Section 6 (Texas Traditional) Report Review

Form emailed to FWS 56 coordinator (mm/dd/yyyyh: 2/2/2012
TPWI) signature date on report: 11/16/2011

Project Title: Abundance and distribution of the threatened minnows Campostonta ornattm and
Notropis chihughua in the Trans-Pecos region of Texas

Final or Interim Report? Final
Grant # E-103-R

Reviewer Station: Austin ESFO

Lead station concurs with the following comments: NA {reviewer from lead station)

Interim Report (check one): Final Report {check oneh:

[] Acceptable (no commenis) [] Acceptable (no comments)

[ ] Needs revision prior to final repori (see IX] Needs revision {see comments below)
commnents below)

[ Incomplete {see comments below) [] incomplete (see comments below)

Comments:

Referring to these species as “threatened™ throughout the report (including the title} could lead to
confusion about whether they are federally listed. The report shovld be revised to clarify this poink



FINAL REPORT
As Required by
THE ENDANGERED SPECIES PROGRAM
TEXAS

Grant Mo, TX E-103-R

Endangered and Threatened Species Conservation

Abundance and distribution of the threatened minnows Campostoma ornatum and Notropis
chifinahiie in the Trans-Pecos region of Texas

Prepared by:

Dr. Chris Taylor

TEXAS

PARKS &
WILOLIFE

Carter Smith
Executive Divccioy

Clayton Wolf
Dhvision Director, Wildlife

16 Movember ﬁﬂl 1



FiNAL REPORT

STATE: Texas GRANT NUMBER:  E- 103-R

GRANT TITLE: Abundance and distribution of the threatened minncws Campostoma oragium
and Notropis chilmahua in the Trans-Pecos region of Texas

REPFORTING PERIOD: 1 0ct 80 30 5ep il

OBJECTIVE(S):

To determine seasonal and vearly patierns of abundance, distribution, and habitat use for Notropis
chifwahinn and Campostoma oraafum in inboiary streams io the Rio Grande in Texas.

Segment Objectives:

Task 1. Janoary 2009, A reconmaissance visit will be made to (he region to locate potential
sampling sites. Visit with personnel at Big Bend National Park and Big Bend Ranch Stare Park.
Visit with Dr. Bonnie Warnock and Dr. Kevin Urabancyyck ot Sul Ross State University; both
are conducting water related research in the region.

Task 2. March 2009 (spring sample, year 1), Begin sampling ai predetermined localities.
Sampling methods are outlined below stated Tasks. After each ficld trip, samples will be sorted
and all data (fish and Rabitaty will be entered o an Bxcel database.

Task 3. June 2009 {summer sample, vear 1).

Task 4. Sepiember 2009 {fal} sample, year 1}

Task 5. December 2009 {winler sample, vear 1). Completion of first vear of study. With four
seasonal samples completed, preliminary data analysis and statistical modeling will begin.
Pretiminary results will be presented at the Texas Chapier of the American Fisheries Society
meeling.

Task 6. March 2010 (3pring sample, vear 2)

Task 7. Iune 2010 (sommer sample, year 2)

Task &. September 2010 (fall sample, vear 2)

Task 9. December 2010 (winter sample, year 2). Completion of second year of study. Final daia
input, analyses #nd model selection will be completed. All eollected specimens will be delivered
to the Iehihyology Collection at the Texas Natural Science Center {TNSC) at The University of
Texas at Austin {Dr. Dean Hendrickson, Curalor).

Significant Deviaion: None.

Summary OF Progress: Flease see Attachmeni A.



o
Location: Presidio and Brewster Counties, TX
Clost:
Prepared by: _Craig Farquhar L Date: _16 November 2011

Approved by: &a‘ W Date: 16 November 2011

C. Craig Fargquhar




ATTACHMENT A

Abundance and distribution of the threatened minnows Camposioma orngifism ang
Notropis chihuahue o the Trans-Pecos region of Texas

Principat Investigator:

Dy, Christopher Taylor
Department of Natural Resources Managemeat
Texas Tech Universidy
Lubbock, TX 79413
a06-742-1983
crn.tavlormitu.edu

Graduate Research Assistant:
Seiji Miyazeno
Department of Natural Resources Management
Texas Tech Upiversity

Final Report




Abstract:

The Rio Grande and its tributaries in the Trans-Pecos region of Texas have been
impacted by a variety of anthropogenic activities such as dewatering and the intsoduction
of non-native species. These environmental manipuiations have negatively affected the
native fishes leading to extirpations and population declines throughout the region.
Camposioma ornatum and Notropis chifuahuea inhabis Rio Grande tributary streams in
the Trans-Pecos region and are congidered as threatened. Listle is known about their
status and ecological requirements in the region. We hypothesized that the distribution
and abundance of these threatened minnows in these spring-fed habitats can be modeled
by three primary factors: 1) adequate fish dispersal from the tributaries oceuring through
the river, 2) local environmental conditions thai are maintained by spring flow, and 3) the
abundzim:e of introduced species such as the plains killifish, Fundilus zebrinus, We used
classification and regression trees to analyze variation in abundance/incidence of the
target species from Alamito, Terlingua and Tornillo crecks, as well as the Rjo Grande
proper based on local environmental factors (e.g., stream size and water quality),
abundance of nonnative species, season, and distance from the Rio Graade. The analyses
indicated that distarice from the Rio (Grande, maximum depth, and substrate composition
were the most imporiant predictors for the abundance and occurrence of the target SpeEcies

in the region.
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Introduction

The Rio Grande systemn in the Trans-Pecos remon of Texas contains many unique aquatic
species and environments. This aguatic system has been impacted by a variety of
anthropogenic activities, incloding dewatecing of the mainstern Rio Grande, and the
introduction of nonnative species (Edwards et al. 2002). Thege environmental
manipulations have negatively impacied native fishes, leading to extirpations and
population declines throughout the region (Hubbs 1990). In addition, by 2050, the
region’ s population and concomitant municipal water demands are expected to doubte
{Texas Center for Policy Siudies 2002}, which would further pressure the habiiais and
aguaiic faunas in the Rio Grande sysiem.

Campostomna ornattim (Mexican stoneroller) and Notropis chifisahug (Chihuabua
shiner) inkabit Rio Grande tributary sireams in the Trans-Pecos region and are considered
as threatened by the Texas Parks and Wildlife Depariment, Bubbs et al. (1991), and
Miller (1972}, Both species are on the Watch List of the Texas Organization for
Endangered Species (1988) and listed as special concern by Williams ef al. {1989), Litie
i3 known aboui the staius and ecological requirernent of either species, yet both are native
components to desert stream ecosysiems that are under considerable siress from declining
water quality and quantity (Hubbs and Wauer 1973).

We hypothesized that the distribution and abundance of the farget species in
spring-fed habitats in the Trans-Pecos region can be modeled by three primary processes:
1) adequate fish dispersal from the tributaries occursing through the river, 2) local
environmental factors, and 3) the abundance of nonnative species. Both species

sporadically occar in the Rio Grande and may have metapopulation structures, with
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dispersal from tributaries occurring through the river. We predicted that as the distance
between the Rio Grande and its iributary tocabities increase, ihie incidence and abundance
of these two species would decrease. Campostoma ornatum prefers siffles and pools with
gravel/rocky substrates and clear. cool water {Contreras-Balderas 1974; Burr 1980a).
Notropis chiluahua tends to inhabit springs with gravel/sandy bottom and clear, cool
waier (Burr 1950b; Burr and Mayden 1981). We predicted thai pool depth, water clasity,
and gravel substrate in the tributaries should be positively related to the incideace and
abundance of the target species. Hubbs and Wauer (1973) hypothesized that Fundulus
zebrinus, a nonnative species, was replacing C. ornatiom via resource competition in the
Tornille Creek in the Trans-Pecos region. We predicied thai the abundance and
distribution of the threatened species would be negatively related to the abundance of F

zebrinus.

