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Black Buffalo Ictiobus niger are a catostomid species native to the Mississippi
River Basin with declining populations. Aquaculture is a common component of
recovery plans, however little information is published on catostomid culture methods.
This study developed culture techniques for Black Buffalo including tank acclimation,
induced spawning, larval rearing, and protein requirements. Fish needed a lengthy
acclimation (> 2 months) to reduce signs of stress. After, an induced-spawning protocol
was described with gonadotropin-releasing hormone analogue. Swim-up fry did not
readily consume zooplankton at first feeding but began selecting for cladocerans one
week after stocked in a rearing pond. The juvenile growth study found diets containing
41% crude protein are optimal for growth. Finally, trematodes harm catfish production,
and Black Buffalo are a potential control option for catfish producers. However, Black
Buffalo did not consume snails, the trematode’s intermediate host, suggesting they would
not be an effective trematode control.
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CHAPTER I
LITERATURE REVIEW
Introduction
Catostomidae is a non-game freshwater fish family characterized by a fleshy,
subterminal mouth with at least 76 species in the family (Cooke et al. 2005).
Catostomids are ubiquitously distributed across North and Central America with one
species in China (Cooke et al. 2005). This fish family can be found inhabiting both lentic
and lotic systems and makes up 7% of the total freshwater ichthyofauna in North
America (Harris and Mayden 2001). Of the 75 species native to North America, Jelks et
al. (2008) reports 49% are recognized as imperiled with 35% being reported as at risk for
being listed as endangered or threatened (Day et al. 2017).
There are many issues facing catostomids including multiple population stressors
and a lack of research and population monitoring. Similar to many threatened species,
catostomids face multiple population stressors with the primary ones being habitat loss
and connectivity, non-native species introduction, and urban and agricultural
development (Cooke et al. 2005). Further complicating conservation is variation among
species makes correct identification problematic (Cooke et al. 2005). Finally,
catostomids are often regarded as “trash fish” resulting in little research and population
monitoring to be focused on this family until species are listed as threatened (Cooke et al.
2005).
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The Black Buffalo Ictiobus niger is one of three buffalo species in North America
(Doosey and Bart 2011). Black Buffalo share similar appearances to other buffalo
species (Smallmouth Ictiobus bubalus and Bigmouth Buffalo Ictiobus cyprinellus) but are
distinguished with phenotypic characteristics including a subterminal mouth, a rounded
predorsal region, and a total length to body depth ratio >2.9 (Ross 2001). All three
species are broadly distributed throughout the Mississippi River Basin (Doosey and Bart
2011) with Black Buffalo often found in the main channel of large rivers, backwaters,
and sloughs (Ross 2001). Black Buffalo populations have been declining in recent
decades similar to many catostomid species (Trautman 1981, Ross 2001). Although this
thesis describes experiments focused on Black Buffalo, the literature review was
expanded to the Catostomidae family due to a lack of published information on culture
techniques specific to Black Buffalo.
Literature review
Artificial propagation is a key component in aiding the recovery of imperiled
species (Day et al. 2017). For example, Jackson et al. (2004) found 42% of state and
federal agencies use captive rearing in native species recovery plans. Conservation
culture methods often rear many individuals (Day et al. 2017) to preserve genetic
diversity, help reintroduction, and offset recruitment losses in the wild (Billman and Belk
2009). However, there is relatively little published information on rearing methods for
catostomids (O’Neill et al. 2011) despite 49% of all catostomids being reported as
imperiled (Jelks et al. 2008).
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Captive spawning
Captive spawning for catostomids is generally done by inducing wild-caught
broodstock to spawn. Mature catostomids are captured during their natural spawning
season, transported back to the hatchery, and immediately injected with hormones to
induce ovulation (Branchaud and Gendron 1993). Ovulated eggs are then fertilized with
milt from males (Branchaud and Gendron 1993). Inducing wild-caught broodstock to
spawn has been successfully used with Razorback Sucker Xyrauchen texanus (Marsh
1985), Robust Redhorse Moxostoma robustum (Jennings et al. 1996), Blue Sucker
Cycleptus elongates (Semmens 1985), and Copper Redhorse Moxostoma hubbsi
(Branchaud and Gendron 1993). Although this method is successful at inducing
catostomids to spawn in captivity, collecting wild broodstock disturbs spawning
aggregates and may reduce natural populations (Grabowski and Isely 2005).
Previous studies have outlined pond-spawning methods specific to buffalo where
water levels are increased over five days during the spring spawning season (Walker and
Frank 1952, Heard 1958, Brady and Hulsey 1959). However, pond-spawning yields
variable results (Heard 1958), prevents culturists from controlling predacious insects
which may consume larvae (Brady and Hulsey 1959), and prevents managers from
knowing how many larval fish are produced (Heard 1958).
Larval Rearing
Catostomid conservation involves rearing fish through vulnerable life stages (Day
et al. 2017); culturing fish in ponds is the primary strategy for agencies (O’Neill et al.
2011). For instance, Osmundson and Kaeding (1989) observed pond culture can promote
rapid growth of juvenile Razorback Sucker. Although Tyus and Severson (1990)
3

demonstrated Razorback Sucker will consume a commercial feed at first feeding; rearing
fish in ponds allows managers to provide live prey items (i.e., zooplankton) for extended
periods. Rearing catostomids extensively in ponds may be beneficial due to many
species, such as Razorback Sucker (Marsh 1987) and Black Buffalo (Ross 2001), feeding
on both zooplankton and invertebrates throughout their lifespan. Thus, O’Neill et al.
(2011) states fertilizing the rearing pond may increase growth, and suggests pond rearing
methods should be further evaluated.
Most facilities rearing catostomids supplement zooplankton populations by also
feeding a commercial diet (O’Neill et al. 2011). Kleinholz (2000) outlined a similar pond
rearing method for Bigmouth Buffalo where ponds are continuously fertilized for one
month post-stocking after which a commercial feed is added to the rearing pond daily.
However, it is uncertain if this method is appropriate for Black Buffalo due to Bigmouth
Buffalo remaining planktivorous throughout their life while Black Buffalo will transition
to feeding on benthic organisms (Ross 2001).
Nutrition
Successful rearing requires feeding a diet which meets nutritional requirements
for a species through all life stages maintained in captivity (Twibell et al. 2016). Protein
is one of the first nutrients tested when developing a diet for a new species (Sealey et al.
2013), because it provides amino acids necessary for muscle formation and energy (Yang
et al. 2002). Studies involving catostomids focus on the larval stage with commercial
diets containing >45% crude protein recommended for larval June Sucker Chasmistes
liorus (Hansen 2002) and larval Robust Redhorse Moxostoma robustum (Higginbotham
and Jennings 1999), and diets containing >50% crude protein are recommended for larval
4

Razorback Sucker Xyrauchen texanus (Tyus and Severson, 1990). However, catostomid
conservation involves rearing fish to large sizes to increase survival once stocked in the
wild (Day et al. 2017), and protein requirements decrease with fish size and age (Sealey
et al. 2013). Sealey et al. (2013) evaluated protein and lipid requirements for juvenile (36 month old) June Sucker and suggested a diet containing >40% crude protein is optimal
for growth. No studies evaluating protein requirements have been conducted on
catostomids beyond six months old or for any buffalo species.
Potential biological control for trematodes
The trematode, Bolbophorous damificus, is a nuisance to catfish producers,
because they can have a significant farm-level economic impact on the commercial
catfish industry (Wise et al. 2008). B. damnificus has impacted catfish farms in
Arkansas, Mississippi and Louisiana (Labrie et al. 2004). Even low prevalence rates (133%) are estimated to cause farm-level economic losses up to 61% (Wise et al. 2008).
This trematode is harmful to catfish production, because it decreases growth rates in adult
catfish (Wise et al. 2013) and increases mortality rates in juvenile catfish (Venable et al.
2000). Further, B. damnificus infections leave catfish vulnerable to secondary infections
such as enteric septicemia (Labrie et al. 2004).
B. damnificus has a complex life cycle which involves two intermediate hosts, the
Ram’s Horn Snail Planorbella trivolvis followed by a fish host, and finally the definitive
host, the American White Pelican Pelecanus erythrorhynchos (Yost 2008). B. damnificus
matures within seven days after infecting the pelican and lays ova in the pelican’s feces
(Yost 2008). As pelicans defecate around aquaculture ponds causing their feces to enter
water, the trematode’s free swimming larval stage (miracidia) hatch within 12-53 days
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and infect the first intermediate host, the Ram’s Horn Snail Planorbella trivolvis (Yost
2008) or the Ghost Ram’s Horn Snail Biomphalaria havensis (Rosser et al. 2016). The
trematode’s second free-swimming larval stage (cercariae) then emerge from the snail
and infect the Channel Catfish Ictalurus punctatus (the second intermediate host) by
forming a cyst under the skin where they mature into the juvenile stage (metacercariae)
(Mitchell et al. 2011, Rosser et al. 2016). The trematode’s life cycle then starts over once
a pelican consumes the infected catfish (Fox 1965, Yost 2008).
Most control focuses on disrupting the trematode life cycle by controlling the first
intermediate host (Ram’s Horn Snail) populations. Chemical treatments used to control
snails include hydrated lime, copper sulfate, citric acid, and salt (Ledford and Kelly
2006), but these chemicals can be expensive and potentially harmful to fish (Mitchell
2002, Noatch and Whitledge 2011). Biological control options are an effective
alternative to chemicals; Black Carp Mylopharyngodon piceus (Venable et al. 2000) and
Redear Sunfish Lepomis microlophus (Ledford and Kelly 2006) are the most viable
options for catfish producers. However, Black Carp present concerns over escapement as
they are not endemic to the US and are potentially invasive (Ledford and Kelly 2006).
The smaller gape size of Redear Sunfish limits the snail size fish can ingest and, in turn,
their ability to control B. damnificus prevalence (Ledford and Kelly 2006). Therefore, a
need exists to further evaluate native fish species as a biological control for Ram’s Horn
Snails.
Although the Black Buffalo diet is not fully described, they are benthic feeders
which consume a variety of organisms (Trautman 1981, Ross 2001). Minckley et al.
(1970) noted the Asiatic clam Corbicula manilensis to be the primary food source used
6

by Black Buffalo in Central Arizona reservoirs. Also, anecdotal evidence from
commercial catfish farmers in Mississippi indicate Black Buffalo may predate upon
gastropods. Thus, there may be potential for the species to be used as a biological control
in catfish ponds, although gastropod consumption has not been documented in Black
Buffalo.
Objectives
Based on this literature review, there is a need for research that develops culture
techniques specific to Black Buffalo and further examines mollusk consumption by Black
Buffalo. The primary objectives of this study are to develop an induced spawning
protocol for Black Buffalo, evaluate larval Black Buffalo feeding habits reared in ponds,
evaluate protein requirements for juvenile (age-1) Black Buffalo, and evaluate snail
consumption by both juvenile (age-1) and adult Black Buffalo.
Specifically, the objectives of this study are to:
1. Describe a protocol for tank acclimation and induce Black Buffalo spawning with
a gonadotropin releasing hormone analog (GnRHa).
2. Evaluate zooplankton selectivity and commercial feed consumption of
larval/juvenile Black Buffalo reared in an aquaculture pond.
3. Evaluate protein requirements for juvenile (age-1) Black Buffalo.
4. Evaluate Ram’s Horn Snail consumption by adult and juvenile (age-1) Black
Buffalo, and whether juvenile Black Buffalo are limited in their ability to
consume sizes of snails typically found in commercial catfish ponds.
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These objectives will provide a foundation for future research into buffalo culture
techniques, aid in future conservation of other catostomid species, and provide insight
into Black Buffalo’s ability to consume mollusks.
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CHAPTER II
TANK ACCLIMATION AND INDUCED SPAWNING OF A CATOSTOMID
SPECIES, BLACK BUFFALO ICTIOBUS NIGER
Abstract
The Black Buffalo Ictiobus niger is a deep-bodied, riverine species which has
experienced population declines similar to many other catostomids. Captive propagation
is an important component of conservation for declining species, although there is little
known information about induced spawning techniques for catostomids. Developing
culture techniques for Black Buffalo, including tank acclimation and induced spawning,
are potentially beneficial for conserving other catostomids as well. Therefore, tank
acclimation and induced spawning methods were examined in three separate spawns over
two years. Acclimation was aided by cool temperatures (~15oC), low salinity (3.0 ppt),
and light-reducing covers for 2.5 weeks, after which temperature was increased over
eight days (15 to 23oC; 1oC per day). Females (N=23; mean ± SE: total length = 641 ±
12 mm, weight = 4773 ± 299 g) were injected with a gonadotropin releasing hormone
analogue (GnRHa), and 7 of 23 ovulated (30.4%) with a mean fertilization percentage of
41.5% (SE: 7.1%). Large fish and fungal growth on incubating embryos provided
logistical challenges, further indicating the importance of minimizing stress during tankholding. Overall, this study outlines tank acclimation and demonstrates Black Buffalo
can be induced to spawn with GnRHa.
9

