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ABSTRACT
A MESOCOSM STUDY OF THE IMPACT OF INVASIVE ARMORED CATFISH
(PTERYGOPLICHTHYS SFON ENDANGEREDTEXAS WILD RICE (ZIZANIA

TEXANA IN THE SAN MARCOS RIVER
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The University of HoustoiClear Lake, 2017

Thesis Chair: George Guillen

Suckermouth armoredatfish (Family Loricariidae) are native to rivers and streams in
South America, but have invaded habitatedighout the world due to aquarium releases.
The San Marcos Rivédras an abundant population otkermoutharmoredcatfish
(Pterygoplichthys spthat have several negative impacts on the areas they invade
including nutrient alteration, increased erosime to burrows, and threats to endemic
species. Texas wild rid&izania texanfis anendemic and endangered species in the

San Marcos River. When it was first discovered in 1892, it was highly abundant, but has
since decreased duednthropogenic distbances associated witinbanization.
Suckermouttarmoredcatfish may be contributing to the decrease in Texas wild rice
populatiors. A mesocosmexperimentwasconducted in raceways at Texas State

University in San Marcos to determinestéffects of suckerauth armored catfisbn



Texas wild rice. The influence of suckermoatimoredcatfish on Texas wildice growth
and biomass wasxamined using a 3x2 factorial design (suckermouth catfish high
density, low density, and absent and wild rice present andtalisargfive samples per
combination of factorsThe growth othe Texas wild rice leaves increased significantly
as the number of catfish the treatment increased. The nutrient concentraitotine

Texas wild rice were significantly highest in treatments with one catfish, followed by
cells with two catfish, and then cel&cking catfish.Texas wild rice was found in small
amounts in the stomachs of two catfish, and the most abundant gutt@atégory

found in catfish stomachsas algae. Overall, the catfish seemed to have a positive
impact on the growth of the Texas wild rice, likely due to them coimsyalgae on and
around the plants. Although the catfish had a positive impact on the Wigeaice in
thisexperimentthere are several other factors, such as burrowing causing erosion and
uprooting ofplants, whichcould have negative impacts on the Texas wild rice in the San

Marcos River.
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INTRODUCTION

Invasive Species

Invasive species are a growing problenfreshwateecosystemsue to an
increase in introductions of new speqi€spps et al. 2012)nvasive species areon
native species whose introducticauses economic or environmental hafrhere are
many ways that invasive species can be introduced to a new environment including
intentionalmethods such as stockiagd unintentional methodsich aglischarge of
ballast waterOne way agecies can be irdduced intaew environments is through
aquarium release Negligent ownerbuy young fish thabutgrowtheir aquariunand
release them into local waterwayZadilla and Williams 2004)NVhen multiplefish of the
same specieare released into the same waterytagy can reproduce and foawiable
population. Suckermouthrmored catfisi{Loricariidae) area popularassemblage of
aquarium fishspecescommonly called p | e Suoker@douth armoredatfishhave been
introduced to several habitats, most likely through aquarium re{ésgsadaKusunoki
et al. 2007, Cooldildreth 2008, Pound et al. 201 Huccessful nomative populations
now exist in North America, Central America, The Caribbean, and(Bsiakley
Williams et al. 194, Capps et al. 2011, Sumanasinghe and Amarasinghe 2018h
Texasseveral species of Loricariids have established themselves, inthygedtomus
plecostomusPterygoplichthys anisitsP. disjunctivusandP. multiradiatus(Hoover et

al. 2004).



Characteristics of the species introduced apchtibitat invadedan determine
how likely a species will be astablishing a population witham area. Herbivorous and
detritivorous species, such stsckermouth armocecatfish, can easily invaden area
sincethey feed at the bottom of the food web, which contains food items that are usually
abundan{Gido and Franssen 200Bpecies that areighly tolerable to variable
environments are also more likelylde successful invadef®Nico et al. 2012)

Freshwater systems are vulnerable to invasion due to the numerous ways ecapduoges
introduced(Sala et al. 2000)Jrban habitats that have bedwghly modified by
anthropogeniactivity are also easier to invade than more natural §Basgeon2006)
This is due to increase impervious material found withiarban streamwvatersheds
causing more moff of nutrients flashy hydrology, elevated base flow, and warmer
temperaturesHaul and Meyer 20Q1Thesebiological and habitat attributes reav
facilitated the invasion and establishment of abungacitermouttarmored catfish
populations in several freshwater systems outside their native (@apgps et al. 2011)

