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Abstract

The Conservation Reserve (CRP) and ConservatioariRe&nhancement Programs (CREP),
funded by federal and state government, offer fasrfieancial incentives to take erosive
agricultural lands out of production. Within thggegram landscapes, several best management
practices, including riparian zone easements astdnagion, are used along streams and wetlands
to improve habitat for riparian and in-stream spg¢State of Illinois 2013). This thesis
investigates the efficacy of CRP and CREP landsifport assemblages of three
environmentally sensitive orders, Ephemeroptera/fiea), Plecoptera (stoneflies), and
Trichoptera (caddisflies) (EPT) in the KaskaskiadRibasin, a heavily impacted, predominantly
agricultural watershed in central and southerndik. A total of 10,522 EPT specimens were
examined from 84 sites across the basin during dayJune of 2013-2015. Seventy-six
variables from geographic information system (GI8J in-situ generated variables were used in
an Akaike information criterion analysis (AlCc)tonstruct a set of 13 best regression models
accounting for variance in EPT basin richness. Al@portance values and hierarchical
partitioning revealed five important variables asated with EPT richness: Link (number of

first order tributaries), WT_Perm (soil permealibit the total catchment level), WT_Urban
(urban land use at the total catchment level), &iltd DO (dissolved oxygen). AICc showed that
Link and WT_Perm have the highest importance vélug0), followed by WT_Urban (0.99),

and Silt (0.83). Individual percent contributich () as determined by hierarchical partitioning
placed DO third among these five variables. Thewrhof CRP/CREP land in the drainage
ranked low in relative importance andl%ontribution, suggesting that this mosaic of
conservation practices may not contribute signifiseto supporting highly diverse EPT

assemblages.
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I ntroduction and Background

Stream species richness, a measure frequentlyiaesbwith habitat integrity (Bunn and
Arthington 2002, Dudgeon et al. 2006), is influesth@y multiple environmental variables and
their complex interactions (Minshall et al. 198Réchards et al. 1996, Ward 1998, Malmqvist
and Rundle 2002). These variables are encompagsszl/bral broad categories, including
stream/watershed size, water quality, hydrologgnciel morphology, substrata, geology,
topography, climate, land cover, and land use.Widespread and collective importance of
these variable categories to species richnesgiofdgstems is acknowledged. However, the
relative importance of individual variables withihrese categories for any given stream system is
often obscure (Palmer et al. 2009).

Land use, which includes many anthropogenic typesvik to potentially lower stream
habitat quality and diversity, can vary signifidgnh relative importance among lotic systems.
Agricultural land use is a primary cause of stramgradation in lllinois (Heatherly et al. 2007).
The farming practices of land clearing, stream dlefination and subsurface tiling increase field
drainage efficiency and crop yield. However, thagacultural techniques can drastically alter
stream flow regimes which reduce water quality asidlife habitat due to streambed scouring,
bank erosion, lowered water table, flooding, nuirieading, and sediment loading. Stream
alteration and habitat loss has resulted in thepation of lllinois species, especially
environmentally sensitive stoneflies (DeWalt et28l05).

Two government programs have been establishedpmira stream habitat, the
Conservation Reserve Program (CRP), establish2886, a USDA program which offers
farmers financial incentives to take erosive adtical lands out of production (Stubbs 2014),

and the Conservation Reserve Enhancement ProgrRERY; established in 1998, an extension



of CRP supported by federal and state governn&ate of lllinois 2013). Two major
watersheds have been included in lllinois CREP]Iim®is River basin, beginning in 1998, and
the Kaskaskia River basin, beginning in 2010.

The stated objective of CREP is the removal of sah@t are susceptible to erosion or
flooding from agricultural production to reduce dscape nutrient and sediment loss and
consequently increase wildlife, reduce sedimentrarident loading, and improve populations
of threatened and endangered species (Stateradi$l2013). The CREP uses several practices to
achieve this objective, many of which improve ltis stream habitat through riparian zone
easements and restoration. Riparian cover haslingex to habitat quality in lllinois
watersheds within lands of predominantly agric@dtwse (Stone et al. 2005). Removal of
riparian land from production permits the returrstbamside vegetation, benefitting stream
systems by stabilizing water temperature througitopg cover and introducing organic
allochthonous matter (riparian leaf and wood fafl)a source of energy and habitat structure.
Additionally, broad vegetated riparian zones redse#iment and nutrient loading by allowing
water percolation and soil deposition prior to gmito the stream channels (Allan 1995).

The lllinois Department of Natural Resources (IDNB&jently funded the lllinois Natural
History Survey to monitor and assess the statagjoatic life in the Kaskaskia River basin in
relation to CRP/CREP lands. This study assesdesrfigssel, and aquatic insect assemblages in
wadeable streams draining private lands where CREBRCpractices have been instituted. As a
part of the aquatic insect component, insects ci@tefor this thesis include specimens
exclusively from three environmentally sensitiveens, the Ephemeroptera (mayflies),
Plecoptera (stoneflies), and Trichoptera (cad@isfl(EPT), traditionally used for biomonitoring

due to their sensitivity to water and habitat gyglLenat and Resh 2001). Unlike many other



macroinvertebrates, EPT specimens can be easigctad and sorted alive at streamside
without magnification (Lenat 1988). Furthermoreiofuand accurate species level identification
is facilitated by extensive taxonomic guides avaéddor lIllinois and Midwest EPT fauna (Frison
1935, Ross 1944, Burks 1953, Hitchcock 1974, PawiGtewart 1991).

Recent investigations involving insect communitre&askaskia basin streams differ
from this thesis study in either number of sitamgled, basin area coverage, taxonomic
resolution, or a combination of these parametens. Gritical Trends Assessment Program
(CTAP), the first extensive statewide investigatadrthe status of lllinois biota, assessed EPT
taxa from 1997 to 2007, with a limit of 17 sampstceams throughout the basin. Sangunett
(2005) examined multiple streams in the Grand Rr&latural Division, but sampled only six
Kaskaskia basin sites, all in the upper basin. &adral. (2005) examined macroinvertebrates
collected in 15 headwater streams and subwatershstited to the Sugar Creek watershed of
the lower Kaskaskia. Heatherly et al. (2007) exaudimacroinvertebrates across the state,
sampling five Kaskaskia basin sites and identifyimggects to genus. In contrast, this thesis
attempts both a broad and yet focused approachvegtigating 84 sites across the basin, using
76 continuous variables as predictors, and idangflarval EPT to the lowest possible
taxonomic level.

Objectives. The objectives of this thesis are to identify amok the most influential
environmental factors associated with EPT speaésess in the Kaskaskia River basin and
evaluate the relative importance of CRP/CREP lamdsng this set of variables. Three primary
guestions are addressed:

1. What environmental variables explain variation PiTEspecies richness in the Kaskaskia

River basin?



2. What is the relative importance of each of theseabées?
3. Where does the importance of CRP/CREP fall in fleesum of these environmental
variables?

These questions are investigated by evaluatingphailtontinuous environmental
variables represented in several broad categdrasiescribe both in-stream and watershed
characteristics. Stream variable categories inctimi®, channel morphology, water quality, and
in-stream substrates. Topography, land use, lanthgeanent, soil hydrology, and geology
comprise the watershed variable categories whiclude two catchment levels: local catchment,
an area that drains directly into a reach, and tattizhment, the entire watershed above and
including a local catchment. This study approacly méorm future policy decisions regarding
conservation strategies for the Kaskaskia Riveergaied.

Important Kaskaskia basin variable categories wegdicted to mimic those found
important in previous studies in the basin, inahgdchannel morphology (DeWalt 2002,
Sangunett 2005), stream size (Sangunett 2005)y wasdity (Heatherly et al.2007), land use
(Heatherly et al. 2007), substrata (Stone et &520and soil hydrology (Cao et al. 2015). The
importance of these categories was expected tarbeef supported by numerous stream
macroinvertebrate studies conducted in other t»asins in lllinois and throughout North
America. EPT richness was hypothesized to be highasinimally impacted heterogeneous
habitats with complex, coarse textured substratdshggh water quality. Conversely, it was
hypothesized to be lowest in highly impacted homeges habitats with simple, fine textured
substrates and low water quality. It was preditked EPT richness would be enhanced in areas

with higher percentage of CRP/CREP lands.



Study Area

The Kaskaskia is the second largest river systelffinnis, comprising four major basins with a
combined watershed area of 14,950 KIDNR 2001) (Fig.1). The Kaskaskia River has arseu
of approximately 523 km which flows southwest frasfarm ditch origin in Champaign
County in east central lllinois to the Mississippver in Randolph County (IDNR 2001). The
river and its tributaries constitute a low gradjemirm water system characterized by runs,
pools, and a substrate mixture of gravel, sant,asitl claypan. Two large impoundments, Lake
Shelbyville and Carlyle Reservoir, are locatechi@ tpper and middle river reaches,
respectively.

The Kaskaskia River basin transects the Grandi®i@nd the Southern Till Plain, two of
the fourteen lllinois Natural Divisions, geographegions defined by similar topography, soils,
glacial history, bedrock and biota (Schwegman 19F#R). 2). The Southern Till Plain was
glaciated by the lllinoisan ice event, whereasGinand Prairie was glaciated by both the
lllinoisan (125,000 to 300,000 years ago) and Wasawan (10,000 to 75,000 years ago)
glaciations (Wiggers 1997). The Grand Prairie,ltingest natural division, is delineated by five
geographic subdivisions: Grand Prairie, Springfigltestern, Green River Lowland, and
Kankakee Sand. The principal natural features @fitist three of these sections are level to
rolling upland with floodplain, ravines, and wetdoy prairie (Schwegman 1973). The second
largest natural division, the Southern Till Plagisubdivided into the Effingham Plain and Mt.
Vernon Hill Country sections, both described asvash plains and dunes with wet to dry sand
prairies (Schwegman 1973). Agriculture occupiep@@&ent of the land in the Kaskaskia River

watershed (IEPA 2012). As a result of this pred@aniriand use, sediment and nutrient loading



are identified as prime contributors to habitat euader quality degradation of the basin streams

(State of lllinois 2015).
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Figure 1. Locations of 84 sites sampled in wadestoeams within four major sub basins of the
Kaskaskia River basin, lllinois, 2013-2015.
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Figure 2. Grand Prairie and Southern Till Plainuyalt Divisions transected by the Kaskaskia River
basin, lllinois.



Methods

A list of sampling sites was generated from a sitedtrandom sampling procedure using sub-
basin Hydrologic Unit Code 8 (HUC 8), stream semej amount of CRP/CREP land in the
watershed as criteria for site selection (Statélinbis 2013), resulting in 84 sites within 53
wadeable streams that were scattered among 17ie®(@Appendix A). Sites were sampled
during May and early June of 2013-2015 to matchhigbest available summer diversity for
EPT taxa in lllinois. Most sites were sampled odaeng the study period, exceptions being that
16 sites were sampled twice to provide informaabout annual variation. Annual variation is
not addressed in the primary analysis of this study

The sampling procedure followed that of CTAP (Det2802, Sangunett 2005). A 28
cm by 41 cm rectangular dip net was used to taledamples along a 100 meter stream reach.
Samples included two habitat types stratified dwer energy levels according to relative
current. The habitats in the Kaskaskia drainag@siralways included high energy gravel riffles
or woody debris snags where current speed was stighteams also contained low energy
habitats consisting of overhanging banks with &nee other plant roots providing structure for
EPT. Division of samples into these two habitaeypllowed a broad scope of EPT species to
be recovered within a sampled stream reach. Thesfexgy bank habitats were sampled by
using the net to disturb the bottom substrate béfmabank, and raking the net up through the
overhanging plant roots. The high energy habitaievgampled by holding the dip net against
the stream bottom while disturbing substratesontfiof the dip net equal to the area of the dip
net bag. Large structures, such as cobbles or Jimitisin the sample area were inspected for

clinging EPT, and then discarded. EPT specimems #ach sample were sorted alive at



streamside and placed in vials of 95% EtOH befetarning them to the laboratory for
identification.