Introduction
Catostomids are a North American non-game fish family receiving few resources
focused on their ecology and management until species are recognized as imperiled
(Cooke et al. 2005). Recovery plans often include captive rearing, which aids
conservation by producing large numbers to offset recruitment losses in the wild (Billman
and Belk, 2009). However, culturing catostomid species is relatively new with little
information known regarding life history traits and culture techniques (Cooke et al.,
2005).
Documented methods for tank acclimating wild-caught catostomids are scarce.
Experiments using wild-caught catostomids have used prolonged (> 2 weeks) tank
acclimation due to fish displaying signs of stress (Schultz and Bertrand, 2011;
Underwood et al., 2014). Because of stress-associated behavior in wild-caught
broodstock, most other studies, including spawning (Hamman, 1985), rearing (Kindschi
et al., 2008), and physiology studies (Bulkley and Pimentel, 1983), used captively-reared
catostomids. However, for the vast majority of catostomids, captive-reared fish are not
available, and methods for culture have not been established. Therefore, evaluating tank
acclimation for wild-caught catostomids would benefit future experiments and
conservation culture that use wild-caught broodstock for induced spawning.
Rearing catostomids depends on producing new individuals through successful
spawning. Induced spawning wild-caught catostomids involves capturing mature
broodfish during the spawning season, transporting them back to the hatchery,
immediately injecting them with hormones to induce ovulation, and later strip-spawning
ovulated eggs (Branchaud and Gendron, 1993). Razorback Sucker Xyrauchen texanus
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(Marsh, 1985), Robust Redhorse Moxostoma robustum (Jennings et al., 1996), Blue
Sucker Cycleptus elongates (Semmens, 1985), and Copper Redhorse Moxostoma hubbsi
(Branchaud and Gendron, 1993) have been successfully spawned with this strategy.
However, relying on successfully capturing wild broodstock can be challenging due to
difficulty locating enough healthy individuals (Underwood et al., 2014). Also, disturbing
spawning aggregates may reduce natural reproduction (Grabowski and Isely, 2005).
Hormones are used to induce fish spawning in captivity, because female fish may
not ovulate volitionally, and males display reduced milt production due to difficulties
simulating environmental variables necessary for natural reproduction (Mylonas et al.,
2010). A gonadotropin releasing hormone analog (GnRHa) is effective at inducing
reproductive maturation in many fish species (Mylonas et al., 2010) including one
catostomid species, Robust Redhorse (Jennings et al., 1996). Jennings et al. (1996)
recommended using GnRHa over other hormones when spawning the Robust Redhorse
due to the increased ovulation success in female fish. However, the ability to induce
spawning with GnRHa in other catostomid species is unknown.
The Black Buffalo Ictiobus niger is a deep-bodied catostomid native to the
Mississippi River Basin (Doosey and Bart, 2011) which has seen noticeable population
declines, particularly in the Ohio (Trautman, 1981) and lower Mississippi Rivers (Ross,
2001). Therefore, Black Buffalo could potentially benefit from developing culture
techniques if populations continue to decline. Several studies outlined pond-spawning
methods for buffalo (Brady and Hulsey, 1959; Heard, 1958; Walker and Frank, 1952),
however pond-spawning attempts yielded variable results (Heard, 1958). Further, pondspawning prevents culturists from controlling predacious insects which may consume
11

larval fish (Brady and Hulsey, 1959). Heard (1958) was able to successfully strip-spawn
Black and Smallmouth Buffalo I. bubalus hybrids by keeping broodstock in an outdoor
pond (0.04 ha) and injecting catfish pituitary extract. No studies have attempted to hold
Black Buffalo in a tank environment and induce spawning with hormones other than
catfish pituitary extract. Developing spawning methods for Black Buffalo and evaluating
GnRHa as an option for hormone injections has the potential to benefit future
conservation for Black Buffalo and other catostomid species. Therefore, the objectives of
this study were to describe a protocol for (1) a tank acclimation procedure for Black
Buffalo and (2) using GnRHa to induce spawning in Black Buffalo.
Methods
Fish and Tank Acclimation
Mature Black Buffalo (n = 80; Mean ± SE: weight = 4216 ± 261 g, total length =
619 ± 11 mm) were caught via gill net by a commercial fisher in the Mississippi River
near Greenville, Mississippi during February 2016 and 2017. Black Buffalo were
confirmed with phenotypic characteristics including a subterminal mouth, a rounded
predorsal region, and a total length to body depth ratio of >2.9 (Ross 2001). Fish were
transferred to a 0.04-hectare pond at the South Farm Aquaculture Facility (Starkville,
MS) and held for 47 days. Fish were fed a commercial sinking diet (2.4 mm EXTR 450;
Rangen, Inc., Buhl, ID, USA) while in the ponds, but it is uncertain if fish were foraging
on commercial feed or natural prey. The facility staff measured temperature (mean ± SE:
13.9 ± 0.5oC) and dissolved oxygen (mean ± SE: 12.1 ± 0.2 mg/L) five days a week, at
1300, except when temperatures were near freezing due to the potential for ice to form
on, and damage, the probe during pond acclimation.
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In March 2016, fish were transferred indoors to prepare for an induced spawning
trial. Male and female buffalo were sorted separately into two tanks (4,000-L: 2.3-m
diameter) on separate recirculating aquaculture systems (RAS). Each RAS contained a
120-watt UV sterilizer (Smart High Output Sterilizer, Pentair Aquatic Eco-systems,
Apopka, FL, USA) and a bead filter (Polygeyser bead filter, Aquaculture Systems
Technologies, New Orleans, LA, USA). Fish were anesthetized with 150 mg/L MS-222
buffered with 400 mg/L sodium bicarbonate (NaHCO3) and 9 g/L NaCl (Solar Salt,
Diamond Crystal, Wayzata, MN, USA) to reduce stress during transfer. Sex was
determined by applying gentle pressure along the abdomen, with milt confirming males
and milt absence with a swollen urogenital opening distinguishing females (Heard 1958).
Confirmation of female sex was attempted by inserting cannula tubing (size ranges =
0.86– 1.73 mm; TT86 – TT173, Pentair Aquatic Eco-systems) into the urogenital opening
of suspected females to collect an egg sample; however, this method was unsuccessful at
removing eggs in all three spawns.
Fish were considered acclimated to the tank environment once normal feeding
behaviors (i.e., visually observing fish swimming toward and consuming feed) were
noticed in a majority (>50%) of fish. Fish were fed the same diet as in the ponds at 1%
body weight per day. Acclimation lasted 17 days in 2016; however, acclimation was
increased to two months in 2017 because fish still displayed signs of stress (i.e., easily
disturbed and slowly healing wounds from gill nets in original capture from Mississippi
River). Dissolved oxygen (>6 mg/L) was maintained with pressurized aeration,
temperature was kept at 15 ± 1oC with a water chiller (1/2 HP Cyclone Drop-in Chiller,
Aqua Logic, San Diego, CA, USA), and salinity was maintained at 3.0 ppt with NaCl
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(Solar Salt, Diamond Crystal) to reduce impacts of stress and disease incidence during
tank acclimation. Also, a nylon mesh netting covered the tanks to prevent fish
escapement, and a 1.22 m X 2.44 m styrofoam sheet (Styrofoam Residual Sheathing
Insulation, The DOW Chemical Company, Midland, MI, USA) was placed on the mesh
to reduce light intensity in the tanks.
Temperature Adjustment
Water temperatures were increased from 15oC to 23oC after acclimation following
the described spawning temperature range for Smallmouth Buffalo (Hoyt et al., 1979).
This temperature range was used because there is no documented spawning temperature
range for Black Buffalo which display similar reproductive tendencies to other buffalo
species including spawning behavior and habitat (Ross, 2001). Water temperatures were
increased 1oC per day over eight days with a combination of a water chiller (1/2 HP
Cyclone Drop-in Chiller, Aqua Logic) and a 4,000-Watt heater (S1ABT4229, Process
Technology, Mentor, Ohio, USA). Dissolved oxygen (>6 mg/L) was maintained with
pressurized aeration, and salinity was kept at 3.0 ppt during temperature adjustment.
RAS systems were switched to flow-through systems with well water once water
temperatures reached 23oC, with fish held for one week before injections. Photoperiod
was adjusted weekly to mimic the natural photoperiod (latitude = 33.4504oN, longitude =
88.8184oW).
Water quality variables measured during tank acclimation and temperature
adjustment included dissolved oxygen, temperature, pH, alkalinity, ammonia, and nitrite.
Dissolved oxygen and temperature were measured daily with a dissolved oxygen meter
(YSI 85, YSI Inc., Yellow Springs, Ohio, USA). Likewise, pH was measured daily with
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a pH probe (pH10A, YSI Inc.). Alkalinity was measured weekly with a direct reading
titrator (AQ-3, LaMotte, Chestertown, MD, USA). Total ammonia nitrogen (TAN) and
nitrite were measured weekly with a colorimeter (DR/850, Hach Company, Loveland,
CO, USA). Un-Ionized ammonia was then calculated with TAN, pH, and temperature
readings. All water quality variables were kept within acceptable ranges for freshwater
fishes as defined by Piper et al. (1982) (Table 1).
Hormone injections
At the end of acclimation and temperature adjustments, females (N= 9 in each of
spawn 1 and spawn 2, N=5 in spawn 3) were transferred to individual 640-L tanks (1-m
diameter) on a flow-through well-water system. All males were kept in a single 4,000-L
tank on a flow-through well-water system with dissolved oxygen (>5 mg/L) maintained
by pressurized aeration in both male and female tanks. Water temperature in individual
female tanks and the male tank was kept at 24 ± 1oC with a surrounding water bath and a
4,000-Watt heater (S1ABT4229, Process Technology), respectively.
During transfer to tanks, fish were anesthetized with the same chemicals and
concentrations described previously for total length and weight measurements and
GnRHa injections (Ovaprim, Western Chemical, Inc., Ferndale, WA, USA). GnRHa
injections were administered into the intraperitoneal cavity following manufacturer
recommendations. Females received an initial priming dose (0.05 mL/kg body weight)
followed by a resolving dose (0.45 mL/kg body weight) 12 hours later. Since males were
already emitting milt during sorting, they received one dose (100%) at 0.25 mL per kg
body weight when females received their resolving dose. All hormone injections were at
two different injection sites with about half the dose given at each site.
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Female tanks were monitored for eggs every three hours for 48 hours after final
hormone injections. Tanks were checked by shining a light into each tank and visually
inspecting for eggs along the bottom. Strip-spawning began once eggs appeared on the
tank bottom, and latency, defined as the time from resolving dose until ovulation, was
recorded.
Strip-Spawning
Milt had to be collected before its anticipated use (~ two hours) and chilled on ice
because females released eggs quickly once ovulation started. Ice has been previously
used to facilitate short term milt storage in Common Carp Cyprinus carpio (Hulata and
Rothbard, 1979). After drying the area around the urogenital opening and applying
gentle pressure along the abdomen, milt was collected with a 3 cc syringe via suction.
Each milt sample was checked for viability immediately before use by observing
movement of a small subsample after activation with a drop of water under a compound
microscope (Balplan, Bausch and Lomb, Rochester, NY, USA) at 100X magnification.
The strip-spawning process described in this study is similar to procedures
outlined by Heard (1958) where it was used to spawn buffalo hybrids. The ovulating
female was captured with a net and placed in an anesthesia bath similar to the one
previously described when eggs were noticed on the tank bottom. Eggs were collected
by applying pressure along the lower abdomen toward the urogenital opening and
stripping eggs into a metal bowl. Milt from two males was added to the eggs along with
about 50-mL salt-urea solution (3 g urea/ L H2O, 4 g NaCl/ L H2O) and stirred with a
turkey feather for two minutes. An additional 50 mL salt-urea solution was added and
stirred for an additional 10 minutes after which excess milt and salt-urea were decanted.
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The adhesive layer of eggs was removed with Fuller’s Earth (Sigma-Aldrich, St.
Louis, MO, USA) at 8 g/L in well-water. Due to the highly adhesive eggs clumping
together, eggs were stirred for one hour, and the Fuller’s Earth solution was replaced
every 10 minutes until eggs were no longer sticking (Heard, 1958). Eggs were rinsed
three times with fresh well water after removing the adhesive layer and decanting excess
Fuller’s Earth solution.
Egg volume was measured volumetrically with a 500 mL graduated cylinder and
then transferred eggs to a McDonald hatching jar in a separate RAS. The hatching RAS
contained a UV sterilizer (80-watt; Smart High Output UV Sterilizer, Pentair Aquatic
Eco-systems) and bag filters (FV1, Pentair Aquatic Eco-systems). Water temperature in
the hatching system was maintained at 24 ± 1oC with a 1700-Watt heater
(S1EBT1.7118A, Process Technology).
Calculation of fertilization percentages came from three random egg samples (~30
eggs) per female taken 24 hr post-fertilization. A dissecting microscope (V5MP, VWR,
Radnor, PA, USA) under 10X magnification was used for visually inspecting subsamples
for fertilization, which was defined as having an intact chorion and vitelline membrane.
An average for each female was then calculated using total eggs and total fertilized eggs.
Difficulties distinguishing an intact chorion and vitelline membrane with Fuller’s
earth covering the eggs likely led to fertilization percentage underestimation. Percent eye
up was calculated from spawns 2 and 3 using methods similar to fertilization because of
this hypothesized underestimate. Eggs eyed within 48 hours in spawn 1 and, thus,
percent eye up was calculated 48 hours post-fertilization to allow time for the majority of
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embryos to develop eyes. An average for the three subsamples was calculated with the
total eggs and total eyed embryos similar to Gaikowski et al. (2003).
Total eggs strip-spawned was determined by calculating mean eggs per 5 mL then
applying that average to the egg volume spawned. Mean eggs per mL was calculated
from three egg samples (5 mL) per female and counting all eggs in each sample. This
average was then applied to the total egg volume from each female similar to Gaikowski
et al. (2003).
There were three spawns between 2016 and 2017 with spawn 1 taking place in
April 2016 and spawns 2 and 3 in May 2017. Broodstock used in spawn 1 were kept in
an outdoor pond (0.04 ha) after spawning. Fish were fed the same diet and feeding rate
as described previously during over-wintering. In the ponds, temperature (mean ± SE =
23.2 ± 0.4oC, range = 5.0 – 34.0oC) and dissolved oxygen (mean ± SE = 8.0 ± 0.1 mg/L,
range = 3.4 - 14.9 mg/L) were recorded twice daily at 0700 and 1300, five days a week.
Surviving 2016 broodstock were supplemented with additional wild-caught fish and
spawned again in 2017 with the same protocol. One female ovulated in both 2016
(spawn 1) and 2017 (spawn 2). The two spawns in 2017 were conducted two weeks apart
with separate broodstock each time.
The Mississippi State University Institutional Animal Care and Use Committee
approved all experiments (protocol#: 17-008).
Statistical Analyses
For acclimation, total wild-caught Black Buffalo, mortality during tank
acclimation, and days to observed feed consumption are reported. For spawning, mean
(standard error) are reported for latency, fertilization percentage at 24 hour post18

