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Abstract: The introduction of hatchery-reared trout into Oklahoma’s Lower Mountain Fork River
(LMFR) has enhanced angling opportunities. However, both Brown Trout (Salmo trutta) and Rainbow
Trout (Oncorhynchus mykiss) have recently behaved erratically, with subsequent mortality, thought to
be the result of Red Imported Fire Ant (Solenopsis Invicta Buren) flotilla consumption during flood
events. The objectives of this paper are to: (1) enumerate diets, (2) compare physical characteristics
and diets between trout species, and (3) determine if there is a relationship between diet and phys-
ical characteristics of dead trout collected after two flooding events (February 2023, June 2024) at
the LMFR. Analysis of nine dead trout revealed that Fire Ants comprised 99% of their diet by fre-
quency of occurrence, percent composition by number, and percent composition by weight. Statis-
tical analysis showed no significant difference between Brown Trout and Rainbow Trout physical
characteristics (length, weight) or diet characteristics (diet weight, number of Fire Ants consumed).
Significant positive correlations were observed between fish size (length, weight) and diet weight,
though no relationship was found between fish size and number of fire ants consumed. We found larger
trout generally consumed a greater mass of Fire Ants, suggesting a potential threshold effect where
high ingestion of Fire Ants may lead to mortality. However, more work needs to be done to deter-
mine the mechanistic cause and mortality threshold for Red Imported Fire Ant consumption by trout.

Introduction pated, or to enhance angling opportunities where
natural trout populations were reduced or extir-

For more than a century, the introduction ~ pated due to anthropogenic impacts (Hanisch et

of hatchery-reared salmonid fishes into streams al. 2012). Trout are typically found in cold-wa-
and reservoirs has been used to provide angling ter streams, reservoir tailwaters, or seasonally in
opportunities where native fish have been extir- small impoundments where water temperatures
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remain suitable for their survival (Snow et al.
2019). Brown Trout (Salmo trutta) and Rainbow
trout (Oncorhynchus mykiss) are not native to
Oklahoma (Miller and Robison 2004), but the
Oklahoma Department of Wildlife Conservation
(ODWC) stocks them in certain waters to provide
angling opportunities (ODWC 2023). In 1965
ODWC started a put-and-take trout stocking
program on the lower Illinois River below Lake
Tenkiller, followed by trout stockings on the Blue
River Public Fishing area in southern Oklahoma
in 1968 (Gilliland 1989). Since the 1960s ODWC
has expanded the Lower Mountain Fork River
(LMFR) to a year-round trout fishery and created
several other seasonal trout put-and-take fisher-
ies (ODWC 2023). Trout stockings are primarily
conducted from November through the end of
February when water temperatures are cooler.
Both Brown Trout and Rainbow Trout are con-
sidered cold-water species with a critical thermal
maximum ranging from 23 to 30°C (Beitinger et
al. 2000; Carline and Machung 2001; Chen et al.
2015). However, critical thermal maximum for
these species can vary based on factors such as
acclimation, size, and genetic adaptation to local
environmental conditions (Beitinger et al. 2000).

Hatchery-raised trout are opportunistic
feeders that quickly adapt to a natural diet, pre-
dominantly consuming invertebrates (Tay et al.
2007, Odenkirk and Estes 1991, O’Rouke 2014).
Although typically small, the magnitude and se-
verity of impacts on other native fish and inverte-
brate populations vary considerably from system
to system (Rodger et al. 2021, Rodger and Stark
2022). For example, Fenner et al. (2004) found
that stocked Rainbow Trout rarely compete with
other top predators in these systems, though they
might compete with insectivorous fish such as
darters, sculpins, and cyprinids. Likewise, Met-
calf et al. (1997) suggested stocked trout can
potentially influence the recruitment of Small-
mouth Bass (Micropterus dolomieu) through
competition and Snow et al. (2019) illustrated
that stocking predatory fish like trout can nega-
tively influence age-0 Gizzard Shad (Dorosoma
cepedianum) biomass. Given their broad diet
and adaptability, trout are able to consume a
broad range of diet items. However, consumption
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of invasive species such as Red Imported Fire
Ants (Solenopsis Invicta Buren; Figure 1) may
have negative consequences on their survivabil-
ity (sensu Hutchins 1960, Prather 1960, Crance
1965).