Objectives
The specific objectives of this study wese (1) to determine distribution and abundance
patterns of the two threatened cyprinid species and (2) determine their environmesntal

associations in the Rio Grande and its tributaries in the Trans-Pecos region of Texas,

Location

The Rio Grande in the Trans-Pecos region is diverted to irrigate fields south and east of
El Paso, TX and tends to be siow moving, shallow, channelized, and heavily sitted until it
receives discharge from the Rio Conchos in Mexico (Fig. 1), its primary tributary (Hubbs

et al. 1977; Edwards et al. 2002), The discharge of the Rio Conchos downstream of their
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juaction significantly changes the babitat characteristics of the Rio Grande in comparison
to npstream reaches (Bestgen and Platania 1988). The Ric Grande dowastream of the Rio
Conchos has deeper 1uns, larger substrate (e.g., cobble and rubble), and lower
conductivity and salinity values than the Rio Grande upstream of the Rio Conchos
(Bestgen and Platania 1988). The Rio Grande in the Trans-Pecos region also seceives
water from a serigs of tributaries including Ciboto, Alamito, Terlingua, and Toraillo
creeks. We conduocied seasonal fish and environmental monitoring at 3—5 month intervals
at Alamnito (1 site), Terlingua (3 sites), and Tornillo {1 site) creeks, and the Rip Grande (5
sites) in Presidio and Brewster counties (Fig, 1, sites 1-10; Table 1-8), Texas, US.A.,
trom Auagust 2009 to June 2011 {ioial 79 samples). In addition, regional fish collections

were conducted at 27 gites (Fig. 1, sifes 11-37; Table 9-10) from October, 2009 throngh

May, 2011.
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Figure 1. Maps showing 37 sampled sites and disizibution of a) C. ornatim and by N.
chifutithua in 2009-2011. Site numbers correspond to Table i-37. Squares and circles
(solid: presence, empty: absence) indicate monisoring sites and additional regional
collection sites, respectively. ' '
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Fish and erw;'mnméniai sampling

Fishes were sampled from each .é..ita by seine (4.2 m > 1.7 m, 5 mi mesh), dragaed by
hand for 3060 min per sile (depending oo stream size). We sampled all available habitat
types (i.e., riffles, pools, and runs) within a stream reach. Fishes > 25cm total length
were identified, counted, and returned to the water. Smalter:fishas w%re fixg_i?; in 1%
formalin and IE{B[I.I.EE] 0 Ihﬁ;.]ab for identification fmd pre-sawaﬁﬂn m 50% ethanol. All
fish collections will be curated into the Ichthyology Collection at the Texas Natusal
Science Center. | | ’

For each locality wﬁ:::re fishes were _Saﬁ’npled, an array of habitat data was also
collected. Measwred environmental variables included temperature, dissolved oxygen,
pH, specific conductance, tarbidity, and chlorophyil a conceatration. We used a
Multiparameter Meter (Hanna Instruments, Schertz, TX, USA) 1o'measure temperature,
dissolved oxygen, pH, and specific conductance and used B_...]] Aquafluor Handheld
Fivorometer and Turbidimeter (Tumer Designs, Suanyvale, CA, USA) to measure
turbidity and chlorephyll a cancant_n;tiﬂn. Within each site, wé made 5-8 transects
perpendicular to stream flow and spaced W)- to 20-m intervals along the sampled siream
reach. Mean stream width, depth and sul:‘-stré_te composition were then calculated across
transects. Substrate was caiegorized accerding o *;I‘a}f]m and Lienesch (1996a, b). We
measured maximum current velocity of the sampled reach according to Tavlor et al,
{2(][13}. Water course distance between the Rio Grande and its tributary localities was

measured with Google Earth {hitp:/Awww.google.com/earih/index.himl).
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Anafyses

We used classification angd .]'Eg[E:SSiDn trees (CART) to describe the variation in
abundance/incidence of the target species based on distance o the Rio Graade, local
environmental factors (maximum depth, pH, turbidity, specific conductance, chlorophyll-
a cuﬁcentraiiﬂn, sui:strate composition, maximum current velocity), the abundance of
nonnative fishes (F. zebrinus and Lepomis cyaneliis) and season. The CART
ﬁlethndolﬂgy recprsivaly' splits a matched data set of categorical variables (for
classification trees) or continuous variables (for regression trees) into progressively
smaller muiually exclusive groups, using binary splits based on single indepe_ndent o1
predictor variables {De'ath and Fabricius, 2000; Prasad et al., 2006). CARTIIIIGCIE!S have
advantages over parametric statistical analyses (e.g., muitiple regression medels) because
of the applicability to cases in which the relationships h;tween varial;:les are strongly
m.mlinear o1 involv;:, high-order interactions {Rahel and Jackson 2007). In addition,
CART can admit a mix of categqrical and continuous variables and is insensitive to
monotenic tran;sfc-rmatin:}ns of the predictor variables because they rely on the rank
ordering of variables (McCuse and Grace 2002; Rahel and Jackson 2007). We used fish
incidence data for classification trees (fiiting method: Gini i].'.ldf,‘-.x; minirmum split index
value: .D:.DS; TiRImun: impmvemént in ihe Pm.poniun of reduction in esror: 0.05;
mittimum count allgwed in each node: 5) and fish abundance ﬁata tor regression irees
(fitting method: least squares; minimum split index value: 0.05; DM improvement
in the propostion of lredumian in eTor: El.{ls; minimus count allowed in each node: 5),
We conducted the CART analyses for the 76 monitering sarnples and the regional data

set (five ributary monitoring sites and 27 additional sites throughout the region),

11
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sepazaiely. SYSTAT 11 (SYSTAT Software, Inc, Richmond, CA, USA) was vsed to

perforrn the CART analyses.

Resnlts
We caught C. ornafum (N = 2590} irony 14 of the 37 sampled sifes and N c;hihtmhua (N
= 1534) from 12 of the 37 sampled sites (Fig. 1, Tables 1 - .]U)..Campﬂsmma Orngfim
occurred in A.li.lmitﬂ Creek (mean abundance = 115.7), Terlingna Creek ([11.{:3.]] ahu:ndance
= 3{1.6}, and the Ric Grande (mean abundance = (L1), Nowropis chfhua.f;uﬂ occorred in
Terlingua Creek (mean aEundﬁnce = 38.6), Tomille Creek (meﬁn al:lum::lan-:a = (1.1}, and
the Rie Grande (mean abundance = 0.0). o

A classification tree using distance from the Rio Grande and season explained
62% of the: variation in incidence of C. ornatum at the il:} monitoring sifes, The first.spiit
in the classification trée of incidence for C. ornatum was based on distancé from the Rio
Grande at a value of 3.7 km {Fig. 2a). in other words, the mean incidence of C. ornatum
at monitoring sites on and near the Rio Grande (< 3.7 km, Alamito aﬁ:d Fornillo creek
siies) was considerably lower {mean incidence = 0.05) than ai monitoring sites further
from the Rige Grande (Sités 4, 5, and 9 in Terlingua Creek; mean incidence = 0.62), whi-::h:
were we-il.upstream of the condluence with the river. The second split in the classification
tree of C. .nmamm incidence .{:Fig‘ 2a) at the inc-nitc:ring sites was also based on distam.).c
from the Rio Grande at a value of 20.8 km. Thus, occurrences Gf C. ornatum wérﬁ more
prevatent af the most upstream Terlingua Creek monitering site (mean incidence =
1}. The third ép]il; in the classification tree for C. ornatem occursence (Fig. 2a) was ba.scd
on season. The mean incidence of C. ornatum at Terlingua Creek r:n(:mitming sites from .

August to November was lower (mean incidence = 0.12) than from March to June {mean

12
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incidence = {1.75). A regression tiee (based on abundance rather than incidence) using
distance from the Rio Grande (split occutred at 20.8 km) explained 38% of the vatiation
in abundance of C. ornattim in the 10 monitoring sites (Fig. 2b). The split divided the
upstream Terlingua Creek monitoring site from all others. Campostoma ornatum had a
mean abundance of 98.6 individuals at this site, which was considerably higher than the
other monitoring sites where the species occurred (mean abundarice = 3.7).To
sumnmarize, C. ornaium occupied Terlingua Creek thronghous the stady, b was more
prevateat at-the most upstream monritoring site and during the spring season.
Campostoma ornatum occurred minisnally in the Rio Grande sites.