Water and habitat quality were recorded for eateh 8i Hydrolab Quanta was used to
measure water temperature, pH, DDO, percent saturation, and conductivity. The Quarda w
calibrated each day as per the manufacturer's ljnede Twelve habitat parameters were scored
according to the CTAP scoring system. Some parasgteluded channel sinuosity, canopy
cover, bank vegetation composition, and predomiftzart use. Additionally, proportions of
various substrate sizes for each sampled reachegémeated through visual assessment.
Geographic coordinates were recorded on-site USP§ or subsequently in the laboratory using
ACME Mapper 2.1 (http://mapper.acme.com/) (datum SV&al).

In the laboratory, each specimen was identifiethéolowest possible taxonomic level.
Generic assignment followed that of Merritt et(@D08). Species level assignment followed that
of the comprehensive works of Burks (1953), Ro8gl4)}, Hitchcock (1974), and Poulton &
Stewart (1991). Nomenclature was checked agaimsgrduusage by consulting Mayfly Central
(2015), Plecoptera Species File (DeWalt et al. 2043d the Trichoptera World Checklist
(Morse 2015). All identifications were verified IR/ E. DeWalt.

After identification, specimens were placed in 2umals with 95% EtOH, labeled with
locality and collection information, and accessn&o the lllinois Natural History Survey
Insect Collection (INHS-IC). All specimen data arailable from the INHS-IC web portal
(http://inhsinsectcollection.speciesfile.org/Ins&aaliection.aspx).

Statistical analysis. A base data set of 76 continuous independerdibias was assembled from

existing data at the arc watershed level (Holtrogl.€2005) and data collected at each site

(Appendix B). Multicollinearity associated with dogyuous sampled reaches was avoided by



averaging recorded values for three sites, K122KB229-F5, and K1229-F6. This yielded a
consolidated sample size of 82 for all statistarzlyses. Because exploratory analysis showed
no significant difference between average EPT mskrof sampling years for the 16 replicated
sites (two-tailed t- test, p = 0.288), year twoadfatr these sites were excluded. Additionally,
climate data were excluded from the data set simegeographical area of study was small and
variation slight. CRP/CREP at the total catchmewel was expected to be ineffective because it
comprises a very low proportion of the basin lafderefore, data for CRP/CREP at the local
catchment level, which describes a higher propomibthe basin, were used exclusively in the
analysis. Lastly, nutrient data were not availailéhe time of data analysis.

Reduction of the 76 base variable set was guidestdiistical software and governed by
decisions based on existing knowledge of strearftogg@nd EPT biology. All statistical
packages were executed within the R software enment (R Core Team 2015). Variable
reduction began by examining Pearson product-moownelation coefficients between the 76
variables, 31 of which were consequently removexhbse they correlated highlyX0.7) with
other variables. The remaining 45 were examineddoiance inflation factor (VIF). Those
variables with a VIF greater than 10 were considi¢oebe highly multicollinear and were
evaluated for removal from the regressor set (Qaimh Keough 2002). This resulted in a set of
18 variables distributed within each of the origivariable categories. These were tested using
relative weight and dominance analysis (Budesci8)19&h the statistical packaghat (Nimon
et al. 2013), ultimately resulting in a global mbdk11 regressors (Appendix C). A global
model is comprised of all important variables fraunich candidate models can be assembled
(Burnham and Anderson 2004). The global model wassfa generalized linear model with a

Poisson distribution and a c-hat value (overdigparparameter) of 1.4 (R Core Team 2015).
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The global model provided a selection pool of Malea for the assembly and evaluation
of all possible candidate models using dhedge function in the packag&luMin (Barton 2015)
All candidate models were ranked with Akaike infatron criterion corrected for small sample
size (AICc). AIC is based on the Kullback-Leibl@®61) theoretic criterion, with loss of
information in the candidate regression modelhadasis for scoring. AICc score differences
between the top ranked model (i.e. model with tiveelst AICc score) and each of the other
models allowed selection of top models wikiAICc < 2. Models withA AICc < 2 are
designated as substantially supported for plausifBurnham and Anderson 2004). Akaike
weights were computed to assess strength of eveden@ach model as the best approximating
model in the model set. Model averaging (Burnhaoh/Aanderson 2002) of the& AICc top
model set was computed withodavg in the packagélCcmodavg (Mazerolle 2015) to yield
average coefficient estimates and 95% confidenegvals. Variable coefficients were
standardized to facilitate comparison between s=gnes with different units of measure
(Schielzeth 2010). The R base functioiportance was used to assign relative importance values
for each of the regressors in tha 21Cc model set. Relative importance values calootes are
based on the number of models containing the greeiable and the collective weight of each of
those individual models. A value of 1.00 indicatiest a given variable was present in all top
models.

Initial exploratory analysis showed that the sange for this study was too small to
split the data into a retained model set and tdios the purpose of cross validation. Therefore,
support for variable relative importance accordm@ICc was sought through hierarchical
partitioning with the statistical packageer.part (Walsh and Mac Nally 2013)Because

hier.part does not compute for 13 or more variables andymesla rounding error for 10 to 12

11



variables (Olea et al. 2010), only the top ninealdes according to AlCc importance values
were analyzed. Hierarchical partitioning evaludtesaverage independent and joint contribution
of each regressor to the variability of the resporeriable by comparing all possible models in a
multiple regression context (Chevan and Sutherl®81). The independent compondnts a
measure of the effect of each regressor on thanegiexplained by the model. Similarly, the
joint componenty, relates contribution of individual independentiables in combination with
each of the other predictors. Using the functiamd.hp in the packagéier.part, the data matrix

for the top nine AICc importance variables was mnited 1,000 times to generate distributions
of | for each independent variable. These distributiwese compared to the observed individual
percent contributiong4 |) to determine regressor significance accordingpfzeu 95%

confidence levels for computed signed number afdaed deviations from the mean, known as

Z-scores (Mac Nally 2000).

12



Results

A total of 10,522 EPT specimens, comprising attldésspecies across 17 families, were
collected from 84 sites in the Kaskaskia basin @mpx D). Mayflies were the most species rich
order, with 28 species across eight families. Amibege, the Baetidae (small minnow mayflies)
was the richest family with 13 species. Stonefliese represented by only seven species across
four families. Caddisflies were represented by ddcges across five families.

EPT species richness varied greatly throughoub#istn, averaging 6.2 + 0.40 SE.
Richness was significantly higher in Grand PranNaural Division sites (7.9 £ 0.92 SE) than in
Southern Till Plain sites (5.9 + 0.44 SE) (oneddit-test, p = 0.0316) (Fig. 3A, Blhe site that
had the highest richness (16 species) was K21684e3t Fork Shoal Creek in Bond County in
the middle basin (Fig. 3B). Three sites within 8wuthern Till Plain, K3496, tributary of Beaver
Creek in Clinton County, K3380 tributary of Brubakereek in Marion County, and K3671,
Lake Branch in Clinton County, produced zero EPi§.(BB). Stoneflies, the most sensitive of
the three insect orders, were found at a much higltogortion of Grand Prairie sites (0.69) than
in Southern Till Plain sites (0.20). The Grand Reaalso provided the site with the greatest
stonefly richness (K299, West Okaw River in Mo@t@ounty, 4 species). Southern Till Plain
sites, K2168-F3, West Fork Shoal Creek in Bond @puand K4479, West Fork Richmond
Creek in St. Clair County had the greatest maydigrress (both at 12 species). Caddisfly

richness was evenly distributed throughout therbasi
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Figure 3A. EPT species richness for 13 sites sairpl&askaskia River basin streams in the GrandiBidatural Division, 2013-2015. Site ID
codes correspond to those in Appendix A.
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Figure 3B. EPT species richness for 71 sites sainipl&askaskia River basin streams in the Soutf@rflain Natural Division, 2013-2015.
Sites without bars supported no EPT species. Bitmtes correspond to those in Appendix A.
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The base set of 76 continuous variables (Appenglw&3 reduced to a global model of
11 variables with representatives in 9 categoggsam size, soil hydrology, water quality,
channel morphology, land use, substrate, geolagpdraphy, and management (Table 1 and
Table 2). Coefficients of variation ranged fromZ4Zor Sinuosity, meaning most streams were

channelized, to 1.465 for Link, suggesting a laagee of drainage area.

Table 1. Global model variables, description of measures, variable category, and measures of
central tendency and dispersion.

Variable Measure Category Mean S.E. Median SD Min. Max. cv
Link #::atc‘;]r::r Stream Size | 23.561 | 3.8124 | 11.000 | 34.523 | 2.000 |171.000 | 1.465
WT_Urban proportion Land Use 0.020 | 0.0029 | 0.010 | 0.026 0.000 0.151 1.321
Silt proportion Substrate 0.082 | 0.0120 | 0.050 0.109 0.000 0.700 1.321
CRP/CREP proportion Management 0.078 | 0.0100 | 0.049 0.091 0.000 0.532 1.172
Gradient ft/ft units Topography 0.002 | 0.0002 | 0.001 0.002 0.000 0.008 0.964
WT_Forest proportion Land Use 0.086 | 0.0087 | 0.059 0.079 0.000 0.374 0.920
W_Fines proportion Geology 0.546 | 0.0379 | 0.581 0.343 0.000 1.000 0.628
WT_Perm proportion Soil Hydrology | 61.802 | 3.4373 | 51.438 | 31.126 | 22.000 |158.819| 0.504
W_Agri proportion Land Use 0.475 | 0.0239 | 0.429 0.217 0.077 0.942 0.457
DO mg/L Water Quality 7.515 | 0.2832 7.850 2.564 1.400 17.500 | 0.341

. . Channel
Sinuosity channel/valley 1.224 | 0.0303 | 1.135 0.275 1.002 2.277 0.224
Morphology

Table 2. Global model variable key. W = local catchment, WT = total catchment (see descriptions
for complete list of variables in Appendix B).

Variable Description Type
Link Shreve stream order GIS
WT_Urban urbanized GIS
Silt visible instream silt on-site
CRP/CREP Conservation Reserve/Enhancement Programs at the local catchment level GIS
Gradient slope of stream channel GIS
WT_Forest forested GIS
W_Fines surficial geology identified as having fine texture GIS
WT_Perm soil permeability GIS
W_Agri agricultural GIS
DO dissolved oxygen on-site
Sinuosity channel sinuosity GIS

Note: GIS data obtained from Holtrop et al. 2005.