Postpetiole

Petiole

Figure 1. Photograph of a Fire Ant collected
in July of 2024. The distinguished feature of a
Red Imported Fire Ant is the two nodes on the
waist portion of the abdomen called the petiole
and postpetiole. Picture courtesy of Brandon
Brown.

The Red Imported Fire Ant is a global
invader that has been introduced to at least sev-
en countries, including the United States in the
mid-1930s, where it has spread across fourteen
states (Mooney and Cleland 2001, Robbin et al.
2012). They have successfully invaded the south-
ern United States, specifically Oklahoma, due to
the lack of interspecific competition with other
ant species and the absence of more diverse ag-
gressive ant fauna found in South America (Allen
et al. 2004, Morrison et al. 2004). Anthropogen-
ic soil disturbance increases the density of Red
Imported Fire Ants, while they can achieve high
densities in both dry and wet undisturbed habi-
tats, their populations are substantially influenced
by soil disturbance, with densities decreasing
over time as disturbed areas return to condi-
tions similar to undisturbed ones (LeBrun et al.
2012). This pattern of fire ant density related to
soil disturbance is a novel finding and highlights
the significant impact of anthropogenic activities
on their population dynamics as it relates to the
highly developed LMFR area.
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Anthropogenic influences, such as the
development of infrastructure like parking lots,
have created the perfect habitat for introduced
Red Imported Fire Ants, and the colonization of
these areas of the LMFR (LeBrun et al. 2012).
The LMFR cuts through an area with shallow
rocky soils which allow little rainfall to be ab-
sorbed into the ground. During heavy or pro-
longed rainfall this often results in flooding of
low-lying areas. Heavy rain events wash out some
Red Imported Fire Ants into sounding tributaries
that are within the mound portion of their nest
that can range from 30 cm to 90cm tall (Green
et al. 1999), into the LMFR. Red Imported Fire
Ants survive flooding events by creating a flotilla
(Figure 2), a behavioral response in which ants
connect to one another to form a structure that
allows them to float on the surface of the water
(Roeder et al. 2018). While flotillas are present in
the river, predation by trout or other fishes in the
river is likely occurring. Although anecdotal, an-
gler observational records indicate that when Red
Imported Fire Ant flotillas are observed floating
in the LMFR, trout are also observed acting errat-
ically or are found dead.

Figure 2. This photograph shows a Red Im-
ported Fire Ant flotilla formed by ants linking
together (shown in the close-up photograph of
the structure) to float on the water’s surface.
This behavior enables them to survive flood-
ing events. These flotillas can become prey for
fish, including trout, as they drift into aquatic
habitats.
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Reports of dead trout were received
from anglers on February 23, 2023, and June 17,
2024, from the LMFR. Anglers observed Red Im-
ported Fire Ants in a stomach removed from one
of the dead trout (Figure 3). Afterward, the angler
collected a subsample of dead trout was for diet
analysis to verify stomach content. The objectives
of this study were to: (1) enumerate diets of dead
trout, (2) compare physical (i.e., length, weight)
and diet characteristics of expired Rainbow Trout
and Brown Trout to determine if there are differ-
ences between each species, and (3) determine if
there is a relationship between diet (i.e, weight,
Red Imported Fire Ants consumed) and physical
characteristics of dead trout.

Figure 3. Photograph taken by an angler of a
dead trout that had consumed Red imported
Fire Ants at the Lower Mountain Fork River,
OK, on June 17, 2024.