For N. chthuahua, a classification tree using distance from the Rio Grande (3.7
km; Fig. 32) explained 78% of the variation in incidence of N. chihuahua across the 10
monitoting sites. Thus, as with C. ornatm, the incidence of V. chituahua was highest at
the Terlingna Creek monitoring sites (mean ificidence = 0.95) and was considerably
lower elsewhere (mean incidence = 0.05). A regression tree using maximum depth (split
at 1.8 'm) explained 15% of the variation in abundance of N. chifahua across the 10
monitoring sites. In other words, the mean abundance of N. chihuahua was highest’
where deep pool habitat was found (mean abundance = 107.1 vs 8.0). To summarize, N.
chikuahua occupied Terlingua Creek monitoring sites throushout the study, but was most
abundagt in the deeper, spring-fed pools of Terlingna Creek.

The regional aralyses for C. oraatum were more complex than the monitoring site
analyses. For C. ornatum incidence the first split was again based on distance from the
Rio Grande. However, this split largely separated the Terlingna Creek occurrences (right

split, all in the lower one-half of the drainage) from those in Alarnito Creek {lefi split, all

13
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in the wpper one-half of the drainage). This odd distribution patiern séems confusiag
until the habitat 15 considered. (Gravel subsirates were prevalent in upper Alamito Creek
and corresponded to a relatively bigh level of C. ornanem cccutrence {mean occursence =
0.4}y, The Terlingua Creek branch was further split by distance such that lower 3.9 km of
strgam above the confluence with the Rio Grande contained a relatively low tevel of
incidence {mean incidence = 0.2) compared to ihe tocalities between 3.9 and 28 km
upstream of the confluence (mean incidence = 0.8}, The final spit separated the high
occurrence localifies in Terlingua Creek based on the amount of mud subsirate present;
high levels of mud substrate corresponded to lower levels of occurrence.  Much of the
upper Terlingua Creek watershed had muddy or bedrock substrates that were lacking in
kigh percentages of gravel, and in C. ornatum occursence. A regression tree based on
abundance and using distance from the Ric Grande and gravel subsirate composition
explained 25% of the variation in abundance of C. orratum across the 32 regional sites.
The first split in the regressior iree of abundance of C. ornatum was based on gravel
substrate composition at a value of 35.8% (Fig. 4b). In other words, the mgan abundance
of C. ornafum at regional sites with less gravel {percentage of gravel substrate < 38.8;
mean abundance = 8.9) was considerably lower than for sifes with higher gravel
composition {percentage of gravel substrate = 38.8; mean abundance = 114.8). The
second split in this regression tree was based on distance from the Rio-Grande at 2 value
of 23.4 km. Thus, C. orratum was more abundant at upstream Alamito Creek sites with
high pravel subsirate compesition (= 23.4 km; mean abundance = 231.5). To summarize,

C. ornatum was more prevalent in lower reaches of Terlingua Creek where muddy

14



substrates were lacking, but was more abundant in upper reaches of Alamito Creek where
nigher gravel substrate composition was found.

- For N. chithuahua, a classification tree using distance from the Rio Grande (split
at 23.4 kmi} explained 36% of the variation in incidence across the 32 regional sites (Fig.
Sa). Notropis chiiuahua incidence was limited to only one tributary sample (Tomillo
Creek) outside of Terlingua Creek, and atl Terlingua creek occurrences were in the lower
one-balf of the drainage. The second split in the classification tree was also based on
distance from ihe Rio Grande at values of 3.9 km and indicated that the localities near the
Ri0 Grande confluence held fewer occusrences than localities farthes upstream {>3.9
km). A regression tree using disiance from the Rio Grande and maximum depth
explained 21% of the variation in abunidance of N. chihuahua across the 32 regional sites.
The first split was based on distance from the Rio Grande (21.3 km) and the second was
based on maximum depth (0.76 m) (Fig. 5b). Thus, localities in the tower reaches of

Terlingua Creck that hiad deep pool habitats contained the most N. chikuahiua individuals.

Discussion

Our results indicated that C. ornatum ind N. chihuahua primanly inhabited tributary
systems to the Rio Grande, but responded differentialty to measured environmental
factors. The result of the CART analyses indicaied that C. ornatum permanently occosred
through much of the lower Tertingua Creek system and were more prevalent in the spring
season (March-June). Hubbs and Wauer (1973) reported that young and breeding-adult
were present in January, and haif-grown young in May and Juse in Toraillo Creek,

suggesting that the breeding scason of C. orratum was winter o spring. Because most C.

i5
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ornaim we collected in the downstream tocalities of Terdingua Creek were young of
year, C. ornatum appeared to have spawned in Terlingua Creek in winter to spring and
may have used ihe downstream tocalities for mussery sites. Conversely, season was noi a
predictor for the incidence of N. chihuahua and we collected N chihuahia theoughout
most of Terlingoa Creek, Maximum pool depth was positively relaied to the abundance
of N, chihughua, suggesting that N. chihuahia may persist in the deep tributaiy habitats
in Terlingna Creek.

Substrate composiiion was an importani predictor for the incidence and
abundance of C. ornatim in the regional analysis. Boih incidence and abundance of C.
ornaiim were positively related to the percentage of gravel subsirate.. Campostoma
ornatun is an herbivorous, bottom feeder (Conireras-Balderas 1974) and constructs
spawning pits (fohnston 1999). Nofropis chihuahua is invertivore (Burr and Mayden
1981) and is likely a broadcast spawner (Johnston 1999), C. orngfum may rely on
subsizate ior their foraging and spawning more than N. chithieahua in our system.

Historical fish assemblage records (1977-1989) showed that both C. ornafim and
N. chihuahua occurred at our downstream locality (monitoring site) in Alamite Creek
{Hubbs ¢t al. 1977; Bestgen and Platania 1988; Linam et al. 2002). However, we did not
collect either species at that locality. Our analysis indicated that pool depth and the
pesceniage of gravel substrate were importani variables in our study system. These
habitats were lacking at the montoring site in Alamito Creek. Furthermore, this site has

been strongly impacted by cattle (personal observation), possibly affecting the ability of

either species to persist at this locality.

16




Hubbs and Wauer (1973) hypothesized that F. zebrinus might be replacing C.
orngfum in the Tornillo Creek. In 1954, C. ématzmz was the dominant species in the
Tornillo Creek (Hubbs and Waner 1973), occuriing in five of 11 samples in from 1967-
1970. We did not collect any C. ernatum from Tonillo Creck. Conversely, F. zebrinus
has expanded their distsibution and abundance in our study system since 1956 {Hubbs
and Waner 1973), Hubbs and Waver (1973) reporied that F. zebrinus occurred in nine of
11 samptles and was abundant in the creek in the spring months from 1967-1970. We
found F. zebrinus in all of our Tornillo Creek samples; thus, they appear to be persisting
indefinitely in the creek. Although the abundance of F. zebrinus was not negatively
related to thﬁ abundance and incidence of either of the threatened species in our CART
analyses, F. zebrisus is now widespread and abundant in the region and may have
ImMpacts to native species thai are yet to be seen. In addition, red shiners (Cyprinella
lufrensis), are now a dominant species in lower Alamito and Ternillo creeks, and their
impact on the target species in this system is uaknown and should be further studied.

The effecis of environmental change in the Rio Grande iributary systems needs to
be incorporated in decisions conceming restoration efforts. Qur resulss indicated that €,
orRaitm an.d N. chihuahua tend to primarily inhabit tributary systems to the Rio Grande
in the Trans-Pecos region. However, both species historically occurred at our Alamito
Creck (heavily impacied by caitle) and Torillo Creek monitoring sites, where they now
no longer persist. Management goals associated with maintaining populations of these
species in the iributaries may be attainable through developing management frameworks
that restore and maintain habitat connectivity and conditions, and optimai flow regimes

that favor native faunas and minimize the impact of biological invasion.