Once an invasive species establish@®pulation in a new environment, it can
greatly impact the ecosystem processes and community dynamisive species can
threaten locally endemic or endangered spet€ieste is evidence thatickermouth
armored atfishin Texas could be threatening the vulnerable sp&imsda diaboliby
competing with them for foofLopezFernandez and Winemiller 2003)vasive species
canalsoalter ecosystems through tolown (grazing) and bottomp (nurient
remineralization) mechanisng€apps et al. 2015hvasive species that store and process
nutrients in stoichiometrically unique ratios can catlsnges in the nutrient dynamics

of a habitat, especially when they occur inthtensitiegCapps and Fléer 2013b)



Suckermouth armoredatfishstore large amounts of phospbos (P), therefore they can
serve a$ sinks wherthey ae in high densitie€Capps and Flecker 2013d)he
aggregating behavior suickermouth armoredatfishcan also create biogeochemical
hotspots, eeasof high nutrient remineralization rat@€cClain et al. 2003, Mcltyre et

al. 2008, Capps and Flecker 2013b)s necessary to fullgescribethe life history of an
invasive speciesn order to understarthe extent othe potential interactions with other

biota and thempact on the habitat théwave invaded.

SuckermoutiArmoredCatfish

Fishes in the family Loricariidae, commonly knownsaskermouth armored
catfish, consists obver 700speciesiative totropical rivers inCentral and South
America(Nelson 2006)They originated in the Aazon/Orinoco region and have
subsequently dispersed throughout tropical South Amesasd of the Andes Mountains.
Species invasions of meareas around the Amazon creategv lineages (Silva et al.
2016).Suckermoutlarmored atfishcan reach ages of&years in their native range
(Antoniutti et al. 1985, Goulart and Verani 199Pheyare characterized by an inferior
mouth with lips, ané body covered in bony platéselson 2006)Figurel) and can
reach sizes up to #mn in length(Fuller et al. 1999)The common habitat of
suckermouth armodecatfish in their native range consists of afadow moving water
including the tidal portionsf rivers (Weber et al. 2012). They are foundahitingareas
with a variety ofsubstrats, ranging from mud and detritusdtwne and cobble (Burgess
1989, Weber et al. 2012).rmored atfishpossess modified vascularized stomach that

functions as an accessory lung that allows them to breat(daairuz et al. 2013)
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Thereforgamored catfish can tolerate temporary exposure to air and survive in rivers
experiencing hypoxia and anoxReproductivestrategies ofuckermouth armored
catfishinclude multiplespawning, nest construction, and parental bedo et al. 1992)
Suckermouth armored catfish exhiart equilibrium reproductive strategy, defined by
low fecundity, high survivorship due to parahtare, anén even sex ratilGomes et al.
2019. Suckermoutrarmored atfishare algvoresanduse theirsucker mouth anteeth to
adhereand scrapalgae and detritus frosubstrate¢Delriva and Agostinho 2001, Lujan
et al. 2012)The diet ofsuckermouth armoredtfishmake them popular aquarium fish
because they are known to clean algae from surfaces in thehenkas facilitated their
introduction into new environments through aquarium rel@A&skidaKusunoki et al.

2007)
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Figure 1. Photo ofPterygoplichthys spused in stream channel experiment showing body
morphology.
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The Silfin ArmoredCatfish Pterygoplichthys spand the Suckermouth Catfish,
Hypostomus plecostomase both members of thericariidae familythat havebecome
establishedn the San Marcos RivéDatri et al. 2015Page et al. 20135cott et al. 201)2
Both of these suckermouth armored cathsirealsoestablished noenativepopulations
in other portions ofrexas,Nevada, Florida, and possibly other ssaéulleret al. 1999,
Gibbs et al 2008\ico 2010,Pound et al 2011Yhe Hypostomugenus and
Pterygoplichthygienuscan be differentiated by the number of dorsal fin rays;
Hypostomusave less than 9 dorsal fin rays wiilerygoplichthydiave 1014 (Burgess
1989. Both Hypostomus plecostomaadPterygoplichthys spessentially occupy the
sametrophic level and have similar nitrogen aradtwon content in their diets (Lujan et al.
2012).They oth alsoconstruct burrows in the banks and have similar reproductive
strategiesBurgess 1989).

Suckermoutltatfish(Hypostomus spwere first found in Texas in the
headwatersf the San Antonio River after individuals escaped the San Antonio Zoo in
1962 (Barron 1964)Established populations in the Slslarcos Rivewere reporte@s
early as 199@QPound et al. 2011ypailfin catfish(Pterygoplichthys spwere first
confirmed in Texas waters in the 1970s, but earlier introduction could have gone
unnoticed due to similanorphology toHypostomus sgEdwards 200}l Nevada hakad
a population oHypostomusén the thermal waters dfdian Springsince 1966
(Courtenay and Deacon 1983gveral water bodies Florida have been invaded by
Hypostomusp.since 1958Burgess 1958, Rivas 1965, Courtenay et al. 19i4)
Colorado,Hypostoms sp.werefound in the geothermal waters of the Upper Rio Grande

drainaggZuckerman and Behnke 198@) large population oPterygoplichthys



multiradiatushasbecomeestablishedn Wahiawa ReservaitOahu,Hawaii sincel986
(Devick 1991) Diet, age, and population information collected fribvase populations of
suckermouth armored catfighother invaded habitats may provide useffidrmation
needed to understand the effects of populatiossicifermouth armored catfisim the
San Marcos Riveecosystem