Methods

A total of five trout (3 Brown Trout and
2 Rainbow Trout) were collected by anglers on
February 23, 2023. An additional four trout (2
Brown Trout and 2 Rainbow Trout) were collect-
ed by the ODWC on June 17, 2024. All trout were
frozen upon capture or received frozen from an-
glers and remained frozen until processing. Trout
were thawed and processed at the Oklahoma
Fisheries Research Lab in Norman, Oklahoma.
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Fish were identified using information present in
Oats et al. (1993) and Miller and Robison (2004).
Fish were measured for total length (mm) and
weight (g). Stomachs were extracted, prey items
were removed, identified and enumerated, and
prey items were weighed (g). All prey items were
identified to species when possible, using scien-
tific taxonomic keys to identify aquatic inverte-
brates (Merrit et al. 2008). Due to the presence
of ants, we used a key in Hung et al. (1977) to
determine the species of Red Imported Fire Ants.
Stomach samples were analyzed by percentage
of empty stomachs, frequency of occurrence (O;),
percent composition by number (N;), and percent
composition by weight (Wj; Bowen 1996; Chipps
and Garvey 2007).

Several species-specific comparisons
were made between Rainbow Trout and Brown
Trout. We compared Rainbow Trout versus Brown
Trout weights and TLs, and recorded if they ex-
hibited differences in the number of Red Import-
ed Fire Ants consumed present in the stomachs or
the weight of their diet samples. Weights for both
species were log,, transformed prior to analysis
(Zar 1999). If data were normal and variance was
equal between species samples a Student’s t-test
was used (Student 1908), if data were normal and
variance was unequal between species samples
a Welch’s t-test was used (Welch 1951), and if
data were nonnormal but variance was equal be-
tween species samples a Mann-Whitney U test
(Mann and Whitney 1947) was used (o = 0.05).
Normality was assessed for each species using a
Shapiro-Wilks test (Shapiro and Wilks 1965) and
equality of variance between each species sam-
pled determined via an F-test (o = 0.05).

We then compared diet and fish size
metrics. Pearson correlations were used to assess
and test the strength of the association between
weights and TLs of fish and the number of Red
Imported Fire Ants consumed and diet weight
(Pearson 1896; a = 0.05). Fish weight, TL, num-
ber of Red Imported Fire Ants consumed, and
diet weight were all log  transformed for these
analyses (Zar 1999). Normality of each variable
was determined via a Shapiro-Wilks test and ho-
moscedasticity was determined via a studentized
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Breusch-Pagan test (Breusch and Pagan 1979,
Koenker 1981; o = 0.05). Outliers for each vari-
able were assessed by transforming each log
transformed variable into a z-score and determin-
ing if they fell within the range of -3.29 — 3.29.
All analyses were conducted in program R ver-
sion 4.4.1 (R Core Team 2024).

Results

Of the 9 specimens collected, 0% had
empty stomachs. Brown Trout and Rainbow Trout
ranged in TL from 193 - 246 mm and 176 - 307
mm (Table 1). Brown Trout and Rainbow trout
ranged from 60 - 322 g in weight (Table 1). Di-
ets by O, W,, and N, of these fish contained 99%
Red Imported Fire Ants and <1% other, which
consisted of a rubber grub lure, crawfish claw,
Isopod, Leathopper, and Odonate. The weight of
ants consumed ranges from 1.13 — 10.76 g with a
mean of 3.41 g of Red Imported Fire Ants per fish
with total weight 31.23 g of total ants consumed
by these 9 trout. In total, 1,285 Red Imported Fire
Ants were enumerated, ranging from 27 — 426
ants per trout stomach (Figure 4A).

Table 1. Species, total length (TL; mm), and
weight (g) of expired trout from the Lower
Mountain Fork River, OK. Included are the
number of Red Imported Fire Ants (Fire Ants)
within each trout stomach and the weight of the
diet items from each stomach (Diet Weight).