15



Model selection by AICc yielded 13 top models witiAICc < 2 (Table 3). All top
models had low Akaike weights for the categoriealbpossible models (mean = 0.023558 +
0.002525 SE; Table 3, penultimate column) and nsodéhin the 2A AlCc group (mean =
0.0768 £ 0.0082 SE; Table 3, ultimate column). €fee, no model was designated as the
single best model. Additionally, pseud6 Wlues were similar among all models (mean =

0.41883 + 0.002923 SE), with model 7 having théeg value (pseudo’R 0.43664).
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Table 3. Top 13 regression models ranked by AICc (e = variable presence in model).

cl|ls|ls|lv2|g9|lss| 0| | |0|v
E - |4 | 5] O |! z2 | - | 3 E] .
= |1 | > |33 e | € weight
) [ «Q = m = o .
e | 3 = I T - = R I (@l weight
o A w - S - f
3 o m o -~ | < Pseudo possible (top 13
Models - K logLik R? AlCc delta models) models)
GlobalModel | & | & | & | & & & o & o o ©® 2 | -192.92 | 0.44945 414.37 9.460 | 0.00035 NA
Top Model 01 ® ® [ J ® 5 -197.06 0.40567 404.911 0.000 0.03930 0.128
02 ® ® ® ® ® 7 -194.75 0.43018 405.003 0.092 0.03749 0.122
03 ® ® [ ] [ ] ® 6 -195.96 0.41732 405.037 0.126 0.03686 0.12
04| © ® ® ® ® 6 -196.16 0.41520 405.440 0.529 0.03014 0.098
05 ® ® L] L L 6 -196.43 0.41229 405.985 1.075 0.02294 0.075
06| ® ® [ ] [ ] ® ® 7 -195.33 0.42399 406.175 1.264 0.02087 0.068
07 | @ ® ® ® ® ® ® 8 -194.13 0.43664 406.239 1.329 0.02020 0.066
08| @ ® [ ] [ ] 7 -195.48 0.42245 406.466 1.555 0.01804 0.059
09| ® ® ® ® ® ® 8 -194.27 0.43521 406.508 1.598 0.01766 0.058
10| © ® [ ] [ ] ® 7 -195.58 0.42134 406.676 1.766 0.01624 0.053
11 ® ® ® ® ® 6 -196.81 0.40827 406.746 1.835 0.01568 0.051
12 ® ® ® ® ® 6 -196.83 0.40816 406.773 1.863 0.01547 0.051
13 ® ® [ ] [ ] [ ] 6 -196.83 0.40806 406.786 1.875 0.01537 0.05
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According to AlICc, Link, WT_Perm (soil permeabiliéy the total catchment level),
WT_Urban (urban land use at the total catchmem)eand Silt were identified as the four most
important variables explaining variability of EPi€hness. With the exception of Sinuosity, all
global model variables were contained in the RICc group, each model consisting of 4 to 7
variables (Table 3). However, only Link, WT_PermJWrban, and Silt were present in all
models of the 2 AICc group. Additionally, these four did not enséozero in their 95%
confidence intervals for standardized model avecagdficients ) (Fig. 4). Variable effect
direction, as indicated by the Beta coefficientsgvged that Link [§ = 0.224, Cl = 0.150 to
0.297) and WT_Perng(= 0.222, Cl = 0.116 to 0.328) were associated withease in EPT
richness, whereas WT_Urbgh<£ -0.199, CI = -0.314 to -0.084) and Spt< 0.158, CI =

-0.288 to -0.028) were associated with decrea&dinh richness.

Link
WT_Perm -
WT_Urban : -
Silt -
DO [ L
W_Agri ; =
CRP/CREP ——
W_Fines I i
WT_Forest —a—
Gradient —a—
-04 -0.2 0 0.2 0.4
Standardized Coefficient

Figure 4. Standardized model average coefficijtsvith 95% confidence intervals of top 13
generalized linear regression models for indepengl@rironmental variables explaining variability of
EPT species richness in Kaskaskia River basinraseampled 2013-2015.
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AICc importance values for top model variables ethffom 0.23 for Sinuosity to 1.00
for Link and WT_Perm (Fig. 5). The highest impodarvalues were for Link, WT_Perm,
WT_Urban, and Silt - all above 0.8. The remainderiuding CRP/CREP, had AICc importance

values less than 0.6.

Link
WT_Perm
WT_Urban
Silt

DO

W_Agri
CRP/CREP
W_Fines
WT_Forest
Gradient

Sinuosity

0 0.2 0.4 0.6 0.8 1 1.2

AlCc Importance Value

Figure 5. AICc importance values for 11 independamiables in top 13 models explaining variabibify
EPT species richness in Kaskaskia River basinragea

Among the data for WT_Urban, site K46, Kaskaskiecin Champaign County, is of
particular interest for two reasons. First, K46 Aaextreme high value for proportion of urban
land use. Additionally, this was one of the 16ssitesited twice, showing a range of EPT
richness from two (2013) to nine taxa (2015). Aieewof field notes from both visits to this site
showed no considerable difference in stream canditthat could have biased samples. A severe

drought in 2012 could have easily depressed Efhess, even in 2013 (IDNR 2015).
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Interannual comparison of EPT means for all sitesv@d an increase from 2013 (5.0 = 0.46 SE)
to 2014 (7.9 = 0.65 SE) and a return to the inmalan in 2015 (5.3 £ 0.91), suggesting the
drought may not have significantly affected theatn communities. Analysis performed without
K46 retained the relative importance of WT_Urbanhasl within the top AICc variables but
lowered the importance value from 0.99 to 0.77.

The nine variables with top AlICc importance valskewed slightly different ranking by
% | (independent) contribution in hierarchical paotiing (Fig. 6). DO was moved from a fifth
place rank in AICc importance to third place pasitin% | contribution. Conversely,
CRP/CREP was moved from a seventh position radd@t importance to the last position in
hierarchical partitioning. Link remained in the t@gmked position, with & | contribution of
40.60. A marked difference &b | was shown between Link and all other variableg amount

of CRP/CREP land above the site had the lo#ekbf all variables (1.71).

45
40 -
35 -
30 -
25 -
20 -
15 -
10 -

% I Contribution

Figure 6. Comparison of percent independent cantioh %61 ) of nine independent variables to
explaining variability of EPT species richness iaskaskia River basin streams. Plé values were
determined through hierarchical partitioning.
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Further investigation with hierarchical partitiogimdicated that four variables explained
a significant proportion of variance (Fig. 7). \&les above the 95% confidence limit with

significant Z scores included Link, followed distigrby WT_Perm, DO, and WT_Urban.

Z-Score

- w o ~ © o
S
-
)
-
o
i
l
!

1 & QO Q> NS QO o X Q
R < L 9 N & o W & <<o*®% q (‘33'
& / Q
$ 4 $'\ 7/ $ &« 7 (3*
Regressor

Figure 7. Z scores based on comparison of obsévedalues to the distribution of generatéd

values from 1,000 randomizations of the data méatrixine variables explaining variance of EPT
species richness in Kaskaskia River basin stre@iheshorizontal line is the upper 95% confidencetlim
set at the significance level of 1.65. Td valueis individual contribution of each variable as
determined by hierarchical partitioning.
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Discussion

Nationwide, the CRP has contributed significantletvironmental benefits, including reduced
sediment delivery and improved runoff water qualttgth of which can protect stream habitats
(Stubbs 2014). CRP has reduced more than 8 btlting of soil erosion, with a yearly reduction
of 325 million tons from levels prior to the progra inception in 1986 (USDA, FSA 2011).
CRP has improved runoff water quality by reduciieddfloss of nitrogen and phosphorus by
about 607 and 122 million pounds, respectively (BSBESA 2011). Many studies support
improved stream habitat as a result of practicéseld by the USDA National Resources
Conservation Service, the CRP technical suppoegency (Knight and Boyer 2007). These
practices include filter strips (Krutz et al. 2008parian forest buffers (Boyer et al. 2003),
managed grazing (Sanders and Fausch 2007), aadhsti@nk protection (Shields et al. 2000).
Direct evidence of effective stream restoratiomfr@REP riparian buffers is provided in recent
studies which show reduced nitrate levels (Messal. 012) and improved overall stream
condition (Teels et al. 2006).

National scale environmental benefits of CRP ase@ated with variable categories
investigated in this thesis, including water quadihd in-stream substrate, both of which showed
association with EPT species richness in the Kdskd&diver basin. However, most
environmental variables investigated in this thekiswed low association with EPT richness,
perhaps partly due to low habitat variability foumithin the homogeneous, anthropogenically
impacted basin system. Regardless, AICc modelidghéararchical partitioning support
expected and unexpected importance of a few vasadohd their represented categories.
Expectedly, variables within the categories ofatesize, land use, soil hydrology, and water

guality were found to be important. However, chamnerphology was excluded from the top
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categories by analysis. Four of the top five vdaaldentified by AICc and/or hierarchical
partitioning (Link, WT_Perm, Silt, and DO) were @qted to show importance. Unexpectedly,
WT_Urban supplanted W_Agr, and Sinuosity, Gradamt CRP/CREP were excluded from the
top variable set.

EPT richness has been shown to increase with stseam{Paller et al. 2006, Sangunett
2005). The outcome of increased taxon richnesgyaatownstream progression of increased
habitat complexity is proposed in the River ContimuConcept (RCC) by Vannote et al. (1980).
Lotic systems in temperate zones have been obseetbor their greatest species richness in
mid- sized streams, areas of greater spatial anddeal heterogeneity compared to the more
homogeneous environments frequently found in hetelwar large streams (Minshall et al.
1985b, Grubaugh et al. 1996). Higher species riehinemid-order streams has been attributed
to greater diversity of substrate composition,astrenorphology, food resources, and flow and
temperature regimes (Minshall et al. 1985b).

The strong positive effect of Link, a surrogate $team size, on EPT richness may
coincide with some factors discussed in the RCCsamdar studies. Link range is large enough
to incorporate small to medium sized streams, pifogithe size continuum for a positive linear
relationship. Additionally, higher species richnéasnd in mid-sized streams could be related to
increase in habitat heterogeneity in those reacasversely, the mechanisms for increased
heterogeneity may not follow those described inRIC due to the level of disturbance in the
basin. For example, an undisturbed temperate fete=sam may exhibit increase temperature
variability as the stream flows from a shaded hesddmnto a more open canopied stream.
Streams in the Kaskaskia basin from headwater enabe sizes were often devoid of canopy

cover, exhibiting uniform temperatures throughout.
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Soil hydrology was expected to be identified asn@portant regressor category.
Prevalent low permeable soils in the Kaskaskiahasich as clay and silt, reduce rain
infiltration and contribute to surface runoff whichturn augments sediment and nutrient
loading. Low soil permeability can also reduce grwater recharge, resulting in lower base
flows (Santhi et al. 2008). Low base flows can e®EPT richness by restricting community
composition to only those taxa with diapause litges or short life cycles (DeWalt et al. 2005).

Although land use was expected to be identifiedrasnportant category, the inclusion
of urban land use as an important variable wapretticted. Urban land encompasses a small
percentage (3.5) of total watershed land in théntsagredominantly agricultural landscape
(IEPA 2012). Even though a small fraction of a wsited may be occupied by urban land, it can
have a disproportionately large impact (Paul angé2001). Runoff from impervious surfaces
and discharge of treated municipal effluents camditically reduce invertebrate diversity from
the introduction of toxins, change of temperat@gmes, increased siltation, and input of
organic nutrients (Resh and Grodhaus 1983). Benthitroinvertebrate assemblages disturbed
by urban land use have been widely studied anddfeoibe dominated by a few tolerant taxa
and devoid of sensitive species (Walsh et al.2005).

