Temperature Preferences and Tolerances

Pagastia sp.
Taxa # 373

Temp Preference

Tolerance

Pentaneura sp.

Taxa # 384
Temp Preference

Tolerance

Polypedilum sp.
Taxa # 386

Temp Preference

Tolerance

Rheotanytarsus sp.
Taxa # 401

Temp Preference

Tolerance

Stempellinella sp.
Taxa # 403

Temp Preference

Tolerance

Tanytarsus sp.

Taxa # 408
Temp Preference

Tolerance

Thienemannimyia gr. sp.
Taxa # 1041
Temp Preference

Tolerance
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Macroinvertebrate Temperature Preferences and Tolerances

Coleoptera

Brychius sp.
Taxa # 536
Temp Preference

Tolerance

Cleptelmis sp.
Taxa # 259

Temp Preference

Tolerance

Dubiraphia sp.
Taxa # 261
Temp Preference

Tolerance

Dytiscidae
Taxa # 251
Temp Preference

Tolerance

Heterlimnius corpulentus

Taxa # 263
Temp Preference

Tolerance

Heterlimnius sp.

Taxa # 262
Temp Preference

Tolerance

Lara sp.
Taxa # 596

Temp Preference

Tolerance
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Narpus sp.
Taxa # 265

Temp Preference

Tolerance

12.58

2.32

Optioservus quadrimaculatus

Taxa # 268
Temp Preference

Tolerance

Optioservus sp.

Taxa # 267
Temp Preference

Tolerance

Psephenus sp.
Taxa # 674

Temp Preference

Tolerance

Zaitzevia sp.

Taxa # 271
Temp Preference

Tolerance

Monday, November 19, 2001

16.78

1.92

16.95

1.79

20.29

2.25

17.44

1.88
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Macroinvertebrate Temperature Preferences and Tolerances

Diptera
Antocha sp.
Taxa # 284 -
Temp Preference 16.07 | T , .
o 5 10 15 20 25
Tolerance  1.63 Temperature (C)
Atherix sp.
Taxa # 311 -
Temp Preference 18.31 — ; S : '
5 10 15 20 25
Tolerance  1.81 Temperature (C)
Chelifera sp.
Taxa # 306 -
Temp Preference  11.5 r T T —— )
0 5 10 15 20 25
Tolerance 1.72 Temperature (C)
Clinocera sp.
Taxa # 307
o
Temp Preference 12.61 ; — —— ‘
5 10 15 20 25
Tolerance  1.53 Temperature (C)
Glutops sp.
Taxa # 316 -
Temp Preference 9.4 T e A s )
5 10 15 20 25
Tolerance  1.97 Temperature (C)
Hesperoconopa sp.
Taxa # 287 -
Temp Preference 10.76 I T .
0 10 15 20 25
Tolerance 2.34 Temperature (C)
Hexatoma sp.
Taxa # 286 -
Temp Preference 15.06 ; - N — ,
0 5 10 15 20 25
Tolerance 1.64 Temperature (C)

Monday, November 19, 2001
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Macroinvertebrate Temperature Preferences and Tolerances

Limnophila sp.
Taxa # 283
Temp Preference

Tolerance

Limnophora sp.

Taxa # 646
Temp Preference

Tolerance

Oreogeton sp.
Taxa # 580

Temp Preference

Tolerance

Prosimulium sp.

Taxa # 302
Temp Preference

Tolerance

Rhabdomastix sp.
Taxa # 615

Temp Preference

Tolerance

Simulium sp.

Taxa # 303
Temp Preference

Tolerance

Wiedemannia sp.

Taxa # 310
Temp Preference

Tolerance

Monday, November 19, 2001

12.06

1.66

18.74

1.87

9.29

2.56

7.65

1.04

10.12

1.9

15.04

1.49

10.53

1.55
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Macroinvertebrate Temperature Preferences and Tolerances

Ephemeroptera

Ameletus similor

Taxa # 693
Temp Preference  8.74 —r T ————————— — .
(8] 5 10 15 20 25
Tolerance  3.12 Temperature (C)
Ameletus sp.
Taxa # 13 —
Temp Preference 115 r T S — . ,
0 5 10 15 20 25
Tolerance 1.84 Temperature (C)
Baetis bicaudatus
Taxa # 18
Temp Preference  8.76 — : S — : ,
8} 5 10 15 20 25
Tolerance  2.22 Temperature (C)
Baetis tricaudatus
Taxa # 20
o
Temp Preference 14.55 T . e — —
) 5 10 15 20 25
Tolerance 15 Temperature (C)
Caudatella hystrix
Taxa # 42
Temp Preference  8.25 — T — —rr —
(8] 5 10 15 20 25
Tolerance 3.34 Temperature (C)
Caudatella sp.
Taxa # 39
e
Temp Preference 12 — ¥ — a X
0 5 10 15 20 25
Tolerance  1.92 Temperature (C)
Cinygmula sp.
Taxa # 26 -
Temp Preference 10.31 " : e —— .
0 5 10 15 20 25
Tolerance  2.06 Temperature (C)

Monday, November 19, 2001
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Macroinvertebrate Temperature Preferences and Tolerances