Species TL Weight  Fire Ants Diet Weight
Brown 193 80 86 1.77
Brown 205 84 83 2.14
Brown 216 88 35 1.19
Brown 241 148 51 1.47
Brown 246 150 48 2.29
Rainbow 176 60 211 2.48
Rainbow 191 70 27 1.13
Rainbow 301 278 318 8.00
Rainbow 307 322 426 10.76

Log,, transformed weight, TL, number of
Red Imported Fire Ants consumed, and diet sam-
ple weight were all normal for samples from Rain-
bow Trout (W range = 0.80 — 0.98, all p > 0.05).
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Figure 4. Images show the stomach and intestinal contents of trout sampled from the Lower
Mountain Fork River. The upper panel (A) depicts a trout stomach filled primarily with Red
Imported Fire Ants, while the lower panel (B) shows a section of the trout's intestines contain-
ing Red Imported Fire Ants and other minor dietary items.

Log,, transformed TL, number of Red Imported
Fire Ants consumed, and diet sample weight were
normal for samples all Brown Trout (W range =
0.87 —0.96, all p > 0.05); however, log , weight
was not normal (W = 0.77, p = 0.04). Varianc-
es were unequal between species for number of
Red Imported Fire Ants consumed (F = 0.02,
p < 0.01) and diet weight (F = 0.01, p < 0.01).
Welch’s t-tests suggested that the two species
consumed a similar number of Red Imported Fire
Ants (t = -2.16, p = 0.12) and that diet weights
were similar between species (t=-1.67,p=0.19).
Variance was similar between species TLs (F =
0.11, p=0.06) and student’s t-tests suggested TLs
were similar between species (t=-1.90, p=0.10).
Variance was similar between log,  transformed
weights (F = 0.13, p = 0.08) and Mann-Whit-
ney U tests suggested log,, transformed weights

were similar between species (W = 10, p = 1.00).

Statistically similar sizes of expired
Rainbow Trout and Brown Trout were sampled
from the Lower Mountain Fork River, OK. Both
species appeared to consume a statistically simi-
lar number of Red Imported Fire Ants, and their
stomach contents exhibited statistically similar
weights. Though a small number of other organ-
isms were present in diets, most of the matter
within each stomach consisted of Red Imported
Fire Ants. These tests suggest that there was not a
species-specific bias in weight or TL of observed
expired trout. It also suggests that no species-spe-
cific preference for consuming Red Imported Fire
Ants was exhibited in the Lower Mountain Fork
River. However, these findings are likely driven
by low sample size.

Proc. Okla. Acad. Sci. 104: pp 31-40 (2024)



36 Trout Mortality in Lower Mountain Fork River

All data were normally distributed after
log,, transformations based on our Shapiro-Wilks
test (W range = 0.84 — 0.92, all p > 0.05). Like-
wise, the relationships between log,  transformed
weight and TL was homoscedastic for both log
transformed number of Red Imported Fire Ants
consumed and diet weight (BP range = 0.09 —
1.20, all p > 0.05). No outliers were detected in
any log , transformed variable (z-score range =
-1.27 — 1.83). The Pearson correlation between
log,, transformed weight and number of Red
Imported Fire Ants consumed was 0.57 and was
determined to be insignificant (t = 1.85, df = 7,
p = 0.11). The Pearson correlation between log
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transformed TL and number of Red Imported Fire
Ants consumed was 0.51 and was determined to
be insignificant (t = 1.56, df =7, p = 0.16). The
Pearson correlation between log,, transformed
weight and diet weight was 0.81 and was signifi-
cant (t=3.70,df =7, p <0.01). The Pearson cor-
relation between log, transformed TL and num-
ber of diet weight was 0.77 and was significant (t
=3.22,df=7,p=0.02).

Number of ants consumed did not appear
to be significantly correlated with fish weight or
TL (Figure 5). However, the weight of diet items
was significantly positively correlated with fish
weight and TL (Figure 5). Given Red Imported
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Figure S. Log,, transformed number of Red Imported Fire Ants consumed and diet weights plot-
ted against log , transformed total lengths and weights from dead trout collected from the Lower
Mountain Fork River, OK (black circles). Included are Peterson correlation coefficients (r) and

significance of each correlation (p).