The importance of substrate, as shown by Silt, prvadicted. Research has shown that
sediment particle size may impact stream insebhass (Erman and Erman 1984). Large
particles such as gravel and cobble provide amplerg attachment surfaces, and varied
hydrologic nuances conducive to producing multiptshes (Williams and Mundie 1978).
Additionally, large sediment patrticles, the predéerhabitat of many EPT taxa, are often present
in areas of faster flow. Conversely, small sedinpganticles such as silt and clay are usually

associated with lower EPT diversity. Silt is deemtal to benthic invertebrate habitat because it
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fills interstices of coarser habitable substrates$ @an impair respiratory function of sensitive
taxa (Relyea et al. 2000, Lemly 1982).

DO was expected to be important. Well oxygenategmsayenerally support more
macroinvertebrate species (Jacobsen 2008). Theoredhip between dissolved oxygen and
species richness was most noticeable at the hypdet that supported zero EPT.

Variability of DO, values was large and certainly due to diel cyofgshotosynthesis. In
open canopied stream reaches, supersaturation piva®recorded for some late afternoon
measurements whereas hypoxic values were recoodedféw morning samples. Many reaches
were observed to have copious growth€lifadophora sp., a filamentous alga that may drive
high variation in @ saturation in lllinois streams (Morgan et al. 2D0dhe variability of percent
saturation of D@Qbetween AM and PM measurements could reflecthifefsom predominant
photosynthetic activity during the day to exclusiespiration at night (Walling and Webb 1992).
Despite this potential influence on variability, @@ata were still considered valid for regression
analysis.

Contrary to prediction, channel morphology varialdbowed low effect on EPT richness
variability. Previous studies found sinuosity toedbprimary determinant of EPT richness in
lllinois streams (DeWalt 2002, Sangunett 2005)e&trs with little sinuosity, indicative of prior
channelization, have scoured and homogenized stioedsh(Beisel et al. 2000). The relatively
low importance of sinuosity in the Kaskaskia basewy be a result of its low variability (CV =
0.224), as most of the sampled streams had beamelnzed.

Gradient ranked unexpectedly low in importancee&tr gradient directly affects flow

velocity, which in turn influences macroinvertelerassemblages (Allan 1995, Hynes 1970). All
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streams sampled in the Kaskaskia basin were ofjlagient, with flow velocities that may be
too low to significantly influence EPT species nelss.

Three explanations and solutions are proposeh®uhexpectedly low importance of
CRP/CREP land to the variability of EPT basin riebs. First, there is a very low proportion
(0.0369) of CRP/CREP land in the basin (Statelimiois 2015). A greater percentage of
CRP/CREP land may be needed to effectively coucitaray negative impacts from disturbed
non-conservation land. Second, habitat fragmemtasiprevalent throughout the basin. Studies
show the importance of non-fragmented corridors@retdland dispersal routes for aquatic insect
assemblages (Smith et al. 2015). Adult aquaticcissase uninterrupted riparian zones and
overland straight-line pathways for travel routesites of reproduction. An increase in more
extensive contiguous CRP/CREP riparian lands cpatdntially increase EPT richness by
providing viable dispersal corridors for reprodigcedults within and between Kaskaskia basin
catchments. Third, more time may be needed forvexgoof community assemblages to follow
improvement in habitat quality. The inception ofiservation land management is relatively
recent, especially the CREP which was not introduoghe Kaskaskia basin until 2010. DeWalt
et al. (2005) found that several stonefly speciesevextirpated from lllinois. Continued
sampling has demonstrated that two of these spkaiesrecolonized the state after a 50 year
absence, but only along its borders (DeWalt & Geubbl11). Other species whose range was
greatly diminished have also slowly moved back thestate (DeWalt unpub. data). Continued
management of conservation lands may be necessamprovement in EPT assemblages to
take place.

This study was limited to continuous d&teorded at the reach, local catchment, and

individual upstream sub catchment levels, excludixgmination of some factors that may
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potentially influence EPT richness at broader gppatales. One such exclusion is discrete binary
GIS data for glacial history of the Grand Prainl &outhern Till Plain natural divisions. Glacial
events can affect species distributions througtoheal distribution of refugia (Hewitt 1996,
Pielou 1991). Furthermore, present species commsaainpositions are influenced by historic
glacial movements that altered geologic landscapedshe distribution of presettiement forest
and prairie biomes (Vinson and Hawkins 2003). Aabtg outcome of glacial episodes in lllinois
is the outwash from the Wisconsinan glaciation Wwideposited more fine sediment in the
Southern Till Plain than in the Grand Prairie (@aypand Webb 2010). This distribution of
sediment resulted in more erodible soils and fineasn substrates in the Southern Till Plain, a
probable reason for lower historic stonefly sped@sness in this natural division (Cao et al.
2013).
In summary, this thesis addressed three basiciqnestgarding multiple environmental
variables and their association with EPT spec@wess in the Kaskaskia River basin.
1. What environmental variables are the most impot@BPT species richness in the
Kaskaskia River basin?
Five variables were identified as most importamtsigpporting basin EPT communities.
These include Link, WT_Perm, WT_Urban, Silt, and.DO
2. What is the relative importance of each of theseabées?
According to AICc, Link was the most important,léaled by WT_Perm, WT_Urban, and
Silt. DO was shown to be ranked third in percediiidual contribution by hierarchical
partitioning.
3. Where does the importance of CRP/CREP fall in fleesum of these environmental

variables?
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The amount of CRP/CREP land in the drainage rafdwdn relative importance and %
contribution, suggesting that this mosaic of consgon practices may not contribute
significantly to supporting diverse EPT assembla@esater area of conservation practice,
connectivity of conservation lands, and time mayéeessary to enrich EPT and other

macroinvertebrate communities in the drainage.
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Management I mplications

A potential application of this thesis is guidafgedecisions regarding future conservation land
management policies and practices in the Kaskdikier basin. The relative importance of
certain variables to EPT richness may help to fizerconservation. For example, focusing
conservation efforts on watersheds with low sorhpeability is not likely to improve conditions
sufficiently to enhance EPT communities, as thesasatypically have claypan stream beds with
naturally low habitat suitability and EPT richnesimwever, efforts directed at increasing the
area and continuity of conservation lands in ave&s more highly permeable soils may more
rapidly promote rich EPT assemblages. Establishmecdnservation lands below urban areas
may not improve macroinvertebrate communities, ay wnly provide intermittent improvement

until occurrence of the next spill or flood reladidcharge of untreated sewage.
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Appendix A. Localities of sampling sites in wadeable Kaskaskisin streams, 2013-2015.

Site ID County Stream Locality Latitude Longitude | Width(m)
K15 Champaign Kaskaskia Ditch 4.1 km SSE Bondville at 1400N 40.08007 -88.34995 6.5
K46 Champaign Kaskaskia Ditch 4.9km N Sadorus at 600E 40.01112 -88.34871 10
K44 Piatt Trib. Lake Fork 3.0 km NE Bement at 1000N 39.93822 -88.54365 3.5
K81 Douglas Kaskaskia River 10.3 km NW Tuscola at 1450N 39.86631 -88.36513 14
K251-F7 Moultrie West Okaw River 7.3 km ENE Bethany at 1850N 39.67636 -88.66329 16
K272-F8 Moultrie West Okaw River 6.9 km ENE Bethany at 1850N 39.67315 -88.66637 15
K276-F9 Moultrie West Okaw River 5.0 km ENE Bethany at 1750N 39.66099 -88.68367 17
K273 Moultrie West Okaw River 6.2 km ENE Bethany, 100 m upstr. 1750N 39.65996 -88.68392 18
K299 Moultrie West Okaw River 3.8 km E Bethany, 200 m S 1700N 39.64975 -88.69464 18
K302 Moultrie Marrowbone Creek 1.7 km WSW Bethany at 3.00E 39.63876 -88.75623 2.5
K626 Shelby Tributary Robinson Creek 13.9 km NNW Shelbyville at 1600N 39.52321 -88.84652 3
K754 Shelby Angel Branch 6.9 km N Tower Hill at 1600N 39.44958 -88.95811 2
K795 Shelby Mud Creek 5.8 km ENE Tower Hill at 1300E 39.40991 -88.89952 4
K875 Shelby Richland Creek 10.7 km SSW Windsor at 950N 39.35306 -88.64658 2
K913 Shelby Richland Creek 13.2 km SE Shelbyville at 800N (Clarksburg Rd.) 39.33252 -88.67075 4
K950 Shelby Mitchell Creek 8.8 km SSE Tower Hill at 1200E 39.31612 -88.91815 4.5
K992 Shelby Mitchell Creek 7.2 km NNW Cowden at 650N 39.31132 -88.88154 2
K1104 Montgomery | Blue Grass Creek 12.5 km NNW Hillsboro at 1850N (MacKay Ln.) 39.26891 -89.53411 2.5
K1229-F4 Shelby Becks Creek 14.0 km SSW Tower Hill at 375N 39.26704 -89.00607 12
K1128 Montgomery | East Fork Shoal Creek 2.0 km ENE Witt, N 1800N 39.26218 -89.32631 5
K1168 Montgomery | East Fork Shoal Creek 2.0 km E Witt, S 1800N 39.25945 -89.32531 5.1
K1132 Shelby Mitchell Creek 3.8 km WNW Cowden, S 300N 39.25882 -88.90417 6.5
K1160 Shelby Mitchell Creek 3.3 km WNW Cowden at 1300E 39.25612 -88.89892 5
K1229-F5 Shelby Becks Creek 9.0 km ESE Oconee at 225N 39.24891 -89.01459 15
K1199 Shelby Richland Creek 5.1 km ESE Cowden at 1800E 39.23616 -88.80489 9
K1229-F6 Shelby Becks Creek 9.6 km SE Oconee at 100N 39.23304 -89.01866 17
K1250 Shelby Polecat Creek 5.3 km WSW Cowden at 100N 39.23119 -88.91961 4
K1303 Shelby Little Creek 7.9 km SSE Oconee at 3300N 39.21786 -89.07861 1.75
K1311 Effingham Wolf Creek 6.7 km ENE Beecher City at 500E 39.20443 -88.71194 4
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Appendix A. (continued)

Site ID County Stream Locality Latitude Longitude | Width(m)
K1424 Effingham Wolf Creek 3.1 km E Beecher City, W 300th St. 39.18262 -88.75112 6.5
K1474 Montgomery | East Fork Shoal Creek 9.3 km S Witt at 1200N (7 Sisters Ave.) 39.17352 -89.36142 8
K1542 Montgomery | East Fork Shoal Creek 12.3 km E Hillsboro at 1025N (Fillmore Trail) 39.14887 -89.35163 10
K1581 Montgomery | East Fork Shoal Creek 8.3 km SSE Irving, 600 m S 1025N (Fillmore Tr.) 39.14298 -89.35374 10
K1559 Fayette Hurricane Creek 11.3 km W Ramsey, E 75E 39.14146 -89.23949 10
K1599-F13 | Montgomery | West Fork Shoal Creek 8.0 km WSW Hillsboro at Old Litchfield Trail 39.13692 -89.58072 17
K1633 Fayette Hurricane Creek 9.2 km WSW Ramsey at 2600N 39.11978 -89.21008 8
K1648 Montgomery | East Branch Lake Fork 6.8 km SSE Litchfield at 800N (8th Ave.) 39.11686 -89.63176 3
K1635 Montgomery | Miller Creek 5.3 km SSE Hillsboro at 1200E (Buckeye Trail) 39.11608 -89.47446 2.5
K1678-F14 | Montgomery | West Fork Shoal Creek 10.0 km SW Hillsboro at Walshville Trail 39.10186 -89.58132 10
K1849-F15 | Montgomery | West Fork Shoal Creek 7.4 km NNE Sorento at 475N (Shoal Cr. Trail) 39.06181 -89.54495 17
K1879 Montgomery | Grove Branch 6.7 km Sorento at 400E (Elevator Rd.) 39.04552 -89.62346