Pterygoplichthys multiradiatuis Florida can reach maturity about 1® mm
total length(Gestring et al. 20)0Hypostomus plecostomtecundity is typically 5@®-
700 eggsindtheyare considered multipleatch spawners since thgpically possess
several sizes of oocyt¢€ook-Hildreth 2008, Gibbs et al. 20Q&imilar to other
suckermoutharmored catfishmembers of th@terygoplichthygenushave a high
tolerance fohypoxiaand can even survive being out of the water for up to 20 hours, due
to their large vascular stomach that also functions as an accessory respiratory organ
(Armbruster 1998)Furthermore, the ability of members of thterygoplichthygenus to
survive in sénities up to 10pptenhances the ability of this group to invade a wide range
of habitatgCapps et al. 2011A previous study oftte gut content dflypostomus
plecostomug the San Marcos River, Texdsund that this species dieis dominated
by detritus, filamentous red algae, and picoplanK®ound et al. 2011Yhecombination
of these life history traitef suckermoutharmored atfishas a grougnasfacilitated the
observedegative impacten the native species in the areas they have invaded.

The effects osuckermouth armoredatfishon invaded habitats range from
competition with othefishes to altering nutrient dynamicsthe ecosystenin Florida,
sailfin catfishhave been seen attached to the backs of manatees, eating the algae from

their backs (Gibbs 2010, Nico 2010). By eatihg algae off the manatgehe



suckermouth armored catfish could be making the manatees more susceptible to sun
burn. Manatees have also been seen trying to rub the suckermouth armored catfish off
their backs, indicating that thayitate the host animd(Gibbs 201). Whensuckermouth
armored atfishinvade a new habitat, they can decrease the amountaaf @ghe
ecosystem and may alswest invertebrates and eggs attached to §lgaever et al.

2014) The endangered Fountaiarter Etheostoma fontico)days its eggsn algae in

the San Marcos Rivesuckermouth armorechtfishin the area may threaten Fountain
darters by de®asing the spawning habitat and possibly ingesting @msk-Hildreth
2008). Suckermouth armored catfisiiay also directly compete for algae with the
threatenedionda diaboliin San Felipe Creefi.opezFernandez and Winemiller 2005)
Burrows created bguckermoutharmored atfishcan also impact the riparian
environment by increasing erosion and turbiditienart et al. 2013, van den Ende 2014)
Large populations auckermoutharmored atfishcan effectivelysequestr phosphorous
due to their bony plated bodwhich can lead ta phosphorous limited/stemand alter
nutrient cycling in invaded environmer{tSapps and Flecker 2013&)I of these
impactscan cause long term alterationsnmaded ecosysteniscluding declines in

habitat quality, alteration of water quality, a reductionaive species, and subsequent

declines irbiodiversity and the health of the ecosystem.

Texas Wild Rice

Texas wild riceZizania texanas a submersed macrophyte thaémlemic to the
upper 2.4 km of the San Marcos Riv€rerrell et al. 1978)It grows in areas with high to

moderate current velocities, depths of less than 1 m deep, aodrse, sandy substrate



with relatively low organic matter contefRoole and Bowles 1999Figure2). When

Texas wild rice was discovered in 1892, it was abundant in the San Marcos River, Spring
Lake, and congruentrigation ditchegSilveus 1933)The abundance of Texadldvrice
quickly declined and b$967 there was only one plant in Spring Lake, none in the upper
0.8 km of the San Marcos River, amdly scattered plants in the next 2.4 kBmery

1967) Texas wild rice was placed on the federal endaiggpecies lisin 1978 due to

only having one small population, and because of significant threats from habitat
alteration and urbanization of San Mar¢Bsnery 1977)Texas wild rice now grows in
small fragmented clumps and reproduces aagxhby tillers(Poole 2002)Sexual
reproduction is limited because pollen rarely travels over 1.5m from its source, and it is
rare for the next clumpf Texas wild rice to be within that distan@@xley et al. 2008)A
reintroduction prograrmwas initiatedn 1999in the San Marcos River to plant Texas wild
rice that was grown at the San Marcos National Fish Hatchery and Technology Center

(Poole and Bowles 1999)



Figure 2. Underwater photo of Texas wild rice in shallow, clear water gigtvel
sibstrate in the San Marcos River. Photo ta®etober 15, 2015.