Proc. Okla. Acad. Sci. 104: pp 31-40 (2024)



R.A. Snow, D.M. Bogner, and D.L. Zentner

Fire Ants constituted most of the diet weight in
each stomach, it is likely larger fish consumed
a greater mass of Red Imported Fire Ants prior
to expiring. Given the phenotypic variation in
Fire Ant colonies this is likely the reason that the
number of Red Imported Fire Ants did not exhibit
a relationship with either weight or TL of expired
fish.

Discussion

This is the first study in Oklahoma to
demonstrate a connection between the consump-
tion of Red Imported Fire Ants by trout in the
LMFR and the observed deaths of these fish. Red
Imported Fire Ants were found in the highest
abundance of all prey items in the diets of both
Brown and Rainbow Trout found dead within
the LMFR. Although the sample size is limited,
there is little variation between Brown and Rain-
bow Trout in terms of the number and weight of
ants consumed. Despite this, the number of Red
Imported Fire Ants consumed did not exhibit a
significant correlation with trout weight or total
length. Instead, the weight of diet items, includ-
ing Red Imported Fire Ants, was significant-
ly correlated with trout size. This suggests that
while the proportion of Red Imported Fire Ants
in the diet was high across all sampled fish, larg-
er trout may be consuming a greater total mass
of these ants. The finding of similar diet compo-
sition between Brown and Rainbow Trout indi-
cates that both species are equally affected by the
presence of Red Imported Fire Ants, but it also
highlights the need for further investigation into
how different factors, such as prey availability
and trout size, influence the effects of consuming
Red Imported Fire Ants.

Despite the high percentage of Red Im-
ported Fire Ants found in the trout stomachs, the
study did not observe a direct statistical correla-
tion between the number of Red Imported Fire
Ants consumed and fish size, suggesting that
other factors might also play a role in the mor-
tality of the trout. However, the significant cor-
relation between diet weight and fish size implies
that larger fish are more likely to have ingested a
greater mass of Red Imported Fire Ants, which
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could exacerbate the impact of consuming these
invasive ants. This underscores the potential
for a threshold effect, where exceeding a cer-
tain amount of ingested Red Imported Fire Ants
might result in acute health issues leading to the
trout’s death. For example, based on the weight
of the diet sample divided by the number of ants
counted, each ant weighed ~.024 g. Extrapolat-
ing out the percentage of total Fire Ant weight to
trout weight results in an estimated value of 2.3%
(Table 1). This suggests that an individual trout
consuming > 2.3% of it is weight in Red Import-
ed Fire Ants may die. However, further experi-
mentation would be needed to confirm this value.
This is especially true as trout examined in this
study consumed 66.2 to 304.7 g of Red Imported
Fire Ants and that value on average is 1.5 times
higher than Red Imported Fire Ants enumerated
in diets. Further investigation into the digestive
tract of the fish showed that Red Imported Fire
Ants were prevalent throughout the entire diges-
tive tract of all dead fish (Figure 4B). This sug-
gests that investigation of the total digestive tract
may be more representative of the total number of
Red Imported Fire Ants consumed by the fish re-
sulting in a better estimate of the number of Red
Imported Fire Ants that would potentially cause
trout mortality.

This is the first documented event of
Red Imported Fire Ants causing death to fish in
Oklahoma waters; however, it is not the first doc-
umented fish death due to Red Imported Fire Ants
in the United States. Green and Hutchins (1960)
fed Red Imported Fire Ants to a variety of sunfish
in ponds after reports of Red Imported Fire Ants
causing fish kills and did not record any mortality;
however, when sunfish were force-fed 1-2 milli-
meters of macerated Red Imported Fire Ants in a
lab setting, fish died <1 hr. Furthermore, Prather
(1960) fed gelatin pills to sunfish containing 100
Red Imported Fire Ants twice daily for 4 weeks
with no fish mortalities being observed. Crance
(1965) examined 153 sick or dead bluegills, with
151 of those individuals containing Red Imported
Fire Ants in diet samples. In 1963 the Alabama
Department of Conservation received reports of
several fish kill events. During the ensuing inves-
tigation, 183 sick or dead fish were taken from
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26 ponds and examined, with 96.7% of the fish
stomach content containing whole or pieces of
winged Red Imported Fire Ants (Crance 1965).