K1900 Fayette Trib. Of Linn Creek 8.3 km E Vera at 1275E 39.03952 -89.01681

K1977 Bond Bearcat Creek 5.9 km NE Sorento at Donnelson Ave. 39.02891 -89.51796 5
K1976-F1 Montgomery | West Fork Shoal Creek 4.4 km NE Sorento at 1600N (Panama Ave.) 39.02801 -89.53928 22
K2111-F2 Bond West Fork Shoal Creek 3.5 km ESE Sorento at 1650N (Sorento Ave.) 38.98549 -89.53765 12
K2113-F10 | Fayette Hurricane Creek 12.3 km WNW Vandalia at 1700N 38.98459 -89.23206 10
K2182 Fayette Vandalia Ditch 3.3 km ENE Vandalia at 1050E 38.97686 -89.06161 4
K2146-F11 | Fayette Hurricane Creek 10.4 km W Vandalia at 1550N 38.96502 -89.21315 10
K2168-F3 Bond West Fork Shoal Creek 4.5 km SSE Sorento at Ripson Bridge Ave. 38.96032 -89.55677 15
K2232 Bond Headwater Gov. Bond Lake 8.0 km NE Greenville at 1550E (Newport Rd.) 38.93551 -89.34005

K2261 Fayette Raccoon Creek 10.1 km WSW Vandalia at 140 38.92369 -89.20036 4
K2282-F12 | Fayette Hurricane Creek 13.0 km WSW Vandalia at Hwy 140 38.92286 -89.23558 12
K2349 Bond Dorris Creek 10.5 km W Greenville at 1130N (Mt. Nebo Ave.) 38.90523 -89.53351 5
K2552 Bond Trib. Shoal Creek 2.6 km NNW Pocahontas at 470E (Pokey Rd.) 38.85014 -89.54664 2.5
K2565 Madison East Fork Silver Creek 11.4 km N Highland at Ludwig Rd. 38.84018 -89.64908 5
K2668 Bond Shoal Creek 12.1 km SW Greenville at 450N (Dolls Orchard Ave.) 38.80671 -89.5074 2.5
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Appendix A. (continued)

Site ID County Stream Locality Latitude Longitude | Width(m)
K2732 Bond Beaver Creek 10.4 km S Greenville at Lake Lola Ave. 38.79981 -89.42702 4
K2781 Marion North Fork Kaskaskia 5.4 km NE Patoka at 500E (Seven Hills Rd.) 38.78861 -89.04985 5
K2756 Marion North Fork Kaskaskia River 11.4 km W Kinmundy at 900E (Jones Rd.) 38.78694 -88.97711 8
K2858 Marion East Fork Kaskaskia River 8.9 km W Kinmundy at 2000N (Kinoka Rd.) 38.76218 -88.94841 10.5
K2922 Bond Locust Fork 13.5 km E Highland at 600E (Jamestown Rd.) 38.74812 -89.51611 2.5
K3126 Madison Sugar Creek 10.0 km NNE Trenton at 250N (Buckeye Rd.) 38.69154 -89.64869 14
K3107 Marion Crooked Creek 6.9 km NNE Salem at 1400N (Basom Rd.) 38.67911 -88.90274 3.5
K3159 Madison Sugar Creek 8.3 km SSE Highland at 100N (Rinderer Rd.) 38.67084 -89.63426 5
K3386 Clinton Lake Branch 4.6 km WNW Breese at 1420N (Old State Rd.) 38.62847 -89.57501 3
K3380 Marion Trib. of Brubaker Creek 4.9 km ESE Salem, 50 m N 900N (Cross Rd.) 38.60731 -88.89476 2
K3496 Clinton Trib. Of Beaver Creek 6.9 km ESE Breese, 100 m NW north bridge 1350E 38.57861 -89.45931 2
K3536 Clinton Sugar Creek 5.6 km SE Trenton, 50 m W 400E (Wellen Rd.) 38.57401 -89.63127 10
K3671 Clinton Lake Branch 6.9 km SE Trenton at 1000N (Wesclin Rd.) 38.56876 -89.61821 10
K3565 Clinton Lost Creek 9.3 km ESE Carlyle, S 4 (Huey Rd.) 38.56566 -89.28239 10
K3570 Marion Trib. Of Crooked Creek 9.1 km SW Salem at Ruble Rd. 38.56233 -89.01046 3
K3621 Clinton Sugar Creek 6.7 km SSE Trenton at 900N (Court Rd.) 38.55367 -89.64402 12
K3841 Marion Raccoon Creek 9.8 km ESE Centralia at 625E (Burge Rd.) 38.49877 -89.02647 5
K3963 Washington Webster Creek 2.9 km SSW Wamac at Irvington Rd. 38.48457 -89.15375 3
K4504 St. Clair Prairie du Long Creek 8.8 km S Millstadt at Vogel School Rd. 38.38227 -90.08219 3
K4479 St. Clair West Fork Richmond Creek 10.1 km WSW Freeburg at Knab Rd. 38.38109 -90.01373 4
K4532 Washington Middle Creek 10.2 km ENE Nashville at CR11 (Pleasant Grove Rd.) 38.37626 -89.27173 1
K4563 St. Clair Gerhardt Creek 10.3 km S Millstadt at Floraville Rd. 38.36879 -90.09027 3.5
K4571 Washington Elkhorn Creek 9.2 km SW Okawville at Dove Rd. 38.36664 -89.61089 9
K4586 St. Clair Prairie du Long Creek 11.7 km SSE Millstadt at Buss Branch Rd. 38.35994 -90.05818

K5001 Washington Trib. Elkhorn Creek 1.8 km NNW Oakdale at Branch Rd. 38.27588 -89.51096 1.5
K5056 Monroe Rocky Branch 6.1 NNW Red Bud at L Rd. 38.25963 -90.02845 2.5
K5128 Washington Mud Creek 6.5 km N Coulterville at Roosevelt Rd. 38.24376 -89.59374 4.5
K5424 Randolph Horse Creek 6.6 km SSE Red Bud at 1st Rd. 38.15455 -89.97341 4
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Appendix B. Variable categories, descriptions, and data catledypes for base set of 76

independent variables for Kaskaskia River baseasiis.
All measurements are proportions except where atdicwith (). Variables listed in bold are incldde

the global model. W = local catchment, WT = totaichment, R = local riparian, RT = total riparian

Data
Variable Category Variable Variable Description Collection
Type
Stream Size Width stream wetted width (meters) on-site
Link Shreve stream order (number of first order reaches) GIS
Watershed Size W_WshedAcres watershed area (acres) GIS
WT_WshedAcres | watershed area (acres) GIS
Topography Gradient slope of stream channel (ft/ft units) GIS
Stream Morphology Sinuosity channel sinuosity (channel length/straight-line valley length) GIS
Stream Connectivity Pondupst_length distance from closest upstream lake/impoundment with area GIS
> 5 acres (meters)
Pondarea lake/impoundment area that segment flows through (acres) GIS
Damupst_length | distance to closest upstream dam (meters) GIS
Land Management CRP/CREP Conservation Reserve/Enhancement Programs at local GIS
catchment level
Land Use WT_Urban urbanized GIS
WT_Agri agricultural GIS
WT_Forest forested GIS
WT_Undisturb undisturbed GIS
WT_Disturb disturbed GIS
W_Urban urbanized GIS
W_Agri agricultural GIS
W _Forest forested GIS
W_Undisturb undisturbed GIS
W_Disturb disturbed GIS
RT_Urban riparian urbanized GIS
RT_Agri riparian agricultural GIS
RT_Forest riparian forested GIS
RT_Undisturb riparian undisturbed GIS
RT_Disturb riparian disturbed GIS
R_Urban riparian urbanized GIS
R_Agri riparian agricultural GIS
R_Forest riparian forested GIS
R_Undisturb riparian undisturbed GIS
R_Disturb riparian disturbed GIS
Stream Water Quality | WaterTemp temperature(degrees celsius) GIS
DO dissolved oxygen (mg/L) hydrolab
%Sat.DO percent saturation oxygen hydrolab
Cond conductivity(microS/cm) hydrolab
pH pH hydrolab
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Appendix B. (continued)

Data
Variable Category | Variable Variable Description Collection
Type
Stream Substrate Boulder visible instream boulder on-site
Bedrock visible instream bedrock on-site
Cobble visible instream cobble on-site
Gravel visible instream gravel on-site
Sand visible instream sand on-site
Silt visible instream silt on-site
Clay visible instream clay on-site
Soil Hydrology WT_Perm mean soil permeability (inches/hour x 100) GIS
W_Perm mean soil permeability (inches/hour x 100) GIS
Geology W_Alluvium/fluvial fluvial deposit of clay, silt, sand, and gravel GIS
W _Bedrock bedrock in watershed GIS
W_Coarse surficial geology identified as having coarse texture GIS
W_Fine-moraine fine textured morainal deposit GIS
W_Fines surficial geology identified as having fine texture GIS
W_Ice-contact unsorted mixture of sediment deposit at a long standing GIS
glacial terminus
W_Medium surficial geology identified as having medium texture GIS
W_Medium-moraine medium textured morainal deposit GIS
W_Outwash glacial meltwater deposit GIS
W_Outwash ice contact | all categories classified as outwash or ice contact GIS
W_Rocky bedrock and colluvium GIS
WT_Alluvium-fluvial fluvial deposit of clay, silt, sand, and gravel GIS
WT_Bedrock bedrock in watershed GIS
WT_Coarse surficial geology identified as having coarse texture GIS
WT_Fine-moraine fine textured morainal deposit GIS
WT_Fines surficial geology identified as having fine texture GIS
WT_Ice contact unsorted mixture of sediment deposit at a long standing GIS
glacial terminus
WT_Loess windblown sediment GIS
WT_Medium surficial geology identified as having medium texture GIS
WT_Medium-moraine medium textured morainal deposit GIS
WT_Outwash glacial meltwater deposit GIS
WT_Outwash ice all categories classified as outwash or ice contact GIS
contact
WT_Rocky bedrock and colluvium GIS
W_Bd201 bedrock depths from 1 to 50 ft. GIS
W_Bd202 bedrock depths from 50 to 100 ft. GIS
W_Bd203 bedrock depths from 100 to 200 ft. GIS
W_Bd204 bedrock depths from 200 to 400 ft. GIS
WT_Bd201 bedrock depths from 1 to 50 ft. GIS
WT_Bd202 bedrock depths from 50 to 100 ft. GIS
WT-Bd203 bedrock depths from 100 to 200 ft. GIS
WT_Bd204 bedrock depths from 200 to 400 ft. GIS
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Appendix C. Global model variable data for 84 Kaskaskia Rivasib sites, 2013-2015.
Link is number of first order tributaries. Sinugsi$ channel length / straight-line valley lengMi. other measurements are
proportions except where noted.