17



Table 1. Sample inforimation, measured environmental variables, and fish species.
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collected in long-term monitoring sites in August 2009. Sample numbers correspond to

Figure 1,

1 2 3. d 3 [N 7 5 9 0
Sample Information
D B8 &89 = BRI BrLo E1540 Er20/0 SEIT F2NR B21,09 521K
GPS (Moeth) 265207 205213 203363 203110 29,3274 /ATTS 207 291707 20,1968 01644
GP3 (West) 1042927 142000 1040556 Q053472 FOE5537 MO0 12997 l0edald HSE0G 10365056
Eoviranmenial Vabahles
Elgvation {fry 2342 2548 2415 2481 3542 1842 I&33 1801 2201 216
Water remp {C™ 20,0 3034 . . . . . . . .
pH 768 1.58 S04 .18 7493 B33 218 06 BT ER L
Djzsolved oxygen (medLy 445 566 - . . . . . . .
Condocireaily fuSicoe 256300 35600 142000 1360.00 140,80 114300 131500 1790} 1253030 1952,00
Méan tuchidiey (NTL0 59.83 924 2141 241 12.37 6.26 2345 21.00 131 5015
Mean chlorophylb-a {usl) 2867 141 423 133 .30 1.0 323 202 1.0 4,26
Species
Forosomn cepedionim & ] 1} ] ] 1] 0 1] 1] 1
Campastama graatnm 0 i 0 ] 62 4 1 ] 8 0
Cyprinelia herensis . 5587 2 x4 iy 123 369 w7 L&6 182 414
Cyprinng qarpio 4 0 0 0 0 0 ) oo a 1]
Hybogius e s 0 9 o 0 0 0 0 5 )
Muacrfvbonsis estivelis 14 1] |3 1] 1] L] 1 3 L] 31
Wegropis brayiond 3 0 o 77 43 0 6 4 14% EA ] |
Mogropis chifuachua LU ] 1 5 o 0 1] 47 0
Fimephales prameias 0 i} 1 £l £l 0. 0 i a i}
Rbinichihys cotaracias 4 1] 1 1] 1] a 0 @ ] 3
Carpiodes cargpie 22 oo id 14 8 ity | 31 44 34 0
Cyeleptus glpagates ] 0 l 0 0 o a 1 o a
ASIyOn meXioanmes 15 0 13 T 3 &0 3 2 kT 12
fctalurus furcames 0 0 3 3 i 0 3 L 2 3
Jotalures punektic i3 o Lyl 4 0 0 iG it 41 =
FPyledicis olnors i 3 ] a i 0 ) 2 1 8
Menidia baryifing 0 ] 2 ] & 0 o ] 0 1]
Gumbusia affinis *4 124 13 o i i 1 1 o 1
Fundrifus zebrinns [¢] L] 0 52 42 154 i} i] 60 0
Lepoimis macrockirus 2 0 O 0 L 0} L] B L 0
Lepaimis megulons 4 0 0 1] G )] b o 1] g
Micraptert salmoides 1 0 a 0 0 L1 & 0 o {0
Aplndinatres groveriens 1] ] 1] 0 0 1] o 0 0 1
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Table 2. Sampling date, measured environmental variables, and fish species collected in
long-term mionitoring sites in November 2009. Sample numbers correspond fo Figure 1.

H

2 3 4 5 3] 7 8 2 1
Dae 709 117609 170 1A FIA700 101909 LA80F 11 W0 1VIE0?  Lw0e
Environmental vaniables
Water temp () 14.02 214 16.83 17.35 B8 2508 15,64 128 156 14.67
pHE B2 107 Ly 307 5 206 T.B3 795 LAy B07
Dissolved axygen (maL} 245 5 913 7 932 T4l 505 T8 2,78 228
Conductivity (nS:/cm) 2808 &7 2TEY 1815 165::1- 1035 325 2325 1238 2567
Mean torbidity (FTE 4632 443 2327 446 3.59 329 10 1) 15.530 5.4 20,05
Toral dissolved solids (mg/L} 1449 304 13 303 825 527 1364 1163 #17 1283
Chigrophyll-a (pesLy 19.34 LTS L EP | L1} 1.60) 1.54 328 315 | 0,24
Bonldee (%) 1.1 o 2. 0 ] 0 366 23 0 357
Cobble (%) 481 ¢ 363 35 53 i3 5.5 213 735 25
Gravel (35) 333 #7737 272 565 666 722 30 &0 4 3704
Sand (%) L 2 1] Lkl 1646 el 6.5 10 & 734
Mud (%) e 8 3z i1t il 0 0 13 411 T4
Focl lengih (m)} 150 100 1650 75 55 500 166 250 150 2
Mean site widih (m) 4533 XAk T.75 324 141K 7.4 4010 hEALY A0 25D
Marimum depth {m) 17 03 2 063 075 0.3 1.2 12 2 L3
Mean depth (m) 093 0044 134 038 016 0438 TR LEES 078 .76
Max, currenl velocity {5m) 0.67 019 1.4% 035 (25 £33 (.70 43 100 1.52
Speries
Darpsmene cepedionum o 1 2 0 0 & 0 o 0 a
Coamposigma araiimm 0 L 0 0 13 £} 0 ] 27 1]
Cyprimetla Letrensis 3 J8 287 282 352 1234 327 a2 k¥ | 1046
Cyprinng cotpio 0 0 1] o ] B a 0 0
Hybagrathus amerus 0 L 1] i i ] 14 0 20
Macrhybopsis gestivalis 14 0 z & ] 1 3 14 12
Nowropds brivyeond | 0 23 L1 ar A, 133 15 35 4232
Mowapis ofrtheeafiew 0 o i 2 12 1] 0 0 54 ]
Finephaler promefas L L 1 1 1] 0 1] a 1] L
Rfinichihys cataractas 2 0 14 ] ] a o 0 1] 1
Carpipdes carpio 5 Ll 42 kY] 1 17 3 41 0 2
Lyelophes elpngaies )] 7y 0 1] 0 0 0 1 o 2
Moxostorma congestim 1 Ly 0 0 0 1] 0 0 )] 1]
Astyenay mexicasis 10 £ 24 G 17 3% 0 1 0 3
fcrafurus furcatug )] ] 1 0 0 0 1] 3 ] 1]
fotalfury s pumctalus 1 ] ar i LU 1] 5 17 2 38
Priagiciis ofivaris L ] 1} 0 0 0 i 0 1 0
Menidia beryiting i 0 1 i i 0 0 0 & 1
Cambvesie affinis 5 s | 16 0 1] 180 T & i 8
Fundulus zebrinas 3 0 0 3 143 32 1] 0 2z 3
Lepomis cyaneitns ] 0 0 1 0 o 0 0 & 0
Lepomis mepaloes 3 i L i i 0 r 4] i
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Table 3. Sample date, measured envitonmental variables, and fish species collected in.

i
o

tong-term monitoring sites in March 2010. Sample numbess correspond to Figure 1.