Diphetor hageni

Taxa # 679
Temp Preference 17 r T e ——————— .
0 5 10 15 20 25
Tolerance 1.79 Temperature (C)
Drunella coloradensis
Taxa # 44 ~
Temp Preference  9.86 r T R T A :
0 5 10 15 20 25
Tolerance  2.07 Temperature (C)
Drunella doddsi
Taxa # 43 N
Temp Preference 10.47 . T L B — —
0 5 10 15 20 25
Tolerance  1.96 Temperature (C)
Drunella flavilinea/coloradens
Taxa # 622 N
Temp Preference  9.98 r T — ey —_
0 5 10 15 20 25
Tolerance 2.17 Temperature (C)
Drunella grandis
Taxa # 51 -
Temp Preference 14.74 r T ——— 7 —
0 5 10 15 20 25
Tolerance  2.07 Temperature (C)
Drunella spinifera
Taxa # 48 N
Temp Preference 10.56 G T ———— —
0 5 10 15 20 25
Tolerance 2.21 Temperature (C)
Epeorus (Ironopsis) sp.
Taxa # 27 -
Temp Preference  9.95 . . — — —y
0 5 10 15 20 25
Tolerance 2 Temperature (C)

Monday, November 19, 2001
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Macroinvertebrate Temperature Preferences and Tolerances

Epeorus deceptivus
Taxa # 29 -
Temp Preference 99 | — . et —_
8] 5 10 15 20 25
Tolerance  2.31 Temperature (C)
Epeorus longimanus
Taxa # 31
—————
Temp Preference 1232 — ; e
° 5 10 15 20 25
Tolerance 2.1 Temperature (C)
Ephemerellidae
Taxa # 36 -
Temp Preference 10.97 — — e —
0 5 10 15 20 25
Tolerance 1.97 Temperature (C)
Ironopsis grandis
Taxa # 32 -
Temp Preference  9.95 — — e —
0 5 10 15 20 25
Tolerance 23 Temperature (C)
Nixe criddlei
Taxa # 483 -
Temp Preference 17.57 " T —— e
0 5 10 15 20 25
Tolerance  2.37 Temperature (C)
Rhithrogena hageni
Taxa # 485 -
Temp Preference  8.25 — —— S — —_
5 10 15 20 25
Tolerance  3.86 Temperature (C)
Rhithrogena robusta
Taxa # 625 -
Temp Preference  6.84 — T L B e L )
5 10 15 20 25
Tolerance 4 Temperature (C)

Monday, November 19, 2001
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Macroinvertebrate Temperature Preferences and Tolerances

Rhithrogena sp.

Taxa # 35 -
Temp Preference 11.97 T —————————————————
o] 5 10 15 20 25
Tolerance 1.86 Temperature (C)
Serratella tibialis
Taxa # 54 -
Temp Preference 13.34 —_—— 7
o 5 10 15 20 25
Tolerance  2.08 Temperature (C)
Tricorythodes minutus
Taxa # 58 -
Temp Preference 1969 | —————F—————F————T
o] 5 10 15 20 25
Tolerance  3.17 Temperature (C)
Tricorythodes sp.
Taxa # 57 -
Temp Preference 1952 | ——m—m—m—F—————F————T1————————————
0 5 10 15 20 25
Tolerance  2.32 Temperature (C)
Hemiptera
Corixidae
Taxa # 136 -
Temp Preference 20.52 —————————
0 5 10 15 20 25
Tolerance  3.42 Temperature (C)
Odonata
Argia sp.
Taxa # 8 -
Temp Preference 19.14 | —m—mm@ ——F—————————F————— 1
0 5 10 15 20 25
Tolerance 2.95 Temperature (C)
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Macroinvertebrate Temperature Preferences and Tolerances

Plecoptera

Amphinemura sp.

Taxa # 82
Temp Preference

Tolerance

Calineuria californica

Taxa # 109
Temp Preference

Tolerance

Capniidae
Taxa # 100
Temp Preference

Tolerance

Chloroperlidae
Taxa # 130

Temp Preference

Tolerance

Cultus sp.
Taxa # 116

Temp Preference

Tolerance

Despaxia augusta

Taxa # 94
Temp Preference

Tolerance

Doroneuria sp.

Taxa # 110
Temp Preference

Tolerance

Monday, November 19, 2001

13.63

1.98

19.63

2.24

11.88

1.5

10.82

1.67

11.04

2.19

7.09

3.24

11.88

2.02

PV,
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Macroinvertebrate Temperature Preferences and Tolerances

Hesperoperla pacifica

Taxa # 113 -
Temp Preference 15.03 i ———— e,
0 5 10 15 20 25
Tolerance  2.04 Temperature (C)
Kogotus sp.
Taxa # 119 -
Temp Preference  8.12 | ————— 7 '
0 5 10 15 20 25
Tolerance 2.54 Temperature (C)
Leuctridae
Taxa # 93 -
Temp Preference 943 | ; S — '
0 10 15 20 25
Tolerance 2.24 Temperature (C)
Malenka sp.
Taxa # 83 -
Temp Preference 15.13 r — NE—— S X
0 5 10 15 20 25
Tolerance  2.13 Temperature (C)
Megarcys sp.
Taxa # 121 -
Temp Preference 10.15 . T B ,
0 5 10 15 20 25
Tolerance 2.42 Temperature (C)
Neaviperla sp.
Taxa # 590 -
Temp Preference 10.93 . . g e X
0 5 10 15 20 25
Tolerance  2.53 Temperature (C)
Nemouridae
Taxa # 81 -
Temp Preference 10.03 r T — —
0 5 10 15 20 25
Tolerance  1.98 Temperature (C)

Monday, November 19, 2001
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Macroinvertebrate Temperature Preferences and Tolerances

Paraperla sp.