fertilization, percent eyed, eggs per 5 mL, and total eggs. Standard errors for fertilization
percentage, percent eyed, and eggs per 5 mL were calculated with subsample data
following methods in Zar (1984).
For induced spawning, total females injected with GnRHa and the ovulating
females are reported. Results for tank acclimation are separated by year (2016 or 2017),
while results for spawning are reported for each spawn (spawn 1, spawn 2, and spawn 3)
and an overall mean of all three spawns. The analysis was conducted with the statistical
package SAS 9.4 (SAS Institute, Cary, North Carolina, USA).
Results
Tank Acclimation
Collecting wild broodstock was problematic because three buffalo species
(Bigmouth Ictiobus cyprinellus, Smallmouth, and Black Buffalo) co-occur in the
Mississippi River near Greenville, MS and are difficult to distinguish by phenotypic
characteristics. Only fish which had all three traits described previously were kept. A
total of 55 Black Buffalo were collected in 2016, and 25 in 2017 (Table 2). Further,
collecting female Black Buffalo was also challenging with only 9 females out of 55
(16%) fish in 2016 and 10 females out of 25 (40%) fish in 2017 (Table 2).
In 2016, tank acclimation resulted in low mortality rates <1 per day (N=7; 12%)
(Table 2). Fish were observed feeding on commercial feed after 17 days in 2016, but fish
were still easily disturbed and occasionally attempted to jump out of tanks when startled
(Table 2). After acclimation, fish still had evident injuries including open wounds,
damaged fins, and exposed skin with no scales. Injuries were presumably from gill nets
used by the commercial fisher during collection.
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Acclimation was extended (2 months) in 2017 due to slow wound healing and
easy fish disturbance. Despite longer acclimation, 13 of 25 new broodstock died during
acclimation presumably due to stress arising from collection with gill nets and later
transport (Table 2). Fish behavior was noticeably calmer after two weeks, which made
observing commercial feed consumption easier. Fish began consuming feed after 14
days in 2017 (Table 2). However, after transferring females to experimental tanks, fish
reverted to being easily disturbed, possibly due to greater confinement and handling.
Induced Spawning
Nine females were injected with GnRHa in each of spawn 1 and spawn 2, and 5
females were injected in spawn 3 (Table 3). Four females ovulated in spawn 1 (44%),
two in spawn 2 (22%), and one in spawn 3 (20%) for a total of 7 out of 23 (30%) (Table
3). Mean latency of GnRHa injections were 20 ± 1 hour for spawn 1, 21 ± 3 hour for
spawn 2, and 28 hour for spawn 3 for an overall mean latency of 22 ± 2 hour after the
resolving dose (Table 3). Mean percent fertilization 24 hours post-spawning was 38.3 ±
11.3 % for spawn 1, 40.7 ± 6.6% for spawn 2, and 56.4 % for spawn 3 (Table 2) with an
overall mean of 41.5 ± 7.1 % (Table 3). Mean percent eyed of spawns 2 and 3 were 52.6
± 2.4 % and 93.0 %, respectively, while the overall percent eyed was 66.1 ± 11.7 %
(Table 3). Mean eggs per 5 ml, which was used to calculate the total number, was 360 ±
21 for spawn 1, 340 ± 30 for spawn 2, 365 for spawn 3, and all spawns had an overall
mean of 355 ± 23 (Table 3). Mean eggs strip-spawned per female was 70,730 ± 43,384
for spawn 1, 53,679 ± 41,954 for spawn 2, and 110,960 for spawn 3 with an overall mean
of 71,605 ± 25,958 (Table 3).
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Discussion
The ability to acclimate and maintain fish health in tanks is critical for successful
induced spawning; however, confinement in a tank for fish not previously exposed can be
stressful. For example, Underwood et al. (2014) noted wild-caught White Suckers
Catostomus commersonii displayed coloration indicative of stress and would not respond
to feed for several days when acclimated to tanks. For tank acclimation in this study,
cool temperatures (~15oC), increased salinity (3.0 ppt), and covered tanks to reduce light
intensity within the tank appeared to help fish and resulted in a low tank acclimation
mortality in 2016. However, wild-caught Black Buffalo startled easily throughout
acclimation and did not readily consume feed for 17 days. Further, the high mortality
observed during pond acclimation was likely due to stressful collection, transfer, and
pond environment.
Changes to tank holding protocols in 2017 include lengthening acclimation and
forgoing pond acclimation. An extended acclimation appeared to be beneficial to Black
Buffalo as fish became noticeably calmer after two weeks, which made visually
confirming feed consumption easier. However, fish reverted to displaying a “flighty”
(easily disturbed) behavior after handling and transfer to experimental tanks. Brady and
Hulsey (1959) noticed similar behavior in Bigmouth Buffalo after being handled and
stated fish should be handled as little as possible to avoid excitement and injury.
Strip-spawning results demonstrate Black Buffalo can be induced to spawn with
temperature manipulations and a simulated natural photoperiod combined with GnRHa
injections. Although this study yielded a low percentage of ovulating females, fish health
likely affected the observed spawning success and other spawning variables (fertilization
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and eyed rates). For instance, Brady and Hulsey (1959) reported Bigmouth Buffalo being
in poor condition was a factor in preventing fish to spawn in ponds. Black Buffalo used
in this study had noticeable gill net wounds at hormone injection, although extended
acclimation appeared to help fish recover in 2017. Strip-spawning protocols outlined in
this study provide culturists with an alternative to pond-spawning which offers more
control over spawning and larval rearing. Further, this protocol provides an alternative
method to capturing wild broodstock during natural spawning.
Presence of fungi was problematic in spawn 1 and, therefore, preventative
measures were added to the spawning protocol in spawns 2 and 3. Fungi decimated
incubating eggs in spawn 1 presumably due to a combination of low fertilization rates
and optimal water temperatures for fungal growth (18oC to 26oC: Post 1987). Thus, daily
water exchanges were conducted in the hatching RAS and filter bags were constantly
exchanged in spawns 2 and 3. Previous research used chemicals to control fungi on
catostomid eggs including hydrogen peroxide (Gaikowski et al., 2003) and formalin
(Marsh, 1985); however, toxicity of these chemicals are unknown for fish in the buffalo
(Ictiobus) subfamily.
Classification as a non-game species has resulted in limited management and little
known information for many catostomids (Cooke et al., 2005). This lack of available
information on life history traits is one of the biggest challenges to overcome when
developing spawning techniques for species such as Black Buffalo. For example, the
protocol in the present study used the spawning temperature range (15oC to 23oC)
described for Smallmouth Buffalo in Rough River Lake in Kentucky (Hoyt et al., 1979),
because there are no spawning temperature ranges reported for Black Buffalo. Also, the
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quick egg release by Black Buffalo was undocumented. The rapid egg release combined
with the difficulty of netting ovulated females, due to large body size and rapid
swimming ability, resulted in many eggs expulsed into the tank that were unable to be
fertilized during strip-spawning.
This study provides valuable insight into tank acclimation and induced catostomid
spawning. The stress of confining wild-caught Black Buffalo to a tank environment was
eased with cool water temperatures, increased salinity and light-reducing cover over the
tanks. Also, this study indicates Black Buffalo can be strip-spawned with injecting
GnRHa in conjunction with temperature and photoperiod adjustments. Further
evaluating optimal spawning temperatures, documenting egg development, and optimal
hormone dosage would improve this induced spawning protocol. With 49% of all
catostomid species recognized as imperiled (Jelks et al., 2008), studies describing culture
techniques specifically related to catostomid species will be beneficial for recovery.
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Tables
Table 2.1

Water quality variables recorded during acclimation and temperature
adjustment for Black Buffalo Ictiobus niger broodstock.
Dissolved
oxygen (mg/L)

pH

Un-Ionized
ammonia (mg/L)

Nitrite
(mg/L)

Alkalinity
(mg/L)

Acclimation/Temp.
adjustment

8.1 (0.1)

7.3 (0.0)

0.0008 (0.0001)

0.08 (0.02)

69 (2)

Acceptable Rangea

5-saturation

6.5-9.0

<0.0125

<0.1

10-400

a

Acceptable ranges are defined for freshwater fish described in Piper et al. (1982). All
values are reported as mean (standard error)

Table 2.2

Year
2016
2017

Black Buffalo Ictiobus niger captured via gill net in the Mississippi River
near Greenville, MS.

Number of Number of
Black Buffalo females
49
25

9
10

Acclimation Time until
Male total Female total Male weight Female
(g)
weight (g)
mortalitya feeding (days) length (mm) length (mm)
7
13

17
14

a

579 (8)
665 (24)

623 (15)
718 (25)

3310 (139)
5022 (586)

Acclimation mortality refers to mortality during tank (4000-L; 2.3-m diameter)
acclimation.
Values are reported as mean (standard error).
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4491 (368)
6825 (777)

Table 2.3

Spawn
1
2
3
Mean

Induced spawning variables for Black Buffalo Ictiobus niger. Values
reported as mean (standard error).

Number of Number of
females
females
injected
ovulated
9
4
9
2
5
1
N/A
N/A

Time to
ovulation
(hr)
20 (2)
22 (4)
28 (-)
22 (2)

Volume of
eggs collected
(mL)
980 (591)
783 (608)
1,520 (-)
1,000 (355)

Number of
Number of
Fertilization
eggs per
eggs strip
(%)
5mL
spawned
360 (21) 70,560 (43,384) 38.3 (11.3)
340 (33) 53,244 (41,954)
40.7 (6.6)
365 (-)
110,960 (-)
56.4 (-)
355 (23) 71,000 (25,958)
41.5 (7.1)

Eyed (%)
N/A
52.6 (2.4)
93 (-)
66.1 (11.7)

Three separate spawns were conducted in the spring of 2016 (spawn 1) and 2017 (spawn
2 and spawn 3). Values are reported as mean (standard error).
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CHAPTER III
ZOOPLANKTON SELECTIVITY AND COMMERCIAL FEED CONSUMPTION OF
BLACK BUFFALO ICTIOBUS NIGER
Abstract
Populations of Black Buffalo Ictiobus niger, a catostomid species native to the
Mississippi River Basin, are in decline. Recovery plans for catostomids frequently
include artificial propagation and early rearing in ponds until fish grow beyond sizes
considered vulnerable to predation. Managing ponds for specific zooplankton taxa
should increase survival and growth of larval fish until fish transition to feeding on
prepared diets, however zooplankton selectivity experiments, particularly studies done in
aquaculture, are rare for catostomids and non-existent for Black Buffalo. Therefore,
three experiments were conducted to evaluate larval/juvenile Black Buffalo consumption
of zooplankton and commercial feed in aquaculture ponds (0.04 ha, N=6). Black Buffalo
fry were stocked into tanks (initial feeding experiment) or ponds (pond feeding
experiment) and allowed to forage on natural zooplankton populations. Fish and
zooplankton were sampled after 3 hours in tanks and weekly for four weeks in ponds.
Proportions of zooplankton taxa consumed were compared to proportions of taxa
available in tanks or ponds. Results indicated Black Buffalo fry did not readily consume
zooplankton at first feeding (6.4 mm TL, 3-4 days post-hatch) but did consume algae. At
one week post-stocking, Black Buffalo (16.9 mm TL) began selecting for cladocerans
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and continued selecting for cladocerans through the first four weeks post-stocking (61.9
mm TL). Conversely, Black Buffalo fry consumed rotifers and copepod nauplii at lower
proportions than available all four weeks. Juvenile fish began selecting for ostracods
three weeks post-stocking (42.4 mm TL), suggesting fish had started to transition to
benthic organisms. However, juvenile Black Buffalo continued to consume both benthic
and planktonic zooplankton through all four sampling weeks indicating continuous pond
fertilization is beneficial. Lastly, commercial sinking feed was provided to ponds daily
for four months to supplement natural prey after the 4-week zooplankton selectivity
study. Fish were captured by seine net, and stomach contents were analyzed from ~7
fish/pond (241 mm TL) after four months. Three fish (i.e., 43% from one pond)
consumed commercial feed, buts all fish had zooplankton present in their stomach.
Survival and growth may be increased in recovery plans by managing for cladoceran
populations and stocking fry one week before peak cladoceran abundance. Further, this
study demonstrated Black Buffalo would consume commercial sinking feed in addition to
natural prey by five months old.
Introduction
Catostomidae is a non-game freshwater fish family, commonly known as suckers,
distributed across North America (Cooke et al. 2005) with 35% of species considered
imperiled (Day et al. 2017). Conservation for native species often include an artificial
propagation component (Jackson et al. 2004) to preserve genetic diversity, help
reintroduction, and offset recruitment losses in the wild (Billman and Belk 2009).
However, O’Neill et al. (2011) states few resources are focused on catostomid culture,
resulting in little published information on rearing methods specific to this fish family.
30