1] 2 3 4 5 & 7 8 El )
Drate 60 FE 3 F1eA0 3e0 343100 31100 3T IE0 A0
Environmenial variable
Water remp {C) 15.3 21.53 1765 26,3 .37 2814 I8y 17.63 137 15.16
rH 814 .76 502 212 T3 . 789 7.9 703 7.0 TE
Drassobved oxygen fmg’L) 1227 8.1 151 152 1107 120G 3 ] TLES 1274 L&
Conductivity (uSsene) 487 aGd 3286 1733 1703 £20 e g 2358 1219 31EG
Turbidity (HFLU T2 321 2370 11.36 420 LA 1140 1323 1617 2315
Toral dissolved solids gLy 1743 330 1643 &7 £32 s 1219 1126 i . ¥357
Chinrophyll-2 {ugl ) 4007 686 1202 040 048 LI 610 733 149 . G
Boulder (553 11 ] 4 ] 0 1] 27 3 L] 0
Cabilrle (5} 50 i % 22 12 i 40 24y 22 18
Geavel (%) 1% 7 a7 67 ! L) 30 33 17 i3
Sand () 0 22 4 i 12 0} 3 23 i 7
Fud (%) il I} 30 [t} & 0 L1 L] & 7
Fool length {ind 130 180 150 i 20 230 150 223 150 2006
Mean sile width {m) AT 232 06,00 4.69 208 &.20 4050 5050 2000 K12
Max depth (m) 2 .36 13 032 D46 0. 11 12 2 L1
Mean pocl depth (m) 0.7& 007 0535 0.4 naz 0073 0.82 085 .54 D&s
Max. currgnt velociey (mis) i .65 4 0.3 313 0.53 z3 1 1 2
Species
Eepisnsrents ossens O 0 g o 0 0 0 0 1
Pavosoia cepadianiim L1 0 L] L] 0 1] I} t] L] 1
Camng 0aTomd Srcen it 0 ] 1 2 35 i 0 & 38 4
Cypringils hurengis | 17560 1] 02 s 528 1237 ) £49 1855 9564
Cyprinug carpic 2 i O 0 0 0 ] o 0 0
Hybognaties amar.::s. i 0 3 0 1] 1 2 1 k!
Mecrhybopsis sesthalis 12 0 T 0 ] i 13 3l ] 36
Motropis broyroni il 1 175 72 274 6 172 L a8 193
Notrapis efituatuee G 0 i 7 35 1] 0 0 B34 o
Rninichihys cararacioe { 1 4 0 0 i 3 3 0 o
Carplodes carpin 1 & 22 i5 ] 0 0 i 0 44
Creleping efongains 0 o 1 0 n a T 3 0 i
Moxosrom congesiem 2 L1 i L 0 €} ] 0 0 I}
ATIWEIAT ETICaNE ] 1] 2 0 i 3 1 0} 1] o
Jercferrees firrecres L ] 1] ] ] 0t [ 0 0 0
fetalernes puncernes 2 1] T 0 a 0 1 0 a f
Pylodicds alivaris 0 1] I i} 0} 0 ] i i )]
Gambresia affines 0 0 ] 0 L] al 3 ] L Vj
Furdalees zebrinug 0 i [1] 15 103 L i i 58 i}
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Table 4. Sampling date, measured environmental vaziables, and fish species collected in

tong-term monitoring sites in June 2010. Sample numbers cosrespond to Figure 1.

] 2 3 4 3 & 7 o g 14

Date G20 &1 A0 SRA0  BF0 SHA0 &40 GMAD 53D 6440
Envimnmental vatiable
Water temp (C°) 1z 23,87 24.16 2522 304 3034 29.28 R8T 24,85 203
pH 202 T4 T T.a3 6 i 1 .76 R 794
Bissolved axygen (mae/iL} L] 15 343 43 495 T3a 678 a3 825 561
Conductivity (p5ocm) 2574 44938 2HN 1356 1161 10E 5D 247 1230 1306
Turbidity (MTL) #3402 350 o7 .64 .56 258 L T | K 120 o1k
Total dissolved solids (mg/l) 1156 KELL 1L o8 531 544 1281 1236 &0 1a9%
Cilorophylt-a (uesL) 1760 088 1987 032 048 101 834 T 020 1407
Boulder (%) ) 0 24 0 0 0 Y 3 L 1ix
Cobble (%) 25 L 28 +H 1i i is 23 L3 23
Gravet (%) a7 17 k3| Y 83 39 46 a7 22 67
Sand {5} B 23 & L L 36 iz [H} 17 [t}
Mud (55} 22 0 i 6 0 i 19 27 50 2
Bedrock {5 0 4 o 0 L & 1] a &
Pool length (m) 136} 180 150 75 B0 250 200 2 150 20y
Site wened-width (m) 194 3.8 3o 42 A} 25 430 4514 .z 26.0
Max depih o) 1.5 057 1.3 £49 07 015 1.3 12 1.3 081
Avg pook depth () 0T 010 063 .23 B33 LLAIES X! LES [ 3%
Mex. corr. velociey (s} ELLL 0.7 1.50 0. 075 042 1.50 5.3 0,43 033
Species
Lepismstens ossens £ 0 1 0 0 i 20 0 £
Drarasoma cepadionrm G 1] 139 0 0 i & 0 ¥
Corpostoma oratueg 1 ] £ 4 15 1] ] 45 4]
Crprinelia futrensis 882 4 1057 114 105 10 501 153 1234
Cyprinus carpio 67 t 3 0 0 1 a i 1
Hybopnathis amarus 1] o 0 1] 0 ] i1 1 K]

© Macrhybapsis aestivaliz 45 n 3 o Ll 23 43 f |
MNatrapis fraysonf 3% ] ted 4 94 157 m 40 im
Notrapis chifeohua 0 0 0 1 3 i 0 b4 25
Natropis fementrus 1] L 1] 0 1] a )] a 2
Ruintchifys cataractae i L 15 1 0 1 L 0 iz
Carpiodes carpio 26 p 128 1 9 26 G4 3 118
Cyelapuns elongmius kil L ) ] 0 0 4 1] 4
Moxastomy comgestum 1] 9 2 L 1] 1] Qi 1] &
AStyenas mogoarus 0 i 1] 2 11 3 1] 25 &
Fetalnrus fiercaine o Q 4 1] 0 1] 1 1] &
feraferus puciaus 3 i 56 V] 0 4 0 4 53
Fyloddiciis plivaris 1] o 1 1] )] )] 2 0 o
Memidia berviling 20 0 1 0 L 0 0 i o
Crambousin offinis is i F10 i 1 5 113 £ L
Fundihes rebrious 0 L] 0 12 I8 25 0 152 27
Tepomis cyanetius 1 0 0 1] i ] 0 f i
fepomis meealoits 5 0 0 4] 1] 3 3 4] i
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Table 5. Sampling date, measured environmental variables, and fish species coliected in
long-term monitoriag sites in Auguast 204}, Sample numbers correspond to Figure 1.

1 2 3 4 5 6 ;s g 10
Date 1650 100 ZA700 &30 £170 R8s 1818 EI1SW0 SN0 S50
Enviranment:l vadabl? )
Waler temp (C) 2039 WHT . 2822 LT 2TE4 366 IEIT A4 33T 3197
rH BO7T o 200 g1l B0z 505 7.8 A 5 £13
Dissebved guygen fmeil} 501 .75 377 6.5 628 e 537 5462 b I )
Conductivity (S:cm) SLIEE| 463 LSS 453 240 & 465 5 494 w13
Miean wehidiey (NTE) 21173 9587 15233 444 4033 250 6385 203.43 4108 HE0)
Total dissolved sclids (mg'L) 535 23 347 206 120 4340 232 260 247 459
Salinity 14 (.22 .54 019 011 041 022 (25 023 048
Mean chlorophyli-a (gl 11,42 17 1315 1367 13,53 L.a3 10,06 10,35 1151 o052
Boulder (%) 11 08 00 558 ) o0 1111 SO0 588 556
Caobe () 44,44 (M) LXE ] 111 1111 £ 44,44 2006y 5,88 38,80
Geavel () 33,33 44 44 4444 T222 6311 68567 2378 5000 1765 3880
Sand () 11.13 53.56 0.a0 111 1213 3333 it 5.80 4518 i1.1}
Kt (5T ) (1AM} LN 36,00 (.06 i1.13 0. 111 ElIRLI 588 556
Bedrock (553 ) LA 000 0 . 356 0.3 (.5 003 2353 0.
Pool tength Em) 15 16K} 150 100 - LI 250 200 225 ¥l 2
Mean site width 367 233 3383 G} 240 226 54,50 05,00 7.30 5200
Max depth (m) 1.1 a5 L3 087 DEE 031 1 L5 2 1
Avg pool depih (i) 037 008 031 0.4 [ Yers 0.13 f41 0 05T 027
Max, cuer. velosiny (mish 1 1 1.66 .81 0.6 035 r35 047 1 1.1
Leplsasrens ossens ] 0 1 i] i} L] L] L] £ 3
Barasoma cepadiamurn 1 0 1 Q o 1] 1 ] 1] &
Cumigrasionmi ornadinr O 0 ] | 1 0 0 a o 0
Cyprivefle futreniis 1152 256 i3z 126 | ] 113 2 122 B39
Cyprinus carpic 3 1 1 L] a i 3 I 0 3
fybagnehns amares 0 £) 1 0 a 1 Ir} £ 0 0
Macrhybapsis aestivalfis 2 ] £ 14 O i 1 2 2 i 62
Matrapis brayrons 52 ] 132 38 G5 192 iz 3 153 3
Nowropis chifilakig ] L a 10 4 ¥ i o BE 0
Corpiodes carpio 1 1] 1] 4 ] 127 & 0 & 10
Ajryamar mecfeanies ] 0 ¥ 3 8 36 0 0 I8 ]
derrfuros frreas 2 0 52 i} 0 0 2 q 18 1
Foraftorres parenares 15 0 45 2 4 4 3 4 8 3z
FPyladictis alivariz 1 I £} 1 1 0 i 1 1 1
Menidin beryfling 0 0 f g o 0 1] 0 0 10
Gambecsia affinis 0 T 1 o 0 i U 1 0 1
Fundulies zebrinus ] 1} 1] ket 46 3 1} 0 2 1}
fepomis cygeellus i 1 i 0 1 0 0 0 i a
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Table 6. Sampling date, measured environmental variables, and fish species collected in
long-term monitoring sites in November 2H0. Sample numbers correspond to Figure 1.

