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Abstract
This study addressed the development of rapid, straightforward, and minimally stressful procedures for the

ultrasound imaging of ovaries of channel catfish Ictalurus punctatus in a commercial hatchery setting. The objectives
were to (1) describe the ultrasound imaging equipment and settings used, (2) describe the fish handling procedures
during imaging, and (3) illustrate image orientation with respect to the physical positioning of the probe and the
catfish. Ultrasound images of the ovaries of channel catfish were recorded as digital video recordings (audio video
interleave format) and as still images (ultrasound image format files). This study integrated the use of nonanesthetized,
submersed fish within a recirculating tank system or portable container and a submersed waterproof probe, which
enabled us to use water as a transmission medium for ultrasound. This allowed us to image the fish in ventral
recumbency (upright swimming position) without using a physical restraint in the tank system, or by positioning
the fish in the portable container by adjusting the position of its caudal peduncle with one hand and that of the
probe with the other hand. The ease of using this technique allows it to be employed as a systematic method for fish
handling under laboratory and hatchery conditions. The detailed ultrasound imaging procedures and instrument
control settings reported can be used in future testing, improvement, and standardization of procedures for viewing
ovaries in channel catfish and potentially other species.

The channel catfish Ictalurus punctatus industry in the
United States increased steadily from 35,000 metric tons in 1980
to 300,000 metric tons in 2003; however, production has been
in decline over the past few years owing to a number of reasons,
including the high price of feed resulting from the high price

*Corresponding author: ttiersch@agcenter.lsu.edu
1Present address: Woman’s Hospital, 9000 Airline Highway, Baton Rouge, Louisiana 70815, USA.
Received March 11, 2011; accepted May 26, 2011

of the corn and soybean meal components, increased imports of
catfish, and a decrease of water acreage in production (Hanson
and Sites 2011). In response to these challenges, the culture of
hybrid catfish (female channel catfish × male blue catfish I.
furcatus) has been suggested as a means to improve commercial

182

D
ow

nl
oa

de
d 

by
 [

L
ou

is
ia

na
 S

ta
te

 U
ni

ve
rs

ity
],

 [
N

oe
l N

ov
el

o]
 a

t 1
3:

51
 0

4 
A

pr
il 

20
12

 



VIEWING THE OVARY OF CHANNEL CATFISH 183

production (Argue et al. 2003; Waldbieser and Bosworth 2008).
This hybrid is considered valuable because of economically
important production traits such as increased disease resis-
tance, survival, and growth rate compared with channel catfish
(Giudice 1966; Ligeon et al. 2004).

Traditional spawning techniques for large-scale commercial
production of channel catfish are based on natural spawning in
earthen ponds, with a male-to-female ratio of between 1:2 and
2:3 (Kelly 2004), but this is not applicable for hybrid production
because of behavioral and physiological reproductive barriers
between the species (Tave and Smitherman 1982; Avery et al.
2005). Commercial production of hybrids, therefore, relies on
artificial spawning, which includes the identification of channel
catfish females in reproductive condition, use of hormones to
induce ovulation, manual collection of oocytes, and artificial
fertilization with blue catfish sperm.

Noninvasive methods for evaluating oocyte maturity and
spawning condition of female channel catfish have included
external visual inspection for a soft, distended abdomen, and a
swollen, red urogenital orifice (Clemens and Sneed 1957; Sneed
and Clemens 1960), observation of active spawning behavior
(Bates and Tiersch 1998; Lang and Tiersch 2007; Phelps et al.
2007), and measurement of degree-day heating requirements
for spawning in ponds (Pawiroredjo et al. 2008). Physically in-
vasive methods for evaluating oocyte maturity and readiness to
spawn of channel catfish have included ovarian catherization
(Markmann and Doroshov 1983), measurement of gonadoso-
matic index (MacKenzie et al. 1989), germinal vesicle visual-
ization (Stoeckel 2000), and measurement of serum estrogen,
testosterone, vitellogenin, and cathepsins (Barrero et al. 2007).