There are severdocumentedhreats that could cau3exas wild riceo become
extinct In the past, practices such as mowing aqueggetation, dredging, and
harvesting exotic plants caused a decline in Texas wild rice populéioresy 1977)
Oncethe population and size of thHeity of San Marcos began to grow, more threats to
Texas wild rice appeared suchiasreased urban ruffp sewagecollection lineleaks,
competition by introduceplantspecies, anthcreasedecreational use of the river. One
factor that was considered most responsible for the decline of Texas wild rice was the
impoundmenbf the river(Vaughan 1986)The building of several dams causkd
water depth to increasehich reducedight levels at bottom depth thaltimately
prevents Texas wild rice from reiwing sufficientlight to survive and producgeeds
(Vaughan 1986)With Texas wild rice being such a vulnerable species, any additional

threat could case it to become extincduckermouth armoredatfish could be reducing
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the likelihood of recovery ofexas wild rican the San Marcos River. Some effects that
suckermouth armoredatfishcould have on Texas wild rice include increasing water
turbidity, dgging up roots while foraging or burrowindirectly consuming plant tisspe

and depeasing necessary nutrients for plant growth.

Invasibility of the SarMarcos River

The San Marcos Rivepossessesultiple traits thatincreases its vulnerability to
invasionby suckermoutharmored atfish The thermal regimes favorable for
suckermoutharmored atfishbecauselte San Marcos River is spring fedm Edwards
Aquifer and has aonstant water temperatureaifout 23degreesCelsius year round
(Groeger et al. 1997The San MarcoRiver alsoprovides conditions favorable to the
growth ofprimary produces. Clear shallow wateand an increase in urban dev@ieent
and nutrient loadingn to the San Marcos Rivesupportsabundant growth dadttached
algae andnacrophytegGroeger et al. 199Datri et al. 2015)Thefavorable
environmental conditions d¢fie San Marcos River have made it easiestickermouth
armored atfishto quickly establish abundant populations aotentiallycause prolems

for endangered and endensjoecies

Objectives and Hypothesis

Theobjectives of this studyareto (1) estimatehe potentialeffect that
suckermouth armoredatfish presenceanddensity haven Texas wild ice usinga
controlled mesocosm stream chanmgberimentand(2) to determine the stomach

contents and growth of suckermouth armored cakiggitin mesocosm cells with Texas

10
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wild rice present and absent and {@yletermine ecosystem effects (periphyton biomass
and organic matter decomposition) of Texas wild rice, smekath armored catfish

density, and their interactioithe null hypothesis is that thewll be no significant
differencein the suckermouth armored catfish, Texas wild rice, or the ecosystem effects
amongmesocosm stream chanigells with and without su@rmoutharmoredcatfish

and Texas wild riceThealternative hypothesis is that thevél be a significant

differencein the suckermouth armored catfish, Texas wild rice, or the ecosystem effects
among mesocosstream channelells withand without ackermoutharmored atfish

and Texas wild riceThe effectof suckermoutharmored atfishon Texas Wild Rice

within thismesocosm wilhelpresource managepsedict andunderstand the imptaof

this invasive species on thesdemic plantvithin the San Mecos River. Information
gatheredrom this study candused to better protect Texas wilkckrthroughout its

range

11
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MATERIALS AND METHODS

Study Site

The San Marcos Rivariginates at Spring Lake whidh fed by about 200
groundwater springs that are partthie Edwards Aquifesystem. Theiver flows over
two dams at the outlet of the laketo the San Marcos Riverhere it continues for
another7 km before its confluence with the Blanco Riyeigure3). The upper portion
of the riveris characterized by clear watan abundance of macrophytesnstant
temperatures around 23, and a coblelsand bottom. As the river flows downstream
towards its confluences with the Blanco River, it becomes more turbid, and has a more
variable temperature. Several endangered and endemic species live in the San Marcos
River; including: Texas wild ricgizaniatexana Fountain drterEtheostoma fonticola
the San Marcos salamand&irycea nangandthe Comal Springs riffle beetle

Heterelmis comalens{&roeger et al. 1997)

12
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Figure 3. Map ofthe San Marcos Rivefrom its headwaters at Spring Lake, to its
confluence with the Blanco RivéPoole and Bowles 1999

Stream Channel Experiment

The effects oirmored atfish (Pterygoplichthys spon Texas wild ric€Zizania
texang wasinvestigated in a replicated stream chanmplkeeiment, consisting of a 3 X 2

factorial design in wich presence and absenceioé wascrossclassified with thee

13
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levelsof catfishdensity The design consestiof the following treéiments; catfish absent
andrice asent, catfish low densifpne fishper cell)andrice &sent, catfish low density
andrice present, catfish abseand rice presentatfishhigh density(two fish per cell)
andrice absentcatfishhigh density andice presentA diagram showing the placement
of each treatment is showm Tablel. The high densitgtocking levebf catfishwas
comparable to the densitiesthe upper San Marcos River while the low density
treatment wasomparable to densities in the lower San Marcos River (Scott et al. 2012).
Cellswith rice presentonsisted othreepots of matur&exas wild ricehatweregrown

in open raceways at Texas State University in San MalEaah pot of Texas wild rice
hadall leavescut to 50cm and were placed in stream channels one week thefatart

of the experimentFigure4). Therewerefive replicates of each treatme@ells were
systematically organized so that water from cells with catfish would not run down the
stream channel into cells without catfish ne tmost possible cases. Texas wild rice was
also placed in cells containing higher sunlight, as explained later.