e : 1 2 3 4 3 fa 7 g @ 10

Crate HAZMW  HAZG 1A 1918 W90 12000 120000 120000 111398 11453710

Eavirpomental vieiahle

Water temp (£7) 17.27 2217 1353 17.40 mm 0 296 V7T 2043 15.53 1560
pH f2 779 B3 A TAE B2Z 753 &.02 a7 82
Dissolved oxygen (mesL) 1268 513 BE7 435 153 256 5 6.5 G.A7 774
Conductivity {u§icm) 2158 427 2204 1560 1951 30 2237 2228 253 2332
Mean wrbidity (KTL) 46.61 ‘1799 14.43 i4.38 843 .27 151 2155 14.65 476
Total dissolved solids {(mgsL} s 213 1147 45 ¥r5 450 1115 113 315 1166
Salimey 111 0.2 1o 083 1 44 1.13 1.14 47 1.21
Mean chlogophyll-a {ugt) 3228 078 1547 258 20 263 29 303 248 B33
Boulder (%3 1557 0.00 556 556 .00 000 1.1 556 0.00 556
Caobble (3t) G615 0,50 1111 38.59 1513 LALT 3333 1647 (0N} 5000
Gravel {(7) kb7 1657 3333 SO} R 12 18457 2 2222 3233
Sand (%) QALY B33 558 G0 1111 111 1 36 11.1% 535
Muod (5 356 (L) 4444 XL LALD 160.67 2178 £1L.0W) 5536 336
Bedrock {50} LU 0 LIEL L LY [ £ D04 (EOH} G0 1113 B}
Foaol Tength {m) 150 BT 150 104 a4 150 156 150 TiHD is0
Mean site widlk 300 4.65 2242 567 4.72 245 2030 342 30 5248
Max depth (m) 081 03g | el tAY] 0] B233 [ 1.2 3.5 05y
Avg pool depth (m) 0.43 01 .80 #.39 036 014 0.52 053 L7 044
Max. cuee. velocity (m/s) 0.5 1 129 as 0.5 0.36 0. ; 06 1.5
Lepisoseens ossens 0 o 8 0 0 a 0
Dorosoma cepedianim 1] 1) @ 0 .0 0 1 2
Camppston Grogim 1] 1] 0 @ 2 0 3] 0 0 1
Cyprinelie Inirensis 1419 163 A57 238 314 &g 432 1%% 150 A0
Cyprings carpia q i 0 I} 0 4 0 0 0 0
Hybognathus gmarns ! 9 1 9 0 0 g & 22 4
Macrhvbapsts aestivalis 2 a o L 0 L] 0 6 i
Nrogis brayioni 153 0 5 6 il 33 133 &3 1846 Fds
Niowrapis chikuahie ] i] 0 L] ) 1} 1] L] 4 0
Fimephales promelas g a 0 i 0 1 1] 0 0 0
Rhinichifys cataracige 1 i) 4 L] L] 0 0 L] 1} 2
Carpiodes carpico i 0 0 & 4% 1 i TG 67 8
Cyeleptus elonpane ] a i L O L 0 o 0 1
ASTIHEE METicany 5 0 0 3 | 45 2 L 0 L
Fotalurtes fareaius a 0 0 1] 1] L) a 2 1 ]
Fotplurus punciones 7 0 0 11 L 0 L 0 3z 1
Fyfodicris oliveris H 0 0 i 0 ] 1 0 0 0
Menidig berplltug 0 0 L 0} L] 0 L] 0 0 13
£ambasin affinis b4 156 0 L] i GOF 22 15 2 0
Fundutug 2obrines 0 0 0 0 148 Gk 0 1 & 1
Lepornts cparellies i 0 L] i i L] 0 )] 0 0
Creochrammis qurea i L] 0 1] i 1] ] 0] ] 0
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Table 7. Sampling date, measured environmental variables, and fish species coltected in
long-term monitoriag sites in March 2011. Sample numbers correspond to. Figure 1.

Sige 1 2 3 4 3 g T 2 & L
Darc AR 3501 21491 R Y SXI 3381 321 ZENEF 0 3T
Environmeneal vanable

Warter ternp () 2 1853 143 14,94 19.22 21.23 1332 2697 2493 19,77
pH 82 174 216 767 74 814 162 T.83 51 53
Dissolved axvegen [mg‘L3 13,58 311 o062 1.37 334 K] 373 627 803 .47
Conductiviey (uS/am) F408 453 S0ds 1M 1813 330 243 1389 CIK} 2011
Mean furbidity (NTU) Tz 1203 6 1968 1A65 TET 635 1600 1937 30
Tanal digsobed solids

[mgiLy 1703 228 151 633 a7 428 22 34 495 145]
Salinity L7 2z 1.59 0.56 093 G.42 2 Ix] 063 0.49 1.51
Mean chlorophylta(ugl} 2579 538 4581 645 361 4323 Q869 554 449 3340
Bouldes (%) 11141 LIXET 556 556 0040 GO0 (A 3.56 556 4.76
Cobble (52) 27178 EH) 2223 1L 1113 (1M 33,33 2232 11.13 2337
Gravel (5 23232 il.11 3333 7222 &£1.11 2778 2778 50,00 2178 2857
Sand (%) 1111 858y 16.67 inn 2778 44,44 1111 11.11 1367 AN
Mud (%) 2778 LEL1} 2222 LIXEL 06 ITE 15.67 i1.11 L&Y 257
Bedrock (%) 10K} LriM} LELS .60 0.0 000 0.0 0. 1.0 (}.EHD
ool dength (m) 20 20 150 100 3 150 150 130 00 150
Mean it widih 43400} 873 32E3 309 5148 4,35 2519 B3 522 23,85
Max degh (o) 055 018 037 "OEIE G55 (F18 0,735 074 1.7 GAE
Avg pool depeh (m) .30 .11 0.30 046 036 013 046 D4R 08S (32
Max, cuer, velocity fons) 078 DAl noi XL .47 (3 7 0.3 067 0.0
CampasToma QR 0 ] a 1] 2 0 ] 0 15 i
Cwprinells harensis 1623 2% 1518 n 2647 148 25T 34 462 374
Cwprinns carpier v 0 L 1] ] ] ] 3 o Q
Hybograrhus amarus { 0 12 I} A f i i ¥ |}
Macrhvbopsis aesivalis 7 0 13 0 F 1 0 43 41 ¥
Notropis brayrm ) 0 e AT 81 {r L& 204 2HY aa7
MNotrapis oh thuahie O a 0 ] 25 ] o n &2 i
Pimephalas promelas 1 0 0 1 3 1] 0 ] 0 ]
Bhinichthys catgractae 1] 1] 3 o 0 0 0 o o &
Curplodes carpio 1% 0 0 22 0 1] 0 3 40 9
Cyelépiuns elongars & 3 ] 1] L] o 3 40 1] 1]
ASTVGAT eTicarins 0 i g Q o i 3 7 1 0
fetafurus furcatus ] 1] g 0 U 0 ] 1 0 1]
Freeafurns prencearns 3 1] 0 £ 0 0 a 1 Hr 0
Pyladictis alivaris L 0 0 i 1] ] ) 0 a z
Menidia beryifinn 0 1] i) 1] o a 0 0 2 i
Gambusi affinis 3 46 L)) o A 42 a5 i4 0 0
Fringdiles sebrines 0 0} 1] 12 83 i43 14 0 & o
Lepomis ovaielfis 0 a 0 1] fi £ 0 0 0 1
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Table 8. Sampling date, measured environmental variables, and fish species Collected in
long-term monitoring sites in June 2011. Sample numbers correspond to Figure 1.