These techniques (with the exception of external morphology
inspection) are applicable mostly to research, and they involve
lengthy, specialized, technical procedures that have limited ap-
plication for gonadal assessment in commercial production. In-
vasive techniques provide accurate biological data of gonadal
condition, but they typically involve a time delay in assessment,
extensive fish handling (which may result in death) (Blythe et al.
1994), or potential disruption of ovulation (Phelps et al. 2007),
or they may jeopardize gamete quality and quantity (Newman
et al. 2008), which is detrimental for commercial production. On
the other hand, ultrasound imaging techniques provide a real-
time portal for direct, rapid viewing of the gonads and bypass
the limitations of invasive techniques.

Ultrasound imaging has been used to study the reproduc-
tive biology of two catfishes, the endangered Neosho madtom
Noturus placidus (Bryan et al. 2005) and the African catfish
Clarias gariepinus (Laszlo et al. 2008). It has also previously
been used to estimate fillet yield in channel catfish (Bosworth
et al. 2001). A rapid, efficient procedure that minimizes fish
handling and is potentially less stressful, would be beneficial
for noninvasive and direct viewing of the ovary of channel cat-
fish broodstock females, especially for commercially relevant
use in hatchery-level production. This study describes handling
procedures and imaging techniques for screening of broodstock

females in a commercial hatchery setting. The objectives were
to (1) describe the ultrasound imaging equipment and settings
used, (2) describe fish handling procedures during imaging, and
(3) illustrate image orientation with respect to the physical po-
sitioning of the probe and the catfish. This combination of fish
handling and ultrasound imaging procedures offers a practi-
cal approach to application of ultrasound imaging for use in
the hatchery.

METHODS
Ultrasound imaging equipment and settings used.—

Ultrasound images were obtained in 2005 by means of a
portable laptop ultrasound unit, TelaVet 1000 (Classic Medi-
cal, Tequesta, Florida) with a multifrequency, waterproof probe
(model LV7.5/60/96Z). The settings for acquiring the image
were provided by the built-in features of the probe model and
the TelaVet software–user interface. The probe was capable of
producing linear array images, a range of ultrasound emission
frequencies (5–8 MHz), and a range of ultrasound penetration
depths (3–15 cm). The main software control settings used were:
real-time B-Mode echo display, with probe frequency set at
5 MHz, ultrasound penetration depths set at 80 and 110 mm,
power (acoustic power control of ultrasound beam) set at 100%,
overall gain control (causes uniform amplification of returning
echoes) set at 100%, reject control (alters threshold for stronger
or weaker range of returning echoes) set at 0, and time-gain com-
pensation (TGC) controls (adjusts the gain at specific depths)
set at 0 (TGC control 1), 27 (TGC control 2), 55 (TGC control
3), 82 (TGC control 4), and 110 mm (TGC control 5).

Experimental fish.—Adult broodstock were obtained from a
commercial channel catfish producer (Haring’s Fish Farm, Wis-
ner, Louisiana). Ultrasound images of ovaries of broodstock
(n = 72 fish, 1.4 ± 0.3 kg in weight [mean ± SD] and 50 ±
4 cm in length) were viewed and recorded (as videos) before
and after spawning during February–April 2005 for fish condi-
tioned in warmwater ponds (Lang et al. 2003; Lang and Tiersch
2007) at the Aquaculture Research Station of the Louisiana State
University Agricultural Center.

Fish handling and scanning procedures used.—All fish in
this study remained completely submersed at least 2–3 cm be-
low the water surface in 80-L fiberglass tanks during ultrasound
examination, or in a portable, 49-L cooler (52 qt; Igloo, Sports-
man) filled with about 25 L of water. The fish maintained an
upright swimming position (ventral recumbency) used in the
natural environment. They were not physically restrained or
anesthetized during the ultrasound procedure in the tanks, which
were aerated and maintained a constant inflow and outflow of
water (Figure 1). Fish were transferred to and from the portable
container by using dip nets or baskets. The size of the container
limited movement, and fish were positioned by adjusting its cau-
dal peduncle so that images of the ovaries could be obtained.
The water of the portable container was exchanged after imag-
ing 15–30 fish. The acquisition of images from individual fish
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184 GUITREAU ET AL.