Taxa # 133
Temp Preference

Tolerance

Perlidae
Taxa # 104

Temp Preference

Tolerance

Perlodidae
Taxa # 114

Temp Preference

Tolerance

Pteronarcella sp.

Taxa # 66
Temp Preference

Tolerance

Setvena sp.
Taxa # 787

Temp Preference

Tolerance

Skwala sp.
Taxa # 126

Temp Preference

Tolerance

Suwallia sp.

Taxa # 577
Temp Preference

Tolerance

Monday, November 19, 2001

9.32

232

11.26

2.07

9.64

14.

18.

12.
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| J L I L L B T T
o] 5 10 15 20 25
Temperature (C)

e
| T AL AL L S R T —
o] 5 10 15 20 25
Temperature (C)

T T L AL B T 1
o] 5 10 15 20 25
Temperature (C)

[ —— T L DA A L A B T T
o] 5 10 15 20 25
Temperature (C)

[ T T L T 1
o] 5 10 15 20 25
Temperature (C)

[,
r** ¥ L A A R | T T —
o] 5 10 15 20 25
Temperature (C)

Page 14 of 21



Macroinvertebrate Temperature Preferences and Tolerances

Sweltsa sp.
Taxa # 134

Temp Preference

Tolerance

Taeniopterygidae

Taxa # 77
Temp Preference

Tolerance

- Visoka cataractae

Taxa # 87
Temp Preference

Tolerance

Yoraperla brevis

Taxa # 75
Temp Preference

Tolerance

Yoraperla sp.

Taxa # 74
Temp Preference

Tolerance

Zapada cinctipes

Taxa # 89
Temp Preference

Tolerance

Zapada columbiana
Taxa # 90

Temp Preference

Tolerance

Monday, November 19, 2001

11.45

1.97

6.3

3.64

9.52

232

10.36

2.04

8.84

2.59

15.58

1.63

9.71

2.29
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Macroinvertebrate Temperature Preferences and Tolerances

Zapada oregonensis gr.

Taxa # 92

Temp Preference 8.8
Tolerance  2.27
Zapada sp.
Taxa # 88
Temp Preference  9.88
1.67

Tolerance

Monday, November 19, 2001

] I 3 v N [ * * ] v ' [
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Temperature (C)
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Macroinvertebrate Temperature Preferences and Tolerances

Trichoptera

Anagapetus sp.

Taxa # 172
Temp Preference

Tolerance

Apatania sp.
Taxa # 212
Temp Preference

Tolerance

Arctopsyche grandis
Taxa # 192

Temp Preference

Tolerance

Brachycentrus americanus

Taxa # 234
Temp Preference

Tolerance

Brachycentrus occidentalis

Taxa # 235
Temp Preference

Tolerance

Cheumatopsyche sp.

Taxa # 197
Temp Preference

Tolerance

Dolophilodes sp.
Taxa # 188

Temp Preference

Tolerance

Monday, November 19, 2001

8.26

3.63

11.04

2.81

14.2

1.81

14.29

1.86

19.37

2.14

20.38

2.57

12.94

2.21
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Macroinvertebrate Temperature Preferences and Tolerances

Glossosoma sp.

Taxa # 173
e
Temp Preference 12.88 e S ———
0 5 10 15 20 25
Tolerance 1.52 Temperature (C)
Glossosomatidae
Taxa # 170
—_—
Temp Preference 11.37 — — ———t ——— '
0 5 10 15 20 25
Tolerance 1.74 Temperature (C)
Hydropsyche sp.
Taxa # 198 -
Temp Preference 18.49 — T H e B S
0 5 10 15 20 25
Tolerance 1.92 Temperature (C)
Hydropsychidae
Taxa # 196 -
Temp Preference 1638 | ———————r—r—r T
0 5 10 15 20 25
Tolerance  1.65 Temperature (C)
Hydroptila sp.
Taxa # 182 -
Temp Preference 19.23 EEE————————————————————..
0 5 10 15 20 25
Tolerance 2.23 Temperature (C)
Limnephilidae
Taxa # 199
—
Temp Preference 13.09 e S B A BT O N
° 5 10 15 20 25
Tolerance  1.89 Temperature (C)
Micrasema sp.
Taxa # 236 -
Temp Preference 12.52 .
0 5 10 15 20 25
Tolerance  1.92 Temperature (C)
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Macroinvertebrate Temperature Preferences and Tolerances

Neophylax sp.
Taxa # 225

Temp Preference

Tolerance

Neothremma alicia

Taxa # 230
Temp Preference

Tolerance

Neothremma sp.
Taxa # 229

Temp Preference

Tolerance

Oligophlebodes sp.
Taxa # 231

Temp Preference

Tolerance

Parapsyche elsis

Taxa # 195
Temp Preference

Tolerance

Parapsyche sp.
Taxa # 193

Temp Preference

Tolerance

Rhyacophila alberta gr.
Taxa # 155

Temp Preference

Tolerance

Monday, November 19, 2001

10.88

1.96

7.65

3.75

8.66

2.64

7.87

2.7

9.47
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9.38
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Macroinvertebrate Temperature Preferences and Tolerances