Sike 1 2 3 4 5 G T 3 9 10
Date ety b a6 1 [eUrdy )1 a8 &AL G811 L 5311 71 a7
Enviiromenia} varighle

Water remp (£7) 3082 2569 2207 2327 2827 .78 30,50 3363 3031 a7
pH 758 7.7 am e T4 d.le T2 155 i 20T
Dissolved oxygen {medl) 514 5.35 . 135 343 1002 77 8.67 1247 £.5d
Coraductivity (LSkem} 1892 oTE 1343 M6 20060 814 1373 1357 1072 1533
Mean jurhidity (KTL) 259 644 9539 958 712 54% 3163 4347 i1 L
Total dissolved solids (me/L) T3 33 712 1023 1000 437 Lo L] e 517
Salimcy 395 033 78 14 102 0432 .65 GoT 033 LL¥. 2
Mean chlorophyll-a (gL 1214 152 9.08 172 1.0% 283 £.26 6.3 £.30 a.64
BouTder (553 (17 0.0 0.33 [1F .05 LT 029 G 0.0 L
Caotrble (%) .53 0.0 011 it 010 004} .43 B33 .00 048
Gravel (%) 13 LA 011 00 0.52 0.38 UL hE L il 024
Sand (%) 0.5 08 0.05 a7 22 18 ) 0.34 g1 (00 LR
Mud (%) 0ia .37 6§39 131 s 828 .34 LRI 073 LLF1
Bedrock (%) ) 0.00 QK 0.0 0. 6.0 0.8 (2.0 i1 DILE
Pool Tength (m) 296 HEY 200 42 T 150 178 178 203 27
Mean site width 4133 403 2140 25T 177 5100 I 3TeT .38 1188
Max depth (m) 063 .14 16 052 .53 013 03 a7 1.33 (56
A ool dapih (m) 044 02 052 023 021 04 043 34 052 03
Max. cure. velocity {m/s) 055 0.23 1.09 o 017 062 077 0832 0565 0008
Lepisailens osseng P L 0 0 o 0 G [ 2
Dovosam cepedlannr 3 0 2 1] L 0 ad 5 i 2
Campostoma ormaim 0 0 0 0 n; o L o 11 o
Cyprinelin fuirensiy 2735 3 2448 154 157 1475 17 737 1503 1463
Cyprimies carpis 121 1] 132 { 0 4 12 55 1] 134
Hybognatius amars Q 1] ) o 0 o 6 3]
Macrhybopsis aessivalis 3 1] i} o 1] a #7 M 4 X
Noeropts broviomnt 19 )] 185 4359 g | LIE H3 300 1920 415
Noiropts chifmahie 0} LI L] 1 37 0 L] 0 247 t]
Fimephofes prowatas 2 ] @ 1 0 0 0 0 23 0
Rhinichthvs cedaractae 1 0 i ¢ o 1] ] 1] 1] T
Carpindes carpio 430 LI 17} 41 1 a3 15 1% 3 i3
Cyeleptus elmigatus 0 0 0 0 0} 0 2 3 0 113)
AR FreTioams s i 3 ] 17 4t 25 4 & 0
Teralures furcatis iy 2 L & i 1] i 4 1
Fetalyrues prnctedns o 1 7 ¥ 1] 1] § o 2 1
Fylodictis offearis & 0 0 I £ 0 1 0 2
Garhesia affisic 129 2690 368 g 0 i 156 189 11 ar
Furdiels zebrinug & ] 0 102 1 164 2 1 233 3
Lapomis cvinelins & 1] 0 1 0 0 i 0 0 1}
Lepomis mepalos 5} a 24 a )] 1] 25 93 0 i
Micropterss solmoides . 0 L & £ 0} £ L ] L
Greachromis grirag ] o 1] a i 0 £l 1 0 U]
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Table 9. Sample information, measored environmental vanables, and fish species
collected ia regional sites in 2009-2010. Sample numbers corespond to Figure 1.

11 12 13 14 15 16 17 i8 19 28 2

Sample Informaticn
2L Ty flrel) &10¢ LU B BN 3y i

Daie 1071240 120 16 5] 16 1) 10 10 ) i0 10
G5 (Maeth) A0 1450 301494 203053 206742 20 8144 208102 294578 28,5510 243848 29,5788 20,3175
PS5 {West) TR6H3  I0G.E656 1040151 1081725 10460 FOEA4G8  HIZAAET 1036475 k036307 135080 1035518
Enviranmenial variables
Elevation (I3 To4636 4739 3803 3138 3803 3043 1358 3ial 3137 363 2483
Water temp (C°) 191 1542 .2 0.1 2549 2554 300 25,68 20.58 L3 3247
rH 104 502 7.3 7062 T2 537 S.S_ 254 25 3.7 213
Dissolved oxypen (gL £25 5.7 4.37 244 f.54 505 335 3.1 452 A3E 5.8
Conducivity (uSicm} 410 570 1071 70t 267 274 363 167 483 2N 431
Mean twbidity (XTI 270 376 6.591 10 1.9 35402 =200 101,38 B L1 81,13 2551
Mean chlorophyll-a (pesLy L7 213 201 145 2.5 P65 15497 742 7.7 530 i
Boulder (%) ] 10 1] 10 3 5 L] 1 10 3
Cuobhle (%) ] X 10 40 0 0 ] ] i 15 3
Gravel (%) BTy 3 90 50 50 D 0 3 i s 0
Sand (%) 0 o iy i B 0 0 30 ] a0 5
Flud (5%} 0 £l 0 L ] 9% o Gl 96 K1) 30
Bedrock (%) 1) 24 L] L1 ] it 0 i 1] 0 23
Faol Tengeh {m} 100 0 3 5 60 50 1) 100 122 5 79
Mein site wideh (m) £.32 328 1.5 = b 4 55 18 15 £ 55
Max depth (m) 0.7 i h4a3 028 L) 0,56 [LE=] I 022 128 0T
Mezn pool depeh (i 0.4 05 nz2s 02 .23 (.43 035 0.3 013 045 0t
Max. cument velocity {mis) 073 0,46 . 1] . 1] 1] 1] 0 ] 0
Specics
Campostary oMialuem ] 0 &30 557 @ i 0 0 g i i
Cypringltn lurrensis ] i 2 L 0 477 &6 46% 10 479 a7
Dieieda gpiseop 0 O & 7 145 o 0 & 0 0 0
Notemiganns crysaleunas 0 0 1 O I o 3] ] 0 ] o
Norrapis brayiam # 0 ( 0 1) 0 i} LI 1] 1] 155
Moerapis chitgeehig 0 0 0 0 0 0 ¢ o 0 G ki1
Carpicdes carpio 1] 1] I 0 ] 0 240 22 1] 21 L]
ATyanay maxicoes 0 [t} 0 0 I 0 0} 0 0 a 3
Teralnres furoans L ] ] 0 1] 0 O O 0 L 3
Feralurns prunceats 0 i 0 ] 1 0 i 0 i 0 i3
FPylodiciis alpgris L ] g g 0 0 0 a 0 L 2
Fanduius sebrinug i 32 0} 0 il 0 0 i 1 it a0
Lepomis eyaneiing as 58 13 o 3 B 74 & a iT: 0
Micropteras saimoides 14 L] 0 1] ] i ) 0 0 1]




Table 10. Sample information, measured envitonmenta variables, and fish species
collected in regional sites in 2040-2011. Sample numbers correspond to Figure 1.