Gradient
Site ID Link | WT_Perm | WT_Urban Silt DO (mg/L) | W_Agri | CRP/CREP | W_Fines | WT_Forest | (ft./ft.units) | Sinuosity
K15 6 158.8186 0.0264 0.045 17.5 0.9374 0.0039 0 0.0044 0.00057 1.092
K46 10 141.967 0.1507 0.08 134 0.9065 0.0097 0 0.0095 0.00020 1.112
K44 4 115.0546 0.0006 0.05 16.5 0.9417 0.0132 0 0.0003 0.00052 1.027
K81 21 135.5331 0.0935 0.04 8.8 0.9077 0.0169 0.2324 0.0079 0.00067 1.164
K251-F7 37 115.8438 0.0099 0.05 8.4 0.5673 0.0139 0 0.0105 0.00102 1.380
K272-F8 38 116.3219 0.0098 0.18 8.2 0.5918 0.0456 0 0.0116 0.00008 2.048
K276-F9 41 116.851 0.0094 0.05 8.9 0.3134 0.0485 0 0.0119 0.00000 1.044
K273 40 116.7277 0.0095 0.10 9.4 0.7317 0.2589 0 0.0119 0.00000 1.068
K299 43 117.2603 0.0093 0.10 8.9 0.3488 0.1844 0 0.0131 0.00000 2.277
K302 17 114.9614 0.0168 0.30 10.0 0.5340 0.0019 0 0.0074 0.00030 1.200
K626 2 116.3284 0.0000 0.12 9.6 0.6976 0.1289 0 0.0037 0.00363 1.049
K754 2 59.5485 0.0005 0.045 8.7 0.8095 0.0116 0.9951 0.0240 0.00377 1.149
K795 13 69.1986 0.0001 0.00 8.3 0.6815 0.0529 0.2598 0.0625 0.00019 1.043
K875 4 86.2672 0.0402 0.08 7.1 0.6298 0.0533 1 0.0145 0.00159 1.166
K913 11 97.9146 0.0120 0.14 7.2 0.1738 0.0082 1 0.0357 0.00216 1.138
K950 4 50.5761 0.0071 0.25 7.7 0.6332 0.0846 0.3703 0.0605 0.00169 1.225
K992 2 52.272 0.0004 0.15 4.5 0.7096 0.1031 0.9975 0.0132 0.00227 1.059
K1104 10 51.7186 0.0010 0.00 9.0 0.7992 0.0040 0.9391 0.0022 0.00138 1.211
K1229-F4 28 46.0254 0.0293 0.05 10.3 0.4156 0.0711 0.6639 0.1550 0.00047 1.011
K1128 12 50.075 0.0863 0.01 7.8 0.5571 0.0008 1 0.0130 0.00096 1.064
K1168 15 51.1929 0.0933 0.25 7.6 0.6921 0.0013 0.902 0.0131 0.00101 1.088
K1132 10 54.0332 0.0073 0.02 8.4 0.3233 0.2450 0.0385 0.0570 0.00321 1.042
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Appendix C. (continued)

DO Gradient
Site ID Link | WT_Perm | WT_Urban Silt (mg/L) | W_Agri | CRP/CREP | W_Fines | WT_Forest | (ft./ft.units) | Sinuosity
K1160 11 53.9491 0.0070 0.10 8.9 0.4113 0.1972 0.3582 0.0576 0.00180 1.124
K1229-F5 28 46.0254 0.0293 0.05 10.8 0.4156 0.0711 0.6639 0.1550 0.00047 1.011
K1199 29 61.7158 0.0057 0.15 9.5 0.3221 0.1017 0.6131 0.1525 0.00181 1.194
K1229-F6 28 46.0254 0.0293 0.03 10.5 0.4156 0.0711 0.6639 0.1550 0.00047 1.011
K1250 6 39.5485 0.0000 0.05 7.8 0.4273 0.5322 0.0344 0.1024 0.00000 1.027
K1303 39.13 0.0004 0.00 6.7 0.3626 0.0676 0.6453 0.1850 0.00492 1.077
K1311 11 27.7187 0.0223 0.03 8.4 0.3928 0.0280 1 0.0260 0.00084 1.093
K1424 14 30.2941 0.0164 0.02 7.7 0.2925 0.2057 0.4409 0.0533 0.00202 1.391
K1474 24 49.9843 0.0542 0.01 8.1 0.3761 0.0493 0.5224 0.0360 0.00142 1.119
K1542 28 50.561 0.0444 0.01 8.3 0.1810 0.0733 0.6246 0.0550 0.00166 1.159
K1581 29 51.4221 0.0425 0.01 8.0 0.2788 0.1835 0.6246 0.0639 0.00083 1.390
K1559 15 38.594 0.0005 0.00 8.2 0.0956 0.0269 0 0.0764 0.00301 1.080
K1599-F13 63 56.7136 0.0223 0.06 11.0 0.4468 0.0269 0.3878 0.0948 0.00114 1.002
K1633 22 39.1772 0.0010 0.02 7.9 0.3567 0.0649 0.2579 0.0886 0.00116 1.058
K1648 2 38.9213 0.0000 0.05 8.6 0.4077 0.0342 1 0.0469 0.00420 1.109
K1635 2 32.9294 0.0426 0.03 8.8 0.6999 0.2058 1 0.0477 0.00632 1.135
K1678-F14 69 56.9786 0.0249 0.04 10.3 0.6168 0.0008 0.3882 0.1095 0.00176 1.278
K1849-F15 126 55.7988 0.0295 0.00 8.6 0.5252 0.0423 0.5155 0.1138 0.00008 1.307
K1879 6 46.7757 0.0013 0.01 8.8 0.2469 0.0106 1 0.0798 0.00000 1.020
K1900 2 47.8836 0.0009 0.02 5.2 0.2907 0.0821 1 0.0279 0.00277 1.043
K1977 11 43.9444 0.0084 0.03 7.2 0.1981 0.0723 0.5225 0.2103 0.00172 1.207
K1976-F1 151 54.7598 0.0256 0.02 7.4 0.2407 0.0294 0.4082 0.1191 0.00011 1.225
K2111-F2 170 54.3957 0.0242 0.05 8.1 0.1697 0.0337 0.6042 0.1310 0.00005 2.252
K2113-F10 58 46.7586 0.0032 0.04 8.8 0.3063 0.0463 0.6292 0.1500 0.00036 1.152
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Appendix C. (continued)

DO Gradient
Site ID Link | WT_Perm | WT_Urban Silt (mg/L) | W_Agri | CRP/CREP | W_Fines | WT_Forest | (ft./ft.units) | Sinuosity
K2182 10 56.1264 0.0167 0.005 6.9 0.7138 0.0017 0.1953 0.0762 0.00015 1.004
K2146-F11 2 45.751 0.0000 0.12 8.1 0.4286 0.1938 0.6843 0.0600 0.00260 1.091
K2168-F3 171 54.5289 0.0239 0.05 9.1 0.3135 0.0372 0.5055 0.1327 0.00057 2.145
K2232 2 27.229 0.0009 0.01 6.2 0.3406 0.3287 1 0.0222 0.00092 1.078
K2261 4 37.3328 0.0268 0.018 8.1 0.2163 0.1660 1 0.0335 0.00082 1.013
K2282-F12 74 45.605 0.0059 0.05 8.4 0.2990 0.0797 0.7401 0.1290 0.00042 1.135
K2349 7 46.6047 0.0022 0.01 8.3 0.3069 0.1283 0.4572 0.1947 0.00148 1.166
K2552 2 43,1876 0.0000 0.05 8.6 0.2803 0.0148 0.5847 0.1693 0.00259 1.293
K2565 11 43.1012 0.0020 0.10 6.7 0.7356 0.0114 0.4652 0.0083 0.00021 1.037
K2668 2 59.6551 0.0729 0.03 7.9 0.7453 0.0823 0.0165 0.2004 0.00070 1.071
K2732 15 35.1996 0.0627 0.09 6.0 0.4295 0.0769 0.4433 0.0632 0.00125 1.185
K2781 13 40.4012 0.0047 0.10 5.6 0.4961 0.0083 0.6875 0.1119 0.00141 1.204
K2756 6 40.5638 0.0006 0.02 6.2 0.3430 0.1422 0.7709 0.1094 0.00085 1.494
K2858 31 35.441 0.0234 0.05 6.8 0.2494 0.1067 0.4519 0.1055 0.00030 1.371
K2922 6 38.905 0.0028 0.10 5.6 0.5073 0.0062 0.5098 0.0579 0.00110 1.544
K3126 22 83.6145 0.0554 0.03 5.2 0.6227 0.0050 0.642 0.0548 0.00072 1.290
K3107 4 28.1244 0.0060 0.025 5.2 0.4255 0.2507 0.6117 0.0810 0.00142 1.102
K3159 23 83.693 0.0516 0.08 54 0.5953 0.0054 0.6235 0.0528 0.00011 1.094
K3386 5 32.7357 0.0036 0.20 24 0.7533 0.0002 1 0.0035 0.00167 1.053
K3380 3 22 0.0000 0.50 1.4 0.7425 0.0612 1 0.0169 0.00280 1.222
K3496 2 47.955 0.0046 0.70 1.4 0.1563 0.1091 0.9719 0.0365 0.00257 1.049
K3536 48 71.7867 0.0357 0.05 4.9 0.5050 0.1025 0.4366 0.0531 0.00016 2.062
K3671 7 41.4915 0.0252 0.20 1.9 0.5388 0.0268 0.5932 0.0248 0.00053 1.203
K3565 17 25.5356 0.0099 0.05 7.2 0.5616 0.0570 0.5624 0.0375 0.00057 1.158
K3570 4 52.186 0.0000 0.005 6.1 0.1271 0.0064 0.9888 0.2479 0.00789 1.210
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Appendix C. (continued)

DO Gradient
Site ID Link | WT_Perm | WT_Urban Silt (mg/L) | W_Agri | CRP/CREP | W_Fines | WT_Forest | (ft./ft.units) | Sinuosity
K3621 50 71.9152 0.0346 0.05 5.2 0.4897 0.1004 0.2557 0.0554 0.00285 1.093
K3841 14 51.4538 0.0019 0.05 7.5 0.0769 0.2919 0.5641 0.1982 0.00372 1.528
K3963 8 52.4135 0.0412 0.01 4.7 0.2967 0.0167 0.6459 0.3001 0.00269 1.187
K4504 7 105.3085 0.0127 0.20 5.0 0.5510 0.0630 1 0.1870 0.00219 1.469
K4479 12 115.124 0.0141 0.02 54 0.3766 0.0984 0.5779 0.1953 0.00183 1.110
K4532 3 22 0.0005 0.10 6.3 0.7510 0.0366 1 0.0153 0.00375 1.040
K4563 9 90.1412 0.0291 0.02 8.5 0.6289 0.0267 1 0.1582 0.00352 1.094
K4571 41 48.7893 0.0037 0.20 4.4 0.2993 0.0643 0.5529 0.1703 0.00047 1.450
K4586 11 100.9854 0.0131 0.25 7.9 0.7854 0.1085 0.6023 0.1765 0.00455 1.097
K5001 2 30.805 0.0363 0.03 6.5 0.3556 0.0016 0.6286 0.0843 0.00218 1.118
K5056 3 62.2276 0.0190 0.05 7.1 0.6102 0.0387 0.8005 0.1938 0.00479 1.141
K5128 12 44,4825 0.0007 0.23 4.2 0.1441 0.0000 0.1171 0.3737 0.00000 1.122
K5424 48 80.8895 0.0087 0.05 5.2 0.5954 0.0387 0.1367 0.2914 0.00149 1.580
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Appendix D. Species of Ephemeroptera, Plecoptera, and Tricteopttiected from Kaskaskia River basin stream$322015.