Rhyacophila betteni gr.
Taxa # 157

Temp Preference

Tolerance

Rhyacophila brunnea gr.
Taxa # 158

Temp Preference

Tolerance

Rhyacophila hyalinata gr.
Taxa # 160

Temp Preference

Tolerance

Rhyacophila iranda gr.
Taxa # 161

Temp Preference

Tolerance

Rhyacophila narvae

Taxa # 166
Temp Preference

Tolerance

Rhyacophila pellisa
Taxa # 167

Temp Preference

Tolerance

Rhyacophila sibirica gr.
Taxa # 164

Temp Preference

Tolerance

Monday, November 19, 2001

10.61

2.16

10.56

2.06

10.2

1.92

8.02

439

9.53

2.34

10.22

3.14

7.42

3.82
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Macroinvertebrate Temperature Preferences and Tolerances

Rhyacophila vaccua Milne
Taxa # 613

Temp Preference

Tolerance

Rhyacophila vagrita gr.
Taxa # 168
Temp Preference

Tolerance

- Rhyacophila valuma

Taxa # 713
Temp Preference

Tolerance

Rhyacophila valuma/pellisa

Taxa # 801
Temp Preference

Tolerance

Rhyacophila verrula
Taxa # 169

Temp Preference

Tolerance

Rhyacophila vofixa gr.
Taxa # 812

Temp Preference

Tolerance

Tricladida

Polycelis coronata

Taxa # 619
Temp Preference

Tolerance

Monday, November 19, 2001

8.02

3.27

8.63

2.52

6.87

3.3

9.16

259
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8.57
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9.76

2.1
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Drunella flavilinga/Coloradensis .........couevueeueiruirierierieireeteeee ettt sttt B.3
B Tt T PR B.3