FIGURE 1. The scanning procedure used for channel catfish in 35 × 58 × 50-cm tanks (28 cm standpipe height, 80 L volume) in a recirculating system. Although
the fish were free to swim, they had limited space (no more than two catfish were held in each tank at one time), and therefore a duration of less than1 min was
needed to obtain ultrasound images of the ovaries. The fish were not restrained physically (nor held by the caudal peduncle) or chemically (i.e., no anesthesia).
Ultrasound images of ovaries were obtained from unrestrained channel catfish completely submerged in water, by positioning the probe next to the lateral side of
the fish with the free end (tip) of the probe towards the ventral surface of the fish and the cable end of the probe (connected to the ultrasound machine) towards
the dorsal surface, and with the fish in ventral recumbency. The probe was positioned 1–2 cm from the fish (B) to allow water to act as a conductor for the
ultrasound (5 MHz).

was accomplished by two operators (one to position the fish and
probe, the other to use the TelaVet software–user interface to
capture and label files).

Position of the probe and scanning region.—The left lateral
aspect of the body cavity was scanned between the pectoral
and pelvic fins, and the ultrasound images were recorded at
1–2 cm anterior to the base of the pelvic fin and posterior to
the dorsal fin (Figure 1). The probe was positioned vertically
with the free end towards the ventral surface of the fish, and
the cable end (providing connection to the ultrasound unit) to-
wards the dorsal surface of the fish (Figure 1). During the entire
procedure (<1 min), the probe was completely submersed in wa-
ter, which provided the sole transmission medium for ultrasound
images displayed on the monitor. Digital videos of ultrasound
images of ovaries were stored as audio video interleave (AVI)
files in the laptop computer and still images were captured from
videos and stored as ultrasound image format (USI) files.

RESULTS AND DISCUSSION

Fish Handling and Ultrasound Examination Procedures
for Viewing Channel Catfish Ovaries

Ultrasound images of one or both ovaries from each chan-
nel catfish were captured by using the handling and ultrasound
examination procedures as described in this report, and digital
still images (Figures 2, 3) were captured from video images. The
videos were obtained with an ultrasound system (2 kg), which
communicated with the laptop computer (2 kg) through the USB
2.0 port. The laptop ultrasound system provided a software inter-
face for ultrasound-imaging controls and storage capacity was
limited only by the memory size of the hard drive (60 gigabytes)
installed on the laptop. The features of the laptop ultrasound sys-
tem made this ultrasound unit useful, especially because it was
compact, lightweight, and enabled the users to directly save a
large number of images to the laptop computer. Video images
(904 video images, duration of 23 ± 14 s (mean ± SD), with

an average electronic storage size per video of 3 megabytes) in
AVI format were available for storage in compressed and un-
compressed formats, and it was possible to capture still images
in “Freeze” mode (display of still echo-image on the monitor)
in Windows bitmap (BMP) and USI format.

The labeling of the probe and fish depicted in Figure
1 correspond to the probe and fish positions shown in the
subsequent ultrasound images (Figures 2, 3). The top of the
ultrasound images (Figure 2, arrow A–B; Figure 3, line A–B)
corresponds to the submersed position of the probe alongside
the fish, as illustrated in Figure 1. The space between the
probe position and the skin of the catfish (C in Figures 2, 3)
corresponds to the space occupied by water (the ultrasound
transmission medium), which made possible the detailed
visualization of internal structures that showed the ovary. The
ovary closest to the probe (the upper region of the scan labeled
left ovary, Figure 2) was always clearly visible and immediately
identified in fish before and after strip spawning (Figure 3).
The ovaries were discernible from surrounding structures in the
ultrasound images, which included a partial view of the skin,
musculature, vertebrae, ovaries, and oocytes.