s 5|£|3|8|8|8|8|8|8/5/3/3/8|8|58|5|2|8|8|8
Taxon 4 sies (TIPS INIFIR|S|ISIBRIE|S|3 |5 8|85 |8|8 |5
n || | 5 |© |® |0
N |0 | © T
Ephemeroptera
Baetidae (13)
Acentrella parvula (McDunnough, 1932) 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acentrella sp. 0 0 0 [151| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna macdunnoughi (Ide, 1937) 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna pygmaea (Hagen, 1861) 0 0 [312| 3 1 4 4 0 0 0 0 0 0 0 11 0 0 0 0 0 4
Anafroptilum sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Baetis brunneicolor McDunnough, 1925 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Baetis flavistriga McDunnough, 1921 0 0 0 1 0 0 0 0 0 0 0 0 0 | 24|72 19| 0 0 4 0 0
Baetis intercalaris McDunnough, 1921 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
Callibaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis dardanus (McDunnough, 1923) 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis propinquus (Walsh, 1863) 0 0 0 0 |11 |40 |29 | O 0 |114| 51| O 0 0 0 0 0 0 1 0 0
Labiobaetis sp. 0 0 [3] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plauditus dubius (Walsh, 1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plauditus sp. 0 1 18 3 19 | 11 | 31 | 23 |128 | 19 |107| 7 |137| 55 | 17 | 14 0 0 0 0 0
Procloeon rubropictum(McDunnough, 1923) 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Procloeon viridoculare (Berner, 1940) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caenidae (3)
Caenis amica Hagen, 1861 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0
Caenis diminuta diminuta Walker, 1853 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caenis latipennis Banks, 1907 5 21 8 73 9 35 | 13 6 21 0 0 0 24 0 1 ]102] O 0 6 0 0
Caenis sp. 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Ephemerellidae (1)
Dannella lita (Burks, 1949) 0 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 0
Ephemeridae (1)
Hexagenia limbata (Serville, 1829) 0 0 17 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hexagenia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix D. (continued)

Taxon 4 ste-> |8 8| |8 \R|E (8|2 (R |5 & |8 |g(8|5 |8 |5 8|3 8
Ephemeroptera
Baetidae (13)
Acentrella parvula (McDunnough, 1932) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acentrella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna macdunnoughi (Ide, 1937) 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna pygmaea (Hagen, 1861) 76 0 6 26 5 0O (183 O 3 6 7 4 14 0 25 3 1 0 4 2 0
Anafroptilum sp. 1 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Baetis brunneicolor McDunnough, 1925 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Baetis flavistriga McDunnough, 1921 8 9 4 1 4 0 (112 O 0 0 1 0 24 | O 12 1 0 0 0 3 1
Baetis intercalaris McDunnough, 1921 1 3 2 0 10 0 10 0 0 1 2 3 2 0 4 3 0 0 0 18 0
Callibaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis dardanus (McDunnough, 1923) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 0 0
Labiobaetis propinquus (Walsh, 1863) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis sp. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Plauditus dubius (Walsh, 1862) 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plauditus sp. 0 (180 O 38 0 [152| O 1 0 0 0 0 0 0 0 0 0 0 0 0 4
Procloeon rubropictum(McDunnough, 1923) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Procloeon viridoculare (Berner, 1940) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caenidae (3)
Caenis amica Hagen, 1861 0 0 0 0 0 0 0 7 6 0 0 0 0 2 0 0 14 0 1 0 0
Caenis diminuta diminuta Walker, 1853 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0
Caenis latipennis Banks, 1907 2 4 18 | 36 7 56 0 8 7 28 | 14 | 13 0 17 0 2 0 41 3 0 4
Caenis sp. 1 0 0 0 0 0 0 0 0 0 3 0 0 2 0 0 |39 5 14 | 0 8
Ephemerellidae (1)
Dannella lita (Burks, 1949) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ephemeridae (1)
Hexagenia limbata (Serville, 1829) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Hexagenia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
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Appendix D. (continued)

SIBRIBIRIRIBIRIRIBIBIBIBIRISIR|ISIB (R |& |2
Taxon 4 ste> |33 (BB (B|&|g|8 (2|8 |8 |8 |8 8|8 (2|8 |& (R |B |8
288 BB

Ephemeroptera
Baetidae (13)
Acentrella parvula (McDunnough, 1932) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acentrella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna macdunnoughi (Ide, 1937) 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acerpenna pygmaea (Hagen, 1861) 2 6 14 | 25 1 31 7 0 1 8 0 0 32 0 58 | 83 3 0 13 0 1
Anafroptilum sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Baetis brunneicolor McDunnough, 1925 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Baetis flavistriga McDunnough, 1921 0 0 8 4 2 1 0 0 12 0 0 29 0 0 0 0 0 0 1 0 0
Baetis intercalaris McDunnough, 1921 0 3 59 | 39 0 41 12 0 2 54 0 0 0 0 11 2 0 0 0 15 0
Callibaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Labiobaetis dardanus (McDunnough, 1923) 0 2 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis propinquus (Walsh, 1863) 0 2 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Labiobaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plauditus dubius (Walsh, 1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plauditus sp. 0 0 28 3 28 2 2 0 50 8 0 0 0 0 0 0 1 0 0 0 13
Procloeon rubropictum(McDunnough, 1923) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Procloeon viridoculare (Berner, 1940) 0 1 0 2 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Caenidae (3)
Caenis amica Hagen, 1861 2 7 0 1 0 0 0 4 0 2 0 0 12 1 0 3 12 | 40 0 0 3
Caenis diminuta diminuta Walker, 1853 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Caenis latipennis Banks, 1907 1 35 | 10 8 6 21 9 0 4 3 0 0 1 0 15 8 21 {125 0 (214 | 4
Caenis sp. 1 4 6 16 | 28| O 0 0 0 1 0 0 5 0 0 0 0 0 0 1 4
Ephemerellidae (1)
Dannella lita (Burks, 1949) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ephemeridae (1)
Hexagenia limbata (Serville, 1829) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hexagenia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix D. (continued)

53|5|3/8|3(8/3/28/8/3|2|5|23|3/8/5/8/8|2|¢%
Taxon ¢ ste> |5 (8 (8|82 /S8 |88 |8|5|8(8 |98 8|8|8|8):
© o 0| & |kr |0 |O|R |R|[W[IH|OV|N|®W|R | |R ||l &

Ephemeroptera
Baetidae (13)
Acentrella parvula (McDunnough, 1932) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8
Acentrella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 151
Acerpenna macdunnoughi (Ide, 1937) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13
Acerpenna pygmaea (Hagen, 1861) 2 0 0 0 0 0 0 0 0 |174| 0 |12 | 38| 2 2 3 |65|20 (55| 0 | 10 |1372
Anafroptilum sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7
Baetis brunneicolor McDunnough, 1925 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5
Baetis flavistriga McDunnough, 1921 0 0 0 0 0 0 0 0 0 0 0 44 | 75 0 [147| O 27 0 66 0 0 716
Baetis intercalaris McDunnough, 1921 3 0 0 0 0 0 0 1 3 0 0 15 | 50 0 79 0 14 0 3 0 77 | 543
Callibaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2
Labiobaetis dardanus (McDunnough, 1923) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14
Labiobaetis propinquus (Walsh, 1863) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 253
Labiobaetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35
Plauditus dubius (Walsh, 1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6
Plauditus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 1100
Procloeon rubropictum (McDunnough, 1923) | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Procloeon viridoculare (Berner, 1940) 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 7
Caenidae (3)
Caenis amica Hagen, 1861 0 1 0 0 0 0 9 0 0 3 0 2 1 0 0 0 1 0 0 0 0 138
Caenis diminuta diminuta Walker, 1853 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Caenis latipennis Banks, 1907 1 4 0 0O [302| O |110| 3 (411 6 7 18 | 15 0 0 0 35 9 0 0 0 | 1990
Caenis sp. 0 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 0 0 0 0 144
Ephemerellidae (1)
Dannella lita (Burks, 1949) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Ephemeridae (1)
Hexagenia limbata (Serville, 1829) 23
Hexagenia sp. 1
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Appendix D. (continued)

s|5|5|8|5/8/8|8/8|8|5/3|3|8|e|z|g|glzlg|s
Taxon 4. sies [T [F|F|EIN|F|I|B|S|B|IE|E||E|8|8|5 || |5
|| | 5 |© | |
N [ |© T
Heptageniidae (7)
Heptagenia elegantula (Eaton, 1885) 0 0 0 0 [30| 71|88 | 2 2 |8 | 0 0 5 0 0 0 0 0 0 0 0
Leucrocuta aphrodite (McDunnough, 1926) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leucrocuta sp. 1 0 0 0 0 1 15 0 3 0 0 13 2 0 0 0 0 0 0 0 0
Maccaffertium exiguum(Traver, 1933) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Maccaffertium terminatum terminatum (Walsh, 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nixe perfida (McDunnough, 1926) 0 0 0 0 0 1 0 0 0 7 |63] 0 5 1 1 0 0 0 0 0 0
Nixe sp. 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0
Stenacron interpunctatum(Say,1839) 0 0 7 1 0 1 0 0 0 0 0 0 0 0 1 24 0 0 5 0 0
Stenonema femoratum (Say,1823) 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 2 0 0 4 0 0
Leptohyphidae (1)
Tricorythodes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leptophlebiidae (1)
Paraleptophlebia praepedita (Eaton, 1884) 0 0 0 0 0 0 0 0 0 |[140| 13 | O 0 0 0 0 0 0 1 1 0
Paraleptophlebia sp. 0 0 5 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0
Siphlonuridae (1)
Siphlonurus marshalli Traver, 1934 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 1 0 0
Siphlonurus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plecoptera (4)
Capniidae (1)
Allocapnia sp. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Nemouridae(1)
Amphinemura sp. 0 0 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 0 0 0
Perlidae (3)
Neoperla clymene Zwick, 1983 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Perlesta lagoi Stark, 1989 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta ephelida Grubbs & DeWalt, 2012 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Perlesta sp. 0 0 0 0 |122|117|107| 55 |68 | 18 | O 0 |19] 0 0 0 0 0 1 0 0
Perlodidae (2)
Isoperla decepta Frison, 1935 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Isoperla nana (Walsh,1862) 0 0 |40 ]| O 0 0 0 3 8 0 9 0 0 0 0 0 0 0 0 0 0
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Appendix D. (continued)

2 |g|d|d|g|g|lg|g|g|lg|g|lg|lg|n|Ba|Ba|a|B|r |8 |
Taxon 4 site> | B (2 |INBINID|ISIRISIF|IEG|G|YIST|IE2IST|T|T"]IQ|8
N | © | |® |V | Olw| |k | & |&|N | R |0 W |00 |u»n © | ©
a *
Heptageniidae (7)
Heptagenia elegantula (Eaton, 1885) 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0
Leucrocuta aphrodite (McDunnough, 1926) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leucrocuta sp. 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Maccaffertium exiguum(Traver, 1933) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Maccaffertium terminatum terminatum (Walsh, 1862) | 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nixe perfida (McDunnough, 1926) 0 0 0 | 65 0 1 0 3 6 0 2 0 0 0 0 14 | 7 0 4 0 0
Nixe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stenacron interpunctatum(Say,1839) 3 1 6 [ 52| 5 0 1 0 3 0 0 0 0 0 3 0 0 2 0 1 0
Stenonema femoratum (Say,1823) 0 0 0 4 0 0 |21 ] 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Leptohyphidae (1)
Tricorythodes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0
Leptophlebiidae (1)
Paraleptophlebia praepedita (Eaton, 1884) 0 0 0 0 1 0 0 3 5 0 0 0 0 0 0 0 0 0 0 0 0
Paraleptophlebia sp. 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
Siphlonuridae (1)
Siphlonurus marshalli Traver, 1934 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Siphlonurus sp. 0 0 1 24 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Plecoptera (4)
Capniidae (1)
Allocapnia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nemouridae(1)
Amphinemura sp. 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlidae (3)
Neoperla clymene Zwick, 1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta lagoi Stark, 1989 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta ephelida Grubbs & DeWalt, 2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta sp. 0 0 0 2 0 0 0 1 0 0 0 0 0 1 0 0 0 9 1 0 0
Perlodidae (2)
Isoperla decepta Frison, 1935 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Isoperla nana (Walsh,1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix D. (continued)