Conservation for suckers includes rearing fish through vulnerable life stages (Day
et al. 2017) with extensive use of rearing ponds (O’Neill et al. 2011). Species, such as
Razorback Sucker Xyrauchen texanus, are commonly reared from larval to juvenile
stages in ponds until they reach an appropriate size for stocking (O’Neill et al. 2011).
Rearing early life history stages of fish in ponds is an effective way for culturists to
provide live prey items (i.e., zooplankton) at the onset of exogenous feeding (O’Neill et
al. 2011). However, the zooplankton taxa present are important for culturists to consider
because planktivorous fishes often display selective feeding behaviors to maximize
energy intake (Mayer and Wahl 1997).
Providing preferred prey items should increase growth and survival of the fish
species being reared (Mayer and Wahl 1997). For example, Mayer and Wahl (1997)
observed increased survival in larval Walleye Sander vitreus when preferred zooplankton
(cladocerans) were present. However, studies evaluating zooplankton selectivity for a
farmed larval catostomid are rare. Razorback Sucker Xyrauchen texanus consumed algae
at first feeding (~9.9 mm TL) followed by a selection for rotifers and cladocerans as fish
grow larger (Papoulias and Minckley 1992). Similarly, Siefert (1972) noted wild-caught
White Sucker Catostomus commersonnii predominantly consumed rotifers at 12.0 mm
(TL) followed by a transition to cladocerans.
Black Buffalo Ictiobus niger is a broadly distributed catostomid species native to
the Mississippi River basin, but populations have been declining in recent decades
(Trautman 1981, Ross 2001). Developing culture techniques specific to Black Buffalo,
including larval rearing methods, could be beneficial if populations continue to decline.
A pond rearing protocol for Bigmouth Buffalo I. cyprinellus has been described, where
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ponds are continuously fertilized for one month post-stocking followed by daily
commercial feed provisions (Kleinholz 2000). However, Bigmouth Buffalo remain
planktivorous throughout their entire life while Black Buffalo transition to benthic
feeding (Ross 2001). Therefore, it is unclear if this rearing technique is appropriate for
Black Buffalo. Additionally, it is unknown if catostomids will consume commercial feed
in a pond with natural prey (zooplankton and invertebrates) present. The purpose of this
study was to evaluate zooplankton selectivity and feeding habits of larval and juvenile
Black Buffalo through addressing the following questions: (1) Do Black Buffalo fry
consume zooplankton at first feeding? (2) Do larval Black Buffalo readily consume
zooplankton throughout the first month post-stocking? (3) If Black Buffalo do consume
zooplankton, do they select for specific taxa? (4) Do juvenile Black Buffalo begin to
consume commercial feed by the end of the growing season?
Methods
Fish
Larval fish used in this study consisted of F1 offspring from wild broodstock
induced to spawn following Guy and Allen (In Review). Wild broodstock were
purchased from a commercial fisher in Greenville, Mississippi and confirmed by
phenotypic characteristics including a subterminal mouth, a rounded predorsal region,
and a total length to body depth ratio >2.9 (Ross 2001). Experiments began 3-4 days
post-hatch as fish were beginning exogenous feeding.
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Initial feeding experiment
A laboratory experiment was conducted to evaluate zooplankton consumption at
first feeding using methods similar to Mischke et al. (2003). Water samples were taken
with a pump about 0.5 m below the surface in three different ponds. Although this
collection method was likely not representative of zooplankton proportions in the pond
(Mischke et al. 2003), it was useful for determining whether Black Buffalo fry would
consume zooplankton at first feeding, and if they selected for specific taxa. Further,
zooplankton were not harmed, and all taxa were present when a subsample of water was
checked under a compound microscope (Balplan, Bausch and Lomb, Rochester, NY,
USA) at 100X magnification. Four replicate tanks for each pond (N=12) were filled
with 56-L pond water and stocked at 10 fry per tank. Fish were allowed to forage for
three hours, after which they were removed, euthanized with tricaine methanosulfate (500
mg/L; MS-222, Argent Chemical Laboratories, Redmond, WA, USA), and preserved in a
5% sodium-phosphate buffered formalin solution.
Aquaria water was drained through a Wisconsin style tow net (80µm, Wisconsin
plankton sampler, Wildco, Yulee, FL, USA) after removing fry to determine which
zooplankton taxa were present in each tank. It was assumed zooplankton depletion was
not a problem due to the low fry density and large water volume used in this study
(Mischke et al. 2003). Filtered contents were concentrated to 240-mL and preserved in a
buffered formalin solution. All organisms (rotifers, copepods, cladocerans, copepod
nauplii, and ostracods) (Thorp and Covich 2009) were counted from three subsamples (1mL) from each preserved container using a Sedgewick Rafter counting cell and a
compound microscope at 100X magnification. Black Buffalo stomachs were removed
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with a scalpel under a dissection scope (V5MP, VWR, Radnor, PA, USA) at 10X
magnification. Stomachs were shredded with contents spread over the counting cell and
all organisms counted as described for the tank samples.
Pond feeding
Three ponds (0.04 ha) at the Mississippi State University South Farm Aquaculture
Facility in Starkville, Mississippi were used for this study. Ponds were filled two weeks
before stocking Black Buffalo fry in April 2017. Each pond received the same
fertilization treatment of urea (46-0-0, Woods Farm Supply, Inc., Byhalia, MS, USA) at
an initial rate of 20 kg/ha nitrogen as ponds were filling with water followed by later
applications at 10 kg/ha nitrogen twice per week through the end of June 2017. Ponds
were sprayed with diesel fuel (23.7 L/ha or 2.5 U.S. gallons/acre) two days before
stocking fry to reduce the abundance of predacious insects (Tucker and Robinson 1990).
The pond feeding experiment began by evenly distributing remaining progeny
(276 fry/pond) from the spawn described in the initial feeding experiment into each of the
three ponds. Zooplankton were sampled weekly for four weeks with oblique 2-m tows
with a Wisconsin style tow net (80 µm; Wisconsin plankton sampler, Wildco) at one
location per pond similar to Mischke and Zimba (2004). Samples were concentrated to
240-mL and preserved in a 5% buffered formalin solution. Three subsamples (1-mL)
were taken from each preserved container and organisms counted as described for the
initial feeding experiment.
In addition to zooplankton samples, 10-30 fish were sampled from each pond
immediately after zooplankton collections. Fish were collected weekly for four weeks
with a 20-foot seine (3.2 mm mesh). Fish were euthanized with MS-222 (Argent
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Chemical Laboratories) and preserved in buffered formalin. Fry stomachs were removed
and organisms counted as described for the initial feeding experiment.
To increase sample size, a second spawn was conducted three weeks later with
progeny evenly distributed into the same ponds after the final collection of first spawn
fish. The stocking density was increased to 553 fry per pond because of the inability to
control for predacious insects, due to potentially harmful effects of diesel fuel on
surviving first spawn fish, and, thus, likely higher mortality rates. It was assumed
surviving first spawn fish (≤ 156 per pond based on 100% survival) and the increase in
density would not impact zooplankton feeding due to low stocking density. All
zooplankton collections, fish sampling, and identification methods remained the same.
Second spawn fish were assumed to be the smaller of the two size classes of fish in seine
nets during weekly collections of second spawn fish.
Commercial feed consumption, survival, and growth
The last part of the study began after the final collection of the second spawn fish
(four weeks post-stocking) when fertilization applications ceased and a commercial feed
(1.0-2.4 mm, starter-EXTR450, Rangen, Inc., Buhl, ID, USA) was provided to the ponds
at 1% body weight/day for four months. This study simulated the commercial feed
portion of the rearing method for Bigmouth Buffalo described by Kleinholz (2000).
Although surviving first spawn fish were in the ponds for 6 months, and the second
spawn fish were in the ponds for five months, both cohorts were exposed to commercial
feed for the same time.
High protein diets (>40% crude protein) were fed to larval and juvenile Black
Buffalo following recommendations for other catostomid species (Tyus and Severson
35

1990, Sealey et al. 2013). Feed rates and pellet sizes were adjusted monthly with growth
monitored by collecting total length and weight from 30 fish per pond. All fish were
returned to their respective ponds after growth measurements.
All ponds were drained at the end of the local growing season (October 2017) to
collect survival, growth, and stomach content data. All fish were measured from each
pond and survival calculated as the fish remaining divided by the original fish stocked
minus the fish removed during the pond experiment.
Ten fish per pond were euthanized with MS-222 (500mg/L; Argent Chemical
Laboratories) to evaluate commercial feed consumption. Fish stomachs were defined as
esophagus to the beginning of the intestine (Markle and Clauson 2006). Presence of
commercial feed, zooplankton, and invertebrates were recorded since the purpose of this
study was to determine which food items were being consumed.
Water quality monitoring
Water quality variables sampled include dissolved oxygen, temperature, total
ammonia nitrogen (TAN), nitrite, pH, alkalinity, and hardness. Tank water quality
variables were sampled after water collection from the ponds. For the pond experiments,
temperature and dissolved oxygen were monitored five days per week at 0800 and 1300
hours, while TAN, nitrite, pH, alkalinity, and hardness were measured twice per week
(pond feeding experiment) or once per week (commercial feed consumption experiment)
with measurements taken at 0800 hours. Un-ionized ammonia was calculated for all
three experiments using TAN, pH, and temperature readings. Dissolved oxygen and
temperature were measured with a dissolved oxygen meter (YSI 85, YSI Inc., Yellow
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Springs, Ohio, USA), while all other variables were measured with a freshwater
aquaculture test kit (AQ-3, LaMotte Company, Chestertown, Maryland, USA).
Statistical analysis
Zooplankton proportions were analyzed between pond samples and Black Buffalo
stomachs with a mixed-model analysis of variance for both laboratory and pond studies
similar to Mischke et al. (2003). Tanks (N=4/pond) and ponds (N=3/density) were
classified as experimental units for laboratory and pond studies, respectively. Fixed
effect factors included zooplankton location (water or stomach) and density (276 or 553
fish/pond), while fish nested within pond was classified as the random effect. All
proportional data was logit transformed before analysis. Zero values in proportional data
were changed to a value of 0.0001 to allow for logit transformations. Assumptions of
normality and heterogeneity were checked through visually inspecting residual plots
(Logan 2011). Differences were considered significant at α<0.05.
Mean (standard error), minimum, and maximum are presented for growth,
survival, and water quality variables. Commercial feed, zooplankton, and invertebrate
consumption is represented by percentage of fish which had those prey in their stomach.
Data were analyzed with R Core Team (R Studio, R version 3.3.2, Vienna, Austria).
Results
Initial feeding experiment
One tank replicate was lost due to tank malfunction, and a total of 19 fry from the
11 remaining tanks were damaged when removing fish. No zooplankton taxa were
consumed by the remaining fish (8.5 fry/tank) and, thus, analysis could not be conducted
37

(Table 1). However, seven fish (7.7 %) did consume green algae Eudorina spp. (Table
1).
Pond Study
In total, 447 Black Buffalo stomachs were dissected with every fish having at
least one organism present in its stomach. Each taxa were present in at least one fish
stomach every week.
Significant differences between proportions of zooplankton removed from
stomachs and available zooplankton in ponds were observed (Figure 1). Rotifers and
copepod nauplii were consumed in lower proportions than available in ponds each week
(P <0.0001). Conversely, cladocerans were consumed in greater proportions than
available in ponds each week (P <0.0001). Proportions of ostracods consumed and
available did not differ at week 1(P = 0.2140) or week 2 (P = 0.8025). However, Black
Buffalo did consume ostracods in greater proportions than available for week 3 (P =
0.0232) and week 4 (P = 0.0002). No differences were observed between consumed
copepod proportions and available proportions for week 1 (P = 0.1647), week 2 (P =
0.4787), week 3 (P = 0.7634), or week 4 (P = 0.3014).
Stocking density did have an effect on rotifers at week 1 (P = 0.0184), week 2 (P
= 0.0325), and week 3 (P = 0.0121), and ostracods at week 2 (P = 0.0221). No density
effects were observed for other taxa or rotifers at week 4.
Separate analysis was conducted for each stocking density (276 or 553 per pond;
N = 3 per density) for the taxa and sampling dates which density impacted. First spawn
fish (density 276 per pond) consumed rotifers in lower proportions than available at week
1 (P <0.001), week 2 (P <0.0001), and week 3 (P <0.001), while proportions of ostracods
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consumed and available did not differ at week 2 (P = 0.7832). Similarly, second spawn
fish (density 553 per pond) consumed rotifers in lower proportions than available at week
1 (P = 0.0002), week 2 (P = 0.0019), and week 3 (P = 0.0014). Ostracod proportions
consumed were not significantly different than available at week 2 (P = 0.0795).
Black Buffalo consumed other taxa including nematodes and chironomids during
the pond feeding study (Table 2). However, the available proportions of these taxa were
not included in the analysis since this study was designed to investigate zooplankton
consumption. Chironomids averaged 8.0% of all consumed organisms in week 1, 14% in
week 2, 18% in week 3, and 18% in week 4 (Table 2). Two Black Buffalo consumed
nematodes in week 3 (N=129; 0.01% of fish consumed nematodes), and five fish had
nematodes present in their stomach in week 4 (N=49; 0.10% of fish) (Table 2).
Growth, survival, and commercial feed consumption
Two separate size classes could not be distinguished with length-frequency
distributions (Quist et al. 2012) after the four month commercial feed study and, thus,
fish from both spawns were treated as one cohort. Total length of Black Buffalo was
16.9 mm (0.3 mm) at week 1, 27.5 mm (1.1 mm) at week 2, 42.4 mm (2.1 mm) at week
3, and 61.9 mm (3.3 mm) at week 4 (Table 2). Final total length for fish at the end of the
study was 241 mm (29 mm) with a minimum of 127 mm and a maximum of 389 mm
(Table 3). Mean wet weight for fish at the end of the study was 247 g (75 g) with a
minimum of 28 g and a maximum of 620 g (Table 3). Mean fish survival was 31.0%
(12.7%) with a minimum of 14.3% and a maximum of 55.7% (Table 3).
The stomach contents from 23 Black Buffalo were identified (Table 4). Two
ponds contained fish that did not consume commercial feed (0%) while three fish (N=7;
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42.9%) from the other pond had commercial feed present in their stomachs. Chironomids
were present in the stomach of fish removed from all three ponds with every fish from
two ponds consuming chironomids (100%) and six fish (N=7; 85.7%) having consumed
chironomids in the other pond. All fish from each pond (100%) had zooplankton present
in their stomach.
Water quality
Most water quality variables were kept within acceptable ranges for freshwater
species as defined by Piper et al. (1982) with the exception of un-ionized ammonia
(Table 5). Fluctuations in ammonia and pH are typical of earthen ponds, particularly of
the sizes used in this study (Burger et al. 2018).