P LSS0 00101y T b TR B.3



RIADAOMASIIX SP. .ttt st s et st s B3

IMIEEATCYS SP. +eeuveenreeneenitenitenttentte st et et e s e st e e et et e s atesatesas e s s bt s bt e bt et e s a et sat e s ab e e bt e bt e s st e e aa e s bt st e e bt e e e s s bt et e e bt e e ennes B3
Rhyacophila hyalinata S, ......cocuoouiiiiiie ettt ettt s b e st st e B.3
ROYACOPRIIA PEIIISA. ..c..eeuiitiiiiietceee ettt et sttt et st b e st e et s e b bt n B.3
(078 11772474 DT TR o T OSSPSR B.3
Y OTAPETIA DIEVIS......eiiiiiiiiieee ettt et st sa et e bt st et e bt s et e b e et e st et e bt n B.3
DIunella dOASi.......coueueeuiriiieieiiieeceeeee et e B3
WAEAEITIANIIA SP-..-cueuevveueueueueeeesteteteaee e teeetseetesese et eeeaesese e s eeese sttt esesesene e esebeseme et et et eseseneseseseseneeesesnsenenens s B3
Rhyacophila DIUNNEA SI. .....couiiuiiiiiieieiee ettt et sttt sttt st s bt et e e bt eneen B3
DIrunella SPIMITEIA .....couevuieiirieientiete ettt sttt et sttt sa b s bt st e b bttt s e et b et en B.4
ROyacophila DEELETI . ...c..eiieiieeieiee ettt et e e e et et e st e s be et e e e s b e e st e aeeeeeaeeneesseeneeneesesaeentens B.4
HESPETOCOMOPA SP. .. ettt sttt et ettt et et st s e et st et e s e nesanessn e e st e e e saee B.4
CRIOTOPEIIAAE ...ttt ettt et et e b e bt et e e e e bt e st e e e s bt e st e e e sseebeent e besaeentens B.4
INEOPRYIAX SP. 1ttt st e a e s st ettt st B.4
INEAVIPEITA SP. -ttt ettt st e et e et e bt e bt e s bt e s st e s at e et e e bt e bt e s bt e sbteeseeebesase e be e beesaeesaeeeas B.4
EPhEMETEILIAAE ......ooviniiieieiieceeee ettt ettt st e sa sttt et e sa e et e et e bt st be s et eneen B.4
CUIUS SP. ettt ettt ettt et e b e s et e s bt e s ae e s b e st e e at e e bt e bt e bt e sbe e sbe e b e e e ae e s b st et e bt e aee B.4
ADALATIIA SP. veuveeuieientieieeitet ettt et ettt et et e e e s bt e bt et et e b e e bt e a et e b e e a e a e e s bt et et e a e e a e et e bt e a e et e e bt et e e she et et e bt et e eeebeeaean B.4
HELETTIMNIUS SP. -ttt ettt b ettt b st e e s et e st et e e sat et et e s be s bt et e besbeeat et e besatentens B.4
PEITIAAE ... e et B.4
GlOSSOSOMALIAAC .....c..ceeuireneeiieiirtetet ettt sttt ettt et sa ettt et s a e ettt s ae ettt e st s b sa e et et enenaen B.4
SWEIES SP. ettt sttt sttt st sttt st e et esae e st e bt e bt et e st e saeeeae B.4
ANEIELUS SP. -ttt ettt ettt ettt ettt et e bt bt e bt e e bt e s et e ea et e a bt e bt e bt e e bt e e bt e e et e et e be e b e e e bt e sate et e e be e e e naas B4
CRETIEIA SP. cuvetieiteteee ettt et ettt e et et s b e bt et e bt s at e b e s bt st e b e s bt et e b e sat et et e e st et enaeentene B.4
Heterlimnius corpulentus..........ccoccecceieienencnnceneene. Heeefheeateeteeheeteteehe et e teeheeat et e heea e et e ebeea e et e e beeat e beshe et e teeaeeaeens B.4
LT SP. e e e e es bt e e e s ae e b e s e e e e saaesae e e ns B.4
DIOTOMEUITA SP. wvvtueeurireritetenteeit ettt e st et e et e s bt et et e sa e st e et et et e st e s et et e bt s a e sesa e e at et e sat et e e e s st et e sae e st et e st enteseeneeneen B.4
CAPNIIAAEC ...ttt sttt b e et e e e bt et e s b e bt et e bt e a e e b e e bt e st e e e bt et e bt e ae et e naeeae et e saeeatens B.S
RBIENTOZENA SP. ettt ettt ettt sa et ettt e et st e s e sae st eaenae et ens B.S
CAUALEIIA SP....eeeeieeeeee et et a e e e e B.5
LAMNOPRIIA SP. 1.ttt ettt ettt et h et e bt s a et e b e e bt et et e eae et e s et eae et e bt e ae et e bt eat e beshe et e tesaeentens B.5
SUWLTIA SP. vttt ettt ettt e e et ettt s et et e aeeae et e b e eaeea e e eb e e st e a e e eaeeaeea e e bt eae et e bt eat e s e ebeeat e seeae et e beeaeenes B.5
EPEOTUS IONMZIMANUS. ...c..etiiieieieieet ettt sttt ettt et a et bt s bt et et e s bt et e e e e b e e st e besb e e st e besbesae et enbesaeentens B.5
IMIECTASEITIA SP. weuververneeutetententesit et ettt st et et e besateat et et e s bt et et e b e s e e bt et e s bt e abe s bt s at e bt sa e e s e bt et e bt s at e be b e besse et e besatennens B.5
Eukiefferiella ClariPeNIiS ... ..coouiiuieieieieeeeee ettt et ettt et st e e bt e st e e e s bt e st e e e saeeat et e beeseenee e e eseenteneens B.5
INAIPUS SP. ceneerieeiieetet ettt ettt s e et e st e e e s s e s st e st e e e e sae e s ae e et et et e a e e e e e aeesn e n e e e e s saeeas B.5
Clinocera sp. .....coccoeeenenn: et eateteeheeteteeteeheeuteateateateeaeeheaheeat et eateeateate st eaeeaE et e eae et e bt ehe et e eheeateaeebe e st e beehe et e besaeeatens B.5
GIOSSOSOIMA SP. evvereieuretiiteitete sttt ettt et et sa et e bt e st et e e sat et e e e b sat et et e sae e st et e besat et et e st sateae b e s at et e e e snesaeenne B.5
Pagastia Sp. ..c.ccevveeeevenineceeeeee e e s s e e B.5
DOIOPRIIOAES SP. ettt ettt sttt b ettt a e e bt ettt a e et e e et nenaesae s B.5
LimnephilIdAe .......c.oiiiiiii e e e B.5
B SP. ettt ettt s bt et e b e s h et b e e h e e a e e e et e ae et e bt e h e et e bt s at et e bt e st et e nae et eae b s B.5
SEITAEl]a tIDIALIS ..ottt ettt ettt et b et sa et sa et e e et be e ne e B.5
CIEPLEIMIS SP. +.veveiieuirteieetee ettt ettt ettt et e et e st e besbe st et et eseebe s b e te st e st eseebesse st enteneesesbesse st eneeneesessesaenesessensensens B.5
StEMPEIINEILA SP... ettt ettt s b ettt st e b bt e b s b et et e s b e bt et e bt s bt et e b s et eaee B.5
AMPRINEIMUIA SP.c.venuteuieiietieteteet ettt sttt et b et e e et e s s et e e st e b e s et e a e e b e e bt eatens e e bt e a e e bt sb e et e s bt sat e s e sbe e st e besaeetenbesaean B.6
Arctopsyche grandis ......c.cceeeveeiens eneienieennen. Fhuteeehe et et e et e e te e bt e st e bt e e e e et e st e et e e be e bt e et e et e e teseesaae e beeeatestenae B.6
BrachyCentrus @IMEH CATIUS ......cuevveruieteiteriiettetete cetentt e et et ee st et e see et et esbees e et e te st sbtent e bt et enseeat et eeseeasenetentesenaean B.6
CIICOLOPUS SP. +erveurueruetenteserteteut ettt et est st e s et b et et e e bt a et et e st s et a s s et et et e st e bt s bt e b et e st e st s bt bt s et et eat s st b b et et et e st naes B.6

S E T A TR 4 o710 U £ Lo L= B.6



DIUNEILA GIANAIS. ...ttt ettt ettt et a e e a et e e e a e e sae e st e bees e e eatess e e s e eaeembeeatesse et et ensesae et ebeentenes B.6