Table 1. Treatment set up for the ten racewbneated in a covered outdoor facility at
Texas State University in San Marcos,. TXrepresents catfisiP{erygoplichthys sp. R
represents Texas wild ri¢gizania texana)- represerg absencet represents presence,
++ represets higher densitytwo fish per cell) Each column represents one stream

channel Each celfrepresents a treatment ceithin the stream channeThe spigotsare
located at the top afach columrand water flows downward.

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10
C+ |C+ |C+ |Cc+ |[C C- C- C++ |C++ |C++
R+ R- R- R- R- R- R- R- R- R-
C+ |C+ |C+ |C+ |[C C- C- C++ |C++ |C++
R+ R+ R- R- R+ R- R- R+ R- R-
C+ |C+ |C C++ |C- C- C- C++ |CH++ |CH++
R+ |R+ |R+ |R+ |R+ |R+ |R+ |R+ |R+ |R+

14



Figure 4. Photo of Texas wild rice plants with leaves cut to 50cm. The plants are about to
be planted in pots to be placed in the stream channel cell.

Thirty total streanthannel cellsverecreated by modifying ten existing concrete
raceways located in a coveregtadoor facility at Tgas State Universit{Figure5).
Dividerswerecreated from wood anddm plastic mesko section each raceway into
thirds (Figure6). Each of the ten original raceyshas a single valve thdischargse
water, and in order to ensure equal flow fromdimgle valve to each of the threeeam
channel cellsa sump pumg@Simer 230804 Geyser Il ¥4 HP Submersible Utility Pump)
in a 5gallon plastic bucket was placed in the head water of each raceway and PVC pipes
were connected with ball valves openingietich cell. This ensured aqualflow over
the Texas WilRice in each cellFigure6). The water pumpedto the stream channel

comesfrom an outdoor artesian well from the Edwards Aquidrich is the same water
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that is discharged into tf&an Marcos Rier. Each celmeasured.22X 0.8 X 0.6m (L

X'W X D). A 0.61 mFluorowing Reflectomwith an Agrobrite 125 Watt 6400Kompact

fluorecent CFL) grow light wasplaced perpendiculdo the wateiflow about30 cm

above each stream chanmedatmentell (Figure6). Lightswere kept on a 14/10

light/dark cycle, with mean light intensitjmmediately undethe water surface about

150umol/mé/s. This light intensity is within the range of intensities that has been

observed in closed canopy sections of the San Marcos (Swett et al. 2012)

Length:5.2m<

“% =
Width: 0.8 m

-

®

I Direction of flow

()

End Depth: 0.61 m

0]

t&3 Beginning Depth: 0.5 m

*

8.8m

v

Figure 5. Diagram of aceway set up at Texas State University in San Marcos with
length, width, and depth measurements.
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Figure 6. Photo ofstream channel set @ raceways at Texas State University in San
Marcos Thehead of each stream channel hasimp pumphat leadsnto PVCpipe and
then out a ball valven each cell. The dividers are st to divide each channel into three
different cellsof equal dimensionsThe lights are hung80 cmover each stream channel
to ensure equal light for each cell.
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Once he stream channels weset up,Texaswild rice wasplanted in the
designated stream channel ceflad then after one week equilibration, the catfisivere
added.To ensure similar size fish were stocked in cells we purch8sdtin amored
catfish (Pterygoplichthys spfrom Texas Tropical and Marimet store locatesh San
Antonio and then transportéidemto the stream channels in plastic bags filled with water
andair. We selected this species because they are found in the San MarcaanRiver
they have a similar diet tdypostomus plecostomtisat were used in previous studies.
We purchased these fish because we were unable to capture enough suckermouth
armored cHish of similar size from the San Marcos Riwere to time constraints and
limits in which gear types could be us@the average size afatfishobtaired wereabout
150mm intotal length, which is the average size of a mature adkermoutrarmored
catfish(Grier 1980) The catfishin the bags wre placed in water from the stream
channels to allow them to acclimate to the temperaturecdifigh were then removed
from the bags and poured into a container with stream channel Wagetotal wet
weight, standardength,and totalength of eacltatfishwasrecorded before being placed
in thedesignatedgtream channedell.