24 25 26 27 13 29 3 3 32 33
Sample Informalion
Diate WA AOE2000  INHZ0I0  LEIRIDG 12482006 124922010 L2021 RIZ201)  2A%2011 472002001 4.2
GF3 (MNorth) 2032805 2216721 217108 2081941 216 25931223 2020417 2?.2‘}??3 2038680 30324 29
GFS (West) 0355730 10561298 HZA0ME  HOM.I0E54 MG.GHG1E 18405291 10360387 10354802 1030097 103,593 103,
Eovitopmental variahles
Blevation (ft) 2505 A 14 2EGG 2935 21 3596 224 24352 ARrT 4731 3
Water temp (C") 24,0 19.81 112813 ) 16.62 20.0% 233 P 2168 2875 2054 pal
pH 7 539 %22 7.6 5.6 502 T4 16 £52 7.93 B
Dissobved oavgen {med.) 3.3 A K T2 2.29 12 273 332 494 T.25 KRr) 3
Conductivity (pSicm} 1119 940 1006 X a1i 204 77 1675 1232 350 i
Mean tuthidity (NTU) 14.47 13.92 .28 4.70 1L02 1857 483 8.55 £.71 398 17
Mean chlgraphyll-a (ue'E) 110 235 14.73 .43 2.59 1.35 11 1.49 147 033 Iy
Boubder {33 22 0 0 1 1] i} & 0 I} 23
Cobhle (%} 7. i} 6 0 1 0 28 0 0 28
Gravel (&) a0 T8 L 36 22 a9 33 o a 32
Sand (%) G 17 i1 33 i S0 il 0 24 i
Mad (%) 1] ] 0 1 5 11 2z b 0 (3
Bedrock, (%) 1] 1] 0 1] 0 1] 1] & 0 1]
Pool lenglh fm) 15 20 127 i3 17 44 20 a5 3L 26 i
Mean site wideh (m) 308 5.53 7.7 193 342 352 6.75 2.33 1.96 7.25 "
Max depth {m) a8 1.10 0.7z 073 .36 1.0} el 76 0.3 110 1
Mean poal depth {m) 054 0.5% 043 0.35 027 0.45 .34 8.26 018 073 o
Max. cutrent velocity (mys} 033 A0 .67 (i) 100 .04} .51 (3 0,34 0.08 ¢
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Table 1{), Contisue.

24 25 26 327 2% 20 3 31 32 3 34 35 36 57
Spedies
Dorgsome cepediomm 0 0 3 0 ] ] B o 0 D & 0 G G
Camposiome orralim 4 G a q 3 2 1m0 40 a o 0 G O KL
Cvprinella lirensis 2087 1M 6 43 475 244 B2 0 0 380 145 856 270
Cyprians carpio 2 1 3 LF H 0 a 0 ¢ 0 4] 2 0 0
Dignda episcopa 1y o 0 84 O LE a o 0 0 0 & 0 0
Hybapnatfas amarng 1] 1] 21 1] 0 2 |3 I VR B [ 1] 1] 1] 0
Macrhybopsis aeséifvalis 0 0 5 0 0 0 o 4 o 4 0 o a a
Notrapis braytoni 18 29 68 0 & o0 k3 ¢ o0 G 0 27 9 304
Notropis chifuahng 1 g L] 0 3 6 33 0 0 b i 3 by 22
Fimephales promelas 6 0 i g 0 0 0 P a o 1w W 1m0
Capiodes carpio 8 4 28 d ] 0 73 8 4 0 17 2 0
ASTYAITAr mexfoanns w2 o 3 1 a 1786 ¢ 0 ] O b ]
Ictahtrus punciains 1 0 g i 0 L 3 0 40 0o B 0 & ]
Puladicds olivaris LI 0 0 0 0 a o 9o 0 0 4 ¥ o
Cambruesia affinis 0 43 45 1] 1] 0 276 0 ¢ 0 ] 0 0
Froncdredres zebrirns a 2 L o 145 0 i 9 37 0 15 5 34 426
Lepoiniy cyanelfus a0 ] 0 60 3¢ o O 0 2 34 B B 0
Lepomis macrochirie: G ! a a a 1] 1] o 0o 0 0 O 0
Micropterns safmoides ) 3 ] a ] 0 1] g 0 1 1] i ] £




(@) | N=79
Ve
Distance fiomthe Rio Grande <3.7 km {39%)
N=55. ) N =24
Meanincidence: .05 Meanincidence: 062
/
Distance fromthe Rio Grande < 20 8km (12%) \
N=16 MN=§
Mezanincidence:0.43 Maanincidence: 1
/
Season: August-November (11%)
"4
_ S N=8 N=g
Meanincidence; 0.12 Meanincidence: 0.75
(b} N=79
: | /o
Bistan¢e flemihe Rio Grande < 20.8 km {384}
N=T71 N=§
Maan abundance: 3.7 Mean abundance: 38 6

Figure 2. Results of CART for a) incidence and b) abuadance of C. ornatim collected in
the 10 monitoring sites in 2009-2011 {total 79 samples). The numbers in the pareatheses
indicate the variation (%) explained by the environmental variables.
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(a) J
N=73
g
Bistance fromthe Rio Grands < 3.7 km (78%)
N =55 N=24
-{ Meanincidence:0.05 | Mean ingidence: 0.95
(b) o N=79 |
S
Maximum depth < 1.8 m (15%) .
. N=71 : _ N=8
1 Meanabundance: 8.0 ' Mean abundance: 107.1

Figure 3. Results of CART for a} incidedce and b) abundance of N. chihuahuo collected
in the 10 monitoring sites in 2002-2011 (totad 79 samples). The numbers in the
parentheses indicate the variation (%) explained by the environmental variables.
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Meanincidence: 0

N=5
Meanincidence: 0.4

Meanincidenca (.2

N=5

Meanincidence; 0.8

M=10

(b)

/

Petcentage ofmud substrate < 22 (6%}

Meznincidence:

MN=5&

H=5

Meaninciderice: 0.6

M=32

7

&

M=18
Mean abundance: 8.9

Parcentage ofgravel substrate < 38 8 {9%)

Mean abund&ncg: 114 8

M=13

£

Distance fromthe Rio Grande < 23.4 km (16%3

/

N=T

Mean abundance: 14.9

N=é&

Mean abundance: 2315

Figure 4. Resulis of CART for a} incidence and b) abundance of C. ornatum collected in
the 32 tributary focatities in 2009-2011. The numbess in the parentheses indicate the
variation (%) explained by the eavironmental variables.
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{a) N=32
Y
/ Distance fromthe Rio Grande < 23.4 km {30%)

N=18 N=14

Mean incidenca: D i1 Meaan incidence: 0164
> ;
Distanze fromths Rie Grands = 3.9 km (8%)
N=56 N=9
Meanincidence:0.490 Mean incidence: 0.77
b —
{ ) M=32
™
Gistance fiemthe Rie Grande < 21.3 km (13%)
Ny
M=19 N=13
Mean abundanee: 1.0 Mean abundance: 20,2
s
Maximumdepth<0.76 m{8%)
N=8 18 N=5
Meanabundance: 11 § Meah abundance: 35

Figure 5. Results of CART for a) incidence and b) abundance of N. chihuahua collected
in the 32 tributary localities in 2009-2011. The ivmbers in-the parentheses indicate the
variation (%) explained by the environmential variables.
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