DYHISCIAAC ...ttt ettt ettt b e et st et s e b s at e e st sa e et e e st e et et et st e aeenenaeeae B.6
Pteronarcella SP........c.oouiiiiiiiii e B.66
HESPErOPErla PACIIICA ..ottt ettt e et et e e ae e e eae e b e e st e b e eat e seeaeesaeneenes B.6
STIMULIUITE SP. ettt b et s b et b et e b s bt et e s bt s a b e b e e bt et e e bt et e sae et e besaeesesbeeaees B.6
HEXBEOMIA SP. ettt ettt st e bt st et e bt st et e bt e st e bt e bt e sat e e e e bt e eae B.6
IMALEINIKA SP. ettt ettt et et ettt st st st et e a e s st san e e et e aeeae B.6
Z28DAAA CINCHPES -.veeuieniiiieieet ettt ettt et et e st e s bt e bt e st et e bt e b e s bt et e s a e e b e s h e e b e e st e bt sa s e sbeeat e bt easesaesb e et e bt easesaeeae st enee B.6
ANIEOCHA SP. ettt ettt bbbt h et sh e b e bt et e bt et e eb e et e e sat e e et e b e bt aee B.6
HydropsyChIdae .......cueeiiiiiieiieee ettt ettt et sttt b e ettt sat b e e et ae e B.6
Optioservus QUATTIMACUIALUS. ....co.veeuteteieriieteeteritet ettt ettt st et st s st et et e b st e b et esae st et e s e et e besatenesaesaees B.6
OPLOSEIVUS SP. .veruventererutetenteete st et e e sat et e besa e et e sb e besae e bt s ae s bt s at e bt e st e bt s st e st e at e bt sat e b e e at e bt st e bt et e sbe st enbesatesbeneen B.6
DIPRELOr NAZEI ..c.eneiiiiieiteee ettt st ettt a et b e st e s et et e s b e st s ae et et be st et e et en B.6
ZATEZEVIA SP. eeuveetiteieeieet ettt ettt et et st e e bt et e b e s bt e at et e s bt e bt et e st e s a e et e st e bt s a b e e bt e at e bt et e s he et e e bt e b e sat et e st e bt et et e nbeeaean B.7
NIXE CTIAAIRT ..ttt ettt a e sttt e sa et ae st esat et e e st e e e et emae st eaee B.7
RRNEOTAIYTATSUS SP. -.euveruteurertirterierttetet et et ettt sa et s bt st et et et et e b e s bt et e bt s st e b e e st e b e sat e b e sbe st e bt sate bt et e besatesesbesaees B.7
ATRETIX SP. cntiieiitetee ettt ettt et e et ettt b e e b s h et b e et e bt at et e sa et b e et et s a e et bt et e et et e ae st en B.7
HYAIOPSY ChE SP. ettt ettt ettt e bt e st e e bt e bt e st e e bt e s beesaee e bt e s aeesteenaeebaeas B.7
SKW LA SP. ettt ettt sttt sttt sttt ettt et et a e et e et e aenae e B.7
POLYPEAIIIIM SP. ettt sttt ettt e sttt st e b ettt a et st ae st en B.7
LAIMNOPROTA SP. ettt ettt et et s bt et e s bt et e bt e st e s bt e st e bt e at e besa e e b e eatebesate s e e bt et e saeensesaenean B.7
PENEANEUIA SP. ..t et e e s e e e e s e e e st e e e e s st et e s ae e s e e e e e e e sneeas B.7
AATEI SP ettt b e ettt e h et e b b h e bk b e e a bt et h e a et e e et e at e e e bt ea e et et e a e eh e et e e ae e bt e e e naeene e e e eaeeaee B.7
Thi€NEeMANNIIMYIA I SP. .eerutrteierieteet ettt ettt ettt et et s et s bt st e b s bt et e bt s at et e e bt et e b e sat et e s bt st e s e saeeaeen B.7
HYATOPHLA SP. -ttt ettt ettt st st b e st a et sb et e besat e b e st et e s st e be s et et e be st s B.7
BrachyCentrus OCCIAENEALLS .......cccueeieiieeiiieeie ettt te et e et e st e e e e e e ssbeeeaeeessseesssseessseeessseeensseennses B.7
03 120 6] 1) o T OO B.7
TTICOTYHOAES SP. «.eeeueentiriieiet ettt ettt et et et et ea e e b e s bt et e e bt et e beea e et e e st et e sbeeatenbe e st enbesaeeasenaesaean B.7
Calineuria CAlIOITIICA. .....couerviieieirtirt ettt ettt ettt ettt B.7
Hyalella @Zteca........coovuereiiiiiiiiiieeeeeeeeee et reeeens e e e ettt e ettt e e te e be e e bt e e et e e e tee s breeeateeseneae s B.7
(@3 9 1e70)10) 010 N D o3 - 14 SOOI B.7
TTICOTYthOAES MIMULUS .....ovviieieeiieeieeierie et e eie et e e e st e et e e te e e ssteesseesasessseesseesssessseesssessseanseenssessseenssennsassenssennes B.8
PSEPNEIIUS SP. .ttt ettt b e et et s bt et et e b et e b e a et e e bt et e bt e a e e bt e at e be s ae et e b eaean B.8
CheumatoPSY ChE SP. ....ccueiuiiiieieeeee ettt B.8
COTIXIAAE ...ttt ettt et sttt b e b et s b et e bt s et e bt et e bt s at e bt s at e st et e be st st et e be st et enaesaeen B.8
DUubiraphia SP....eeceueeieie et S RSSO B.8
BIYCHIUS SP. -ttt ettt et s bt et e e s a e et e b e e bt e e e s bt e st e b e e bt ea b et e e bt eat e aeehe et e beeateeeebeeeaeenean B.8

CriCOtOPUS DICIIICLUS Gl c..enientiiieientieit ettt ettt ettt ettt s et ettt sat et e s bt et e b e sat e b et e st e sesae et eaenaeen B.8






Macroinvertebrate Temperature Preferences in Ascending Order

Taeniopterygidae

Rhyacophila alberta gr.