Discussion
Preferential feeding is an evolutionarily-selected tendency to maximize energy
intake (Mayer and Wahl 1997). Larval Black Buffalo consumed cladocerans in greater
proportion than available one week post-stocking (16.9 mm TL) and continued to select
for cladocerans as fish transitioned to early juvenile life stages through four weeks poststocking (61.9 mm TL). In contrast, Black Buffalo consumed rotifers and copepod
nauplii in lower proportions than available during the same time frame. These results
suggest Black Buffalo select for cladocerans while selecting against rotifers and copepod
nauplii beginning at least 1-week post-stocking. A selection for cladocerans is similar to
reports of preferred prey for other catostomids in larger larval stages (> 14 mm TL)
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including Razorback Sucker (Papoulias and Minckley 1992) and wild-caught White
Sucker (Siefert 1972).
Existing zooplankton populations are often enhanced through pond fertilization,
and correct pond management practices can produce desirable zooplankton taxa (Mischke
and Zimba 2004). Results from this study suggest Black Buffalo select for
cladoceransand, thus, culturists may improve survival and growth of larval Black Buffalo
with fertilization methods providing an abundance of cladocerans soon after stocking fry.
Mischke and Zimba (2004) observed increases in cladoceran abundance when using an
inorganic fertilizer with peak concentrations 17 days after filling ponds. Further, Ludwig
(2000) demonstrated initial peak abundance of different zooplankton taxa can be
predicted by observing average pond temperatures.
Results from the tank experiment indicate Black Buffalo fry do not readily
consume zooplankton at first feeding (6.4 mm TL; 3-4 days post-hatch), but will
consume algae. Most larval fish are visual planktivores (Markle and Clauson 2006), and
visibility likely differed in the tanks compared to ponds (Mischke et al. 2003), even
though care was taken to ensure tanks were in a well-lit area in the laboratory.
Regardless, Papoulias and Minckley (1992) found similar results where Razorback
Sucker ate algae and diatoms with no zooplankton consumed at first feeding in ponds.
Therefore, algae may be an important component for larval Black Buffalo at first feeding
as well.
Studies conducted on larval catostomids generally describe a selection for rotifers
before switching to cladocerans (Siefert 1972, Papoulias and Minckley 1992, Kreitzer et
al. 2010). However, Black Buffalo consumed rotifers at lower proportions than available
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throughout the duration of this study, suggesting fish did not select for rotifers. A 14-15
mm size range is described as the approximate length which Razorback Sucker transition
from rotifers to cladocerans (Papoulias and Minckley 1990) and is similar to the
approximate size of Black Buffalo (~16.9 mm TL) at one week post-stocking in this
study. Therefore, it is possible the Black Buffalo diet could have switched from rotifers
to cladocerans before the first sampling date (< 7 days) in ponds.
Dietary shifts are common in nearly all fish and are expected as larval fish grow
(Markle and Clauson 2006). For example, Shortnose Chasmistes brevirostris and Lost
River Suckers Deltistes luxatus display a surface-to-benthic dietary shift at 20-30 mm
(standard length) in Upper Klamath Lake in Oregon with chironomids and ostracods
constituting the predominant dietary component (Markle and Clauson 2006) after
transitioning to benthic feeding. Black Buffalo consumed ostracods in the same
proportion as available for the first two weeks post-stocking in this study, but began
consuming ostracods in significantly greater proportion than available at week 3. Also,
chironomids numerically contributed 18% of the stomach contents during week 3 and
week 4. A selection for ostracods in addition to the large contribution of the diet made by
chironomids suggests a benthic transition beginning three weeks post-stocking (42. 4 mm
TL). However, Black Buffalo were still consuming all zooplankton taxa with
cladocerans and copepods constituting the most numerically abundant taxa. Feeding on
both benthic (ostracods and chironomids) and planktonic zooplankton taxa (rotifers,
copepods, cladocerans, and copepod nauplii) has been described for juvenile Razorback
Sucker as well (Papoulias and Minckley 1992). Results from this study suggest larval
Black Buffalo continue to consume zooplankton throughout the first four weeks post42

stocking without an abrupt and exclusive transition to benthic organisms. Thus, pond
fertilization is beneficial to Black Buffalo through four weeks post-stocking (61.9 mm
TL; one month post-hatch).
Although O’Neill et al. (2011) notes hatchery personnel observed feeding
behavior from Razorback Sucker when commercial feed was added, this is the first study
to verify consumption of commercial feed for a catostomid species in ponds. Black
Buffalo consumed commercial feed in this study demonstrating they can transition to a
sinking feed within four months. Interestingly, only the largest fish (~300 mm TL)
consumed the commercial sinking feed. Consuming a sinking pellet indicated fish were
likely foraging along the pond bottom. Ross (2001) states Smallmouth Buffalo I. bubalus
transition to benthic feeding at 250 mm TL which is smaller than the size of Black
Buffalo consuming sinking pellets in this study. However, all fish dissected at the end of
the growing season had zooplankton in their stomach suggesting adding commercial feed
predominantly served as a pond fertilizer. Future research should investigate the size at
which Black Buffalo transition to commercial feed and the impacts of providing
commercial feed versus repeated fertilization has on fish growth and composition of
zooplankton communities.
Although Black Buffalo zooplankton selectivity in ponds showed a stocking
density effect for rotifers during weeks 1-3 and ostracods during week 2, results were the
same whether analyzed collectively or separately by group stocked. Separate analysis of
each stocking density indicates rotifers were consumed in lower proportions than
available for weeks 1-3 and ostracods being consumed in the same proportions as
available for week 2 in both stocking densities. The observed stocking density effects are
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presumably due to differences in available zooplankton abundance among fish groups,
which can happen naturally in ponds (Papoulias and Minckley 1992). Stocking densities
were less than half of the recommended stocking density (62,500 per hectare or 25,000
per acre; Kleinholz 2000) to mitigate intraspecific competition, and results are similar to
wild-caught White Sucker (Seifert 1972) and Razorback Sucker (Papoulias and Minckley
1992). No significant density effects were observed for any other taxa in this study
further suggesting the different densities did not impact feeding behaviors.
O’Neill et al. (2011) stated fertilizing ponds may increase production and growth
of catostomid species and, therefore, needed further evaluation. The present study adds
to the literature by demonstrating a catostomid species, farmed Black Buffalo, readily
consumed zooplankton throughout the larval and juvenile life stages. Further, results
indicated Black Buffalo selected for cladocerans one week post-stocking at about 16.9
mm TL. Culturists may be able to increase growth and survival by stocking fry before (<
7 days) cladocerans reach peak abundance. This study also demonstrateed Black Buffalo
can be transitioned to a commercial sinking pellet by supplementing existing zooplankton
populations with commercial feed. With artificial propagation constituting an important
component of many native species recovery plans, and little information published on
catostomid rearing methods (Day et al. 2017), studies evaluating feeding behaviors of
catostomids in extensive aquaculture are beneficial for future conservation.
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Tables
Table 3.1

Stomach contents of Black Buffalo Ictiobus niger during the laboratory
study conducted to evaluate zooplankton consumption at first feeding.
Pond
1
2
3
Total

N
33
37
21
91

Zooplankton
0
0
0
0

Algae
1
1
5
7

Numbers indicate the total fish consuming either zooplankton or algae.

Table 3.2

Mean (standard error) weekly growth and consumption of non-zooplankton
taxa for Black Buffalo Ictiobus niger reared in a fertilized pond (0.04 ha).
Week

N

Total length
(mm)

1
2
3
4

135
134
129
49

16.9 (0.1)
27.5 (0.2)
42.4 (0.5)
61.9 (0.5)

Chironomid
proportion in
stomach
0.08 (0.01)
0.14 (0.03)
0.18 (0.03)
0.18 (0.03)
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Number of fish
with nematodes
in stomach
0
0
2
6

Table 3.3

Individual pond and mean (standard error) survival, total length, and wet
weight of Black Buffalo Ictiobus niger reared in three ponds (0.04 ha) for
5-6 months.

Pond

N

Survival
(%)

1
2
3
Mean

354
100
155
203 (77)

55.7
14.3
21.9
31.0 (12.7)

Table 3.4

Min.
total
length
(mm)
127
135
133
-

Max.
total
length
(mm)
336
389
378
-

Mean
total
length
(mm)
184
276
264
241 (29)

Min.
weight
(g)

Max.
weight
(g)

Mean
weight
(g)

28
31
82
-

270
567
619
-

97
334
301
247 (75)

Percentage of Black Buffalo Ictiobus niger which contained commercial
feed, chironomids, or zooplankton after 5-6 months rearing in ponds (N=3;
0.04 ha).
Pond

Stomachs
removed

Commercial
feed (%)

Chironomids
(%)

Zooplankton
(%)

1
2
3

7
7
9

0.0
42.9
0.0

85.7
100.0
100.0

100.0
100.0
100.0
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Table 3.5

Experiment
Initial feeding
Pond feeding

a

Commercial
feed
consumption
Acceptable
Rangea

Mean (standard error) values for water quality variables measured during
the initial feeding, pond feeding, and commercial feed consumption
experiments.
Temp
(◦C)
26.0
(0.0)
27.0
(0.2)
28.5
(0.2)
-

Hardness
(mg/L)

Un-ionized
ammonia
(mg/L)

DO (mg/L)

pH

Alkalinity
(mg/L)

7.5 (0.5)

8.5 (0.5)

120 (0)

112 (23)

0.01 (0.10)

8.7 (0.2)

8.3 (0.1)

138 (3)

69 (4)

0.02 (0.00)

8.2 (0.1)

8.9 (0.1)

124 (4)

88 (3)

0.04 (0.00)

0.1
(0.0)

5-saturation

6.5-9.0

10-400

<0.0125

<0.1

>20

Acceptable ranges are defined for freshwater fish described in Piper et al. (1982).
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Nitrite
(mg/L)
0.0
(0.0)
0.1
(0.0)

Figures

Figure 3.1

Mean (+ standard error) proportion of zooplankton taxa for (A) week 1 (B)
week 2 (C) week 3, and (D) week 4 post-stocking Black Buffalo Ictiobus
niger fry.

White bars represent proportion of zooplankton consumed by Black Buffalo, while the
shaded bars represent the proportion of zooplankton available in the pond. Different
lowercase letters indicate significant differences (mixed-model analysis of variance,
P<0.05) with analysis conducted for each taxa.
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CHAPTER IV
EFFECTS OF DIETARY PROTIEN ON GROWTH AND BODY COMPOSITION OF
JUVENILE (AGE-1) BLACK BUFFALO ICTIOBUS NIGER
Abstract
Populations of Black Buffalo Ictiobus niger, a broadly-distributed catostomid
species native to the Mississippi River basin are in decline, similar to many other
catostomids. Artificial propagation and culture are frequently a part of native species
recovery plans, and developing formulated diets is a critical component of these plans.
However, studies establishing protein requirements for catostomids are limited,
particularly for larger juvenile to sub-adult sizes, even though catostomids are commonly
reared to these sizes. Therefore, a 10-week growth study was conducted to evaluate
optimal protein in juvenile (age-1) Black Buffalo (mean ± SE: total length = 218.7 ± 0.8
mm, weight = 148.5 ± 1.6 g). Five practical diets were formulated to contain 30, 34, 38,
41, and 45% crude protein with each diet fed to four replicate tanks (400-L) containing
10 fish each. Fish fed a diet containing 41% crude protein had greater biomass gain (total
weight gain for all fish in the tank) when compared to other diets. Individual weight gain
(percent increase) was greater in fish fed diets containing 41% and 45% protein
compared to lower protein diets. Results from this study suggest a diet with 41% crude
protein would produce optimal growth for juvenile (age-1) Black Buffalo.
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Introduction
Catostomidae is a diverse fish family distributed across North America with more
species being recognized as at-risk (Cooke et al., 2005). Of the 75 catostomid species
native to North America, Jelks et al. (2008) reports 49% are recognized as imperiled
(threatened, endangered, or vulnerable). Conservation for native species is aided by
artificial propagation in 42% of state and federal agencies (Jackson et al., 2004) with the
main purpose being to preserve genetic diversity, help reintroduction, and offset
recruitment losses in the wild (Billman and Belk, 2009). However, classification as a
non-game species has led to few resources focused on catostomids (Cooke et al., 2005)
resulting in little available information about culture techniques, including nutritional
requirements.
Information on nutritional requirements of catostomids is important in developing
prepared feeds formulated to optimize growth in aquaculture systems. Protein is one of
the first nutrients tested when developing a diet for a new species (Sealey et al., 2013),
because it provides amino acids necessary for muscle formation and energy (Yang et al.,
2002). Further, protein is the most expensive diet component (Yuan et al., 2010), and
minimizing excess protein is important for reducing costs (Sealey et al., 2013).
Commercial diets containing >45% crude protein are recommended for larval June
Sucker Chasmistes liorus (Hansen 2002) and larval Robust Redhorse Moxostoma
robustum (Higginbotham and Jennings, 1999), and diets containing >50% crude protein
have been recommended for larval Razorback Sucker Xyrauchen texanus (Tyus and
Severson, 1990).
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The size and developmental stage of fish being reared are also important for
consideration when developing formulated diets. Sealey et al. (2013) states optimal
protein decreases with increasing size and age in fish. Previous catostomid nutritional
studies (Tyus and Severson, 1990, Higginbotham and Jennings, 1999, Hansen, 2002)
focused on evaluating nutritional requirements in larval fish. However, catostomids are
often reared to larger sizes to increase survival once stocked in the wild (Day et al.,
2017). For example, Day et al. (2017) states Razorback Sucker are stocked at 250-300
mm total length (TL) while Shortnose Chasmistes brevirostris and Lost River Suckers
Deltistes luxatus are released at age-2 or older (>200 mm TL). Likewise, June Sucker are
reared until ~300 mm in total length before being released (Sealey et al., 2013). Sealey et
al. (2013) recommended a diet >40% protein for juvenile (3-6 months old) June Sucker
which is reduced from the recommended feeding of a commercial diet with >45% protein
for larval June Sucker at first feeding (Hansen, 2002). Thus, understanding how
nutritional requirements differ among catostomid life stages may be beneficial for
conservation.
The Black Buffalo Ictiobus niger is a large catostomid species native to the
Mississippi River basin which could benefit from developing culture methods, including
assessing optimal dietary requirements, due to population declines (Ross, 2001).
Trautman (1981) states populations are declining in abundance in the Ohio River while
Ross (2001) lists Black Buffalo as a species of concern in Mississippi. While no other
study evaluated optimal protein requirements for larval Black Buffalo, it can be inferred
from studies involving similar species, such as Razorback Sucker (Tyus and Severson,
1990), Robust Redhorse (Higginbotham and Jennings, 1999), and June Sucker (Hansen,
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2002), a diet containing crude protein >45% may be appropriate for feeding larval Black
Buffalo. Although Sealey et al. (2103) evaluated protein and lipid requirements for early
juvenile (3-6 months) June Sucker, there are no studies evaluating protein requirements
for larger juvenile to sub-adult catostomids (age-1). Therefore, the purpose of this study
was to evaluate protein requirements for juvenile (age-1) Black Buffalo.
Methods
Diet Formulations
Five practical diets were formulated to contain 30, 34, 38, 41, and 45% protein
(Table 1). Diet formulations were similar to a commercially available Razorback Sucker
diet (2.0 mm Grower; Rangen Inc., Buhl, ID), one of the few commercially available
feeds for catostomid species. Each diet was prepared by altering amounts of protein
ingredients including fish meal (menhaden), corn gluten meal, and wheat flour. Diets
were formulated to have the same lipid content (13%), supplemental vitamins, trace
minerals, pellet binders, and total phosphorus (1.5%) across all diets. Ingredients used in
diet formulations include vitamin C (35% active, DSM, Parsippany, NJ), choline chloride
(Thermo Fisher Scientific, Waltham, MA), dicalcium phosphate (Potash Corp, Aurora,
NC), carboxymethyl cellulose (City Chemical, LLC., West Haven, CT), and menhaden
oil (Lab Express, Arlington, TN). All other ingredients were purchased from a
commercial supplier (Rangen, Inc.).
Diets were prepared as sinking pellets and produced with similar procedures
outlined in Li et al. (1993), except diets were dried at higher temperatures. Finely ground
ingredients (weighed to the nearest 0.1 gram) were placed in a V-mixer (Patterson-Kelly
Co., East Stroudsburg, PA) and mixed for 20 minutes. Resulting mixed ingredients were
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blended in a dough maker (Hobart Corp., Troy, OH), with fish oil added and mixed for
10 minutes followed by adding water (30%) which was mixed for another 10 minutes.
The feed mixture was then passed through a meat grinder (Hobart Corp) and the resulting
feed strands were broken into smaller particles by hand until pellets were about 2.0 mm
in length. These smaller particles were dried in an oven (Grieve Corp., Round Lake, IL)
at 120oC for 30 minutes. Dried feed was screened to remove any dust and stored in a
freezer at about −10oC until fed. Samples from each diet were analyzed in duplicate for
proximate composition analysis (Table 1).
Fish and Tank Acclimation
All procedures were reviewed and approved by the Mississippi State University
Institutional Animal Care and Use Committee (protocol#: 17-008).
Juvenile Black Buffalo used in this experiment consisted of F1 offspring from
wild broodstock induced to spawn following Guy and Allen (in review). Fry were first
stocked into a fertilized pond (0.04 ha) and reared for 17 months. Fish were grown on a
commercial starter diet (55% protein, 1-1.7 mm starter; Rangen Inc., Buhl, ID) for about
13 months before being transitioned to a commercial sinking diet (45% protein, 2.4 mm
EXTR 450; Rangen Inc.). High protein diets were fed to larval and early juvenile Black
Buffalo following recommendations for other catostomid species (Higginbotham and
Jennings, 1999; Sealey et al., 2013; Tyus and Severson, 1990), although it is uncertain if
fish consumed the commercial diet or foraged on natural prey items in the pond.
Tank acclimation began by transferring Black Buffalo to two indoor recirculating
aquaculture systems (RAS) and distributing fish equally among 10 tanks (430-L) in each
system. Acclimation lasted for four months to ensure fish regularly consumed a
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formulated diet and to reduce fish agitation caused during feeding and tank cleaning.
Pressurized aeration kept dissolved oxygen at >6 mg/L while a heater maintained the
water temperature between 21-24oC during acclimation. Salinity was maintained at
3.0‰ to reduce impacts from stress, and Black Buffalo were fed the same diet as in the
ponds at 1% body weight per day. After acclimation, Black Buffalo were sorted to obtain
similar sized fish and randomly redistributed back into both RAS. The experiment began
four days after sorting and redistribution.
Experimental design
This experiment follows a randomized complete block design with the two RAS
serving as the block and individual tanks within each RAS defined as the experimental
unit. Each RAS contained 10 separate 430-L tanks (N=20) stocked at 10 Black Buffalo
(mean ± SE: total length = 218.7 ± 0.76 mm, weight = 148.5 ± 1.6 g) per tank. Diets
were randomly assigned to four tanks with two replicate tanks per RAS. Dissolved
oxygen was maintained >6 mg/L by pressurized aeration, and water temperature was
maintained between 21-24oC following a feeding study on a closely related species,
Bigmouth Buffalo I. cyprinellus (Stanley and Jones 1976). A constant photoperiod (12
hour light: 12 hour dark) was used for both RAS with lights controlled by a timer.
Fish were fed to satiation daily for 10 weeks by providing excess feed and
removing the remaining feed after 30 minutes similar to a method described in NRC
(2011). Initial feeding rates were determined by examining fish feed consumption using
different feeding rates (1%, 2%, and 3% body weight/day) for three days each near the
end of acclimation. Fish consumed all feed at 1% body weight/day but did not consume
all feed at 2% and 3% body weight/day, indicating satiation can be achieved by feeding
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fish at 2% body weight/day. Therefore, feed was provided to all tanks at 2% body
weight/day during the first week. Feed amounts were increased by 5% (based on total
weight of feed offered in grams) at the beginning of each week to account for growth
throughout the study. Fish in different tanks consumed feed at different rates and, thus,
feeding rates for individual tanks were increased by 5% (based on total weight in grams)
if fish ate the majority of feed the previous day. A 30 minute feeding period was chosen
because feed started to noticeably break down about 45 minutes to 1 hour after being
immersed in water.
Uneaten feed was dried in an oven (Isotemp 300 series, Model 259 G, Fisher
Scientific, Hampton, NH, USA) set at 60oC for 24 hours to obtain dry weight. Feed
consumption was calculated following NRC (2011):
Feed consumption = (weight of feed fed X percent dry matter of diet)-(dry weight
of uneaten feed).