Anglers and ODWC staff have observed
interesting behaviors in trout after ingesting Red
Imported Fire Ants, such as loss of equilibrium
and swimming ability. During these observations,
some fish have been seen recovering from this
state after some time, and others that are dying
or dead are collected. This behavior is likely due
to the consumption of a small amount of Red Im-
ported Fire Ants, although this antidotal observa-
tion it is supported by examining the stomachs of
expired trout in the same area where trout were
observed with loss of equilibrium and swim-
ming ability. Although this is extrapolated from
our data with a low sample size, it does provide
a plausible reference on where to start to under-
stand what the threshold is for what amount of
Red Imported Fire Ants a trout can consume un-
til death may occur. For example, Crance (1965)
documented fish becoming sick or distressed
after being exposed to swarms of Red Imported
Fire Ants. In one observation, hundreds of fish in
ponds were affected, but most recovered within
12 to 18 hours (Crance 1965). Further experi-
ments documented seven sick or distressed blue-
gills from ponds that were brought to the lab; all
seven recovered within 12 hours and remnants of
Red Imported Fire Ants were found at the bottom
of the holding tanks (Crance 1965).

Data from this study indicate that mor-
tality due to the consumption of Red Imported
Fire Ants is likely occurring on the LMFR. How-
ever, the mechanistic cause remains unknown.
The physical damage caused by consuming many
Red Imported Fire Ants might interfere with the
trout’s digestive system, leading to complications
or even death. Likewise, the potential toxicity of
consuming many Red Imported Fire Ants may
cause complications or mortality. The mechanis-
tic cause of these symptoms should be an area of
future study. Regardless, Red Imported Fire Ant
consumption could become a critical concern for
the management of trout fisheries in the LMFR.
For example, given Red Imported Fire Ants ap-
pear to be consumed when flooding occurs on
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the LMFR and flooding is becoming more com-
mon, mortalities due to Red Imported Fire Ant
consumption may increase in frequency. Investi-
gation into the mechanism behind mortality due
to Red Imported Fire Ants consumption may be-
come important to fisheries managers in other ar-
eas where Red Imported Fire Ants are common or
increasing as they expand their geographic range.
Understanding the precise mechanisms behind
this mortality is crucial for mitigating the impacts
of invasive species on aquatic ecosystems and de-
veloping strategies to protect both the trout popu-
lations in the LMFR and the overall health of the
environment.

Acknowledgments

We thank Amie Robison, Madison
Mitchelle, Michael Williams, Michael Rich-
ardson, and anglers who helped in the field and
lab for assisting in field sampling and laborato-
ry sampling. We would like to thank Ken Cun-
ningham, Kurt Kuklinski, and Dr. James Long
for reviewing a prior draft of this manuscript. We
thank Brandon Brown for providing pictures and
Don Brown for improving the figure quality for
this manuscript. We would also like to thank Dr.
Mostafa Elshahed and the anonymous review-
ers for providing edits that improved this manu-
script. The Sport Fish Restoration Program Grant
F-112-D-3 to the Oklahoma Department of Wild-
life Conservation provided financial support for
this publication.

References

Allen, C. R., D. M. Epperson, and A. S. Garm-
estani. Red Imported Fire Ants impacts
on wildlife: A decade of research. Amer-
ican Midland Naturalist 152:88-103.

Beitinger, T. L., W. A. Bennett, and R. W. Mc-
Cauly. 2000. Temperature toleranc-
es of North American freshwater
fishes exposed to dynamic chang-
es in temperature. Environmen-
tal Biology of Fishes 58:237-275.



R.A. Snow, D.M. Bogner, and D.L. Zentner

Breusch, T.S., and A.R. Pagan 1979. A
simple test for heteroscedastici-
ty and random coefficient varia-
tion. Econometrica 47:1287-1294.