To assess theesponsef the periphyton and decomposer commutotyexas
wild rice and catfish, thperiphytonbiomasgchlorophylla concentrationandorganic
matter deompositiorweremeasured on days 14 and Z8.estimate periphyton
biomass, four ceramic tild44.5X 14.5cm)wereplaced in each stream chanoell.

Two tileswerecovered by & cm plastic mesbhage andherefore madeaccessible to
catfishsoindirect effects of the catfish greriphyton could be measur€dwo tileswere

placed in the open aratcessiblao catfish The tileswereplaced in the channel celtme
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weekprior to the start of the exgerent. One caged and oopentile was removed
duringday 14 and 28

After being pulled from the stream channel eachwiéscleaned with aazor
blade and aoft bristled brush and rins&ato an acidwashed HDPE bottle with DI
water.A modified version othe EPA Method 445.%as usedo determine the
Chlorophylta (Chla) content of materials on eatle (Arar and Collins 1997 )Part of
the slurrycollected from each tileasfiltered onto aVhatman GF filter and then
frozen at-80° C. Chla wasextractedy first grindingthefilter with a RW 16 IKA mixer
usinga99% HPLC grade acetomeixtureand then storing in a refrigerator 4 hrsin
the dark. The samples wetencentrifuged for 30 minutes amdeasured using Eilogy
Laboratory Flucometer

Organic matter decompositievasquantified bymeasuring leaf litter mass loss as
describedn Scott et al(2012). Four preweighed dry leaf packof 10 leaves of Texas
Oak Querqus texanaa canmon riparian tree speciésund within the San Marcos
River watershedvereplaced in each stam channel. Two leaf pack&reenclosed in
1cm plastic mesh cagés5 X 15 cm) andtwo left open. Leavewereenclosed in cages
to reduce the direct access of adifto leaves, but still allomacroinvertebrates and
microbes to acceghem. Leaveweretied together with monofilament fishing line
around the petioles and weighted with metal washers to ensure submersiéoa@de
and ore fioperv leaf packwereremovedon day 14 and 28 eaf mcks were thewashed
with DI water toremove organic matter and organisms and doexlconstant weiglatt
60° C for 48 h. Leaf liter dry mass (glvasusedto calculat decomposition rate as

percent change in mass over the period each pack was in the channel.
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A data sonde unit (YSI 600XLMvasused tacolled the following wateiquality
variables temperaturespecific conductan¢@H, anddissolved oxygenThe sonde
measurementseretake on days 0, 14, and 28 in each stream channefAddiCOR
underwater quantutight sensor was used tollect PAR readingander the light$n
each cell on days 0, 14, and Z8erelativechlorophylta content(Chla) of leaf blades
in each Texas wild rice plamtasmeasured on days 0, 14, and 28 using a handheld
SPADmeter.The length of Texas wild rice leaves was also measuredys0, 14, and
28 to estimate somatic growth rates

After the conclusion of thexperiment, the catfish wecaught usg dip nets and
the wet weightstandard lengtfSL), and total lengtiTL) wererecorded The catfish
were thereuthanized using M822, preserved 0% ethanqglandtransported to the lab
for gut content analysig.he gut (stomach and first intestinal loop) of eachighe
removed and placed under a microscope. Each gutw#ngthwise, anthe contents
wereremoved an@xamined under a dissecting scophe contents were grouped into
four categories: algae, sand, detritus, and Texas wild rice. Contents grouped into each
category were then placed osadgwickRafterCounting Cell and observed under a
microscope. The total area of each category was then calculatedhes@tympus
cellSensvisual image analysis softwapeogram by drawing a polygon around each item
and calculéng the total area.

After the conclusiomf the experimenthie Texas Wild Ricavasremoved from
the stream channel cells, removed from their pots, and cut along the stuldmeate
separate abowground ad below groundsections of each plantheabovegroundand

below groundhiomass for eachlantwasweighed Theconcentration ofotal nitrogen
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(N) andphosphorousR) in the Texas wild rice abovground biomass watetermined by

sending samples to the Texas A&M Soil, Water, and Forage Testing Laboratory.

Data Analysis

All data was analyzed using the Minitab software package. Prior to data analysis
the data was tested for normality. If the data was found to fit the normal distribution,
parametric tests were usdth asses the effects afuckermoutlarmoredcatfish, Texas
wild rice, and their interactioan water chemistryorganic matter decompositicand
periphytona twoway repeated measures ANOVA waerformed To assess the effects
of presenceabsene, and high density aftfish onTexas Wild Rice abovgroundand
below groundiomassand nutrientontentaoneway ANOVA wasperformed.Texas
wild rice leaf lengtrandrelativeChla valuewereanalyzedacrosgime intervalsusing an
analysis of covariace (ANCOVA) withsampling datservingas the covariaté\ two-
way repeated measures ANOVA was performed to assess the effeatisbistocking
rates the presence of Texas Wilite, and their interaction on catfish weight, catfish
length, and catfish gut conteitlthough the experiment initially had fiveepicates for
each treatment, one stream channel cell had to be removed due to the deattatiisbne
in cell 12 (C++ R+)If significant differences were found the mean level of any
variable between levels of a categorical varia@l&@ukey multiple comparison teswas
subsequentlyun to determine which treatments were significantly different.