(4.1)

Where the weight of remaining feed (grams) was subtracted from the weight of
feed fed (grams) which was adjusted to a 100% dry matter basis using the proximate diet
analysis.
Since feed begins to dissolve once immersed in water, a dry matter retention study
was conducted to determine if diets dissolved at different rates using methods similar to
Li et al. (2010). Twenty grams of each diet were randomly assigned to three tanks within
the RAS and remaining feed was removed after 30 minutes. Remaining feed was then
dried in an oven (Isotemp 300 Series, Model 350 G, Fisher Scientific) at 60oC for 24
hours to obtain a dry weight of remaining feed. Dry weight of original feed was adjusted
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to a dry matter basis using results from proximate diet analysis and percent dry matter
retention was calculated following Li et al. (2010):
Dry matter retention (%) = [(dry weight of feed after 30 minute immersion in
water, g)/(diet weight, g X dry matter of diet, %)] X100

(4.2)

Calculations for individual weight gain (percent increase), biomass gain, and feed
conversion ratio follow equations provided in NRC (2011) while the calculation for
condition factor follows the equation in Sealey et al. (2013). Fish performance indices
were calculated with the following equations:
Weight gain (% increase) = {[(final weight, g/fish) – (initial weight, g/fish)]/(initial
weight, g/fish)]} X 100

(4.3)

Biomass gain = (final weight of all fish, g) – (initial weight of all fish, g)

(4.4)

Total length gain = (avg. final total length, mm) – (avg. initial total length,
mm)

(4.5)

Condition factor (K) = [(body weight, g)/(total length, cm)3] X 100

(4.6)

Feed conversion ratio (FCR) = (dry weight of feed consumed, g)/(wet weight gain,
g)

(4.7)

Water Quality Monitoring
All water quality measurements were taken from one randomly chosen tank per
RAS with a new tank selected each day. Temperature and dissolved oxygen were
measured once daily immediately after removing uneaten feed with a dissolved oxygen
meter (YSI 85, YSI Inc., Yellow Springs, Ohio). Likewise, pH was monitored once daily
with a pH probe (pH10A, YSI Inc.). Ammonia, nitrite, and alkalinity were measured
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every third day (~2X per week) with ammonia and nitrite measured with a colorimeter
(DR/850, Hach Company, Loveland, CO) and alkalinity measured with a direct reading
titrator (AQ-3, LaMotte, Chestertown, Maryland). Sodium bicarbonate was used to
maintain acceptable ranges of alkalinity and pH within each RAS.
Proximate Composition Analysis
Proximate composition was analyzed on the whole body of three randomly
selected fish from each tank that were euthanized with an overdose of tricaine
methanosulfate (500 mg/L; MS-222, Argent Chemical Laboratories, Redmond, WA) and
pooled together by tank for the analysis. Fish samples were pooled by cutting each of the
three fish into smaller pieces, mixing the pieces together into one sample, and
homogenizing the sample in a meat grinder. The resulting mixture was placed in a glass
bowl and further mixed by hand.
Proximate composition analysis was conducted in duplicate on diet and pooled
fish samples using methods described by Association of Office Analytical Chemists
(2000). Crude protein was determined by combustion methods with the Dumas
combustion method (vario MAX cube, elementar, Langenselbold, Germany). Crude fat
of diet samples was analyzed by acid hydrolysis followed by ether extraction (Soxtec
System, Foss North America, Inc., Eden Prairie, MN), and fish samples were analyzed by
ether extraction only. Moisture was analyzed by oven drying with a mechanical
convection oven (Precision Winchester, VA). Ash was determined by using a muffle
furnace (Fischer Scientific, Waltham, MA).

60

Statistical Analysis
Water quality variables are described using mean (± standard error) for dissolved
oxygen, temperature, pH, ammonia, nitrite, and alkalinity.
Initial weight, weight gain, biomass gain, total length gain, feed consumption,
condition factor, FCR, and dry matter retention data were analyzed with a randomized
complete block design with each RAS defined as the block and each tank defined as the
experimental unit. All data were analyzed by a one-way Analysis of Variance (ANOVA)
where the fixed effect factors in the analysis were the diet fed to each tank and the RAS.
Differences between means were considered significant at α=0.1 due to the few replicates
available (N = 4 tanks per diet) and the anticipated slower growth rate of juvenile fish. A
Tukey’s multiple comparison test was used for pairwise comparisons when significant
treatment effects were detected.
Proximate composition analysis followed a similar randomized complete block
design except with subsampling where each sample analyzed (N=2/tank) was defined as
the sampling unit, and the diet*RAS interaction was used as the experimental error
(Compton, 1994). Experimental units (tanks) and blocks (RAS) remained the same as
described for fish performance indices. A Tukey’s multiple comparison test was
conducted when significant treatment effects were detected (α=0.1).
For all data, assumptions of normality and homogeneity of variance were checked
with the Shapiro-Wilk and Levene’s tests, respectively. Dry matter retention and
proximate composition percentage data were transformed with a logit transformation
before statistical analysis. Analysis was conducted with the statistical package SAS 9.4
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(SAS Institute, Cary, North Carolina). Reported values are listed as mean (± standard
error).
Results
Water Quality
All water quality variables were kept within acceptable ranges for freshwater
species as defined by Piper et al. (1982), since optimal water quality ranges for Black
Buffalo have yet to be documented (Table 2).
Growth Indices and Dry Matter Retention
Two tanks had one fish die during the study and, thus, initial weights were
adjusted to reflect only nine fish in those tanks by subtracting the average weight of a
single fish from the initial biomass. No significant interaction effects between diet and
RAS were observed for fish performance indices or dry matter retention. Therefore, the
interaction term was removed from the model statement.
Dietary protein significantly affected tank biomass gain (P = 0.0175) and
individual weight gain (P = 0.0297). Black Buffalo fed a diet containing 41% protein
had a higher tank biomass gain than other diets while fish fed a diet containing 41% and
45% protein had higher individual weight gain compared to lower protein diets (Figure
1). Specifically, fish fed the 41% protein diet had a significantly higher tank biomass
gain than the diets containing 30% (P = 0.0219), 34% (P = 0.0688), 38% (P = 0.0308),
and 45% (P = 0.0588) protein. Similarly, fish fed a diet containing 41% had significantly
higher individual weight gain (percent increase) compared to the 30% (P = 0.0436), 34%
(P = 0.0965), and 38% (P = 0.0332) protein diets but was not significantly different from
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the 45% (P = 0.2529) protein diet. No other diet comparisons between protein for tank
biomass gain and individual weight gain were significantly different from each other.
No significant effects of dietary protein were observed for initial weight (P =
0.1678), total length gain (P = 0.1865), feed consumption (P = 0.8678), condition factor
(P = 0.9217), or FCR (P = 0.4321) (Table 3). A significant block effect was detected for
weight gain (P = 0.0749), biomass gain (P = 0.0311), total length gain (P = 0.0541), and
FCR (P = 0.0909). No significant block effects were observed for initial weight (P =
0.1387), feed consumption (P = 0.6944), or condition factor (P = 0.7340).
Dietary protein had no significant effect on dry matter retention (P = 0.1233) and
no significant block effects were observed for dry matter retention (P = 0.1714) (Table
3).
Whole-Body Proximate Composition
Significant effects of dietary protein were observed on proximate composition
results (Table 4). Dietary protein significantly affected whole body fat (P = 0.0058) and
whole body moisture (P = 0.0200). Whole body fat results displayed a general
decreasing trend where Black Buffalo fed increasing dietary protein had lower whole
body fat. Specifically, the 30% protein diet showed significantly increased crude fat
compared to the 41% (P = 0.0493) and 45% (P < 0.0001) protein diet. Further, the 45%
protein diet had significantly less whole body fat than the 34% (P = 0.0035), 38% (P =
0.0062), and 41% (P = 0.0181) protein diets.
Whole body moisture displayed a general increasing trend with fish fed increasing
dietary protein having higher moisture (Table 4). Fish fed the diet containing 30%
protein had significantly less moisture than the 38% (P = 0.0053), 41% (P = 0.0077), and
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45% (P < 0.0001) protein diet. Fish fed the diet containing 45% protein had significantly
greater moisture than the diet containing 34% (P = 0.0011) protein. No other dietary
protein comparisons for whole body fat and moisture were significantly different.
No significant effects of dietary protein were observed for whole body protein (P
= 0.2072) or whole body ash (P = 0.2007). A significant block effect was observed for
whole body fat (P = 0.0063). No significant block effects were detected for whole body
protein (P = 0.5946), whole body moisture (P = 0.1356), or whole body ash (P = 0.6219).