Cambridge: Cambridge University Press,
1948.R Core Team. 2024. R: A lan-
guage and environment for statistical
computing. R Foundation for Sta-
tistical Computing, Vienna, Austria.
available:  https://www.R-project.org/.

Carline, R. F. and J. F. Machung. 2001. Critical
Thermal Maxima of Wild and Domestic
Strainsof Trout. Transactionsofthe Amer-
ican Fisheries Society 130:1211-1216.

Chen, Z., M. Snow, C. S. Lawrence, A. R. Church,
S.R. Narum, R. H. Devlin, and A. P. Far-
rell. 2015. Selection for upper thermal
tolerance in rainbow trout (Oncorhyn-
chus mykiss Walbaum). The Journal
of Experimental Biology 218:803-812.

Crance, J. H. 1965. Fish kill in Alabama ponds
after swarms of the imported Fire Ant.
The progressive Fish Culturist 27:91-94.

Fenner, D. B., M. G. Walsh, and D. L. Win-
kelman. 2004. Diet overlap of intro-
duced Rainbow Trout and three na-
tive fishes in an Ozark stream. Pages
475482 in M. Nickum, P. Mazik, J.
Nickum, and D. MacKinlay, editors.
Propagated fishes in resource man-
agement. American Fisheries Society,
Symposium 44, Bethesda, Maryland.

Gilliland, G. 1989. Evaluation of a Win-
ter Put-and-Take Rainbow Trout
Fishery in Lake Watonga, Okla-
homa. Proceedings of the Oklaho-
ma Academy of Science 69:57-61.

Green, H. B., and R. E. Hutchins. 1960. Labo-
ratory study of the toxicity of import-
ant Fire Ants to Bluegill. Journal of
Economic Entomology 53:1137-1138.

Green, W. P., D. E. Petty, and R. E. Switzer. 1999.
Structure and hydrology of mounds of
the imported fire ants in the southeast-
ern United States. Geoderma 93:1-17.

Hanisch J. R., W. M. Tonn, C. A. Paszkowski,
and G. J. Scrimgeour. 2012. Complex
littoral habitat influences the response
of native minnows to stocked trout:

39

evidence from whole-lake compari-
sons and experimental predator enclo-
sures. Canadian Journal of Fisheries
and Aquatic Sciences 69:273-281.
Koenker, R. 1981. A Note on studentizing
a test for heteroscedasticity. Jour-
nal of Econometrics 17:107-112.
Hung, A. C. F., M. R. Barlin, and S. B. Vinson.
1977. Identification, distribution, and
biology of Fire Ants in Texas. Publ.
B-1185. The Texas Agricultural Ex-
periment Station, College Station, TX.
LeBrun, E. G., R. M. Plowes, and L. E. Gil-
bert. 2012. Imported fire ants near the
edge of their range: disturbance and
moisture determine prevalence and im-
pact of an invasive social insect. Jour-
nal of Animal Ecology 81:884-895.
Mann, H. B., and D. R. Whitney. 1947. On a test of
whether one of two random variables is
stochastically larger than the other. An-
nals of Mathematical Statistics 18:50—60.
Merrit, R. W., K. W. Cummins, and M. B. Berg.
2008. An introduction to the aquatic in-
sects of North America. Kendall Hunt
Publishing Company, Dubuque, IA.
Metcalf, C., F. Pezold, and B. G. Crump. 1997.
Food habits of introduced Rainbow Trout
(Oncorhynchus mykiss) in the upper Lit-
tle Missouri River Drainage of Arkansas.
Southwestern Naturalist 42:148—154.
Miller, R. J., and H. W. Robison. 2004. Fish-
es of Oklahoma. University of Okla-
homa Press, Norman, Oklahoma.
Mooney, H. A., and E. E. Cleland. 2001. The
evolutionary impact of invasive spe-
cies. Proceedings of the National
Academy of Science 98:5446-5451.
Morrison, L. W., S. D. Porter, E. Daniels,
and M. D. Korzukin. 2004, Poten-
tial global range expansion of the
invasive fire ant, Solenopsis Invic-
ta. Biological Invasions 6:183-191.
Oats, D. W,, L. M. Krings, and K. L Ditz. 1993.
Field manual for the identification of se-
lected North American freshwater fish
by fillets and scales. Nebraska Techni-
cal series No. 19, Nebraska Game and
Parks Commission, Lincoln, Nebraska.