If the distribution of data was found to be not normal, apammetric Kruskal
Wallis test was run in the place of the ANOVA to test for differences im#ghian level

of a variable between levels of categorical variables. If significant differences in the
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medi an | evel of a variable were detected b
test was subsequently utilized to test for individual pair wierdnces. Statistical

significance for all analyses was inferred &9 .B5.

22



23

RESULTS

Prior to the stardf the experimenthe San Marcos River flooded and inundated
the experimental stream channel area located at Texas State University in San Marcos.
This flood delayed the start of te&periment due to clean up efforts and destruction of
some of the experimental components. The flood occurred before the placement of
suckermouth armored catfish and Texas wild rice, howd#vettiles for periphyton
analysis and Texas Oak leaves werecaffeé. The tiles were able to be cleaned of organic
matter and debris and replaced before the start of the experiment. However, the Texas
Oak leaves that were outside of the cages were unable to be replaced and the leaves
inside of the cages likely had dagesor higher accumulated organiatter due to the
flood. Therefore this portion of the experiment was terminated. affiegted equipment

such as lights, electrical cords, and pumps were replaced if necessary.

Water Chemistry

Somewater quality variablegspecific conductance, pH, and dissolved oxygen)
werefound to besignificantly differentamongtreatmens. Theactualvariation of these
variablesamong tle different treatments was minim@lells 13,14, and 15 had different
water chemistry measurements than the other cells due $pifetat the top of that
stream channel being turned off, mdlbwing any new water to beycled througtthe
raceway initially The spigot was turned back when it wa noticed on day 0, but the

differencein water chemistrypersisted throughout the experimeadbwever, as time
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progressed, the water quality in teiteeam channel becanneore similar to all the other
stream channel8ased on the tolerance of the spetéssed, | believe the statistical
differences in water quality amostream channslwerenot great enough to cause a
biological effect(i.e. biologically insignificant)Table2 lists the water chemistry
variablesmeasured along with their range andgbues for catfish, rice, and the
interaction of catfish and rice.

Table 2. Summary of epeated measures tmay ANOVA resultsfor water quality
variablesaveraged over all sample days. The significant diffeg, range of values, and

p-value for the influence of catfistocking levelsrice presenceand their interaction are
listedfor ead water quality variable

Water Quality | Significantly Catfish Rice Interaction

Variable different? Range p-value | p-value p-value

Temperature {C) No 21.0-22.1 0.141 0.272 0.099

Specific

Conductance (uS) Yes 432-632 0.03 0.64 0.687

pH Yes 7.43-8.43 <0.001 | 0.341 0.414

Dissolved Oxygen

(mg/L) Yes 6.48¢9.13 | <0.001 | 0.003 0.010

PAR(umol/s/m?2) Yes 45.98-407.1 | 0.329 | <0.001 0.121

| failed to detecta significant difference ithe temperature among treatment
levelsfor catfish(p=0.141) rice (p=0.272), and theinteraction(0.099) There was a
significantdifference(p=0.03)in thespecific conductance amouglls containing
differentlevelsof catfish densityKigure7). The treatment withouwtatfish was
significantly different fronthe treatmentvith low densityof catfish(Appendix B2).
There was a significant differene<0.001)in the pH among the different treatments of
catfish densityKigure8). The treatment withowtatfish was significantly different from
the treatmentwith low density and high density of catfishgpendix B3). There was a

significant difference in the dissolved oxygen among treatments for cgafil001)
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rice (p=0.003) and their interactio(p=0.010)(Figure9). Cells containing oneatfishper

cell and ricewvere significantly different from all other treatmemgppendix B4).
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Figure 7. Interval plot of specific conductance with 95% Bonferr@Gonfidence Interval
(CI) for the mearn stream channels for control (&), rice Zizania texanaonly (G