Discussion
Diets for at risk species are often formulated using established dietary
requirements from other species with similar feeding niches (Dr. Gibson Gaylord,
Nutritionist, US Fish and Wildlife Service, personal communication). Results from the
current study have the potential to aid conservation for Black Buffalo and other
catostomids by specifically determining an optimal protein for a catostomid species in the
juvenile to sub-adult life stage. Due to the increased weight gain (% increase) and
biomass gain observed for fish fed 41% protein, results from this study suggest the
protein for optimal growth of juvenile (age-1) Black Buffalo is about 41%. A 41%
optimal protein is similar to that reported for juvenile (3-6 months old) June Sucker
(>40% crude protein; Sealey et al., 2013), but it is higher than the recommended dietary
protein for similar sized cyprinid species, such as juvenile (200-600 g) Grass Carp
Ctenopharyngodon idella (~32%; NRC, 2011).
Interestingly, the diet with the highest crude protein (45%) had reduced biomass
gain than fish fed the diet with 41% crude protein. Increased protein content beyond the
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optimal requirement can negatively affect growth and protein utilization (Winfree and
Stickney, 1981) which has been demonstrated in other fish species including Turbot
Scophthalmus maximus (Adron et al., 1976) and Rainbow Trout Oncorhynchus mykiss
(Lee and Putnam, 1973).
Weight gain in fish is a reflection of changes in body composition of protein and
fat relative to ash and water (Cox and Hartman, 2005). Although protein deposition is
the main component of weight gain (NRC, 2011) and significant differences were found
in tank biomass and weight gain, no significant differences were observed for percent
whole body protein among dietary treatments. However, this could be due to the size of
fish used in this study. For example, Shearer (1994) reported protein content to be
primarily determined by size in salmonids with juvenile to adult salmonids displaying
reduced rates of increases in percent protein compared to larval salmonids. Results from
this study also demonstrated increases in moisture and decreases in fat with increasing
dietary protein. This is consistent with the inverse relationship between moisture and fat
in fish (Elangovan and Shim, 2000).
Juvenile Black Buffalo used in this study were undomesticated first generation
progeny of wild broodstock, which may explain the observed block effects. Although
both RAS were in an enclosed room, and tanks were fitted with dark covers to reduce
light, fish were easily agitated in the clear water. Agitation may have led to increased
movement (Brady and Hulsey, 1959; Guy and Allen, “in review”) and increased energy
use, which would have reduced energy available for growth. Fish in the RAS closest to
the entry door to the room may have been agitated more frequently. However, treatments
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were equally divided in each RAS to mitigate potential block effects and, thus, treatment
effects observed in this study are real.
Because most catostomids are not considered game fishes, few studies have
examined their life history which makes diet development challenging. For instance,
Black Buffalo consume a variety of organisms in the wild with Minckley et al. (1970)
reporting Black Buffalo eating Asiatic Clams Corbicula fluminea and midwater
zooplankton in central Arizona Reservoirs. While Ross (2001) states Black Buffalo feed
on blue-green bacteria and diatoms with organic detritus and sand contributing up to 40%
of the diet. This wide-ranging feeding behavior could make it difficult to determine an
appropriate diet to provide Black Buffalo in a hatchery.
Successful propagation requires feeding a diet which meets nutritional
requirements for a species through all life stages maintained in captivity (Twibell et al.,
2016). In several recovery programs, catostomids are reared through the juvenile life
stage to avoid mortality from predation or lack of habitat (Day et al., 2017). The present
study indicated diets for juvenile (age-1) Black Buffalo should contain 41% protein for
optimal growth. This finding is consistent with recommendations for early juvenile
(<age-1) June Sucker (Sealey et al., 2013), suggesting general application may benefit
many catostomid species. Due to the limited ability to evaluate dietary needs of
vulnerable species and more catostomids being recognized as imperiled (Cooke et al.,
2005), studies involving proper evaluation of dietary requirements are valuable and will
aid in the effective propagation of catostomids.
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Tables
Table 4.1

Ingredient composition and mean proximate composition (standard error)
of diets used to evaluate optimal protein for juvenile (age-1) Black Buffalo
Ictiobus niger.
Diet Composition

Diet 1

Diet 2

22.75
10.00
5.00
5.00
41.60
0.50
0.10
0.30
2.65
0.10
2.00
3.00
7.00

25.50
15.00
5.00
5.00
34.45
0.50
0.10
0.30
2.25
0.10
2.00
3.00
6.80

Dry Matter (%, as fed)
Fat (%, as fed)
Ash (%, as fed)

92.10 (0.05)

93.38 (0.01)

94.16 (0.01)

95.16 (0.01)

95.28 (0.02)

14.20 (0.00)

14.58 (0.01)

15.12 (0.22)

15.44 (0.04)

15.10 (0.30)

9.97 (0.02)

10.12 (0.03)

10.39 (0.03)

10.77 (0.02)

10.99 (0.01)

Crude Protein (%, 90% dry matter basis)

30.33 (0.07)

34.04 (0.01)

38.02 (0.12)

41.09 (0.23)

45.17 (0.85)

Fish meal, menhaden
Corn gluten meal
Shrimp meal
Squid meal
Wheat flour
Vitamin premix
Vitamin C (L-ascorbyl phosphtate, 35%)
Choline Chloride
Dicalcium phosphate
Trace mineral premix
Carboxylmethyl cellulose*
Soy lecithin
Menhaden oil

Diet 3
Diet 4
Ingredient (%, as fed)
28.15
30.95
20.00
25.00
5.00
5.00
5.00
5.00
27.55
20.40
0.50
0.50
0.10
0.10
0.30
0.30
1.80
1.40
0.10
0.10
2.00
2.00
3.00
3.00
6.50
6.25

Diet 5
33.75
30.00
5.00
5.00
13.10
0.50
0.10
0.30
1.00
0.10
2.00
3.00
6.15

Analyzed Compostion

*Pellet binder for sinking feeds.
Diets resemble a commercially produced Razorback Sucker Diet (2.0mm Grower;
Rangen Inc., Buhl, Idaho, USA) with Diet 4 being the most similar.

Table 4.2

a

Mean (standard error) water quality in two experimental recirculating
aquaculture systems (RAS).
Temperature

Dissolved
Oxygen
(mg/L)

RAS 1

23.4 (0.1)

7.57 (0.04)

RAS 2

23.5 (0.1)

7.45 (0.05)

Overall mean

23.5 (0.1)

7.51 (0.03)

Acceptable
rangesb

pH
7.61
(0.03)
7.54
(0.03)
7.58
(0.02)

5-saturation

6.5-9.0

Ammoniaa
(mg/L)

Nitrite
(mg/L)

Alkalinity
(mg/L)

0.07 (0.00)

0.01 (0.00)

78 (1)

0.07 (0.01)

0.02 (0.00)

62 (3)

0.07 (0.00)

0.02 (0.00)

70 (2)

<1.0

<0.1

10-400

Ammonia refers to total ammonia nitrogen.
Acceptable ranges are for warmwater species as defined by Piper et al (1982).

b
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Table 4.3

Mean (standard error) dietary protein effects on dry matter retention and
juvenile Black Buffalo Ictiobus niger growth indices.

Diet

Dietary
protein
(%)

Survival
(%)

1

30

97.5

2

34

100

3

38

97.5

4

41

100

5

45

100

Pvalue

Dry
matter
retention
(%)
89.0
(3.1)
90.0
(3.8)
96.3
(0.5)
90.5
(2.6)
91.9
(1.4)

Initial
weight
per
fish (g)

Total
length
gain
(mm)

Feed
consumption
(g)

152 (4)

24 (2)

1508 (80)

149 (4)

25 (1)

1583 (130)

151 (2)

26 (1)

1512 (107)

151 (3)

29 (2)

1716 (99)

142 (2)

26 (1)

1619 (156)

0.3182

0.186

0.1865

0.7312

Condition
factor

FCR

1.50
(0.01)
1.50
(0.02)
1.48
(0.01)
1.50
(0.03)
1.49
(0.03)

2.29
(0.12)
2.28
(0.06)
2.27
(0.19)
2.06
(0.13)
2.36
(0.20)

0.9217

0.4321

When significant treatment effects were detected (P<0.1), a Tukey’s multiple comparison
test was conducted and significance is represented by different lower case letters.

Table 4.4

Diet
1
2
3
4
5
P-value

Mean (standard error) whole body proximate composition of Black Buffalo
(Ictiobus niger) fed five diets with increasing protein.
Dietary
Protein (%)
30
34
38
41
45

Crude
Protein (%)
15.4 (0.3)
15.4 (0.3)
15.2 (0.2)
15.7 (0.5)
15.8 (0.3)
0.2072

Crude Fat (%)

Ash (%)

Moisture (%)

8.7 (0.7) x
8.0 (0.4) xy
7.9 (0.4) y
7.8 (0.9) y
6.9 (0.4) z
0.0058

9.9 (1.5)
9.4 (1.1)
8.2 (0.5)
8.4 (0.7)
9.0 (1.0)
0.2007

72.4 (0.7) x
73.2 (0.8) xy
73.8 (0.3) yz
73.8 (1.1) yz
74.7 (0.2) z
0.0200

Proximate analysis was conducted in duplicate on pooled samples of three fish/tank.
A Tukey’s multiple comparison test was conducted when a treatment effect was observed
(P<0.1). Lower case letter represent significance.
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Figures

Figure 4.1

(A) Mean (+ standard error) individual weight gain and (B) mean (+
standard error) tank biomass gain for juvenile Black Buffalo Ictiobus niger
fed five diets with increasing protein.