Proc. Okla. Acad. Sci. 104: pp 31-40 (2024)



40

Odenkirk, J. S., and R. D. Estes. 1991. Food habits
of Rainbow Trout in the Tennessee tail-
water. Proceedings of the Annual Confer-
ence of the Southeastern Association of
Fish and Wildlife Agencies 45:451-459.

O’Rouke, P. M. 2014. Diet composition of
wild Brown Trout and stocked Rain-
bow Trout in a coldwater tailwa-
ter fishery in North Georgia. Journal
of the Southeastern Association of
Fish and Wildlife Agencies 1:83-88.

Oklahoma Department of Wildlife Conservation
(ODWC). 2023. Oklahoma Fishing
2022 — 2023 official regulation guide.

Prather, E. E. 1960. A note on the results of feeding
Fire Ants to Bluegill and Redear Sunfish.
Proceedings of the Southeastern Annual
ConferenceofGameandFish14:124-125.

Pearson, K. 1896. Mathematical contributions
to the theory of evolution. III. Regres-
sion, heredity, and panmixia. Phil-
osophical Transactions of the Roy-
al Society of London, Series A 187:
253-318. Reprinted in Karl Pearson’s
Early Statistical Papers, 113-178.

Robbins, T. R., N. A. Freidenfelds, and T. Lan-
gkilde. 2012. Native predator eats
invasive toxic prey: evidence for
increased incidence of consump-
tion rather than aversion-learning.
Biological  Invasions  15:407-415.

Rodger, A. W., S. L. Wolf, T. A. Starks, J. P. Bur-
roughs, and S. K. Brewer. 2021. Seasonal
diet and habitat use of large, introduced
rainbow trout in an Ozark Highland
stream. North American Journal of
Fisheries Management 41:1764-1780.

Proc. Okla. Acad. Sci. 104: pp 31-40 (2024)

Trout Mortality in Lower Mountain Fork River

Rodger, A. W., and T. A. Starks. 2022. Seasonal
changes in abundance and feeding ecol-
ogy of an endemic, keystone predator
following the introduction of large rain-
bow trout Oncorhynchus mykiss. Fisher-
ies Management and Ecology, 00, 1-16.
https://doi.org/10.1111/ fme.12580

Roeder, K. A., D. V. Roeder, and M. Kaspari.
2018. Disturbance mediates homog-
enization of above and below ground
invertebrate communities. Community
and Ecosystem Ecology 47:545-550.

Shapiro, S. S., and M. B. Wilk. 1965. An analy-
sis of variance test for normality (com-
plete samples). Biometrika 52:591-611.

Snow, R. A., D. E. Shoup, M. J. Porta, and C.

P. Patterson. 2019.Effects of wintertime

stocking of Rainbow Trout on the for-

age community of an Oklahoma im-

poundment. North American Journal

of Fisheries Management 39:289-298.

1908. The probable error of

a mean. Biometrika 6:1-25.

Tay, M. Y., A. J. Lymbery, S. J. Beatty, and D.
L. Morgen. 2007. Predation by Rain-
bow Trout (Oncorhynchus mykiss) on a
western Australian icon: marron (Cherax
cainii). New Zealand Journal of Marine
and Freshwater Research 41:197-204.

Welch, B. L. 1951. On the comparison of sev-
eral mean values: An alternative ap-
proach. Biometrika ~ 38:330-336.

Zar, J. H. 1999. Biostatistical analysis,

fourth edition. Prentice Hall, Up-
per Saddle River, New Jersey.

Student.

Submitted September 6, 2024 Accepted November 3, 2024



	cover page 2024 policies contents-T margins.pdf
	final.pdf