R+), catfish Pterygoplichthys sponly (C+R), catfish and rice present (C+R+), catfish
in high density (C++R and catfish in high density and rice present (C++HRaigtments
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The PAR values were significantly differgp<0.001)in cells containingice
when averaged over all sampling daf#se average PAR values in treatment cellth
rice weresignificantly higher than the ceNgithout rice Figure10). When measuredn
day Oin the morning during a sunny ddkie PAR measurements wérghly
significantly different(p<0.001) among the different treatmeniBhis pattern in PAR
measurementsaslikely due to the sticture of the building. One wall had a chain link
fence and sunlight would penetréteoughunfiltered duringhe morning and illuminate
some treatment cells more thahers. During cloudy days thigfect was not observed
The cells were arranged in a way so that the cells that contained Texas wild rice would
receive more sunlight to facilitagrowth. During cloudy sample days 14 and 28, PAR
readings taken in the morning of day 14 and afternoon of day 28 showed no significant

differences among stream channel treats\épay 14 p=0.293Day 28 p=0.99).
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Figure 10. Interval plot of PAR readings with 95% Bonferroni CI for the mean anating
treatments.
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Organic Matter Decomposition

| failed to deteca significant differencen the decompositionf caged Texas Oak
leaves due to the effect of catfish (p=0.536), Texédrice (p=0.957), or their potential
interaction (p=0.306hased on data collected up to dayll#as unable to analyzbe
openTexas Oak leaves because they were destroyed in a flood that occurred right before
the start of the experiment anduldnot replace ther{Figure11). On day 28, some
leaves were lost in an accident befbveas able to weigh thenTherefore | did not have
sufficientleavesto conducta statisti@al analysion the remaining leaf weights or the

decomposition rate over time.

Figure 11. Photo showing flood levels iime stream channel area at Texas State
University in San Marcos on September 2816 All strean channels were flooded
about3ft above their normal water level.
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Periphyton

Therewas an overakignificant difference between caged apen tiles
(p<0.00), with opentiles having a higher avera@hla content(0.019ug/cni) than
cagediles (0.013ug/cn?). There was lso asignificant difference in thamount of
periphyton chlorophyia levels(Chla) in caged tileeamongdifferent stocking densities
of catfish(p=0.003. Cells containing high densitied catfish weresignificantly different
than treatmentwith low densitieof catfish andreatments lacking catfish (Appendgx
7). The treatments with catfish high densityhad the highest avera@hla content at
0.020ug/cn?, the treatments witlow density of catfia had the middleChla content at
0.012 pg/cr, and the treatments withocatfish had the loweghla contentat0.010
ug/cn?. There was also a significant difference in the amount of periphytanirChl
caged tiles amongfierent rice treatments (p=0.04S reatments with rice had
significantly higher periphyton Cal(0.016ug/cn?) than treatments without rice (0.011
ug/cn?) (Figure13d). | failed to detect a significant difference in the &inl caged tiles
due to the potential interaction of catfish aio# (p=0.674

There wasalsoa significant difference in th€hla content oropentiles for
various levels of catfish stocking dengjpx0.00). Treatmentsvith high density of
catfish were significantly different than treatments Jativ density of catfistand
treatments lacking catfig\ppendixB-8). The treatmentwith high density of catfish
had the highest avera@hla content aD.029ug/cn?, the treatments witlow density of
catfishhad the middl&hla content a.017ug/cn?, and the treatmentacking catfish
had the lowesChla contentat 0.012ug/cn? (Figurel14). | failed to detect a significant

difference in theChla on open tiles between Texas wild rice treatment levels 439D.
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or the interaction of catfish and Texas wild ripe0.455. Observéions of the stream
channels cells sheed that cells without catfish appeared to have rfloaging algae

growth than cells with high density or low density of catflSigure12 shows pictures

taken from sample day 14 showing more algae growth in a stream channel cell without
catfish compared to a stream channel cell with catfisb.floating algae may have

confouncdd the test results due to shading of the bottom tiles, causing lesser than

expected periphyton Cltoncentrations in cells lacking catfish.

Figure 12. Photos taken during sample day 14 showing a cell without catfish, that is
covered in algae (left) and a cell that contains catfish and does not have as much algae
growth (right).
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Texas Wild Rice

There was aignificantdifference (p=0.09) in the aboveground biomass of
Texas wild rice among the different treatmeifigure15). The treatmentiacking catfish
was significantly different from the treatment with catfish in high densippéndix G
1). The Texas wild rice in the treatmetdsking catfishhad the lowescalculated
average laoveground biomass at 22.198Thenext highest was treatments with low
density ofcatfish at27.458g, andthe highest average abogeound biomass was in
treatment cedl with high density of catfish 85.878 gl failed todetecta signficant
difference(p=0.197 in thebelow groundiiomassf Texas wild rice among the different
catfishtreatmentgFigure16). The Texas wild ricéreatmentacking catfishhad the
lowest averagbelow grounddiomass of 13.338; the next highegtl3.946g) was in
treatments withow density ofcatfish and the higestlevel ofbelow grounciomass
(16.720 gwasobservedn treatments witlthe highest density of catfish also failed to
detecta significant differenc€p=0.623)in the aboveground: béow ground biomass ratio

among fish stocking level&igurel?).
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