Different lowercase letters indicate significance (one-way analysis of variance, Tukey’s
multiple comparison test, P<0.1).
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CHAPTER V
EVALUATION OF SNAIL CONSUMPTION BY BLACK BUFFALO ICTIOBUS
NIGER
Abstract
Bolbophorous damnificus is a digenetic trematode which causes economic loss for
commercial catfish producers by decreasing growth rates in the adult stage and increasing
mortality in the juvenile stage of catfish Ictalurus spp. Controlling B. damnificus mainly
centers around controlling an intermediate host, the Ram’s Horn Snail Planorbella
trivolvis, within catfish ponds. Black Buffalo Ictiobus niger are a catostomid fish species
which have been documented predating upon mollusks and, therefore, are a potential
control option; although gastropod consumption has not been documented. Thus,
experiments were conducted to (1) evaluate Ram’s Horn Snail consumption by Black
Buffalo at juvenile and adult life stages and (2) determine if juvenile Black Buffalo are
able to consume snail sizes typically found in catfish ponds. In both juvenile and adult
experiments, no snails were consumed, suggesting Black Buffalo have a limited capacity
to reduce B. damnificus incidence through directly consuming Ram’s Horn Snail.
Introduction
Trematodes are a nuisance to catfish producers because they can have a
significant farm-level economic impact (Wise et al. 2008) on the commercial catfish
industry. In particular, Bolbophorous damnificus has impacted catfish farms in Arkansas,
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Mississippi and Louisiana (Labrie et al. 2004) with even low prevalence rates (1-33%)
estimated to cause farm-level economic losses up to 61% (Wise et al. 2008).
Bolbophorous damnificus is harmful to catfish production because it decreases growth
rates in adult catfish (Wise et al. 2013) and increases mortality rates in juvenile catfish
(Venable et al. 2000). Also, B. damnificus infections leave catfish vulnerable to
secondary infections such as enteric septicemia (Labrie et al. 2004). Thus, it is in the best
interest of catfish producers to evaluate effective means of controlling snail populations.
Bolbophorous damnificus, a digenetic trematode, has a complex life cycle that
involves two intermediate hosts, the Ram’s Horn Snail Planorbella trivolvis followed by
a fish host, and finally the definitive host, the American White Pelican Pelecanus
erythrorhynchos. Most trematode control focuses on disrupting this life cycle by
controlling the intermediate hosts, particularly the Ram’s Horn Snail. Chemical
treatments used to control snails include hydrated lime, copper sulfate, citric acid, and
salt (Ledford and Kelly 2006); although, these chemicals can be expensive and
potentially harmful to fish (Mitchell 2002, Noatch and Whitledge 2011). Biological
control options which have been shown to be an effective alternative to chemicals include
Black Carp Mylopharyngodon piceus (Venable et al. 2000) and Redear Sunfish Lepomis
microlophus (Ledford and Kelly 2006). However, Black Carp present concerns over
escapement as they are not endemic to the US and are potentially invasive (Ledford and
Kelly 2006). The smaller gape size of Redear Sunfish limits snail sizes fish can ingest
and, in turn, their ability to control B. damnificus (Ledford and Kelly 2006). Therefore, a
need exists to further evaluate native fish species as a biological control for Ram’s Horn
Snails.
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The Black Buffalo Ictiobus niger is a catostomid fish species native to the
Mississippi River Basin including Arkansas, Mississippi and Louisiana. Although the
Black Buffalo diet is not fully described, they are benthic feeders and consume a variety
of organisms including invertebrates, such as chironomids, algae, blue green bacteria, and
diatoms (Trautman 1981, Ross 2001). However, in a diet study on Black Buffalo in
central Arizona reservoirs, Minckley et al. (1970) found the Asiatic clam Corbicula
manilensis was the primary food source used by Black Buffalo. Also, anecdotal evidence
from commercial catfish farmers in Mississippi and information from a pilot study at
Mississippi State University (Emmet Guy; unpublished data) indicate Black Buffalo may
predate upon gastropods. Although gastropod consumption has not been documented in
Black Buffalo, there may be potential for the species to be used as a biological control for
Ram’s Horn Snails in aquaculture ponds. Therefore, the purpose of this study was to
evaluate Black Buffalo consumption of Ram’s Horn Snails. The study objectives were to
(1) Determine the ability of adult and juvenile Black Buffalo to consume Ram’s Horn
Snails, and (2) Determine if juvenile Black Buffalo are limited in their ability to consume
snail sizes typically found in commercial catfish ponds.
Methods
Experiment 1: snail consumption by adult Black Buffalo
Natural origin Black Buffalo, which were caught in the Mississippi River and
purchased from a commercial fisher near Greenville, MS, were used in this experiment
with the assumption natural origin fish would recognize natural origin prey. Black
Buffalo were confirmed with characteristics listed in Ross (2001) including a subterminal
mouth position, a rounded predorsal region, and a total length to body depth ratio of >2.9.
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First, Black Buffalo were placed in a 0.04 hectare pond, held for about two months, and
then transferred to an indoor 4,000 L recirculating tank maintained at 3 ppt salinity with a
marine salt mix (Instant Ocean Mix, Blacksburg, Virginia, USA) to reduce impacts from
stress. Black Buffalo were acclimated to a tank environment for two months before
placing in individual 640-L experimental tanks. During this time, Black Buffalo were fed
a commercial sinking diet at 1% body weight once per day (3.2 mm soft-moist, Rangen
Inc., Buhl, Idaho, USA). Dissolved oxygen was maintained >6 mg/L with pressurized
aeration and temperature was maintained at 24 ± 1 °C.
During tank acclimation, Black Buffalo were observed in close proximity to one
another, suggesting they may be a social species. Group facilitation of feeding has been
demonstrated in many fishes (Olla and Samet 1974; Baird et al. 1991 ), including wild
fish brought into the laboratory (Sundström and Johnsson 2001), although a study in a
cyprinid, the Common Minnow Phoxinus phoxinus, showed no difference in feed
consumption between individual and grouped fish (Cui and Wootton 1989). It is
undocumented whether there is group feeding facilitation in buffalo or other catostomids.
Therefore, to aid in further evaluating the species as a snail control option, it was decided
to evaluate if consumption rates differ between Black Buffalo held separately versus
together in addition to evaluating their ability to consume Ram’s Horn Snails.
This experiment began by randomly assigning a treatment of one or two adult
Black Buffalo (mean ± SE; total length = 610 mm ± 17 mm, weight = 3747 g ± 335 g)
per tank to one of six 640 L experimental tanks (3 tanks per treatment). Experimental
tanks were filled with well water and equipped with a pump (Model 3 Utility Pump;
Pentair Aquatic Eco-systems, Apopka, Florida, USA) attached to a canister filter (Ocean
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Clear J319; Pentair Aquatic Eco-systems) to recirculate the water through a filter and
back into the same tank. Dissolved oxygen >5 mg/L was maintained by pressurized
aeration and water temperature at 26 ± 1 °C with a surrounding water bath.
Before allowing access to snails, Black Buffalo underwent an acclimation
protocol designed to ensure wild fish were eating within the tank. Fish were fed a
commercial sinking diet (3.2 mm soft-moist, Rangen Inc.) at 1% body weight per day
with feed administered over 3 feedings per day (AM, noon, PM). Uneaten feed was
removed from each tank after thirty minutes to minimize water quality issues and monitor
consumption. Fish were considered acclimated to the tank environment once each tank
consumed all feed offered over one day. Acclimation to the smaller experimental tanks
lasted about one month. Once each tank was acclimated, feed was withheld for 48 hours
to standardize appetite across tanks following Ledford and Kelly (2006).
After acclimation, Ram’s Horn Snails (n=15, Range = 5– 17 mm), from
commercial catfish farms in Eastern Mississippi, were individually placed on the side of
each experimental tank until they attached and did not float to the surface. Snail location
within each tank was monitored and recorded at 24 and 48 hours post-introduction to
determine if snails were displaying an avoidance strategy within the tank. Snail locations
within the tanks were broken into 2 types, near surface or bottom habitat, similar to
Turner et al. (1999). The near surface habitat consisted of snails that were unattached
(floating on water surface) or attached to a vertical structure (wall/stand pipe) ≤ 2.5 cm
below the water line. The bottom habitat consisted of snails on the bottom of the tank or
on a vertical structure >2.5 cm below the water line. No snails were observed above the
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water line during this experiment. Black Buffalo were allowed access to snails for 48
hours, at which point all remaining snails were removed from the tank and counted.
This experiment was repeated in triplicate with 2 days between experiments
where Black Buffalo were fed a commercial sinking diet at 1% body weight per day. The
two-day interlude between experiments was scheduled to ensure Black Buffalo were
actively feeding before each four-day experiment. Immediately after the third
experiment, three control tanks consisting only of snails underwent the same protocol to
monitor natural mortality and movement within the tank.
Experiment 2: snail consumption by juvenile Black Buffalo
Juvenile Black Buffalo (Mean ± SE; Total length = 180 mm ± 2 mm, avg. weight
= 76 g ± 3 g) used in this experiment consisted of F1 offspring -from previously spawned
natural origin broodstock- reared in a 0.04 ha pond for one year. Black Buffalo were first
stocked into a fertilized pond and were fed a commercial starter diet (1.0-1.7 mm Starter;
Rangen, Inc.) before being transitioned to a commercial sinking diet (2.4 mm EXTR 450;
Rangen, Inc.).
Black Buffalo were stocked into 8 tanks (460 L), connected via a recirculating
system, at 7 fish per tank. Dissolved oxygen was maintained >6 mg/L by pressurized
aeration and water temperature was maintained at 24 ± 0.5 °C. Black Buffalo were
subjected to a similar acclimation protocol described previously where fish were held in a
tank environment for about 3 months, and fed a commercial sinking diet (2.4 mm SoftMoist, Rangen, Inc.) at 1% body weight per day administered over three feedings per
day. Black Buffalo were considered acclimated once they were consistently consuming
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all feed offered after which feed was withheld for 48 hours to standardize appetite across
tanks following Ledford and Kelly (2006).
This experiment evaluated the ability of juvenile Black Buffalo to consume three
different sizes of Ram’s Horn Snails including: small (<11.0 mm), medium (11.1-13.0
mm), and large (>13.0 mm). These size classes represented a range of available snail
sizes after collection from commercial catfish ponds in Eastern Mississippi. Snail
measurements were taken at the tallest point along the vertical axis of the shell following
Ledford and Kelly (2006). Also, Black Buffalo gape widths were measured with digital
calipers by opening their mouth and measuring the horizontal distance between the mouth
edges.
Twenty snails per size class were placed in each tank (N = 60 per tank) and Black
Buffalo were allowed 48 hour to consume snails. Due to a subterminal mouth position, it
was assumed Black Buffalo would have a better ability to consume snails found along the
tank bottom and, therefore, total snails along the tank bottom were recorded at 24 and 48
hours post snail introduction to document whether Black Buffalo had access to snails. In
addition, once the 48 hour feeding ended, all snails were removed from the tank, counted,
and shell length measured to determine the snails remaining in each size class.
All experiments were approved by an institutional animal care and use committee
(protocol#: 17-008).
Statistical analysis
For Experiment 1, data were analyzed using a randomized complete block design
with each 4 day experiment acting as the block and each tank serving as the experimental
unit. Since the same fish were kept in their respective tanks for the whole experiment,
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mean snails consumed per treatment was analyzed with a repeated measures analysis of
variance where the fixed-effect factor in the analysis was the total Black Buffalo
introduced. When significant treatment means were detected a Tukey’s multiple
comparison test was run for pairwise comparisons (α = 0.05). Also, mean snails found at
each habitat type (near surface or bottom) per treatment was analyzed with a one-way
analysis of variance with a Dunnett’s multiple comparison test to compare each treatment
to the control. Normality, for both mean snails consumed and mean snails at each
habitat, was checked with Shapiro-Wilk tests while homogeneity of variance was
analyzed with Levene’s tests.
For Experiment 2, mean snails consumed per size class was analyzed with a one
way analysis of variance and, when significant treatment means was detected, a Tukey’s
multiple comparison test was run for pairwise comparisons (α = 0.05). The analysis was
conducted with the statistical package SAS 9.4 (SAS Institute, Cary, North Carolina,
USA).
Results
Experiment 1
No snails were consumed during the adult Black Buffalo experiment and,
therefore, statistical analysis for snail consumption data was not necessary. Mean snails
found using the near surface habitat did not differ among treatments at either 24 hour
(p=0.4765) or 48 hour (p=0.2844) post snail introduction (Figure 1). Mean snails found
using the bottom habitat did not significantly differ among treatments at either 24 hour
(p=0.4216) or 48 hour (p=0.0648) post snail introduction (Figure 1).
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Experiment 2
No snails were consumed during the juvenile Black Buffalo experiment and,
therefore, statistical analysis was not necessary. In the juvenile Black Buffalo
experiment, a mean of 18% and 34% of all snails were found along tank bottom at 24 and
48 hours post snail introduction, respectively (Figure 2). Gape widths of juvenile Black
Buffalo ranged from 8.0 mm to 13.8 mm.
Discussion
Black Buffalo may be limited in their ability to reduce snail populations through
predation, as no snails were consumed by either juvenile or adult Black Buffalo. Also,
lack of a predator avoidance strategy demonstrated by Ram’s Horn Snails indicate snails
did not perceive Black Buffalo as predators. For example, similar studies have observed
snails, including Ram’s Horn Snails (Alexander and Covich 1991) and the freshwater
snail Physella gyrina (Turner et al. 1999), displaying a predator avoidance strategy within
a tank environment with both species using surface habitat when a crayfish- a bottom
feeding predator- was present.
Interestingly, snail consumption was observed during a pilot study involving adult
Black Buffalo. However, in that study, no snails were consumed after the initial 30
minutes, and only about one snail was eaten per fish, indicating Black Buffalo might have
mistaken snails for the commercial sinking feed since snails were placed in the same
location sinking feed was normally placed. Furthermore, the cessation of snail
consumption after the initial 30 minutes in the pilot study, along with consumption of
commercial feed before and in-between experiments in this study, suggests Black Buffalo
elected to not eat rather than consume more snails.
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This experiment supports conclusions by Eastman (1977) and Doosey and Bart
(2011), who suggested the diet of fish in the buffalo subfamily does not predominantly
contain hard shelled organisms, such as Ram’s Horn Snails. Buffalo have a fragile
pharyngeal structure with many “small, comb-like” pharyngeal teeth and a thin chewing
pad that does not allow for rigorous crushing or grinding (Eastman 1977). In addition,
muscles attached to the pharyngeal bone in buffalo are poorly developed which indicates
buffalo are unlikely to regularly chew hard prey items (Doosey and Bart 2011). Thus,
based on these morphological features of the pharyngeal structure, Eastman (1977)
suggested buffalo are more adapted for straining soft prey items during benthic and
limnetic feeding.
It is possible for some snails to be consumed while Black Buffalo forage along a
catfish pond bottom. Although, in a study on snail ecology in southeastern commercial
catfish ponds, George (2008) found only 0.4% of all snails were found in the sediment.
Therefore, Black Buffalo would likely come in contact with only a small percentage of
snails and are doubtful to reduce B. damnificus incidence through consuming enough
Ram’s Horn Snails with this foraging strategy.
Although Black Buffalo did not directly consume snails in this study, there is still
potential for Black Buffalo to indirectly affect snail populations in ponds. George (2008)
stated 83% of all Ram’s Horn Snails were found in vegetation, and observed increases in
Ram’s Horn Snail populations when farm managers did not control for vegetation within
the pond. Through their foraging activities along the pond bottom, Black Buffalo would
likely increase turbidity, which, in turn, has the potential to decrease aquatic vegetation
and reduce available habitat for snails.
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This study evaluated the ability of adult and juvenile Black Buffalo to feed on
Ram’s Horn Snails with neither age class of Black Buffalo ingesting snails. Although
snail control may be accomplished indirectly through water quality manipulation, Black
Buffalo would be limited in their ability to directly control snail populations through
consumption.
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Figures

Figure 5.1

Mean (± standard error) distribution of Ram’s Horn Snails (Planorbella
trivolvis) using near surface and bottom habitat types at 24 hours post-snail
introduction.

White bars represent the control where zero fish were present in the tank, black bars
represent tanks with one Black Buffalo (Ictiobus niger) present, and the striped bars
represent tanks with 2 Black Buffalo present.
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Figure 5.2

Mean (± standard error) distribution of Ram’s Horn Snails Planorbella
trivolvis using near surface and bottom habitat types at 48 hours post-snail
introduction.

White bars represent the control where zero fish were present in the tank, black bars
represent tanks with one Black Buffalo Ictiobus niger present, and the striped bars
represent tanks with 2 Black Buffalo present.
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Figure 5.3

Mean (± standard error) percentage of Ram’s Horn Snails (Planorbella
trivolvis) found along the tank bottom with juvenile Black Buffalo
(Ictiobus niger) at 24 and 48 hours post snail introduction.

86

References
Alexander, J. E., and A. P. Covich. 1991. Predation risk and avoidance behavior in two
freshwater snails. The Biological Bulletin 180(3):387.
Baird, T. A., C. H. Ryer, and B. L. Olla. 1991. Social enhancement of foraging on an
ephemeral food source in juvenile walleye pollock, Theragra chalcogramma.
Environmental Biology of Fishes 31(3):307-311.
Cui, Y., and R. J. Wootton. 1989. Grouping fails to affect the growth and energy budget
of a cyprinid, Phoxinus phoxinus. Journal of Fish Biology 35(6):795-798.
Doosey, M. H., and H. L. Bart. 2011. Morphological variation of the palatal organ and
chewing pad of catostomidae (Teleostei: Cypriniformes). Journal of Morphology
272(9):1092–1108.
Eastman, J. T. 1977. The pharyngeal bones and teeth of catostomid fishes. American
Midland Naturalist 97(1):68–88.
George, B. A. 2008. The dynamics of trematode infected and uninfected Planorbella
trivolvis in commerial catfish ponds. Doctoral dissertation. Mississippi State
University, Starkville, Mississippi.
Labrie, L., C. Komar, J. Terhune, A. Camus, and D. Wise. 2004. Effect of sublethal
exposure to the trematode Bolbophorus spp. on the severity of enteric septicemia of
catfish in channel catfish fingerlings. Journal of Aquatic Animal Health 16(4):231–
237.
Ledford, J. J., and M. Kelly. 2006. A comparison of Black Carp, Redear Sunfish, and
Blue Catfish as biological controls of snail populations. North American Journal of
Aquaculture 68(4):339–347.
Minckley, W. L., J. E. Johnson, J. N. Rinne, and S. E. Willoughby. 1970. Foods of
buffalofishes, genus Ictiobus, in Central Arizona reservoirs. Transactions of the
American Fisheries Society 99(2):333–342.
Mitchell, A. J. 2002. A copper sulfate−citric acid pond shoreline treatment to control the
rams-horn snail Planorbella trivolvis. North American Journal of Aquaculture
64(3):182–187.
Noatch, M. R., and G. W. Whitledge. 2011. An evaluation of hydrated lime and predator
sunfish as a combined chemical-biological approach for controlling snails in
aquaculture ponds. North American Journal of Aquaculture 73(1):53–59.

87

Olla, B. L., and C. Samet. 1974. Fish-to-fish attraction and the facilitation of feeding
behavior as mediated by visual stimuli in Striped Mullet, Mugil cephalus. Journal of
the Fisheries Research Board of Canada 31(10):1621-1630.
Ross, S. T. 2001. The inland fishes of Mississippi. Univ. Press of Mississippi, Oxford,
Mississippi.
Sundström, L. F., and J. I. Johnsson. 2001. Experience and social environment influence
the ability of young Brown Trout to forage on live novel prey. Animal Behaviour
61(1):249–255.
Trautman, M. B. 1981. The fishes of Ohio: with illustrated keys. Ohio State University
Press, Columbus, Ohio.
Turner, A. M., S. A. Fetterolf, and R. J. Bernot. 1999. Predator identity and consumer
behavior : differential effects of fish and crayfish on the habitat use of a freshwater
snail. Oecologia 118(2):242–247.
Venable, D. L., A. P. Gaudé, and P. L. Klerks. 2000. Control of the trematode
Bolbophorus confusus in Channel Catfish Ictalurus punctatus ponds using salinity
manipulation and polyculture with Black Carp Mylopharyngodon piceus. Journal of
the World Aquaculture Society 31(2):158–166.
Wise, D. J., T. R. Hanson, and C. S. Tucker. 2008. Farm-level economic impacts of
Bolbophorus infections of Channel Catfish. North American Journal of Aquaculture
70(4):382–387.
Wise, D. J., M. H. Li, M. J. Griffin, E. H. Robinson, L. H. Khoo, T. E. Greenway, T. S.
Byars, J. R. Walker, and C. C. Mischke. 2013. Impacts of Bolbophorus damnificus
(Digenea: Bolbophoridae) on production characteristics of channel catfish, Ictalurus
punctatus, raised in experimental ponds. Journal of the World Aquaculture Society
44(4):557–564.

88