The ultrasound images captured before oocytes were manu-
ally stripped provided a view of round, extended ovaries with
advanced development, which dominated the body cavity and
in which individual oocytes were clearly visible (females 1 and
2, Figure 3). The ultrasound images after eggs were collected
provided a view of a fish with an irregularly shaped contour,
a concave abdomen, and irregularly shaped ovaries that were
partially (female 1, Figure 3) or completely (female 2, Figure 3)
devoid of oocytes.

By using these fish handling and imaging procedures ul-
trasound images of channel catfish ovaries were rapidly ob-
tained and made possible without physical or chemical restraint
(Figure 1) while the fish was maintained in water. No addi-
tional steps, such as covering the probe with a plastic sleeve
or applying ultrasound imaging gel to the probe for ultrasound
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VIEWING THE OVARY OF CHANNEL CATFISH 185

FIGURE 2. Ultrasound images as seen in the display monitor, representing the orientation of the probe in relation to a cross section of channel catfish ovaries
and surrounding tissues. The arrow A–B represents the surface of the probe (positioned on the left lateral surface of the fish) where the ultrasound was emitted in a
linear array. Point A was the position of the cable end of the probe (Figure 1, with the cable connecting to the ultrasound unit), corresponding to the dorsal surface
of the fish. Point B was the position of the free end of the probe corresponding to the ventral surface of the fish. The physical orientation of probe and the fish in
Figure 1 remained the same, but the scanning direction control (software control) enabled the user to change the display image orientation with the ventral side of
the fish on either the left (upper panel) or right side (lower panel) of the image. The standard orientation of the near-field view (portion of the image close to the
probe) as it appears during ultrasound examination was at the top of the image. Ultrasound images of one (left ovary; 5 MHz and 80 mm depth) or both ovaries
(5 MHz and 110 mm depth) were recorded for each fish (n = 72 adult catfish) as videos (n = 906 files) saved in audio video interleave (AVI) format, and still
images were obtained from these videos and saved as ultrasound image (USI) format files. The star represents the muscle bundle adjacent to the vertebrae.

transmission, were needed. The ability to obtain still images and
videos in less than1 min per fish in a portable container has di-
rect application in field conditions where catfish may be scanned
beside the pond immediately after seining or in a hatchery
holding facility.

The procedures for this study integrated ultrasound technol-
ogy with practical approaches, provided specific control set-
tings, detailed handling procedures for use with unrestrained,
unanesthetized, submersed catfish, and used water as a trans-
mission medium for the ultrasound emitted from a submersed,
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FIGURE 3. Ultrasound images of ovarian cross sections depicting the left ovary (closest to the probe) of channel catfish before and after eggs were manually
collected (strip-spawning). The ultrasound images of females before they were stripped of eggs (left panels) revealed a fully extended ovary, clearly visible oocytes
(arrowheads), and a sharp smooth delineation of the periphery of the ovary. The ultrasound image of female 1 (upper panels) after eggs were manually collected
revealed residual oocytes (arrowheads) in the ovary. The ultrasound image of female 2 (bottom right of lower panel) after eggs were stripped revealed a shrunken,
greatly reduced ovary, irregular indentations on the partial contour of the periphery of the ovary, and no visible oocytes.

waterproof probe (without the use of ultrasound gel). The utility
of these ultrasound imaging procedures was validated by initial
corroboration of ultrasound images and corresponding histo-
logical profiles of channel catfish ovarian development (Novelo
et al. 2011). Most previous studies have removed fish from the
water or restrained or anesthetized them (reviewed elsewhere
by Novelo and Tiersch 2012, this issue), and procedures of this
type have limited potential compared with the minimal handling
and high throughput provided by the method described herein.
The ultrasound imaging and fish handling procedures developed
for viewing catfish ovaries could be used for a wide variety of
species. The ultrasound unit used in this work was capable of
basic gray-scale imaging, and thus expensive ultrasound units
are not required for applying this technology. Future studies
will address the development of an ultrasound imaging classi-
fication system for assessing ovarian development in channel
catfish, with particular utility in hybrid production.
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