Rhithrogena robusta

Rhyacophila valuma

Despaxia augusta

Rhyacophila sibirica gr.

Rhyacophila verrula

Prosimulium sp.

Neothremma alicia

Oligophlebodes sp.

Setvena sp.

Rhyacophila vaccua Milne

Rhyacophila iranda gr.

Kogotus sp.

Heleniella sp.

Rhithrogena hageni

Caudatella hystrix

Anagapetus sp.

R

5 10 15 20

25

o
Temperature (C)

v — — —
a) ) 10 15 20 25
Temperature (C)

T U — —
o 5 10 15 20 25
Temperature (C)

o 5 10 15 20 25
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; —_— — —
o 5 10 15 20 25
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V T T — —
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v L S — —
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Temperature (C)

N

v — T T T — —
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Temperature (C)

e —~——

a) 5 10 15 20 25

Temperature (C)

—_— e

7 [ — —
o 5 10 15 20 25

Temperature (C)

o——

v — T T — —
a) 5 10 15 20 25
Temperature (C)

PP —
a) 5 10 15 20 25
Temperature (C)
a) 5 10 15 20 25
Temperature (C)
PR
o 5 10 15 20 25
Temperature (C)
PRS- U —
o 5 10 15 20 25
Temperature (C)
S —
¥ S e S — —
a) 5 10 15 20 25
Temperature (C)
e e e
i L e S S — —
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Temperature (C)
— &
v e S — —
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Temperature (C)
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Macroinvertebrate Temperature Preferences in Ascending Order

Rhyacophila vofixa gr.

o 5 10 15 20 25
Temperature (C)

_——

Rhyacophila vagrita gr.  ’

o 5 10 15 20 25
Temperature (C)

—_—————
Neothremmasp. 2~ 15 1a 20 s
Temperature (C)
J S N

Ameletus similor T [ 7 A

Temperature (C)

—_——

Baetis bicaudatus Sz T o 1s 20 os
Temperature (C)

—e—

Zapadaoregonensis gr. S 2 15 15 =20 5
Temperature (C)

RO S —

Yoraperlasp. ;T Tz v vs 260 s

Temperature (C)

————

Rhyacophila valumalpellisa & 7~ o7 " 15 20 a5
Temperature (C)

————
Oreogetonsp. 7 2 1o 1s 20 s
Temperature (C)
—_—
Paraperlasp. [z 1o 1s 20 2=

Temperature (C)

—_—

Parapsychesp. [ "z o v 20 s
Temperature (C)

o
Glutopssp. & "z e 1 =20 s
Temperature (C)
———————
Leuctridae 2z " 5 s — 5

Tempeérature (C)

—_——

Parapsycheelsis " 2 " 1o 1a 20 s
Temperature (C)

—
Visoka cataractae 7 7 07 1s 20 25
Temperature (C)
e G
Rhyacophilanarvae 7~ 2 1o s 20 35
Temperature (C)
D
Perlodidae > 2 " qo 15 28 s

Temperature (C)

—

Zapadacolumbiana Sz o 1a 20 s
Temperature (C)

TS
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Macroinvertebrate Temperature Preferences in Ascending Order

Polycelis coronata

Drunella coloradensis

Zapada sp.

Epeorus deceptivus

Epeorus (lronopsis) sp.

Ironopsis grandis

Drunella flavilinea/coloradensis

Diamesa sp.

Nemouridae

Rhabdomastix sp.

Megarcys sp.

Rhyacophila hyalinata gr.

Rhyacophila pellisa

Cinygmula sp.

Yoraperla brevis

Drunella doddsi

Wiedemannia sp.

Rhyacophila brunnea gr.

Ty

10 15

20

25

Temperature (C)

PO N—
10 15 20 25
Temperature (C)

S

10 15 20 25
Temperature (C)

[ —
10 15 20 25
Temperature (C)

U —

T — —
10 15 20 25
Temperature (C)

PN
10 15 20 25
Temperature (C)
P S
10 15 20 25
Temperature (C)
—_———
10 15 20 25
Temperature (C)
JUUP —
10 15 20 25
Temperature (C)
——
10 15 20 25
Temperature (C)
[ SU—
10 15 20 25
Temperature (C)
JR —
10 15 20 25
Temperature (C)
10 15 - 20 25
Temperature (C)
[P v—
10 15 20 25
Temperature (C)
RS
10 15 20 25
Temperature (C)
P
T T T v
10 15 20 25
Temperature (C)

—_—

10 15 20 25
Temperature (C)

PR
10 15 20 25

Temperature (C)
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Macroinvertebrate Temperature Preferences in Ascending Order

Drunellaspinifera 2 .o aa 20

Temperature (C)

—_——

Rhyacophila betteni gr.

o 5 10 15 20 25
Temperature (C)

—_—

T T T "
o 5 10 15 20 25
Temperature (C)

Hesperoconopa sp.