A x| lx|lmxlcala|lalalala|lalmalalalalalalal&x]|=A
BIERIRIBIRIEIRIBIRIBIRIZIBIS 8|88 |8 8|8
Taxon 4 ste> |3 |3 |E|B(B|A|3(8(2(R|8|¢|a|8|8 |2 | |8(R|R|S
I IR N 2
o [ N

Heptageniidae (7)
Heptagenia elegantula (Eaton, 1885) 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leucrocuta aphrodite (McDunnough, 1926) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Leucrocuta sp. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 0 0 0 1
Maccaffertium exiguum(Traver, 1933) 0 2 0 3 0 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Maccaffertium terminatum terminatum (Walsh, 1862) 0 0 8 2 0|13 | 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nixe perfida (McDunnough, 1926) 1 0 9 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0
Nixe sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stenacron interpunctatum(Say,1839) 0 3 1|21 | 4 |15 | 7 0 0 5 0 0 0 0 0 0 0 4 0 3 0
Stenonema femoratum (Say,1823) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leptohyphidae (1)
Tricorythodes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leptophlebiidae (1)
Paraleptophlebia praepedita (Eaton, 1884) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Paraleptophlebia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Siphlonuridae (1)
Siphlonurus marshalli Traver, 1934 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Siphlonurus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Plecoptera (4)
Capniidae (1)
Allocapnia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nemouridae(1)
Amphinemura sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlidae (3)
Neoperla clymene Zwick, 1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta lagoi Stark, 1989 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta ephelida Grubbs & DeWalt, 2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Perlesta sp. 0 3 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Perlodidae (2)
Isoperla decepta Frison, 1935 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Isoperla nana (Walsh,1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Appendix D. (continued)

5|3|3|3/3/8/8/8/8/8|3|5/3|8/8/5|5/z/8/z|3

Taxon 4 ste> |5 (281828 (2|8 8(8(8|8(5|8|8|9/8/8|8 (8|8
o |l |lco|la|la|lr |l |o|R | PR | W | BR|OIN| WL | lao|lkr || o |s

Heptageniidae (7)

Heptagenia elegantula (Eaton, 1885) 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 | 0] 284

Leucrocuta aphrodite (McDunnough, 1926) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 1

Leucrocuta sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 42

Maccaffertium exiguum(Traver, 1933) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 11

Maccaffertium terminatum terminatum (Walsh, 1862)| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 34

Nixe perfida (McDunnough, 1926) 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 | 0| 198

Nixe sp. 0 0 0|0 0 0 0 0|0 0] 0]O0]|oO 0] 0]O0]|O 0 0 2 |0 5

Stenacron interpunctatum(Say,1839) 3 0 0 0 |5 ] 0 3 4 199 (13| 0 6 1 0 1 1 6 0 0 0 |16 | 387

Stenonema femoratum (Say,1823) 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 0 5 0 0 0| 0| 47

Leptohyphidae (1)

Tricorythodes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 8

Leptophlebiidae (1)

Paraleptophlebia praepedita (Eaton, 1884) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0| 165

Paraleptophlebia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 14

Siphlonuridae (1)

Siphlonurus marshalli Traver, 1934 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 6

Siphlonurus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26

Plecoptera (4)

Capniidae (1)

Allocapnia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Nemouridae(1)

Amphinemura sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 14

Perlidae (3)

Neoperla clymene Zwick, 1983 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 1

Perlesta lagoi Stark, 1989 0 0 0|0 0 0 0 2 0 0] 0]O0]|oO 0] 0]O0]|oO 0 0 0|0 4

Perlesta ephelida Grubbs & DeWalt, 2012 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 1

Perlesta sp. 0 0 0| o0 0 0 0 1 0 1]1]0]0]O 0] 0]O0]|oO 0 0 0 | 0] 530

Perlodidae (2)

Isoperla decepta Frison, 1935 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 1

Isoperla nana (Walsh,1862) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0|0 60
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Appendix D. (continued)

A |l |l=lala |l | |la|l"lalra|x|"x|&"|=&
G & RIRIGIN I (YN B8R (a0 |8 |8 |G |8 |B |k |B|B
= [N [ |Ww |[© |8 [ [ |01 W |W|[O|N |©|N|N |l
Taxon { Site = N & |p |0 |
N (o | © T
Hydropsychidae (3)
Cheumatopsyche sp. 0 0 0 11 1 1 0 0 0 0 0 0 1 3 1 0 1 0 7 56
Hydropsyche betteni Ross, 1938 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydropsyche simulans Ross, 1938 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hydroptilidae (1)
Hydroptila sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Leptoceridae (5)
Ceraclea maculata (Banks, 1899) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche candida (Hagen, 1861) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche diarina(Ross, 1944) 0 0 0 0 8 7 132] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche sp. 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oecetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
Triaenodes melacus(Ross, 1947) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Limnephilidae (1)
Pycnopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Rhyacophilidae (1)
Rhacophila lobifera Betten, 1934 1 0 0 0 0 0 0 5 4 0 13 | 20 | 3 0 2 0 0 1 0 0 0
total 7 22 [ 440|261 | 204|294 {320 | 95 | 240|380 (261 | 42 |210| 81 (108 |165| 4 2 23 9 61
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Appendix D. (continued)

A |l |||l lala|lx|l"a|lAalala|lx|x|&”|=&
o I I I O I e I e I I T I I I e I I I I S I I T I N I N
R (= (N |R [NIN[Ww | w[|sd|dlua | un | u | ua|lo | o[/ o | o 0w |0 v
. W o | N | N O |©|Rr N[N |[H ||t | | Ww | & |W|N|H|IN|O
Taxon Site = N oo || |o|lw | (r |B|H|N|PR|OC|lO | W | |0 | e | b |lvw| o
m M m m M
n ) = R | R
w s | wn
Hydropsychidae (3)
Cheumatopsyche sp. 35 | 40 26 31 1 24 | 30 | 16 | 26 | 12 | 60 | 21 | 12 | 57 94
Hydropsyche betteni Ross, 1938 0 0 0 0 0 0 0
Hydropsyche simulansRoss, 1938 0 1 0
Hydroptilidae (1)
Hydroptila sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leptoceridae (5)
Ceraclea maculata (Banks, 1899) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche candida (Hagen, 1861) 0 0 0 1 0 0 0 0 0 0 0 0 0 |28 | O 0 0 72 | 46 | O 0
Nectopsyche diarina(Ross, 1944) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
Oecetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Triaenodes melacus Ross, 1947 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Limnephilidae (1)
Pycnopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Rhyacophilidae (1)
Rhacophila lobifera Betten, 1934 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
total 127 | 247 | 39 | 296 | 32 |210|372| 27 | 32 | 59 | 59 | 36 | 67 | 64 |105| 44 | 75 [199| 85 [120| 21
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Appendix D. (continued)

Al lalalalalalalalala|lalalalalalalal|lrn|=R
B R IN|N|N|IN|N|N|N|N|ININ|N|N|N|IN[IN|N|N|W|W
© (O |k [P [RPR [RBR |RrR|NIN[IN[W| u|u|lo (N | N [N |©o |V | lkr |k
. N ([N (R |k |0 |bh || W | |0 |H 0|l |6 |w | lw @ u | a|N|N|o
Taxon { Site > N | |2 |W N |3 |0 N |k |IN|[OIN| O |60 |N |k || | N |0 N
m M m M m M
= N = = w =
5] [ N
Hydropsychidae (3)
Cheumatopsyche sp. 19 | 43 8 27 1 5 25 | 18 2 11 25 | 15 | 130 | 14 | 27 19 | 34 0
Hydropsyche betteni Ross, 1938 0 0 0 0 0 0 2 0 0 0 0 0 0 0
Hydropsyche simulansRoss, 1938 0 0
Hydroptilidae (1)
Hydroptila sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leptoceridae (5)
Ceraclea maculata (Banks, 1899) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche candida (Hagen, 1861) 0 [102| 55 1 0 9 23 0 0 1 0 0 0 0 2 0 0 0 0 0 0
Nectopsyche diarina(Ross, 1944) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nectopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oecetis sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Triaenodes melacus Ross, 1947 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Limnephilidae (1)
Pycnopsyche sp. 0 0 3 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Rhyacophilidae (1)
Rhacophila lobifera Betten, 1934 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 0 0
total 26 | 214|220 (126 | 96 |140| 77 | 30 | 90 | 93 | 11 | 29 | 75 | 17 | 216|114 | 71 |172| 33 | 267 | 27
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Appendix D. (continued)

R IRl |lm|lx|lm|lx|lm|lx|&x|&x|=&

S EIBIEIBIBIGIE|E BBIEIEIB|BIE151818|8 8

Taxon { Site = Bl | ([ [O W [N | N[N | & |0 |0 (N | W | |N | O |N|N

© | [0 | ||k |0 |O|lRr | |W |8 |OW|N|W|R | o |RPr ||| & z
Hydropsychidae (3)
Cheumatopsyche sp. 40 0 0 0 60 0 0 21 | 31|76 | 82 | 61 | 53 5 23 3 (108 22 0 0 37 | 1625
Hydropsyche betteni Ross, 1938 0 0 0 0 0 0 0 0 0 0 0 20 0 0 7 0 0 0 0 0 0 40
Hydropsyche simulansRoss, 1938 ojo|jojojojojojojojo|jojojojojojojojOo|jO0o]|joO0]oO 2
Hydroptilidae (1)
Hydroptila sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Leptoceridae (5)
Ceraclea maculata (Banks, 1899) o,o|jo}jo0o}2,0|0|0|(0|0|O0}|O0O|0}j]O0O|]O0O|O0O|]O0}|O0]|O0]O0]oO 2
Nectopsyche candida (Hagen, 1861) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 340
Nectopsyche diarina(Ross, 1944) ojo|jo|o|o0o|jojo0o|0|O0O|O0|O0O|O|]O|O0O|]O|O|O|O0O|O0O]| O] O] 47
Nectopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4
Oecetis sp. 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4
Triaenodes melacus Ross, 1947 ojojojo0o}jo,0}o0o|0(ofo|jo|lojo|lOo|j]O|lO]J]O|O]|O]O0O]O 1
Limnephilidae (1)
Pycnopsyche sp. 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 1 12
Rhyacophilidae (1)
Rhacophila lobifera Betten, 1934 oo|jo|o|o0|0|O0O|4|0|2|4|]0|]0|O0|]O0O|O0O]|]O0O|O0|O0]|O0]O0] 69
total 49 5 0 0O (420 O |125| 38 (544 (276| 96 |184 (241 7 |259| 7 |263| 51 (124 | 2 |142 (10522
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