—e—

Chloroperlldae o s 40 4ds T oo T o8

Temperature (C)

—a

Neophylax sp. =

e s 10 15 20 25
Temperature (C)

PR S—

Neaviperlasp. [ 2 — — T
Temperature (C)

————
Ephemerellidae ;7 — T o
Temperature (C)
—_——
Cultussp. & 2 T ae 1a 2
Temperature (C)
Apataniasp. STz v va 20 s

Temperature (C)

———

Heterimnius sp. 77 = 2 " 1o s 20
Temperature (C)

—_——

Pelidae 2 " 7o 1a 20 s

Temperature (C)

[ N—

Glossosomatidae > " 2 aa  as a0 s

Temperature (C)

g ——

Sweltsasp. 7 2 1o as 20 2

Temperature (C)

A

Ameletus sp. ST T L T T e e 2e s

Temperature (C)

———

Cheliferasp. —

o ) 10 15 20 25
Temperature (C)

Heterlimnius corpulentus =~ 2~ " o7 T 1. 2a | a2s

Temperature (C)

Larasp. g & a0 45 20 2s
Temperature (C)
PR
Doroneuriasp. 3~ " 2 15 1a 20 s

Temperature (C)

W%%’&W&W@*@@ﬁ%ﬁ 50T
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Macroinvertebrate Temperature Preferences in Ascending Order

PR N—

a) 5 10 15 20 25
Temperature (C)

Capniidae

—

Rhithrogena sp. 7 Y T4 20 25
Temperature (C)

P e

Caudatellasp. ~—— 2~ . o o

o 5 10 15 20 25
Temperature (C)

—_——

Limnophilasp. 7 2 1o 15 20 2

Temperature (C)

[ —

Suwalliasp. [ 2 15 15 zo 25
Temperature (C)

—_—

Epeorus longimanus S 2 o7 g 20 25
Temperature (C)

——

Micrasemasp. ™~ I 5 15 2o 25
Temperature (C)

o
Eukiefferiella claripennis gr. ;= =~ o 15 20 25
Temperature (C)
e
Narpussp. . I .o 15 20 25
Temperature (C)
e
Clinocerasp. £ 1o s 20 25

Temperature (C)

—_—

T T T g
o 5 10 15 20 25
Temperature (C)

Glossosoma sp.

[N

——— Y g
a) 5 10 15 20 25
Temperature (C)

Pagastia sp.

—_——

Dolophilodes sp. 5~ 1o 1s 20 25
Temperature (C)

—_—

Limnephilidae = 2~ 1o 15 20 25

Temperature (C)

[ —

Brillia sp. ! y y

a) 5 10 15 20 25
Temperature (C)

—_————

Serratella tibialis ;72 7o 1s 20 25

Temperature (C)

—e

T T
10 15 20 25
Temperature (C)

Cleptelmis sp.

©7
(3.}

PR —

Stempellinellasp. 7~ S
Temperature (C)

Monday, N
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Macroinvertebrate Temperature Preferences in Ascending Order

Amphinemura sp.

Arctopsyche grandis

Brachycentrus americanus

Cricotopus sp.

Baetis tricaudatus

Drunella grandis

Dytiscidae

Pteronarcella sp.

Hesperoperla pacifica

Simulium sp.

Hexatoma sp.

Malenka sp.

Zapada cinctipes

Antocha sp.

Hydropsychidae

Optioservus quadrimaculatus

Optioservus sp.

Diphetor hageni

10 15
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25

Temperature (C)
[ —
o 5 10 15 20 25
Temperature (C)
——
o 5 10 15 20 25
Temperature (C)
—e—

v T T ¥ T ]
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———
0] ) 10 15 20 25
Temperature (C)
_—
o ) 10 15 20 25
Temperature (C)
e
0] 5 10 15 20 25
Temperature (C)
— E—
o 5 10 15 20 25
Temperature (C)
———
o ) 10 15 20 25
Temperature (C)
PR
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Temperature (C)
———
o ) 10 15 20 25
Temperature (C)
——
o ) 10 15 20 25
Temperature (C)
——
o ) 10 15 20 25
Temperature (C)
——

v T — — —
o 5 10 15 20 25
Temperature (C)

——

v T T — —
o 5 10 15 20 25
Temperature (C)

————
o ) 10 15 20 25
Temperature (C)
——
o 5 10 15 20 25
Temperature (C)
———
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Temperature (C)
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Macroinvertebrate Temperature Preferences in Ascending Order

—_—
) 10 15 20 25
Temperature (C)

Zaitzevia sp.

) 10 15 20 25
Temperature (C)

Nixe criddlei

Rheotanytarsussp. o~ & 5 .5 ~ 20 25
Temperature (C)

e

Atherixsp. = o 15 20 25
Temperature (C)

Hydropsyche sp. ;™ 2~ 1o 15 20 2s
Temperature (C)

Skwalasp. ™ 2 1o 15 2o 25
Temperature (C)

e

Polypedilum sp. = = o7 s 20 2s

Temperature (C)
o

Limnophorasp. o~ o 48 20 28
Temperature (C)

Pentaneurasp. ™ 1o 15 20 25
Temperature (C)

Argiasp. [ 2 .o 1s 20 28
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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Obligate Cold Macroinvertebrate Taxa
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